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ABSRACT

This study examined the acute (single bout of exercise) and chronic (exercise
training) effects of exercise on plasma lipid levels in relation to concomittant changes
in plasma leptin concentrations. Fourty sedentary adult subjects were categorized
into 4 groups, ten in each :lean normolipidemic control, obese normolipidemic, lean
hyperlipidemic and obese hyperlipidemic groups. Leptin levels were measured by
ELISA method while plasma lipids including total cholestrol (TC), triglycerides (TG),
high density lipoprotein-cholestrol (HDL-C), low density lipoprotein-cholestrol
(LDL-C), and very low density lipoprotein-cho;estrol (VLDL-C) were measured by
conventional colorimetric methods. These measurements were performed before and
after acute and chronic exercise. Exercise training was a high intensity aerobic
exercise performed on cycle ergometer at the level of 85% of maximal predicted heart
rate, twice weekly for 12 weeks. Plasma leptin concentrations were significantly
higher in normolipidemic (P<0.001) and hyperlipidemic (P <0.01) obese groups and
hyperlipidemic (P<0.01) non obese group compared to controls. However, there were
no significant correlations between basal serum leptin levels and any of basal serum
lipid profile parameters in all studied groups. No significant changes in lipid
parameters or leptin concentrations after single bout of exercise. In turn, exercise
training induced significant favorable reduction in TC, TG, LDL-C and VLDL-C and
increase of HDL-C in all group similar significant reduction in serum leptin levels
among the studied groups (P<0.0001). However, there were no significant
correlations between the response of leptin to exercise training (expressed as percent
reduction from the baseline ) with the associated responses to exercise in any of the
lipid profile parameters in all groups. In conclusion, high intensity aerobic exercise
training could improve lipid parameters associated with reduction of serum leptin
concentration. However, this exercise-induced leptin reduction may restore leptin
sensitivity that might regulate metabolic adaptation to exercise.

INTRODUCTION including diet and exercise to
normalize blood lipid profiles has

The notion that gained  widespread  acceptance'”.
hypercholesterolemic individuals can Endurance trained athletes exhibit an
lower their risk of heart disease and anti-  atherogenic  lipid profile

atherosclerosis by adopting strategies

compared with their untrained cohort
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that is characterized by elevated high
density lipoprotein cholesterol (HDL-
C) combined with lower triglycerides
(TG) concentrations. Total
cholesterol (TC) and low density
lipoprotein  cholesterol ~ (LDL-C)
concentrations may be lower in
trained athletes as well,”) although
this finding is not  universal.”
Furthermore, in previously sedentary
individuals, sufficient amount of
exercise training is often, but not
invariably, accompanied by an
increase in HDL-C and a decrease in
TG concentrations®®. However, these
findings are not beyond dispute. Davis
et al” did not find significant
changes in lipids or apolipoprotein
concentrations in trained men after 60
and 90 minutes of exercise. When
lipid changes have been reported to
occur after exercise, the time of onset
and the temporal decay of the
response varies widely. Also, it is not
clear whether regular exercise training
or a single session of exercise will
exert changes in lipid profiles of
hypercholesterolemic individuals
comparable to those occuring in their
normocholesterolemic  counterparts.
So, the controlled clinical study in
lipid pattern in response to
programmed acute and chronic
exercise training in untrained persons
is more likely to be relevant to evalute
exercise effect on the risk of coronary
heart disease."

The possible mechanisms by
which exercise could directly modify
lipid metabolism have been widely
studied. Leptin, a liporegulatory
hormone,  may  control lipid
homeostasis in adipose® and non-
adipose® tissues unrelated to body
weight control. When adipocytes store

excess calories as triacylglycerol,
leptin secretion rises to prevent
accumulation of lipids in non adipose
tissues which are not adapted to
triacylglycerol storage."”
Neverthless, the relations between
serum leptin concentration, serum
lipids and lipoprotein are not yet clear.
Further, regulation of lipolysis by
exercise, possibly via increased
plasma free fatty acids and glycerol
levels,"" could be potentially relevant
to regulation of circulating leptin
levels as lipolysis and leptin
production appear to be inversly
controlled. ™ However, results
regarding the effects of exercise on
plasma leptin concentrations,
independent on fat mass, are
conflicting. Although several
investigators have not found an acute
effect of exercise on circulating
leptin,"*"¥ others have reported a
reduction in plasma leptin after
short™ and  prolonged™®  term
exercise which is independent on
changes in body weight and plasma
insulin. Furthermore, the relationship
between post-exercise related changes
in leptin with concomittent changes in
plasma lipids is yet to be determined.

The aim of the present work is to
investigate the effect of acute and
chronic exercise on plasma lipids in
obese and nonobese sedentary
hyperlipidemic patients, in relation to
circulating levels of leptin.

SUBJECTS & METHODS

This study was performed in
Clinical Physiology and Applied
Medical Chemistry Department in
Medical Research Institute,
Alexandria University. Fourty non

48



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

El-Akkary et al.

smokers and unmedicated volunteers
with blood pressure < 140/90 were
enrolled into this study. All subjects
were essentially sedentary and did not
exercise regularly for at least four
weeks. No subject had evidence of a
significant coronary disease based on
history, examination and exercise
electrocardiogram.  All  subjects
included in the study were informed
about the purpose of the study and
gave their informed consents to
participate. They refrained from any
strenuous exercise for 24 hours before
the experiments and they were
instructed to maintain their habitual
diets The subjects ( n = 40 ) were
categorized according to World
Health Organization (WHO) *” and
National Cholestrol Education
Program (NCEP) ¥ into four
groups, ten in each:
= Group I included non-obese
subjects (5 females and 5 males)
with body mass index from 18.5 to
< 25 kg/m* and normal plasma lipid
profile.
= Group II included obese subjects
(3 females an 7 males) with body
mass index > 30 kg/m* and normal
plasma lipids.
= Group III included lean patients (5
females and 5 females) with plasma
hyperlipidemic profile (cholesterol
> 6.0 mmol/L and triglycerides > 4
mmol /L).
= Group IV included obese
hyperlipidemic subjects (4 females
and 6 males).

All subjects were investigated
after 14 hours overnight fast and a
venous blood sample was withdrawn
for measurements of serum lipids and
serum leptin concentrations before
and immediately after a single session

of exercise and after the end of
exercise trainning program (twice
weekly for 12 weeks).

Determination of plasma
lipids: Total cholestrol (TC),
triglycerides ( TG ) and high density
lipoprotein (HDL-C) were analysed
by means of commerical kits (Human,
Weisbaden-German) using the
GOP/PAP enzymatic colorimetric,
CHOD/PAP enzymatic colorimetric,
and direct CHOD/PAP enzymatic
colorimetric methods respectively.
Low density lipoprotein (LDL-C) is
calculated  from the  primary
measurements using the empirical
equation.®”

Determination of leptin levels:
Serum leptin levels were detected by
Enzyme Linked Immunosorbant
Assay ( ELISA ) kit for human leptin
(DSL, Inc., Webster-USA) @”

Exercise protocol : This protocol
was performed using an electrically
braked cycle ergometer.®” The
incremental exercise was done starting
within warm up period at "0" watt for
2 minutes. The load was incremented
automatically by 20 watt at 2 minutes
interval till maximal tolerable work
load, at which the individuals reach
maximum heart rate, could be
determined. Every subject performed
supervised regular exercise training
twice weekly for three monthes at the
level of 85% of the predetermined
maximal load for about 45 minuts in
each setting..

Statistical analysis

All data are presented as mean
values +SD and the response to
exercise was assessed as percent
change from baseline value. They
were compared using Statistical
Package for the Social Sciences
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(SPSS) computer program. Sudent t
test for paired values compared data
before and after acute and chronic
exercise in the same group. Paired t
test for unpaired values compared
values among studied  groups.
Pearson's correlation coefficient "r"
was used to find out the relation
between different parameters. P value
was considered significant if <0.05.

RESULTS

Table 1 demonstrated anthropo-
metric data of studied groups. All
groups were comparable as regard the
mean age and height whereas obese
groups (group II and IV) had
statistically higher mean values of
body weight (p<0.01) and BMI
(P<0.01) than the control group.
However the body weights and body
mass indices did not change over the
course of the entire study.

Table II showed that there was no
significant difference between
normolipidemic subjects (group I and
II) as regard the serum lipid
concentration (TC, TG, HDL-C, and
LDL-C). In turn, all lipid profile
parameters, apart from HDL-C, were
significantly higher in hyperlipidemic
subjects (group III and IV) than
controls.

After single bouts of exercise, all
groups demonstrated no significant
changes in studied lipid profile
parameters including TC, TG, HDL-
C, LDL-C and VLDL-C. (Table II).
Also, endurance exercise training
induced significant lowering effect on
cholesterol in all groups including
control  (p<0.001) and  obese
(p<0.0001) normolipidemic and lean
(p <0.0001) and obese (p<0.0001)

dyslipidemic subjects. Also, exercise
training  significantly  decreased
triglycerides in group 1 (p< 0.002),
group II  (p<0.001), group III
(p<0.003) and group IV (p< 0.001)
and also significantly reduced LDL-C
levels in group I (p<0.0001), group II
(p<0.001), group II (p<0.01) and
group IV (p<0.0001). In turn, this
exercise program caused significant
elevation in HDL-C in
normolipidemic obese (p<0.05) and
hyperlipidemic lean (p<001) and
obese subjects (p<0.05), meanwhile
VLDL-C demonstrated significant
reduction in group I (p<0.05), group 11
(p<0.001), group III (p<0.0001), and
group IV (p<0.001) after 12-week
endurance exercise.

Table II also demonstrates that
there was no significant effect of a
single bout of exercise on the level of
serum leptin concentration compared
to pre-exercise values. In contrast,
chronic exercise, twice weekly for 12
weeks, induced significant reduction
in serum leptin concentration in
normolipidemic lean (p<001) and
obese  (p<0.0001) subjects and
dyslipidemic lean (p<0.001) and
obese (p<0.001) subjects compared
with their basal values.

Table III shows that serum leptin
levels were significantly higher in
normalipidemic obese subjects (p<
0.0001) and obese (p<0.0001) and non
obese  (p<0.0001)  hyperlpidemic
groups compared with the leptin level
in lean normolipidemic control group.
There were no significant correlations
between basal serum leptin levels with
any  basal  serum lipid profile
parameters in the four studied groups.

Figure 1 shows the post-exercise
training responses (expressed as
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percentage from the baseline) of the
studied lipid parameters among all
groups. The response of all lipid
profiles ~ were  comparable in
normolipidemic lean and obese
groups. The highest responses were
demonstared  among the lean
hyperlipidemic groups concerning the
percent change after exercise training
in TC (p<0.01 and < 0.01 ), TG
(p<0.01 and < 0.01 ) HDL-C (p<0.05
and < 0.05 ) and VLDL-C (p<0.05
and < 0.001) compared to responeses

normolipidemic groups and obese
dyslipidemic group respectively.
Figure 1 also demonstrated that
there were no significant differences in
responses of leptin to exercise training
(assessed by percent reduction from the
basal values) among studied groups.
Moreover, there was no significant
correlations between the post-exercise
percent reduction in leptin level and the
degree of post-exercise changes in any
of the measured lipid patterns in the four
studied groups after long term exercise.

to this exercise training in  both

Table (1): clinical characteristics of the studied groups

Group I Group II Group III Group IV
Lean Obese Lean Obese
Normolipidemic | Normolipidemic | Dyslipidemic | Dyslipidemic

Age, yr 33+10.31 35.348.50 41.05+8.70 44,25+7.77
sex, F/M 5/5 3/7 5/5 4/6
Height, cm 180.6+8.11 176.3+8.06 177.7+£7.49 166.2+5.76
Weight, kg

Before exercise 80.30+0.18 107.35+8.86* 76.59+10.88 | 98.6+4.67*

After acute exercise 80.30+0.17 107.35+8.86* 76.55+£10.91 | 98.6+4.67*

After chornic exercise | 80.21+0.13 107.35+8.86* 76.35+10.83 | 98.6+4.67*
BMI, kg/m’ 24.37+0.88 34.43+5.55% 24.06+14.3 34.53+1.84*

Values are means + SD
* p<0.01 compared to control (group I).

n = 10 for all groups
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Table (IT): Serum lipid profile parameters before and after acute and chronic
exercise intervention in all studied groups

Lipid Groups A B C P p*
parameters
Group I 5.13+£0.41 4.98+0.38 | 4.34+0.64 | NS | <0.001
Cholesterol Group II 5.66+0.48 5.21+0.45 | 4.78+0.31 | NS | <0.0001
(mmol/L) Group IIT | 7.37+1.28** | 7.39+0.82 | 5.38+0.55 | NS | <0.0001
Group IV | 6.96+0.69** | 6.83+0.47 | 5.89+0.44 | NS | <0.0001
Group I 1.47+0.38 1.45+0.43 | 1.23+0.40 | NS | <0.002
Triglycerides Group II 1.93+0.49 1.83+0.30 | 1.51+0.39 | NS | <0.0001
(mmol/L) Group I | 2.62+1.26* 2414094 | 1.3340.45 | NS | <0.003
Group IV | 2.2540.63** | 2.17+0.59 | 1.91+0.58 | NS | <0.001
High-density Group | 0.95+0.09 0.96+0.07 | 0.99+0.08 | NS | NS
lipoprotein- Group II 1.04+0.24 1.04£0.21 | 1.09+0.26 | NS | <0.05
cholestrol Group IIT | 0.93+0.18 0.93+0.15 | 1.30+0.39 | NS | <0.01
(mmol/L) Group IV | 1.10+0.18 1.09£0.19 | 1.1940.19 | NS | <0.05
low-density Group I 3.51+0.38 3.20+0.56 | 2.79+0.57 | NS | <0.001
lipoprotein- Group II 3.67£0.55 3.60+0.59 | 2.99+0.34 | NS | <0.01
cholestrol Group IIT | 5.23+1.44%* | 4.99+1.20 | 4.02+£0.79 | NS | <0.01
(mmol/L) Group IV | 4.834£0.75** | 4.65+0.62 | 3.88+0.45 | NS | <0.0001
Very low-density | Group I 0.67+0.17 0.63+0.19 | 0.51+0.15 | NS | <0.05
lipoprotein- Group 1I 0.87+0.22 0.81£0.19 | 0.68+£0.17 | NS | <0.0001
cholestrol Group III | 1.18+0.56* 1.12+0.48 | 0.71£0.34 | NS | <0.000
(mmol/L) Group IV | 1.01+0.29** | 0.98+0.24 | 0.80+0.21 | NS | <0.001
Values are means + SD, n = 10 for all groups.
Group I: Lean normolipidemics Group II: Obese normolipidemics
Group III: Lean dyslipidemics oup IV:Obese dyslipidemics

P : isdetermined by student test for paired values to compare before and after single exercise values.
p® : is determined by student “t” test for paired values to compare basal and post training values.

*p : <0.05 compared with lean normolipidemic group I using student “t” test for unpaired values.
**p:  <0.01 compared with lean normolipidemic group I using student “t” test for unpaired values.
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Table (1II): Serum leptin levels (ng/ml) before and after acute and chronic
exercise intervention in all studied groups.

Before Acute Chronic 0
exercise | exercise exercise P P

Group I
Lean 10.33+2.51 8.99+£2.5 5.05+£2.48 NS | <0.0001
Normolipidemic
Group 1
Lean 20.474+7.61** 17.92+8.35 12.34+6.87 NS | <0.0001
Normolipidemic
Group I
Lean 28.20+15.19* 22.59+9.49 15.17+7.16 NS <0.0001
Normolipidemic
Group I
Lean 27.40+£5.11%* 26.00+4.83 14.05+2.89 NS | <0.0001
Normolipidemic
Values are means + SD n = 10 for all groups
Group I: Lean normolipidemics Group II: Obese normolipidemics
Group III: Lean dyslipidemics Group IV:Obese dyslipidemics

P : isdetermined by student test for paired values to compare before and after single exercise values.
p¢ : is determined by student “t” test for paired values to compare basal and post training values.

*p : <0.05 compared with lean normolipidemic group I using student “t” test for unpaired values.
**p: <0.01 compared with lean normolipidemic group I using student “t” test for unpaired values.
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Figure (1) : Chronic exercise - induced changes (expressed in percentage from baseline)
in lipid profile parameters and leptin among the studied groups

* p is determined by student "t" test for unpaired values comparing responses in group I vs group II

** p is determined by student "t" test for unpaired values comparing responses in group I vs group III
*** p is determined by student "t" test for unpaired values comparing responses in group III vs group IV
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DISCUSSION

In the present study, serum leptin
levels were significantly increased not
only in obese groups but also in lean
hyperlipidemic  subjects compared
with control subjects. No significant
relations were found between serum
leptin level and the levels of serum
TC, LDL-C, VLDL-C, HDL-C or TG
neither in the combined
hyperlipidemic groups nor in the
controls. High intensity endurance
training exercise induced significant
decreases in TC, TG, LDL-C and
VLDL-C as well as increase in HDL-
C associated with  concurrent
significant decrease in serum leptin
concentration in obese and non-obese
hyperlipidemic subjects, a finding that
was independent of changes in body
weight.

Leptin, an adipocyte derived
hormone, plays an important role in
an energy homeostasis by signaling
the brain about the amount of adipose
tissue stored in the body.® In our
data, the concomitant increased leptin
level with dyslipidemic state in obese
and lean groups support the notion
that leptin seems to be associated with
other markers of the metabolic
syndromes such as hyperlipidemia
independently of changes in adiposity.
The relationship between serum leptin
concentration and serum lipids and
lipoproteins are not clear. It has been
revealed that an acute and substantial
fall in plasma lipid concentration
occurred in ob/ob mice, but not in
db/ob mice, when treated with even
low dose of leptin that does not affect
food intake or body weight.*? In turn,
Wang et al.?® have shown that in
normal adipocytes, leptin directly

stimulates a novel form of lipolysis in
which glycerol is released without a
proportional release of FFA. By the
use of conventional method, in which
free glycerol is also counted as
estrified glycerol, higher plasma
triglyceride concentration was
observed in transgenic skinny mice
overexpressing leptin. Further,
elevated leptin could produce leptin-
mediated antilipogenic protection,
possibly  through tissue specific
modulation of LPL activities, permits
TG stores to expand in adipocyte
without over accumulation in non-
adipose tissues."” The association
between hyperleptinemia and
hyperlipidemia in our lean
dyslipidemic subjects®? could
represent a state of 'leptin resistance'
similar to that occurred in obese
subjects. Triglycerides are important
causes of this leptin resistance as
mediated by impaired transport across
the:  BBB.*®  Leptin  promote
triglyceride  hydrolysis and FFA
oxidation and inhibit FFA synthesis,
therefore decreasing triglyceride level.
In the absence of leptin activity, FA
delivery to non adipose tissues may
exceed oxidative requirements.
Unoxidized FA excess may then enter
deleterious metabolic pathway such as
ceramide formation, lipid peroixdation,
detergent action and increased omega
oxidation.?® However, the ability of
triglycerides to inhibit leptin transport
into the brain completes a negative
feedback loop between leptin action
and triglycerides.®

Our observations were consistent
with other in vivo and in vitro
studies®**?7*®  that reported the
association between plasma leptin
with lipids and lipoprotein profile.
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However, most of the information
available on leptin-induced changes in
lipid metabolism has been obtained in
vitro and the difference in lipid
metabolism between rodent and
human makes the comparison more
complicated.

After single session of exercise,
there were no significant changes in
neither plasma lipids nor serum leptin
in all groups. In accordance with our
data, it was recorded that raising
exercise intensity from 25% to 65% of
maximal oxygen consumption
(VOsmax)  appeared to  increase
lipolysis in association with increasing
plasma epinephrine concentration.
When exercise intensity increases
from 65 to 85% VO, max, lipolysis
plateaus despite further large increase
in plasma epinephrine
concentration.?” The increasing level
of plasma insulin with the graded
epinephrine concentrations may have
modulated the full effect of
epinephrine-stimulated lipolysis.(3°) In
contrast, results presented in previous
studies found that increased LPLA
and HDL-C and decreased TC
concentration 24-48 hours after
prolonged exercise at 75% but not at
60% of VO, . in studies in both
trained and untrained individuals.®"
An explanation for these
inconsistencies may be related to one
or more factors that include the use of
different exercise protocols regarding
the intensities and durations, different
subject training status, different
baseline lipoprotein  values and
possible post-exercise delayed
changes in lipid concentrations.

On the other hand, the absence of
significant change in serum leptin in
short term exercise study may be due

to the limited energy expenditure that
reported to upregulate and
downregulate leptin  expression.®?
Also, the reported diurnal rhythm of
leptin concentration that depended on
energy or carbohydrate availability
and did not affect 24 hour leptin
concentration® is more likely to be
beyond acute exercise-related effect in
our data.

Standardized exercise training
program displayed favorable
significant changes in the lipid profile,
associated with significant decrease in
serum leptin concentration in our
combined hyperlipidemic subjects
(lean and obese). The potential
mechanism for increased HDL-C
concentration may be increased
LPLA. LPL is involved with TG
degradation, providing substance
material for HDL-C production and is
known to be metabolically active
several hours after exercise cessation..
A second potential mechanism for our
finding of increased HDL-C
concentration may decreased
cholesterol ester transport protein
(CETP) activity that facilitate transfer
of cholesterol ester and triglycerides
between HDL and other lipoprotein
(HDL-C and LDL-C).®¥ In addition,
hepatic lipase activity that involved in
HDL-C metabolism was decreased
immediately after exercise in most of
exercise protocols.®® Many studies
have shown that moderate intensity to
high intensity exercise training (>60%
VO,.max) could alter lipolytic response
to beta-adrenergic  stimuli  with
increased total fat oxidation during
exercise in lean and obese subjects.*”
Further, acute bout of exercise
whether performed in the untrained or
the trained state, did not significantly
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alter the expression of gene involved
in FA uptake and metabolism
(FAT/CDs¢), FABPpy, CTPy, B-HAD)
or transcription factors measured
immediately at the cession of exercise
or 3 hours post-exercise. In contrast,
exercise training increased FA
oxidation during exercise, yet this was
accompanied by an increase in the
expression of just two of the selected
genes (FAT/CP54 and CPT;).%?

In our data, post-exercise
improvement in lipid patterns in obese
subjects was significantly lower than
the corresponding improvement in lean
subjects. However, obese subjects are
known to have low activity of enzymes
of B-oxidation, low skeletal muscle
lipoprotein  lipase and  impaired
mobilization of fat stores. The
dysregulation of FA metabolism
associated with hyperleptinemia is
strongly  implicated  with  the
development of insulin resistance
where antilipolytic effect of insulin is
reduced.®”

The absence of correlations
between post exercise response of
plasma lipids and serum leptin
changes may have instead been
caused by some of the concomitant
metabolic interaction between leptin
and other hormones such as insulin,
catecholamines that influence TG
turnover or fatty acid metabolism.
Epinephrine or epinephrine-induced
hormonal changes decreased Ieptin
mRNA and plasma leptin in healthy
8 Insulin-stimulated  leptin
secretion could be inhibited by
exercise-induced catecholamine and
other lipolytic hormones.®” Other
mechanisms such as the influence of
exercise on expression of intrleukin-6
(IL-6)*® and tumor necrosis factor-o.

(TNF-a)"" in adipocytes and muscle
cells have to be considered. Both
leptin and TNF-a are directly related
and regulated by the same mechanism,
the peroxisome proliferator-activated
receptor family, which 1is also
important for fatty acid metabolism
and insulin sensitivity. "

Numerous studies have concluded
that moderate exercise training has
little effect on lipid profile and leptin
concentration unless combined with
weight loss or change in dietary
quality.®*¥**"  However, difference
between initial concentration of lipids
and status of hyperleptinemia could
affect the results.

Leptin reduction associated with
endurance training in our study could
reflect a state of improved leptin
sensitivity in  obese and lean
hyperlipidemic subjects that might be
related to concomitant post-exercise
reduction of triglycerides. Exercise-
induced fall of leptin could play a
central role in regulating the
neuroendocrine adaptation to exercise
including the hypothalamic-pituitary-
gonadal axis and, in part, the
hypothalamic-pituitary-thyroid = axis
and IGF-1 binding capacity in
serum.“? However, similar adaptive
neuroendocrine and metabolic response
to leptin reduction induced by
alternations in nutritional state were
reported in experimental protocols.*?
So, it is tempting to speculate that
exercise-related  leptin  signaling
reduction could restore a regulatory
feed back loop where leptin acts within
the hypothalamus to cause activation of
central sympathetic outflow and
stimulation of adrenal medullary
release of epinephrine and conversely,
the sympathetic nervous system
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activity promotes downregulation of
leptin release from adipose tissue.“

In conclusion, this study has
shown that hyperlipidemic subjects,
obese and non obese, demonstrated
higher basal level of serum leptin. A
single session of exercise has no acute
effects on lipid profile or leptin
concentration, In turn, chronic
endurance exercise training induced
concurrent significant reduction in
both serum lipid profile and Ileptin
concentration. These results reinforce
the notion that combined
hyperlipidemia was associated with a
leptin resistance status, independent of
body mass index. However, exercise
training, that decrease leptin levels,
may restore leptin sensitivity that
might regulate the  metabolic
adaptation to exercise.
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