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Enhanced Cholesterol Efflux Promotion in Well-Trained Soccer Players

Fernando Brites, Julián Verona, Catherine De Geitere, Jean-Charles Fruchart, Graciela Castro,
and Regina Wikinski

t is widely accepted that aerobic physical activity is associated with a less atherogenic lipid and lipoprotein profile and,

onsequently, with a reduced cardiovascular risk. Both cross-sectional studies and prospective-interventional trials show that

he most frequent modification observed consists of a slight but significant increase in high-density lipoprotein cholesterol

HDL-C) levels. Nevertheless, only few studies made an attempt to elucidate if this quantitative modification was accompa-

ied by an improvement in any of HDL antiatherogenic functions. The purpose of this study was to evaluate the main steps

f reverse cholesterol transport, the best known antiatherogenic function performed by HDL, in a group of well-trained soccer

layers (n � 35) in comparison to sedentary controls (n � 15). Average HDL-C levels were 12.5% higher in the sportsmen, in

arge part because of greater HDL2-C concentration. No statistically significant differences were observed in the other lipid-

nd lipoprotein-related parameters. The capacity to promote cholesterol efflux from Fu5AH cells was significantly higher in

he soccer players than in the control individuals (20.5% � 0.4% v 15.9% � 1.2%, respectively, P < .001). However,

ecithin:cholesterol acyltransferase (LCAT; 2.6 � 0.9 v 1.4 � 0.3%/mL � h, respectively) and cholesteryl ester transfer protein

CETP; 69.5 � 8.3 v 62.7 � 14.8%/mL � h, respectively) activities did not reach statistically significant difference between both

roups. Correlation analysis showed that cholesterol efflux induced by serum samples was directly related to HDL-C (r � 0.59,

< .001), HDL2-C (r � 0.37, P < .01), and lipoprotein (Lp)A-I (r � 0.44, P < .05). On the other hand, negative correlations were

bserved with waist/hip ratio (r � �0.36, P < .05), low-density lipoprotein cholesterol (LDL-C; r � �0.33, P < .05),

polipoprotein B (apo B; r � �0.42, P < .05), and LpA-I;A-II (r � �0.51, P < .005). In conclusion, the well-known cardiopro-

ective benefit of regular exercise could be based, at least in part, on a less atherogenic lipid and lipoprotein profile and an

nhanced cellular cholesterol efflux.
2004 Elsevier Inc. All rights reserved.
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SEDENTARY LIFESTYLE is associated with increased
atherosclerotic cardiovascular disease, while physical ac-

ivity has been proved to decrease atherogenic risk.1 Although
xercise has been reported to be cardioprotective, the mecha-
isms of this benefit have yet to be fully elucidated.
On one hand, it has been shown that regular exercise im-

roves the antioxidant status by increasing hydrosoluble, li-
osoluble and enzymatic antioxidant defenses, probably in
esponse to the oxidative stress caused by higher oxygen con-
umption.2,3 On the other hand, it is well documented that
hort- or long- term exercise can modify lipoprotein metabo-
ism, independently of secondary factors such as weight loss,
ietary modification, or smoking cessation.4-6 Sustained phys-
cal activity has been shown to decrease plasma triglyceride
evels by enhancing lipoprotein lipase activity,7 to cause rela-
ively small improvements in low-density lipoprotein choles-
erol (LDL-C) levels,4 and to increase high-density lipoprotein
holesterol (HDL-C) concentrations.5

Early observations of higher HDL-C levels associated with
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hysical activity led to the suggestion that exercise could also
nhance reverse cholesterol transport.8 This metabolic pathway
s responsible for the movement of excess cholesterol from
eripheral tissues to the liver for lipoprotein recycling or ex-
retion and could be defined as a progression of closely inter-
onnected events.9 Among them, 4 steps are pointed out as the
ost relevant: (1) free cholesterol efflux from extrahepatic cells

nd its uptake by initial acceptors10; (2) free cholesterol ester-
fication by lecithin:cholesterol acyltransferase (LCAT)11; (3)
ransfer of newly synthesized cholesteryl esters from HDL to
polipoprotein (apo) B–containing lipoproteins and inter-
hange with triglycerides, performed by the cholesteryl ester
ransfer protein (CETP)12; and (4) hepatic uptake of cholesteryl
sters so formed.13

The aim of the present study was to explore the first 3 steps
f reverse cholesterol transport and especially the capacity to
romote cholesterol efflux from cultured cells in relation to
egular physical activity. For this purpose, we evaluated a
roup of well-trained soccer players in comparison to sedentary
ontrols, both groups with similar anthropometric parameters.
e also characterized the lipoprotein, apolipoprotein, and li-

oprotein particle environment concerned in this antiathero-
enic pathway.

MATERIALS AND METHODS

ubjects and Samples

Two groups comprising 35 sportsmen and 15 sedentary control
ubjects were studied (Table 1). All were young lean men. The sports-
en were soccer players engaged in a controlled physical training

rogram that consisted of 20 hours of training and 6 soccer matches per
eek for at least 1 year. Sport was practiced at sea level. The control

ubjects were medical students who led a sedentary lifestyle and did not
ractice any sport regularly. The sportsmen and the sedentary controls
ere frequency matched by age and anthropometric parameters (body

ass index and waist/hip ratio). All of the subjects selected were

Metabolism, Vol 53, No 10 (October), 2004: pp 1262-1267
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1263ENHANCED CHOLESTEROL EFFLUX IN SOCCER PLAYERS
ealthy without familial or personal history of diabetes, dyslipidemia,
ulimia, or anorexia nervosa, and presented normal thyroid, hepatic,
nd renal functions. None of the subjects was taking any drug known
o affect the lipid and lipoprotein metabolism. Special attention was
aid to exclude subjects who were taking anabolic drugs, vitamins, or
ther antioxidants, or who were smokers. Ethanol intake was consid-
rably less than 50 g per week in all participants. None of the subjects
as following a special diet. A face-to-face interview was conducted
ith each participant and a detailed food frequency questionnaire was

ompleted to obtain information about their dietary habits. The quality,
uantity, and frequency of consumption of red meat, chicken, fish,
ggs, vegetables, fruits, milk products, and soft drinks was similar in all
f the subjects. They followed a typical Argentine diet, which mainly
onsisted of: red meat 7 times per week, chicken 3 times per week, fish
nce per week, and floury foods 3 times per week. Vegetables in low
uantities and 1 fruit were consumed at each meal. The sportsmen and
he controls were all sampled within the same 2 weeks during spring.
he soccer players refrained from physical activity during the week
receding the evaluation to avoid the effect of an acute exercise bout
ecause the purpose of the present study was to evaluate the effect of
egular exercise. After a 12-hour overnight fast, venous blood was
rawn from the antecubital vein. The samples were collected into dry
ubes and maintained in a cold chamber (4°C) for 1 hour. Serum was
eparated by centrifugation at 1,500 � g for 15 minutes at 4°C and
mmediately used for determination of general parameters, lipids, li-
oproteins, and apolipoproteins. Aliquots were stored at �80°C for the
ther determinations. The study protocol was in accordance with the
olicy statements of the American College of Sports Medicine and was
pproved by the Ethical Committee of the School of Pharmacy and
iochemistry, University of Buenos Aires. Informed consent was ob-

ained from all participants.

nalytical Determinations

Creatine kinase activity, triglycerides, and total cholesterol were
uantified by standardized methods (Boehringer Mannheim, Mann-
eim, Germany) in a Hitachi 717 autoanalyzer (Tokyo, Japan). Within-
un coefficients of variation were 1.10%, 1.11%, and 1.32%, respec-
ively. Between-day coefficients of variation were 1.21%, 1.52%, and
.44%, respectively. Laboratory bias values were 0.8%, �1.7%, and
.1%, respectively. HDL was isolated in the supernatant obtained after
recipitation of apo B–containing lipoproteins with 20 g/L dextran
ulfate (50 kd) and 1.0 mmol/L MgCl2.14 HDL3 was separated by
recipitation of the supernatant containing total HDL with 40 g/L
extran sulfate (50 kd) and 2.0 mmol/L MgCl2.14 Cholesterol in total
DL and HDL3 fractions was determined by standardized enzymatic
ethods (Boehringer Mannheim). Within-run and between-day coeffi-

ients of variation for HDL-C were 3.20% and 3.80%, respectively.
aboratory bias was �2.0%. HDL2-C was calculated as the difference
etween HDL-C and HDL3-C. Triglyceride concentrations in total
DL were determined by standardized enzymatic methods (Boehringer
annheim), while the phospholipid measurement in the same fraction
as performed following the Bartlett method.15 Non–HDL-C was

alculated as the difference between total cholesterol and HDL-C. The

able 1. Anthropometric Characteristics of Sportsmen (n � 35) and

Sedentary Controls (n � 15)

Sportsmen Controls

Age (yr) 18.2 � 0.2 18.5 � 0.3
Body mass index (kg/m2) 22.9 � 0.2 24.1 � 0.9
Waist/hip 0.81 � 0.01 0.81 � 0.01

NOTE. Values are means � SEM.
DL-C level was determined as the difference between total choles- a
erol and the cholesterol contained in the supernatant obtained after
elective precipitation of LDL with 10 g/L poly(vinyl sulfate) in
oly(ethylene glycol) (600 d; 2.5% wt/vol; pH 6.7).16 Within-run and
etween-day coefficients of variation were 4.70% and 5.00%, respec-
ively. Very-low-density lipoprotein cholesterol (VLDL-C) was calcu-
ated as the difference between the cholesterol measured in the super-
atants obtained after precipitation with poly(vinyl sulfate) (VLDL �
DL) and dextran sulfate (HDL). Apo B, apo A-I, apo A-II, and apo
-I contained in lipoprotein (Lp)A-I particles were measured by elec-

roimmunodiffusion (Hydragel; SEBIA, Issy-les-Moulineaux, France)
n serum samples from the sportsmen and the control subjects. The
rocedure was performed according to the manufacturer’s instructions
nd had previously been validated.17 Apo A-I contained in LpA-I;A-II
articles was calculated as the difference between plasma levels of apo
-I and apo A-I in LpA-I. HDL proteins were estimated as the

ummatory of apo A-I and apo A-II. Quality control was performed
nder the surveillance of Dr R. Warnick�s Laboratory using the Riqa
rogram (Crumlin, Ireland).

holesterol Efflux From Fu5AH Cells

Cellular cholesterol efflux was determined using Fu5AH rat hepa-
oma cells following the procedure described by de la Llera Moya et
l.18 Briefly, the cells were maintained in minimal essential medium
ontaining 5% fetal calf serum. A total of 25,000 Fu5AH cells/mL were
lated on a 24-mm multiwell plates (Inbro; Polylabo, Strasbourg,
rance) using 2 mL per well. Two days after plating, cellular choles-

erol was labeled during a 72 hour-incubation with 3H-cholesterol
NEN, Dupont de Nemurs, Paris, France) (1 �Ci/well). To allow
quilibration of the label, the cells were washed and incubated for 24
ours in minimal essential medium with 0.5% wt/vol bovine serum
lbumin. Then the cells were washed with phosphate-buffered saline
PBS) and incubated at 37°C for 3 hours with 2.5% vol/vol diluted
erum. At the end of the incubation, the medium was removed and
entrifuged; the monolayer cells were washed 3 times with PBS and
arvested with 0.5 mL of 0.1 mol/L NaOH. Radioactivity was then
easured in both medium and cells, and percentage of cholesterol

fflux calculated. Results were corrected by the protein content of each
ellular fraction as determined by the method of Lowry et al.19 All
fflux values were averages of 3 determinations.

CAT Activity

LCAT activity was determined according to the exogenous substrate
ethod modified by Chen and Albers.20 Briefly, an artificial proteoli-

osome substrate was prepared containing apo A-I, lecithin, unlabeled
holesterol, and 14C-cholesterol at a molar ratio of 0.8:250:7.5:5. The
CAT activity assay was performed by incubation of 10 �L of the
roteoliposome substrate with 100 �L of serum from the patients and
he controls at 37°C during 60 minutes. The esterification was linear
uring this time. The enzymatic reaction was then stopped and lipids
ere extracted with chloroform:methanol (1:1). Free cholesterol and

holesteryl esters were separated by thin-layer chromatography and the
adioactivity of the bands was counted. Results were expressed as
ercentage of 14C-cholesteryl esters formed, per hour, per milliliter of
lasma. Total coefficient of variation for this determination was 6.50%.
ll samples were tested for LCAT activity using the same proteolipo-

ome substrate preparation. All LCAT values were averages of 2
eterminations.

ETP Activity

CETP activity was determined in serum samples according to the
eneral procedure previously described.21 Briefly, the capacity of se-
um samples to promote the transfer of tritiated cholesteryl esters from

3
tracer amount of biosynthetically labeled HDL3 ( H-cholesteryl ester
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1264 BRITES ET AL
CE]-HDL3) towards serum apo B–containing lipoproteins was eval-
ated. Serum samples (25 �L) were incubated with 3H-CE-HDL3 (2.5
mol of cholesterol) and iodoacetate (75 nmol) in a final volume of 50
L, during 3 hours at 37°C in a shaking water bath. Since CETP
ctivity is negligible at 0°C, each sample incubated at this temperature
erved as control. Incubations were stopped by placing the tubes on ice
or about 15 minutes; they were centrifuged for 5 minutes at low speed
o remove condensed water, and apo B–containing lipoproteins were
eparated by ultracentrifugation. Incubation mixtures (45 �L) were
dded to 2 mL of a potassium bromide (KBr) solution (density � 1.070
/mL) and then ultracentrifuged for 4 hours at 4°C and 250,000 � g in
TLA-100.4 rotor in a TL-100 ultracentrifuge (Beckman, MN). Both

upernatant (containing the VLDL, intermediate-density lipoprotein
IDL], and LDL fractions) and subnatant (containing the HDL fraction)
ere recovered and radioactivity was measured in both fractions.
esults were expressed as percentage of 3H-CE transferred from HDL3

o apo B–containing lipoproteins, per hour, per milliliter of plasma.
ithin-run and between-day coefficients of variation were 4.90% and

.00%, respectively. All samples were tested for CETP activity using
he same 3H-CE-HDL3 preparation and all values were averages of 2
eterminations.

ata and Statistical Analysis

The sample size required to detect significant differences between
roups was estimated for the main parameters at a significance level of
05 and 80% power.

Data are presented as the mean � SEM. Differences between groups
ere tested using unpaired Student’s t test or Mann-Whitney U test as

ppropriate. Correlations between all variables were assessed by the
earson or Spearman test. Differences were considered significant at
� .05 in the bilateral situation.

RESULTS

In accordance with the selection criteria, the soccer players
nd the sedentary controls did not differ in age, body mass
ndex, or waist/hip ratio (Table 1). The activity of creatine
inase, an enzyme of muscular location, was significantly in-
reased in the soccer players in comparison to the control
ubjects (227 � 25 v 118 � 22 IU/L, respectively, P � .005).

Lipid and lipoprotein levels are listed in Table 2. No signif-
cant differences were found in triglyceride, total cholesterol,
DL-phospholipid, HDL-triglyceride, non–HDL-C, LDL-C,

nd VLDL-C concentrations. Average HDL-C levels were
2.5% higher in the sportsmen, in large part because of greater

Table 2. Lipid and Lipoprotein Levels in Sportsmen (n � 35) and

Sedentary Controls (n � 15)

Sportsmen Controls

Triglycerides 89 � 6 95 � 11
Total cholesterol 164 � 4 170 � 6
HDL-C 48 � 1* 42 � 2
HDL2-C 12 � 1* 8 � 2
HDL3-C 37 � 1 34 � 2
HDL-phospholipids 70 � 5 75 � 5
HDL-triglycerides 14 � 2 12 � 1
Non–HDL-C 116 � 4 128 � 7
LDL-C 95 � 4 108 � 7
VLDL-C 21 � 1 22 � 2

NOTE. Values are means � SEM (mg/dL).
*P � .05 v controls.
DL2-C concentration. No statistically significant differences
ere observed in apolipoprotein or lipoprotein particle levels
Table 3).

Figure 1 shows the results of reverse cholesterol transport
ssays. The capacity to promote cholesterol efflux from Fu5AH
ells was significantly higher in the soccer players than in the
ontrol individuals (20.5% � 0.4% v 15.9% � 1.2%, respec-
ively, P � .001). However, LCAT (2.6 � 0.9 v 1.4 � 0.3%/

L � h, respectively) and CETP (69.5 � 8.3 v 62.7 � 14.8%/
L � h, respectively) activities did not reach statistically

ignificant difference between both groups.
Correlation analysis showed that cholesterol efflux induced

y serum samples was directly related to HDL-C (r � 0.59,
� .001), HDL2-C (r � 0.37, P � .01), and LpA-I (r � 0.44,
� .05). On the other hand, negative correlations were ob-

erved with waist/hip ratio (r � �0.36, P � .05), LDL-C (r �
0.33, P � .05), apo B (r � �0.42, P � .05), and LpA-I;A-II

r � �0.51, P � .005).

DISCUSSION

It is widely accepted that aerobic physical activity is asso-
iated with a less atherogenic lipid and lipoprotein profile and,
onsequently, with a reduced cardiovascular risk.22 In several
ross-sectional studies where sportsmen were compared with
edentary controls as well as in prospective-interventional trials
here both trained and sedentary individuals were subjected to

xercise training, the most frequent modification observed in
ipid and lipoprotein profile consisted of a slight but significant
ncrease in HDL-C levels.23,24 Nevertheless, only a few studies
ave attempted to elucidate whether this quantitative modifi-
ation was accompanied by an improvement in any of HDL
ntiatherogenic functions. To gain further insight into this
opic, we evaluated the main steps of reverse cholesterol trans-
ort, the best known antiatherogenic function performed by
DL, in a group of well-trained soccer players in comparison

o sedentary controls, both groups with similar anthropometric
arameters. It must be noted that the selection of lean sports-
en and sedentary controls matched for body mass index and
aist/hip ratio could have led to an underestimate of the ben-

ficial effects of exercise training, because a sedentary lifestyle
s typically associated with an increase in obesity and worsen-
ng of metabolic profiles.

The effect that physical activity exerts on different biochem-
cal parameters seems to be controversial. The contradictory
esults reported in the literature may derive from important
ariations observed in the frequency, duration, and intensity of
hysical activity.25 The present study focused on a group of
ell-trained soccer players who could reflect the benefits of

Table 3. Apolipoprotein and Lipoprotein Particle Levels in

Sportsmen (n � 35) and Sedentary Controls (n � 15)

Sportsmen Controls

Apo B 65 � 3 68 � 5
Apo A-I 117 � 4 115 � 8
Apo A-II 16 � 1 15 � 2
LpA-I 51 � 2 47 � 3
LpA-I;A-II 67 � 4 76 � 10
NOTE. Values are means � SEM (mg/dL).
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1265ENHANCED CHOLESTEROL EFFLUX IN SOCCER PLAYERS
egular training. Soccer is a popular sport and it mainly stresses
he aerobic but also the anaerobic pathways. As it was ex-
ected, creatine kinase, an enzyme of muscular location,
howed significantly higher activity in the sportsmen than in
he sedentary controls, a finding that has been reported in other
ports.3,26 Creatine kinase activity may be considered an indi-
ator of the difference in training level between sportsmen and
edentary subjects, although it does not allow elucidating be-
ween anaerobic and aerobic training.

Evaluation of lipid, lipoprotein, and apolipoprotein profiles
evealed a 12.5% increase in HDL-C levels in the sportsmen in
omparison to the sedentary subjects, which reflects the higher
erobic capacity of trained individuals. This increment was due
o HDL2 subfraction, while HDL-phospholipids, HDL-triglyc-
rides, and HDL main apolipoproteins did not show relevant
ariations between both groups. Metabolic studies using au-
ologously labeled HDL showed that while apo A-I and apo
-II synthetic rates were not different in trained subjects in

omparison to sedentary controls, fractional catabolic rates
ere significantly decreased in sportsmen.23,27 Nevertheless, it
ust be noted that this reduction was always associated with a

ignificant diminution in triglyceride levels. In contrast, in our
tudy, both groups of subjects showed similar triglyceride
evels. In conclusion, our results could indicate that there is no
hange in HDL particle number in association with physical
ctivity, and that the HDL fraction is cholesterol-enriched.
pA-I and LpA-I;A-II levels were not different between the
portsmen and the sedentary controls. In contrast, Wilund et
l28 found that plasma levels of LpA-I, the most antiatherogenic
ubfraction of HDL, significantly increased after 6 months of
ndurance exercise training in 39 sedentary women and men.
hese results differ from those reported by Frey et al,29 who
howed that HDL enhancement in 19 endurance-trained sports-
en was selectively due to the LpA-I;A-II subpopulation when

ompared with 26 sedentary individuals.
The first step of reverse cholesterol transport, cellular cho-

esterol efflux, was significantly enhanced in the soccer players
n comparison to the sedentary controls evaluated in this study.

e also found positive and significant correlations between
holesterol efflux capacity and HDL-C, HDL2-C, and LpA-I
ubfraction concentrations. These correlations and the fact that
DL-C and HDL2-C levels were significantly higher in soccer
layers in comparison to sedentary controls could represent
oth the cause and the consequence of the increment in cho-
esterol efflux capacity. Our results are in agreement with those
eported by Jafari et al,30 who showed that acute exercise
ignificantly increased plasma levels of pre–�1-HDL, generally
nown as the first acceptor of free cholesterol effluxed from
ells. Even if we did not analyze the distribution of apo A-I–
ontaining particles by 2-dimensional electrophoresis, we could

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™

Fig 1. Box plots showing (A) cholesterol efflux promotion, (B)

CAT activity, and (C) CETP activity in sportsmen and sedentary

ontrols. The boxes represent the interquartile ranges of values and

ontain 50% of values. The line across each box indicates the media.

he error bars indicate the highest and lowest values when outliers

nd extremes are excluded. The square indicates outliers (values

etween 1.5 and 3 times the box length from the upper or lower edge
*
f the box). P < .001 v controls.
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1266 BRITES ET AL
peculate that the sportsmen evaluated in this study also had
igher pre–�1-HDL levels. Moreover, sportsmen have been
hown to present an improved general antioxidant status and,
ainly, higher HDL antioxidant capacity attributed to the ac-

ivity of its associated enzyme paraoxonase.2,3 This process has
een described to preserve different HDL physiologic func-
ions, including cholesterol efflux induction.31 It is also inter-
sting to note the negative association between cholesterol
fflux and LpA-I;A-II subpopulation, which would highlight
he fact that LpA-I, and not LpA-I;A-II, is the main HDL
ntiatherogenic subfraction. Furthermore, negative correlations
ere observed with 2 atherogenic markers, LDL-C and apo B,

nd with waist/hip ratio. The latter could be caused by the
ell-known inverse relationship between abdominal adiposity

nd HDL-C levels.32 For cholesterol efflux experiments, we
ncubated whole diluted serum from the sportsmen and the
ontrols with Fu5AH rat hepatoma cells, a model widely em-
loyed to study cholesterol efflux promotion preferentially me-
iated by scavenger receptor class B type 1 (SR-B1).33 In a
mall number of runners and sedentary controls, Campaigne et
l34 found that samples from sportsmen were less efficient to
romote cholesterol efflux, even if they presented higher
DL-C levels. Nevertheless, when the subjects exercised for
0 minutes, only the runners showed a significant increase in
holesterol efflux promotion.

In the present study, no statistically significant differences
ere detected in the second and third steps of reverse choles-
erol transport, which are mediated by LCAT and CETP, re- l
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In conclusion, the well-known cardioprotective benefit of

egular exercise could be based, at least in part, on a less
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