The Effect of Physical Exercise on Reverse Cholesterol Transport

David Alexander Leaf

High-density lipoproteins (HDL) are recognized for their role in coronary artery disease (CAD) risk reduction. Plasma HDL plays
a pivotal role in the reverse cholesterol transport (RCT) process. Physical exercise is well recognized as a modality that affects
HDL metabolism. The purpose of this discussion is to describe the effects of physical exercise on RCT.
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IGH DENSITY lipoproteins (HDL) are acquiring emerg-

ing recognition for their role in coronary artery disease
(CAD) risk reduction. Epidemiological studies recognize HDL-
cholesterol as an independent CAD risk factor and indicate that
a 1-mg/dL increase in plasma HDL-cholesterol levels is asso-
ciated with a CAD risk reduction of 2% in men and 3% in
women.t Randomized controlled trials using gemfibrozil for
primary prevention of CAD in men have shown that raising
plasma HDL-cholesterol levels reduces CAD-related mortality:
A 3% to 5% CAD risk reduction is associated with a 1-mg/dL
increase in plasma HDL-cholesterol levels.2 A recent second-
ary prevention trial, the HDL Intervention Trial (HIT), showed
that among men with CAD and low HDL-cholesterol levels,
those randomized to receive gemfibrozil experienced a signif-
icant reduction in CAD events compared with patients receiv-
ing placebo, without affecting plasma low-density lipoprotein
(LDL)-cholesterol levels® and found that each 1-mg/dL in-
crease in plasma HDL-cholesterol levels reduced CAD risk by
approximately 2%.4 These findings provide a strong rationale
for treating patients with low HDL-cholesterol syndromes.
Physical exercise is well recognized as a modality that in-
creases plasma HDL-cholesterol levels. The purpose of this
discussion is to describe the effects of physical exercise on
HDL metabolism.

PHYSICAL EXERCISE AND CORONARY ARTERY DISEASE

Participation in regular physical exercise pursuits, associated
with overall mortality reductions of 10% to 20%°> and CAD
risk-related mortality by approximately 40%,6 is highly recom-
mended for the prevention of CAD.7 Higher levels of aerobic
capacity are associated with increased longevity and reduced
CAD mortality.56

Physical exercise can be grossly dichotomized as (1) aerobic
or (2) strength-based (resistive), and can be administered as
acute (a single exercise bout) or chronic (long-term exercise
[physical exercisetraining { PET}]).8 Isolated physical exercise
sessions €licit acute metabolic responses that with frequent
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repetition produce more permanent adaptations, referred to as
the training response.® Because aerobic-based physical exercise
has been shown to affect plasma lipid and lipoprotein levels
favorably (ie, lowering triglycerides and increasing plasma
HDL-cholesterol levels) this discussion is focused on aerobic-
based physical exercise. In some physical exercise studies, the
effect of PET on plasma lipids and lipoproteins is assessed by
comparing athletes (a surrogate for PET) with sedentary (a
surrogate for non—exercise-trained) individuals.

A major mechanism by which regular physical activity and
physical exercise training mitigate CAD risk appears to result
from its impact on plasma HDL .10-12 Acute exercise has gen-
eraly been shown to increase plasma HDL-cholesterol levels
by 4% to 43%.1* A meta-analysis shows increased plasma
HDL-cholesteral levels with regular aerobic physical activity
and physical exercise training are more modest: 4.6% (range,
—5.8% to +25%).13 Coulliard et a4 found physical exercise-
induced increases in plasma HDL-cholesterol are more prom-
inent among hypertriglyceridemics.*> Recent findings from
the HERITAGE Family Study confirm the heterogeneity in
the responsiveness of HDL-cholesterol to exercise-induced
changes.16.17, Participation in 12 weeks of aerobic-based PET
resulted in a mean increase of plasma HDL-cholesterol levels
of approximately 1.6 mg/dL (SD = 4.5 mg/dL). Indeed, half of
the participants had no change or a decrease in plasma HDL-
cholesterol levels with training.18 Subjects characterized as
having low baseline HDL-cholesteral levels (< 35 mg/dL) had
greater exercise-induced HDL-cholesterol increases (2.0 = 3.9
mg/dL) than those with HDL-cholesterol levels greater than 35
mg/dL (1.2 £ 5.2 mg/d). However, baseline HDL-cholesterol
levels accounted for only 1.2% of HDL-cholesterol exercise-
induced changes, while age and ethnicity were not significant
predictors.

Although previously noted epidemiological and pharmaceu-
tical studies show that each 1-mg/dL increase in HDL-choles-
terol reduces CAD risk by 2% to 3% in men, based on studies
indicating that PET raises plasma HDL-cholesterol by 1 to 2
mg/dL 1316 HDL-cholesterol-mediated CAD risk reduction
should be 3% to 6%. Yet, the impact of physical exercise on
CAD risk reduction isgreatly in excess of this expectation (ie,
~40%).57 Increased plasma HDL -cholesterol levels are one of
the multiple anti-atherogenic and antithrombotic mechanisms
by which physical exercise reduces the risk of primary and
secondary events.1® Exercise-induced CAD risk reduction may
aso reflect other potentially anti-atherogenic aspects of HDL
metabolism,20-24 including (1) reverse cholesterol transport
(RCT), (2) anti-oxidant effects,2526 and (3) antithrombotic
properties,??, in addition to (4) anti-inflammatory effects, (5)
attenuation of endothelial dysfunction, and (6) reducing LDL
retention.23-28 Among these, RCT is the most widely charac-
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Table 1. Laboratory Methodologies Employed to Characterize HDL
Particles

Laboratory Technique Characterization of HDL

Cholesterol content

Particle density

Apolipoprotein composition

Prebeta, alpha, and
prealpha

Particle size

Precipitation
Ultracentrifugation
Immunoaffinity assay
Electrophoresis

Nuclear magnetic resonance
spectroscopy

terized?229 and is the focus of this discussion. Hence, determi-
nation of HDL-cholesterol alone may not adequately measure
RCT and may underestimate important changesin this complex
dynamic pathway. Physical exercise may increase the effi-
ciency of RCT system rather that specific plasma constituents
(ie, HDL-cholesterol) that may merely represent anti-athero-
genic biomarkersthat do not fully reflect the extent of increased
RCT activity.

HDL-cholesterol represents a gross measurement of the
HDL particle as it is a measurement of the total cholesterol
content alone carried in plasma HDL. However, HDL particles
are comprised of a collection of different molecular lipoprotein
species containing cholesterol, triglycerides, apolipoproteins
(apos), and phospholipids that vary in composition and func-
tion.3° These particles are heterogeneous in size and density, as
well as apo composition. A limitation presented in the inter-
pretation of most physical exercise studies is that they measure
plasma total HDL-cholesterol levels only and do not measure
HDL subparticle composition. The manner plasma HDL is
measured presents a difficulty for interpreting exercise-related
HDL studies. Studies involving physical exercise have charac-

Fig 1. Schematic conceptual-
ization of the RCT process.
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terized plasma HDL according to (1) cholesterol content using
precipitation techniques, (2) density distribution according to
ultracentrifugation techniques, (3) apo composition using im-
munoaffinity techniques, (4) prebeta, alpha, and pre-alphaclas-
sifications using electrophoresis, and (5) particle size with
nuclear magnetic resonance spectroscopy. Measured according
to size and density using ultracentrifugation techniques, HDL is
commonly separated as smaller, more dense HDL 5 and larger,
more buoyant HDL , subspecies. Lipoproteins (LP)s measured
according to apo composition using immunoaffinity techniques
define HDL particles containing apo-Al without apo-All (LP-
Al) and HDL particles containing both apo-Al and apo-All
(LP-AI + All). LP-Al isfound in HDL, and LP-Al + All is
found in HDL,, particles. Table 1 summarizes different meth-
odologies for measuring the HDL particle. HDL subspecies
composition has implications for CAD risk reduction. Studies
using these analytical techniques indicate the HDL ,-cholesterol
subfraction and LP Al are generally recognized as anti-athero-
genic.31-35

HDL AND RCT

Plasma HDL plays a pivotal rolein the RCT process.20 RCT
is comprised of a series of HDL-mediated steps whereby cho-
lesterol is removed from periphera tissues and brought to the
liver where it is processed for excretion.2229 This process is
shown in Fig 1 and serves as the basis for further discussion.
This can be conceptualized as a 3-step process. Step 1 involves
the formation of nascent HDL particles that accept free cho-
lesterol from peripheral tissues. Step 2 involves the esterifica-
tion of cholesterol by lecithin:cholesterol transferase (LCAT).
This initiates the process of HDL maturation. The cholesterol
ester enters the core of the HDL converting the discoidal-
shaped particle to spherical HDL. During this process HDL is

HDL
receptors
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remodeled by several enzyme systems, discussed below, trans-
forming from small, dense HDL ; particles to the larger, more
buoyant HDL, particle as it acquires lipids and apos from
delipidated triglyceride-rich particles as they are catabolized
Step 3 encompasses the pathways of cholesterol clearance. This
involves cholesterol delivery from HDL particles either directly
or indirectly to tissues via cellular receptors. The liver is the
main organ involved in cholesterol clearance and is the focus of
this discussion.

Sep 1: Cholesterol Efflux

This is the process by which cholesterol is removed from
peripheral cells by nascent HDL particles. The efficiency of this
process may be the rate-limiting step to the RCT process. The
activity of the adenosine triphosphate (ATP)-binding cassette
(ABC) transporter 1 considered to control the first step of RCT
that is cellular cholesterol efflux towards nascent HDL .36-38
Recent findings indicate that ABC transporter 1 mutations
reduce cholesterol efflux, lower plasma HDL-cholesterol lev-
els, and are associated with greater carotid artery intima-media
thickness than subjects without ABC transporter 1 mutations.3?

The cardioprotective effects of HDL have largely been at-
tributed to the ability of apo Al-containing HDL particles to
initiate cholesterol efflux and thereby facilitate the removal of
excess cholesterol from peripheral tissues.#4 Specific subfrac-
tions of HDL, such as the prebeta HDL fraction, may be
especialy efficient at mediating cholesterol removal from pe-
ripheral cells by a membrane-microsolubilization process.40-42
Prebeta HDL is a 67-kd species of plasma HDL that contains 2
copies of apo Al. Prebeta HDL is a molecular species of HDL
that was not recognized until 1985.43 Because of its high
density, it was not included in HDL recovered from serum by
ultracentrifugation in the traditional density interval 1.063 to
1.21 g/mL (ie, apha HDL particles). In addition, its rapid
conversion to HDL species of larger diameter, ex vivo, by
LCAT, impeded its recognition by other techniques. The ad-
vent of the minimally perturbing chromatographic technique,
selected affinity immunosorption,** which recovers apo Al-
containing particles quantitatively from human plasma, has
permitted the subsequent recognition of HDL, species of pre-
beta mobility, distinguishing them from the predominant mass
of HDL that has alpha mobility (ie, alpha HDL).“® Also de-
scribed as “‘nascent” HDL, prebeta HDL is secreted from the
intestine and liver. Prebeta HDL is also formed during choles-
terol clearance from apha HDL during the transfer of choles-
terol estersto acceptor lipoprotein4! and the scavenger receptor,
type Bl (SR-BI) that also participates in the RCT pathway,
endocytosing cholesterol esters into hepatocytes.#546 Both
HDL particle species LP-Al and LP Al + All contribute apo
Al that is dissociated from these particles in the formation of
prebeta HDL .4t

Sep 2: HDL Particle Maturation

This is the process by which nascent HDL particles, having
acquired cholesterol from peripheral tissues, utilize the choles-
terol so that is can be carried to hepatocyte receptors that
remove HDL-borne cholesterol from the plasma. LCAT plays
apivotal role in esterifying cholesterol so that it may be more
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readily carried in the plasma by maturing HDL species.4?
Cholesteryl ester transfer protein (CETP) modulates equimolar
exchanges of cholesterol esters and triglycerides between HDL
particles and those of the very-low density lipoprotein (VLDL)-
LDL series.2048 Discussed later, lipoprotein lipase activity also
plays a role in HDL metabolism. Hepatic lipase*® and phos-
pholipid transfer protein exert direct effects on HDL metabo-
lism. Hepatic lipase remodels LDL and HDL particles by
hydrolysis of triglycerides and phospholipids, forming smaller,
denser particles® Adipose and skeletal lipoprotein lipases
cause triglyceride removal from triglyceride-rich lipoprotein.
Delipidation of these particles indirectly effects HDL metabo-
lism as it alters HDL particle constituents.

Sep 3: Cholesterol Clearance

HDL-mediated RCT delivers cholesteral to cellular receptors
through indirect and direct pathways.5! The independent path-
way involves CETP-mediated exchange of cholesterol esters
from HDL to the VLDL-LDL particle series, which then pro-
vides cholesterol removal by LDL receptors.2048 Direct HDL-
mediated receptor pathways have been more recently identified
on hepatocytess253 and include (1) HDL receptor, and (2)
scavenger receptor type B class | (SR-BI). HDL receptors are
involved in holoparticle uptake of HDL and subsequent deg-
radation. The SR-BI receptor binds HDL and mediates the
selective uptake or remova of HDL-cholesterol esters without
the uptake/degradation of HDL-apo Al.4546 Hence, the SR-BI
receptor acts as a “docking” site so that cholesterol esters can
be removed after which the HDL particle (depleted of choles-
terol esters) “undocks’ and recirculates to pick up more cho-
lesterol esters from peripheral tissues. Another receptor, cubilin
(the recently described endocytic receptor for intrinsic factor-
vitamin B,), has recently been identified>455 as a receptor that
mediates HDL holoparticle endocytosis. However, cubulin has
not been reported to be present in liver cells.

Hepatic lipase has been shown to play a major role in HDL
catabolism by hydrolyzing both triglycerides and phospholipids
within HDL particles, thus effecting its availability for receptor
clearance. 425056 |t is conceivable that modulation of these
HDL catabolic pathways may play an important role in regu-
lating plasmalevels of HDL particles. LP Al particles appear to
be the most efficient in facilitating cholesterol ester uptake by
SR-BI receptors. Hep G, cell uptake of [*H] cholesterol ester is
approximately 75% greater from LP-Al versus LP-Al + All
particles.5” Niacin selectively inhibits hepatic LP-Al removal
without effecting cholesterol ester uptake.58 Reducing LP-Al
removal increases plasma LP-Al levels and, as previously
discussed, could increase prebeta HDL levels?021 and conse-
quently facilitate RCT though SR-BI pathways by sustaining
increased plasma levels of LP-Al that can promote both cho-
lesterol tissue efflux and hepatocyte cholesterol uptake.

EFFECTS OF PHYSICAL EXERCISE ON HDL PARTICLES

Nye et al>° noted the importance of evaluating HDL subfrac-
tions rather than total HDL-cholesterol to reflect HDL metab-
olism. They found that physical exercise training exerts a
“masking effect” on total HDL-cholesterol by causing recipro-
cal changes in plasma HDL,-cholesterol (increased) and
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Table 2. Effects of Aerobic-Based Physical Exercise on the RCT System
Acute Exercise Exercise Training
Efflux
Cholesterol efflux ? +(ref = 69)
Prebeta HDL +(ref = 67) ?
Apo Al NC (ref = 63,64,70) +(ref = 14,65,67,68),
Maturation
LCAT +(ref = 73,74) +(ref = 71,72)
CETP —(ref = 77), NC (ref = 78) +(ref = 62), —(ref = 76)
Phospholipid transfer protein ? ?
Hepatic lipase NC (ref = 77), +(ref = 76) —(ref = 83,84,85)
Lipoprotein lipase +(ref = 64,89,90) +(ref = 964
Clearance
HDL catabolism ? —(ref = 93,99)
Abbreviations: +, increase; —, decrease; NC, no change; ?, unknown; LCAT, lecithin cholesterol acyl transferase; CETP, cholesteryl ester

transfer protein.

HDL ;-cholesterol (decreased) subparticle levels. Indeed, Kan-
tor et al® have shown variability in HDL-cholesterol subfrac-
tion response to acute physical exercise: exercise preferentially
raises plasma HDL ,-cholesterol levels in exercise trained indi-
viduals and HDL ;-cholesterol levels in sedentary individuals.
Nuclear magnetic resonance spectroscopy techniques em-
ployed in a recent study show that PET increases HDL size.5t
These findings indicate physical exercise increases the preva
lence of larger, more buoyant HDL species (ie, HDL,). Exer-
cise also appears to effect apolipoprotein composition. Plasma
apo Al and HDL ,-cholesterol levels are higher in trained ath-
letes than in sedentary controls.62 However, acute exercise
appears to have no effect on plasma apo Al nor apo All
levels.6364 Somel4.6566 hut not othere”.68 studies indicate that
PET raises plasma apo Al levels.

These findings indicate that physical exercise effects HDL
composition and suggest that these changes in plasma levels of
HDL congtituents may be biomarkers for altered HDL meta-
bolic pathways (ie, RCT). HDL-mediated RCT can be mea-
sured from a more physiological perspective as described be-
low using studies that measure the dynamics of HDL-mediated
processes in RCT.

EXERCISE AND RCT

Some physical exercise studies have employed measure-
ments of the HDL metabolic processes pertaining to RCT.
These are discussed in the context of the previously described
model of HDL's participation in the RCT process and are
summarized in Table 2.

Sep 1. Exercise and Cholesterol Efflux

Gupta et al® have shown that the net mass of free cholesterol
transport out of cultured human fibroblasts into athlete's (n =
11) serum is greater than that of sedentary controls (n = 13)
(255 +8.0v 7.1+ 2.6 png/mL/L, = .041). These findings are
consistent with recent findings showing a single bout of aerobic
exercise raises plasma prebeta HDL levels.”® Following an
acute bout of aerobic exercise a group 19 men and women
(athletes, n = 9; sedentary, n = 10) experienced increased
levels of plasma prebeta HDL (0.10 = 0.06 to 0.130 = 0.07
pg/mL, P = .012) without increased plasma HDL-C nor apo

Al levels. These findings may be interpreted to indicate exer-
cise-induced increases in plasma prebeta HDL levels are a
product derived from enhanced alpha HDL particles utilization
rather from de novo apo Al synthesis.4! Prebeta HDL particles
are generated from alpha HDL during the transfer of choles-
terol esters to acceptor lipoproteins*t and SR-BI, which also
participates in the RCT pathway, endocytosing cholesterol es-
ters into hepatocytes.4546 Both HDL particle species (LP-Al
and LP-Al + All) contribute apo Al that is dissociated from
these particles acquired through the SR-BI receptor and can be
“recycled” in the formation of prebeta HDL.** Despite the
prebeta HDL raising effect of acute exercise, pre-exercise pre-
betaHDL levelsdid not differ between groups (athletes, 0.11 +
0.04 wg/mL v sedentary, 0.11 = 0.06 wg/mL).7 This suggests
that following exercise prebeta HDL particles are rapidly re-
distributed to the alpha HDL series. Hence, exercise-induced
modulation of mechanisms that increase production of apha
HDL particles could contribute to increased recycling of pre-
beta HDL derived from alpha HDL substrates without raising
prebeta HDL levels per se. This result appears to be similar to
the reported effect of niacin that has been shown to selectively
inhibit hepatocyte uptake of LP-Al.58 By increasing particles
that are highly efficient in cholesterol removal such as LP-Al
and prebeta HDL, physical exercise may promote the RCT
process by increasing HDL cycling of its apolipoprotein con-
stituents. If prebeta HDL isa“rate-limiting” cholesterol accep-
tor in the early steps of cellular cholesterol efflux, then this
offers an explanation for the finding of Gupta et al®® that
athletes have greater cholesterol efflux from fibroblasts than
sedentary counterparts.

Sep 2: Exercise and HDL Maturation

Increased LCAT activity increases alpha HDL formation
from prebeta HDL and has been shown to be greater in athletes
than sedentary counterparts’.72 and is increased immediately
after acute exercise.”374 Decreased CETP activity increases
alpha HDL levels by increasing cholesterol ester content, and
concomittently reduces HDL-triglyceride content by triglycer-
ide transfer to non-HDL lipoprotein species, athough some
have questioned whether low CETP activity is cardioprotec-
tive.”s On the other hand, increased CETP activity could facil-
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itate apha HDL turnover and promote prebeta HDL formation.
In some studies CETP activity is greater among athletes than
sedentary individuals,52 while it has also been shown to de-
crease following physical exercise training.”¢ Following acute
exercise CETP activity is shown to be decreased”” or un-
changed.”®

Increased phospholipid transfer protein activity participates
in alpha HDL metabolism by exchanging esterified cholesterol
and phospholipids from alpha HDL species enabling particle
maturation from HDL, to HDL, series and enhancing apha
HDL recycling thus potentially increasing the formation of
prebeta HDL particles.”28° The effect of physical exercise on
phospholipid transfer protein activity has not been reported.

Hepatic lipase increases alpha HDL cholesterol levels by
hydrolyzing alpha HDL triglycerides and phospholipids.81.82
Hepatic lipase decreases with PET.83-85 Although acute exer-
cise appears not to alter hepatic lipase activity in untrained
subjects,8é in trained individuals it increases 12 to 16 hours
following exercise.76:86

Lipoprotein lipase activity is increased. Lipoprotein lipases
are a family of tissue-specific hydrolytic enzymes that are
rate-limiting for the removal of circulating lipoprotein triglyc-
erides and have been implicated in atherogenesis.87.88 Acute
exercise also increases lipoprotein lipase activity and ora fat
tolerance.%489 This has been most widely shown in fit individ-
uals performing at high levels of protracted physical exertion,
but aso has been shown to occur in sedentary individuals
exercising for aslittle as 1 hour at 80% of maximal heart rate.2°
Adipose lipoprotein lipase activity, involved in triglyceride
storage of acyl groups derived primarily from the hydrolysis of
plasma lipoproteins, increases with PET.9* Skeletal muscle
lipoprotein lipase has become the recent focus of exercise-
related effects on plasma triglyceride/HDL-related metabo-
lism.92 Although aerobic exercise does not increase muscle
mass, it increases the percentage of skeletal slow twitch fibers.
Exercise raises skeletal lipoprotein lipase activity in the capil-
lary beds of skeletal muscles where fatty acids are hydrolyzed
from circulation lipoproteins for energy utilization. Skeletal
muscle fast twitch (type I) fibers have a greater lipolytic effect
than do their slow twitch (type Ila and I1b) counterparts. Skel-
etal muscle fiber composition, which is modulated by physical
exercise, has been proposed to explain exercise-related effects
of plasma lipoproteins.9293 Tikkanane et a®* have shown a
higher percentage of slow twitch muscle fibers, which have a
higher capacity to metabolize fatty acids liberated by lipopro-
tein lipase from triglyceride-rich lipoproteins, is associated
with increased plasma HDL-cholesterol levels. Rat studies by
Ong et al®s show that although exercise does not affect skeletal
muscle lipoprotein lipase transcription, the exercise-induced
increase in skeletal muscle lipoprotein lipase activity is phys-
iologically mediated at the post-transcription level. Patsch et
a9 have provided in vitro evidence that HDL is formed by the
fusion of HDL 5 with surface components of triglyceride-rich
lipoproteins liberated during lipolysis. Thus, the rise in HDL 4
and subsequently HDL, concentrations induced by physical
exercisetraining may be a conseguence of enhanced catabolism
of triglyceride-rich lipoproteins. These observations have lead
to the hypothesis that exercise acutely depletes intramuscular
triglycerides, afinding that has recently been confirmed.®” This
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stimulates the synthesis or translocation of lipoprotein lipase,
which hydrolyzes triglycerides from lower-density lipoproteins
with transfer of the excess surface cholesterol to the HDL
particle.s®

Sep 3: Exercise, HDL, and Apo Al Clearance

Thompson et al93 found that participation in 8 to 11 months
of aerobic-based PET increased the biological half-life of apo
Al by 10% (P = .07) by decreasing the fractional catabolic rate
by a corresponding amount and not affecting apo Al synthetic
rate. A similar finding was noted for apo All. Herbert et al%8
found that the mean biological half-life of HDL proteins was
longer in runners (6.2 days) than in sedentary controls (3.8
days). Tracer studies of radioiodinated autologous HDL dem-
onstrated that runners did not produce more HDL protein but
rather catabolized less.

These findings suggest that the effect of PET on HDL
metabolism may be analogous to that of niacin.58 Findings
showing that aerobic exercise increases plasma prebeta HDL
(comprised mainly of apo Al) levels without increasing apo Al
levels’® suggest that exercise efficiently replenishes prebeta
HDL particles by blocking hepatocyte clearance of apha HDL
particles (ie, LP Al). The resulting effect would provide greater
amounts of apo Al from the alpha HDL particles to generate
prebeta HDL. This increases the efficiency of the RCT with
respect both to improving cellular cholesterol efflux but also
cholesterol ester delivery and uptake by hepatocytes. This
concept suggests that aerobic-based PET may effect hepatocyte
HDL-cholesterol and HDL-apo Al removal pathways differ-
ently as shown in previous studies involving niacin.>® Hence,
following aerobic-based PET, there may be a selective decline
in LP-Al remova while hepatoctye cholesterol ester uptake is
unchanged or potentially increases. This will potentiate the
formation of prebeta HDL and increase cellular cholesterol
efflux.

CONCLUSIONS

The findings from randomized clinical trials in primary2 and
secondary? prevention underscore the importance of increasing
plasmaHDL-cholesterol for reducing CAD risk. Although PET
has been historically promoted for increasing plasma HDL-
cholesterol levels, for most individuals the impact of physica
exercise on plasma HDL-cholesterol levels is relatively small
and dose not account for the effect of physical activity and
CAD risk reduction noted in epidemiologic studies.6.”

The clinician who promotes physical exercise to reduce
CAD risk should not be disheartened by this lower-than-ex-
pected effect of physical exercise on plasma HDL-cholesterol
levels. Plasma HDL-cholesterol may be conceptualized as a
biomarker of the anti-atherogenic reverse cholesterol transport
process. This is a dynamic, physiological process upon which
physical exercise modulates a number of pivotal components.
Plasma HDL -cholesteral is, perhaps, analogous to the tip of the
iceberg of the underlying RCT process. Research scientists
should continue to chip away at the mass of this iceberg in
order to continue to delineate the mechanism(s) by which
physical exercise impacts the reverse cholesterol transport sys-
tem.
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