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Abstract

Background & Aims: In recent years, the role of obesity and diabetes in the development of
inflammation and its relationship with adhesive molecules has been established. Accordingly,
inflammatory indicators such as ICAM1 and VCAMI are considered strong predictors of
cardiovascular events in diabetes due to their key role in the atherosclerosis process (6).
Various studies have emphasized the positive impact of sports training on these inflammatory
indicators, particularly on the level of adhesive molecules in both healthy and diabetic subjects
(6-8). However, in some cases, noticeable changes have not been observed following exercise
(9). Another cause of cardiovascular disease in obese or diabetic individuals is an increased
concentration of homocysteine and C-reactive protein (CRP). High homocysteine levels in
women have shown an inverse relationship with cardiovascular fitness (10), and its increase
may stem from genetic defects or nutritional deficiencies (11). CRP, a biomarker secreted in
response to inflammatory cytokines, is found at higher levels in diabetic patients than in
healthy people (12). Studies have shown the positive effects of aerobic exercise on these
markers; for instance, Hijazi et al. (2013) observed improvements in homocysteine and CRP
in female diabetic patients (14), and De Oliveira et al. (2021) reported a significant decrease
in homocysteine levels in diabetic women (15). Furthermore, it is critical to monitor LDL-C
and HDL-C levels, as dyslipidemia in these patients is often caused by improper control of
blood sugar (16).

Aecrobic exercise is considered a suitable treatment method for type 2 diabetes due to its
positive metabolic effects. Additionally, antioxidant agents play a significant role in reducing
diabetes-related consequences like cardiovascular diseases. Grape seed extract appears
particularly important, as its role in reducing blood sugar and oxidative stress has been proven
(17). While past research has investigated the short- and long-term effects of exercise and
grape seed supplementation, the medium-term impact of these combined interventions has not
been thoroughly explored. Therefore, the present study aims to investigate the effects of oral
consumption of grape seed extract, with and without aerobic exercise, on the levels of key
cardiovascular and metabolic indicators in obese, middle-aged women with type 2 diabetes.
Methods: In this semi-experimental study, 36 women with diabetes were purposefully
selected as an available sample and randomly divided into four groups: exercise + grape seed
extract supplement, exercise + placebo, supplement of grape seed extract, and placebo. For 4
weeks, participants in the exercise groups performed aerobic training 5 days a week at an
intensity of 70-75% of their reserve heart rate. The supplement and exercise+supplement
groups took one capsule of grape seed extract daily, while the placebo groups consumed starch
powder. Data were analyzed by one-way ANOVA and a Bonferroni post hoc test at P<0.05.
Results: The results showed that compared to the pre-test, the levels of glucose, insulin, LDL-
C, VCAM-1, ICAMI1, CRP, and homocysteine significantly decreased, while HDL-C
significantly increased (P<0.05). In the three intervention groups (supplement training,
placebo training, and supplement only) compared to the placebo group, the levels of glucose,
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insulin, LDL-C, VCAM-1, ICAM1, CRP, and homocysteine significantly decreased, and
HDL-C significantly increased (P<0.05).

Conclusion: The results of this study showed that grape seed supplementation alone, in
addition to the exercise-based interventions, decreased levels of glucose, insulin, ICAMI,
VCAMI, homocysteine, CRP, and LDL-C, while increasing HDL-C in women with type 2
diabetes. The improvement in blood glucose and insulin levels aligns with previous studies
suggesting an increase in glucose transporters. The reduction in glucose following grape seed
extract consumption is also in accordance with past findings, which state that some of its
derivatives reduce lipid oxidative damage in the liver, brain, and digestive tract (17).
Furthermore, this extract appears to positively affect hyperglycemia and insulin levels due to
its antioxidant properties and ingredients that influence insulin secretion, a theory confirmed
by other research (21, 22).

Our study also showed that consuming grape seed extract alone decreased ICAMI1 and
VCAMI levels. Grape seed extract is known to increase the body's antioxidant defense, largely
due to the flavonoid delphinidin (23). The observed decrease in ICAM1 and VCAMI1 levels
following 4 weeks of exercise training is also consistent with the results of Silva et al. (2015),
Atshak et al. (2021), and Zhao et al. It is possible that the antioxidant effects of aerobic exercise
served as a mechanism for reducing VCAMI and ICAMI in these patients (27).

Other indicators measured, homocysteine and CRP, decreased in all three intervention groups,
with the most significant reduction in the combined exercise-supplement group. A primary
reason for the homocysteine reduction is likely the increase in antioxidant enzymes and
immune function after supplementation. This is because proanthocyanidin, a component of
grape seed extract, is a strong antioxidant compound with protective flavonoid properties (32).
The effect of sports activity on these indicators is in line with studies by Tan et al. (2021) and
Olivera et al. (2021) (15, 33). LDL-C and HDL-C levels also improved, with a significant
decrease in LDL-C and a significant increase in HDL-C in all three intervention groups. The
consumption of grape seed extract reduced LDL-C compared to the placebo group, which
aligns with the study of Sano et al. (2007) (40). These changes may be because
proanthocyanidin accumulates in blood vessel walls, binds to active oxygen, and prevents
LDL-C oxidation.

Regarding the significant increase in HDL-C, it is noteworthy that while high-intensity
exercise is often cited for this effect, the moderate-intensity protocol used here was also
effective for women with type 2 diabetes. This suggests that other factors—such as subject
weight, physical fitness level, gender, and exercise protocol duration—are also important.
Study limitations include the lack of measurement of other variables related to cardiovascular
function and no control over the subjects' nutrition and sleep. According to the research
findings, 4 weeks of aerobic training and grape seed supplementation, alone or combined, can
be effective non-pharmacological strategies for improving the physical condition of obese
women with type 2 diabetes, although exercising while taking the supplement is more
effective.
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