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Background: Diabetes is one of the five leading causes of death worldwide,
with its prevalence steadily rising. Cardiovascular disease (CVD) is the
primary cause of mortality among individuals with diabetes. Exercise
interventions, including yoga, are recognized for their potential in the
treatment, management, and prevention of metabolic syndrome, type 2
diabetes, and their associated complications

Aim: This study aimed to assess the effects of 24 yoga sessions over eight
weeks at two different intensities on coronary artery disease risk and
thrombosis indices in women with type 2 diabetes.

Materials and Methods: A total of 30 sedentary women with type 2 diabetes
(mean age: 55.83 + 6.58 years, BMI: 27.61 = 4.57 (kg/m2)) were randomly
assigned to one of three groups: Hatha yoga, yoga with an ultimate fitness
approach, and control group. The two intervention groups performed yoga
sessions for one hour, three times a week, over eight weeks. Anthropometric
variables, body composition, coronary artery risk (Framingham index),
glycemic indices, lipid profiles, and D-dimer levels were measured pre- and
post-intervention. Data analysis was done using statistical software SPSS
(version 26). Data were analyzed using covariance analysis (ANCOVA)
Results: The yoga group with the ultimate fitness approach demonstrated a
significant reduction in both the Framingham index and D-dimer levels
compared to the control group (p < 0.005). The Hatha yoga group also showed
a significant reduction in D-dimer levels (p < 0.005) but did not exhibit
significant changes in the Framingham index compared to the control group.
Conclusion An eight-week yoga intervention at two different intensities
demonstrated a reduction in the risk of coronary artery disease and thrombosis
indices in women with type 2 diabetes. Moreover, the ultimate fitness yoga
approach demonstrated superior improvements in cardiovascular risk
indicators compared to both a control group and a Hatha yoga intervention.
Keywords: yoga; D-dimer; Framingham index; Diabetes mellitus, type 2;
Cardiovascular disease
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1. Introduction

Type 2 diabetes is a prevalent metabolic disorder
worldwide, characterized by impaired glucose
metabolism (1, 2). According to the International
Diabetes Federation (IDF), the global prevalence
of diabetes among individuals aged 2079 years
was 10.5% (536.6 million people) in 2021, with
projections estimating an increase to 12.2%
(783.2 million people) by 2045. The prevalence
is similar between men and women and is higher
in urban (12.1%) than rural areas (3.8%) and in
high-income (11.1%) compared to low-income
countries (5.5%). Middle-income countries are
expected to experience the greatest relative
increase in diabetes prevalence between 2021 and
2045 (1.21 times), followed by high-income
(2.21 times) and low-income countries (9.11
times) (3). Diabetes is associated with chronic
hyperglycemia and metabolic dysregulation,
resulting in complications such as hypertension,
dyslipidemia, coagulation abnormalities,
nephropathy, retinopathy, neuropathy, and
cardiovascular diseases (CVD) (4). Individuals
with type 2 diabetes are particularly prone to
macrovascular complications, including
atherosclerosis-related conditions such as stroke
and heart disease, with a two- to fourfold
increased risk of CVD mortality (5). Insulin
resistance exacerbates arterial atherosclerosis,
contributing to hypertension and elevated risks of
stroke, myocardial infarction, and vascular
damage (6, 7). The progression of atherosclerosis
occurs in two stages: an initial gradual stage

characterized by plaque formation and vessel
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narrowing, and a later acute stage involving
plague rupture, thrombus formation, and
ischemic events (8). Risk factors in the first stage,
known as “atherogenic factors,” include elevated
cholesterol and low HDL levels, while factors in
the second stage, termed “thrombogenic factors,”
include increased blood coagulability (9).
Additionally, hyperglycemia-induced osmotic
diuresis and  dehydration raise  blood
concentration, leading to hyperosmolarity and
increased thrombosis risk. If left untreated, this
can result in severe complications or death (10).
Diabetes mellitus significantly elevates the risk of
thrombosis through a multifaceted
pathophysiology. ~ Chronic  hyperglycemia
induces endothelial dysfunction, characterized by
reduced nitric oxide production and increased
endothelin-1 and adhesion molecule expression,
fostering a prothrombotic environment. Platelets
in diabetic individuals exhibit heightened
activation and adhesion, coupled with increased
thromboxane A2 production. Furthermore,
coagulation is enhanced by elevated levels of
fibrinogen and Factor VII activity, while
fibrinolysis is impaired due to increased
plasminogen activator inhibitor-1 (PAI-1). This
combination of endothelial damage, platelet
hyperactivity, coagulation abnormalities, and
impaired fibrinolysis collectively promotes a
procoagulant state, markedly increasing the
propensity for arterial and venous thrombotic
events in the diabetic population (7, 9, 11). D-
dimer, a fibrin degradation product, is a critical

biomarker for detecting thrombotic events.
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Elevated D-dimer levels indicate increased fibrin
turnover and are linked to conditions such as
venous and arterial thrombosis, pulmonary
embolism, disseminated intravascular
coagulation, and systemic diseases like diabetes
and chronic inflammation (11). The D-dimer test
is a standard diagnostic tool for blood clots,
including those in the coronary arteries
responsible for myocardial infarction (12).
Cardiovascular risk factors, extensively studied
in the Framingham Heart Study since 1948,
identify modifiable contributors such as
dyslipidemia, hypertension, smoking, and
diabetes, along with secondary factors like
physical inactivity, obesity, and psychological
stress (13). Notably, exercise training has shown
promise in improving cardiac function and
mitigating pathological cardiac remodeling in
heart failure patients (14). Similar benefits have
been observed in experimental models of
myocardial infarction and diabetes (14-16).
Yoga, an ancient mind-body practice originating
in India, has gained global popularity for
managing diabetes, hypertension, and insulin
resistance (17). Its accessibility, safety, and
suitability for individuals of all ages and abilities
make it an appealing intervention. Research
indicates that yoga improves lipid profiles, blood
glucose levels, insulin  resistance, and
cardiovascular risk factors such as body
composition, inflammation, and oxidative stress
(18, 19). Additionally, yoga enhances autonomic
regulation and parasympathetic function, further

supporting cardiovascular health (20, 21).Given
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yoga's low cost, minimal equipment
requirements, and wide applicability, it offers a
practical, side-effect-free intervention with
substantial psychological and physiological
benefits (22). On the other hand theoretical basis
for examining varying intensities stems from the
understanding that exercise intensity can
differentially impact physiological responses,
including metabolic and hemodynamic changes
that may influence coagulation. It is hypothesized
that a higher intensity yoga practice may elicit a
more pronounced effect on mitigating the pro-
thrombotic state associated with type 2 diabetes,
offering a more potent intervention compared to
a lower intensity or control condition (7, 14).
According to the studies mentioned, no study has
yet investigated the effect of eight weeks of yoga
training at two different intensities on the risk of
coronary artery disease and thrombosis indices in
women with type 2 diabetes. The aim of this
study was to evaluate the effect of eight weeks of
Hatha Yoga and Ultimate Fitness Yoga practice
on coronary artery disease and thrombosis risk

indices in women with type 2 diabetes.

2. Methods and Materials
2.1. Study Design

This quasi-experimental study employed a pre-
test and post-test design conducted in both field
and laboratory settings. The participants were
selected from a population of women with type 2
diabetes in Tabriz, Iran, aged 45 to 65 years,

following a public call for participation in the city
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and through online platforms. The study was
approved by the Ethics Committee at the
Research Center of Tabriz University and
conducted accordingly.  Participants  who
expressed willingness to participate were briefed
about the study’s objectives, and informed
consent was obtained. Demographic information
was collected through questionnaires, and all
volunteers underwent medical examinations to
rule out cardiorespiratory or other untreated

conditions.

2.2. Participant Selection

Thirty eligible women were selected based on
inclusion criteria: non-menopausal status, no
history of chronic disease or medication use, and
no prior exercise experience in the past year.
Participants were randomly divided into three
groups: (1) control group (n=10), (2) yoga with
an ultimate fitness approach (n=10), and (3)
Hatha yoga (n=10). An introductory session was
held one week before the intervention to

familiarize participants with the exercises.

2.3. Anthropometric and Physiological

Assessments

Height was measured to the nearest 0.1 cm using
a stadiometer (Saka, Germany) while participants
stood barefoot. Body composition, including fat
percentage and fat-free mass, was assessed using
the bioelectrical impedance method (InBody
270). Measurements were performed pre- and
post-intervention under standardized conditions:

no exercise 12 hours prior, fasting for four hours,
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no diuretic or medication use for seven days, and
urination 30 minutes before testing. Blood
pressure was measured three times with two-
minute intervals using a standard mercury
sphygmomanometer, and the average of the final
two readings was recorded. Coronary heart
disease (CHD) risk was assessed using the
Framingham Heart Study table, which considers
factors such as age, total cholesterol, HDL-C,
systolic blood pressure, and smoking status.

2.4.Blood Sampling and Biochemical Analysis

Fasting blood samples were collected from the
elbow vein 24 hours before and 48 hours after the
intervention. Standard protocols were followed to
minimize  bruising and discomfort, and
instructions on post-sampling care were
provided. Blood samples were centrifuged (3000
rpm for 10 minutes), and Serum samples were
used to analyses the lipid profile of the
participants, including the quantification of total
cholesterol, LDL-C and HDL-C cholesterol, and
triglycerides using colored enzymatic methods
with commercial kits (Cholesterol CHOD-PAP
and Triglycerides GPO-PAP; Pars-Azmoneg, IRI)
on an automatic analyzer (Abbott, model Alcyon
300-USA). FBS concentration was measured by
the enzymatic methods using an Abbot Model
Aclyon 300, USA auto analyzer with kits from
Pars-Azmone (Tehran, Iran). Glycosylated
hemoglobin (HbA1c) was determined in whole
blood using an automated high performance

liquid chromatography analyzer with
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commercially Bio-Rad D-10 Laboratories,

Schilti-gheim, France kit

2.5.Exercise Protocol

The two intervention groups participated in yoga
sessions three times a week for eight weeks, with
each session lasting one hour. The chosen
practice sequence, The chosen practice sequence,
‘Surya Namaskar,” included 19 asanas:
Namaskarasana, Urdhvanamaskarasana, Hastapa
dasana, Ekapadaprasaranasana, Dvipadaprasaran
asana, Bhudharasana, Sashtangapranipatasana,
Bhujangasana, Shashankasana, Ekapadaprasaran
asana, Hastapadasana, and Namaskarasana.
Within this sequence, exercises progressed from
moderate to high intensity following the principle
of overload. The key distinction between the
Hatha Yoga group and the Ultimate Fitness Yoga
group lay in the intensity and duration of the
postures, as well as the transition speed between
asanas. Though high intensity exercise may raise
the risks of ischemia or hypoglycemia for women
with diabetes, the pre-participation medical
evaluation, health monitoring and glucose
measurement, and the presence of trained yoga
instructors diminished the possibility of adverse
side effects (23).

Hatha Yoga Group: Exercises were performed
at 65-75% of maximum heart rate (HRmax),
starting at 65% and increasing gradually to 75%.
Intensity was adjusted every two weeks, with
repetitions progressing from 8 to 16 per session
(23).

E-ISSN: 2717-2422

Ultimate Fitness Yoga Group: Exercises were
performed at 80-95% of HRmax, beginning at
80% and progressively reaching 95%. Intensity
increased by 10% every two weeks, with
repetitions also progressing from 8 to 16 per
session (24).

Heart rate was monitored using Polar heart rate
monitors, and exercise intensity was calculated
using the Karvonen method. Energy expenditure
during sessions was estimated using the
following formula (25, 26):

Target Heart Rate = [(max HR — resting HR)
x %lntensity] + resting HR

Female: (age x 0.074) - (weight x 0.05741) +
(heart rate x 0.4472) - 20.4022)] x time / 4.184

2.6. Statistical Analysis

Descriptive statistics were used to summarize
data, and normality was assessed using the
Kolmogorov-Smirnov test. Homogeneity of
variance was tested using Levene's test.
Parametric covariance analysis (ANCOVA) was
performed to evaluate group differences using
SPSS software (version 26) at a significance level
of p<0.05. Graphs were created in Graph Pad
prism -10

3. Results

In this study, a total of 30 participants were
selected as the statistical sample and randomly
divided into three experimental groups. Table 1
presents the descriptive statistics for these groups
as mean = standard deviation. The normality of

the data distribution was assessed using the
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Kolmogorov-Smirnov (K-S) test at a significance
level of P < 0.05, with the results provided
separately for each group in Table 2. Figure 2
illustrates the difference between the means of
the variables in the pre-test and post-test among
the three groups, displayed as a bar graph. As
detailed in Table 1, the personal characteristics of
the subjects in each group are as follows: The
three experimental groups consisted of 10
middle-aged women with an average age of 55.83
+ 6.58 years, height of 160.16 + 4.37 cm, weight
of 71.68 £ 12.96 kg, and a body mass index of
27.61 £ 457 kg/m2. These subjects presented
with glycosylated hemoglobin levels above 6.5
and fasting blood sugar levels above 137.7,
indicative of type 2 diabetes. Analysis of
Covariance (ANCOVA) revealed significant
group effects on both Framingham risk scores
(F(2, 18) = 3.736, p = 0.044, > = 0.293) and D-
dimer levels (F(2, 18) = 9.841, p < 0.001, n?* =
0.522), indicating that group membership
significantly  influenced these  outcomes,
accounting for 29.3% and 52.2% of the variance,
respectively. Pre-test Framingham scores were
also a significant predictor of post-test scores
(F(1, 18) =24.691, p < 0.001, n? = 0.578), while
pre-test D-dimer levels were not (F(1, 18) =
0.041, p = 0.841, n? = 0.002). According to the
results of the analysis of covariance for the
Framingham variable, the pre-test effect is

significant. The Framingham mean in the Hatha
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Yoga group did not decrease significantly
compared to the control group (P < 0.05). The
Framingham mean in the yoga group with the
ultimate fitness approach decreased significantly
compared to the control group (P < 0.05). The
Framingham mean in the Hatha Yoga group did
not decrease significantly compared to the Hatha
Yoga group (P < 0.05). These findings suggest
that practicing yoga with the ultimate fitness
approach has a positive effect on reducing
Framingham risk scores in women with type 2
diabetes. Similarly, the results of the analysis of
covariance (ANCOVA) for the D-dimer variable
indicated that the pre-test effect is not significant.
The mean D-dimer level in the Hatha Yoga group
did not decrease significantly compared to the
control group (P <0.05). The mean D-dimer level
in the yoga group with the ultimate fitness
approach decreased significantly compared to the
control group (P <0.05). The mean D-dimer level
in the Hatha Yoga group did not decrease
significantly compared to the Hatha Yoga group
(P < 0.05). These results suggest that practicing
yoga with the ultimate fitness approach has a
positive effect on reducing D-dimer levels in
women with type 2 diabetes. While statistically
significant, the clinical relevance of these
changes necessitates careful interpretation,
considering  established  thresholds  for
meaningful change and further analysis to

determine their impact on clinical outcomes.
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Table 1: Descriptive information of subjects and variables (standard deviation + mean)

Groups Individual Hatha Yoga Yoga with Ultimate Control p-value
Characteristics Approach
Age (years) 51.85 + 3.89 55.83 + 6.58 56.11 +5.44 0.984
Height (cm) 160.92 + 6.24 160.16 + 4.37 152.16 + 1.57 0.916
Weight (kg) Pre-test 73.6 +8.49 71.68 +12.96 66.90 + 8.60 0.768
Post-test 71.6 £8.15 71.03 £12.04 66.90 + 8.60 0.917
BMI Pre-test 28.41+4.48 27.95+4.38 28.86 +3.71 0.973
Post-test 27.75+4.42 27.61 £4.57 28.86 +3.71 0.931
Body Fat Pre-test 35.3+3.60 35.12+5.4 34.10 £0.40 0.924
Percentage Post-test 35.1+£3.7 35.6 £4.3 35.76 £1.35 0.894
FBS (mg/dL)  Pre-test 130.28 + 18.24 137.77 £ 35.2 122.33+10.74 0.533
Post-test 111.28 +13.32 105.11 +15.1 122.33+14.8 0.464
AlC Pre-test 6.98 +0.81 7.3+1.12 7.4+0.23 0.507
(mmol/mol) Post-test 6.7 £0.89 6.22 £0.49 5.831 + 6.58 0.437

Table 2: Adjusted Mean Values + SE of the Research Variables in the Post-test, Considering the Pre-test

Values of Each Variable as Covariate

Tests Df Mean Squares F Significance Level Eta Squared
Framingham  Slope Line 2 0.065 0.023 0.977 -
Group Effect 2 9.435 3.736 0.044 -
Pre-test 1 62.358 24.691 0.000 0.578
Groups 2 9.435 3.736 0.044 0.293
Error 18 2.526 - - -
D-Dimer Slope Line 2 7982.2 1.072 0.205 -
Group Effect 3 25815.92 2.237 0.136 - "
Pre-test 1 85.630 0.041 0.041 0.002
Groups 2 20519.107 9.841 9.841 0.522
Error 18  2085.208 - - -
- Hatha
- Yoea with Ultimate Approach
- Control
* *
400- 1 20 J 1
*
= 2 154
£ E
= 2
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Figure 2. Performance Test Results (Mean + SD). A) D-Dimer; B) Framingham; * Significant difference
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with the control group at the 0.05 level
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4. Discussion

The results of the study showed that eight weeks
of yoga practice with two different intensities had
a positive effect on reducing the risk of coronary
artery disease in women with type 2 diabetes. It
seems that yoga practice with the ultimate fitness
approach had a positive effect on reducing the
Framingham index in women with type 2
diabetes, while Hatha yoga practice did not have
a positive effect on reducing the Framingham
index in women with type 2 diabetes. The results
obtained in this part of the study were consistent
with the findings of Kim-Innes et al. (2017). In a
review study of the effectiveness of a short-term
yoga-based lifestyle intervention program in
reducing the Framingham risk score and 10-year
cardiovascular risk estimate, 554 people were
screened, and 386 people (252 women) were
included in the analysis. They concluded that the
yoga-based lifestyle intervention program
significantly reduced cardiovascular risk, as
shown by reductions in the Framingham score
and 10-year cardiovascular risk estimate. It was
also shown that yoga was beneficial in reducing
various cardiovascular risk factors, including
blood pressure, body mass index (BMI), lipid
profile, and blood sugar, and that yoga practice
improves cardiovascular health (27). In patients
with diabetes, regular physical exercise combined
with dietary modification has been shown to
reduce BMI, increase high-density lipoprotein
(HDL) levels, reduce triglyceride (TG) levels,

and normalize blood pressure. During exercise,
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glucose transport into skeletal muscle is mediated
by glucose transport proteins, particularly
glucose transporter 4 (GLUT4), whose activity is
influenced by contraction and insulin (28).
Insulin activates the translocation of GLUT4
from the deep to the cell surface through complex
signaling cascades, while muscle contraction
activates AMP-activated protein kinase (AMPK)
to translocate GLUTA4. Insulin-stimulated
GLUT4 translocation is generally impaired in
individuals with type 2 diabetes. Both aerobic and
resistance training increase GLUT4 expression
and glucose uptake, even in patients with type 2
diabetes, with blood glucose levels decreasing for
up to 16 hours post-exercise as signaling
pathways for glucose uptake are activated (29). It
is possible that high-intensity yoga training
increases fat consumption after exercise due to
energy requirements for returning H+ ions,
resynthesizing glycogen, and increases in
epinephrine, growth hormone, and energy
demands (30). Yoga training patterns may also
improve blood lipid concentrations, manifested
as increases in HDL and HDL/TC and decreases
in TG levels (31). This could result from
increased mitochondrial number and size,
elevated aerobic energy system enzyme activity,
enhanced fat oxidation, and oxidation-facilitating
enzymes (32). Additionally, performing yoga
exercises with maximum readiness may lead to
adaptations such as increased muscle oxidative
capacity (e.g., capillary density), total
hemoglobin levels, reduced glycolysis, enhanced

end-diastolic volume, and stroke volume (33).
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These changes are further supported by increases
in arterial-venous oxygen difference, Krebs cycle
enzyme activity, and electron transport.
Cholesterol  and insulin  resistance—key
contributors to high blood pressure—are
mitigated through yoga practice, resulting in
lower blood pressure (34). Yoga's ability to
improve  parasympathetic ~ function  also
contributes to beneficial changes in lipid profile,
reductions in cholesterol, blood pressure, and
blood sugar, and decreases in insulin resistance
(35). These combined factors can lead to
reductions in the Framingham risk score and the
likelihood of coronary artery disease. However,
these results differ from those of Ghanadzadeh et
al. (1400). In their study on the effects of
continuous and intermittent exercise on fatty liver
markers in women with type 2 diabetes, 30
participants performed intermittent exercise for 8
weeks, three sessions per week. While both
exercise types significantly reduced total fat
product indices and liver fat index, no significant
reduction was observed in the Framingham index
(10). This discrepancy may be attributed to
differences in exercise duration, intensity, type,
rest period, measurement techniques, grouping,
participant age, obesity level, diabetes history,
gender, or calorie intake (36). The results of the
study also showed that eight weeks of yoga
training with two different intensities positively
impacted thrombosis indices in type 2 diabetics.
It seems that yoga training with the ultimate
fitness approach reduced the thrombosis index in

women with type 2 diabetes, while Hatha yoga
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training did not. The findings of this part of the
study align with those of Alireza Khademi et al.
(1400), who investigated the effects of aerobic
and resistance training on coagulation factors
(PAI-1, fibrinogen, PT, PTT) and fibrinolysis
markers  (tPA, plasminogen, D-dimer) in
sedentary obese women. They concluded that
aerobic training had a better effect on key
fibrinolytic factors (e.g., tPA), while resistance
training better regulated coagulation variables
like fibrinogen (37). Malekian-Fini et al
investigated the effects of resistance training with
and without blood flow restriction on coagulation
indices and blood glucose levels in 41 type 2
diabetic patients. Their findings revealed that
eight weeks of resistance training reduced
fibrinogen levels, increased prothrombin time,
and improved blood glucose control, effectively
playing an insulin-like role. These results suggest
that resistance training may help prevent
thrombosis and the sudden onset of
cardiovascular diseases in individuals with type 2
diabetes (38). Oxidative stress, a common
condition in diabetes, results from an imbalance
between reactive oxygen species (ROS) and
antioxidants, leading to cellular damage (39). In
response, the antioxidant system activates
enzymatic (e.g., superoxide dismutase [SOD],
catalase [CAT], and glutathione peroxidase
[GPX]) and non-enzymatic antioxidants to
neutralize ROS. Among these, CAT—a crucial
iron-dependent enzyme—converts hydrogen
peroxide (H202) into water in cellular

peroxisomes, Yoga practice has been shown to
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reduce oxidative stress by increasing PGCla
expression, thereby enhancing the production of
both enzymatic and non-enzymatic antioxidants,
which scavenge free radicals and reduce ROS
levels (40, 41). Reduced oxidative stress from
yoga decreases leptin levels while increasing
adiponectin, leading to reduced systemic
inflammation (42). Consequently, the production
of inflammatory cytokines, including interleukin-
6 (IL-6) and tumor necrosis factor-alpha (TNF-
o), decreases, These cytokines influence the
production of C-reactive protein (CRP) and
fibrinogen in the liver, and their reduction lowers
thrombosis risk. Furthermore, lower IL-6 levels
increase plasminogen activator inhibitor-1 (PAI-
1), which regulates fibrinolytic enzymes like
tissue plasminogen activator (tPA). This cascade
reduces thrombosis and the formation of D-dimer
(43, 44). These findings are consistent with the
results of Malekian-Fini et al (38), but contrast
with Bijeh Nahid et al (45), who found no
significant changes in fibrinogen and D-dimer
levels after three months of aerobic exercise at
75-85% of maximum heart rate in middle-aged
men. Additionally, Pars et al. observed that
although eight weeks of aerobic training
improved body composition in overweight
middle-aged women, longer exercise durations
were needed to observe significant biochemical
changes (46, 47). These discrepancies may stem
from variations in exercise protocols, participant
characteristics (age, diabetes history, e.g), or

measurement methods.

E-ISSN: 2717-2422

Addressing the inherent limitations of this pilot
study is crucial for future research endeavors.
Firstly, recognizing the exclusive focus on female
participants and the potential for gender-specific
physiological responses, subsequent
investigations should incorporate both male and
female subjects. These studies should rigorously
examine the impact of varying yoga intensities on
lipid profiles, markers of oxidative stress, body
composition, and maximal oxygen uptake
(VO2max), with careful consideration of
potential confounding variables such as age,
BMI, dietary habits, and pre-existing
psychological ~ stress  levels. Secondly,
acknowledging the relatively short eight-week
intervention period, future research should
explore the longitudinal effects of extended yoga
interventions to fully elucidate the sustained
benefits on cardiovascular health and overall
well-being. Furthermore, given the established
associations between obesity, hypertension,
diabetes mellitus, and cardiovascular disease,
future studies should investigate the effects of
yoga on coronary artery disease risk and
thrombotic markers in individuals with these co-

morbidities.

5. Conclusion

The findings of the present study suggest that
eight weeks of yoga practice at two different
intensities effectively reduced the risk of
coronary artery disease and improved thrombosis

indices in women with type 2 diabetes.

66


https://portal.issn.org/resource/ISSN/2717-2422

Salahpour et al. | The effect of eight weeks of yoga training at two different intensities on the risk of coronary artery disease and...

Conflict of interest

The authors declared no conflicts of interest.
Authors' contributions

The study’s initial idea and design were a
collaborative effort by all authors. Mostafa
Khani, PhD, wrote the first draft of the
manuscript, performed the statistical analyses,
and prepared the final version of the paper. Saeed
Dabbagh Nikoukheslat, PhD, and Parvin
Dehghan, PhD, contributed to the conceptual
framework of the study. Sanaz Salahpour was
responsible for the implementation of the study
protocol, participant guidance, data acquisition,
and manuscript preparation.

Ethical considerations

This study was conducted in full compliance with
established ethical standards, encompassing
informed consent, measures to prevent
plagiarism, assurance against data fabrication or
misconduct, avoidance of duplicate publication,
and adherence to submission guidelines. The
study received ethical clearance from Tabriz
University (IR.TABRIZU.REC.1403.139).

Data availability

The dataset generated and analyzed during the
current study is available from the corresponding
author on reasonable request.

References

1. Ahmad E, Lim S, Lamptey R, Webb DR,
Davies MJ. Type 2 diabetes. The Lancet.
2022;400(10365):1803-20.  doi:  10.1016/S0140-
6736(22)01655-5.

2. Jokar M, Zarei F, Moghadam MS, Palavani
HA. Effect of 8-Week Endurance Training on the
Content of Mtor and SREBP1 Proteins in

Subcutaneous Fat Tissue in Obese Type 2 Diabetic
Male Sprague-Dawley Rats. Journal of Shahid

E-ISSN: 2717-2422

Sadoughi University of Medical Sciences. 2020. doi:
10.18502/ssu.v28i6.4154.

3. Alam S, Hasan MK, Neaz S, Hussain N,
Hossain MF, Rahman T. Diabetes Mellitus: insights
from epidemiology, biochemistry, risk factors,
diagnosis,  complications and  comprehensive
management. Diabetology. 2021;2(2):36-50. doi:
10.3390/diabetology2020004.

4. Vakili J, Gir SG, Khani M, Alamdari KA.
The effect of Eight Weeks High-Intensity Interval
Training (HIIT) on the Expression of miRNA-21 and
miRNA-1 in Diabetic Male Rats. Research in
Medicine: Journal of Research in Medical Sciences.
2022;46(4).

5. Alijanzadeh M, Hashemipour S, Attaran F,
Saremi S, Modarresnia L, Ghafelehbashi H.
Auvailability and affordability of diabetes healthcare
services associated with the frequency of diabetes-
related complications. BMC Health Services
Research. 2024;24:1586. doi: 10.1186/s12913-024-
12065-x.

6. Khani M, Nikokheslat S, Nouri J, Vakili J.
The Effect of HIIT, Resistance, and Combined
Training on Obesity-Related Hormonal Factors in
Obese and Overweight Prediabetic Adolescents. 2024.
7. Papaetis GS, Sacharidou A, Michaelides IC,
Mikellidis KC, Karvounaris SA. Insulin resistance,
hyperinsulinemia and atherosclerosis: insights into
pathophysiological aspects and future therapeutic

prospects. Curr Cardiol Rev.
2025;21(1):E1573403X314035. doi:
10.2174/011573403X314035241006185109.

8. Al O, Ex F, Rimental P, Ical BME, len S.

Depression and Cardiovascular Disease: A Mutual
Relationship. Journal of Experimental and Basic
Medical Sciences. 2023;4(1):21-7.

9. Anabestani M,  Hosseini-Kakhk A,
Hamedinia M. Comparison of combined training with
and without vascular occlusion on selected physical
fitness components in postmenopausal women. Sport
physiology. 2014;6(21):123-36.

10. Orlowska D, Kaptan W, Ostanski J, Zalewa
K, Bartoszek L, Swidzinski R. Hyperosmolar
hyperglycemic syndrome: A comprehensive review of
clinical presentation, diagnosis, and treatment
strategies in hyperglycemic crises. Journal of
Education, Health and Sport. 2024;55:217-30. doi:
10.12775/JEHS.2024.55.014.

11. Thachil J, Favaloro EJ, Lippi G. D-dimers-
"Normal" Levels versus Elevated Levels Due to a
Range of Conditions, Including "D-dimeritis,"
Inflammation, Thromboembolism, Disseminated
Intravascular Coagulation, and COVID-19. Semin
Thromb Hemost. 2022. doi: 10.1055/s-0042-1748193.
12. Wauthier L, Favresse J, Hardy M, Douxfils J,
Le Gal G, Roy P. D-dimer testing: A narrative review.

67


https://portal.issn.org/resource/ISSN/2717-2422

Sport Sciences and Health Research | Vol. 18, No. 1

Advances in clinical chemistry. 2023;114:151-223.
doi: 10.1016/bs.acc.2023.02.006.

13. Abohelwa M, Kopel J, Shurmur S, Ansari
MM, Awasthi Y, Awasthi S. The framingham study
on cardiovascular disease risk and stress-defenses: A
historical review. Journal of Vascular Diseases.
2023;2(1):122-64. doi: 10.3390/jvd2010010.

14. Gao H, Li Z, Gan L, Chen X. The Role and
Potential Mechanisms of Rehabilitation Exercise
Improving Cardiac Remodeling. 2024.

15. Vakili J, Halal Khor F, Aghaei M. Effect of 4
weeks rock climbing with blood flow restriction on
athletic performance and some muscle damage
indictors in elite rock climbers. Metabolism and
Exercise. 2018;8(2):123-35.

16. Wan C, Ouyang J, Li M, Rengasamy KR, Liu
Z. Effects of green tea polyphenol extract and
epigallocatechin-3-O-gallate on diabetes mellitus and
diabetic complications: Recent advances. Critical
reviews in  food science and  nutrition.
2024,64(17):5719-47. doi:
10.1080/10408398.2022.2157372.

17. Bhardwaj P, Kaur N, Malik N, Singh G,
Pathania M. Yoga and mindfulness in the prevention
of metabolic diseases. Neuroscience of Yoga: Theory
and Practice: Part 11: Springer; 2024. p. 1-24.

18. Rezaeimanesh D. The effects of high
intensity interval training on fibrinolytic factors, D-
dimer, and fibrinogen in men with Type 2 diabetes.
Arch Pharma Pract. 2020.

19. Seyedizadeh SH, Cheragh-Birjandi S,
Hamedi Nia MR. The Effects of Combined Exercise
Training (Resistance-Aerobic) on Serum Kinesin and
Physical Function in Type 2 Diabetes Patients with
Diabetic  Peripheral  Neuropathy (Randomized
Controlled Trials). J Diabetes Res.
2020;2020:6978128. doi: 10.1155/2020/6978128.

20. Musto S, Hazard Vallerand A. Exploring the
uses of yoga nidra: An integrative review. Journal of
Nursing  Scholarship.  2023;55(6):1164-78. doi:
10.1111/jnu.12927.

21. Poongothai S, Vidyulatha A, Nisha T, Lalasa
M, Sundari BB, Karkuzhali K. Impact of yoga
intervention on physical and mental health of adults
with type 2 diabetes: Study design and methodology.
Journal of Diabetology. 2021;12(4):517-23. doi:
10.4103/jod.jod_88_21.

22. Innes KE, Selfe TK. Yoga for adults with
type 2 diabetes: a systematic review of controlled
trials. Journal of diabetes research.
2016;2016(1):6979370. doi: 10.1155/2016/6979370.
23. Kido S, Sato A, Nakajima Y, Murata M,
Miyasaka T, Yu W. Physiological effects of combined
breathing and physical training in middle-aged and
older adults. Journal of Physical Therapy Science.
2025;37(1):6-11. doi: 10.1589/jpts.37.6.

E-ISSN: 2717-2422

24, Matoméki P. Effects of a 10-week low and
high intensity training intervention on performance
abilities-with a special reference to durability 2024.
25. Navalta JW, Davis DW, Malek EM, Carrier
B, Bodell NG, Manning JW. Heart rate processing
algorithms and exercise duration on reliability and
validity decisions in biceps-worn Polar Verity Sense
and OH1  wearables.  Scientific  reports.
2023;13(1):11736. doi: 10.1038/s41598-023-38329-
w.

26. Yabe H, Kono K, Onoyama A, Kiyota A,
Moriyama Y, Okada K. Predicting a target exercise
heart rate that reflects the anaerobic threshold in
nonbeta-blocked hemodialysis patients: The Karvonen
and heart rate reserve formulas. Therapeutic Apheresis
and Dialysis. 2021;25(6):884-9. doi: 10.1111/1744-
9987.13628.

27. Sreedevi A, Unnikrishnan AG, Karimassery
SR, Deepak KS. The effect of yoga and peer support
interventions on the quality of life of women with
diabetes: Results of a randomized controlled trial.
Indian journal of endocrinology and metabolism.
2017;21(4):524-30. doi: 10.4103/ijem.1IJEM_28_17.
28. Sanllorente A, Lassale C, Soria-Florido MT,
Castafier O, Fit6 M, Hernéez A. Modification of high-
density lipoprotein functions by diet and other lifestyle
changes: a systematic review of randomized
controlled trials. Journal of Clinical Medicine.
2021;10(24):5897. doi: 10.3390/jcm10245897.

29. Stocks B, Zierath JR. Post-translational
modifications: the signals at the intersection of
exercise, glucose uptake, and insulin sensitivity.
Endocrine  reviews.  2022;43(4):654-77.  doi:
10.1210/endrev/bnab038.

30. Li HM, Liu CJ, Shen YH, Zhao L, Yin CQ,
Yu JG. High-intensity interval training vs. yoga in
improving binge eating and physical fitness in inactive
young females. Scientific Reports. 2024;14(1):22912.
doi: 10.1038/s41598-024-74395-4.

31. Naghavi N, Billes S, Vetter A, Moor M,
Searles ME, Hathaway N. P-56. Feasibility of a Novel
Wrist-Worn Thermal Device for Management of
Sleep-Disrupting Hot Flashes During Menopause.
Menopause. 2022;29(12).

32. Mateus FG, Moreira S, Martins AD, Oliveira
PF, Alves MG, Pereira M. L-carnitine and male
fertility: is supplementation beneficial? J Clin Med.
2023;12(18):5796. doi: 10.3390/jcm12185796.

33. Périard JD, Eijsvogels TM, Daanen HA.
Exercise under heat stress: thermoregulation,
hydration, performance implications, and mitigation
strategies. Physiol Rev. 2021;101(4):1873-979. doi:
10.1152/physrev.00038.2020.

34. Huda MN, Nafiujjaman M, Deaguero IG,
Okonkwo J, Hill ML, Kim T. Potential use of
exosomes as diagnostic biomarkers and in targeted

68


https://portal.issn.org/resource/ISSN/2717-2422

Salahpour et al. | The effect of eight weeks of yoga training at two different intensities on the risk of coronary artery disease and...

drug delivery: progress in clinical and preclinical
applications. ACS biomaterials science & engineering.
2021;7(6):2106-49. doi:
10.1021/acshiomaterials.1c00217.

35. Ghazvineh D, Daneshvar M, Basirat V,
Daneshzad E. The effect of yoga on the lipid profile: a
systematic review and meta-analysis of randomized
clinical trials. Frontiers in Nutrition. 2022;9:942702.
doi: 10.3389/fnut.2022.942702.

36. Xiao Q, Matthews CE, Playdon M, Bauer C.
The association between rest-activity rhythms and
glycemic markers: the US National Health and
Nutrition Examination Survey, 2011-2014. Sleep.
2022;45(2):zsab291. doi: 10.1093/sleep/zsab291.

37. Khademi, Tofighi, Azar T, Abad S, Heydar,
Habashi N. The effect of aerobic and resistance
training on some coagulation factors (PAI-1,
fibrinogen, PT, PTT) and fibrinolysis (tPA,
plasminogen, didimer) in sedentary obese women.
Journal of Sports Biosciences. 2021;13(1):39-57.

38. Finney M, Zad A, Salimian, Motafeker,
Andani M, Tabar F. The effect of two resistance
training methods with and without blood flow
restriction on coagulation indices and blood glucose
levels in type 2 diabetic patients. Journal of the Faculty
of Medicine, Mashhad University of Medical
Sciences. 2021;64(3).

39. Bhatti JS, Sehrawat A, Mishra J, Sidhu IS,
Navik U, Khullar N. Oxidative stress in the
pathophysiology of type 2 diabetes and related
complications: Current therapeutics strategies and
future perspectives. Free Radical Biology and
Medicine. 2022;184:114-34. doi:
10.1016/j.freeradbiomed.2022.03.019.

40. Jomova K, Alomar SY, Alwasel SH,
Nepovimova E, Kuca K, Valko M. Several lines of
antioxidant defense against oxidative  stress:
Antioxidant enzymes, nanomaterials with multiple
enzyme-mimicking activities, and low-molecular-
weight antioxidants. Arch Toxicol. 2024;98(5):1323-
67. doi: 10.1007/s00204-024-03696-4.

41. Lima JE, Moreira NC, Sakamoto-Hojo ET.
Mechanisms underlying the pathophysiology of type 2
diabetes: From risk factors to oxidative stress,
metabolic dysfunction, and hyperglycemia. Mutation
Research/Genetic Toxicology and Environmental
Mutagenesis. 2022;874:503437. doi:
10.1016/j.mrgentox.2021.503437.

42. Shimizu R, Suzuki H, Amitani M, Amitani H.
The Effects of Yoga on Key Adipocytokines in
Obesity: A Narrative Review of Leptin and

Adiponectin. Cureus. 2025;17(1). doi:
10.7759/cureus.76792.
43. Khoshnaw DM, Ghadge AA. Yoga as a

complementary therapy for metabolic syndrome: A

E-ISSN: 2717-2422

narrative review. Journal of integrative medicine.
2021;19(1):6-12. doi: 10.1016/j.joim.2020.09.002.
44, Tylutka A, Walas £, Zembron-Lacny A.
Level of IL-6, TNF, and IL-1B and age-related
diseases: A systematic review and meta-analysis.
Front Immunol. 2024;15:1330386. doi:
10.3389/fimmu.2024.1330386.

45, Hamedinia M, Khadem Al-Sharia M,
Khadem Al-Shari‘a M, Amiri Parsa T, Azarniveh MA,
Azarniveh MA. The effect of five-week daily and ten-
week alternate-day aerobic exercises on some
indicators of type 2 diabetes in women with the
disease. Daneshvar Pezki. 2012;20(2):71-8.

46. Shamsoddini A, Sobhani V, Chehreh MEG,
Alavian SM, Zaree A. Effect of aerobic and resistance
exercise training on liver enzymes and hepatic fat in
Iranian men with nonalcoholic fatty liver disease.
Hepatitis monthly. 2015;15(10). doi:
10.5812/hepatmon.31434.

47. Zaldua JCM, Hawkins K. The Effect of
Endurance Exercise and its Intensity in Middle-aged
Runners; Are they Thrombogenic. 2025.

69


https://portal.issn.org/resource/ISSN/2717-2422

