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Abstract

Background: Adipokines, including vaspin and chemerin, have different biological roles associated with body mass index, insulin
resistance, metabolic syndrome, polycystic ovary syndrome, diabetes and cardiovascular diseases.
Objectives: The objective of this study was to evaluate the effect of 12 weeks of resistance exercises on serum levels of vaspin and
chemerin in middle-aged obese women.
Methods: In this study, 20 inactive obese women with the mean and standard deviation of age and body mass index of 52.13 ±
10.06 and 30.87± 2.01 were divided into two groups of resistance (n = 10) and control (n = 10) exercises. Resistance exercise program
included 3 sessions per week for 12 weeks (50% - 75%, one repetition maximun). Anthropometric indices, vaspin, and chemerin levels
were measured before and after exercises.
Results: The results suggested that changes in serum levels of chemerin and vaspin after 12 weeks of resistance exercises showed a
significant difference compared to the control group (P = 0.001, P = 0.002).
Conclusions: It can be concluded that 12 weeks of resistance exercise is effective in reducing vaspin and chemerin and reducing
body fat percentage in middle-aged obese women, and the response rate varies according to the type and duration of the exercise
protocol.
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1. Background

The prevalence of obesity worldwide is rapidly increas-
ing, this problem exists not only in industrialized nations
but also in developing countries (1). Today fat tissue is con-
sidered as a very active endocrine organ that is involved
in the regulation of metabolism and several hormones’ se-
cretion (2, 3). A study by the National Cholesterol Control
Program’s expert panel has shown that obesity, especially
abdominal obesity is the most common cause of metabolic
disorders such as metabolic syndrome (3, 4). Aging pro-
cess makes elderly women and men more prone to this syn-
drome due to simultaneous inactivity and increased ab-
dominal visceral fat deposits and reduced muscle mass (4,
5). Recent findings have shown that obesity, blood lipid dis-
orders, and hypertension are closely associated with adi-
pose tissue secretory function (6, 7). Vaspin and chemerin
are of secreted peptide cytokines from fat tissue that af-

fect the pathogenesis of obesity and associated disorders
(5, 8). Vaspin (serine protease inhibitor derived from vis-
ceral fat tissue), is a protein with a molecular mass of 47
kDa that is secreted from fat tissue (9). Vaspin protein in
rats, mice, and humans is formed by 412, 414, and 415 amino
acids respectively (9). Vaspin visceral secretion is signifi-
cantly associated with BMI, body fat percentage and glu-
cose tolerance of blood. Some studies show that the induc-
tion of mRNA vaspin in human fat tissue, may be a mech-
anism associated with obesity and insulin sensitivity (10,
11). Chemerin is of the adipokines that exist as an imma-
ture polypeptide with 18 kDa molecular weight that can be
mapped on chromosome 7; this adipokine is secreted from
visceral fat tissue and liver. Then with the help of serine
protease enzymes and removing 6 amino acids from the
polypeptide carboxyl terminal, matured chemerin with 16
kDa molecular weight will be produced (12, 13). In humans,
chemerin is the most common adipokine that is produced
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by fat tissue, it should be noted that the liver and the lungs
are also chemerin producers and known as Chemer23 in
the human body (14). Many factors influence the secretion
of adipokines (vaspin, chemerin, etc.) including exercise.
In recent years, increased physical activity has been pro-
posed as a way to control fat tissue and obesity-related dis-
eases. Exercise can be effective in various forms and there
are several recommendations for effective participation in
physical activities (intensity, duration, type, and number
of sessions per week) in order to reduce fat tissue in healthy
people and patients. Regular physical activity has several
benefits such as reduced body weight, reduced body fat,
increased insulin sensitivity, glycemic control, decreased
blood pressure and reduced risk of cardiovascular disease
(15, 16). A few studies examined the impact of intensity and
different volumes of exercise on vaspin and chemerin in
the elderly with overweightness or obesity. Due to the dif-
ference in intensity, volume, break frequency and volume
of work performed, the results of these studies were not in
line with each other.

In a study conducted by Mogharnasi et al. (9) and in
another study by Youn et al. (17) on men and women with
different insulin sensitivities after 4 weeks of exercise, in-
creased vaspin serum concentrations were observed. On
the other hand, Khademosharie et al. (18) studied the effect
of an aerobic exercise program on women with type 2 dia-
betes and concluded that no significant change happened
in vaspin plasma levels, while chemerin concentration de-
creased significantly compared to the stage before activity.
In this regard, in a study conducted by Saremi et al. (19), af-
ter 12 weeks of strength exercise (3 sessions per week) in the
samples who had metabolic syndrome, they observed that
chemerin serum concentration significantly reduced com-
pared to the levels before strength activity. The researchers
of this study, have not observed research examining the im-
pact of resistance exercise on vaspin and chemerin serum
levels in obese middle-aged women. On the other hand, the
research undertaken by Seghatoleslami et al. showed that
strength training in elderly people improves their mental
motor condition (20). Also, another research showed that
pillates exercise can improve elderly women’s body com-
position, balance and walking speed (21). But in none of
these researches a measurement of the changes in vaspin
and chemerin serum levels as a result of exercise has been
undertaken.

2. Objectives

Due to the difficulty of research on middle-aged peo-
ple, middle-aged and old people and the need need to
improve their level of health, limited research in this
field, conflicting research results and the large capacity

of vaspin and chemerin hormones in regulating obesity
and other metabolites, the aim of this study is to evaluate
the effect of 12 weeks of resistance exercise on vaspin and
chemerin serum levels in middle-aged obese women.

3. Methods

This is a quasi-experimental applied study approved by
Shiraz University, with the aim of determining the effect
of 12 weeks of resistance exercise on vaspin and chemerin
serum levels in middle-aged obese women.

3.1. Participants

At first, by installing enrolement notices, obese or over-
weight people who tend to run exercises to control weight
and improve their physiological status and attended one
of the sports complexes in Yasouj, were identified by the
researcher. Inclusion criteria included having no history
of cardiovascular, kidney and pulmonary disease and dia-
betes, having no orthopedic restriction (which can inter-
fere with the exercises), having not participated in regular
exercise activities in the last 3 years, having a fat percent-
age between 35 and 45 (this fat percentage was determined
by body composition device, and 20 people were chosen
randomly from amongst the 53 people who had a fat per-
centage between 35 and 45). On a certain day, the volun-
teers were invited, and after presenting full comments on
the process of the study, the benefits and potential harms
of the study, written informed consent was obtained from
volunteers. Participants were informed about the confi-
dentiality of their information. They were also ensured
that they could withdraw from the study whenever they de-
sired.

After completing questionnaires on health standard
and amount of daily physical activity, 20 eligible women
between 49 and 58, with a body mass of more than 30
(whose obesity was not associated with hypothyroidism),
health (no history of cardiovascular, hepatic, renal, pul-
monary disease, or diabetes and lack of orthopedic limita-
tions that interfere with the implementation of exercises),
disabled (no participation in regular physical activity in
the past 3 years) were selected and randomly divided into
two groups (a group of resistance exercise and a control
group).

3.2. Study Design

The experimental group performed the exercise pro-
gram during the study and the control group continued
its activities without intervention. Before starting the ex-
ercise program, the initial assessments such as a maxi-
mum repetition (1 RM) were conducted for each subject by
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free weights (1RM =
[(

number of repetition
30

)
+ 1
]
×

used weight), and anthropometric indexes like height,
weight, body mass, physical environment and thickness
of subcutaneous fat were measured in experimental con-
ditions. Studied physical indexes were again measured
and recorded after the end of the exercise period. For the
prevention of acute inflammation induced by exercise on
vaspin and chemerin serum levels, blood samples were col-
lected at least 48 hours after the last exercise session (22).

3.3. Training Protocol

Experimental group subjects (n = 10) participated in 12
weeks of resistance exercise. Resistance exercises started
with: bench press, armpit stretch, shoulder barbell from
back, leg, front thigh and hamstring press, 3 times a week,
for 3 courses with 10 - 13 replicates per session and with
the intensity of 50% - 75% of one maximum repetition
and resting 60 - 90 seconds, and every four weeks, a new
maximum repetition of subjects were calculated and val-
ues of weights were again adjusted. Around 3 - 5 minutes
warm-up and 3 - 5 minutes cool-down per session including
stretching and flexibility exercises were conducted. The
participants were recommended to refrain from partici-
pating in any sports activity during the 12-week exercise
program (23).

3.4. Measurements

After 12 hours of fasting at pre-test and 48 hours after
the last exercise session in vitro, a 10 cc blood sample was
taken from the left-hand vein. Blood samples were taken
at 8 or 9 am to prevent reduction of vaspin and chemerin
serum level by the circadian oscillations. Blood samples
were frozen after centrifuge for 15 minutes at 3000 rpm
at 80ºC and stored for subsequent analysis. Biochemical
analysis and vaspin and chemerin serum levels measure-
ment were conducted by ELISA method using a microplate
reader of Glory company of America. Serum vaspin was
measured by ELIZA kit (CUSABIO BIOTECH, Wuhan, China),
with the sensitivity of 225 ng/mL and Serum chemerin was
measured by ELIZA kit (CUSABIO BIOTECH, Wuhan, China),
with the sensitivity of 7.5 pg/mL according to the manufac-
turer’s instructions (9, 24). Subcutaneous fat of subjects
was calculated using a caliper in three points of triceps, ab-
domen, and pelvis, on the right side of the body and after
implementing the general equation of Jackson and Pollock
to determine the percentage of fat in women. Waist and
hip circumferences were measured based on the method
described by the National Institute of Health (24 Syrians).

3.5. Statistical Analysis

To ensure the normal distribution of collected data,
the Kolmogorov-Smirnov (KS) test was used. Paired t-
test was used in order to compare the results of pre-test
and post-test and determine the effects of resistance exer-
cise on the studied variables, and compare the surveyed
groups’ mean in research variables, according to the re-
search project.

4. Results

Results of general features of subjects (weight, body fat
percentage, body mass index and waist-to-hip ratio) and
variables studied (vaspin and chemerin) are presented in
Tables 1 and 2.

The results showed that the concentration of vaspin
after the implementation of 12 weeks of strength exercise
compared to the level before the implementation of activ-
ities in the exercise group was significantly reduced (Ta-
ble 2), but in the control group, no significant change was
observed in the quantities (Table 2). Also, the concentra-
tion of chemerin in the exercise group was significantly
reduced, but in the control group, no significant changes
were observed in chemerin level (Table 2). Body fat per-
centage was significantly reduced in both experimental
groups, while none of the weight variables, BMI and waist-
to-hip ratio (WHR) had any significant changes in any of
the three groups.

5. Discussion

The study showed that a 12-week resistance exercise
program results in a meaningful decrease in vaspin and
chemerin in middle-aged fat women. The result of this
study was consistent with the results of Lee et al. (25), Ober-
bach et al. (26) and Saremi et al. (19) in terms of the signif-
icant reduction of vaspin and chemerin. These results are
inconsistent with the results of Hida et al. (2005), Bozaoglu
et al. (14) and Oberbach et al. (26), who reported lack of
significant change or increased vaspin and chemerin fol-
lowing physical activity (9). It seems that the reason for
the difference in accountability of vaspin and chemerin af-
ter exercise can be explored in variables affecting vaspin
and chemerin changes including fitness, weight, presence
or absence of diseases like diabetes, cardiovascular and
metabolic syndrome, age and sex of subjects and intensity,
duration and type of exercise. Lee et al. (25) conducted a
study on children between 7 and 11 (adjustment of lifestyle
in children by creating a negative energy balance) and re-
ported reduced levels of vaspin serum compared to the
stages before. In a study by Oberbach et al. (26), following
a period of one hour of exercise and also after a four-week
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Table 1. Anthropometric Variables of Subjects Before and After Exercise Interventiona

Variables
Aerobic Exercise Group Control Group P Value (Within

Groups)
Pre-Test Post-Test Pre-Test Post-Test

Body weight (kg) 78.99 ± 1.64 76.73 ± 1.31 78.42 ± 5.57 78.63 ± 1.22 0.050

Body fat percentage (%) 43.99 ± 1.32 38.03 ± 2.54 41.42 ± 4.82 41.89 ± 4.05 0.011b

BMI (kg/m2) 31.38 ± 3.14 30.29 ± 3.9 31.22 ± 6.74 31.61 ± 1.05 0.051

WHR 0.98 ± 0.03 0.97 ± 0.08 0.96 ± 0.06 0.96 ± 0.20 0.040

Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio
aValues are expressed as mean ± SD.
bP > 0.05 is accepted to be statistically significant.

Table 2. Changes of Research Variables (Vaspin and Chemerin) in the Experimental and Control Groups Before and After 12 Weeks of Resistance Traininga

Variables
Exercise Group Control Group

First Week Twelfth Week First Week Twelfth Week

Vaspin 0.54 ± 0.02 0.40 ± 0.01 0.52 ± 0.07 0.51 ± 4.1

Chemerin 162.19 ± 8.04 144.14 ± 6.11 164.7 ± 2.3 162.45 ± 7.09

aValues are expressed as mean ± SD.

exercise program, vaspin serum concentrations were sig-
nificantly decreased. Saremi et al. (19) conducted a study
on patients with metabolic syndrome and studied the ef-
fect of a twelve-week strength program (three sessions per
week). They observed that the vaspin serum concentra-
tion was decreased compared to the stage before exercise.
They report that the intensity of exercise is effective as an
important factor in reducing vaspin and chemerin serum
concentrations in response to exercise (19, 26). Hida et al.
(2005) reported increased in vaspin serum concentrations
in rats. They pointed out the exercise volume (intensity,
duration, and frequency) as an effective factor in vaspin
and chemerin values so that the long-term physical activ-
ity (exercise period) with proper exercise volume (inten-
sity, duration, and frequency) affects vaspin and chemerin
concentrations (9). By the same token, Brooks et al. (22) re-
ported that increased levels of physical activity can lead to
an increase in vaspin and chemerin receivers, as a result,
the need for high levels of plasma vaspin and chemerin
decreases according to the inverse relationship between
them. Abdel-lateif et al. (27) conducted a study on obese
adolescents and showed that 8 months of exercise made
significant changes in chemerin serum levels. Finally, Lau
et al. (28) showed that when the exercise was applied to
improve blood sugar in people who had normal weight,
vaspin, and chemerin secretion was in a normal range.
In the present study, despite the significant reduction of
vaspin and chemerin in the experimental group, no sig-
nificant changes were observed in body weight, WHR, and
BMI. Although most studies have shown that reduction
of vaspin and chemerin in blood circulation is associated

with weight or fat loss, some studies have not confirmed
this result (14, 26). It has been reported that reduction of
abdominal fat in men with diabetes of the second type as
a result of exercise has been associated with no change in
the concentration of serum vaspin and chemerin (14, 17).
Other studies have reported that despite weight loss by
exercise, no changes have been observed in the values of
serum vaspin and chemerin (19, 22). The probable expla-
nation for this finding is that since these hormones are se-
creted more from visceral fat tissue and the liver, the activ-
ity applied may not influence these areas so much.

5.1. Conclusions

To summarize, according to the findings of this study,
it seems that applying twelve weeks of resistance exercise
can be an efficient and practical way to reduce vaspin and
chemerin and body fat levels in middle-aged obese women,
and the answers are different depending on the type and
duration of the exercise protocol. Also, we can note exer-
cise activity duration as a crucial factor in reducing vaspin
and chemerin in response to the exercise activities.

Footnotes

Authors’ Contribution: Sahar Avazpour developed the
original idea and the protocol, abstracted and analyzed
data, wrote the manuscript, and is a guarantor. Fatemeh
Mohseni and Jamal Fazell Kalkhoran contributed to the de-
velopment of the protocol, abstracted data, and prepared
the manuscript.

4 Asian J Sports Med. 2020; 11(1):e97363.

http://asjsm.com


Avazpour S et al.

Conflict of Interests: The authors have no conflict of in-
terest.

Ethical Approval: The study was approved by Shiraz Uni-
versity.

Funding/Support: No funding was received from any in-
stitution.

Informed Consent: Written informed consent was ob-
tained from volunteers.

References

1. Hales CM, Fryar CD, Carroll MD, Freedman DS, Aoki Y, Ogden CL.
Differences in obesity prevalence by demographic characteristics
and urbanization level among adults in the United States, 2013-2016.
JAMA. 2018;319(23):2419–29. doi: 10.1001/jama.2018.7270. [PubMed:
29922829]. [PubMed Central: PMC6583043].

2. Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to
resistance exercise and training. Sports Med. 2005;35(4):339–61. doi:
10.2165/00007256-200535040-00004. [PubMed: 15831061].

3. Grundy SM, Cleeman JI, Merz CN, Brewer HJ, Clark LT, Hunning-
hake DB, et al. Implications of recent clinical trials for the National
Cholesterol Education Program Adult Treatment Panel III Guidelines.
J Am Coll Cardiol. 2004;44(3):720–32. doi: 10.1016/j.jacc.2004.07.001.
[PubMed: 15358046].

4. Benatti FB, Lancha Junior AH. [Leptin and endurance exercise: impli-
cations of adiposity and insulin].Rev BrasMed Esporte. 2007;13(4):263–
9. Portuguese. doi: 10.1590/s1517-86922007000400011.

5. Cho JK, Han TK, Kang HS. Combined effects of body mass index and
cardio/respiratory fitness on serum vaspin concentrations in Korean
young men. Eur J Appl Physiol. 2010;108(2):347–53. doi: 10.1007/s00421-
009-1238-8. [PubMed: 19816707].

6. Kelly AS, Steinberger J, Olson TP, Dengel DR. In the absence of weight
loss, exercise training does not improve adipokines or oxidative
stress in overweight children. Metabolism. 2007;56(7):1005–9. doi:
10.1016/j.metabol.2007.03.009. [PubMed: 17570265].

7. Fatouros IG, Chatzinikolaou A, Tournis S, Nikolaidis MG, Jamurtas
AZ, Douroudos ,I, et al. Intensity of resistance exercise deter-
mines adipokine and resting energy expenditure responses in
overweight elderly individuals. Diabetes Care. 2009;32(12):2161–7.
doi: 10.2337/dc08-1994. [PubMed: 19729520]. [PubMed Central:
PMC2782969].

8. Simpson KA, Singh MA. Effects of exercise on adiponectin: A
systematic review. Obesity (Silver Spring). 2008;16(2):241–56. doi:
10.1038/oby.2007.53. [PubMed: 18239630].

9. Mogharnasi M, TaheriChadorneshin H, Abbasi-Deloei N. Effect of ex-
ercise training type on plasma levels of vaspin, nesfatin-1, and high-
sensitivity C-reactive protein in overweight and obese women. Obes
Med. 2019;13:34–8. doi: 10.1016/j.obmed.2018.12.006.

10. Kloting N, Berndt J, Kralisch S, Kovacs P, Fasshauer M, Schon MR,
et al. Vaspin gene expression in human adipose tissue: Associa-
tion with obesity and type 2 diabetes. Biochem Biophys Res Com-
mun. 2006;339(1):430–6. doi: 10.1016/j.bbrc.2005.11.039. [PubMed:
16298335].

11. Wada J. Vaspin: A novel serpin with insulin-sensitizing effects. Expert
Opin Investig Drugs. 2008;17(3):327–33. doi: 10.1517/13543784.17.3.327.
[PubMed: 18321232].

12. Ernst MC, Sinal CJ. Chemerin: At the crossroads of inflamma-
tion and obesity. Trends Endocrinol Metab. 2010;21(11):660–7. doi:
10.1016/j.tem.2010.08.001. [PubMed: 20817486].

13. Roh SG, Song SH, Choi KC, Katoh K, Wittamer V, Parmentier M, et
al. Chemerin–a new adipokine that modulates adipogenesis via its

own receptor. Biochem Biophys Res Commun. 2007;362(4):1013–8. doi:
10.1016/j.bbrc.2007.08.104. [PubMed: 17767914].

14. Bozaoglu K, Bolton K, McMillan J, Zimmet P, Jowett J, Collier G, et al.
Chemerin is a novel adipokine associated with obesity and metabolic
syndrome. Endocrinology. 2007;148(10):4687–94. doi: 10.1210/en.2007-
0175. [PubMed: 17640997].

15. Maiorana A, O’Driscoll G, Goodman C, Taylor R, Green D. Combined
aerobic and resistance exercise improves glycemic control and fit-
ness in type 2 diabetes. Diabetes Res Clin Pract. 2002;56(2):115–23. doi:
10.1016/s0168-8227(01)00368-0. [PubMed: 11891019].

16. Tokmakidis SP, Zois CE, Volaklis KA, Kotsa K, Touvra AM. The effects
of a combined strength and aerobic exercise program on glucose
control and insulin action in women with type 2 diabetes. Eur J Appl
Physiol. 2004;92(4-5):437–42. doi: 10.1007/s00421-004-1174-6. [PubMed:
15232701].

17. Youn BS, Kloting N, Kratzsch J, Lee N, Park JW, Song ES, et al. Serum
vaspin concentrations in human obesity and type 2 diabetes. Dia-
betes. 2008;57(2):372–7. doi: 10.2337/db07-1045. [PubMed: 17991760].

18. Khademosharie M, Amiri Parsa T, Hamedinia MR, Hosseini-Kakhk SAR.
Effects of two aerobic training protocols on Vaspin, Chemerin and
lipid profile in women with type 2 diabetes. ISMJ. 2014;17(4):571–81.

19. Saremi A, Moslehabadi M, Parastesh M. Effects of twelve-week
strength training on serum chemerin., tnf-α and crp level in subjects
with the metabolic syndrome. Iran J Endocrinol Metab. 2011;12(5):536–
43.

20. Seghatoleslami A, Hemmati Afif A, Irandoust K, Taheri M. The impact
of pilates exercises on motor control of inactive middle-aged women.
Sleep Hypn Int J. 2018:262–6. doi: 10.5350/Sleep.Hypn.2018.20.0160.

21. Irandoust K, Taheri M. The effect of strength training on quality of
sleep and psychomotor performance in elderly males. Sleep Hypn Int
J. 2017;20(3):160–5. doi: 10.5350/Sleep.Hypn.2017.19.0148.

22. Brooks N, Layne JE, Gordon PL, Roubenoff R, Nelson ME, Castaneda-
Sceppa C. Strength training improves muscle quality and insulin sen-
sitivity in Hispanic older adults with type 2 diabetes. Int J Med Sci.
2006;4(1):19–27. doi: 10.7150/ijms.4.19. [PubMed: 17211497]. [PubMed
Central: PMC1752232].

23. Menz V, Marterer N, Amin SB, Faulhaber M, Hansen AB, Law-
ley JS. Functional Vs. running low-volume high-intensity interval
training: Effects on VO2max and muscular endurance. J Sports
Sci Med. 2019;18(3):497–504. [PubMed: 31427872]. [PubMed Central:
PMC6683610].

24. Chakaroun R, Raschpichler M, Kloting N, Oberbach A, Flehmig G,
Kern M, et al. Effects of weight loss and exercise on chemerin
serum concentrations and adipose tissue expression in human obe-
sity. Metabolism. 2012;61(5):706–14. doi: 10.1016/j.metabol.2011.10.008.
[PubMed: 22136911].

25. Lee MK, Jekal Y, Im JA, Kim E, Lee SH, Park JH, et al. Reduced serum
vaspin concentrations in obese children following short-term in-
tensive lifestyle modification. Clin Chim Acta. 2010;411(5-6):381–5. doi:
10.1016/j.cca.2009.12.003. [PubMed: 20018186].

26. Oberbach A, Kirsch K, Lehmann S, Schlichting N, Fasshauer M,
Zarse K, et al. Serum vaspin concentrations are decreased af-
ter exercise-induced oxidative stress. Obes Facts. 2010;3(5):328–31.
doi: 10.1159/000321637. [PubMed: 20975299]. [PubMed Central:
PMC6452153].

27. Abdel-lateif DM, El-Shaer SS. Association between changes in
serum vaspin concentrations and changes of anthropometric
and metabolic variables in obese subjects after weight reduction. J
Am Sci. 2012;8(4):606–11.

28. Lau DC, Douketis JD, Morrison KM, Hramiak IM, Sharma AM, Ur
E, et al. 2006 Canadian clinical practice guidelines on the man-
agement and prevention of obesity in adults and children [sum-
mary]. CMAJ. 2007;176(8):S1–13. doi: 10.1503/cmaj.061409. [PubMed:
17420481]. [PubMed Central: PMC1839777].

Asian J Sports Med. 2020; 11(1):e97363. 5

http://dx.doi.org/10.1001/jama.2018.7270
http://www.ncbi.nlm.nih.gov/pubmed/29922829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6583043
http://dx.doi.org/10.2165/00007256-200535040-00004
http://www.ncbi.nlm.nih.gov/pubmed/15831061
http://dx.doi.org/10.1016/j.jacc.2004.07.001
http://www.ncbi.nlm.nih.gov/pubmed/15358046
http://dx.doi.org/10.1590/s1517-86922007000400011
http://dx.doi.org/10.1007/s00421-009-1238-8
http://dx.doi.org/10.1007/s00421-009-1238-8
http://www.ncbi.nlm.nih.gov/pubmed/19816707
http://dx.doi.org/10.1016/j.metabol.2007.03.009
http://www.ncbi.nlm.nih.gov/pubmed/17570265
http://dx.doi.org/10.2337/dc08-1994
http://www.ncbi.nlm.nih.gov/pubmed/19729520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2782969
http://dx.doi.org/10.1038/oby.2007.53
http://www.ncbi.nlm.nih.gov/pubmed/18239630
http://dx.doi.org/10.1016/j.obmed.2018.12.006
http://dx.doi.org/10.1016/j.bbrc.2005.11.039
http://www.ncbi.nlm.nih.gov/pubmed/16298335
http://dx.doi.org/10.1517/13543784.17.3.327
http://www.ncbi.nlm.nih.gov/pubmed/18321232
http://dx.doi.org/10.1016/j.tem.2010.08.001
http://www.ncbi.nlm.nih.gov/pubmed/20817486
http://dx.doi.org/10.1016/j.bbrc.2007.08.104
http://www.ncbi.nlm.nih.gov/pubmed/17767914
http://dx.doi.org/10.1210/en.2007-0175
http://dx.doi.org/10.1210/en.2007-0175
http://www.ncbi.nlm.nih.gov/pubmed/17640997
http://dx.doi.org/10.1016/s0168-8227(01)00368-0
http://www.ncbi.nlm.nih.gov/pubmed/11891019
http://dx.doi.org/10.1007/s00421-004-1174-6
http://www.ncbi.nlm.nih.gov/pubmed/15232701
http://dx.doi.org/10.2337/db07-1045
http://www.ncbi.nlm.nih.gov/pubmed/17991760
http://dx.doi.org/10.5350/Sleep.Hypn.2018.20.0160
http://dx.doi.org/10.5350/Sleep.Hypn.2017.19.0148
http://dx.doi.org/10.7150/ijms.4.19
http://www.ncbi.nlm.nih.gov/pubmed/17211497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1752232
http://www.ncbi.nlm.nih.gov/pubmed/31427872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6683610
http://dx.doi.org/10.1016/j.metabol.2011.10.008
http://www.ncbi.nlm.nih.gov/pubmed/22136911
http://dx.doi.org/10.1016/j.cca.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/20018186
http://dx.doi.org/10.1159/000321637
http://www.ncbi.nlm.nih.gov/pubmed/20975299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6452153
http://dx.doi.org/10.1503/cmaj.061409
http://www.ncbi.nlm.nih.gov/pubmed/17420481
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1839777
http://asjsm.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Participants
	3.2. Study Design
	3.3. Training Protocol
	3.4. Measurements
	3.5. Statistical Analysis

	4. Results
	Table 1
	Table 2

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

