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Background: Recent studies show that serum lipid profile and body composition have effects on the prognosis of multiple sclerosis (MS).
Objectives: The purpose of this study was to investigate the effect of aerobic dancing training on serum lipid profile in women with RRMS 
(relapsing remitting multiple sclerosis).
Patients and Methods: Twenty-eight RRMS patients, age range 20-45 years with mild disability (expanded disability status scale 3 
(EDSS 3)) participated in this semi-experimental study. The subjects were randomly divided into two groups: exercise group (n = 15) and 
control group (n = 13). Lipid profile and body composition parameters were measured before and after the intervention. Exercise group 
participated in aerobic dancing training program at 50% -70 % heart rate reserve (HRR) for 8 weeks, 3 sessions per week.
Results: At the end of the 8 week period, significant decreases have been found in TG (triglyceride), TC (total cholesterol), VLDL (very low 
density lipoprotein) levels and percent body fat (PBF) in exercise group (P < 0.05). Also, a significant difference observed in TG, VLDL levels, 
and PBF between 2 groups at the final measuring (P < 0.05). There was no significant change in the investigated parameters between initial 
and final measurements in the control group (P > 0.05).
Conclusions: In general, the results confirm the positive influence of the regular aerobic dance training on changes in lipid profile and 
body composition parameters in female patients with RRMS.
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1. Background
Multiple sclerosis (MS) is a chronic and debilitating dis-

ease of nervous system that destroys myelin of the cen-
tral nervous system (brain and spinal cord) and gradually 
parts of the muscles lose their ability (1). As, the age of the 
disease onset ranges from 20 to 40 years, it can damage 
the productive forces of the society. According to the con-
ducted researches, over 2.5 million adults suffer from MS 
worldwide and the number of patients is increasing day 
by day (2). Unfortunately, up-to-date statistics of MS dis-
ease in our country shows an upward trend. According to 
the report of Iranian Multiple Sclerosis Society, there are 
more than 40000 patients with MS in Iran. However, it is 
estimated that more than 50000 individuals are affected 
with MS (3). Also, based on the report of Khuzestan Mul-
tiple Sclerosis Society, 735 patients with MS are residents 
of Ahvaz in October 2013. 

The etiology of MS is unknown, but many factors are 
associated with its prognosis. Among these factors, 
feeding habits and body composition are especially im-
portant and these topics have been studied recently (4). 
Weinstock-Guttman et al. investigated the associations of 

serum lipid profile with disability levels (EDSS) and MRI 
measures. They have demonstrated that the lipid profile 
can adversely affect MS progression, particularly higher 
LDL-C (low density lipoprotein-cholesterol) and TC (total 
cholesterol) and lower HDL-C (High density lipoprotein- 
cholesterol) levels are associated with more inflammato-
ry activity in MS patients (5, 6). Also, it was observed that 
plasma lipid profile and body fat percentage are associ-
ated with cardiovascular diseases progression (7). Some 
studies reported that triglyceride and cholesterol levels 
of MS patients were higher compared to healthy subjects 
of similar age and sex. Moreover, the prevalence of car-
diovascular disease in this population is higher (4, 8). 
Recently observed cardiovascular disease due to dyslipid-
emia is associated with more rapid disability progression 
in multiple sclerosis (9, 10). Furthermore, inactivity or re-
duced physical activity level in these patients can be the 
result of physical disability, imbalance, motor problems, 
and fatigue that lead to increased cholesterol and triglyc-
eride levels. On the other hand, exercise not only reduces 
total cholesterol (TC), but also can increase high density 
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lipoprotein (HDL) and decrease low density lipoprotein 
(LDL) (11). Triglyceride is a fat that is available to use and 
even low-intensity exercise can convert it to fatty acids. 
Total cholesterol is a combination of lipids that is used 
to provide energy by exercise with determined intensity 
and duration. Released fatty acids from adipose tissue 
into blood and muscle triglycerides are the main sourc-
es of energy during exercise (12). Evidence shows that 
the increased secretion of catecholamines and growth 
hormone during physical activity leads to increase in 
lipolysis. Therefore, using fat stores as an energy source 
increases during physical activity.

 Also, other mechanisms like decreased insulin sensi-
tivity that can change blood lipids and lipoprotein lev-
els may be effective (13, 14). The relationship of specific 
anthropometric features and body type, on one hand, 
and the possibility of some disease, on the other hand, 
has been approved. Behaeein et al. investigated the rela-
tionship between body type and types of MS (relapsing-
remitting, secondary progressive, primary progressive) 
in females. The finding of their study indicated that MS 
women with relapsing-remitting (RR) had higher fat 
mass and average weight in comparison with those of 
other types of MS and healthy subjects. The RR group was 
more endomorphic (15). Recently published data show 
that the energy cost of walking in mildly disabled indi-
viduals with MS is higher than healthy subjects (16). If 
reduced physical activity and probably reduced energy 
expenditure in MS are not accompanied by a reduction in 
energy intake, body fat will increase (17). There are many 
detrimental manifestations of excess body fat, such as 
hyperlipidemia, insulin resistance, and type 2 diabetes 
(16). Thus, MS individuals with greater body fat are at a 
greater risk for these diseases that may be related to un-
favorable changes in body composition that result from 
lack of physical activity and neuromuscular problems 
(17). Body composition assessment is important in order 
to determine an ideal body composition for healthy liv-
ings. Since BMI is associated with body fat, it is the most 
common indicator of obesity that can change with age, 
sex, lifestyle, and disease (18). Not many studies have in-
vestigated body mass index (BMI) in patients with MS. It 
was observed that in these patients both total body fat 
and fat free mass showed consistent dependence on BMI, 
as among normal subjects (16).

Evidence suggests that physical activity and exercise 
are the most important factors for improving physical 
symptoms of MS. For several years, patients with MS were 
advised not to participate in exercise because it was re-
ported to worsen symptoms or lead to fatigue. The find-
ings of the studies conducted during the last two decades 
showed that people with MS receive substantial benefit 
from physical activity. Exercise has been shown to be safe 
and very well tolerated among people with MS (19, 20). 
Exercise program for people with MS should be based on 
the patient's degree of disability. For example, MS patients 
with mild degree of disability are able to perform physi-

cal activity independently (21). In this regard, one of the 
most popular programs is aerobic dancing. This program 
is popular because of using enjoyable exercises with mu-
sic, also the selected exercise routine is easy for everyone. 
The participants in this study had EDSS ≤ 3 and were able 
to walk independently, also based on the 6-minute walk 
test that used to assess aerobic and functional capacity in 
the pretest and with regard to aerobic exercise effects on 
lipid profile and body composition (22-24).

2. Objectives
The present study investigated the effects of rhythmic 

aerobic on lipid profile and body composition in seden-
tary females with multiple sclerosis. 

3. Patients and Methods
The aim of this semi-experimental study is to inves-

tigate the effect of aerobic exercise on body composi-
tion and lipid profile in women with MS. According to 
the previous similar studies (12), sample size formula, 
and the recommendation of the statistical advisor, the 
sample size was considered at 30 patients. The popula-
tion of this research included female MS patients who 
were members of Ahvaz MS Society. Thirty volunteers 
with RRMS who met the inclusion criteria were selected 
and classified randomly into 2 groups (exercise and con-
trol). Among subjects in the control group two patients 
were excluded from the study because of failure to com-
plete the study. Finally, 28 patients completed the study 
(exercise group: 15 and control group: 13). Inclusion cri-
teria were as follows : women with relapsing-remitting 
MS, aged 20-45 years, EDSS ≤ 3, no history of other neu-
rologic, metabolic, orthopedic, cardiovascular, respira-
tory diseases, blood pressure, diabetes, or other medi-
cal condition that would preclude their participation 
in the training, performing 6-minute walk test (6 MWT) 
independently, no regular participation in a regular 
aerobic exercise program within 6 months prior to the 
study, non-smoker and non-alcohol user, no history of 
exacerbation within 6 months prior to study. Exclusion 
criteria were as follows: resignation or absence from 
exercise for more than 2 consecutive sessions, regular 
exercise in the control group, participating in exercise 
sessions except the present study, relapsing during ex-
ercise or hospitalization, taking statins and corticoste-
roids (All of the patients were treated with interferons). 
First, a neurologist evaluated physical health of patients 
and expanded disability status Scale or EDSS score. This 
questionnaire assesses the state and functions of the 
central nervous system, including pyramidal functions, 
cerebellar function, brain stem function, sensory func-
tion, bowel and bladder functions, visual or optical func-
tions, cerebral or mental function. EDSS score ranges on 
a scale from 0 to 10, with higher scores indicating more 
severe disability (25). Initially, all subjects participated 
in an orientation session and they were given informa-
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tion about the study protocol, possible side effects, and 
safety of the exercise training. During the first session, 
the participants completed a medical history question-
naire, demographics scale and signed the informed 
consent form. The protocol and all the procedures were 
carried out in accordance with the Helsinki Declaration 
and the international principles governing research 
with human beings.

Body weight (BW), body mass index (BMI), and body fat 
percentage (BFP) were measured by body composition 
analyzer machine (Olympic Model 3/3, made in Korea). 
Patients in the fasting state referred to the physiology 
laboratory of Chamran University. The machine had 
places for feet and two bars for palm and fingers contact. 
The output data were printed on a special form through 
a printer connected to the analyzer. In this study, sub-
jects were MS patients with mild degree of disability. 
Therefore, we evaluated their ability to walk indepen-
dently and their aerobic capacity (endurance) with 6 
MWT according to the standard protocol. The subjects 
walked around the basketball court for 6 minutes and 
the distance traveled by them was calculated. Two days 
before the first training session and 2 days after the last 
training session, blood sample was taken after 10 to 12 
hours of fasting, between 9:00 and 10:00 AM. Serum 
and red blood cells were separated by centrifugation 
and serum was used for measuring lipid profile. serum 
total cholesterol(TC), high density lipoprotein (HDL) 
and triacylglycerol (TG) were measured before and after 
study by photometric method using Pars Azmoon kits 
in a national biochemical laboratory (Lab Golestan, Ah-
vaz, Iran). Low density lipoprotein was estimated using 
Friedewald formula (26).

In this study, the intervention was rhythmic aerobic 
training program that patients performed under super-
vision of the researchers. Training program was started 
at 50% of Heart rate reserve (HRR) at the first week and 
increased to 70% of HRR at the eight week. 

 The Heart rate reserve (HRR) was determined by Kar-
vonen Formula (27).

Maximal heart rate = 220 - Age
Heart rate reserve (HRR) = Maximal heart rate (HR 

max) - Resting heart rate (HR rest)
Target heart rate = (50% -70% HRR) + HR rest.
During each session the subjects' heart rate was moni-

tored by manual palpation from the carotid artery to 
control the heart rate responses. Counting the beats 
by manual palpation from carotid artery is easy during 
movement (28). The subjects were given information 
about the manual palpation heart rate method from the 
carotid artery during the orientation session. Each ses-
sion consisted of 10 minutes of warming up, including 
fast walking, jogging, and dynamic stretch. Workout in-
cluded rhythmic aerobic exercise with brief resting peri-
ods. The length of workout increased gradually from 20-
30 minutes. Rhythmic aerobic comprises coordinated 
movements of feet and hands. Some of the movements 

consisted of stretching exercises, the "step-touch", "side-
to-side", "V-step", and walking back and front. Choreo-
graphed sequences consisted of various combinations 
of the aforementioned steps with the addition of hand 
and body movements used to increase intensity. At the 
end of each session, 10 minutes of cooling down was 
performed for recovery that included static stretch in 
sitting position. The subjects in exercise group based on 
their training protocol participated in three 45-minute 
session per week for 4 weeks initially, followed by three 
60-minute session per week for another 4 weeks. The 
control group consumed their prescription drugs and 
continued their routine life.

3.1. Statistics
SPSS 19.0 software was used for analyzing data. The 

data of the subjects before and after 8-week training 
were compared and analyzed between training with 
Paired and independent samples t test. Significant lev-
els in all tests were considered at P ≤ 0.05.

4. Results
Demographic characteristics of the participants are 

summarized in Table 1. Tables 2 and 3 indicate data anal-
ysis of two groups. Results revealed significant differ-
ences from pretest to posttest measurements in the ex-
ercise group regarding TG, TC, VLDL, and BFP (P < 0.05). 
In the control group, there were no significant changes 
in all variables (P > 0.05). Also, there were significant dif-
ferences between the exercise and control groups with 
regard to TG, VLDL, and BFP (P < 0.05). 

 Table 2 presents the comparative values of lipid pro-
file and body composition in two groups before and af-
ter intervention. TG (P = 0.019), TC (P = 0.037), VLDL (P = 
0.019), and BFP (P = 0.013) showed significant changes in 
exercise group, whereas no significant change was ob-
served in the control group.

The comparison of differences in parameters between 
2 groups is shown in Table 3. According to this table, TG 
(P = 0.007), VLDL (P = 0.008), and BFP (P = 0.007) showed 
significant changes. However, differences in TC, HDL, 
LDL, BW, and BMI levels between the exercise and con-
trol groups were not statistically significant (P > 0.05).

Table 1.  Data Summary for the Exercise and Control Groups a, b

Variable Exercise group 
(n = 15)

Control group 
(n = 13)

Age, y 36.07 ± 5.91 34.08 ± 6.94

Height, cm 162.73 ± 6.36 163.30 ± 7.22

Body weight, kg 68.06 ± 13.32 69.26 ± 11.53

BMI, kg/m2 25.56 ± 3.54 26.03 ± 4.39
a  Abbreviation: BMI, body mass index.
b  Data are presented as Mean ± SD.
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Table 2.  Preintervention and Postintervention Values for Triglyceride, Total Cholesterol, Low-Density Cholesterol, High-density Cho-
lesterol, and Very Low-density Cholesterol a

Variable Control Group Exercise Group

Pretest Posttest P Value Pretest Posttest P Value

TG, mg/dL 126.46 ± 35.84 130.85 ± 33.99 0.205 119.93 ± 36.58 103.67 ± 24.79 0.019 b

TC, mg/dL 186.62 ± 21.23 185.85 ± 21.91 0.697 180.67 ± 26.69 169.67 ± 15.29 0.037 b

LDL, mg/dL 110.16 ± 21.31 109.36 ±21.02 0.751 107.41 ± 29.28 99 ± 17.34 0.159

HDL, mg/dL 51.15 ± 10.34 50.31 ± 8.98 0.631 49.27 ± 9.84 50.40 ± 8.72 0.282

VLDL, mg/dL 25.29 ± 7.16 26.16±6.79 0.205 23.98± 7.31 20.73 ± 4.95 0.019 b

BW, kg 69.26 ± 11.53 69 ±11.06 0.495 68.06 ± 13.32 66.90 ± 11.96 0.062

BMI, kg/m2 26.03 ± 4.39 25.94 ± 4.26 0.535 25.56 ± 3.54 25.15 ± 3.16 0.077

BFP,% 32.27 ± 4.58 32.39 ± 4.44 0.393 31.69 ± 3.60 30.77 ± 3.24 0.013 b
a  Abbreviations: BMI, body mass index; BFP, body fat percent; BW, body weight; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein 
cholesterol; TG, triglyceride; TC, total cholesterol; VLDL, very low-density cholesterol.
b  Significant difference between preintervention and postintervention at P < 0.05.

Table 3.  Comparison of Mean Difference of Measured Variables 
During 8 Weeks between Exercise and Control Groups

Variable Control Group Exercise Group P Value

TG, mg/dL 4.38 ± 11.79 -16.26 ± 23.68 0.007 a

TC, mg/dL - 0.76 ± 6.95 -11.00 ± 18.46 0.062

LDL, mg/dL - 0.80±8.87 - 8.41 ± 21.87 0.232

HDL, mg/dL - 0.84 ± 6.18 1.13 ± 3.92 0.315

VLDL, mg/dL 0.87 ± 2.35 -3.25 ± 4.73 0.007 a

BW, mg/dL -0.26 ± 1.37 -1.16 ± 2.22 0.206

BMI, kg/m2 -0.09 ± 0.52 -0.40 ± 0.82 0.234

BFP,% 0.12 ± 0.51 -0.92 ± 1.25 0.008 a
a  Significant difference between exercise and control groups at P < 
0.05.

5. Discussion
Because of the negative impact of blood lipid and body 

composition abnormalities in progression of MS, this 
study investigated the effect of 8 weeks of aerobic exer-
cise on lipid profile and body composition in women 
with RRMS. It has been thought that MS can alter the lipid 
metabolism and body fat storage and distribution (29, 
30). The increasing production of interleukin-1 might in-
crease plasma triglycerides and LDL and causes abnormal 
fat distribution by inhibiting lipoprotein lipase activity 
in patients with MS. Also, demyelination can be another 
reason for hyperlipidemia (2). It was demonstrated that 
worsening of disability as assessed by the Extended Dis-
ability Status Scale and the MS Severity Scale was associ-
ated with higher baseline low-density lipoprotein cho-
lesterol and total cholesterol levels (5, 31). These findings 
indicate the importance of aerobic and physical activity 
to improve lipid and lipoprotein levels in patients with 
MS.

So far, few studies (with conflicting results) have exam-
ined the effects of exercise on lipid profile and body com-

position in patients with MS. Petajan et al. have found a 
significant decrease in TG after 15 weeks combined arm 
and leg ergometry (32). The seminal study by Schapiro et 
al. reported a significant decrease in TG level after a pe-
riod of aerobic exercise (33). These results are consistent 
with our finding for triglyceride. Some of the effective ad-
aptations induced by aerobic exercise are increased mito-
chondria and subsequently increased lipolysis enzymes 
activity that result in an increase in lipids catabolism dur-
ing exercise (34). Change in LPL activity results in more in-
flux of VLDL into the circulation from the liver, which will 
be removed from the circulation (35). Also, increasing LPL 
activity leads to conversion of VLDL to HDL, and subse-
quently a decrease in VLDL and an increase in HDL level 
(13). Exercise may indirectly influence lipids by reduction 
in abdominal fat, and subsequently release of free fatty 
acids (FFA) from abdominal fat into liver decreases, which 
leads to reduction in hepatic VLDL production (35). Fur-
thermore, hepatic lipase decreases with long and regular 
physical activity (36). Other possible mechanisms such 
as reduction in body fat percent (BFP) may play a role in 
reducing cholesterol and triglyceride (12). Our results 
for lipid profile parameters are inconsistent with Marsh 
research (37). Perhaps this is due to differences in the 
training period that was 4 weeks in Marsh study or differ-
ences in the subjects' physiologic conditions, nutrition, 
energy cost, or lower exercise intensity in Marsh study. It 
was demonstrated that lipid profile changes is associat-
ed with changes in fat mass (38). Our findings show that 
aerobic training has a significant effect on body fat per-
centage in MS patients. Sedentary lifestyle adopted by MS 
patients leads to increase body fat percentage and leptin 
hormone, which is associated with coronary diseases 
(39). Some researchers suggest that leptin is a warning 
hormone for body fat regulation. Cooperation of leptin 
and insulin can influence sympathetic nervous system 
and vascular function. Vascular dysfunction is associated 
with increased leptin (40). Recent studies have shown 
that physical activity, aerobic training, especially leads 
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to a significant decrease of leptin levels. Reduction in 
leptin levels can decrease body fat percentage that leads 
to increase in aerobic capacity, mobility and balance abil-
ity in MS patients (41). There have been only few studies 
researching BFP in MS patients. The results of this study 
indicate that aerobic exercise is effective to reduce BFP in 
MS patients. It seems that aerobic exercise can stimulate 
lipolysis process that leads to decreased plasma levels of 
TG, TC, and BFP. Our results show a reduction in LDL and 
an increase in HDL levels after 8 weeks of aerobic training 
in the exercise group, but these changes were not stati-
cally significant. These results are consistent with Petajan 
et al., Schapiro et al., and Marsh et al. studies (32, 33, 37). It 
is possible, duration and intensity of the exercise train-
ing was not adequate to change LDL and HLD levels sig-
nificantly. Also, baseline levels of these indicators at the 
start of the training period is an effective factor, so that 
abnormal lipid levels change more tangible than nor-
mal lipid levels in response to exercise (42). In this study, 
the baseline levels of the lipids and lipoproteins were 
in the high normal range. Some other possible reasons 
may be small sample size and the subjects' nutrition in 
our research. Most researchers and nutritionists suggest 
long-term and regular aerobic exercise training, in order 
to burn fat and use it as a source of energy. Furthermore, 
low fat diet (less than 30%) is effective in reducing body 
weight (43). Nutrition plays an important role in TC and 
LDL levels. Our results showed that there was a slight 
but not significant decrease in TC and LDL levels of the 
control group, which indicates that the dietary intake of 
the control group might have changed during the study 
period. This confirms the important role of nutrition in 
lipid levels. In the present study, we investigated only the 
effect of exercise and had no control over the subjects' 
nutrition. In general, LDL and TC levels are lower in per-
sons with aerobic physical activity that result from their 
lower body weight and body fat (44). The finding of the 
present study indicated a decrease in BMI and BW after 
8 weeks in the exercise group. However, these reductions 
were not significant. It appears that a more long-term ex-
ercise training and monitored diet are needed to achieve 
a significant BW and BMI reduction. Several studies have 
shown that caloric restriction can improve body com-
position by reducing BW, BMI, and BFP. Also, physical 
activity has been shown to have a modest effect on body 
weight (45). Formica et al. have reported that fat-free 
mass (FFM) decreases in sedentary MS patients, which 
can be induced by skeletal muscle atrophy (46). Dietary 
restriction only is accompanied by decreased FFM that 
leads to reduction in basal metabolic rate (BMR). This can 
maintain fat reserves and slow weight loss (45). There-
fore, maintaining lean body mass by exercise is an appro-
priate way to maintain long-term weight loss and fat-free 
mass, particularly in patients with MS. In this study, the 
patients had a sedentary lifestyle for fear of worsening 
the symptoms like fatigue. When the intervention starts 
the subjects participated in regular aerobic exercise and 

its positive effects on their lipid profile and body fat was 
observed at the end of the intervention. In general, our 
findings indicate favorable effects of aerobic exercise on 
body composition and lipid profile in women with MS. 
However, many factors such as patients' nutrition, exer-
cise intensity, duration, and number of training sessions 
can affect the results. Due to the study limitations, we feel 
that there is a need to conduct similar studies with larger 
sample size, longitudinal training intervention, and con-
trolled diet.

The findings of the study indicate that regular aerobic 
exercise can improve lipid profile and body composition 
in women with MS. The patients can benefit from aerobic 
exercise according to their abilities in addition to drug 
treatments. Therefore, MS patients who engage in aero-
bic exercise can prevent the progression of MS and sec-
ondary conditions.
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