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Introduction 

According to the study by Pergola et al. (2019), the prevalence of overweight and 

obesity is associated with a decline in serum levels of omentin-1 and 25-
hydroxyvitamin D (1) due to their impact on insulin sensitivity, which refers to 

how responsive cells are to insulin (2). In fact, 25-hydroxyvitamin D is a measure 

of the overall status of vitamin D (3). Iran is among the countries where vitamin 
D insufficiency is quite prevalent, and it affects females significantly more than 

males (4). Fortunately, research has shown a correlation between 25-

hydroxyvitamin D levels and physical activity (5). In a study, it was shown that 
the exercise group under dietary control significantly had higher levels of 25-

hydroxyvitamin D (6). It is important to note that insufficiency, inflammation, 

and obesity are indicative of a mild abnormality in vitamin D release, including 
cardiovascular disorders (7).  

Omentin-1, a subgroup of adipokines, or adipocytokines, is a cell-signaling 

molecule (Cytokine) produced by the adipose tissue that plays functional roles in 
energy/metabolic status of the body, inflammation, and obesity (8). It is released 

by visceral adipose tissue and modulates insulin sensitivity, and its level is lower 

in obese individuals than in thin ones (9). It is related to several cardiovascular 

risk factors, including inflammation, atherosclerosis, metabolic syndrome, and 

obesity (10). Reduction in the rate of body fat brought about by the modified 

body composition has a significant influence on changing the serum omentin-1 
concentrations (11). Based on some reports, endurance training reduces 

cardiovascular risk factors in obese individuals, and this is related to an increase 

in omentin-1 plasma levels (9,12). Nevertheless, omentin-1 does not appear to be 
increased in all studies (13). These studies have examined a variety of endurance 

and resistance protocols that have been used for varying lengths of time and 

intensities. These inconsistencies highlight the need to discuss omentin-1 and the 
effects of various exercise activities. 

Understanding the contributing variables to the development of 

cardiovascular diseases might be crucial to the prevention of illness (14). The 

elevation of low-density lipoprotein-cholesterol (LDL-C), total cholesterol, 

triglyceride, and high-density lipoprotein-cholesterol (HDL-C) is one of the most 

significant risk factors for these disorders (15). There are different study results 
about the effect of exercise on the lipid profile (16,17). Examining different 

exercise protocols in the context of obesity is crucial since regular physical 

exercise and improving physical fitness are two strategies to improve health and 
well-being. One exercise that has gained popularity recently is Pilates which 

consists of regulated speed strength and stretching motions done while the joint 

is in its full range of motion. People with a typical degree of physical fitness can 
perform Pilates movements without the need for specialized equipment or 

training (18). Considering potential processes, it has been demonstrated that 

doing Pilates enhances insulin sensitivity by strengthening the muscles' 
mitochondrial density, oxidative capacity, and glucose absorption (19). 

Nevertheless, understanding the direct relationship between exercise 

participation and serum levels of omentin-1, 25-hydroxyvitamin D, and lipid 
profiles is essential, as these may vary depending on participants' characteristics 

and the type of training protocol used. Thus, the current study aimed to 
investigate the effect of eight weeks of Pilates exercise on the lipid profile, 25-

hydroxyvitamin D levels, and omentin-1 levels in overweight women. 

 

Methods 

The current study used a pretest-posttest design and was classified as a semi-

experimental study. It was recorded under the clinical trial code 

IRCT20181203037718N1. The participants were overweight women (Body 

Highlights 

What is current knowledge? 

• Pilates is an exercise that has gained popularity recently. It should 

be mentioned that some people, particularly those in the overweight 
segment of society, find it difficult to perform certain exercises, 

especially aerobic ones. Thus, analysts claim that more recent 

activities like Pilates have gained popularity. 

What is new here? 

• A noteworthy discovery of the current study was the beneficial 

impact of Pilates exercise on the lipid profile and serum levels of 25-

hydroxyvitamin D in overweight women. 

• It was reported that after eight weeks of Pilates exercise, there was 
a reduction in insulin resistance. 

Abstract 

Background: Insufficiency of omentin-1 and 25-hydroxyvitamin D serum levels is associated with obesity, which is 

known as a threat to health. Therefore, the aim of the present study was to examine the effect of eight weeks of Pilates 
exercise on the serum levels of 25-hydroxyvitamin D, omentin-1, and lipid profile in overweight women. 

Methods: In the present clinical study, 26 young overweight women were divided (Block randomization method) into 

the Pilates exercise (PT, n= 13) and control group (CG, n= 13). The PT group performed Pilates exercises for eight 
weeks (Three 60-min sessions per week). The movements started from simple and then increased in intensity and 

complexity based on the Borg index. The CG group had no training session for eight weeks. Blood samples were taken 

before the first training session and 48 hours after the last training session. Analysis of covariance was used for 
between-group comparisons. 

Results: Findings showed a significant increase in the serum levels of 25-hydroxyvitamin D (p-value=0.008, SD= 

4.78±0.12 ng/ml, effect size= 0.243) and HDL-C (p-value=0.04, SD= 6.44±1.05 mg/dl, effect size= 0.168), but a 
significant decrease in HOMA-IR (p-value=0.001, SD= 1.54±0.09, effect size=0.199), cholesterol (p-value=0.001, 

SD= 16.72±3.24 mg/dl, effect size= 0.326), and triglyceride (p-value=0.001, SD= 2.46±0.07 mg/dl, effect size= 0.209), 

and no significant change in omentin-1 (p-value=0.65, SD= 3.01±0.08 ng/ml) and LDL-C (p-value=0.58, SD= 
2.46±0.07 mg/dl) serum levels in the PT group compared to the CG group. 

Conclusion: It seems that this type of exercise training may play a critical role in controlling the health parameters and 

physiological status of the overweight women by having positive effects on serum levels of 25-hydroxyvitamin D and 
lipid profile, which are affected by body composition, weight, and fat. 
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mass index (BMI)= 25-29.9 kg/m2) and ranged from 25 to 35 years old, who 

were selected purposefully. The researcher found overweight women who 

intended to participate in the exercise program to enhance their physiological 
state and change their weight in the first phase by posting recall announcements. 

In the first step, by putting up recall notices, overweight people who wanted to 

do exercises to adjust their weight and improve their physiological conditions 
were identified by the researcher. In the briefing session, the benefits of the 

Pilates exercise were explained to the participants. The study population 

consisted of 26 individuals who fulfilled the research requirements. The health 
questionnaire included information about cardiovascular, renal, diabetic, 

physical, or orthopedic injuries. Exclusion criteria included beta-blockers, pre-

existing heart conditions, diabetes mellitus, lipid-lowering medication, pregnant 
or lactating women, smokers, gastrointestinal tract surgery, and major illness 

(Acute or chronic), including any that would limit the ability to perform the 

necessary exercises. They completed justifications of the research 
implementation procedure, as well as the study's potential advantages and 

disadvantages, were provided at the beginning. Subsequently, by filling out the 

consent form, these individuals fully and freely indicated that they were willing 
to take part in this study project. Participants completed baseline measurements 

over one week before attending an initiation session (BMI, and body fat), then 

participants were randomly divided (based on the block randomization method) 

into two groups: the training group (n=13) and the control group (n=13). The 

experimental group was given general information on Pilates as well as an 

explanation of the fundamental principles of the exercises. They were instructed 
to remember and adhere to these principles during all sessions. Study procedures 

were approved by the corresponding author of this manuscript, and written 
informed consent was obtained from the participants. 

Exercise protocol 

The exercise comprised three weekly sessions lasting an hour each, for eight 

weeks of Pilates. Three stages made up each training session: 1) warm-up; 2) 
Pilates exercises; and 3) cool-down. The first set of exercises was performed on 

a mat, while the second set involved utilizing a ball and band. The motions began 

simply and progressively grew more intricate and intense. The Borg Rating of 
Perceived Exertion (BRPE) Scale, which is a scale of perception of pressure and 

difficulty based on the bodily indicators that the subjects themselves experienced-

breathing, heart rate, muscular weariness, and sweating, was used to quantify the 
intensity of the exercise (20). Warming up and cooling down were done using the 

pressure perception scale (8-10), and the training intensity was progressively 

increased from the first week to the last week (Pressure Perception Index 10-18) 

in the main training phase. The exercises were performed in three positions: 

standing, sitting, and lying down. During this time, the control group participated 

in none of sports events. 

Blood sample measuring 

The participants reported for fasting blood samples at baseline and 48 hours after 

the last Pilates session. Every participant had their brachial vein taken five 

milliliters as they sat between 8-10 am. The blood was centrifuged to extract the 
blood serum at 3000 rpm for 10 minutes, then transferred to specialized 

microtubes and stored at -70 °C until the index measurement was done. Omentin-

1 was also measured using the Omentin-1 kit with a sensitivity of 1.03 ng/L made 
in China-USA, the product of Hangzhou Stebiopharm Company and by ELISA 

method. Serum 25-hydroxyvitamin D levels were determined using the IDS kit 

with a sensitivity of 1.6 ng/mL and the ELISA method. Insulin resistance was 
determined using the following equation and the Homeostatic Model Assessment 

of Insulin Resistance (HOMA-IR):  

Insulin resistance = fasting insulin × fasting glucose ÷ 22.5 
Serum levels of cholesterol, triglyceride, LDL-C, and HDL-C were 

determined using an enzymatic calorimetric approach and the Pars test kit, which 

is manufactured in Iran. The Pars Azmun kit was used to assess serum insulin 
levels using ELISA technique. To this aim, the wells are coated with a capture 

antibody and blocked. The sample is added to the microplate wells coated with 

the antibody, then the plate is incubated for some time and washed. Washing 
removes the unbound antigens. 

BMI measuring 

The Seca caliper, manufactured in Germany with an accuracy of 0.5 cm, was used 

to measure heights. The InBody 3 body composition analyzer was used to 
determine BMI and weight values. A caliper (Poya Caliper, made by Iran Poya 

Company) with an accuracy of half a millimeter was used to measure the 

percentage of body fat using the three-point method of the subcutaneous fold (In 
the regions of the three arms, upper thigh, and thigh) (21). 

Statistical analysis 

SPSS version 23 was used to analyze research data. The mean and standard 

deviation (SD) were displayed using descriptive statistics. The Shapiro-Wilk and 
Levene's tests were used to verify the homogeneity of variances and the normality 

of the data distribution, respectively. Upon verifying the groups' homogeneity 

and normality, intergroup changes were examined using the covariance analysis 

test. P-value ≤0.05 was considered statistically significant. In this parametric 

test, considering the pre-test data, we aim to answer the following questions: 
Does Pilates exercise affect the measured indicators, and is there a significant 

difference between the two groups? 

Results 

25-hydroxyvitamin D, omentin-1, insulin resistance index 

Covariance analysis findings revealed that blood 25-hydroxyvitamin D levels 

significantly increased (p-value=0.008) and the insulin resistance index 

significantly decreased (p-value=0.001) compared to the control group. On the 
other hand, omentin-1 levels showed no significant difference between the 

training group and control group (p-value=0.65). Figures 1-3 show the changes 

in the omentin-1, 25-hydroxyvitamin D levels, and insulin resistance. 

 

Lipid profile changes 

Figure 4 shows the lipid profile changes. The results of the covariance analysis 
test showed that there was a significant decrease in cholesterol (p-value=0.001) 

and triglyceride (p-value=0.001) in the training group compared to the control 

group. However, there was a significant increase (p-value=0.04) and no 

significant change in the levels of HDL-C and LDL-C, respectively (p-

value=0.58 and p-value=0.63). 

 

 
Figure 1. Changes in serum levels of 25-hydroxyvitamin D before and after eight weeks 

of Pilates exercise in overweight women in both training and control groups. * indicates 

a significant difference between the groups at the p-value ≤0.05. 

 

 

Figure 2. Changes in omentin-1 levels before and after eight weeks of Pilates exercise 

in overweight young women in the two training and control groups. 

 

 

 

Figure 3. Changes in insulin resistance levels before and after eight weeks of Pilates 

exercise in overweight women in the two training and control groups. * indicates a 

significant difference between the groups at the p-value ≤0.05. 

 

Figure 4. Changes in the cholesterol, triglyceride, HDL-C, and LDL-C levels before and 

after eight weeks of Pilates exercise in overweight women in the two training and control 

groups. * indicates a significant difference between the groups at the p-value ≤0.05. 
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Weight, BMI, WHR, and body fat percentage 

Table 1 presents the findings of the study based on the mean and SD of BMI 
before and after eight weeks of Pilates exercise. The results of the covariance 

analysis test showed that there was a significant decrease in the weight (p-

value=0.005), BMI (p-value=0.008), waist circumference ratio to hip (p-
value=0.001), and fat percentage (p-value=0.001) in the training group compared 

to the control group. 

 

Discussion 

The current study examined the effect of eight weeks of Pilates exercise on 25-

hydroxyvitamin D, omentin-1, and lipid profile levels in overweight women. A 

noteworthy finding of the current study was the beneficial impact of Pilates 
exercise on the serum levels of 25-hydroxyvitamin D. This led to a significant 

increase in its levels, which is consistent with the findings of studies conducted 

by Geirsdottir et al. (2020) (22) and Vahdatpoor et al. (2022) (23). Vahdatpoor et 
al. (2022) (23) examined the impact of eight weeks of Pilates exercise and sun 

exposure on vitamin D levels in females diagnosed with multiple sclerosis. The 

results demonstrated that doing eight weeks of Pilates activities at home in a 
sunny atmosphere raised its levels, and these patients are advised to do these 

exercises. Body weight, particularly fat mass, negatively impacts vitamin D 

status by restricting its availability and conversion to 25-hydroxyvitamin D. 
However, Pilates exercise decreases the body weight, increases fat lipolysis, 

mobilizes fat tissue, and as a result, increases the serum level of vitamin D (24). 

Following eight weeks of Pilates exercise, as this study demonstrated, there was 
a significant decrease in both body composition and body fat percentage. The 

impact of Pilates exercise on growing local bone mass is one of the other aspects 
that merit discussion since exercise reduces calcium release and increases the 

efficiency of calcium absorption. Elevations in serum calcium also preserve 

serum vitamin D levels (25). While the current study did not examine serum 
calcium, variations in calcium levels may contribute to the rise in 25-

hydroxyvitamin D. Additionally, according to earlier studies, there is a significant 

negative relationship between fasting insulin levels and the insulin resistance 
index and 25-hydroxyvitamin D in overweight and obese individuals (26). As we 

observed, insulin resistance index decreased and 25-hydroxyvitamin D increased 

significantly by performing eight weeks of Pilates exercise. The weight loss of 
the participants in the Pilates exercise group can be ascribed to the rise in vitamin 

D levels, despite the limitations of the study, which included dietary management, 

limited sun exposure, and clothing of the individuals. Since vitamin D is soluble 
in fat and readily absorbed by fat cells, body fat is the primary cause of the decline 

in vitamin D levels (27). Pilates exercise may lead to an increase in vitamin D 

levels in overweight conditions from fat tissue by inducing systemic anti-
inflammatory effects and reducing pro-inflammatory indicators such as tumor 

necrosis factor-alpha (TNF-α), as well as reducing glucose, insulin and insulin 

resistance levels (28). In this way, the levels of 25-hydroxyvitamin D, which is 
directly related to vitamin D, are affected by Pilates exercise. 

Omantin-1 was one of the other variables examined in this study and there 

was no significant change in its value following eight weeks of Pilates exercise. 
This finding is consistent with investigations conducted in 2015 by Daryanosh et 

al. (2015) (29). According to their study, no significant change was observed in 

omentin-1 after exercise, which examined the impact of resistance training on 
omentin-1 in women with diabetes. Faramarizi et al. investigated the impact of 

balanced aerobic exercise on omentin-1 in obese women. The current study found 

that although insulin resistance, fat percentage, and BMI decreased with the 
implementation of eight weeks of Pilates exercise, levels of omentin-1 did not 

change significantly. It is proposed that various factors, including the initial levels 

of omentin-1 and the intensity, type, and duration of exercise, contribute to 
changes in omentin-1 levels in the blood (30). It should be mentioned that several 

studies have demonstrated an inverse relationship between insulin resistance and 

plasma levels of omentin-1, which can be used to predict obesity-related 
metabolic consequences. Thus, further controlled research is needed to determine 

the precise process underlying increases in omentin-1 levels after exercise, as 

other variables may also be implicated in these changes. Ommentin-1 may also 
be regulated by inflammation. As obesity is associated with lower levels of 

chronic inflammation, it may contribute to the regulation of omentin's role in 

humans (31). Inflammation levels were not measured in the present study, it is 
suggested to be examined in future studies. Few researches have been conducted 

on the effect of different and regular exercises on the levels of ommentin-1 in 

obese and overweight people. Correspondingly, the mechanisms of regulation of 

the circulating level of omentin-1 have not yet been properly determined. It is 

possible that the reduction of fat cell size, due to the change in body composition, 
is an effective factor in changing the plasma concentration of omentin-1.  

Lipid profile was one of the indicators evaluated in this research. The findings of 

the current study demonstrated that lipid profile can be improved after eight 
weeks of Pilates exercise. Subsequently, the concentrations of triglyceride, 

cholesterol, and HDL-C dramatically changed in the exercise group compared to 

the control group; however, the level of LDL-C did not change much, despite a 
drop in its level. It should be mentioned that the initial levels at the start of 

training are key influencing factors when discussing how sports training affects 

these indicators. In other words, those with greater baseline triglyceride and 
LDL-C or lower HDL-C had a different lipid profile after receiving additional 

training (32). Following eight weeks of Pilates exercise, the training group 

showed a significant reduction in total levels of cholesterol and triglyceride 
compared to the control group. This finding is consistent with studies by Yamaner 

et al. (2024) (33) and Huldani et al. (2024) (34). HDL-C levels were one of the 

other characteristics that were evaluated, and it significantly increased compared 
to the control group. The beneficial effects of physical exercise on HDL-C are 

well acknowledged in the study literature. Even in a one-time training session, 

this variable has shown positive improvements. These results are inconsistent 

with the findings of Lee et al.’s study (2021) (35) and consistent with Franczyk 

et al. (2023) (36) and Shlool et al. (2023) (37). Lee et al. (2021) investigated the 

effects of combined exercise and low carbohydrate ketogenic diet interventions 
(CELCKD) for overweight and obese individuals. Results showed HDL-C was 

not statistically different after the interventions. Studies have demonstrated that 
women typically exhibit a smaller shift in lipoprotein levels following exercise 

training than males. This difference may be partially attributed to women's lower 

total cholesterol levels than those of men. The study's limitations included a lack 
of control over food consumption, nutritional status, and participant exposure to 

sunlight. Exposure to sunlight produces the active form of vitamin D, which can 

affect serum levels of 25-hydroxyvitamin D (38). Future research is advised to 
concentrate on aspects such as individual caloric intake, nutritional status, and 

the amount of sunlight exposure. 

Conclusion 

The results of this study indicate that eight weeks of Pilates exercise may promote 
the lipid profile and serum levels of 25-hydroxyvitamin D in overweight women. 

As a result, Pilates exercises are a good non-drug option for people with low 

blood levels of 25-hydroxyvitamin D or overweight people suffering from 

obesity-related disorders. 
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