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Summary. 260 well trained male sportsmen between 17 and 30 years of age
participating in a variety of events were examined for total serum cholesterol
and lipoprotein cholesterol and compared with 37 moderately active
leisure-time sportsmen and 20 sedentary controls of similar ages and sex.
Lipoprotein cholesterol distribution was determined by quantitative elec-
trophoresis.

Mean HDL-~cholesterol increased progressively from the mean of the
sedentary controls to the mean of the long-distance runners, indicating a
graded effect of physical activity on HDL-cholesterol. In all sporting groups
mean LDL-cholesterol tended to be lower than in the controls, no
association between LDL-cholesterol and form of training being apparent.
Except for the long-distance runners, all sporting groups tended to be lower
in total cholesterol than the controls. The HDL-/total cholesterol and
LDL/HDL ratios yielded a better discrimination between the physically
active and inactive than the HDL-cholesterol alone.

Significant positive correlations with maximal oxygen uptake and
roentgenologically determined heart volume were found for HDL-choles-
terol and HDL-/total cholesterol, and negative omes for LDL/HDL.
Differences in the regressions among subsets made up of sporting groups
under different physical demands suggest a positive relationship between
lipoprotein distribution and the magnitude of the trained muscle mass.

Key words: Lipoprotein cholesterol — Total serum cholesterol — Maximal
oxygen uptake — Heart volume — Physical training

Introduction

The discovery of the negative correlation between high density lipoprotein
(HDL) and coronary heart disease (Carlson and Ericsson 1975b; Castelli et al.
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1975; Rhoads et al. 1976; Gordon et al. 1977; Miller et al. 1977; Steinberg 1978;
Zimmer et al. 1980) has strongly stimulated interest in the determinants of the
lipoprotein pattern. A number of conditions has been found to be associated
with low HDL levels including obesity (Carlson and Ericsson 1975a; Rhoads et
al. 1976; Williams et al. 1979), diabetes mellitus (Kennedy et al. 1978; Nikkild
and Hormila 1978), male sex (Carlson and Ericsson 1975a; Avogaro et al. 1978),
carbohydrate rich diet (Levy et al. 1966; Wilson and Lees 1972; Blum et al.
1977), and physical inactivity (Hoffman et al. 1967; Williams et al. 1979). By
contrast, decreased body fat content (Avogaro et al. 1978; Williams et al. 1979),
female sex (Carlson and Ericsson 1975a; Avogaro et al. 1978), alcohol
consumption (Castelli et al. 1977; Hennekens et al. 1979), and increased physical
activity (Hoffman et al. 1967; Lopes-S. et al. 1974, Huttunen et al. 1979; Miller
et al. 1979; Williams et al. 1979) have been shown to accompany high HDL
levels.

Apparently the association between high physical activity and elevated HDL
can most readily be demonstrated in sportsmen being engaged in events
depending on a high aerobic capacity, such as running and cross-country skiing.
Thus a number of studies are available on lipoproteins in these sports (Wood et
al. 1976, 1977; Enger et al. 1977; Martin et al. 1977; Lehtonen and Viikari 1978;
Dufaux et al. 1979; Lehtonen et al. 1979; Adner and Castelli 1980; Hartung et al.
1980), whereas little attention in this regard has been attributed so far to other
sports, including those not primarily dependent on a high aerobic capacity
(Berg et al. 1980; Lehtonen and Viikari 1980; Vodak et al. 1980).

The present study has been designed to examine the associations between
lipoprotein pattern and different kinds of sports and to further elucidate the
relationships between aerobic capacity and lipoprotein pattern.

Materials and Methods

A total of 260 male elite sportsmen between the ages of 17 and 30 years was examined. Except for
groups of intermediate grade soccer and handball players, all were in the highest national class and
by proficiency were eligible to receive the regular medical check-ups offered to top sportsmen in
Germany. They had been in regular competitive training for several years and trained more than 5
times per week. The intermediate grade soccer and handball players trained 3—5 times per
week.

For comparison groups of 37 leisure-time sportsmen and 20 sedentary controls of similar ages
and sex were examined. The leisure-time sportsmen were non-competitive enthusiasts who
participated in a variety of sports at a low to moderate intensity and a mean rate of 2—3 times per
week. The control subjects were healthy non-sporting males, who neither in occupational life nor in
leisure-time were subject to any major physical activity. Their individual relative weight did not
exceed 1.15, and like all the sportsmen they were non-smokers. Additional descriptive data are given
in Table 1.

All the sportsmen underwent physical examination, resting and exercise ECG, and biochemical
screening, the majority also having a chest roentgenogram. No disorder significant to lipid
metabolism was detected. None was on any medication known to affect lipids or lipoproteins. In the
days before examination they had performed their normal training.

Blood samples were drawn in the fasting state from a cubital vein. After complete coagulation,
serum was separated by low-speed centrifugation. Lipoprotein distribution was determined by
means of agarose electrophoresis, subsequent precipitation (sodium phosphotungstate 1 g/100 ml,
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magnesium chloride 0.18 mol/, saline 0.7 mol/l), and densitometric quantitation (Seidel et al. 1973;
Neubeck et al. 1977) using a commercially available kit (Lipidophor All In 12, Immuno, Heidelberg,
FRG). Densitometry at 500 nm and automatic integration of the densitogram were performed with
an Elphograph 3 (Bender & Hobein, Munich, FRG). Total cholesterol was determined enzymat-
ically (kit No. 172626, Boehringer, Mannheim, FRG).

In this laboratory the coefficient of variation, as determined by repeated measurements of
identical samples, was about 2.2% for HDL-cholesterol, 3.7% for LDL-cholesterol, and 10.4% for
VLDL-~cholesterol. Because of the comparatively high coefficient of variation in determination of
the latter fraction, VLDL values have to be regarded with reservation and will not be considered in
detail.

Maximal oxygen uptake was assessed by means of a standardized progressive exercise test.
Runners, wrestlers, boxers, soccer, handball, volleyball, and basketball players were tested on a
motor-driven treadmill at a slope of 5%. The initial speed was 6 km/h, in long- and middle-distance
runners 8 km/h, and was increased by 2 km/h every 3 min until volitional exhaustion. Speed-skaters,
rowers, swimmers, gymnasts, and leisure-time sportsmen were tested on an electrically braked
bicycle ergometer, the initial load of 100 W being increased by 50 W every 3 min. Oxygen uptake was
determined with an open system. Heart volume was assessed roentgenologically (Musshoff and
Reindell 1956).

Relative body weight was calculated as body weight divided by height in cm minus 100. Body fat
content was determined by means of skinfold measurements at four sites — biceps, triceps,
subscapular, supra iliac — employing a Lange caliper and the regression equations of Womersley and
Durnin (1977).

All data are expressed as means * standard deviation. Differences of means were tested for
statistical significance by the two-tailed #-test, regression analysis was performed following the
recommendations given in Diem and Lentner (1975).

Results

Figure 1 shows the distribution of serum cholesterol in the three main
lipoprotein fractions of fasting serum. In each column mean HDL-, LDL-, and
VLDL-cholesterol add up to total cholesterol, the columns are arranged with
respect to HDL-cholesterol.

The highest HDL-cholesterol was found in the long-distance runners,
heading a continuous line of steadily declining HDL-cholesterol values which
ended with the controls and the intermediate grade soccer players. Long-dis-
tance runners, middle-distance runners, high grade handball players, wrestlers
and boxers, and long-distance speed-skaters differed significantly in HDL-cho-
lesterol from the sedentary controls (Table 2).

It is noteworthy that events demanding a high aerobic capacity concentrate
in the left half of the diagram. Furthermore in runners and speed-skaters training
over longer distances goes along with the tendency towards higher HDL-cho-
lesterol. In the soccer and handball players higher competitiveness is paralleled
by the tendency towards higher HDL-cholesterol. Consequently, there is some
indication of a positive relation between HDL-cholesterol and endurance
exercise capacity.

Regarding Fig. 1 no association appears to exist between LDL-cholesterol
and form of physical activity in the sporting groups. In the majority of events
LDL-cholesterol tended to be lower than in the controls, differences being
significant in middle-distance runners, rowers, swimmers, and intermediate
grade handball players (Table 2).
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Fig. 1. Distribution of total serum cholesterol between HDL-, LDL-, and VLDL-cholesterol. Events
are arranged with respect to HDL-cholesterol

Differences in total cholesterol between groups were relatively small. Except
in the long-distance runners total cholesterol tended to be lower in all sporting
groups than in the controls, but the difference was only significant in the
swimmers and intermediate grade handball players.

Figure 2 shows the HDL-/total cholesterol and LDL/HDL ratios, the groups
being arranged with respect to HDL-/total cholesterol. Statistically significant
differences from control values are indicated in Table 2. The two ratios
correlated closely, though correlation was not perfect. Correlation analysis
within groups yielded correlation coefficients between r= —0.800 and
r= —0.987.

Significant linear correlations were found between HDL- and LDL-cho-
lesterol respectively and total cholesterol in all sporting groups, in the sedentary
controls no significant correlation was obtained between HDL-cholesterol and
total cholesterol (Table 3).

Skinfold measurements for the assessment of body fat content were carried
out on 17 wrestlers, 28 soccer players, 26 swimmers, 14 handball players, and 41
rowers. Neither HDL- nor LDL- or total cholesterol correlated with body fat
content as expressed in percent body weight in any of these groups or in the
pooled data.
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To further clarify the relationships between physical activity and lipoprotein
cholesterol the values of the sporting groups were correlated with maximal
oxygen uptake and heart volume. Figures 3 and 4 show the dependence of
HDL-/total cholesterol, HDL~, LDL-, and total cholesterol on maximal oxygen
uptake as assessed by treadmill exercise in the pooled data of 183 sportsmen
irrespective of form of training. Positive correlations were obtained between
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Table 3. Correlation coefficients for HDL- and LDL-cholesterol versus total cholesterol
in different events

Number HDL-cholesterol LDL-cholesterol
of subjects

Long-distance and middle-distance 30 0.660*** 0.902%**
running
400 m-running 20 0.419 0.965%**
Soccer 40 0.607*** 0.966***
Handball 48 0.605%** 0.956***
Speed-skating 23 0.627%* 0.974**=
Rowing 34 0.508%* 0.891%**
Leisure-time sports 37 0.633%** 0.893%**
Inactive controls 20 0.214 0.962***

Level of significance: ** p < 0.01; *** p < 0.001
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Fig. 3. Relationships of HDL-/total cholesterol and HDL-cholesterol (means and standard
deviations) to maximal oxygen uptake in 183 sportsmen

HDL-cholesterol (r = 0.320, p < 0.001) and HDL-/total cholesterol (r = 0.389,
p < 0.001) respectively and maximal oxygen uptake. LDL- and total cholesterol
exhibited no dependence on maximal oxygen uptake. Similar relations were
found in 93 sportsmen tested for maximal oxygen uptake by bicycle exercise (not
depicted).
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Furthermore, positive correlations between HDL-cholesterol (r = 0.329,
p < 0.001) and HDL-/total cholesterol (r = 0.193, p < 0.01) respectively and
heart volume were obtained in the pooled data of 248 sportsmen (not depicted).
Correlating LDL- and total cholesterol with heart volume failed to reveal any
systematic association.

In addition, these parameters were correlated within subsets of sporting
groups with similar regressions. Thereby significant linear correlations were
found between HDL-cholesterol, HDL-/total cholesterol, and LDL/HDL on the
one hand, and maximal oxygen uptake and heart volume on the other, in the
pooled data of runners and soccer players (Table 4). There was no correlation
between either LDL- or total cholesterol with maximal oxygen uptake or heart
volume.

A second subset with significant correlations was made up of handball,
volleyball, and basketball players, and wrestlers. Significant correlations were
obtained in the pooled data of these groups between HDI1.-/total cholesterol and
LDL/HDL respectively and maximal oxygen uptake, and between HDL-cho-
lesterol and heart volume (Table 4).

Where significant correlations appeared between lipoprotein parameters and
maximal oxygen uptake or heart volume in both subsets, the respective
regression lines were similar in slope, as indicated by the absence of significant
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Table 4. Regression analysis for the relationships between lipoprotein parameters
and maximal oxygen uptake or heart volume

Correlated parameters Running, soccer Handball, volleyball,
basketball, wrestling
y-variable x-variable
HDL-cholesterol VO3 max y= —0.108 + 0.022 x
r= 0.488 (n=93) r=0.162 (n=73)
p <0.001 NS
HDL-/total cholesterol VO, max y= 2271+0.429 x y= 10.594 + 0.333 x
r= 0.443 (n=93) r= 0313 (n="173)
p <0.001 p<0.01
p<0.01
LDL/HDL VO3 max y= 2.047-0018 x y= 1999 -0.020 x
r= =0.446 (n =93) r= —0375 (n="73)
p <0.001 p<0.01
p <0.001
HDL-cholesterol Heart volume y=  0.208 + 0.081 x y=  0.107 + 0.100 x
r= 0.418 (n=85) r= 0.349 (n="70)
p < 0.001 p <001
p <0.05
HDL-/total cholesterol Heart volume y= 12.572 + 1.286 x
r=0.333 (n=285) r= 0209 (n="170)
p<0.01 NS
LDL/HDL Heart volume y=  1.557—0.050 x
r= —0.330 (n = 85) r= -0.218 (n=70)
p<0.01 NS

differences between the regression coefficients, but differed significantly in the
intercept on the y-axis. The handball, volleyball, basketball, and wrestlers subset
had, in proportion to maximal oxygen uptake or heart volume, significantly
higher HDL-cholesterol and HDL-/total cholesterol and lower LDL/HDL than
the runners and soccer players. Where no significant correlations were obtained
in the former subset, their means for HDL-cholesterol and HDL-/total
cholesterol were higher, and for LDL/HDL lower, than in the latter when
related to maximal oxygen uptake or heart volume.

Discussion

As evidenced by Fig. 1, HDL-cholesterol values in the different events form a
continuum from the mean of the sedentary controls to the mean of the
long-distance runners. Though the differences from the control values reached
statistical significance in selected groups only, a tendency towards elevated
HDL-cholesterol was common to all sporting groups, including the leisure-time
sportsmen with a moderate amount of training. This implies that all kinds of
dynamic exercise involving large muscle groups are able to elevate HDL-cho-
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lesterol. It furthermore implies a graded effect of physical activity on
HDL-cholesterol, as has already been suggested by other studies (Enger et al.
1977; Martin et al. 1977; Lehtonen and Viikari 1978; Berg et al. 1980; Hartung et
al. 1980).

LDL-cholesterol varied independently from HDL-cholesterol, all sporting
groups exhibiting at least a tendency towards depressed LDL-cholesterol. In a
number of reports increased physical activity has been shown to be associated
with decreased LDL-cholesterol (Hoffmann et al. 1967; Wood et al. 1976, 1977,
Martin et al. 1977; Adner and Castelli 1980; Berg et al. 1980; Hartung et al.
1980). Longitudinal studies have demonstrated that already moderate physical
activity is able to reduce LDL-cholesterol (Altekruse and Wilmore 1973;
Lopez-S. et al. 1974; Weltman et al. 1979). These findings in combination with
the decreased LDL-cholesterol in the sporting groups in this material, the lack of
major differences in LDL-cholesterol between the sporting groups, and the lack
of correlation between maximal oxygen uptake or heart volume and LDL-cho-
lesterol, are compatible with the concept that for reduction of LDL-cholesterol a
relatively low threshold activity is necessary , above which no further depression
can be achieved.

Changes in total serum cholesterol depend on the magnitude of changes in
the fractional cholesterol values. If the reduction in LDL-cholesterol together
with the well established reduction in VLDL-cholesterol (Lopez-S. et al. 1974;
Wood et al. 1976, 1977; Martin et al. 1977; Huttunen et al. 1979) exceeds the
elevation in HDL-cholesterol, as is the case in the majoritiy of events in this
material, total cholesterol decreases. In the case of grossly elevated HDL-cho-
lesterol, as in the long-distance runners, total cholesterol can equal that of the
physically untrained (Fig. 1). The conflicting evidence from cross-sectional
studies, some indicating significantly lower total cholesterol in physically active
(Hoffmann et al. 1967; Martin et al. 1977; Wood et al. 1977), and some no
significant difference between active and sedentary groups (Wood et al. 1976;
Enger et al. 1977; Lehtonen and Viikari 1978; Adner and Castelli 1980; Vodak et
al. 1980) or even higher total cholesterol in the active (Lehtonen and Viikari
1980), may at least in part result from these additive effects.

Due to the differences in LDL-cholesterol, the differences in lipoprotein
cholesterol distribution between sedentary controls and sporting groups
increased in magnitude when the HDL-/total cholesterol or LDL/HDL ratios
were considered instead of the HDL-cholesterol alone. Particularly in those
events where HDL -cholesterol was only moderately elevated, the reduction in
LDL-cholesterol contributed markedly to the discrimination between physically
active and inactive. As in epidemiological and clinical studies lipid profiles
including more than one lipoprotein parameter, e.g. the HDL-/total cholesterol
or LDL/HDL ratios, correlated better with the risk of coronary heart disease
than did single parameters (Gordon et al. 1977; Miller et al. 1977; Zimmer et al.
1980), these ratios deserve special attention.

Reportedly there is little if any correlation between HDL-cholesterol and
total cholesterol in physically untrained populations (Rhoads et al. 1976; Enger
et al. 1977; Gordon et al. 1977). The evidence available suggests that, with
higher level of fitness, the correlation becomes closer (Enger et al. 1977). The
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absence of significant correlation between HDL-cholesterol and total choles-
terol in the sedentary control group in this study is in agreement with these
reports. In contrast, the sporting groups exhibited markedly stronger correla-
tions between these parameters. Thus increased physical activity appears to
reduce the variability in the quantitative relations between the lipoproteins.

The way by which this is accomplished can only be a matter of speculation.
As lipoprotein distribution is influenced by a multiplicity of factors, some of
which have been mentioned above, the absence of correlation in untrained
populations may be the result of the interference of multiple interacting factors.
Possibly, increased physical activity leads to elimination or mitigation of some of
these.

One factor of potential impact on lipoprotein distribution is body
composition. A negative correlation between body fat content or relative body
weight and HDL-cholesterol in untrained populations has been confirmed by a
number of studies (Rhoads et al. 1976; Wood et al. 1976; Gordon et al. 1977;
Avogaro et al. 1978; Williams et al. 1979). In this material no association existed
between body fat content or relative body weight and HDL-cholesterol in the
sporting groups, confirming former evidence (Wood et al. 1976). Consequently,
in physically highly active populations body composition appears to have no
significant effect on HDL-cholesterol, which conceivably leads to a reduction in
the variability in the quantitative relations between the lipoproteins.

Another factor of potential impact is dietary behaviour. Endurance athietes
tend to prefer a carbohydrate rich diet (Strauzenberg et al. 1979). In acute and
more extended studies with untrained subjects, high carbohydrate content of the
diet has been shown to depress HDL-cholesterol (Levy et al. 1966; Wilson and
Lees 1972; Blum et al. 1977). Whether these findings can be extrapolated to the
situation of habitual high carbohydrate intake is unclear, as long-term studies are
not available. Moreover, it is conceivable that in physically trained subjects the
response of the lipoproteins to increased carbohydrate consumption is blunted.
Reports that endurance trained sportsmen, who were on a carbohydrate rich diet
before a prolonged race, did not differ in lipoprotein distribution from their
non-carbohydrate loading counterparts (Enger et al. 1977; Adner and Castelli
1980) may provide a hint of this possibility.

These considerations favour the assumption that in physically trained
individuals the effects of body composition and dietary behavior on lipoprotein
distribution are subordinate in degree to other factors. One factor common to all
sports included in this study is dynamic exercise with varying demands on
aerobic capacity. The positive relationship between maximal oxygen uptake or
heart volume and HDL-cholesterol in the whole material, and the magnitude of
the correlation coefficients in the subsets made up of sportsmen under similar
physical demands, strongly suggest that aerobic capacity acts as an independent
factor on lipoprotein distribution.

The differences in regression among the subsets indicate that the effect of
aerobic capacity on HDL-cholesterol, though similar in power in both subsets, as
indicated by similar regression coefficients, is superimposed with some other
factor. One factor discriminating handball, volieyball, and basketball players
and wrestlers from runners and soccer players is the magnitude of the trained
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muscle mass. Whereas in the latter training concentrates on the musculature of
the lower extremities, the training of the former includes the musculature of the
upper extremities and the trunc as well. Thus there seems to be a positive
relationship between HDL-cholesterol and the magnitude of the trained muscle
mass.

In conclusion, the differences in lipoprotein pattern between sportsmen
participating in the events examined in this study and untrained individuals
appear to be attributable mainly to differences in aerobic capacity. The large
interindividual variability in lipoprotein pattern in both the trained and the
untrained underlines that physical activity is only one determinant among
others. Furthermore, it hampers the attempt to establish statistically significant
differences in lipoprotein pattern in bilateral comparisons between groups of
different physical activity. However, the uniform trend in lipoprotein distri-
bution in the events examined here shows that every kind of regular dynamic
exercise involving large muscle groups, even of moderate intensity, is able
favourably to change the lipoprotein pattern. If the negative correlations of
HDL-cholesterol or HDL-/total cholesterol and the positive one of LDL/HDL
with coronary heart disease hold for sportsmen with exercise-induced changes as
well as for untrained populations, regular activity in any of these sports my help
to reduce coronary risk.
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