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Abstract

Background and Aim: Type 2 diabetes, a common metabolic disorder, is rapidly increasing in prevalence,
particularly in developing countries. Lifestyle modifications, including regular physical activity, play a pivotal
role in disease management. This study aimed to investigate the effect of a 12-week Pilates training program on
serum furin levels (a marker associated with endoplasmic reticulum stress and inflammation) as well as body
composition indices in women with type 2 diabetes.

Methods: In this quasi-experimental study, 30 women with type 2 diabetes (aged 3555 years) who were not
engaged in regular physical activity were recruited from the Najafabad Diabetes Association. Participants were
randomly assigned to either the exercise group (n = 15) or the control group (n = 15). The exercise group followed
a progressive Pilates protocol for 12 weeks, three sessions per week, 50 minutes per session, while the control
group continued their usual daily activities. Blood samples were collected before and after the intervention to
assess serum furin levels using ELISA, and body composition indices (weight and BMI) were measured. Data
were analyzed using paired t-tests in SPSS.

Results: After 12 weeks, the exercise group showed significant reductions compared with the control group
in weight (mean decrease: 2.13 kg, p = 0.04), BMI (mean decrease: 1.19 kg/m?, p = 0.049), fasting blood glucose
(mean decrease: 12.3 mmol/L, p = 0.04), and serum furin (mean decrease: 6.6 mg/L, p = 0.001). No significant
changes were observed in the control group (p > 0.05).

Conclusion: These findings suggest that Pilates training may reduce serum furin levels and improve body
composition, supporting its role as a complementary non-pharmacological intervention alongside conventional
treatments for the management of type 2 diabetes in women.

Keywords: Pilates; Furin; Body Mass Index; Type 2 diabetes

Copyright© 2025. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and
build upon the material) under the Attribution-NonCommercial terms. Downloaded from: http://feyz.kaums.ac.ir/



OhSen o s3] L & base [ YYY

Extended Abstract

Background and Objective

Given the physiological characteristics of
patients with type 2 diabetes, including chronic
systemic inflammation, increased production of
reactive oxygen species and oxidative stress,
disruption of metabolic pathways such as
insulin resistance, and imbalance in the
secretion and function of related hormones, the
need for effective and less-complicated
therapeutic interventions is increasingly felt.
These conditions create a vicious cycle
affecting inflammatory responses and cellular
function that accelerates the progression of the
disease and the occurrence of chronic
complications. In this context, regular and
targeted exercise training has the potential to
improve metabolic control and reducing
diabetes  complications by  modulating
inflammatory responses and reducing oxidative
stress. Pilates can help reduce oxidative stress,
better regulate the autonomic nervous system,
and reduce chronic inflammation, factors that
play an important role in the pathophysiology
of diabetes. Research has shown that Pilates
may improve hormonal balance, reduce
cortisol, and improve sleep quality, which can
contribute to controlling blood sugar and
reducing insulin resistance. Furin, a key
endopeptidase involved in processing proteins
associated with inflammation and insulin
resistance, has also been proposed as a potential
target in studies related to diabetes. Given the
complexity of the mechanisms through which
Pilates affects biochemical pathways related to
furin and inflammation, this study can
contribute to a deeper understanding of these
relationships and provide new scientific
evidence for the use of Pilates as an exercise
intervention in  diabetes  management.
Therefore, the aim of the present study was to
investigate the effect of 12 weeks of Pilates
training on serum furin levels and body mass
index in women with type 2 diabetes.

Methods

The present study is a semi-experimental
study and was conducted in 1403. The
statistical population of the present study
included women aged 35-55 with type 2
diabetes who referred to the Najafabad Diabetes
Association and had a medical record in this
medical center. They also had the necessary
physical conditions to perform physical
activity. The subjects were informed through an
announcement in the diabetes association of the
city, and from all women with type 2 diabetes,
30 eligible subjects (with the characteristics of
fasting blood sugar equal to or greater than 126
mg, no insulin injection by reviewing the
existing patient records in the diabetes
association, at least one year after the disease,
and no regular exercise) were selected and
randomly (based on a random number table)
assigned to two experimental and control
groups. The experimental group performed
Pilates exercises progressively from the
introductory level to level one for 12 weeks,
under the supervision of an exercise
physiologist and Pilates instructor, in three
training sessions per week, each session lasting
50 minutes. Each session consisted of three
parts: 1) Warm-up (10 minutes) including two
repetitions of breathing movements, release,
lying on the back, hand rotation, pelvic release,
shoulder separation, head and shoulder lift,
standing cat movement, sole rotation, and leg
rotation. 2) The main part (35 minutes)
consisting of Swedish or complete vertebra-to-
vertebral swimming exercises, first- and full-
stage star, dart with rotation from the waist, side
bend, two-leg extension with toe (frog), single-
leg extension, and single-leg extension with
upper body twist. 3) Cool-down (5 minutes)
including stretching and breathing movements.
Descriptive statistics including tables, graphs,
mean and standard deviation were used in this
study. All data were analyzed using the
Shapiro-Wilk test and their normality was
confirmed (P > 0.0). Then, paired t-test was
used to examine the changes between pre-test
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and post-test. All analyses were performed
using SPSS software (version 25). A P value of
less than 0.05 was considered significant.

Results

To examine the difference in mean serum
furin levels before and after 12 weeks of Pilates
training in the training group, we used a paired
t-test. The t-value was 14.164 with a
significance level of P=0.001, indicating a
statistically significant difference. Therefore,
there was a difference in serum furin levels
before and after Pilates training. Thus, 12
weeks of Pilates training reduced serum furin
levels in women with type 2 diabetes. No
significant change was observed in the control
group. Additionally, the training group had a
lower furin level in the post-test compared to
the control group (P=0.001). The results of the
ANCOVA test showed that in terms of furin
levels, controlling for the pre-test effect, there
was a significant difference between the
training and control groups in the post-test
(F(1,52)=15.82, P=0.001, n?=0.22). Pilates
training led to a significant decrease in serum
furin levels in women with type 2 diabetes. The
results of the ANCOVA test also showed that,
controlling for the pre-test effect, there was a
significant difference between the training and

control groups in the post-test BMI
(F(1,52)=6.30, P=0.015, n*>=0.11). Therefore,
Pilates training led to a significant decrease in
BMI in women with type 2 diabetes.

Conclusion

The present study indicates that a 12-week
Pilates training course can effectively reduce
serum furin levels in women with type 2
diabetes and is also associated with a decrease
in fasting blood sugar. These findings indicate
the multidimensional effects of Pilates training
on inflammatory and metabolic pathways,
achieved through the reduction of visceral fat
mass, inhibition of NF-xB and JAK/STAT
increased  GLUT-4-dependent
glucose uptake, and improved body
composition. Given its low-impact nature, high
safety, and feasibility in a home environment,
Pilates can be recommended as an effective
non-pharmacological ~ method  for  the
management of type 2 diabetes and for
improving the quality of life in patients.
However, future studies with more diverse
samples, strict dietary control, and long-term

pathways,

assessment of other inflammatory markers are
needed to enhance understanding and improve

the generalizability of these results.
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