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 Abstract 
Introduction: The prevalence of obesity and overweight is very high in 

the north of Iran, it is a signal of serious health problems and should be 

the focus of special attention. The purpose of this research was to 

investigate the effect of concurrent aerobic and Pilates exercises on body 

composition and glucose homeostasis in obese non-menopausal women. 

Material & Methods: 28 eligible women were randomly divided into 

experimental (EG), and control groups (CG). The training protocol 

consisted of two sessions per week, and each session was 90 minutes of 

aerobic and Pilates exercises. body mass index (BMI), The Waist-to-hip 

Ratio (WHR), body fat percent (BF%), fasting blood sugar(FBS), body 

obesity index, muscle mass, insulin, and Homeostatic Model Assessment 

for Insulin Resistance(HOMA-IR) were measured before and after 12 

weeks exercise training. 

Results: The results showed a significant decrease in subcutaneous fat 

(%), WHR, and Insulin in the experimental group compared to the control 

group in the post-test (p<0.05). However, no significant change was 

observed in FBS and HOMA-IR (p>0.05). 

Conclusion: Concurrent aerobic and Pilates training programs probably 

improve body composition indices, and decrease serum insulin in obese 

women with normal blood glucose. 
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1. Introduction 

The increasing prevalence of obesity has become a 

major problem in adults as well as among children and 

adolescents due to various health-related complications (1). 

The estimate by 2030 is expected to be 2.16 billion 

overweight people and 1.12 billion obese in the world (2). 

Based on published data from 2012 to 2021, Abiri et al. 

estimated the prevalence of overweight and obesity in the 

Iranian population according to age and geographical 

distribution. Accordingly, the total rate of overweight and 

obesity in Iran was estimated to be 35.09%, which was 

calculated to be 56.55% for people older than 18 years and 

21.11% for people younger than 18 years(3). Obesity is an 

important public health problem that has been discussed in 

recent decades worldwide. Although the nationally reported 

prevalence of obesity in Iran was not considerably diverse, 

remarkable differences were seen in the sub-national 

prevalence which must be noticed more in national health 

programs, especially among women and children (4). The 
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prevalence of obesity and overweight is very high in the north 

of Iran, hence is a signal of serious health problems, and 

should be the focus of special attention (5). Yang et al. should 

that obesity prevalence has risen rapidly in individuals in their 

20s and 80s compared with other age groups. Additionally, 

class III obesity prevalence in both men and women has 

significantly increased by nearly threefold. The relative risk 

of developing type 2 diabetes, myocardial infarction, 

ischemic stroke, and cancers in people with obesity or 

abdominal obesity is greater than in people without obesity or 

abdominal obesity. The relative risk was higher in young and 

middle-aged individuals than in the older population (6).  

Overweight and obesity are associated with impaired 

metabolic homeostasis, reduced insulin sensitivity (7), 

postprandial lipid metabolism (8), loss of muscle mass, and 

increased accumulation of visceral adipose tissue (9), largely 

attributable to physical inactivity (10). Exercise training e.g. 

Pilates and aerobic training would likely lead to 

improvements in anthropometric indices and glucose 

homeostasis (11). (12-14). Although there are studies 

indicating that aerobic training in women affects body 

composition, most of those studies examined the combined 

effect of aerobic exercise and nutrition (15, 16). Špirtović et 

al. showed that a 12-week program of aerobics mix can be 

concluded that mix program was efficient in the reduction of 

subcutaneous fat tissue and visceral fat and also influential on 

the increase of muscle mass (17). Weight loss is effective in 

preventing pre-diabetes and T2DM, and the positive effect of 

exercise bouts on glucose tolerance is well known (18, 19). 

Exercise without weight loss seems to have a smaller effect 

on glucose tolerance in participants who are 

overweight/obese, as the baseline glycemic control tends to 

be poorer in this population (18). The latest guidelines issued 

by the American College of Sports Medicine also recommend 

that T2DM patients perform exercises such as Tai Chi, Pilates, 

and yoga to enhance their overall health (20). Women with 

health issues who practiced Pilates reported improvements in 

physical and psychological health metrics. Additional high-

quality research is necessary to determine the impact on other 

aspects of health and fitness (21).  

Few studies have verified the effectiveness of 

Concurrent Aerobic and Pilates Training on Body 

Composition and Glucose Hemostasis in Obese non-

menopausal women, which is highly time-efficient and based 

on the same exercise intervention program (e.g., same 

exercise volume, intensity, time, etc.). In particular, studies 

that have comprehensively examined the differences in the 

effects of Concurrent Aerobic and Pilates interventions on 

body composition, cardiometabolic parameters, and physical 

fitness factors in women with obesity are lacking. Therefore, 

it is important to confirm the effectiveness of Concurrent 

Aerobic and Pilates exercises using the same exercise 

treatment. Therefore, considering the importance of the topic, 

the purpose of this research was to investigate the effect of 

concurrent aerobic and Pilates exercises on body composition 

and glucose homeostasis in obese non-menopausal women. 

2. Materials and methods  

This semi-experimental research was conducted as a 

pre and post-test design in two control and experimental 

groups. Before and after the end of 12 weeks of exercise 

training, body composition, and glucose homeostasis indices 

were measured 

2.1. Subjects 

Forty-five obese, non-menopausal, non-athletic, 

middle-aged women from Lahijan city were volunteers to 

participate in this research. The inclusion criteria were: age 

(40 – 50 years), obesity (BMI ≥30), no medication use, and 

no history of exercising training at least for six months, FBS

≤120 mg/dl, and insulin between 5 and 15 µU/mL. 30 

eligible samples were randomly divided into experimental 

(EG), and control groups (CG). In a meeting, the benefits and 

harms of the exercise program were explained to the samples, 

and a written consent form was obtained from them. One 

person from each group was removed from the sample due to 

not regularly participating in the exercise sessions and the 

other was due to illness. Table 1 shows the demographic 

characteristics of the samples. The study was approved by the 

ethical committee Rasht Branch, Islamic Azad University, 

and was conducted by adhering to the Declaration of Helsinki. 

 

2.2. Measurements 

The anthropometric characteristics of the subjects 

were assessed. Height was determined with a stadiometer, 

and weight was measured with a digital scale (SECA 786, 

Germany). The BMI of a subject was calculated by measuring 

the height in meters and body weight in kilograms (weight / 

height2). Waist measured at the narrowest area parallel to the 

ground during normal breathing. Hips: maximum protrusion 

of the buttocks muscle (gluteus Maximus) was measured in a 

parallel position over the place. WHR value obtained by 

dividing waist circumference by hip circumference (WHR = 

waist circumference/hip circumference). Skinfold thickness 

was measured with a skinfold caliper (SAEHAN, SH5020) 

according to standard procedures. Percentage body fat (BF %) 

was calculated from the equation: 1.089733-0.0009245 (x) + 

0.0000025 (x2) – 0.0000979 (y); where x = the sum of triceps, 

suprailium, and abdominal skinfolds (in mm) for women, and 

y = age in years (22). Body adiposity index was computed as 

hip circumference/ (height)1.5 – 18. Skeletal muscle 

mass(SM) measurement is a method that uses anthropometric 

characteristics to measure skeletal muscle mass, which 

replaces expensive methods such as magnetic resonance 

imaging and CT scanning. SM was measured using the 

following formula: 
SM (kg) = Ht (0.00744 CAG2 + 0.00088 CTG2 + 0.00441 

CCG2) + 2.4 sex - 0.048 age + race + 7.8 

Sex = 1 for male and 0 for female, race = 2.0 for Asian, 

1.1 for African American, and 0 for white or Hispanic; limb 

circumferences and skinfold thicknesses [Ht: height (in m) 

and skinfold-corrected upper arm, thigh, and calf girths (CAG, 

CTG, and CCG, respectively; in cm)]. 

 

2.3. Biochemical analyses 

Blood samples were collected after an overnight fast 

(>12 h) in a sitting position and centrifuged at 1500 rpm for 

30 minutes at 4o C within 2 h. Serum samples from each 

participant were stored frozen at -20o C until analyzed. Serum 

insulin was measured by a commercial chemiluminescence 

assay kit (Cobas®, USA) (intra-assay CV: 1.9%, inter-assay 

CV: 2.6%) and serum glucose was measured by a glucose 

oxidase method kit (Pars Azmoon, IRAN). Moreover, the 

homeostasis model assessment-insulin resistance (HOMA-IR) 

index for insulin sensitivity was computed following these 

equations (when glucose and insulin are both during fasting 

and applied glucose unit: mg/dl)  
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HOMA‐IR:  Glucose × Insulin / 405. 

2.4. Exercise training 

The training protocol consisted of 12 weeks and two 

sessions per week and each session was 90 minutes, 

consisting of 10 minutes of warm-up, 70 minutes of 

progressive aerobic and Pilates exercises, and 5 minutes of 

cooling down. Aerobic exercise training intensity gradually 

increased across the training period. The intensity of aerobic 

exercise was adjusted based on the percentage of maximum 

heart rate (MHR). Aerobic exercises started with an intensity 

of 55% to 60% of the maximum heart rate and continued until 

75%-80%. A polar heart rate monitor (Pulse oximeter model 

A2, China) was used to measure heart rate. 

 Pilates exercises consisted of 12 movements, each 

movement was performed in 3 sets of 15 repetitions with 1 

minute rest between sets (23). 

 
Table 1. Aerobic and Pilates exercise training program 

Warm-up (10 min) Exercise training 

program(70min) 

Cool down(5 min) 

Breathing and 

Stretching training 

Aerobic training: Walking, 

running, rhythmic aerobic 

movements (march, step, wave, 

upside down, etc.) in a chain. 

 

Pilates training: Bridge, 
Corkscrew, Tail Wag, Toe Tap, 
Side Leg Lift, Side Kick, Seated 

Row, Heel Squeeze Prone, Prone 

Hip Extension, Prone Back 

Extension, Cat Stretch, Spine 

Stretch 

 

Breathing and Stretching 

training 

weeks First and 

second 

Third and 

fourth 

Fifth and 

sixth 

Seventh and 

eighth 

Ninth-

twelfth 

Aerobic 

training 

intensity 

(MHR) 

55%-60% 60%-65% 65-70% 70-75% 75-80% 

 

2.5. Statistical Methods 

All statistical analyses were performed with SPSS 

program (version 26, SPSS, Inc., Chicago, IL). Values were 

expressed as mean ± standard deviation (SD). The shapiro 

wilk test was used to determine the normality of distribution, 

and variables were found to be normally distributed. 

Independent sample t-test was used to evaluate homogeneous 

groups at baseline. Paired t-test was used for comparison of 

variables before and after exercise. Analysis of covariance 

(ANCOVA) was used to evaluate differences between control 

and experimental groups. P-values less than 0.05 were 

considered statistically significant.  

3. Results 

The clinical and biochemical characteristics of the 

study subjects are presented in Table 2.. 

 
Table2. Clinical and biochemical characteristics of experimental 

(EG), and control groups (CG) (n=14) 
Variable  EG Paired 

t-test 

sig 

CG Paired 

t-test 

sig 

 Pre-test Post-test  Pre-test Post-test  

Age (yr) 45.23±3.58 --- --- 44.50±3.10 --- --- 

Height (Cm) 158.23±4.67 --- --- 155.78±2.99 --- --- 

Weight (Kg) 79.46±7.56 78.11±7.60 --- 77.25±5.52 77.60±5.06 --- 

BMI (kg/m2) 32.50±2.41 31.21±2.54 --- 32.28±2.10 32.00±2.21 --- 

Subcutaneous 

fat (%) 

31.98±2.45 31.00±1.09 0.001* 33.49±2.21 33.17±1.13 0.24 

Body fat index 

(Index) 

36.56±2.98 35.59±1.88 0.01* 38.04±3.77 37.38±3.43 0.90 

Waist-to-hip 

(Ratio) 

0.87±0.02 0.85±0.03 0.045* 0.88±0.02 0.88±0.02 0.36 

FBS(mg/dl) 93.76±14.34 91.64±13.05 --- 100.85±16.02 97.35±13.57 --- 

Insulin(pmol/L) 10.28±4.10 9.11±3.59 0.55 10.72±4.58 10.86±3.05 0.19 

HOMA-IR 2.49±1.20 2.58±1.11 0.67 2.73±1.56 2.38±1.33 0.12 

FBS: Fasting Blood Sugar. HOMA-IR: Homeostatic Model Assessment for Insulin Resistance 

*P<0.05 

 

The results of Table 2 showed that in the experimental 

group, there was a significant decrease in subcutaneous fat 

and body mass in the post-test compared to the pre-test. 

 

Table 3. The results of the ANCOVA (n=14 in each group) 
Variable  Levene’s test F Partial 

Eta 

squared 

Signifi

cance  F Significa

nce 

Subcutane

ous fat 

(%) 

Pre-test 3.74 0.06 34.58 0.58 0.0001* 

Post-test 44.34 0.63 0.001* 

Body fat 

index 

Pre-test 2.55 0.14 49.66 0.66 0.0001

* 

Post-test  0.53 0.02 0.47 

Waist-to-

hip ratio 

Pre-test 2.17 0.13 26.19 0.51 0.0001

* 

Post-test  7.80 0.23 0.01* 

Skeletal 

muscle 

mass 

Pre-test 0.87 0.35 313.4 0.92 0.001* 

Post-test  2.50 0.09 0.12 

Insulin Pre-test 0.05 0.81 337.2 51.22 0.67 

Post-test  12.66 1.92 0.07* 

HOMA-

IR 

Pre-test 0.00

1 

0.97 51.12 0.67 0.001* 

Post-test  0.97 1.88 0.07 
*P<0.05 

 

The results of ANCOVA statistical analysis showed a 

significant decrease in subcutaneous fat (%), WHR, and 

Insulin in the experimental group compared to the control 

group in the post-test.  

Since BMI and FBS did not have normal data 

distribution, the results of Wilcoxon sighed rank and Mann-

Whitney- U tests were presented in Tables 4 & 5. 

 
Table 4. The results of the  Wilcoxon signed-rank test to investigate 

the difference in BMI & FBS  

Variable Group Average rank Z Significance 

Negative Positive 

BMI EG 6.0 0.0 -2.93 0.003* 

CG 6.50 7.43 -.45 .64 

FBS EG 5.75 8.07 -0.77 0.44 

CG 6.88 5.75 -1.25 0.20 

BMI: Body mass index, FBS: Fasting blood sugar 

*P<0.05 

 

Compared to the pre-test, the results showed a 

significant decrease in the BMI in the post-test of the 

experimental group. 

 
Table 5. The results of the Mann–Whitney U test  to investigate the 

difference in BMI & FBS  
Variable Average rank Z Mann-

Whitney U 

Sig 

EG CG 

BMI 11.00 18.00 -2.25 0.02* 

FBS 16.46 12.54 -1.26 0.21 

BMI: Body mass index, FBS: Fasting blood sugar 

*P<0.05 

 

The results of statistical analysis showed a decrease in 

BMI in the experimental group compared to the control group. 

The results indicated that aerobic Pilates exercises were 

effective on body composition, but did not affect glucose 

homeostasis in overweight women. 

https://en.wikipedia.org/wiki/Mann%E2%80%93Whitney_U_test
https://en.wikipedia.org/wiki/Mann%E2%80%93Whitney_U_test
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4. Discussion and Conclusion 

The present study was conducted to investigate 

concurrent Pilates and aerobic exercises on glucose 

homeostasis and some selected indicators of body 

composition in obese non-menopausal women. The results of 

the present study showed that 12 weeks of aerobic and Pilates 

exercises had a significant positive effect on body 

composition (BMI, WHR, fat percentage, body obesity index, 

and muscle mass) In line with our findings, Souza and Lima 

showed that Yoga practitioners (40 and 65 years, and 

practiced for at least 5 years) had better anthropometric 

variables than the physical activity (PA) and sedentary 

women groups in the same age range(11, 24-27), also had 

similar results in their study. Obesity is described as an 

excessive or unusual buildup of fat in adipose tissue, which 

compromises a person's well-being(28). It is a frequently 

occurring curable illness of clinical and public health value. 

Due to a growing sedentary lifestyle of many occupations, 

high-calorie, high-fat diets, shifting methods of travel, and 

growing urbanization, obesity is brought on. Exercise in 

women is related to a remarkable increment in lipolysis of 

abdominal adipose tissue relative to femoral adipose tissue, 

suggesting that exercise-driven weight reduction will be 

concomitant with preferentially diminished abdominal 

obesity(29). Weight reduction through lowering fat mass 

decreases the systemic free-fatty acid content in the 

bloodstream, consequently diminishing its accessibility to 

skeletal muscle tissue (30). This will restrain the aggregation 

of intramuscular lipids as well as other fatty acid derivatives 

that are known to impair insulin signaling in the insulin-

resistant muscle, where basal fat oxidation is compromised 

(31). Adding exercise to calorie-restricted diet regimens 

improves mitochondrial consistency and skeletal muscle 

capillarization (32). and initiates enzymes engaged in fatty 

acid transport and oxidation (33). 

In this study, concurrent Pilates and aerobic exercises 

did not affect glucose homeostasis (FBS, serum insulin, and 

HOMA-IR). The findings of Souza and Lima (24), Heidary 

et al.(34), and Jalali et al. support the results obtained in the 

present study, While in some research, contradictory results 

were observed (14, 35-38). The positive effect of physical 

training was more pronounced among people with type 2 

diabetes, hypertension, hyperlipidemia, or metabolic 

syndrome. Indeed, the recorded reductions in total cholesterol, 

LDL, fasting insulin, and HOMA-IR were not as pronounced 

in healthy subjects (39). Skeletal muscle mechanisms 

proposed to mediate training-induced improvements in 

glycemic control include enhanced capillarization, GLUT4 

protein content, glycogen synthesis, and oxidative enzymes 

coupled with reduced levels of intramuscular lipids (40). 

Although adult women have a higher percentage of fat mass, 

there is an increased visceral fat deposition in men. 

Consequently, there is greater glucose effectiveness and 

insulin sensitivity among females in comparison with males 

(41). Reduction in insulin action with aging is related to 

overall body fat and visceral fat, β-cell function, hepatic 

insulin action, and total body insulin clearance, and exercise 

training may mitigate these age-related deficits (42). 

The present study suffers from several limitations. 

First, our intervention's sample size and duration were small 

and the findings should be interpreted with caution. Second, 

the control group was not completely sedentary and had their 

daily activities. Overall obtained data indicated that 

concurrent aerobic and Pilates training programs effectively 

improve body composition, and decrease serum insulin in 

obese females with normal blood glucose. 
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