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ABSTRACT

This study evaluated the effects of a cycling intervention on glucose homeostasis, lipid profile, and 
body composition in individuals with insulin resistance and excess body weight. Seven women participants 
completed a 12-week supervised cycling program (20–30 min/day, 3 days/wk). Body composition assess-
ments and biochemical analyses, including oral glucose tolerance tests, triglycerides, total cholesterol, 
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and non-high-density lipoproteins, 
were conducted pre- and post-intervention. Paired t-tests and Hedge’s g assessed changes in body com-
position, lipid profile, and homeostatic model assessment for insulin resistance (HOMA-IR), while a 2×4 
repeated-measures analyses of variance (ANOVA) analyzed exercise- and time-related effects on glucose 
and insulin. Post-intervention, significant moderate reductions were observed in body fat mass (p = 0.020, 
g = −0.52), body fat percentage (p = 0.006, g = −0.55), visceral fat area (p = 0.005, g = −0.64), and 
waist-to-hip ratio (p < 0.001, g = −0.87). A significant, small reduction in non-high-density lipoproteins 
was also noted (p = 0.016, g = −0.34). A 2×4 repeated-measures ANOVA revealed a significant effect 
of exercise on glucose concentration (p = 0.031; η2

p = 0.640, moderate), with lower post-exercise levels. 
Additionally, a significant time×exercise interaction was observed for insulin concentration (p = 0.009; η2

p 
= 0.30, moderate). Follow-up tests comparing pre to post-exercise changes revealed significant decreases 
in insulin levels at 30-min (p < 0.001), 60-min (p = 0.008), and 120-min (p = 0.011) postload. These 
findings suggest a 12-week cycling intervention improves glucose homeostasis, lipid profile, and body 
composition in overweight women with insulin resistance.
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INTRODUCTION

Insulin resistance, characterized by hyperinsulinemia, serves as a central precursor to several 
metabolism-related diseases, including metabolic syndrome and Type 2 diabetes. Diabetes is 
reaching epidemic proportions globally, currently affecting approximately 537 million adults 
worldwide, with projections indicating this number will rise to 643 million by 2030.1,2 In healthy 
individuals, insulin facilitates glucose uptake by peripheral tissues, such as skeletal muscle and 
adipose tissue, while simultaneously suppressing glucose production in the liver.3 However, in 
the early stages of Type 2 diabetes mellitus development, glucose dysregulation arises due to 
insulin resistance and insufficient insulin secretion.4 This dysfunction disrupts glucose homeostasis, 
leading to metabolic abnormalities and elevated circulating lipids, which can ultimately progress 
to overt diabetes.5 Furthermore, the resulting dyslipidemia, characterized by elevated triglycerides, 
decreased high-density lipoprotein (HDL) cholesterol, and increased atherogenic low-density 
lipoprotein (LDL) particles, is a well-established risk factor for cardiovascular disease.6 Therefore, 
targeting lipid profile alterations is crucial in the early management of insulin resistance.

A sedentary lifestyle significantly contributes to insulin resistance, a key factor in the develop-
ment of Type 2 diabetes mellitus.7,8 Emerging evidence suggests that exercise may be the most 
effective non-pharmacological strategy in preventing and managing insulin resistance and Type 2 
diabetes mellitus.9 Specifically, various forms of exercise such as aerobic, resistance, combined, 
and flexibility have been identified as important non-pharmacological approaches for managing 
diabetes-related health complications.9 In managing diabetes-related health complications, it is 
generally recommended to engage in ≥150 minutes of moderate-to-vigorous intensity aerobic 
activity per week, spread over at least three days, with no more than two consecutive days of 
inactivity.8

Aerobic exercise has emerged as a promising means of counteracting insulin resistance,10 
enhancing glucose metabolism,10 promoting fat loss,11 and improving vascular function,12 all of 
which may help reduce the risk of developing Type 2 diabetes. Despite the importance of aerobic 
exercise in counteracting diabetes-related health complications, a recent review9 reinforces the 
discrepancies in research attention between exercise modalities, with limited literature available 
regarding the effect of cycling exercise in Type 2 diabetes management, particularly when 
compared to other forms of exercise such as walking or jogging. Incorporating aerobic exercise, 
particularly cycling, is highly recommended for overweight individuals with insulin resistance as it 
provides numerous benefits while minimizing strain on joints and bones.13 Cycling is a low-impact 
activity, making it a safe and effective option for individuals with insulin resistance and excess 
body weight. Additionally, it can be sustained over the long term and easily integrated into daily 
routines, such as commuting or recreational activities, making it a practical choice for lifestyle 
modification aimed at managing insulin resistance and excess body weight. Given the clinical 
importance of managing excess body weight and improving lipid profiles in individuals with 
insulin resistance, understanding how cycling influences these parameters could provide valuable 
insights for targeted lifestyle interventions. Considering the benefits of cycling in minimizing joint 



Nagoya J. Med. Sci. 87. 730–741, 2025� doi:10.18999/nagjms.87.4.730732

Saša Plećević et al

strain, its long-term sustainability, and the limited research attention given to this exercise type, 
our study aimed to quantify the effect of cycling on glucose homeostasis, lipid profile, and body 
composition in individuals with insulin resistance and excess body weight.

METHODS

Participants
Seven women participants with insulin resistance and excess body weight were recruited to 

participate in 12-week supervised cycling program. Participants were recruited from the University 
Clinical Center Kragujevac where the study was carried out. Participants characteristics are shown 
in Table 1. Insulin resistance and excess body weight were verified as follows: homeostatic 
model assessment for insulin resistance (HOMA-IR) >2.514,15 and body mass index >25 kg/m2.16 
Baseline biochemical analyses indicative of renal function, electrolyte balance, liver function, 
inflammation and thyroid function were within the normal reference ranges in individuals we 
examined. Blood glucose and 25-hydroxyvitamin D were outside of the reference range. All 
participants were free from any injuries, diabetic nephropathy, diabetic retinopathy, severe diabetic 
neuropathy, and severe cardiovascular and cerebrovascular diseases preventing safe participation 
in this study. Moreover, all were sedentary (no participation in regular moderate and/or intensive 
exercise in the previous 6 months). The experimental design was explained to all participants 
and written informed consent was obtained prior to commencing data collection. All procedures 
were approved by the Ethics Committee of the University Clinical Center Kragujevac (Approval 
No. 01/24-134).

Table 1  Participants’ baseline characteristics (n = 7)

Variable Pre-exercise Reference range

Renal function

Urea (mmol/L) 6.4 ± 1.8 3.5 to 7.2

Creatinine (µmol/L) 86.5 ± 16.2 53 to 97.2 

Glomerular filtration rate (mL/min) 77.5 ± 21.7 >60

Electrolyte balance

Potassium (mmol/L) 4.4 ± 0.4 3.5 to 5.2 

Urine sodium (mmol/day) 139.2 ± 2.1 40 to 220

General health or immune system

Protein (mg/g) 1.1 ± 0.1 <30

Calcium (mmol/day) 2.4 ± 0.1 2.5 to 7.5

25-hydroxyvitamin D (nmol/L) 23.9 ± 11.8 >75

Metabolic control

Blood glucose (mg/dL) 306.1 ± 175.8 70.0 to 99.0

Liver function

Aspartate aminotransferase (U/L) 23.5 ± 9.9 8 to 33

Alanine transaminase (U/L) 25.5 ± 6.6 4 to 36

Gamma-glutamyl transferase (U/L) 31.8 ± 12.2 5 to 40

Inflammation

C-reactive protein (mg/L) 2.5 ± 1.2 <10

Thyroid function

Free T4 (pmol/L) 14.9 ± 4.4 10.3 to 24.5

Thyroid-stimulating hormone (mU/L) 2.4 ± 1.1 0.45 to 4.12

Glomerular filtration rate – adjusted for the participant’s body surface area; values outside of the reference range are bolded.
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Procedures
A pre-post longitudinal experimental design was adopted whereby each participant underwent 

a 12-week supervised cycling program. Body composition, body height, and biochemical analyses 
were assessed at baseline and following the 12-week cycling program at the same time of day 
(7:00 to 9:00 AM) and under similar conditions. Participants were instructed to maintain habitual 
dietary intake during the study period.

Body composition
Body composition was assessed in each participant using a multifrequency bioelectrical 

impedance analyzer (Inbody 770; Biospace Co, Ltd, Seoul, Republic of Korea) following the 
manufacturer’s standard measurement procedures. Prior to measurement, participants cleaned their 
hands and feet with provided antibacterial wipes. Personal data (name/ID, age, sex, and height) 
were manually entered for each participant into the device’s software. While standing upright, 
participants positioned their feet on the foot electrodes and gripped the hand electrodes, ensuring 
their arms were extended outward to avoid contact with the torso. This posture was maintained 
throughout the test. Upon completion, participants were instructed to place the hand electrodes 
back and step off the device. The validity and reliability of the InBody 770 in measuring 
percentage body fat has been supported previously.17 Additionally, a validation study18 has sup-
ported the reliability of InBody device in measuring visceral fat area, with strong correlations 
to gold-standard methods like computed tomography. While the waist to hip ratio derived from 
bioelectrical impedance may not match manual measurements precisely, it was considered in our 
study as it has been shown to provide clinically useful approximations in large-scale epidemio-
logical and health-risk studies.19 The InBody score was included in the study as an additional 
tool to capture overall changes in body composition by integrating multiple parameters, such as 
muscle mass, body fat, and body water, into a single value.

Biochemical analysis
Biochemical analyses were performed at baseline and after 12 weeks to assess circulating 

levels of glucose, insulin, triglycerides, total cholesterol, LDL cholesterol, HDL cholesterol, and 
non-high-density lipoproteins (non-HDL). Blood samples (5 mL) were drawn from the antecubital 
vein in test tubes (BD Vacutainer, Becton Dickinson, USA) with seated participants in the 
morning (7:00–9:00 h) after overnight fasting and at least 24 h after the last exercise session. 
Oral glucose tolerance tests (OGTTs) were performed in each participant according to standard 
published protocols.20 Glucose and insulin samples were collected at fasting (0 min), and at 30 
min, 60 min, 90 min, and 120 min postload during the OGTTs, where 75 g of glucose was 
ingested over a 5-minute period.20 HOMA-IR was determined as follows:

HOMA-IR = insulin(mIU/L) *glucose(mmol/L)

22.5
 .

Triglyceride, total cholesterol, LDL cholesterol, HDL cholesterol and non-HDL were measured 
using a biochemistry analyzer (Targa BT 4500 Biotecnica instruments S.p.A, Rome, Italy).

Exercise program
A member of the research team supervised the 12-week exercise program, performed on Yesoul 

M1 bikes (Shenghui International, Fuzhou, Fujian, China), three times per week with no more 
than two consecutive days off between sessions. Previous studies21-23 have supported a 12-week 
exercise duration in patients with Type 2 diabetes mellitus, as this timeframe has been shown 
to produce significant improvements in glucose homeostasis. The supervised exercise program 
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consisted of a 15 min warm-up, followed by the main cycling protocol and ended with a 5 
min cool-down. The exercise program was performed at an intensity ranging from 55 to 80% 
of heart rate max (HRmax) for 20–30 min per session. The program began at a lower intensity 
(55–70% HRmax) and progressively increased over the 12 weeks, ultimately reaching approximately 
70–80% of HRmax during the final weeks. Heart rate was monitored by using heart rate fitness 
tracker bands (Transtek, Zhongshan City, Guangdong, China).

Statistical analysis
Data were analyzed using IBM SPSS (version 20; IBM Corp, Armonk, NY, USA). The 

Shapiro–Wilk test, quantile–quantile (Q–Q) plots, as well as skewness and kurtosis coefficients 
were used to verify the normality of all data. Differences in body composition parameters, 
lipid profile and HOMA-IR between pre- and post-exercise intervention were assessed using 
paired t tests. The magnitude of these differences was quantified using Hedge’s g effect size 
(ES) and interpreted as follows: trivial ≤0.20; small = 0.20–0.49; moderate = 0.50–0.79; large 
≥0.80. Separate 2×4 repeated-measures analyses of variance (ANOVAs) with two within-subjects 
factors were conducted to examine the effects of exercise (pre- vs post-intervention) and time 
(fasting, 30 min, 60 min, and 120 min postload) on glucose and insulin concentrations. Partial 
eta-squared (η2

p) was used as a measure of ES for each repeated-measures ANOVA, and the 
values were interpreted as follows24: no effect (η2

p < 0.04); minimum effect (0.04 < η2
p < 0.25); 

moderate effect (0.25 < η2
p < 0.64); or strong effect (η2

p > 0.64). Data are presented as mean ± 
standard deviation (SD) for body composition parameters, glucose and insulin concentrations, or 
median and interquartile range for cholesterol, triglycerides, HOMA-IR, HDL cholesterol, LDL 
cholesterol, and non-HDL. Statistical significance for all analyses was set at p ≤ 0.05.

RESULTS

Mean ± SD for body composition parameters in women participants before and after the 12-
week cycling program are shown in Table 2. Hedge’s g ESs with 95% CI for body composition 
parameters and lipid profile are shown in Figure 1.

Analyses revealed significant moderate decreases in body fat mass (p = 0.020, g = −0.52), 
body fat percentage (p = 0.006, g = −0.55), visceral fat area (p = 0.005, g = −0.64), and 
waist-hip ratio (p < 0.001, g = −0.87) post-exercise. On the other hand, InBody score displayed 
significant moderate increase (p = 0.006, g = 0.50) post-exercise. In addition, significant small 
decreases were observed in body mass (p = 0.021, g = −0.39) and body mass index (p = 0.029, 
g = −0.47) post-exercise intervention.

Individual data points for each participant and descriptive statistics (minimum, 25th percentile, 
median, 75th percentile, and maximum) for (A) cholesterol, (B) triglycerides, and (C) HOMA-IR 
in participants who completed the 12-week cycling program are shown in Figure 2. Individual 
data points for each participant and descriptive statistics (minimum, 25th percentile, median, 75th 
percentile, and maximum) for (A) HDL cholesterol, (B) LDL cholesterol, and (C) non-HDL in 
participants who completed the 12-week cycling program are shown in Figure 3.
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Fig. 1  Hedges’ g effect sizes (with 95% confidence intervals) for body composition parameters  
and lipid profile between pre- and post-exercise

Dash lines represents borders for trivial changes.

Table 2  Body composition parameters before and after the 12-week bicycle training in participants  
with insulin resistance and excess body weight (n = 7)

Variable Pre-exercise Post-exercise Mean difference

Body mass (kg) 91.2 ± 14.9 84.5 ± 12.7 6.7 ± 5.7

Body fat (kg) 34.7 ± 9.2 29.4 ± 7.9 5.3 ± 4.4

Body fat (%) 37.5 ± 5.5 34.0 ± 5.5 3.6 ± 2.3

Skeletal muscle mass (kg) 31.7 ± 4.5 31.0 ± 3.9 0.7 ± 1.4

Body mass index (kg/m2) 30.8 ± 4.3 28.5 ± 3.4 2.2 ± 2.1

Visceral fat area (cm2) 168.6 ± 49.3 133.0 ± 47.3 35.6 ± 22.2

Intracellular water (L) 25.8 ± 3.5 25.3 ± 3.0 0.5 ± 1.1

Extracellular water (L) 15.6 ± 1.9 15.4 ± 1.8 0.2 ± 0.4

Total body water (L) 41.4 ± 5.4 40.6 ± 4.7 0.8 ± 1.5

Waist-hip ratio 1.0 ± 0.1 0.9 ± 0.1 0.1 ± 0

Basal metabolic rate (kcal) 1591.1 ± 158.5 1569.3 ± 140.3 21.9 ± 43.4

Recommended calorie intake 2097.9 ± 396.8 2015.9 ± 350.9 82.0 ± 91.8

Protein (kg) 11.1 ± 1.5 10.9 ± 1.2 0.2 ± 0.5

InBody score (points) 67.4 ± 7.3 71.6 ± 7.3 4.1 ± 2.6
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Fig. 2  Cholesterol, triglycerides, and homeostatic model assessment for  
insulin resistance (HOMA-IR) pre- and post-exercise

Each marker represents a different participant. In the box plots, whiskers indicate the minimum and maximum 
values, the boundary of the box closest to zero indicates the 25th percentile, the black line within the box indicates 
the median, and the boundary of the box farthest from zero indicates the 75th percentile.

Fig. 3  High density lipoprotein, low density lipoprotein and non-high density  
lipoprotein pre- and post-exercise

Each marker represents a different participant. In the box plots, whiskers indicate the minimum and maximum 
values, the boundary of the box closest to zero indicates the 25th percentile, the black line within the box 
indicates the median, and the boundary of the box farthest from zero indicates the 75th percentile.
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A significant, small decrease was observed in non-HDL (p = 0.016, g = −0.34) post-exercise. 
In addition, non-significant moderate to large decreases post-exercise were observed for cholesterol 
(p = 0.053, g = −1.22) and HOMA-IR (p = 0.126, g = −0.67).

The results of the repeated-measures ANOVAs, along with the mean ± SD for glucose 
(A) and insulin concentrations (B) at fasting (0 min), 30 min, 60 min, and 120 min postload 
during the OGTTs, are presented in Figure 1. The 4×2 repeated-measures ANOVA revealed 
a significant main effect of time (p = 0.002; η2

p = 0.606, moderate) with significantly higher 
glucose concentrations at 30 min postload compared to fasting (p = 0.030). A significant main 
effect of exercise was also observed (p = 0.031; η2

p = 0.640, moderate), indicating significantly 
lower glucose concentrations post-exercise.

The 4×2 repeated-measures ANOVA revealed a significant interaction between time and 
exercise (p = 0.009; η2

p = 0.30, moderate) for insulin concentration. Follow-up tests comparing 
time points revealed significantly higher insulin concentrations 30 min postload compared to 
fasting (p = 0.030) before the exercise intervention. In addition, follow-up tests comparing pre- 
to post-exercise changes revealed significant decreases in insulin concentration at 30 min (p < 
0.001), 60 min (p = 0.008), and 120 min (p = 0.011) postload.

DISCUSSION

The findings of this study add to the limited knowledge concerning the effects of a 12-week 
cycling exercise program on body composition, lipid profile, and glucose homeostasis in women 
patients with insulin resistance and excess body weight. Specifically, we observed significant 
moderate improvements in body composition, lipid profile (non-HDL and cholesterol), and 
glucose homeostasis (glucose and insulin concentration) following the 12-week exercise program. 
Altogether, our data provide exercise-specific insight into the efficacy of a 12-week cycling 
program in improving body composition, lipid profile, and glucose homeostasis.

Fig. 4  Glucose and insulin responses during oral glucose tolerance testing
The black bracket indicates a significant main effect of time, showing that participants exhibited significantly 
(p = 0.030) higher glucose concentrations at 30 minutes postload compared to the fasting condition; the blue 
bracket indicates a significant (p = 0.030) increase in insulin concentration at 30 minutes postload compared to 
the fasting condition prior to the exercise intervention.
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Evidence suggests that aerobic exercise can beneficially influence diabetes-related health 
complications. Our results indicate that a 12-week cycling program may help counteract diabetes-
related health complications, with significant moderate decreases in body fat percentage (p = 
0.006, 3.6 ± 2.3%), body fat mass (p = 0.020, 5.3 ± 4.4 kg), visceral fat area (p = 0.005, 35.6 ± 
22.2 cm2), and waist-hip ratio (p < 0.001, 0.1 ± 0). The benefits observed in our study exceeded 
those reported by Gholami25 who detected a 1.5% reduction in body fat percentage following a 
12-week predominantly moderate cycling program (3 days/wk, 45 min/day) in patients with Type 
2 diabetes and peripheral neuropathy. The observed variations may be underpinned by the lower 
baseline body fat percentage of participants (27.4 ± 3.2% vs 37.5 ± 5.5%) recruited by Gholami 
et  al.25 Similarly, Bourne et al26 reported only a 0.2% reduction in body fat following a 12-week 
electrically assisted cycling program (median: 66 min/wk, 10.4 km/wk) in patients with Type 2 
diabetes mellitus. Disparities between our results and those reported by Bourne et  al26 may be 
attributed to differences in cycling type (electrically assisted vs regular bike), which can influence 
the load encountered, thereby affecting calorie expenditure and body composition improvements. 
On the other hand, our data align with findings by de Oliveira et al27 and Maillard et al28 who 
demonstrated a 2–3% reduction in body fat among Type 2 diabetic patients following 12-week (3 
days/wk, 20–50 min/day)27 and 16-week cycling programs (2 days/wk, 20 min/day high intensity 
or 40 min/day moderate intensity).28 Altogether, these findings support the effectiveness of a 
12-week cycling exercise program in providing sufficient stimuli to improve body composition 
in patients with insulin resistance and excess body weight.

The improvements in the lipid profile support the inferences observed in body composition. 
Specifically, our data revealed small to moderate decreases in non-HDL (p = 0.016, 0.76 ± 
0.52 mmol/L) and total cholesterol (p = 0.053, 1.08 ± 1.05 mmol/L) following the 12-week 
cycling program. Our results partially align with those of de Oliveira et al27 and Madsen et  al29 
who reported nonsignificant reductions in total cholesterol of 0.45 mmol/L27 and 0.38 mmol/L,29 
respectively, following cycling interventions. The variation in findings may arise from differences 
in exercise intensity and duration, or from baseline cholesterol levels of the recruited participants 
across studies. For instance, Madsen et al29 implemented a protocol involving 10×60-second 
high-intensity intervals (with 1-minute active recovery periods),29 performed for 20 min/day, 3 
days/wk, over 8 weeks.29 The greater reliance on the glycolytic system in short, high-intensity 
intervals may explain the smaller cholesterol reduction observed in Madsen’s study. Further, de 
Oliveira et al27 recruited participants with lower baseline cholesterol levels (4.74 mmol/L vs 5.92 
mmol/L), potentially accounting for the smaller effect observed in their study. The beneficial 
effects of exercise on non-HDL and total cholesterol observed in our study are mediated by 
enhanced lipoprotein metabolism (increasing lipoprotein lipase activity, promoting clearance 
of triglyceride-rich lipoproteins and reducing non-HDL levels),30 improved insulin sensitivity,31 
increased fat oxidation (promoting fatty acid utilization, reducing lipid accumulation in the liver 
and improving overall lipid metabolism),32 and reduced hepatic cholesterol synthesis (through 
the downregulation of key enzymes involved in cholesterol biosynthesis, such as 3-hydroxy-
3-methylglutaryl-coenzyme A reductase [HMG-CoA reductase]).33 These mechanisms collectively 
contribute to better lipid regulation. Therefore, practitioners are encouraged to consider a 12-week 
cycling intervention as a strategy to improve the lipid profile.

A main effect of exercise was observed (p = 0.031; η2
p = 0.640, moderate), with significantly 

lower glucose and insulin concentration post-exercise. Improved insulin sensitivity and metabolic 
efficiency were partially supported by a trend toward reduced insulin resistance (HOMA-IR, 
−2.46; p = 0.126). Research has also examined different cycling interventions in patients with 
Type 2 diabetes, reporting either similar (fasting glucose −34 mg/dL and glycosylated hemoglobin 
−0.7%, p < 0.0525) or lower improvements in glucose homeostasis (HOMA-IR, −1.28; p = 0.434, 
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−0.5429, −0.2826). This variability underscores that while exercise is beneficial, the magnitude of its 
impact can differ based on the specific intervention and patient characteristics. Exercise appears to 
stimulate muscle glucose transport by upregulating the glucose transporter 4 (GLUT4) isoform in 
skeletal muscle.35 This acute effect is followed by a sustained improvement in insulin sensitivity.36 
Together, these adaptations result in enhanced insulin sensitivity and responsiveness following 
exercise. Additionally, exercise improves muscle blood flow through capillary recruitment, both 
crucial factors for better glucose management. Collectively, our findings suggest that a 12-week 
cycling intervention improves insulin sensitivity in women with insulin resistance and excess body 
weight, in part by promoting GLUT4 translocation and enhancing muscle blood flow, which are 
crucial adaptations in managing glucose levels and insulin resistance.

While this pilot study introduces a novel perspective by focusing on a clinically underrepre-
sented population, ensuring participant safety, adherence, and exercise progression representing 
a crucial step in evaluating the feasibility, responsiveness, and clinical relevance of supervised 
cycling interventions, it has certain limitations. First, the absence of a control group limits our 
ability to draw definitive conclusions, highlighting the need for future research incorporating a 
control condition. This would enable more robust comparisons and a clearer understanding of 
the intervention’s effectiveness. Second, the results are specific to women with insulin resistance 
and excess body weight, and may not be generalizable to other populations. Third, the study 
focused on short-term outcomes related to the processes of care and measurements, without 
assessing long-term morbidity and mortality indicators. Future studies should also evaluate the 
sustainability of the observed effects over time and explore broader health impacts, including 
quality of life and clinical endpoints.

CONCLUSION

The results of the present study demonstrate that a 12-week cycling program improved 
body composition, lipid profile, and glucose homeostasis in women with insulin resistance and 
excess body weight, even in the absence of concomitant energy restriction. These findings may 
help practitioners design exercise programs that promote beneficial adaptations and mitigate the 
progression of diabetes-related health complications.
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