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Abstract: The purpose of this study was to determine the effects of aerobic exercise mtensity on the
quantitative and qualitative changes of serum Low-Density Lipoprotein (1.DL). In 2005, thirty low active men
aged 25-42 years were randomly allocated to three high intensity (HI, N = 10), moderate mtensity (MI, N = 9)
and control (CO, N = 11) groups. The high and moderate intensity groups participated in an 8 week aerobic
program which consisted of aerobic activities lasting 45-60 min; three times a week at an estimated 75-80% and
60-65% of their age-predicted maximum heart rate, respectively. Both programs began at a prescribed intensity
and maintained constant according to the improvement of subjects during the program. In order to control the
training intensity, heart rate was monitored and recorded in 10 min intervals by a cardio frequency meter. After
8 week, LDL particle size increased sigmficantly in the MI group whereas, LDL concentration was not changes
significantly in the MT group. There were no significant changes regarding T.D1. particle size and concentration
in the HI and CO groups (p=0.05). These data suggest that M1 training can be more effective m increasing LDL

particle size than HI training.
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INTRODUCTION

Increased physical activity and fitness are clearly
assoclated with reductions in the risk of cardiovascular
disease (Jacobs et al, 2006, Duscha et al, 2003,
Duncan et al, 2005, Al-Ajlan and Mehdi, 2005;
Beard et al., 1996), but the optimal intensity of exercise
necessary for reductions in risk or risk factors 1s unknown
Because of apparently conflicting information (Kelley and
Kelley, 2007, Branth et al., 2006; Duncan et al., 2005,
Shono et al., 2002), there is confusion about what
recommendations to make for exercise that will confer
specific health benefits. Tn spite of the importance of this
1ssue, there have been no comprehensive prospective
studies investigating the effects of different intensities of
exercise.

Although regular exercise is known to decrease the
risk of cardiovascular disease, comprehensive reviews
(Durstine and Haskell, 1994) suggest that exercise has
little effect on Low-Density Lipoprotemn (LDL) cholesterol
concentrations (Leon and Sanchez, 2001). Some authors
suggest that the concentrations of LDL particles and
small L.DL particles are better indicators of cardiovascular
risk than are the elements of the traditional lipid
profile (Kamigaki et al., 2001; Pascot et al, 2001,
Vakkilainen et al., 2000, Lamarche et al., 1997).

Some researches suggest that changes in
lipoprotems profiles are smilar m high-intensity
interventions and in moderate-intensity interventions of
longer duration if the energy cost of exercise 13 similar
(Duscha et al., 2005, Duncan et al., 2005, Al-Ajlan and
Mehdi, 2005, Paffenbarger et al., 1993). On the other hand,
authors have concluded that high-intensity training is
more effecive m 1mproving lipoprotems profiles
because of increased enzymes activities (Kelley and
Kelley, 2007, ODonovan et al., 2005; Duscha et al., 2005,
De Groot et al., 2003; Kraus ef al., 2002; Gossard et al,
1986).

LDI. mean particle diameter has been classified into
two phenotypes: A and B (Williams ef al., 1992a). The
mean particle diameter of Type B is less than or equal to
265.0 angstrom. Mean particle diameter has been mversely
correlated with plasma triglycerides in both men and
women (Austin et al., 1993). Smaller, denser sub fractions
of LDL have been associated with an increased risk of
atherosclerosis (Austin ef al., 1988; Kwiterovich et al.,
1993). Several studies have supported the hypothesis that
the smaller, denser particles are more susceptible to
oxidation and thus more atherogenic (De Graaf ef al., 1993,
1991; Tribble ef ai., 1992, Chait ef al., 1993).

Because of apparently conflicting
regarding the effects of traming mtensity on the
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lipoproteins profile and also determination the effects of
exercise intensity on the quantitative and qualitative
changes of serum LDL, this study was designed to test
the effects of 8 week aerobic exercise mtensity (75-80%
vs. 60-65% of age-predicted maximum heart rate) on the
LDL concentrations and particle size.

MATERIALS AND METHODS

Subjects and design: Tn 2003, thirty low active men who
volunteered to participate in the study read and signed an
informed consent document prepared and approved by
the Board for Protection of Human Rights affiliated to the
University of Mohaghegh Ardabili. All the subjects were
screened and homogenized for absence of cardiovascular
disease, substance use, surgery histories by the expert
physician and the subjects self-report procedure and then
randomly divided mto three groups of high (HI, N = 10),
moderate intensity (MI, N = 9) and control (CO, N =11)
groups, before completing a physical activity readiness
questionnaire. The subjects had encouraged to maintain
their habitual diets. Diet (three days) was requested from
each subject prior to experimental trial. The diet logs were
analyzed using the Nutritionist TIT Version 7.0 (N-squared
computing, Salem, OR). This was done in order to
determine the calorie mtake and the percentages of
carbohydrate, fat and protemn which were ingested prior to
the treatment trials.

VO,,..and body composition measurements: To evaluate
the VO, ... Ebbling submaximal treadmaill protocol and
equation was used. To administer this test, subjects
warmed up on the treadmill with the speed of 4.8 km h™'
for 4 min. During second 4 min walking, the slope of the
treadmill sets in 5% and the walking speed increases so
that 70% of maximum heart rate reviled.

Body height (cm) and weight (kg) was determined by
an electronic SECA scale. Three point Jackson-Pollack
equation and mechanical Lange skinfold caliper was used
to prediction of body fat.
Training program: Once emrolled, the subjects
underwent education and orientation to the program. The
HI (High Intensity exercise) and MI (moderate intensity
exercise) groups participated in an 8 week aerobic program
which consisted of aerobic activities lasting 45-60 min;
three times a week at an estimated 75-80 and 60-65% of
their age-predicted maximum heart rate, respectively.
Formal exercise classes were held included 3-5 min of
walking and gagging (slow runming), 5-7 min of stretching,
4-8 mmn of gagging, 6-9 min of calisthenics, three 10 mm of
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running with the 2 min of relaxation activities intervals and
5-10 min of cool down The participants also were
encouraged to put away their own physical traming
program especially on the weekends throughout of study.
Both programs began at a prescribed mtensity and
maintained constant according to the mmprovement of
subjects during the 8 week aerobic program. In order to
control the training intensity, heart rate was monitored
and recorded in 10 min intervals by a cardio frequency
meter during each training session.

Determination of serum lipids and lipoproteins:
Immediately before the start and mnmediately at the
conclusion of the 8 week program, 14 h fasting blood
samples were taken in two 5 mL Vacutainers (Becton-
Dickinson Vacutainer Systems) containing SST clot
activating gel between 9 to 10 am. The samples were
allowed to clot and the serum separated by high-speed
centrifugation for 15 min One tube was analyzed for
serum lipids while the second tube constituted the
experimental sample from which L.DI was isolated. Prior to
serum separation in tube No. 2, a protease inhibitor
cocktail was added to prevent degradation of the

apolipoproteins.
Triglyceride, HDL-cholesterol and total cholesterol
levels were measured wusing standard enzymatic

procedures on an Olympus Auto analyzer (Smith-Kline
Laboratories). The LDL-cholesterol
concentration was calculated by Friedewald and
Fredrickson equation (Friedewald et al., 1972).

Beecham

LDL size determination: Frozen serum was used to
determine the effect of the program on mean LDL particle
diameter. The size of the LDL particles was determined via
electrophoresis (Krauss and Burke, 1982). The serum was
adjusted to 20% (wt./vol) sucrose and 10 ul. placed in
each lane of a polyacrylamide gradient gel. The sample
was run at 12-14°C and 125 V for 24 h in Tris-boric acid-
Na, EDTA buffer, pH 8.3 along with two standards
supplied and two control samples. Pre and post samples
were run at the same time. The gels were fixed m a
solution contaimng methanol, acetic acid and Coomassie
brilliant blue R-250. They were then destined with 20%
methanol followed by 9% acetic acid. The gels were then
analyzed by densitometry. The of the
absorbance maxima was calculated from a calibration
curve using the Krauss standards of known diameters.

cdiameter

Data analysis: All data are expressed as meantSD. The
data were analyzed using ANOVA and Paired t-test to
assess the all cardio-vascular variables changes among
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three groups and the inter groups changes, respectively.
Pearson simple correlation procedures were used to
assess the relationship between changes i LDL particle
size and Triglycerides. All statistics were run using the
SPSS13  statistical package. Treatment effects are
considered significant at a value of p<0.05.

RESULTS

There were no significant differences in the baseline
lipid profile (LDL particle size and concentrations, HDL,
Tg, Total-cholesterol, ApoB, ApoA,, ApoB/ApoA, ratio),
body composition variables (p=0.05) and cardio-
respiratory fitness (p>0.05) among groups.

The results of the paired samples t-tests yielded no
significant (p==0.05) differences among the groups for total
calories; grams of carbohydrate, fats and proteins and
percentage of calories from carbohydrates, fats and
proteins during the baseline (Table 1).

Results also showed sigmificant mcreases of VO, .
in the MI and HI groups after 8 weeks of training
(p<0.01), whereas there was no significant differences
observed m the body composition variables (body
weight, LBM, % fat) during treatments (p=0.05) (Table 2).

LDL particle diameter: After 8 week, the mean diameter
of the LDL particles mereased significantly from 260.84+5.6
to 263.6+4.9 Angstrom m the MI group {(p<0.05). The

Table 1: The physical, body composition and physiological characteristics
of the subjects

Groups
Moderate High

Variables Control intensity intensity

Age (year) 34.00+7.10 33.00+7.80 31.00+£7.600
Height (cm) 167.20+3.50 169.80+4.30  183.90+25.60
Weight (kg) 72.00+9.90 74.75£12.3 72.39£1042
BMI (kg m™%) 25.68+3.20 25.98+4.60 26.02+3.700
Body fat (%0 14.10+£5.50 16.10£7.20 15.80+5.200
Fat free mass (kg) 61.30+5.20 62.20+7.40 67.30+5.600
VO (L kg™ min™")  35.4745.59 38.13+4.32 41.0346.170

All values are mean+SD

Table 2: The body composition and physiological changes among three groups

mean increase was 2.85£0.2 Angstrom. Whereas, there
was no significant increase observed in the HI group
(Pre test: 258.5+2.5; Post test: 259.6+5.9 Angstrom,
p>0.05); the mean diameter of the LDL particles was
constant in the CO group (Pre test: 257.644.3; Post test:
257.4+£7.3 Angstrom; p=0.05) (Fig. 1).

The changes m LDL size were not correlated with the
changes in triglycerides among the three groups.

LDL concentrations: There were no significant changes
in the LDL concentrations i the MI, HI and CO groups
(MI: Pre test: 98.1+35.5; Post test: 106.7+37.9; HI: Pre test:
117.9432.1; Posttest: 106.2+21.3; CO: Pretest: 134.1+28.9;
Post test: 133.8434.1 mg dL. ™%, p=0.05) (Fig. 2).
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Fig. 1. LDL particle size changes among three groups
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Fig. 2: LDL concentrations changes among three groups
(MeantSD)

Groups
Control Moderate intensity High intensity
Pre. T Pre. T Pre. T

Variables Post. T P Post. T P Post. T P

Weight (kg) 72.00+9.900 0.78 74.75+12.3 0.630 72.39+10.42 0.470
73.50£10.54 73.23+£9.43 70.2941.640

BMI (kgm™) 25.68+3.200 0.67 25.98+4.60 0.430 26.0243.700 0.450
26.35+7.200 25.13+£5.71 25.5346.600

BRody fat (%0) 14.10£5.500 0.75 16.10+7.20 0.610 15.80+5.200 0.760
15.15£7.410 15.54+3.44 14.21£3.970

VO ey (ML kg™ min~!) 35.47+5.590 0.84 38.13+4.32% 0.003 41.03+6.170* 0.007
35.114+7.170 46.28+5.69 47.11+£3.580

All values are mean+SD, Statistical analysis with Paired t-test, *: Different is significant at the 0.01 level (2-tailed)
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Table 3: Cardiovascular risk factors changes among three groups

Groups
Control Moderate intensity High intensity
Pre. T Pre. T Pre. T
Variables Post.T p Post. T p Post. T p
ApoA; (mg dL™Y 172.10+£59.49 0.08 151.94433.28 0.750 161.39+37.43 0.09
145.61+23.08 154.97+16.62 154.47+21.03
ApoB (mg dL ™) 104.21+17.84 0.07 89.00+27.71 0.130 94.08+27.50 0.65
102.70+13.17 80.07+19.09 88.79+16.09
ApoBrApoA,; (90) 0.67+0.240 0.05 0.61£0.190% 0.003 0.61+0.240 0.06
0.73+0.170 0.52+0.130 0.58+0.170
Trigly ceride (mg dL™") 148.55+52.60 0.14 158.60+64.51 0.230 151.444+60.94 0.07
181.64+68.16 164.904+99.08 200.56+65.96
Cholesterol (mg dL™") 194.55+29.96 0.72 156.50+41.97* 0.020 173.11+33.24 0.23
198.55+29.83 13760444, 79 162.33+86.76
HDL (mg dL™) 36.59+7.880 0.59 36.35£9.160 0.540 34.61+8.830 0.68
35.95£7.520 33.95+7.390 33.83+9.090

All values are mean+SD Statistical analysis with Paired t-test, *: Different is significant at the 0.05 level (2-tailed)

Lipids and lipoproteins: There were significant changes
in the cholesterol and ApoB/ApoA, ratio in the MI group
(p = 0.05); whereas, no significant changes observed in
the ApoB, ApoA,, ApoB/ApoA, ratio, Triglycerides,
Cholesterol, HDL values in the HI and CO groups (p=0.05;
Table 3).
DISCUSSION

Current  guidelines suggest that changes in
cardiorespiratory fitness are independent of exercise
mtensity (American College of Sports Medicine, 1998).
However, few studies have tested this hypothesis by
comparing changes in cardiorespiratory fitness in
previously sedentary mdividuals following moderate and
high-intensity exercise mterventions of equal energy cost.
While the present study examined improvements in
cardiorespiratory fitness by prescribing exercise after
8 weeks fitness tests, it is not in agreement with
controlled (Gossard et al., 1986, Kraus ef al., 2002) and
uncontrolled (Crouse ef al., 1997) trials demonstrating that
high-intensity training is more effective in increasing
VO, .. than moderate-intensity traimng of the same
energy cost. Collectively, these findings suggest that
both MT and HI intensity exercise should be performed if
the goal of training is to improve cardiorespiratory fitness.

Lipid and lipoprotein concentrations were unchanged
because participants were encouraged not to lose weight
(Kraus et al., 2002). However, exercise-induced changes
in CHD risk factors are often observed in the absence of
weight loss (Tran and Weltman, 1985). It 1s also possible
that changes mn triglyceride and HDL-C concentrations are
independent of body fat percent. In the present study,
exercise training was not accompanied by reductions in
body fat percent. In agreement with other randomized
controlled trials (Halbert ef al., 1999), changes in body fat
did not correlate with changes in lipids and lipoproteins.

When the investigators examined the correlation
between the concentration of small LDL particles and the
distance run by subjects within the runmng group, they
found a sigmficant, albeit small, mverse relation. It 1s
important to note that weight loss was permitted in that
study and the investigators ascribed most of the change
to weight loss. However, mn those studies, exercise
induced larger weight losses and the effect was
generally attributed to or correlated with weight loss
(Williams et al., 1982, 1989, 1990, 1992a, b, Wood et al.,
1988). In this study, we were able to mimmize greatly,
although not to eliminate completely, weight differences
and weight loss as confounding factors.

Eight weeks of aerobic exercise in the moderate-
ntensity group resulted in sigmficant increase of the LDL
particles diameter; whereas, we showed mcrease (but no
significant) in the high-intensity group. Significant
increase of the LDL particles diameter is consistent with
prior results of JTacobs et al. (2006), Vuorimaa et al. (2005),
Shono et al. (2002), Spate-Douglas and Keyser (1999) and
Sunami et al. (1999). On the other hand, authors have
indicated that high-intensity training is more effective
i unproving lipoproteins  profiles  because of
increased enzymes activities (Kelley and Kelley, 2007,
O'Donovan et al, 2005, Duscha et al, 2005
De Groot et al., 2003; Kraus ef al., 2002; Gossard et al,
1986). In addition, some reports suggested that changes
i lipoproteins  profiles are similar in gh and
moderate intensity interventions (Duscha et al,
2005; Duncan et al., 2005; Al-Ajlan and Mehdi, 2005;
Paffenbarger ef al., 1993).

Reduction in Cardio Respiratory Disease (CRD) risk
is indicated from the qualitative changes in the LDL.
Austin et al. (1988) reported that individuals with T.DT,
phenotype B had a threefold increase in myocardial
infarction risk and that this phenotype was associated
with reduced HDL-cholesterol and increased plasma
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triglyceride, VDL and TDL levels. Subsequent studies
(Campos ef al., 1992; Coresh et al., 1993) have confirmed
that subjects with CAD generally exhibit the smaller,
denser type B LDL more often than do non-CAD control
subjects.

The size of LDL appears to be mfluenced by both
genetics (Austin ef al., 1990) and lifestyle factors such as
body weight, smoking and plasma triglyceride, Apo B
and VLDL levels (Campos et al., 1992, Austin et al,
1990, De Graal et al, 1992, McNamara et af, 1992,
Watson et al, 1994). The significant increase in moderate
mntensity mean particle diameter, which was mdicate a
shift from the B phenotype to the A phenotype in this
study is very important from a clinical point of view. The
decrease in small, dense particles agrees with an earlier
study by Williams et al. (1994), which also emphasized the
importance of moderate aerobic exercise. The actual
mechanism for such an effect 13 unclear but may be an
altered interaction of the LDL with endothelial cells or
affimty for the LDL receptor.

In addition, another mechanism in which moderate
mtensity exercise may affect LDL particle size 15 by
altering metabolism of small, atherogenic LDL species.
Alternation mn LDL composition associated with moderate
intensity exercise may be mediated by changes in Hepatic
Triglyceride Lipase (HTGL) activity. High mtensity
exercise results in increased HTGL activity which induces
the smaller and denser LDL particle size; this may be
explained why MI exercise is more effective than HI
exercise.

According to this study results, the two proposed
mtensities of aerobic exercise probably did not play a
major role in the changes in serum triglycerides.
However, it has been shown that aerobic exercise reduces
serum triglycerides mdependent of other factors
(Oscail ef al., 1972). Several studies (Kwiterovich et al.,
1993, Coresh et al., 1993, Campos et al., 1992) have
reported that plasma triglyceride level 1s the single most
significant predictor of LDL phenotype. However, there
15 no signmficant correlation observed between serum
triglycerides and LDL particle size among three groups.
In the Framingham study, change in LDL phenotype over
a 3-4 year period was highly correlated with change in
triglycerides (McNeamara ef al, 1992). Thus, it was
surprise to find that the change in particle size in the
present study was not significantly correlated with the
change in triglycerides. Triglycerides changes among
three groups can be attributed to dietary factors because
of lack of subjects encourage controlling their body
weight, though exercise likely played a role in reducing
serum triglyceride concentrations.

As HDL-cholesterol, not changed sigmficantly after
8 weeks of aerobic exercise in the three groups, ApoA,
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and ApoB did not change significantly among three
groups. It has been suggested that reduction n HDL-
cholesterol due primarily to a modification in ApoA,
production by the hiver and intestines, while differences
in HDL between individuals appear to be due to an
elevated clearance of ApoA, and HDL particles
associated with a reduced ratio of lipoprotein lipase
to hepatic lipase. The apparent resistance of HDL-C to
training is unusual, given that an increase in HDL-C is the
most common lipid change. This intransigence may be
explained by the fact that, like LDL-C, change m HDL-C 18
related to baseline concentration.

CONCLUSION

In summary, a number of risk factors were unchanged
by the high-intensity aerobic exercise in the present
study. However, the moderate exercise protocol used in
this study significantly altered quality of LDL; whereas,
LDI, concentration was not changes significantly in the
moderate-intensity group. These data suggest that MI
training can be more effective m increasing LDL particle
size than HI traming. MI exercise may be more effective in
increasing LDL particle size than HI exercise.
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