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ABSTRACT Aim:The aim of this study was to investigate the effects of Pilates exercise program on ischemia-modified albumin

levels and blood lipids in sedentary overweight and obese Turkish women.
Methods:Fifty-six sedentary woman divided into two groups including overweight (n=29) and obese groups (n=27) according to their Body
Mass Index. They underwent a 2-month the Pilates regular exercise in 2013.The serum albumin concentrations, the blood lipids and the IMA

levels of the groups determined at baseline and two months later.

Results:The average IMA and Ox-LDL levels decreased, and the albumin levels increased in both groups after the Pilates regular exercise.
While there were significant differences in the IMA, Ox-LDL levels, total cholesterol, LDL- cholesterol, VLDL-cholesterol and Triglyceride
levels of an obese woman, the HDL, and serum albumin levels were significant differences in both obese and overweight woman (p<0,05).
Conclusions:These findings showed that regular exercise was the beneficial effect on the IMA, the Blood Lipids, and the Ox-LDL levels which
were closelyrelated to cardiovascular diseases in Turkish sedentary obese and overweight women.

INTRODUCTION

Ischemia-modified albumin (IMA) regarded as one of the
biochemical markers for determination of myocardial ischemia (1),
(2). On the contrary, cardiac enzymes are released as creatine kinase-
myocardial bands and troponin in the case of cardiac necrosis
(2).IMA has not been previously correlated directly with oxidative
stress in obesity (3). But it is related with the overproduction of free
radicals that may modify the N-terminal region of human serum
albumin (HSA) generating an ischemia-modified albumin (IMA), a
sensitive marker of ischemia, and it tends to increase in diseases
related to obesity, such as hypercholesterolemia(4), metabolic
syndrome(3), and higher amounts of free fatty acids (FFA) in the
body(5), (6).

Oxidative stress associated with obesity and alarge body of evidence
indicates thatitimplicated in many of the processes that are involved
in the excess visceral adiposity (7). Falkensammer et al. have
reported that IMA is to be a biomarker in non-cardiac clinical
conditions such as exercise-induced ischemia (8).Researchers have
demonstrated that acute exercise; a transient decrease (9), (11) and
increase (8),in IMA levels have observed.

Besides, Apple et al. say that there were temporary reductions in the
IMA concentrations immediately after the exercise in their studies
which assessed the effect of skeletal muscle ischemia on circulating
IMA levelsin healthyindividuals (9). Also, Middleton et al. report that

a significant reduction is in the IMA in healthy individuals after the
marathon (10). Zapico et al. evaluate the IMA in healthy subjects
following hand grip, and find ischemia decreases significantly in
forearm according to the past (12).

As shown in studies, the effects of short-term exercise were
investigated on the Ischemia-modified albumin (IMA) in healthy
individuals. As a result of the research, there were not any studies
about the effects of a long-term exercise, such as an eight-week
Pilates exercise program.

Therefore, the aim of this article is to investigate the levels of IMA and
other blood lipids from the risk of cardiovascular diseases in healthy
sedentary women with obesity and overweight as well as its
association with BMI before and after the eight-week Pilates exercise
program.

Materials and Methods

Subjects

In this study designed as a cross-sectional. A total of 147 healthy
sedentary Turkish women participated who had no previous
experience of any sport/exercise and registered for the first time from
the fitness center in the province Konya of Turkey. The BMI
categorized according to the recommendations of the World Health
Organization: below-normal weight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m®), overweight (25.0-29.9 kg/m?), obesity (30.0-39.9
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kg/m?®), and extreme obesity (40 kg/m?).The women divided into two
groups including overweight and obese groups according to their
BMI (calculated as weight in kilograms divided by height in meter
squares): %20 overweight group and %18 obese group and women
excluded for small (n=29,%20) and normal weight (n=39,%26). In this
study were included the subjects who completed an all of the 8-week
Pilates exercise programs. The case excluded from this study that
came at Pilates training program one or two days per week (n=23,
%16).

The Ethics Committee approved all procedures of this study of the
Faculty of Medicine of Selcuk University in Konya/Turkey. The
individuals were informed about the survey, and all of the subjects
gave the written informed consentsubjects. The measurements were
taken twice, before and after the pilates exercise program and were
recorded at the baseline and immediately after the study.

Data Collection

Height was measured to the nearest 0.1 cm on a body height
scalewhen the subjects were shoeless. Body weight was measured to
the nearest 0.1 kg using a pre-calibrated Tanita (model TBF-305;
Tanita, Arlington Heights, IL) electronic scale. BMI was calculated
and categorized according to the recommendations of the World
Health Organization (13).

LaboratoryAnalysis

The venipuncture technique drew blood samples into Vacutainer”
(BD Diagnostics, Plymouth, UK) tubes with sodium fluoride (gray top
tubes), EDTA (purple top tubes) or no anticoagulant (red top tubes).
Blood specimensinred top tubes were allowed to clot for 20-40 min.
Blood specimens were routinely centrifuged for 15 min at 1500g, and
aliquots of serum samples were stored at -40 °C for a maximum of 2
weeks before the measurement of IMA levels. The plasma was used to
measure the levels of fasting glucose while the fresh serum was used
to assess the levels of total cholesterol, HDL-cholesterol, LDL-
cholesterol, and triglycerides. All analyses were performed by the
clinical chemistry analyzer of Synchron LX20 Clinical Systems
(Beckman Coulter, Ireland) using standard methods. The LDL-
cholesterol was estimated by the usage of Fried Ewald equation (6).
The serum IMA was measured by the colorimetric cobalt-albumin
bindingtest described previously (4).

Pilates Exercise Program

Each subject completed aan 8-week series of one-hour Pilates
exercise program for three days per week. Pilates exercise targets 60-
70% of maximal heart rate for the age. Exercises were performed ona
mat and with balls (65 cm blue colors of balls) (15),(16). The Pilates
exercise program conducted in two separate sections. For the first
four weeks, each session consisted of 10 minutes of warming up, 40
minutes of Pilates mat exercise program and 10 minutes of cooling
down. For the other four weeks, 45 minutes of Pilates mat and ball
training program were performed while the warming up and cooling
down times remained the same and the pilates coach gave verbally
and tactile clues for them.

Statistics

The SPSS statistical program (version 15.0) was used for data
analysis. The standard statistical methods were used for the
calculation of means and SD. The Categorical data were classified,
and the Kolmogorov-Smirnov test was used to determine the
dependent variables that were normally distributed or were not.
The data showed normal distribution and then the comparisons
between the overweight and obese group performed with the
independent sample "t" test.The paired sample t-test performed for
comparisons within the groups at before and after the Pilates
exercise program. For all analyses, the criterion for significance was
setatan alphalevel of p<0.05.

Results
Table 1. Descriptive statistics for the experimental group and control
group
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Overweight Group (N=29) Obese Group (N=27)

Variables M+ SD M+ SD
Age (year) 35,11 £9,12 41,70 + 6,95
Body height (cm) 160,59 + 5,22 158,78 + 7,25

The average age and height of the subjects were 35.11 +9.12 years and
160.59 + 5.22 cm (n=29) for the overweight group and 41.70 + 6.95
yearsand 158.78 +7.25 (n=27) for the obese group.

Table 2.Comparison of the overweight group and obese groups on
pretest and posttest for experimental parameters

Variables Groups Pre-test Post-test
WEIGHT Overweight 29 6855673 O.(iOl 66 + 0.(3.01
Group * 6,16 *
Obese 81,85
2 59+ 7,
Group 2 SHS9ET6T §os
BMI Overweight 29 2658 +2.26 0.(301 25,59 + O.(iOl
Group ‘ 2,03
Obese 32,55 +
2 ,66 + 3,
Group 7 33,66 £ 3,50 3.55
mvia  Overwesht o o6is019 065 %OMF 096
Group 0,18
Obese 0,49 +
Group 27 0,61 + 0,28 017
Overweight 132,13
LDL 29 133,37 £ 21, A .1
Group 9 133,37 69 0.78 £28.28 0.17
Obese 134,54
Group 27 125,64 +23,68 £26.63
oxLpL  OVerweisht o5 9053917346 083 17401 (09
Group +59,92
Obese 146,24
27 208,67 + 87,91
Group 08,67 £ 87.9 +103,66
ppL  OVerweisht o9 403311178 036 1008% g3
Group 13,10
Obese 42,67 +
Group 27 36,78 £10,34 11,29
TRIGLYCERID Overweight 29 88.86+3932 0.14 83,34 + 0.247
E Group 46,53
Obese 98,96 +
Group 27 123,30 + 8,43 4520
VLDL Overweight 29 17.87+846 ().(107 16,60 + 0.(3.07
Group g 9,31 *
Obese 20,28 +
2 25,99 + 12,4
Group 2 2599 3 gt
TOTAL .
CHOLESTERO O¥e™VeIBMt 99 19379 19774 071 189 33
L Group + 36,79
Obese 194,44
Group 27 186,33 + 30,59 36,05

Weight means, BMI, Triglyceride and VLDL were respectively 68.55 +
6.73kg, 26.58 + 2.26 kg/m’, 88.86 + 39.32 and 17.87 + 8.46 mg/dl before
exercise; 66.00 + 6.16 kg, 25.59 + 2.03 kg/m’, 83.34 + 46.53 and 16.60 +
9.31 mg/dl after exercise in the overweightgroup; 84.59 + 7.67 kg,
33.66 + 3.50 kg/m’, 123.30 + 8.43, and 25.99 + 12.43 mg/dl before
exercise; 81.85 + 8.25 kg, 32.55 + 3.55 kg/m”, 98.96 + 45.20 and 20.28 +
8.43 mg/dl after exercise in the obese group, respectively. These
differences were statistically significant (p<0.005). At the end of the
statistical analysis, there were no significant differences in between
the pre and post-test values of HDL-cholesterol and Total cholesterol
(p>0.05). But, the means of HDL-cholesterol levels were different in
the post-test. While the obese group had increases in the total
cholesterol levels, there were decreases in the total cholesterol levels
for the overweight group in the post-test (Table 2). Interestingly,
while the IMA and Ox-LDL levels decreased for the overweight and
obese group, the albumin levels increased for both groups. But after
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Variables ~ Groups  Pre-test Post-test
Meanz§ p Mean +SD P
D
app Overweight g 2145+ (o 66507 077
Group 4,31
21,63 +
Obese Group 27 3.94 21,55 + 4,88
agr  Overweight g 2041+ o) 20075650 0.17
Group 9,36
Obese Group 27 217211 * 20,48 + 8,23
Overweight 17,83 + 0,01
UREA 2 17,28 + 6,83 0,010*
Group ) 526 1%
Obese Group 27 216";11 * 20,75 + 6,60
CREATIN Overweight 0,73 +
NE Group 20 0o 074 07009 099
0,73+
Obese Group 27 0.09 0,7+0,09
ALBuMIN  Overweisht g 434 00 4432025 0.07
Group 0,18
426+
Obese Group 27 0.18 443+0,19
TOTAL  Overweight 7.66
PROTEIN  Group 29 U2 071 752:045 026
Obese G g7 761E 7.38+0.36
ese Group 0.45 o + 0.
GLucosg  Overweisht g 9528+ 0 geo11972 015
Group 9,38
82+
Obese Group 27 92 85 " § 98,78 + 10,46

Besides, the glucose valueswere normalinboth groups before and
after the pilates exercise program (Table 3). As shown in Table 3, we
did not find significant differences between the pretest and posttest
regarding Alanine transaminase (ALT), aspartate aminotransferase
(AST), Creatinine and Total protein levels for both the overweight
and obese groups (p>0.05). Besides, after the exercise, the means of
serum albumin levels significantly increased in both groups when
compared to the previous practice. However, there was not
statistically a significant difference (p>0.05). But we found major
differences between the pretest and the posttest regarding Urea
(p<0.05), and the means of urealevels decreased.

Table 4.Percentage change of IMA, Ox-LDL, and LDL(post-pre test)

Variables Groups N Mean + SD P
IMA (% change) Overweight Group 29 4,94+61,13 0,86
Obese Group 27 7,59 53,35
Ox-LDL(% change) Overweight Group 27 12,00 + 34,79 0,04*
Obese Group 29 30,49 +26,31
LDL(% change)  Overweight Group 29 0,50 +16,94 0,08
Obese Group 27 8,30 +1941

There was asignificant change in the percent of Ox-LDL and LDL
levelsinboth groups after the exercise program (p<0.05) (Table 4).

Discussion

To our knowledge, the present study was the first survey for the
Pilates exercise program, but it was not the first research for the
aerobic exercise program. Because of that, we examined an effect of
Pilates training program on the plasma IMA levels, BMI, weight and
blood lipids. The significant finding of this study was that Pilates
exercise program resulted in favorable changes in BMI, weight,
triglyceride, VLDL-cholesterol and HDL-cholesterol levels of the
healthy sedentary obese and overweight women only in 8 weeks.
There were only a few studies of exercise-associated alterations on

IMA from cardiac biomarkers.

Elosuaetal. investigated the effects of a 16 week- aerobic PA (Physical
Activity) training on blood lipids in the seventeen sedentary, healthy,
young men and women. Theyfound thattheregular PAincreased the
LDL-cholesterol resistance to oxidation, and decreased the oxidized
LDL concentration . This study revealed a decline for both groups
regarding the weight, BML, triglyceride and VLDL-cholesterol levels
of after the pilates exercise program, and this decrease was observed
to be statistically significant (p <0.005). Besides, these results were
shown in the same direction as in the studies by Furukawa et al. (20).
An inactive, sedentary lifestyle leads to adverse changes in the body
composition and the blood lipid profile. It reported that the regular
exercise reduced the level of LDL- cholesterol, facilitated the
formation of arteriosclerosis and increased to prevent
atherosclerosis with the HDL-cholesterol levels (21). Many studies
indicate that the regular practice of moderate, aerobic exercise
related to a normal plasma lipid profile (22). Besides, Leon and
Sanchez notice that aerobic exercise increased the plasma levels of
HDL-cholesterol and reduced the triglycerides and the LDL-
cholesterol levels (23).

According to the other findings of this study were significant
decreases the IMA and Ox-LDL levels of both groups in between the
means of the pre- and post-tests and these differences were
statistically significant (p < 0.005) only for the obese group in the
post-test. Also, it was ameaningful change as a percentage of the Ox-
LDL.Piva et al. notice that IMA was a marker of the oxidative stressin
obesity and it was associated with BMI (24). According to the post-
test results, the BMI and the IMA decreased in this study. Many
studies report that the IMA levels decreased with exercise (10), (12).
In a study performed on the marathon runners by Apple and his
colleagues, they found a reduction in the IMA concentrations after
the exercise and this was followed by a delayed increase after 24-48 h
(9). The other study informs that the immediate decrease in the IMA
concentration after the physical exercise may be attributable to the
IMA measurement with the lactate production during skeletal
muscleischemia (9),(12).

The other studies stated the effects of anaerobic exercise on the
oxidative stress and IMA appears to be a sign of the oxidative stress
(25), (27). The acute physical exercise results in the oxidative stress,
but a regular training program could regulate the antioxidant status
(28). Lippi et al. stated that aerobic physical activity might influence
the generation of IMA, which might be increased in the medium term
following high-workload endurance training (29).This study
observed a decrease in the means of the IMAand Ox-LDL levels and
there wasa significantchange as a percentage of the IMA and Ox-LDL
concentrations in both groups after the Pilates exercise program.
But, this decrease was statically significant only obese group in
between pre and posttests (p<0.05). It was thought that the Pilates
exercise program was implemented as a regular exercise and it
continued for an eight week. Vincent et al. notice that the exercise
routine training decreases the oxidative stress, and the strenuous
acute physical exercise can cause the oxidative stress (30). There was
also a preferred fuel source during the prolonged exercise (18). In the
present study, the continued Pilates exercise program might cause
increases in the serum albuminlevels.

This study had some limitations. In this study totally participated 56
women who were found to be statistically sufficient. But the
comparisons were conducted with a lower number of subjects
regarding overweight and obese groups. The results of this study
could be supported with more subjects, and The Pilates exercise
program long term applicable and effect may examine in the other
studies.

Limitations

This study had some limitations.In this study of the effects of Pilates
exercise program; The total number of participants were 56, which
was found to be statistically sufficient. But the comparisons were
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conducted with a lower number of subjects regarding overweight
and obese groups. The many studies may support the results of this
study that included more participants, and the effect of the Pilates
exercise program could be seen better in there. Another limitation of
this study was Pilates exercise program which was applied an eight-
week, one-hour for three days per week. The Pilates exercise program
long term applicable and effect may be examined in the other studies.

Conclusion

'The effects of Pilates exercise program on the IMA and the blood
lipids have never been investigated in the sedentary Turkish women
before. These results were especially important, as the IMA, Ox-LDL,
HDL-cholesterol and LDL-cholesterol levels were shown to be closely
related to cardiovascular diseases, but only the obese group was
statically significant after the Pilates exercise program. In
conclusion, the prolonged exercise might cause a decrease on the
IMA, which was asign of the oxidative stress.Hence, the present study
reveals the fact that Pilates training program had a beneficial effect
on the IMA, the Blood Lipids and the Ox-LDL levels in the sedentary
obese and overweight women, and the risk of cardiovascular
diseases or the regular physical activities may prevent other diseases
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