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Background & objectives: Multiple sclerosis (MS) is a neurodegenerative disease, which affects the 
patients’ mobility, and exercise training is considered to be beneficial for these patients. The aim of this 
study was to determine the effects of 10 wk of low intensity exercise and whole body vibration (WBV) 
training on fatigue, quality of life, functional and physical indices, and serum levels of ghrelin, leptin, 
and testosterone in MS patients. 
Methods: Thirty four MS patients with mild to moderate disability were recruited and randomly divided 
into two groups, the training group (n=17) and control group (n=17). Patients in the training group 
did low intensity exercise and WBV training programme three times a week for 10 wk. The control 
group continued their routine life. Intended variables like expanded disability status scale (EDSS), 
fatigue, quality of life, functional and physical indices consisted of balance, walking speed, functional 
mobility, functional muscle endurance, and walking endurance, and serum levels of ghrelin, leptin, and 
testosterone were measured before and after the protocol. 
Results: Thirty subjects completed the study (23 females, 7 males; mean age =38.80 ± 9.50 yr). Statistical 
analysis demonstrated that EDSS in the WBV training group was significantly decreased (P=0.01), 
balance (P=0.01), and walking endurance significantly increased (P=0.01) in MS patients (P<0.05). 
Interpretation & conclusions: The results suggest that low intensity exercise and WBV training have some 
beneficial impact on functional and physical indices of MS patients. 
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	 Exercise is beneficial for multiple sclerosis (MS) 
patients, especially on fatigue which is related to 
quality of life (QoL), as compared with a neurological 
rehabilitation protocol in subjects with mild to moderate 
disability1,2. Whole-body vibration (WBV) as a training 
method causes rapid contraction and relaxation in 

the muscles and is based on the mechanical multi-
dimensional oscillations of muscle-nervous system3. 
The WBV increases the flow of blood, and lymphatic 
flow through the body3, and can also increase the force 
of muscles in the short duration of time with less 
fatigue4, which may improve some aspects of postural 



control in individuals with disability or impaired 
vision5. Schuhfried et al6 have demonstrated that WBV 
may have a positive effect on postural control and 
mobility in MS patients, and van Nes and colleagues7 
have found WBV as more effective on spasticity, 
muscle strength and motor performance in adults with 
stroke by comparing WBV with resistance training. 

	 One of the most common complications of MS 
is the sedentary lifestyle which is due to changes in 
body composition, decrease muscle mass, and increase 
fat mass1. Changes in adipose tissue also affect leptin 
secretion. Leptin concentrations correlated positively 
with expression in subcutaneous fat, and leptin 
expression was also correlated with BMI8. Ghrelin 
modulates energy stores and expenditure in the 
adipocytes6. Ghrelin gene expression has been detected 
in subcutaneous and visceral adipose tissue8. There are 
evidences that suggest certain hormones like leptin and 
ghrelin (natural antagonists of leptin) are involved in 
the pathogenesis of MS and also regulate food intake, 
energy expenditure and metabolism9.

	 Changes in hormonal concentrations in humans 
and rats have been described after WBV training10,11. 
Moreover, a role for testosterone has been proposed 
in the pathophysiology of MS10, so it would be useful 
to determine the hormonal changes during WBV 
and their contributions to clinical response in MS 
patients. This study was designed to determine the 
effects of WBV training on expanded disability status 
scale (EDSS), fatigue, quality of life, functional and 
physical indices consisting of balance, walking speed, 
functional mobility, functional muscle endurance, and 
walking endurance and serum levels of ghrelin, leptin, 
and testosterone in MS patients.

Material & Methods

	 This study was conducted between February 2010 
and February 2011 under the auspices of the Isfahan 
University of Medical Sciences, Alzahra Multiple 
Sclerosis Clinic (AMSC), Isfahan, Iran. The study 
protocol was approved by the Local Ethics Committee 
affiliated to the Isfahan University of Medical Sciences, 
Iran. 

	 The study design was randomized controlled trial. 
Thirty four patients attending AMSC (age: 38.76 ± 
9.66 yr, height: 162.00 ± 0.07 cm, weight: 62.38 ± 
8.71 kg, BMI: 23.53 ± 3.34 kg/m2 , EDSS; 3.11± 0.99) 
with definite MS according to McDonald’s criteria12, 
with relapsing- remitting (RR) form of the disease and 
EDSS 1.5-5 (from 40 patients as sample size) were 

enrolled in the study. The exclusion criteria included 
pregnancy, epilepsy, cancer, using prosthetic, diabetes, 
cardiovascular or pulmonary diseases, diplopia, and any 
type of orthopedic conditions including degenerative 
disc disease, back and spine conditions, arthritic 
conditions, degenerative hip or knee, paediatric injuries 
in hip, knee, and ankle, trauma, and osteoarthritis. All 
participants according to their sex were randomly 
assigned to a WBV training group (men=5, women=12) 
and a control group (men=4, women=13). Subjects 
in the experimental group participated in protocol of 
training for 10 wk. The control group continued their 
normal life, without adding physical activity to their 
lifestyle. Intended variables were measured during 
five days before starting the protocol as pretest and 
measured again 72 h after the end of the protocol. 
The weekdays of the test for each participant were the 
same. The time of blood sampling was between 0900 
- 1200 h and each participant had specific times for 
blood sampling as pre- and post-test. 

	 Variables consisted of EDSS, fatigue, quality 
of life, functional and physical indices including 
balance, walking speed, functional mobility, functional 
muscle endurance, and walking endurance. All tests 
of variables were done by the same investigator at the 
recording session of the post-tests who were blinded in 
the pre-tests. Peripheral blood samples were collected 
to determine the serum levels of ghrelin, leptin, and 
testosterone.

	 The training group completed supervised vibration 
training on the vibration platform for 10 consecutive 
weeks according to a progressive programme. Prior 
to testing, subjects were allowed to be familiar with 
the vibration procedures. The protocol of the training 
was designed with low intensity and gradually its 
intensity was increased. During the 10 wk training 
session each participant came for training three times 
a week with 48 h rest between each session. At the 
beginning of each training session the participants 
warmed-up by performing static stretching movements 
such as hamstring stretch, body twister, heel cord 
stretch, and quadriceps stretch, and then pedalling on 
a cycle ergometer for 5-10 min. The protocol of WBV 
(frequency and amplitude were set at 2-20 Hz and  
2 mm, respectively) consisted of 15 sets of vibrations 
with three repetition. Duration of each set was one 
minute. Each participant stood on the vibration platform 
for 30 sec and consequently had rest for 30 sec. Between 
each set the patients had one minute to take rest. The 
breaks between the individual series were designed 
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to prevent rapid fatigue. After the eighth set, patients 
had a five- minute rest on chair. As the protocol was 
incremental, the duration of each set was 30 sec in the 
first week, and then reached to two minutes in the last 
week. The 15 sets consisted of squat [R-L (Right- Left) 
foot forward with a knee angle of 120)], deep squat 
(R-L foot forward with a knee angle of 90), lunge (R-L 
foot forward), sitting forward bend, modified press up 
position, one leg stance (R-L foot elevated), deep lunge 
(R-L foot forward), hip raise (R-L foot forward with a 
knee angle of 90) and calf massage. The participants 
maintained a static position on the platform while 
performing the above positions. The calf massage was 
performed in the last set of training. The control group 
continued their normal lifestyle without any training. 

Measurements: Vital signs (such as temperature, blood 
pressure, and breath rate) before and after each training 
session were monitored to assure patients´ safety 
throughout the tests.

	 (i) Disability, fatigue, and quality of life - EDSS 
was determined by a neurologist who was blinded 
to this study. The Kurtz’s EDSS is a method of 
quantifying disability in multiple sclerosis12. The 
presence and severity of fatigue were assessed by mean 
of the modified fatigue impact scale (MFIS)13. The 
Multiple Sclerosis Quality of Life-54 questionnaire 
(MSQOL-54) was used to assess health-related quality 

of life, which has been translated, culturally adapted 
and validated in an Iranian population14. 

	 (ii) Functional and physical indices - Berg balance 
scale was used to measure balance15. Functional reach 
was also used to measure the standing balance16. Timed 
10-meters walk test (10 MWT) was used to evaluate 
gait speed17. The Timed up and go (TUG) test was used 
to assess the functional mobility17. The timed chair rise 
test was used to evaluate the local functional muscle 
endurance lower body extremity17,18. Modified press up 
position was used to assess upper body local functional 
muscle endurance18. The six minutes walk test (6MWT) 
measured the distance (in meters) walked within six 
minutes to assess an individual’s walking endurance 
level17. 

	 (iii) Blood sample measurements - Venous blood 
samples (10 ml) were obtained from the antecubital 
vein of patients in a seated position. The serum samples 
were stored at -80°C for miximum 12 wk or until 
analysis. The concentrations of ghrelin, leptin, and 
testosterone were measured by enzyme immunoassay 
method19. 

Statistical analysis: Relevant statistical analyses 
were performed using SPSS version 15 (SPSS, Inc., 
Chicago, USA). Descriptive analyses were adopted for 
demographic and clinical characteristics reported as 
means ± SD. Before the statistical analysis Levene’s 
test was used to show homogeneity of variances 
between the two groups before the start of the protocol. 
Kolmogorov-Smirnov test was used for determination 
of the normality of the distributions. Differences among 
groups were assessed by using analysis of covariate 
(ANCOVA). 

Results

	 Thirty of the 34 patients recruited for the investigation 
completed the study and 16 of 17 in the study group 
completed the training programme sessions (Figure). 
Demographic and clinical characteristics are shown 
in Table I. There were no significant differences in 
baseline of age, weight, BMI, form of disease, disease 
duration, and EDSS between the two groups. The 
EDSS scores and fatigue scale score before and after 
10 wk of protocol of training for both the groups are 
presented in Table II. The experimental group had 15.06 
per cent significant (P<0.01) decrease in EDSS. After 
the training, the participants in the experimental group 

expressed no significant changes in the MFIS scores. 
Functional and physical indices are presented in Table 
III. Our results revealed significant improvement in 

Figure. Study design flowchart.

Exercise group completed
(n=16)

Control group completed 
(n=14)

Excluded
(n=3)

Excluded
(n=1)

Control (n=17)Excercise (n=17)

Randomization

Enrolled (n=34)

Excluded
 (n=6)

Patients screened
(n=40)



Table I. Characteristics of the patients with multiple sclerosis (MS) who completed the study protocol and controls
Variable All participants  

(n=30) 
Exercise group

(n=16)
Control group

(n=14)
Gender
Male N (%) 7 (23.3) 5 (31) 2 (14)
Female N (%) 23 (76.3) 11 (69) 12 (86)
Age (yr) (mean ± SD) 38.80 ± 9.50 37.06 ± 8.42 40.75 ± 10.56
Height (m) (mean ± SD) 1.62 ± 0.08 1.63 ± 0.08 1.61 ± 0.07
Weight (kg) (mean ± SD) 62.36 ± 9.21 63.68 ± 9.14 60.58 ± 9.40
BMI (kg/m2) (mean ± SD) 23.53 ± 3.34 23.75 ± 3.48 23.27 ± 3.29
EDSS (mean ± SD) 3.11 ± 0.99 3.12 ± 1.19 3.10 ± 0.76
Disease duration (mean ± SD) 8.64 ± 5.7 6.5 ± 4.17 10.5 ± 6.4
Use of disease-modifying drugs 18 10 8
Disease course
Relapsing - Remitting N (%) 30 (100) 16 (53.3) 14 (46.6)
BMI, body mass index; EDSS, expanded disability status scale

some of the variables of functional and physical indices 
like a significant increase in the balance (15.00%), 
and walking endurance (47.99%). Pre- and post-test 
mean values of experimental and control groups on all 
dimensions of the MSQOL-54 were adjusted in Table 
IV. There was no significant overall effect of training 
on quality of life. In addition, low intensity exercise 
and WBV training had not significantly changed the 
serum levels of leptin, ghrelin ghrelin/leptin ratio, 
testosterone, and testosterone/leptin ratio (P<0.05) 
(Table V). 

Discussion

	 The results of this study indicated that unlike the 
control group, participants in the experimental group had 
significant decrease in EDSS and in some variables of 
functional and physical indices that included significant 
increase in the balance and walking endurance. 

	 Significant decrease in patients’ EDSS was not in 
line with an earlier study1 which showed no changes in 
the EDSS of patients after WBV training1. The result 
of our study showed WBV training had no significant 
decrease in fatigue in MS patients, which was similar to 
that shown by Alguacil Diego et al20 who demonstrated 
vibrotherapy had no significant effect on fatigue in 
multiple sclerosis patients.

	 Our results also showed no significant change in the 
MSQOL-54 scores. Schyns et al21 reported that whole 
body vibration had no significant effect on QoL as 

measured by MSIS-29, which was similar to what was 
observed in this study. Limited walking prevents MS 
patients from participating in family and social activities 

and is a major determinant of overall impairment in 
ambulatory MS patients22. However, Rampello et al1 
showed that aerobic training significantly increased 
the emotional well-being, energy, and health distress 
scores. The mechanism of action of these changes is 
not clear and may not be related directly to the training 
programmes or baseline physical ability of patients. 
Aerobic and strength exercise showed an effect on 
the quality of life in patients with mild multiple 
sclerosis and it could improve the well-being of the 
participants23. Both intervention programmes facilitate 
the patient’s socialization, which in itself may have 
contributed to some of the beneficial effects. Moreover, 
it has been demonstrated that exercise may enhance 
psychological well-being via a strong placebo effect24. 
The improvement observed in the quality of life could 
be explained by several reasons including improving 
socialization and decreasing isolation, promoting well-
being and improving self-esteem, preventing symptoms 
secondary to MS (muscle atrophy, joint contractions, 
pressure sores), maintaining or improving range of 
motion and flexibility of joints, and endurance potential, 
and muscle strength23. Variable results from different 
studies could be due to different methodologies used 
for training and different scales used for measuring 
QoL. Moreover, factors like culture, and economic 
conditions may also contribute to quality of life and 
well-being of patients. 
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	 Our study showed significantly increased balance 
after training sessions. In our earlier study25, after eight 
weeks of WBV training on MS patients the training 
group showed a significant increase in balance. 
Claerbout et al15 demonstrated after three weeks WBV 
in hospitalized MS persons, the Berg balance score was 
larger in training group than in the control group, but 
not significant. Another study showed that the WBV 
had significant improvements in standing balance from 
baseline16. Previously, Schuhfried et al6 studied the effect 
of whole body vibration at low amplitude (2.0-4.4 HZ 
oscillations at 3-mm amplitude) on 12 MS patients with 
moderate disability (EDSS 2.5-5), and they showed 
that WBV training had a positive influence on mobility 
and postural control. Balance problems are caused by a 
limited capacity to integrate visual, proprioceptive and 
vestibular stimuli for determination of the position of 
the body in space5. Mason et al16 showed that the WBV 
caused significant improvements in the time of 10-m 
walk at eight weeks. Another study21 reported four 
weeks vibration therapy in multiple sclerosis causing 
non significant improvement in 10-m walk. The result 
of our study showed no significant effect on walking 
speed and endurance similar to other studies16,17,21. 
Our study showed no significant effect on functional 
mobility (chair rise time). In a study three-week WBV 
training showed no significant effect on chair raise 
test17. Our study demonstrated no significant effect 
in muscle endurance but significantly increase in 
walking endurance (6MWT). Hilgers et al17 reported 
that three weeks of WBV caused significantly greater 
improvements in the 6-min walk test in MS patients. 
In addition, the walking distance (6MWT) was found 
to be inversely related to the EDSS scores1,26. Previous 
studies have shown that WBV is associated with 
an increase in lower limb muscle strength, which 
is essential for postural stability21,26. Schyns et al21 
studied the effects of WBV training in 16 MS patients, 
and observed that WBV could have positive effects 
on muscular force and muscle spasm of MS patients. 

Delecluse et al26 have suggested that WBV has a great 
potential in a therapeutic context where it may enhance 
muscular performance in patients and elderly, who 
are not able to perform standard exercise programme. 
WBV provides a strong sensory stimulus which 
activates the muscle spindles, which might enhance 
proprioception, which in turn might be the reason for 
improvement in balance with WBV training5. It seems 
that this increase in distance during six minutes walking 
in MS patients, obtained following WBV training may 
be due to the effects of the training on the recruitment of 
more motor units1. 
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	 Previous studies on WBV training in MS had not 
focused on the role of functional, physical, psychosocial, 
and hormonal changes in MS patients. Also, the results 
showed that WBV training had no significant changes 
in leptin, ghrelin, ghrelin/leptin ratio, testosterone, 
and testosterone/leptin ratio. Leptin, a cytokine-like 
hormone with T helper 1 (Th1) promoting effects, 
may play a pathogenic role in MS and can be a useful 
marker of disease activity and response to therapy9,26,27. 
It has also been shown that ghrelin mediates opposite 
effects of leptin on peripheral immune responses. In 
fact, ghrelin blocks the leptin-induced secretion of 
proinflammatory cytokines9. Increase in levels of 
ghrelin due to improvement in physical fitness could 
also be responsible for the observed improvement in 
MS patients, which might be due to anti-inflammatory 
effects of ghrelin28. 

	 Sicotte et al29 have suggested that testosterone 
treatment has potential neuroprotective effects in 
men with relapsing-remitting MS. Another study 
showed a significant increase in testosterone hormone 
concentration and neuromuscular performance 
following WBV in healthy men10 and suggested 
that WBV influenced proprioceptive feedback 
mechanisms and specific neural components, leading 
to improvement of neuromuscular performance4,6. In 
an earlier study no significant changes were identified 
in salivary concentration of testosterone in responses 
to a single session of whole body vibration exercise in 
healthy young men30. 

	 In conclusion, our results showed that long term 
use of WBV might create positive effects on EDSS 
and some variables of physical fitness in MS patients, 
but no improvement in quality of life and fatigue. In 
addition, WBV showed no change in the serum levels 
of ghrelin, leptin, ghrelin/leptin ratio, testosterone, 
and testosterone/leptin ratio. These positive effects of 
WBV could be temporary, and related to the duration 
of the protocol and detraining could lead to a reduction 
or loss in the effects of WBV. However, the effects of 
this method of training can be valuable as effective 
factors in reducing patient’s inability.
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References 
1.	 Rampello A, Franceschini M, Piepoli M, Antenucci R, Lenti 

G, Olivieri D, et al. Effect of aerobic training on walking 
capacity and maximal exercise tolerance in patients with 
multiple sclerosis: a randomized crossover controlled study. 
Phys Ther 2007; 87 : 545-55.

2.	 Nagaraj K, Taly AB, Gupta A, Prasad C, Christopher R. 
Prevalence of fatigue in patients with multiple sclerosis and 
its effect on the quality of life. J Neurosci Rural Pract 2013; 
4 : 278-82.

3.	 Lohman EB 3rd, Petrofsky JS, Maloney-Hinds C, Betts-
Schwab H, Thorpe D. The effect of whole body vibration on 
lower extremity skin blood flow in normal subjects. Med Sci 
Monit 2007; 13 : CR71-6.

4.	 Cormie P, Deane RS, Triplett NT, McBride JM. Acute effects 
of whole-body vibration on muscle activity, strength, and 
power. J Strength Cond Res 2006; 20 : 257-61.

5.	 Bogaerts A, Verschueren S, Delecluse C, Claessens AL, 
Boonen S. Effects of whole body vibration training on postural 
control in older individuals: a 1 year randomized controlled 
trial. Gait Posture 2007; 26 : 309-16.

6.	 Schuhfried O, Mittermaier C, Jovanovic T, Pieber K, 
Paternostro-Sluga T. Effects of whole-body vibration in 
patients with multiple sclerosis: a pilot study. Clin Rehabil 
2005; 19 : 834-42.

7.	 van Nes IJ, Geurts AC, Hendricks HT, Duysens J. Short-
term effects of whole-body vibration on postural control in 
unilateral chronic stroke patients: preliminary evidence. Am J 
Phys Med Rehabil 2004; 83 : 867-73.

8.	 Knerr I, Herzog D, Rauh M, Rascher W, Horbach T. Leptin 
and ghrelin expression in adipose tissues and serum levels in 
gastric banding patients. Eur J Clin Invest 2006; 36 : 389-94. 

9.	 Coppack SW. Pro-inflammatory cytokines and adipose tissue. 
Proc Nutr Soc 2001; 60 : 349-56.

10.	 Bosco C, Iacovelli M, Tsarpela O, Cardinale M, Bonifazi M, 
Tihanyi J, et al. Hormonal responses to whole-body vibration 
in men. Eur J Appl Physiol 2000; 81 : 449-54.

11.	 Elmantaser M, McMillan M, Smith K, Khanna S, Chantler 
D, Panarelli M, et al. A comparison of the effect of two types 
of vibration exercise on the endocrine and musculoskeletal 
system. J Musculoskelet Neuronal Interact 2012; 12 : 144-54.

12.	 Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, 
Kappos L, et al. Diagnostic criteria for multiple sclerosis: 
2005 revisions to the “mcdonald criteria”. Ann Neurol 2005; 
58 : 840-6.

13.	 Fisk JD, Pontefract A, Ritvo PG, Archibald CJ, Murray TJ. 
The impact of fatigue on patients with multiple sclerosis. Can 
J Neurol Sci 1994; 21 : 9-14.

14.	 Ghaem H, Borhani Haghighi A, Jafari P, Nikseresht AR. 
Validity and reliability of the Persian version of the multiple 
sclerosis quality of life questionnaire. Neurol India 2007;  
55 : 369-75.

15.	 Claerbout M, Gebara B, Ilsbroukx S, Verschueren S, Peers K, 
Van Asch P, et al. Effects of 3 weeks’ whole body vibration 
training on muscle strength and functional mobility in 
hospitalized persons with multiple sclerosis. Mult Scler 2012; 
18 : 498-505.

16.	 Mason RR, Cochrane DJ, Denny GJ, Firth EC, Stannard SR. 
Is 8 weeks of side-alternating whole-body vibration a safe and 
acceptable modality to improve functional performance in 
multiple sclerosis? Disabil Rehabil 2012; 34 : 647-54.

17.	 Hilgers C, Mundermann A, Riehle H, Dettmers C. Effects 
of whole-body vibration training on physical function in 

	 EBRAHIMI et al: EFFECT OF WHOLE BODY VIBRATION TRAINING IN MS PATIENTS	 457



patients with multiple sclerosis. Neuro Rehabilitation 2013; 
32 : 655-63.

18.	 Martins J, Tucci HT, Andrade R, Araujo RC, Bevilaqua-
Grossi D, Oliveira AS. Electromyographic amplitude ratio of 
serratus anterior and upper trapezius muscles during modified 
push-ups and bench press exercises. J Strength Cond Res 
2008; 22 : 477-84.

19.	 Al-Zaid FS, Alhader AA, Al-Ayadhi LY. Altered ghrelin levels 
in boys with autism: A novel finding associated with hormonal 
dysregulation. Sci Rep 2014; 4 : 6478.

20.	 Alguacil Diego IM, Pedrero Hernandez C, Molina Rueda 
F, Cano de la Cuerda R. Effects of vibrotherapy on postural 
control, functionality and fatigue in multiple sclerosis patients. 
A randomised clinical trial. Neurologia 2012; 27 : 143-53.

21.	 Schyns F, Paul L, Finlay K, Ferguson C, Noble E. Vibration 
therapy in multiple sclerosis: a pilot study exploring its effects 
on tone, muscle force, sensation and functional performance. 
Clin Rehabil 2009; 23 : 771-81. 

22.	 Schwid SR, Goodman AD, Mattson DH, Mihai C, Donohoe 
KM, Petrie MD, et al. The measurement of ambulatory 
impairment in multiple sclerosis. Neurology 1997; 49 :  
1419-24.

23.	 Petajan JH, White AT. Recommendations for physical 
activity in patients with multiple sclerosis. Sports Med 1999; 
27 : 179-91.

24.	 Kurtzke JF. Rating neurologic impairment in multiple 
sclerosis: an expanded disability status scale (EDSS). 
Neurology 1983; 33 : 1444-52.

25.	 Eftekhari E, Mostahfezian M, Etemadifar M, Zafari A. 
Resistance training and vibration improve muscle strength and 
functional capacity in female patients with multiple sclerosis. 
Asian J Sports Med 2012; 3 : 279-84.

26.	 Delecluse C, Roelants M, Verschueren S. Strength increase 
after whole-body vibration compared with resistance training. 
Med Sci Sports Exerc 2003; 35 : 1033-41.

27.	 Batocchi AP, Rotondi M, Caggiula M, Frisullo G, Odoardi F, 
Nociti V, et al. Leptin as a marker of multiple sclerosis activity 
in patients treated with interferon-beta. J Neuroimmunol 2003; 
139 : 150-4.

28.	 Dixit VD, Schaffer EM, Pyle RS, Collins GD, Sakthivel SK, 
Palaniappan R, et al. Ghrelin inhibits leptin- and activation-
induced proinflammatory cytokine expression by human 
monocytes and T cells. J Clin Invest 2004; 114 : 57-66. 

29.	 Sicotte NL, Giesser BS, Tandon V, Klutch R, Steiner B, Drain 
AE, et al. Testosterone treatment in multiple sclerosis: A pilot 
study. Arch Neurol 2007; 64 : 683-8.

30.	 Erskine J, Smillie I, Leiper J, Ball D, Cardinale M. 
Neuromuscular and hormonal responses to a single session 
of whole body vibration exercise in healthy young men. Clin 
Physiol Funct Imaging 2007; 27 : 242-8.

Reprint requests: Dr Elham Eftekhari, Department of Physical Education & Sport Sciences, 
	 Najafabad Branch, Islamic Azad University, Isfahan, Iran
	 e-mail: e.eftekhar@yahoo.com

458 	 INDIAN J MED RES, OCTOBER 2015


