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Abstract: Background: Hypertension is a major risk factor for cardiovascular diseases such as stroke and coronary artery
disease as well as causes mortality. The Pilates method is a conditioning program in hypertensive patients of the body and
mind that is gaining in popularity and acceptance worldwide. Aim of Study: To determine the response of cortisol hormone
level and blood pressure after Pilates exercise in hypertensive post-menopausal women. Methods: Sixty women
participated in this study was selected from Belbies Central employees and outpatient clinic with age mean + SD values in
groups (A) and (B) were 52.83 =+ 3.89 and 53.37 + 3.66 yrs., respectively. All of them suffering from high blood pressure
stage 2(systolic 140 or higher and diastolic 90 or higher), they took medications (beta blockers - vasodilator — diuretics)
and postmenopausal form 1-5 years ago. The study design was pre-post study. Patients were assigned for 8weeks protocol
into two groups: Group (A) received Pilates training exercises (bent knee, shoulder bridge, side kick front, side kick back
and single leg circle), while Group (B) received only anti-hypertensive medications. Group (A) performed 5 types of
Pilates exercises per session for /3 sessions/ week/ 8 weeks. outcome measures were blood pressure (systolic and diastolic),
cortisol level, anticoagulant factors (prothrombin time (PT), partial prothrombin time (PTT)) and physical characteristic
(weight, body mass index (BMI), and waist hip ratio) were evaluated at the baseline and the end of the study. Results: Pre-
and post-treatment comparisons showed a statistically significant decrease of the measured variables in the group A
(cortisol level 17.73%, systolic blood pressure 3.70%, Diastole blood pressure 5.01 %, partial prothrombin time 7.38%,
where weight 2.92 %, Body mass index 2.98 %) and significant increase in prothrombin time 0.67 %. In group B cortisol
level 10.48%, significant decrease in diastole blood pressure 1.73%, no significant increase in (prothrombin time 0.25%,
Partial prothrombin time 0.28%, weight 0.64%, BMI 0.34%, waist hip ration 0.11%) as well as no significant decrease in
systolic blood pressure 0.75.

Conclusion: Pilates exercise program had a positive effect on reducing blood pressure, cortisol hormone, anticoagulant
factors (PT, PTT) and Physical characteristic (weight and BMI) in hypertensive postmenopausal women.

Key Words: Pilate’s exercises, Hypertension, Cortisol, Anticoagulant factors.

1 Introduction Hypertension is blood pressure elevations which are
associated with an increased risk of cardiovascular (CV)
disease in a linear fashion. Starting at a blood pressure of
115/75 mm Hg, every increase of 20 mm Hg in systolic
blood pressure (SBP) and/or increase of 10 mm Hg in
activity [1]. diastolic blood pressure (DBP) is associated with a

doubling of the risk of death from stroke, heart disease, or

The prevalence of most underlying diseases, especially
cardiovascular disease, and high blood pressure, is strongly
associated with immobilization and decreasing physical
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other vascular disease. Increases in SBP have the strongest
link with CV disease, though other blood pressure
components have been linked to CV disease as well,
including DBP, 2 pulse pressure, blood pressure variability,
and mean arterial blood pressure [2].

The prevalence of hypertension in women increases after
the average age of menopause [3]. By 60 to 69 years of age,
the prevalence of hypertension is higher in women than in
men. There is evidence that changes in estrogen \
androgen ratios favouring increases in androgens, lead to
activation of the RAS (Renin-angiotensin system), SNA
(Sympathetic nervous activity) and ET-1 systems
(Endothelin-1), increased vasoconstrictor eicosanoids, and
anxiety and depression. All of the aforementioned may be
important in the pathogenesis of postmenopausal
hypertension [4].

Cortisol, a steroid hormone, is synthesized from
cholesterol. It plays important roles during and after
exercise, including participating in gluconeogenesis and
accelerating the mobilization and use of fats for energy
production [5].

The activated partial thromboplastic time (APTT) is used
to measure the anticoagulant effect of unfractionated
heparin (UFH) and adjust the dose to maintain levels in the
target therapeutic range. The APTT reflects the ability of
the heparin anti thrombin complex to inhibit thrombin, and
other coagulation enzymes in the intrinsic coagulation
pathway. There are some advantages of the test including
its relative inexpensiveness, wide availability, simple
performance, and rapid results [6].

Pilates reduces the risk of heart diseases, prevents
osteoporosis, gives the body a good form and develops
balance, flexibility and strength [7]. When literature was
reviewed about effects of exercise on plasma lipids,
lipoproteins, blood pressure and heart rates, results were
indicated that moderate and low intensity exercise, if it is
performed adequate time period, causes decrease in body
weight and body fat ratio additionally decrease serum total
cholesterol level. Though Pilates is an exercise with lower
intensity compared to other aerobic and dance exercises,
the concentration, control, focus, flowing movement
rhythm, certainty of movement and breathing techniques
during positions play a very important role in a healthy
body [8].

Together Pilates and aerobic exercises are effective in
sedentary women with initially high total cholesterol,

triglyceride, and low-density lipoprotein levels. At end of
the cycles of 12 weeks Pilates and aerobic exercises, has a
positive effect of waist to hip ratio, blood pressure, and
heart beats in sedentary females. So Pilates and aerobic
exercises are recommended for decrease risk of heart and

vascular disease [9].

Pilates exercises are aiming to allow the practitioner to
move consciously without pain and fatigue, the method is
based on 6 principles [10]: (1) Breathing, (2) Control, (3)
Concentration, (4) Centring, (5) Precision, and (6) Fluidity
of movement. The exercises should be performed slowly
and smoothly, allowing the practitioner to achieve
flexibility and strength and requiring a great deal of
concentration, thus demanding high levels of body
awareness [11].

The previous studies applied to evaluate the effect of
Pilates exercise on hypertensive postmenopausal women
were limited. So, that this work focused on this relation.

Aim of the study: This study aimed to determine the
effect of Pilates exercises on cortisol hormone and blood
pressure in hypertensive postmenopausal women.

2 Patients and Method

The study was performed at Belbies Central Hospital
from May 2021 to August 2021.

Ethical consideration:

The study was approved from the Ethical Committee of
Faculty of Physical Therapy, Cairo University. All patients
were informed about the nature and purpose of the study,
what would occur during the treatment sessions with
extended opportunity to ask questions then signed an
informed consent. Ethical consideration number:
P.T.REC/012/003706

A-Inclusion Criteria:

Sixty women were enrolled in this study according to the
following criteria:

Their age ranged from 50 to 60 years old. They were
post-menopausal women at least for one year after last
menses with maximum period 5 years, their body mass
index ranged between (25 to 35 kg / m?). They were
hypertensive at stage 2 (systolic 140 or higher and diastolic
90 or higher), and took anti-hypertensive  medications
(beta blockers - vasodilator - diuretics).

B-Exclusion Criteria:
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Women who were under hormonal replacement therapy and
unstable cardiovascular conditions (those with a known
history of ischemic attacks, stroke, congestive heart failure,
currently on anticoagulant therapy), sever pulmonary
disease (with restrictive lung disease or with obstructive
lung disease), musculoskeletal disorders (diagnosed sever
osteoporosis or sever osteoarthritis) and BMI > 35.

Evaluation Equipment

The evaluation procedures were applied before the
beginning of the study and at the end of the 8 weeks for
each patient.

Weight and height scale: This scale was used for
measuring weight and height of each patient to calculate
body mass index (BMI) (Kg/m?) which was calculated
using the following formula: BMI= weight (kg)/ height
(m?) [12].

Sphygmomanometer: To measure systolic and diastolic
blood  pressure. It ~was standard  (mercury)
Sphygmomanometer.

Blood Analyzer to measure the cortisol level Model:
Mini Vidas, Bio Mierex, SN: IVD 520482 Made in Italy.

Blood Analyzer to measure (PT) and (APPT) Model:
KCl1 Delta, REF: G05000, SN: 16 G62926 Made in
Germany 2016

Treatment procedures

Group (A): consisted of thirty hypertensive
postmenopausal women received Stypes of Pilates exercises
3 sessions / week for 8 weeks and medication for
hypertension.

The Pilates training included:

e Mode of exercise: The Pilates training program
(The shoulder bridge, Bent-knee, Side kick front, Side kick
back, Single leg circle) [13]

e Duration of exercise: Each session includes three
phases: - Warming up (7-10) minutes warm up phase
in the form of (breathing, arm circles, hip rolls
exercises) - Pilates phase 40 minutes that consisted of
5 types of exercises (bent knee, shoulder bridge, side
kick front, side kick back, single leg circle) duration
of each one from 7-8 minutes. - Cool down (7-10)
minutes in the form of (neck stretch, knee stretch,
breathing exercises) In addition to their
antihypertensive medications as in group B.

e Frequency: Exercise training was done three times
per week for eight weeks.

Group (B): consist of thirty hypertensive postmenopausal
women received their medication Beta blockers:
Propranolol (Concor), Vasodilator: captopril (Capoten),
and Diuretics: Furosemide (Lasix) to control their blood
pressure without any type of exercise.

Statistical analysis:

Results are expressed as mean = standard deviation.
Analysis of covariance (ANCOVA) test was used to
compare the pre-treatment values of the two groups and on
the same time between post-treatment values on controlling
the effect of pre-treatment values. Statistical Package for
Social Sciences (SPSS) computer program (version 19
windows) was used for data analysis. Descriptive statistics
including the mean and standard deviation for physical
characteristic (weight, BMI), blood pressure (systolic and
diastolic). Paired t-test to compare between pre-treatment
and post-treatment within study group for blood pressure
(systolic and diastolic). Significant level: All statistical
analyses were significant at 0.05 level of probability
(p<0.05).

3 Results and Discussioni- Physical characteristic:

o Weight

Represented the weight values in group A. Mean values
between pre- and post-weight 91.23 £ 9.41 and 88.57 +
8.82, respectively, with improvement decrease percentage
2.92 %|. The statistical analysis by paired t-test revealed
that there was significant difference (t=7.220 p=0.001), as
shown in table 1.

While in group B mean values between pre- and post-
weight 94.28 + 8.18 and 93.68 + 8.94 respectively with no
significant increase 0.64 1. The statistical analysis by paired
t-test revealed that there was no significant difference (t=-
1.519 p=0.14) as shown in table 2.

e Body mass index (BMI)

Group A. mean values between pre- and post-BMI 34.90
+ 3.80 and 33.86 + 3.67 respectively, with improvement
percentage 2.98 %. And significant difference (t=7.139,
p=0.001) as shown in table 1.

While BMI values in group B mean values between pre-
and post-BMI 3591 + 2.21 and 35.79 + 2.29 respectively
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with no significant increase 0.34 %7 and no significant
difference (t=-0.749, p=0.46) as shown in table 2.

o Waist hip ratio: -

Group A. mean values were 0.919 + 0.031 and 0.916 +
0.035 respectively, with improvement percentage 0.33 %],
but there was no significant difference (t= 0.878 p> 0.05) as
shown in table 1.

While waist hip ratio values in group B were mean values
0.928 + 0.022 and 0.929 + 0.022 respectively with no
significant increase 0.11 1 There was no significant
difference (t=-0.384 p=0. 70) as shown in table 2.

2- Blood pressure: -
o Systolic blood pressure:

Group A. The mean values of pre- and post-systolic
blood pressure were 144.0 + 4.98 and 138.67 + 5.56,
respectively, with improvement percentage 3.70%, and
there was significant difference (t= 9.133, p=0.001) as
shown in table 1.

While systolic blood pressure values in group B mean
values 142.17 + 6.52 and 141.10 + 5.85 respectively with
no significant decrease 0.75 |. There was no significant
difference (t= 1.759, p=0. 08) as shown in table 2.

e Diastolic blood pressure:

Group A. The mean values of pre- and post-diastolic
blood pressure were 96.33 + 3.20 and 91.50 + 2.68,
respectively, with improvement percentage 5.01%. There
was significant difference (t=10.802, p=0.001) as shown in
table 1.

values 94.97 + 3.14 and 93.33 + 3.30 respectively with

significant decrease 1.73 |. And there was significant
difference (t= 2.522, p=0.017) as shown in table 2.

3-Cortisol.: -
Group A werel9.52 + 3.63 and 16.06 =+ 3.75,
respectively, with improvement decrease

percentagel17.73%-,. There was significant difference (t=
8.752, p=0.001) as shown in table 1.

While cortisol values in in group B mean values 19.56 +
2.88 and 21.61 =+ 3.60 respectively with significant increase
10.48 1 but there was significant difference (t=-3.870,
p=0.001) as shown in table 2.

4- Anticoagulant factors: -

o Prothrombin time (seconds)

Group A were 11.99 + 0.19 and 12.07 + 0.26,
respectively, with improvement percentage 0.67% 1. there
was significant difference (t=-2.424 p=0.022) as shown in
table 1.

While Prothrombin time values in in group B mean
values 11.96 + 0.24 and 11.99 + 0.28 respectively with no
significant increase 0.25 1. There was non-significant
difference (t=-0.728 p=0. 47) as shown in table 2.

e Partial prothrombin time (seconds)

Group A were 3294 + 2.81 and 30.51 + 2.59,
respectively, with improvement percentage 7.38 %]. There
was significant difference (t=9.790, p=0.001) as shown in
table 1.

While Partial prothrombin time values in in group B
mean values 32.24 + 3.13 and 32.33 + 3.10 respectively
with no significant increase 0.28 1. There was non-
sienificant difference (t=-1.140: p=0.26). shown in table 2.

Table (1) Pre and Post treatment outcome variables in group A:
Variables (mean £SD) MD Improvement | p-value
Pre-treatment post-treatment %
Weight 91.23+£9.41 88.57+8.82 2.66 2.92%) 0.001(S)
body mass index 34.90+3.80  33.86+3.67 1.04 2.98%| 0.001(S)
Waist hip ratio 0.919+0.031  0.916+0.035 0.003 0.33 %] 0.387(NS)
Systolic blood pressure 144.0+4.98  138.67+5.56 5.33 3.70%] 0.001(S)
Diastolic blood pressure 96.33+3.20  91.50+2.68 4.83 5.01%| 0.001(S)

While diastolic blood pressure values in group B mean
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Cortisol 19.52+3.63 16.06£3.75 3.46 17.73%] 0.001(S)
Prothrombin time 11.99+0.19 12.07+0.26 0.08 0.67%1 0.022(S)
Partial prothrombin time 32.94+2 81 30.51+2.59 2.43 7.38%)] 0.001(S)

Data are expressed as mean +standard deviation (SD), MD: Mean difference, p-value: probability value, (S):
significant (p<0.05), (NS): non-significant (p>0.05).

Table (2) Pre and Post treatment of all: outcome’s variables in group B:

Variables (mean £SD) MD Improvement p-value
Pre-treatment post-treatment %

Weight 93.68 + 8.94 94.28 £ 8.18 -0.60 0.64 1 0.14 (NS)

body mass index 35.79+2.29 3591+2.21 -0.12 0.34 1 0.46 (NS)

Waist hip ratio 0.928 +£0.022 0.929 +0.022 0.001 0.11 17 0.704(NS)

Systolic blood | 142.17+6.52  141.10+5.85 1.07 0.75 | 0.089(NS)

pressure

Diastolic blood | 94.97+3.14 93.33+3.30 1.64 1.73 | 0.017 (S)

pressure

Cortisol 19.56+£2.88 21.61 +3.60 -2.05 10.48 1 0.001 (S)

Prothrombin time 11.96 024 11.99+0.28 0.03 0251 0.472(NS)

Partial prothrombin | 32.24 £3.13 3233 +3.10 0.09 0.28 1 0.264(NS)

time

Data are expressed as mean =+standard deviation (SD), MD: Mean difference, p-value: probability value, (S):
significant (p<0.05), (NS): non-significant (p>0.05).
Table 3: Comparisons between all outcome’s variables in both group:

Variable Item Groups (Mean+ SD) F value P-value
Group A n=30 Group B
n=30
Systolic Blood Pre treatment 144.0 £4.98 142.17 £ 6.52 1.496 0.226 (NS)
Post treatment 138.67 £ 5.56 141.10 £ 5.85 23.307 0.001 (S)
pressure Mean difference 533 1.07
% Improvement 3.70 || 0.75 11
t value 9.133 1.759
p- Value 0.001 (S) 0.089 (NS)
Diastolic blood Pre treatment 96.33 +3.20 94,97 +3.14 2.794 0.100 (NS)
Post treatment 91.50 +£2.68 93.33 +£3.30 13.193 0.001 (S)
pressure Mean difference 4.83 1.64
% Improvement 5.01 1] 1.73 ]
t value 10.802 2.522
p-Value 0.001 (S) 0.017 (S)
© 2023 NSP
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Pre treatment 19.52 +3.63 19.56 +2.88 0.002 0.964 (NS)
Posttreatment 16.06 = 3.75 21.61 £3.60 72.254 0.001 (S)
Mean difference 3.46 -2.05

cortisol % Improvement 17.73 ] 10.48 11
t value 8.752 -3.870
P Value 0.001 (S) 0.001 (S)
Pre treatment 11.99 +£0.19 11.96 +£0.24 0.174 0.678 (NS)
Posttreatment 12.07 £ 0.26 11.99 +£0.28 1.616 0.209 (NS)
Mean difference 0.08 0.03

PT % Improvement 0.67 11 0.25 11
t value -2.424 -0.728
P Value 0.022 (S) 0.472 (NS)
Pre treatment 32.94 +£2.81 3224 +3.13 0.826 0.367 (NS)
Posttreatment 30.51 +£2.59 32.33+3.10 93.432 0.001 (S)
Mean difference 2.43 0.09

PTT % Improvement 73811 0.28 11
t value 9.790 -1.140
P Value 0.001 (S) 0.264 (NS)

Data are expressed as mean +standard deviation (SD), MD: Mean difference, p-value: probability value, (S): significant

(p<0.05), (NS): non-significant (p>0.05).

Table (3), showed a statistically significant difference
between the two groups in all the measured variables
(systolic blood pressure, diastolic blood pressure, cortisol
hormone, prothrombin time, Partial prothrombin time)
p<0.05 in favour of group A (study group) in post treatment
comparisons.

So, it could be concluded that Pilates exercises have a
statistically significant effect on blood pressure in
hypertensive post-menopausal women.

The findings of this study agreed with, Wang et al [14],
their study indicated that Pilates lead to a remarkable
decrease in body weight, BMI in adults with overweight or
obesity.

On another hand this study disagreed with de Souza
Cavina et al., [15] Who showed that the mat Pilates
method was not more effective than the traditional exercise
or control condition models for the analysed variables
(body mass index, lean mass, body fat percentage, and
abdominal circumference). Moreover, in the exploratory
analysis with older people, adults, and overweight/obese
individuals, the mat Pilates method was also not superior
for the analysed outcomes.

examining the effect of Pilates exercises on body
composition and flexibility of non-athlete women, they
concluded that Pilates exercises had a significant positive
effect on flexibility, and BMI but no significant effect on
waist hip ratio (WHR).

The results of this study coincided with Ebrahim et al.,
[17] who concluded that Pilates exercise program could
have a positive effect on reducing blood pressure in
hypertensive patients,

Same observation was noted with Abd ElI-Monim, et al
[18] who found that Pilates exercises were effective for
managing cardio metabolic risk factors in patients with type
2 diabetes. As there were highly significant differences,
lipid profile, blood pressure (systole and diastole) and
waist-hip ratio after treatment.

The study results matched with study by Reocha et al.
[19] that was designed to investigate the blood pressure
(BP) and heart rate variability (HRV) responses to a single
session of Pilates among adults with hypertension. It was
concluding that a single session of Pilates reduced BP by 5-
8mm Hg in adults with hypertension during the first 60
minutes of post-exercise recovery. Acute BP reduction was
concomitant to lowered cardiac parasympathetic activity.
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Those findings were promising for the use of Pilates as an
alternative exercise modality to lower BP.

In contrast to the results of this study, Batista, et al [20]
reported that Systolic blood pressure, diastolic blood
pressure, and mean blood pressure area under the curve
were significantly lower after both aerobic and resistance
exercises sessions but not after the Pilates session when
compared with the control session. Nitrite concentrations in
saliva were higher 60 min after the end of all exercise
sessions. Heart rate variability was higher after the
resistance exercise. Aerobic and resistance exercises were
capable of decreasing arterial blood pressure after acute
exercise.

The results are also coincided with Corazza et al [21],
who noted that chronic exercise modulates serum cortisol
level, but it is dependent on the type of exercise and
variables of the training process (volume, intensity,
duration, periodization). The study indicated that the
decrease of cortisol levels following the regular exercise
may be related to the inhibition of protein catabolism and
the promotion of protein aggregation by virtue of reducing
its degradation. The same was noted in the current study
results.

This study agrees with the findings of Khademi et al
[22], who showed that after 8 weeks of concurrent training
(a combination of both aerobic: moderate-intensity
continuous and resistance methods: Progressive Resistance
Exercise. with a free weight and machine weight)
prothrombin time (PT) significantly increased. These
changes can be attributed to the type, intensity, and
duration of concurrent training.

The results of this study in line with Sobhani et al.
[23]. They found that after exercise, the number of platelets
and fibrinogen level in the concurrent exercise decreased
significantly and prothrombin time (PT) in the high
intensity exercise the same intensity of Pilates (8-week
trainings, 3 times a week) in both exercises increased
significantly.

The results of this study were consistent with the findings
of Khademi et al [23], who showed the reduction of PTT
after 8weeks of training in their research. Their findings can
be attributed to intensity (60- 85% Max HR), duration, and
the resistive type of training. This decrease can indicate
faster blood clotting time, which is very important in
patients with cardiovascular disease (CVD).

4 Conclusions

It can be concluded that Pilates exercise program had a
positive effect on reducing blood pressure, cortisol
hormone and anticoagulant factors in hypertensive
postmenopausal women.

References

[1] P. Sharifan, A. Ziaee, S. Darroudi, M. Rezaie, M.
Safarian, S. Eslami, M. Khadem-Rezaiyan, M. Tayefi,
M. Mohammadi Bajgiran, H. Ghazizadeh, Z.
Khorasanchi, M. Bagherniya, MA. Sardar, G. Ferns, H.
Vatanparast, M. Ghayour Mobarhan, Effect of low-fat
dairy products fortified with 1500IU nano encapsulated
vitamin D3 on cardiometabolic indicators in adults with
abdominal obesity: a total blinded randomized
controlled trial, Curr Med Res Opin., 37(4):579-588
(2021). doi: 10.1080/03007995.2021.1874324.

[2] P.K. Whelton, RM. Carey, W.S. Aronow, D.E. Jr
Casey, K.J. Collins, C. Dennison Himmelfarb, S.M.
DePalma, S. Gidding, K.A. Jamerson, D.W. Jones, E.J.
MacLaughlin, P. Muntner, B. Ovbiagele, S.C. Jr Smith,
C.C. Spencer, R.S. Stafford, S.J. Taler, R.J. Thomas,
K.A.Sr Williams, J.D. Williamson, J.T. Jr Wright, 2017
ACC/AHA /AAPA/ABC/ACPM/ AGS/APhA/ ASH/
ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood
Pressure in Adults: Executive Summary: A Report of
the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines,
Hypertension. 71(6):1269-1324 (2018). doi:
10.1161/HYP.0000000000000066.

[3] V.L. Burt, P. Whelton, E.J. Roccella, C. Brown, J.A.
Cutler, M.Higgins, M.J. Horan , D.Labarthe,
Prevalence of hypertension in the US adult population.
Results from the Third National Health and Nutrition
Examination Survey, 1988-1991, Hypertension.; 25
(3):305-313, (1995) doi: 10.1161/01.hyp.25.3.305

[4] JM. Kim, T.H. Kim, H.H. Lee, S.H. Lee, T. Wang,
Postmenopausal hypertension and sodium sensitivity, J
Menopausal ~ Med., 20(1):1-6 (2014). doi:
10.6118/jmm.2014.20.1.1.

[5] L. Becker, L. Semmlinger, N. Rohleder, Resistance
training as an acute stressor in healthy young men:
associations with heart rate variability, alpha amylase,
and cortisol levels, Stress., 24(3):318-330 (2021).
http://doi.org/10.1080/ 10253890.2020.1799193

[6] M.S. Lee, V. Menon, J. Schappert, J.R. Wilentz,
V.Singh, J.S. Hochman, Establishing a new target range
for unfractionated heparin for acute coronary
syndromes. J Thromb Thrombolysis., 17(2), 121-126
(2004). doi: 10.1023/B: THRO.0000037667.52940.64

[7] L. Solomon, Issue 3, 4 Yogalates. 1st edition. London.
Virgin Books Ltd., 25 (2003).

[8] F. Oztiirk & O. Bavli, Investigation of the effects of
eight weeks of pilates and step-aerobic exercises on
physical performance and self-esteem scores of females
Int JSCS., 5(2), 76-86 (2017).
https://doi.org/10.14486/IntJSCS650

[9] S. Cetin, C. Ece, M. Sen, H.N. Cetin, A. Aydogan, The
Effects of Pilates and aerobic exercise on blood
pressure, heart rates, and blood serum lipids in
sedentary females (2019).

© 2023 NSP
Natural Sciences Publishing Cor.



96 %NSI’)

H. F. Barghout et al: Effect of Pilates Exercises on ...

https://doi.org/10.11114/jets.v7i4.4077

[10] M.N. Marin, Pilates en la escuela. Revista Digital,
Buenos Aires, 14: 132, (2009).

[11] D.J. Critchley, Z. Pierson, G. Battersby, Effect of
Pilates mat exercises and conventional exercise
programmers on transversus abdominis and obliquus
internus abdominis activity: Pilot randomized trial, Man
Ther., 16 (2): 183-189, (2011). doi:
10.1016/j.math.2010.10.007.

[12] WHO Expert Consultation. Appropriate body-mass
index for Asian populations and its implications for
policy and intervention  strategies, Lancet.,
10;363(9403):157-63  (2004). doi: 10.1016/S0140-
6736(03)15268-3.

[13] R. Amirsasan, R. Dolgarisharaf, Pilates training
preventive effects of metabolic syndrome in sedentary
overweight females, Int J Sport Stud., 5 (5): 596-602,
(2015).

[14] Y. Wang, Z. Chen, Z. Wu, X. Ye, X. Xu, Pilates for
overweight or obesity: A Meta-analysis. Front Physiol.,
2021 Mar 11;12:643455(2021). doi:
10.3389/fphys.2021.643455.

[15] A.P.S. Cavina, P.E. Junior, A.F. Machado, T.M. Biral,
LK. Lemos, C.R.D. Rodrigues, C.M. Pastre, F.M.
Vanderlei, Effects of the mat pilates method on body
composition: Systematic review with meta-analysis, J
Phys Act Health.,, 11;17(6):673-681 (2020). doi:
10.1123/jpah.2019-0171.

[16] S. Seraj, M. Asad, A. Farahani, A. Ashrafi hafez, The
effect of Pilates exercise influence on body composition
and flexibility of non-athletic women, J Illam Univ Med
Sci., 21(6):287-99 (2013).

[17] Z.E. Tbrahim, N.G. EL Nahass, H.A. Abdeen, S.A.
Adel Hakim, Effect of Pilates Exercises on Kidney
Functions in Patients with Hypertension, Med J Cairo
Univ., 89 4), 1595-1601 (2021).
doi: 10.21608/MJCU.2021.194976

[18] Y.M. ABD EL-Monim, N.G. EL-Nahass, S.A.
Hakem. Effect of pilates exercise on cardio metabolic
risk factors in women with type 2 diabetes, Med J Cairo
Univ., 87 €] 851-857 (2019).
doi: 10.21608/MJCU.2019.52630.

[19] J. Rocha, F. A. Cunha, R. Cordeiro, W. Monteiro, L.S.
Pescatello, P. Farinatti, Acute effect of a single session
of pilates on blood pressure and cardiac autonomic
control in middle-aged adults with hypertension, J
Strength Cond Res., 34(1):114-123 (2020). doi:
10.1519/JSC.0000000000003060.

[20] J. P.Batista , .M. Mariano, T.C.F. Souza, J.G. Costa,
J.S. Giolo, N.C. Cheik, F.S. Espindola, S. Everman,
G.M. Puga, The acute effects of mat pilates on
hemodynamic and salivary nitrite responses after
exercise in postmenopausal women, J Aging Phys Act.,
27(3):371-377 (2019). doi:10.1123/japa.2018-0106.

[21] D.I. Corazza, E. Sebastido, R.V. Pedroso, C.
Andreatto, F. Coelho, S. Gobbi. Influence of chronic
exercise on serum cortisol levels in older adults, Eur

Rev Aging Phys Act, 11, 25-34
https://doi.org/10.1007/s11556-013-0126-8
[22] A. Khademi, A. Tofighi, J. T. Azar, H. S. Nabiabad,
A. N. Habashi, Modulation of blood hemostasis by
concurrent training in obese women with low mobility,

Stud Med Sci., 29 (11), 781-792(2019).

[23] V. Sobhani, M. Mohammadi, H. Shirvani, A. Amini,
Long term effect of high-intensity interval and
concurrent exercise on blood coagulation and
fibrinolysis parameters in non-athlete healthy young
men, Intern Med Today., 2016; 22 (4) :329-336 (2016).

(2014).

© 2023 NSP
Natural Sciences Publishing Cor.



