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Abstract
Introduction: Clinical studies indicated that small dense LDL
(sdLDL) levels are more powerful than LDL levels for the
determination of severe stable coronary heart disease (CHD).
The effects of intensive aerobic exercise on sdLDL levels are
not well known; thus the aim of present study was to
investigate effect of a strenuous aerobic exercise on sdLDL
concentration in healthy men.
Material & Methods: Eleven healthy young men (aged: 20.8
± 1.8 years; ± SD) volunteered to participate in this study.
All the subjects were performed Repeated High-Intensity
Endurance Test (RHIET) as a strenuous aerobic exercise.
Blood samples were taken at baseline and immediately after
the RHIET. Wilcoxon and paired-sample t-test was used to
analyze the data.
Results: The results showed that sdLDL (38.8±11.3 mg/dl
vs. 39.9±11.3 mg/dl), TC (188.6±36.2 mg/dl vs. 194.1±42.2
mg/dl), TG (139.6 mg/dl ± 55.0 vs. 157.7 ± 79.7 mg/dl),
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LDL (109.1 ± 33.4 mg/dl vs. 121.5 ± 53.0 mg/dl) and HDL
(44.0 ± 13.6 mg/dl vs. 44.6 ± 14.0 mg/dl) remained
unchanged in response to strenuous aerobic exercise.
Significant correlation was observed between changes of
sdLDL with TC (r = 0.74, P = 0.008), TG (r = 0.65, P =
0.02) and LDL (r = 0.64, P = 0.03) levels.
Conclusions: The results suggest strenuous aerobic exercise
had not significant effect on blood lipids and lipoprotein
subfractions.
Keywords: Coronary heart disease, Intensive exercise,

Lipoprotein subfractions, sdLDL

1. Introduction
Reducing the concentration of low-density lipoprotein cholesterol (LDL)
in serum is the primary target for the prevention of coronary heart
disease (CHD) under national and international guidelines (1-3). Among
patients with established CHD, the guidelines recommend a target LDL
level of ＜100 mg/dL (1-3). Lipid-lowering agents such as 3-hydroxy-3methylglutaryl coenzyme A reductase inhibitors (statins) reduce CHD
events, but the level of LDL on statin treatment is not always predictive
of outcome (4). Small dense LDL (sd-LDL) particles have been suggested
to be highly atherogenic due to their greater ability to penetrate the
arterial wall, their lower affinity for the LDL receptor, their prolonged
half-life in plasma, and their lower resistance to oxidative stress
compared to large-LDL (5,6). The Québec cardiovascular study has
confirmed that a greater proportion of sd-LDL at baseline is a strong
and independent predictor of CHD in the first 7 years of follow-up (7).
In contrast, an elevated concentration of large-LDL is a poor predictor of
CHD and seems to be associated with a low CHD risk (7). This suggests
that the atherogenicity of LDL differs among heterogeneous LDL
particles and that the association of atherogenic LDL with CHD is
chiefly due to the sd-LDL component (8).
Regular exercise can reduce blood pressure, improve insulin sensitivity,
and increase HDL and apolipoprotein B (9-11), thus help reduce the
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prevalence of CHD. Although it has been reported that regular aerobic
exercise can reduce LDL (9-11), there is a distinct lack of research
examining the effect of intensive aerobic exercise on sdLDL. Recently,
Nayeri khoob and Moghadasi (2017) indicated hat sdLDL level was
increased after a bout of heavy resistance exercise; however it decreased
after 8 weeks regular resistance training (12). Medlow et al. (2016) also
reported that an acute bout of moderate intensity exercise can increase
sdLDL oxidation potential, independently of age and regardless of a
change in selective LDL lipid components in healthy men (13). Yu et al.
(1999), however, noted that sdLDL particles decreased significantly by
62% after the triathlon in highly trained athletes (14). The effects of
intensive aerobic exercise on sdLDL levels are not well known; thus the
aim of present study was to investigate effect of a strenuous aerobic
exercise on sdLDL concentration in healthy men.

2. Material & Methods
Subjects
Following ethical approval from Marvdasht branch, Islamic Azad
University Ethics Committee, eleven apparently healthy young men
(aged: 20.8 ± 1.8 years; ± SD) participants were recruited for the study
(Anthropometric and body composition data are provided in Table 1). A
screening questionnaire obtaining medical and exercise history was
completed by each participant. Participants were excluded if they used
multi-vitamins or antioxidants in the past two months, were using lipid
lowering/modifying medication, had a diagnosis of heart disease,
dyslipidaemia, type 1 or type II diabetes mellitus, orthopaedic
limitations or had any other health problem that may interfere with
exercise. All participants were non-smokers and they were not engaged
in any systematic exercise programs at least 6 months before the study
as assessed by a physical activity questionnaire.
Table 1. Participant characteristics of the subjects
Variables
Body weight (kg)
Body mass index (kg/m )

mean
69.4
22.2
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SD
13.0
3.2
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Body fat (%)
WHR

8.2
0.83

2.7
0.1

Strenuous aerobic exercise
All the subjects were performed Repeated High-Intensity Endurance
Test (RHIET) as a strenuous aerobic exercise. Each subject was allowed
10 minutes to complete his own specific warm-up. Four beacons were
placed 5 meters apart in a straight line to cover a total distance of 15
meters. Subjects were instructed to avoid pacing and perform with a
maximal effort throughout the whole test. Each subject started the test
in line with the first beacon, and upon an auditory signal sprinted 5 m
to a second beacon, touched the ground adjacent to the beacon with
their hand and returned back to the first beacon, touching down on the
ground adjacent to the beacon with the hand again. The subject then
sprinted 10 m to the third beacon, and back to the first beacon etc. until
an exercise period of 30 seconds had elapsed. No instruction was given as
to which hand should touch during each turn. The subjects performed 43
repeat bouts of this protocol with a 30 second rest between bouts.
Biochemical analyses
Blood samples were taken at baseline and immediately after the RHIET.
Blood sample was obtained by venipuncture. sdLDL levels were obtain
using following formula that previously excogitated by Srisawasdi et al.
(2011) (15):
sdLDL (mg/dL) = 0.580 (non-HDL) + 0.407 (dLDL) – 0.719(cLDL) –
12.05
dLDL: Direct low-density lipoprotein-cholesterol
cLDL: Calculated low-density lipoprotein-cholesterol

The levels of TC, TG, HDL, and dLDL-C were measured on the Siemens
Dimension RxL Max by using the Siemens enzymatic methods (Siemens
Medical Solution Diagnostics, Tarrytown, NY). For the dLDL-C assay
(Siemens Medical Solution Diagnostics), the method uses a reagent 1
containing a detergent that solubilizes only non-LDL particles. The
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cholesterol released is consumed by cholesterol esterase and cholesterol
oxidase in a non-color forming reaction. The second detergent contained
in reagent 2 solubilizes the remaining LDL particles. The soluble LDL is
then oxidized by the action of cholesterol esterase and cholesterol
oxidase forming cholestenone and hydrogen peroxide. The enzymatic
action of peroxidase on hydrogen peroxide in the presence of N, N-bis (4sulfobutyl)-m-toluidine, disodium salt, and 4-aminoantipyrine generate a
colored product. We calculated the cLDL (in mg/dL) by using the
Friedewald formula:
cLDL = TC – HDL – (TG/5).
Statistical Analysis
Results were expressed as the mean ± SD and distributions of all
variables were assessed for normality. Paired t-test and Wilcoxon test
were used to compute mean (± SD) changes in the variables before and
after the intervention. Pearson and spearman correlations and general
linear regression analysis were performed to calculate a correlation. The
level of significance in all statistical analyses was set at P≤0.05. Data
analyses were performed using SPSS software for windows (version 17,
SPSS, Inc., Chicago, IL).

3. Results
The results showed that sdLDL (38.8 ± 11.3 vs. 39.9 ± 11.3) remained
unchanged in response to strenuous aerobic exercise (Figure 1).
Significant correlation was observed between changes of sdLDL levels
with TC (r = 0.74, P = 0.008), TG (r = 0.65, P = 0.02) and LDL levels
(r = 0.64, P = 0.03). General linear regression indicates that change of
TG is an independent predictor for changes of sdLDL levels (t = 2.8, P
= 0.02).
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Figure 1. Changes of sdLDL in response to intensive aerobic exercise

The changes of TC concentration in response to intensive aerobic
exercise are presented in the Figure 2. The results indicated that there
were no significant differences in TC concentration after the intervention
compare to the baseline levels (188.6 ± 36.2 vs. 194.1 ± 42.2).

Figure 2. Changes of TC in response to intensive aerobic exercise

As shown in the Figure 3, no significant differences were observed in TG
concentration after the intensive aerobic exercise compare to the baseline
levels (139.6 ± 55.0 vs. 157.7 ± 79.7).
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Figure 3. Changes of TG in response to intensive aerobic exercise

The results showed that LDL (109.1 ± 33.4 vs. 121.5 ± 53.0) sdLDL
remained unchanged in response to strenuous aerobic exercise (Figure 4).

Figure 4. Changes of LDL in response to intensive aerobic exercise

The changes of HDL concentration in response to intensive aerobic
exercise are presented in the Figure 5. The results indicated that there
were no significant differences in HDL concentration after the
intervention compare to the baseline levels (44.0 ± 13.6 vs. 44.6 ± 14.0).
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Figure 5. Changes of HDL in response to intensive aerobic exercise

4. Discussion
The primary aim of this study was to investigate the effect of a
strenuous aerobic exercise on sdLDL concentration in healthy men. The
results of present study indicated that sdLDL remained unchanged in
response to strenuous aerobic exercise. Nayeri khoob and Moghadasi
(2017) however indicated hat sdLDL level was increased after a bout of
heavy resistance exercise and it decreased after 8 weeks regular
resistance training (12). Medlow et al. (2016) also reported that an acute
bout of moderate intensity exercise can increase sdLDL oxidation
potential, independently of age and regardless of a change in selective
LDL lipid components in healthy men (13). Yu et al. (1999), however,
noted that sdLDL particles decreased significantly by 62% after the
triathlon in highly trained athletes (14). These discrepant results may be
attributed to differences in study populations and type of the
intervention.
Basically, the formation of sdLDL particles may arise through the
exchange of cholesterol esters for TG, between LDL and these large
VLDL. This action is mediated by CETP, which ultimately produces
TG-rich LDL particles, which are then lipolyzed by hepatic triglyceride
lipase (HTGL) (16). SdLDL particles may also be generated when excess
TG on VLDL are exchanged for cholesterol esters on LDL by CETP,
producing TG-rich LDL, which then undergoes lipolysis by HTGL to
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produce smaller and denser LDL particles (17). In a cross-sectional
investigation Zambon et al. (1993) reported that high HTGLa is
associated with an increase in sdLDL particles and a decrease in HDL2C (18). In the Familial Atherosclerosis Treatment Study, treatment with
colestipol / lovastatin and colestipol / niacin significantly decreased
HTGLa with a concomitant conversion of sdLDL to buoyant LDL,
which was the strongest predictor of angiographic regression (19).
Alterations in LDL composition associated with training may be
mediated by changes in HTGL activity. High HTGL activity has been
correlated with increased sdLDL and phenotype B in patients with CHD
(20). Although HTGL may not change with a single exercise session
(21), training can result in chronic reduction in HTGL activity (22),
which may lead to lower concentrations of sdLDL particles. The result
indicated that there is a significant correlation between changes of
sdLDL concentration with TC, TG and LDL levels. General linear
regression indicates that change of TG is an independent predictor for
changes of sdLDL levels. The results showed that TC, TG, LDL and
HDL remained unchanged in response to strenuous aerobic exercise, thus
it seems that the lack of effect of strenuous aerobic exercise on sdLDL in
the present study might be due to the absence of reductions in blood
lipids especially TG levels.
On the other hand, there were virtually no changes in TC, TG, LDL and
HDL levels in response to a strenuous aerobic exercise. Long-term effects
of continuous exercise have been known on lipid profile (23), but the
short-term effects of exercise in this regard are too little and
contradictory. Previously Greene et al. (2012) in line with the results

of present study indicated that lipid profile (TC, TG, LDL, LDL3,
LDL4, vLDL, HDL, HDL2a and HDL2b) had no significant changes
after a session of aerobic exercise on a treadmill with 70% VO2max
in obese and overweight adults (24). Hojjati and Shahsavari (2015)
however indicated that serum TG and TC increased immediately after a
single bout of aerobic exercise in type II diabetic females, however
for LDL and HDL no significant changes were observed (25).
Although muscle needs less fat compare to carbohydrates during
exercise but oxidation of free fatty acids is very important for
9
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performing endurance activities (26,27). Catecholamine, growth
hormone, and cortisol rise in the bloodstream, but insulin level
reduces. The consequences of these occurrences are increased
glycogenolisis and glycolysis in muscle and liver, lipolysis in
adipose tissue and muscles, and gluconeogenesis in liver and also
increased protein breakdown in muscle and liver (25). The pure
effect of this process is that the amount of glucose in the blood
remains relatively constant (at least for 60-90 min), fatty acids,
glycerol, ketones and also the amino acids increase in the blood
during endurance exercise. These are energy sources that are used
by the muscle (28). One reason for increased HDL is increasing the
activity of the lipoprotein lipase enzyme and decreasing the
activity of hepatic lipase enzyme. HDL level was rose by
lipoprotein lipase activity, that is a key enzyme for converting
vLDL to HDL. The storage and synthesis of hepatic triglycerides
and LDL is going to decrease by hepatic lipase activity reduction.
In this context, it is likely that other mechanisms, such as
decreased insulin sensitivity and lipoprotein changes in lipid levels
can be mentioned (29). It should be considered that continuous
activity can increase the blood volume and an exercise session can
decrease it. Therefore, in the primary steps of the exercise, by
increasing the blood pressure a certain amount of plasma enter
into the interstitial water and blood concentration has increased
up to 20% in some capillaries in the first 10 min of the exercise. It
is possible that no changes in TG, TC, LDL and HDL even with
reduction plasma volume lead to some changes in concentration of
serum lipids (25).
5. Conclusion
The results suggest strenuous aerobic exercise had not significant effect
on blood lipids and lipoprotein subfractions in healthy young men.
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