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Summary. To investigate the effects of a single period 
of prolonged exercise on lipoprotein concentration and 
composition, 13 healthy endurance-trained men were 
examined before and after (1 h, 20 h) a cross-country 
run [30 km, time: 130 (SD 7.4) min]. The data show 
that following acute exercise, serum triglyceride (TG) 
concentration were reduced (36%) as a consequence 
of a reduced number (31%) of very low density lipo- 
protein (VLDL) particles. Changes in composition of 
VLDL were present but less evident. In contrast to 
this, acute exercise did not induce significant changes 
in the average concentration of individual low-density 
lipoprotein (LDL) subfractions. However, changes in 
dense LDL [density (d)> 1.044 g. m l -  1] concentration 
were significantly correlated to changes in serum TG: a 
reduction of dense LDL occurred in subjects with large 
reductions in serum TG. In addition, LDL composition 
changed significantly. Immediately (1 h) after exercise 
the TG content of all LDL subfractions was reduced. 
These reductions were significant in large (d=  1.006- 
1.037 g. ml - 1) and small LDL (1.044-1.063 g. ml - 1). It 
can be concluded therefore from our study that acute 
exercise primarily altered the composition of LDL sub- 
fractions while their concentration remained stable. 
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Introduction 

Most studies concerning the influence of exercise on 
lipoprotein metabolism have concentrated on high 
density lipoproteins (HDL). Only very few studies 
have investigated in detail the influence of exercise on 
the metabolism of low density lipoprotein (LDL) and 
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its subfractions. From these studies there is evidence 
that exercise specifically influences the concentration 
of certain LDL subfractions. Cross-sectional studies 
have shown that trained subjects have an increased av- 
erage LDL particle size (Lamon-Fava et al. 1989a), 
mainly due to a reduced concentration of small dense 
LDL (Williams et al. 1986; Berg et al. 1992). One lon- 
gitudinal study (Williams et al. 1989) has shown that 
during exercise-induced loss of body mass there is a 
decrease in small LDL concentrations and an increase 
in LDL peak flotation rate. After an endurance triath- 
lon, in 7 out of 40 subjects an increased LDL particle 
size was documented by (Lamon-Fava et al. 1989b) us- 
ing gradient gel electrophoresis. The effect of a single 
period of exercise on the composition and concentra- 
tion of individual LDL subfractions has not yet been 
studied. 

The present study was undertaken to examine the 
effects of a single period of prolonged exercise on se- 
rum lipid- and lipoprotein concentrations and on the 
composition of lipoprotein subclasses, in this case very 
low density lipoprotein (VLDL) and LDL subfrac- 
tions. The importance of LDL subfractions arises from 
the fact that coronary angiographic studies have de- 
monstrated a direct correlation between levels of small 
dense LDL particles and the extent (Austin et al. 1990; 
Krauss 1991) and progression (Krauss et al. 1987) of 
coronary atherosclerosis. It has to be mentioned that in 
contrast to previous studies, we used preparative densi- 
ty gradient ultracentrifugation to separate LDL sub- 
fractions. Using this approach, it is possible to measure 
precisely both concentration and composition of LDL 
subfraction particles. With gradient gel electrophore- 
sis, as used by most other authors, only an estimation 
of the size distribution of the LDL particles can be 
made. 

Methods 

Subjects and procedure. As detailed in the accompanying paper 
(Frey et al. 1993), 13 male, clinically healthy, endurance-trained 



volunteers [age, 31.0 (SD 7.5) years; maximal oxygen uptake 
(l)O2max), 59.5 (SD 2.1) ml 'kg -a .rain-l] particiiSate d in a stand: 
ardized endurance stress test (30 km cross-country running). All 
methods except LDL-subfraction preparation are described in 
(Frey et al. 1993). In brief, VLDL, LDL, and HDL were pre- 
pared by sequential flotation according to Lindgreen (1975) and 
Lindgren et al. (1972). Total LDL (d = 1.006-1.063 g. ml-1) was 
fractionated into six density classes by equilibrium density gra- 
dient centrifugation as has been described previously (Baumstark 
et al. 1990). The d ranges of the subfractions as determined by 
precision refractometry (Lindgren 1975) of blank gradients were: 
LDL-1, < 1.031; LDL-2, 1.031-1.034; LDL-3, 1.034-1.037; LDL-4, 
1.037-1.040; LDL-5, 1.040-1.044; LDL-6, >1.044g.m1-1. All 
centrifugation steps were performed at a temperature of 18 ° C us- 
ing polycarbonate bottles (Kontron, 4 ml) in a 50.4Ti (Beckman) 
rotor. The LDL subfractions were recovered by means of an 
Auto Densi-Flow IIC (Buchler Instruments) device. Phospholi- 
pid (PL), free cholesterol (FC), total cholesterol (TC), and trigly- 
cerides (TG) were measured by automated (EPOS, Eppendorf, 
Hamburg) enzymatic methods. Cholesterol ester (CE) was calcu- 
lated as molar difference of TC and FC. The apolipoproteins 
apoA-I and apoB were measured with kinetic nephelometry 
(Beckman, Munich), apoA-II with endpoint nephelometry (Beh- 
ring, Marburg). 

Values before and after the field test (1 h, 20 h) were first 
compared by nonparametric Friedman two-way ANOVA. Uni- 
variate comparisons (before vs I h after, and before vs 20 h after) 
were performed by a Wilcoxon matched-pairs signed ranks test. 
All calculations were performed using the software package SPSS 
PC (SPSS Inc., Chicago). 
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Resul t s  

In  se rum we  found  significant reduct ions  (P  < 0.01) of  
TC,  T G  and apoB 20 h after  exercise. The  values were  
(before  exercise, 1 h after, 20 h after):  TC,  4.53 (SD 
0.78), 4.64 (SD 0.80), 4.21 (SD 0.64); TG,  1.10 (SD 
0.31), 0.92 (SD 0.30), 0.76 (SD 0.20) m m o l . l - 1 ;  apoB,  
68.6 (SD 13.0), 69.6 (SD 16.0), 63.6 (SD 12.2) m g . d l - 1 .  
In  V L D L  (Table 1) there  was a significant reduc t ion  of  
all c o m p o n e n t s  after  exercise. As  each V L D L  part icle 
contains  exactly one  molecule  of  apoB,  this would  in- 
dicate  a r educed  n u m b e r  of  V L D L  particles 24 h af ter  
exercise. Changes  in V L D L  compos i t ion  (Table 2) oc- 
cur red  1 h after  exercise, where  a r educed  size and lip- 
id con ten t  (PL, FC,  T G )  of  V L D L  was observed.  The  
20 h after  exercise measu remen t s  showed  that  only  the 
F C  con ten t  r ema ined  significantly reduced.  

The  part icle  concen t ra t ion  in L D L  subfract ions of  
the  g roup  examined  was as expec ted  for  physically ac- 
tive subjects with normal  se rum cholesterol  concent ra-  
t ions (Berg  et al. 1992). The  L D L  distr ibut ion profi le  
was no t  changed  fol lowing acute  exercise, as indicated 
by the u n c h a n g e d  apoB concen t ra t ions  (1 h and 20 h) 
af ter  running  (Table  1). To  assess whe the r  changes  in 
individuals in dense  L D L  (LDL-6)  were  pure ly  ran-  
d o m  or  associated with o ther  changes,  S p e a r m a n ' s  

Table 1. Concentration of lipids and apolipoprotein B (apoB) in serum, very low density lipoprotein (VLDL), low density lipoprotein 
(LDL) and subfractions of LDL 

Time PL FC CE TG apoB Total mass 

(ixmol. 1-1) (mg. d1-1) 

VLDL 

LDL 

LDL-1 

LDL-2 

LDL-3 

LDL-4 

LDL-5 

LDL-6 

Before exercise 
1 h after 

20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 

mean SD mean SD mean SD mean SD mean SD mean SD 
201.5 96.8 108.6 67.5 183.2 123.8 590.2 245.1 4.35 2.20 87.84 38.15 
158.4 101.8" 85.5 69.9* 159.5 116.3 449.0 243.6 4.01 2.00 69.35 40.58 
126.5 59.1"* 55.7 44.6** 99.0 58.7* 380.6 146.2"* 2.97 0.84* 54.75 21.86"* 
856.5 195.2 647.0 179.2 1875.9 427.1 235.3 85.0 66.04 13 .11  299.96 65.76 
849.6 190.9 680.9 182.5" 1905.4 425.2 232.5 54.6 66.24 18.94 302.61 69.66 
799.3 136.5 641.0 1 2 9 . 5  1731.4 314.3" 212.2 51.6 61.82 16.08 279.68 52.45 a 
206.4 89.2 159.4 77.0 444.0 190.5 99.9 42.4 12.69 5.79 72.46 30.81 
202.5 73.5 173.4 61.0 453.9 153.9 74.3 29.4 a 12.58 4.92 71.00 24.20 
188.6 62.5 165.6 63.7 411.1 177.1 82.0 24.3 12.37 5.80 67.29 25.47 
136.0 57.7 105.0 52.8 324.0 132.1 30.5 15.8 10.09 4.71 48.42 20.36 
129.6 59.0 109.2 59.9 311.9 142.9 24.4 12.0" 10.25 4.07 46.93 19.87 
129.0 41.9 106.4 37.1 303.2 100.2 23.9 6.0 10.09 5.21 46.01 16.34 
133,3 52.9 109.0 36.8 347.9 103.9 24.5 12.8 10.66 3.25 49.96 15.37 
140.0 48.0 115.4 46.2 347.0 115.7 22.0 10.4 10.96 3.03 50.75 15.87 
132.1 24.4 109.2 24.4 329.5 66.2 21.1 6.3 10.71 3.44 48.43 9.82 
122.9 28.8 92.3 24.1 302.8 79.7 19.4 8.8 10.83 2.89 45.29 11.13 
127.4 31.3 101.4 31.0 319.7 78.6 19.4 8.1 11.04 2.22 47.31 10.52 
113.9 29.7 90.4 27.4 281.5 73.4 19.0 6.6 10.43 3.14 42.71 10.74 
99.7 30.5 67,0 26.4 263.7 94.6 17.3 6.1 9.12 2.70 38.09 12.01 
99.1 28.0 69.3 31.5 255.8 72.7 16.0 6.4 9.24 2.24 37.61 9.81 
93.0 34.3 65.0 29.7 226.5 85.9 18.3 8.8 9.02 3.84 35.06 12.76 

106.4 36.9 65.4 27.4 242.6 88.2 26.4 5.5 10.47 3.43 39.33 12.73 
109.1 29.1 90.3 76.6 a 239.0 51.1 25.1 7.3 11.36 3.22 41.04 10.14 
95.8 35.4 65.8 26.0 218.4 90.5 a 24.4 8.8 10.62 3.75 36.91 12.74 

PL, Phospholipid; FC, free cholesterol; CE, cholesterol ester; TG, 
triglyceride. 
The total mass has been calculated as the sum of the components 
in mg'd1-1, n=13. 

* P<0.05, ** P<0.01 versus before exercise by Wilcoxon test. 
Preceding Friedman ANOVA test, P < 0.05. 
" P<0.05 versus before exercise by Wilcoxon test. Preceding 
Friedman ANOVA test NS. 
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Table 2. Number of lipid molecules per particle, calculated as molar ratio of lipid to apolipoprotein B 

Time PL FC CE TG Radius [nm] 

VLDL 

LDL 

LDL-1 

LDL-2 

LDL-3 

LDL-4 

LDL-5 

LDL-6 

Before exercise 
1 h after 

20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 
Before exercise 

1 h after 
20 h after 

mean SD mean SD mean SD mean SD mean SD 
2395 567 1230 286 2019 476 7444 2929 16.25 1.56 
1905 437 a 971 337* 1850 478 5671 1299 a 15.12 1.00 a 
2158 649 898 516" 1673 630 6752 2343 15.62 1.64 

607 74 454 55 1327 158 169 53 9.53 0.24 
679 116 540 94 1521 264 189 46 9.63 0.45 
682 96 546 84 a 1470 184 182 42 9.58 0.35 
842 67 645 101 1809 144 423 120 10.40 0.26 
850 209 723 122" 1883 231 315 82** 10.36 0.46 a 
807 86 700 76 1712 152" 368 90 10.25 0.30 
699 75 535 121 1675 213 159 49 9.76 0.28 
666 158 553 156 1612 411 124 42 a 9.57 0.82 
688 94 566 97 1616 262 134 39 a 9.67 0.40 
630 168 528 84 1681 205 119 43 9.63 0.30 
665 134 547 134 1648 333 103 37" 9.59 0.66 
661 102 541 81 1626 206 107 37 9.60 0.40 
590 58 442 52 1444 152 94 34 9.27 0.21 
597 104 474 104 1499 277 89 26 9.33 0.49 
582 112 461 102 1436 287 95 20 9.25 0.53 
566 57 382 84 1478 211 102 35 9.25 0.30 
557 95 387 146 1438 269 90 27 9.17 0.49 
550 90 395 103 1340 229* 105 36 9.09 0.47 
535 161 325 81 1192 196 136 30 8.92 0.44 
501 64 385 176 1134 277 116 29* 8.82 0.44 
477 99 328 72 1085 248 128 46 8.69 0.63 

The particle radius is calculated from the number of lipid mole- 
cules per particle and molecular volumes of lipids and apolipo- 
protein B. For details see (Baumstark et al. 1990). n = 13. 

* P<0.05, ** P<0.01 versus before exercise by Wilcoxon test. 
Preceding Friedman ANOVA test, P < 0.05. 
a P<0.05 versus before exercise by Wilcoxon test. Preceding 
Friedman test NS. For definitions see Table 1 
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Fig. 1. Change in concentration of dense L D L  versus change in 
serum TG concentration. Spearman's rank correlation coeffi- 
cient: r--0.73, significance P=0.0045. For definitions see Ta- 
ble I 

r a n k  c o r r e l a t i o n  coeff ic ients  w e r e  ca lcu la ted .  A s  
shown in Fig.  1 changes  in L D L - 6  (be fo r e  exe rc i se  ver-  
sus 20 h af te r )  c o r r e l a t e d  s igni f icant ly  ( P  = 0.0045) wi th  
changes  in s e r u m  T G  (Fig.  1). 

In  add i t ion ,  the  c o m p o s i t i o n  o f  L D L  subf rac t ions  
was s igni f icant ly  d i f f e ren t  a f te r  the  f ie ld test .  T a b l e  2 
i l lus t ra tes  the  e x e r c i s e - i n d u c e d  changes  in the  c o m p o -  
s i t ion  of  L D L  subf rac t ions .  I m m e d i a t e l y  (1 h) a f te r  ex-  
erc ise  the  T G  c on t e n t  of  all  L D L  subf rac t ions  was re-  
d u c e d  (Fig.  2). T h e  r e d u c t i o n  was s igni f icant  in l a rge  
( d = l . 0 0 6 - 1 . 0 3 7 g . m 1 - 1 )  and  smal l  L D L  (1 .044-  
1.063 g" ml  -1) .  F r o m  1 h to  20 h a f te r  exe rc i se  T G  con-  
t en t  inc reased ,  bu t  d id  no t  r e a c h  va lues  m e a s u r e d  be -  
fo re  running .  I t  is n o t e w o r t h y  tha t  F C  and  cho l e s t e ro l  
e s t e r  ( C E )  c o n t e n t  ( T a b l e  2) c h a n g e d  in d i f fe ren t  di- 
r ec t ions  - F C  c o n t e n t  o f  L D L - 1  was s igni f icant ly  in- 
c r e a s e d  i h a f te r  the  run,  whi le  C E  of  L D L - 1  and  
L D L - 5  was r e d u c e d  24 h a f te r  exercise .  T h e  s a m e  ten-  
d e n c y  was f o u n d  in the  o t h e r  L D L  subf rac t ions .  

Discussion 

I t  has  b e e n  e s t a b l i s h e d  by  l ong i t ud ina l  and  cross-sec-  
t i ona l  s tudies  tha t  h a b i t u a l  e n d u r a n c e  t r a in ing  lowers  
L D L  cho l e s t e ro l  c o n c e n t r a t i o n s  ( W o o d  et  al. 1991; 
W i l l i a m s  et  al. 1989) and  inc reases  a ve r a ge  L D L  pa r -  
t ic le  size ( L a m o n - F a v a  et  al. 1989a; W i l l i a m s  et  al. 
1986). In  the  p r e s e n t  s tudy,  the  in f luence  of  a s ingle  
p e r i o d  of  p r o l o n g e d  exerc i se  on  V L D L  and  L D L  sub-  
f rac t ion  c o n c e n t r a t i o n  and  c o m p o s i t i o n  was ana lysed .  
W e  s h o w e d  tha t  the  w e l l - k n o w n  r e d u c t i o n  of  s e r u m  
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Fig. 2. The TG content of L D L  subfraction particles before, i h 
after, and 20 h after a 30 km cross-country run. Data are means 
and SEM. * P<0.05, ** P<0.01 versus before exercise by Wil- 
coxon test, For definitions see Table 1. • before exercise; [] 1 h 
after; [] 20 h after exercise 

T G  concentrations following acute exercise was a con- 
sequence of a reduced number  of V L D L  particles. It is 
assumed that physical activity reduces T G  by enhanc- 
ing l ipoprotein lipase (LPL) activity, and thus increas- 
ing the peripheral  clearance of TG-rich particles (Sady 
et al. 1986). This change is related to the increased de- 
mand of the working muscle for fatty acids as energy- 
yielding substrate and the significant depletion of mus- 
cle T G  stores (Ren et al. 1988; Jansson and Kaijser 
1987). If increased peripheral  lipolysis were the only 
factor leading to reduced TG,  one would expect a re- 
duced lipid content  of VLDL,  and not primarily a re- 
duced number  of VLDL.  

A new aspect arises f rom recent data which has 
shown that LP L  modulates the net  secretory output  of 
apoB in vitro (Williams et al. 1991). According to that 
data it can be hypothesized that an increase in LP L  
leads to reduced V L D L  apolipoprotein B (apoB) se- 
cretion, readily explaining the reduced V L D L  particle 
concentrations found in this study. Fur ther  support  
comes from data showing that fasting T G  concentra- 
tions are determined to a large extent  by apoB synthe- 
sis rates (Cortner  et al. 1992). A reduced apoB synthe- 
sis rate would also be consistent with the measured re- 
duced serum concentrat ion of TC, apoB, and L D L  
mass 20 h after the field test. A significant influence of 
acute exercise on the average concentrat ion of small 
L D L  particles was not  observed in this study. Howev- 
er, correlation analysis showed that changes in LDL-6 
were not  random, but  highly correlated with changes in 
serum TG. We were able to show that a reduction of 
dense L D L  occurred in subjects with high reductions 
in serum TG. This corresponds to results in a paper  by 
Lamon-Fava  et al. (1989b) where in 7 out of 40 sub- 

jects an increased L D L  particle size was found after a 
triathlon. These subjects had extreme reductions in 
plasma concentrations of T G  of approximately 
1.8 mmol .  1-1 (160 mg. d1-1) on average. Desp i t e  low- 
er initial serum T G  values and lower T G  changes in 
this study, correlated changes of serum T G  and dense 
L D L  were still highly significant. This would indicate 
that physical activity affects the regulation of L D L  sub- 
fraction concentrations by influencing T G  and fatty 
acid metabolism. The exact mechanism remains to be 
determined.  

Fur thermore ,  it was obvious that physical activity 
induced changes in the composition of L D L  subfrac- 
tions. The TG-rich ( d <  1.034 g .m1-1)  and dense L D L  
subfractions (d>1.040 g ' m l - 1 )  showed pronounced  
changes in composition, which leads to the assumption 
that their metabolism especially would seem to be re- 
lated to changes in energy expediture and muscle me- 
tabolism. A reduced T G  content  of L D L  particles may 
be of special interest as this parameter  has been shown 
to influence apoB conformation (Kunitake et al. 1990) 
and L D L  fractional catabolic rate (Vega and Grundy 
1986; Thompson et al. 1987), as well as the fluidity 
(transition temperature)  of L D L  particles (Deckel- 
baum et al. 1977). It can be concluded that with regard 
to the beneficial effect of endurance training on car- 
diovascular morbidity and mortality (see review Chan- 
drashekhar and Anand  1991), not only does a close 
connection between energy metabolism and H D L  me- 
tabolism appear  to exist, but  also an interesting rela- 
tionship to L D L  metabolism. 
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