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Summary

Exercise training alters plasma lipoprotein profiles in a manner compatible with decreased coronary
artery disease risk. The aim of this study was to ascertain whether interruption of training (detraining) was
associated with potentially undesirable changes in the metabolism of post-prandial lipoproteins and plasma
levels of Lp(a). Eight normolipidemic, male runners who ran 30—40 miles/week were studied in the trained
state and after 14—22 days of detraining. Two of the subjects were studied in the reverse order to control
for any confounding effects of exercise sequence. Detraining resulted in (1) a 12% (P = 0.002) reduction
in the subjects’ aerobic capacity, (2) a 7.7% (P = 0.007) reduction in fasting concentrations of high density
lipoprotein cholesterol (HDL-C), (3) 2 21% (P = 0.01) reduction in post-heparin lipoprotein lipase activity.
Lp(a) concentrations did not change significantly (mean increase 15%, P = 0.076). Fasting plasma concen-
trations of total cholesterol (TC), triglycerides (TG) and low density lipoprotein-cholesterol (LDL-C) did
not change in the detrained state. There was little fluctuation over 24 h in plasma concentrations of TC,
LDL-C and HDL-C in either the trained or detrained states. TG concentrations fluctuated over the 24 h
in accord with food intake, but there were no exercise-related changes. Exercise had a dramatic effect on
chylomicron and chylomicron remnant metabolism as measured by retinyl palmitate measurements. The
mean areas under the concentration vs. time curves (AUC) for chylomicron-retinyl esters increased by 41%
(P = 0.013) and for chylomicron remnant-retinyl ester by 37% (P = 0.058) following detraining. Thus,
brief intervals of detraining reduced fasting concentrations of HDL-C and decreased the metabolism of
chylomicrons. These changes are associated with an increased incidence of atherosclerosis.
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Introduction

Exercise-induced changes of plasma lipoprotein
profiles and metabolism may contribute to the
favorable effects of exercise in decreasing the risk
of coronary artery disease. Regular and rigorous
exercise training raises HDL-C, lowers TG and
variably affects LDL-C concentrations in plasma
[1,2]. In addition, exercise training also increases
the plasma clearance of post-prandial lipoproteins,
such as chylomicrons [3]. Chylomicrons transport
dietary lipids from the intestine into the systemic
venous system. During their circulation, chylo-
microns are rapidly depleted of dietary triglyce-
rides by the catalytic action of lipoprotein lipase
(LPL), a triglyceride hydrolase located in virtually
every capillary bed. The action of LPL generates
fatty acids for tissue consumption or storage [4].
Lipolysis converts chylomicrons to chylomicron
remnants which are cleared by the liver.
Chylomicrons and chylomicron remnants can be
identified in plasma either by the presence of apo
B-48, the intestinal form of apo B, or by the
presence of fatty acid esters of retinol [6]. Dietary
retinol is esterified to fatty acids in enterocytes, in-
corporated into chylomicrons and circulates in
plasma with post-prandial lipoproteins. In nor-
molipidemic humans, it is possible to detect post-
prandial particles in plasma for as long as 14 h
following a single fat-rich test meal, but clearance
of post-prandial lipoproteins is retarded in hyper-
triglyceridemia [6].

Chylomicron remnants and other related post-
prandial lipoproteins such as 3-VLDL and IDL,
but not chylomicrons themselves, are thought to
be atherogenic [7]. Therefore, conditions which
minimize the amounts and transit times of these
particles in plasma may be beneficial in reducing
coronary artery disease risk. A previous study in-
vestigating the effects of a 7-week exercise training
program in six normolipidemic subjects showed
that exercise significantly reduced levels of
chylomicrons but not chylomicron remnants
following a fat-containing test meal [3].

Lipoprotein(a) (Lp(a)) is a macromolecular
lipoprotein complex consisting of low density
lipoprotein cholesterol linked to apolipopro-
tein(a). This particle has received increased atten-
tion since its association with premature coronary

artery disease and stroke was discovered [8,9].
There are few interventions that affect plasma
levels of Lp(a). This study investigated the effects
of exercise since no exercise related effects on
Lp(a) have been reported.

This study investigated the effects of exercise
training on lipoprotein metabolism by studying
well-trained subjects who run 30-40 miles/week.
Studies were performed before and after 14-22
days of stopping exercise (detrained state). Some
subjects were studied in the reverse order to assess
whether the effect of detraining seen in the majori-
ty of our subjects was compatible with the effect of
training. Fasting lipoproteins, including Lp(a) and
apolipoproteins were quantified and in addition,
chylomicron metabolism was studied by measur-
ing the appearance and disappearance of retinyl
palmitate-labelled chylomicrons and chylomicron
remnants from the plasma after the oral ingestion
of test meals containing fat and vitamin A.

Ten to 14 days of detraining is known to be
associated with significant declines in glucose
tolerance, insulin sensitivity, various enzymes of
energy metabolism and maximal oxygen consump-

~ tion [10,11]. However, little is known about the

effects of detraining on concentrations of plasma
lipids. Since many people who exercise regularly
are either forced through injury to stop exercising
for short periods of time or take voluntary breaks
in their exercise routine, it would be of interest to
know whether the beneficial effect of exercise on
fasting and post-prandial lipoproteins is reversible
over a similar short period of time. The study
design enabled us to assess both the effects of exer-
cise and the effects of detraining on lipoprotein
metabolism.

Methods

Study subjects

Eight normolipidemic, healthy male runners
who were taking no medication and running
30-40 miles/week were studied after providing in-
formed consent according to an IRB approved
protocol (Tables 1 and 2). Subjects were studied in
the trained state and then after 14—22 days of no
exercise. Two of the subjects (No. 4 and No. 6)
were studied in reverse order, i.e. after 14-21 days
of detraining and after 15 days of retraining, to
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3Subjects studied in reverse order.

Significantly different from trained state by one tailed paired t-test, *P = 0.05; **P = 0.0759; ***P = 0.0023; ****P = 0.0068.
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TABLE 2 ed st
basis
EFFECTS OF DETRAINING ON PLASMA LIPOLYTIC ACTIVITY, MAXIMAL OXYGEN CONSUMPTION AND PLASMA Rese
LIPIDS i
night
See Table 1 for column headings. T, trained; D, detrained. LPL activity and HTGL activity results represent means plus standard at 08
deviations of triplicate assays. next
and
Subject Lipolytic activity Detraining related changes ly, ar
umol FFA/ml/h .
min.
LPL activity HTGL activity Vo,max HDL-C Lp(a) as fa
ml/kg/min mg/dl mg/dl The
calc
T . D T D Subj
) : calo
(TA) 14.0 £ 0.7 11.8+04 23x03 2.0 0.3 -1.75 -3 0
2 (DF) 19.1 + 3.3 148 £12 37x01 4201 -8 -5 0.25 ner.
3 (M) 8.8 + 0.4 56+02 2401 2.7 0.1 -12 -3.5 +4.0 train
4 (KK)® 10.1 £ 0.3 100£05 3.4 0.1 42+ 08 0 -10 +4.0 sede
50M) 16.4 + 2.7 114 £ 05 3.6 +0.1 44 x 0.1 -11 -3 -1.5 wate
6 (DW)? 89 + 0.2 82+03 1.3=x01 1.9 £ 0.1 -6 -1 +0.5 P
7 (MS) 7.1 £ 0.1 68+0.1 3.6=x0.1 3.6 £ 0.2 -10 -8 +L.5
8 (JP) 74 £0.1 4201 3701 22 0.1 -8 -1 +3.5 from
area
Mean 11.5 9.1%* 3.0 3.2 ~T.1%%x 4.3%%%% +1.5%* para
S.D. 45 3.6 1 43 3.2 2.1 I plas
Uni!

! Vita

i Vi

control for any confounding effects of exercise se- Chemical Company, Richmond, VA). HDL-C was ' 5“b_J‘
quence and one subject (No. 1) was studied in the measured after dextran sulphate precipitation of 1 Um\'
trained state, after 14 days of detraining and then LDL and VLDL [13]. LDL-C was calculated from i Sub;
after 14 days of retraining. Plasma dilutional the Friedewald formula [14]. Apo Al and apo B ! for ¢
changes were estimated by calculating the plasma were measured by radio-immunoassay [15,16]. ‘ faste
volume change using hemoglobin and hematocrit Plasma Lp(a) was measured by a commercially ' sam,
measured before and after training [12]. available ELISA kit (Terumo, Elkton, MD). Coef- J milk
ficients of variation for lipid and apolipoprotein brea

Percentage body fat and Vo,max measurements were < 5% and < 12%, respectively. ! cortl
Percentage body fat was measured by under- Apo E phenotypes were identified by isoelectric ' Pha
water weighing and maximal oxygen consumption focusing using the method of Weidman et al. [17] was
(Vo,max) was measured during treadmill testing adapted to a commercially available slab gel was
utilizing standard open circuit spirometry. system (PhastGel 4-6.5, Pharmacia, Piscataway, 12-
NJ). Plasma LPL activity was determined using an but.

Lipid, lipoprotein and apoprotein determinations assay described previously [18] by subtracting mea
Blood was drawn after an overnight fast in HTGL activity- (lipolysis in the presence of 1 M \
either the trained or detrained state and the plasma NaCl) from total plasma lipolytic activity. | tube
was separated and frozen at -70°C. Plasma ] lyc
samples from the same individual in the trained Determination of plasma lipid concentrations over a i plas
and detrained states were assayed simultaneously. 24-h period : -10
Cholesterol and TG were measured by enzymatic TC, TG and HDL-C were measured over a 24-h ‘ tern
assays using commercially available kits (Wako period on subjects 2—8 in the trained and detrain- i p1p¢







