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Abstract

Aim:  Type 2 diabetes causes reduced nitric oxide and vascular dysfunction, and the effect of
combined exercise on nitric oxide in affected women remains unclear.This study aimed to
investigate the effect of eight weeks of combined exercise on serum nitric oxide synthase levels
and metabolic indices in women with type 2 diabetes. Methods This randomized controlled triél
included 30 women with T2D (mean age: 50.14+5.99 years) who were randomly assignedt
either a Combined Exercise (CE) group (n=15) or a Control (C) group (n=15). The CE.group
performed a moderate-intensity, combined training program three times per weék*fotieight
weeks. Participants maintained a stable anti-diabetic medication regimen throughiSut thegttdy.
Protocol adherence in the CE group was high (93.5%). Serum levels of NO, BNQ8YiNOS,
Fasting Blood Sugar (FBS), and insulin were measured before andf48)hol&lafter the
intervention. Data were analyzed using MANCOVA, following confimation of asslinptions
including the Homogeneity of VVariance-Covariance Matrices (Box's
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Results: The eight-week combined training program led to significant Taphevements in NO 1. Department of Sport Physiology,
levels, FBS, and insulin sensitivity indices in the CE groupfiéofpaced to thehcontrol group Faculty of Educational Science and
(P<0.05). Specifically, NO increased significantly, while FBS/decreasedisignificantlygifl the CE Psychology, ~ University ~ of
group. However, no significant changes were observedfin,the serum Congentratidns of eNOS Mohaghegh Ardabili, Ardabil, Iran.
and iNOS (P>0.05). The effect size (1p2) for the metabgli€iarkers was moderateTo large. 2. Department of Cardiology, School
Conclusion: Eight weeks of moderate-intensity combing@tkaining isfan effective non- of Medicine, Ardabil University of

pharmacological strategy for improving systemic NO bioavail@Bility and”glucose control in Medical Sciences. Ardabil. Iran.
women with T2D. The lack of significant change in eNOS and iNOSISlgGests that the moderate x .
- . ; - - (corresponding author)
intensity and short duration (8 weeks) offffl@iprotocol, alongside the Small sample size (N=30) ) .
L. . . (r_farzizadeh@uma.ac.ir)

and subsequent low stagistical power f@f’detacting small effects, may b&tinsuifficient to induce
chronic adaptive chapdes in the expiféssion of thEs@lenzyme isoforms. Furtfier long-term studies
with higher intensiifi@n@hlarger sagipleSiace warrantedit@yfully clarify the mGlecular mechanisms.
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Extended abstract
Background

This study was conducted to examine the effects of an eight-week combined endurance-resistance training protocol on
serum levels of nitric oxide synthase isoforms (eNOS, iNOS) and metabolic indicators in middle-aged women diagnosed
with type 2 diabetes. Initially, participants underwent baseline assessments and were then randomly assigned to an
exercise group, which underwent the intervention, or a control group that maintained their usual lifestyle. Post-
intervention, biological parameters including nitric oxide (NO), endothelial nitric oxide synthase (eNOS), inducible nitric
oxide synthase (iNOS), fasting blood sugar (FBS), insulin, body mass index (BMI), and waist-to-hip ratio (WHR) were
measured and analyzed to evaluate the effects of the training program. Type 2 diabetes mellitus has reached epidemic
proportions worldwide, with cardiovascular complications constituting the primary cause of morbidity and mortality in
affected patients. A critical underlying mechanism in these complications is endothelial dysfunction driven by impaired
nitric oxide bioavailability. Nitric oxide synthase, especially the endothelial isoform (e is essential for vascular
homeostasis, vasodilation, and protection against atherosclerosis. Conversely, iINOSYis typlcally induced in pro-
inflammatory states and its dysregulation is implicated in vascular injury during dlabetes Ing is increasingly
recognized as a non-pharmacological strategy that can mitigate endothelial dysfu ensitivity, and
improve metabolic health in diabetic populations.

Materials and Methods
The clinical trial design involved middle-aged women with clini
demographics and baseline anthropometric data were collected incl i i BMI, and WHR. Venous
blood samples were collected under fasting conditions at baselinel@a 3 '
Samples were centrifuged to separate serum, which was sub S red at -75¢C untll blochemlcal analyses were
performed. Serum concentrations of NO were measured as

quantify eNOS, iNOS, fasting insulin, and glucose levels.

Experimental design

A randomized controlled design allocated participa
participated in an eight-week combined end
group maintained their habitual lifestyle withou
approximately 93.5% in the exercise group, ensuring

program administered thrice weekly. The control
ntion. Allocation was balanced with adherence rates of

Training protocol

Assessment of studied fact iochemical assays quantified key metabolic and endothelial function parameters. NO
levels served as an index of va@Scular responsiveness and endothelial nitric oxide production. Evaluating serum eNOS and
iNOS provided insights into enzymatic regulation related to vascular health and inflammation. Fasting blood sugar and
insulin levels were assessed to track glycemic control and insulin sensitivity changes.

Statistical analysis

Normality of data distribution was ascertained by Shapiro-Wilk tests. Between-group differences post-intervention were
analyzed via Multivariate Analysis of Covariance (MANCOVA) controlling for baseline values. Homogeneity of
variances was confirmed by Levene’s test and Box’s M analysis supported assumptions for multivariate testing. Effect
sizes were reported using partial eta squared (np?), and a p-value <0.05 was considered statistically significant.

Results

The intervention group experienced statistically significant improvements in fasting blood sugar (F=4.02, p=0.01), BMI
(F=3.45, p=0.07, borderline significance), and serum NO levels (F=8.64, p<0.001) compared to controls. NO levels
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increased markedly from 30.50 +5.20 to 37.80+4.80 umol/L post-training. No significant changes were detected in
weight, WHR, eNOS, iNOS, or insulin concentrations within or between groups.

Discussion

Findings demonstrate that eight weeks of combined endurance and resistance training elicit favorable metabolic and
endothelial adaptations in women with type 2 diabetes. Elevated NO levels following intervention indicate enhanced
endothelial function, likely mediated by augmented eNOS activity, though serum eNOS levels did not change
significantly, potentially due to limitations of serum measurement sensitivity or time duration of intervention. Lack of
significant change in iINOS may reflect a reduced inflammatory state or insufficient stimulus for modulating this isoform
within the intervention timeframe. Study limitations include absence of isolated training modality groups to delineate
differential effects, lack of stringent dietary control which might influence biochemical markers, and potential variability
in participant response due to heterogeneity in disease duration and medication. Nonetheless, the results align with prior
research emphasizing the cardiovascular protective effects of exercise training in diabetic populations.

Article message

Regular, structured combined endurance and resistance training emerges as a safe and
strategy to improve glycemic control, reduce obesity markers, and enhance endothelial
with type 2 diabetes. These findings suggest incorporation of such combined exercise pr
frameworks to mitigate diabetes-related cardiovascular risk. Future research uld
durations, diversified exercise modalities, and strict dietary monitoring to optimize clarify mechan
exercise-induced benefits..
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