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Abstract: To determine the effects of mat Pilates training on blood pressure, inflammatory, and
antioxidative markers in hypertensive elderly people, 34 hypertensive subjects aged 60–75 years
were randomly divided into a control group (CON; n = 17) and a mat Pilates training group (MP;
n = 17). The CON participants conducted normal daily activities and participated in neither organized
exercises nor sports training, while those in the MP group received mat Pilates training for 60 min
three times/week for 12 weeks. Parameters including blood pressure, cardiovascular function, nitric
oxide (NO), tumor necrotic factor-alpha (TNF-α), superoxide dismutase (SOD), and malonaldehyde
(MDA) were collected at baseline and the end of 12 weeks. The MP group had significantly decreased
blood pressure, improved cardiovascular variables, decreased MDA and TNF-α, and increased NO
and SOD compared with the CON group and the pre-training period (p < 0.05). In conclusion, these
findings demonstrate the positive effects of 12 weeks of mat Pilates training in terms of reducing blood
pressure and increasing blood flow related to improvements in anti-inflammatory and antioxidative
markers in hypertensive elderly people. Mat Pilates training might be integrated as an alternative
therapeutic exercise modality in clinical practice for hypertensive elderly individuals.

Keywords: Pilates; blood pressure; hypertension; anti-inflammation; anti-oxidation; cardiovascular
function

1. Introduction

Hypertension is a significant risk factor in various cardiovascular conditions, including
coronary heart disease, stroke, and heart failure. The World Health Organization estimates
that as many as 1.4 billion individuals aged 30–79 years worldwide may be affected by
hypertension, and this number is projected to rise to approximately 1.56 billion in 2025 [1].
Hypertension in the elderly is one of the most significant age-related deteriorations and
a major global health public challenge, with increasing numbers worldwide [2]. It is
characterized by persistent blood pressure (BP) elevation, thereby amplifying the risk for
cerebral, cardiac, and renal abnormalities [3]. Regulating blood pressure involves coor-
dinating multiple organs and systems within the body. The primary risk factor for the
development of hypertension is the heart’s efforts to compensate for high systemic vascular
resistance (SVR) within the circulatory system [4]. Aging has a significant influence on
the decline of cardiovascular function and may subsequently contribute to manifestations
of cardiovascular diseases (CVDs) such as hypertension [5]. Elderly individuals often
experience high SVR, which is a significant pathophysiological characteristic. As a result,
the eventual outcome of this condition—high blood pressure—is likely to be evident [6].
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Moreover, arteriosclerotic changes, either from aging or hypertension, arise because of im-
paired vascular compliance [7] resulting from endothelial dysfunction and reduced levels
of vasodilator substances, such as nitric oxide (NO). Endothelial dysfunction primarily
stems from a decrease in the availability of NO. This can manifest through various markers,
such as diminished endothelium-dependent vasorelaxation, the heightened expression of
adhesion molecules and inflammatory cytokines, the induction of reactive oxygen species
(ROS), impaired fibrinolytic activity; elevated turnover rates, and excessive growth factor
production [8,9]. In addition to these factors, other inflammatory and oxidative markers
contribute to this condition, such as tumor necrotic factor-alpha (TNF-α) and malondialde-
hyde (MDA) [10]. The above oxidative and inflammatory markers have been studied in an
animal model [10]. The impacts of aging and hypertension on cardiovascular dysfunction
are significant, and their intricate interplay has been scientifically explored and confirmed.
One of our studies using an animal model revealed that aging appears to exacerbate insulin
and insulin-like growth factor-1 (IGF-1)-mediated endothelial dysfunction, particularly
through impairing the phosphoinositide 3-kinase (PI3K)–nitric oxide synthase (NOS)–NO
pathway in spontaneously hypertensive rats (SHRs). This effect is further compounded by
decreased nitric oxide production and an imbalance between oxidative and antioxidant
activities in hypertension [5].

Exercise is an effective non-pharmacological approach to the prevention and treatment
of cardiovascular disease and hypertension [11]. Previous systematic reviews have demon-
strated that various types of exercise training, including endurance and resistance training,
can significantly reduce systolic (SBP) and diastolic blood pressure (DBP) in healthy adults
and those with hypertension [12]. This appears to be true even in individuals with low
responsiveness to medical treatment, who can experience a reduction in blood pressure
through physical exercise training [13]. Aerobic exercise is primarily recommended for
blood pressure reduction [14]. The current exercise prescription for treating hypertension
is an aerobic training mode of 20–60 min/day, 3–5 days/week, at 40–70% of maximum
oxygen uptake (VO2max) [15]. Other modes of antihypertensive exercise training explored
in previous studies include walking [16], water-based exercise [17], handgrip exercise [18],
and leg and arm exercises [19]. Isometric exercise and high-intensity interval training
(HIIT) [20] have been reported to have different levels of effectiveness in lowering BP [21].
Moreover, previous evidence suggests that the reduction in blood pressure induced by
exercise is associated with an improvement in endothelial function, as evaluated through
endothelium-dependent vasodilation [12], possibly via a decrease in inflammation and
an increase in antioxidant capacity [22]. A previous study on middle-aged hypertensive
patients who underwent 12 weeks of supervised aerobic training indicated a reduction in
24 h blood pressure alongside reduced inflammatory responses, including lower levels of
C-reactive protein (CRP) and monocyte chemoattractant protein-1 (MCP-1) [23].

Recent reviews have shown that physical activity is widely recommended as one
of the primary ways to promote positive psychophysiological health in individuals [24].
Despite the indisputable positive benefits of exercise in lowering BP, adherence to exercise
and maintenance rates are surprisingly low [25]. Pilates is an easy exercise that focuses on
improving strength, coordination, balance, and postural control [26] through a targeted
series of full-body movements while using one’s own body weight as resistance, and it has
become more popular among older groups [27]. The effects of Pilates training on health
benefits can be demonstrated in different forms: tele-Pilates [28], combined with yoga [29],
and mat Pilates (MP) [30]. The mat Pilates program incorporates core strengthening, sym-
metrical movements of the legs and arms, and breathing control with body awareness [31].
For the elderly, mat Pilates is considered a low-impact and safe exercise and has minimal ex-
pense [32]. The effects of Pilates have been explored in certain aspects among hypertensive
people, showing changes in heart rate [33], quality of life, and body composition [34]. A re-
cent review reported Pilates intervention in a hypertensive population with a small sample
size and controversial outcomes [35]. Although some previous reports have demonstrated
that Pilates can decrease blood pressure in hypertensive participants, the aforementioned
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study was limited to adult women under the effects of antihypertensive medications [36],
and the mechanisms behind the process were limited, with both acute [37] and minor
training alterations [34].

Research on the impact of Pilates training on blood pressure is still inconclusive.
Initial investigations among normotensive populations have indicated that Pilates does
not significantly affect blood pressure. However, more recent studies have reported pos-
itive and significant changes in both SBP and DBP in hypertensive adults. However,
studies involving hypertensive patients have yielded conflicting results [35]. Moreover,
hypertensive elderly people exhibit severe, pathology-including biomarkers of oxidative
stress and inflammation. Therefore, mat Pilates training may decrease blood pressure
and regulate oxidative stress and inflammation; thus, it may be useful as an alternative
non-pharmacological intervention. Given the inconclusive results of previous studies on
mat Pilates and a lack of changes in blood biochemical indicators, the present study aimed
to investigate the effects of this form of training on BP and markers of inflammation and
oxidative stress in hypertensive elderly people using a human randomized controlled
trial design.

2. Materials and Methods
2.1. Participants

The required sample size was calculated with the G*power program using data from
a previous study, with test power at 0.8 and a portable error of 0.05. Thirty-four volunteers
with an age range of 60–75 years were recruited through social networks and flyers. The
inclusion criteria were those who had stage 1 hypertension (systolic and diastolic blood
pressure, SBP and DBP: 140–159 and 90–99 mmHg, respectively), were free of previously
diagnosed psychologically related hypertension, and had irregularly participated in any
physical training (less than 2 times/week) over the last six months. The exclusion criteria
were those who had musculoskeletal problems, recent drug treatment changes, exertion
angina, heart palpitations, or any cardiovascular events or symptoms that limited the
participant from continuing the exercise training program. This randomized (computer-
based) controlled clinical trial was carried out and conducted at the Exercise Physiology
in Special Populations Unit. Participants were then divided into two groups: the control
group (CON; no regular physical exercise training more than 2 times/week throughout the
experimental period) and the mat Pilates training group (MP; structurally designed mat
Pilates 3 times/week). All participants were informed of the study’s objective, procedures,
benefits, and potential risks before participation. During a 12-week training period, all
participants completed the informed consent forms. The CON participants were asked
to maintain normal daily routine activities and regular meals during the twelve-week
study period, and they were frequently tracked via social media (the Line application).
Approval for the project was obtained from the Ethics Committee on Human Experiments,
Chulalongkorn University (650176).

2.2. Mat Pilates Training Program

The mat Pilates training session consisted of 60 min divided into 10 min of warming
up and stretching, 40 min of MP exercise, and 10 min of stretching and cooling down.
For safety purposes, this study ran 16 mat Pilates training exercises (Table 1) in a supine
position based on the 5 main principles of Pilates: head and cervical placement; shoulder
blade movement and stability; breathing control; ribcage placement; and pelvic placement.
To maintain all participants’ adherence, the MP training classes were regularly conducted
by an internationally licensed Pilates instructor (CW) and two assistants, who were both
sports scientists. A 1-week familiarization with Pilates movements was applied to all
participants in the MP group. Participants performed 3 rounds of circuit training of 16 MP
exercises of 10–15 reps/set, 3 sets/day, and 3 days/week for a total of 12 weeks. According
to the principle of progressive training, these MP interventions were separated into 3
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periods of 40%, 50%, and 60% heart rate reserve (HRR). HRR was calculated using the
following equation:

HRR = HRmax − HRrest, (1)

where HRmax is the maximal heart rate from Tanaka’s study [38], and HRrest is the resting
heart rate. During Pilates sessions, chest belt BP monitors (Polar H-10, Polar Electro,
Kempele, Finland) and synchronized watches were used for HR monitoring. Reps and
sets were estimated weekly to identify the individual’s intensity. Before commencing MP,
a subject was allowed to sit quietly until stable BP and HR were achieved. Subjective
evaluations were also conducted using the rating of perceived exertion (RPE, 6–20 scale).
On non-training days, MP participants were also asked to maintain normal daily activity
and regular diets, and they were frequently tracked via the Line application.

Table 1. Mat Pilates program based on five main principles.

Mat Pilates Principles

Half rollback Head, cervical, and ribcage placement
Shoulder blade stability

Oblique rollback Head, cervical, and ribcage placement
Shoulder blade stability

Hundred prep

Breathing control
Ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Dead bug

Breathing control
Ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Tabletop toe tapping
Ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Single leg stretch

Breathing control
Ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Scissors

Breathing control
Ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Side leg: lower and lift

Breathing control
Pelvic and ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Side leg: kick Breathing control
Pelvic placement

Side leg: circle Pelvic placement

Side leg: bicycle
Pelvic and ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Shoulder bridge Breathing control
Pelvic and ribcage placement
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Table 1. Cont.

Mat Pilates Principles

Knee push-up

Breathing control
Pelvic and ribcage placement

Shoulder blade movement and stability
Head and cervical placement

Swimming prep Pelvic and ribcage placement

Superman Shoulder blade movement and stability

Swan Head and cervical placement

2.3. Physiological Variables and Measurements

Anthropometric variables, including body weight, height, body mass index (BMI),
waist/hip ratio, body fat, and lean body mass, were collected using a bioelectrical impedance
analyzer (BIA, IOI, Jawon Medical, Seoul, Republic of Korea) [39]. Cardiac variables
were determined using non-invasive impedance cardiography (Physioflow PF07 Enduro,
Manatec Biomedical, Paris, France), according to the standard methods from a previous
study [40]. These included heart rate (HR), SBP, DBP, mean arterial BP (MABP), pulse
pressure (PP), cardiac output (CO), stroke volume (SV), and SVR. Vascular wall thickness
and intima–media thickness (IMT) were determined using ultrasound-image techniques
(EPIQ5, Philips Healthcare, Andover, MA, USA) with an analysis program (Vascular Re-
search Tools, Medical Imaging Applications LLC, Coralville, IA, USA). Moreover, arterial
stiffness as measured by brachial–ankle pulse wave velocity (baPWV) was detected and
analyzed using a non-invasive vascular screening device (Colin VP–1000 plus, Omron,
Ukyo-ku, Kyoto, Japan). The low frequency-to-high frequency ratio (LF/HF ratio) of heart
rate variability (HRV) was determined using a telemetry heart rate monitor (Polar H10,
Poland) and the HRVelite application [41].

2.4. Blood Collection and Biochemical Analysis

In this study, blood samples were obtained from antecubital veins by licensed nurses
and left for clotting for 30 min at room temperature. After centrifugation at 2000× g and
4 ◦C for 15 min, the serum was separated from the whole blood contents and stored at
−80 ◦C in a refrigerator for later biochemical analysis. Anti-inflammatory and antioxidative
markers and nitric oxide concentrations were carefully analyzed using an enzyme-linked
immunosorbent assay (ELISA). Serum MDA concentration, an index of the lipid peroxi-
dation marker, was determined using a thiobarbituric acid reactive substances (TBARS)
assay kit (Abcam, Cambridge, UK), prepared according to the manufacturer’s protocol,
and mixed with the serum samples to generate MDA-thiobarbituric acid (TBA) adducts
under high temperatures (90–100 ◦C) and acidic conditions. After completing the reactions,
samples were measured with colorimetry at 540 nm with a microplate reader (SpectraMax
iD3, Molecular Devices, CA, USA). The concentration was expressed in µM in the serum
samples. Serum superoxide dismutase (SOD) activity was determined using a SOD as-
say kit (Abcam, Cambridge, UK). The assay used a tetrazolium salt to detect superoxide
radicals generated by xanthine oxidase and hypoxanthine. One unit of SOD was defined
as the amount of enzyme needed to exhibit 50% dismutation of the superoxide radicals.
The absorbance was read at 450 nm by a microplate reader (SpectraMax iD3, Molecular
Devices, CA, USA), and the activity was expressed in U/mL in the serum samples. Serum
tumor necrotic factor-alpha was analyzed using a TNF-α assay kit (Abcam, Cambridge,
UK). The TNF-α antibody was added to initiate a reaction, followed by a TMB solution after
washing. Then, the absorbance was read at 450 nm with a microplate reader (SpectraMax
iD3, Molecular Devices, CA, USA) after adding the stop solution. Moreover, the serum
nitric oxide concentration was analyzed as the level of nitrate/nitrite in the serum using
its assay kit (Abcam, Cambridge, UK). Briefly, the nitrate reductase and enzyme cofactor
were added to the wells. After 1 h of incubation at room temperature, the Griess reagents
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were added before reading at 540 nm with a microplate reader (SpectraMax iD3, Molecular
Devices, CA, USA). The result is expressed in mM units.

All physiological and biochemical variables were carefully determined at rest as
baseline (pre-test) and at the end of 12 weeks (post-test).

2.5. Statistical Analysis

All data are presented as the means ± standard deviation (SD). The SPSS software
(Version 21, IBM, Armonk, NY, USA) was used to perform all statistical analyses. The
normality of the data was confirmed with the Shapiro–Wilk test. Independent sample t-tests
were used to compare groups at baseline. Repeated measures ANOVAs were performed
for each outcome variable to investigate differences between groups (MP vs. CON) over
time (baseline vs. after 12 weeks of intervention) with the Bonferroni test. A p-value less
than 0.05 was considered statistically significant.

3. Results
3.1. General Characteristics

This study recruited equal numbers to the CON (n = 17) and MP (n = 17) groups, with
no significant difference (p > 0.05) in mean ages between CON (65.35 + 3.94 years) and MP
(65.18 + 3.83 years). The average height of the CON and MP groups revealed no significant
difference at 159.30 ± 8.80 cm and 157.90 ± 8.83 cm (p = 0.387, η2 = 0.108), respectively. MP
training took about 1 h for all 16 MP exercises, with no signs or symptoms of abnormality.
All members of the MP group participated in more than 80% of the mat Pilates program.
Anthropometric data (Table 2) on body weights, body mass index, waist/hip ratio, body fat,
and lean body mass were not significantly different at the beginning of the study (p > 0.05,
pre-test to post-test). By the end of the 12 weeks, there were significant reductions in body
fat (p < 0.05) and significantly increased lean body mass in the MP group compared with
baseline and the CON group (p < 0.05).

Table 2. Changes in general characteristics of control (CON) and mat Pilates (MP) groups at the
beginning (pre-test) of the study and after 12 weeks (post-test).

Variables CON (n = 17)
(Males/Females: 5/12)

MP (n = 17)
(Males/Females: 5/12) Time Group Time × Group

Pre-Test Post-Test Pre-Test Post-Test ES p-Value ES p-Value ES p-Value

Body mass (kg) 58.06 ± 7.87 57.91 ± 8.35 55.27 ± 8.80 55.04 ± 8.95 # 0.098 0.411 0.599 0.014 0.634 0.010
BMI (kg/m2) 22.82 ± 1.84 23.12 ± 2.38 22.07 ± 2.07 22.24 ± 2.72 0.185 0.248 0.418 0.060 0.346 0.095
Waist/hip ratio 0.85 ± 0.05 0.86 ± 0.06 0.86 ± 0.05 0.84 ± 0.05 # 0.124 0.352 0.526 0.027 0.196 0.226
Body fat (%) 29.98 ± 3.88 29.73 ± 4.13 27.42 ± 6.05 25.84 ± 4.57 *# 0.322 0.111 0.578 0.017 0.282 0.141
Body fat (kg) 16.07 ± 2.10 17.08 ± 2.47 15.03 ± 3.59 14.35 ± 3.83 *# 0.349 0.094 0.317 0.114 0.014 0.765
LBM (kg) 38.03 ± 6.89 37.58 ± 7.05 35.09 ± 6.37 42.06 ± 5.88 * 0.617 0.012 0.030 0.656 0.398 0.068

Values are means ± SD. *, p < 0.05, significant difference within a group; #, p < 0.05, significant difference between
groups at the same phase. ES, effect size; BMI, body mass index; LBM, lean body mass.

3.2. Cardiovascular Function

Table 3 reveals changes in cardiovascular functions. None of the resting cardiovascular
variables (pre-test to pre-test) showed any significant differences between the groups
(p > 0.05). However, there were significant improvements in SBP, MABP, PP, SV, and SVR
within a group (pre-test to post-test) (p < 0.05) and between (post-test to post-test) (p < 0.05)
groups. IMT showed a significant difference between groups (p < 0.05), while the LF/HF
ratio showed a significant difference compared with baseline only (p < 0.05). The present
study showed that 12-week MP training decreased SBP by about 16 mmHg.
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Table 3. Changes in cardiovascular functions at the beginning (pre-test) and after 12 weeks (post-test)
in the control (CON) and mat Pilates (MP) groups.

Variables
CON (n = 17) MP (n = 17) Time Group Time × Group

Pre-Test Post-Test Pre-Test Post-Test ES p-Value ES p-Value ES p-Value

HR (bpm) 77.47 ± 9.26 74.65 ± 9.22 72.76 ± 13.03 71.82 ± 9.97 0.303 0.125 0.127 0.346 0.103 0.400
SBP (mmHg) 145.12 ± 17.23 143.12 ± 17.99 141.12 ± 7.83 127.65 ± 11.85 *# 0.757 0.002 0.578 0.017 0.568 0.019
DBP (mmHg) 82.82 ± 10.87 79.71 ± 7.91 78.53 ± 8.12 70.82 ± 9.86 0.035 0.628 0.138 0.326 0.037 0.621
MABP (mmHg) 103.59 ± 12.12 99.12 ± 9.97 98.02 ± 7.80 91.41 ± 9.05 *# 0.411 0.063 0.346 0.096 0.148 0.307
PP (mmHg) 62.29 ± 11.79 63.41 ± 14.80 64.65 ± 8.94 56.82 ± 9.06 *# 0.761 0.002 0.555 0.021 0.645 0.009
CO (L/min) 5.97 ± 1.81 5.82 ± 1.28 6.08 ± 0.98 6.58 ± 1.02 0.195 0.234 0.103 0.399 0.076 0.472
SV (mL/min) 81.71 ± 24.81 74.88 ± 21.37 80.68 ± 15.37 91.14 ± 15.89 *# 0.001 0.950 0.418 0.060 0.023 0.696
SVR (Dynes·s/cm5) 1587.47 ± 812.26 1500.71 ± 372.61 1296.59 ± 306.82 1172.47 ± 198.48 *# 0.139 0.324 0.320 0.112 0.172 0.267
Right baPWV (cm/s) 1677 ± 215.14 1650.41 ± 196.57 1661.88 ± 318.99 1542.76 ± 138.27 0.102 0.401 0.007 0.828 0.004 0.869
Left baPWV (cm/s) 1660 ± 207.88 1645.00 ± 174.36 1666.94 ± 314.87 1542.18 ± 154.71 0.058 0.534 0.003 0.896 0.002 0.910
IMT (mm) 0.63 ± 0.76 0.65 ± 0.83 0.61 ± 0.11 0.57 ± 0.81 # 0.013 0.769 0.541 0.024 0.231 0.190
LF/HF ratio 2.31 ± 2.34 1.61 ± 1.50 1.29 ± 1.12 2.52 ± 1.32 * 0.638 0.01 0.266 0.155 0.249 0.172

Values are means ± SD. HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MABP, mean
arterial blood pressure; PP, pulse pressure; SVR, systemic vascular resistance; CO, cardiac output; SV, stroke
volume; baPWV, brachial–ankle pulse wave velocity; IMT, intima–media thickness; LF/HF ratio, low frequency-
to-high frequency ratio of heart rate variability; *, p < 0.05, significant difference within a group; #, p < 0.05,
significant difference between groups at the same period.

3.3. Anti-Inflammatory and Antioxidative Markers

There were no significant differences in MDA, SOD, and TNF-α levels between the
pre- and post-tests in the CON group (Figure 1) while, in the MP group, TNF-α and MDA
levels showed significant reductions (p < 0.05) with a significant elevation in SOD levels
(p < 0.05) after 12 weeks of MP training.
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Figure 1. Changes in serum malonaldehyde (MDA; (A)), superoxide dismutase (SOD; (B)), and
tumor necrotic factor-alpha (TNF-α; (C)) concentration in control (CON) and mat Pilates (MP) groups
during pre- (white square) and post-training (dark square) tests. *, p < 0.05, significant difference
within a group; #, p < 0.05, significant difference between groups at the same phase.

3.4. Serum Nitric Oxide Level

Nitric oxide levels are represented by their nitrate/nitrite byproduct concentrations
in blood. There was no significant change in serum nitrate/nitrite between the pre-test
and post-test in the CON group. On the other hand, the MP group showed higher serum
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nitrate/nitrite concentrations within the group (pre-test to post-test p < 0.05) and between
groups (post-test to post-test, with CON, p < 0.05).

4. Discussion

The results indicate the effectiveness of twelve weeks of mat Pilates training in reduc-
ing blood pressure, improving cardiovascular functions, and enhancing anti-inflammatory
and antioxidative markers in hypertensive elderly people. In addition, this study also
shows that mat Pilates training for 12 weeks facilitates vasodilation via nitric oxide concen-
tration in serum. The challenge with hypertension in the elderly lies in its asymptomatic
nature, making it difficult for individuals to realize their condition and increasing the risk of
having an uncontrolled condition, which can precipitate various medical situations. Thus,
the precise medical prescriptions for hypertensive treatments vary among clinicians be-
cause of differential guideline recommendations with variable side effects [42]. The present
investigation of blood markers provides a clearer understanding of mat Pilates training
as an antihypertensive management model. The reduction in oxidative and inflammatory
markers in parallel with increasing SOD and NO in the MP group revealed that MP training
would not aggravate the risk of cell damage.

MP training in this study was designed to simulate aerobic exercise, which involves
repeated rhythmic contractions of large skeletal and core muscle groups performed for a
long period, at least 60 min. A period of regular MP training lowered SBP and DBP and en-
hanced CO and SV (Table 3), which, in turn, provided a greater oxygen supply to the active
muscles of the limbs and core. A previous in-depth investigation [43] on endurance training
revealed similar changes in cardiovascular functions. The MP intervention in the present
study demonstrates both antihypertension and a reduction in cardiac autoregulation.

The mat Pilates training in this study also exhibits beneficial compensations both
within (cardiac contractility, SV and CO) and without the cardiac chamber (systemic
vascular resistance, SVR). Reductions in both systolic and diastolic blood pressure from
aerobic training have been noted in previous studies, in parallel with an increased left
ventricular (LV) ejection fraction, decreased end-diastolic pressure, improved vascular
function, and possibly enhanced cardiac angiogenesis and cardiac muscle mass [44–46].
Changes in the flow rates of both the right and left baPWVs (Table 3) represent enhanced
vascular function, in particular, vasodilation. Thus, MP training induces physiological
adaptations that reduce cardiac workload via diminutions of pressure loading, as well as a
reduction in SVR.

TNF-α is a pluripotent cytokine produced by macrophages and adipocytes [47]. It
represents local inflammatory responses mediated by specific membrane receptors [48,49].
The present study shows a lower serum TNF-α value in the MP group (Figure 2), in parallel
with a previous study [50]. This indicated that regular Pilates exercise at moderate-to-
high intensity induces anti-inflammatory effects with elevated levels of anti-inflammatory
cytokines and suppressed proinflammatory makers, as represented by TNF-α. One study
showed that aerobic exercise exhibits an anti-inflammatory effect and can be an appropriate
training protocol that can reduce plasma TNF-α concentrations even in a healthy state [50].
However, another study demonstrated TNF-alpha downregulation in diabetic patients
after exercise training [51]. In an animal model, the health benefits of exercise training
can be demonstrated; it can enhance the ability of isolated adipocytes to secrete TNF-α to
reduce soluble tumor necrosis factor receptor 1 (sTNFR1; a member of the tumor necrosis
factor receptor superfamily) receptor secretion, which plays a major role in apoptosis, cell
survival, differentiation, and inflammation [52].
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Aerobic exercise via MP training results in repeated and prolonged exposure to shear
stresses on the arterial wall; then, a cascade mechanism takes place, improving nitric oxide
bioavailability (Figure 2), a key mediator for endothelial function. In addition, regular
aerobic training has been shown to attenuate endothelial dysfunction in the aged popu-
lation [53]. A study of the antihypertensive effects of regular exercise training revealed a
crucial mechanism in that physical activity improves endothelium-dependent vasodilation
in the hypertensive population, although this depends on the type of exercise (aerobic,
resistance, or concurrent training) [54]. The present study confirms that NO is higher
following mat Pilates training, and this evidence should facilitate the prescription of MP as
a therapeutic exercise for hypertensive elderly people.

There is growing evidence that increased oxidative stress and associated oxidative
damage are mediators of vascular injury in cardiovascular pathologies, including hyperten-
sion and atherosclerosis [55]. The balance between oxidative stress and antioxidative levels
must be tightly maintained to protect the cells from damage [56]. In hypertension, espe-
cially among the elderly, an imbalance in antioxidant status exists and can subsequently
impair nitric oxide availability [5]. On the other hand, evidence suggests that exercise
training can reduce blood pressure and improve endothelial function [57,58], potentially
through mechanisms such as decreased inflammatory cytokines and increased antioxidant
capacity [22]. A previous study reported that moderate-intensity exercise tends to de-
crease the indices of oxidative stress, such as 8-hydroxy-2′-deoxyguanosine (8-OHdG) and
malondialdehyde-modified low-density lipoprotein (MDA-LDL) [59]. Moreover, aerobic
exercise training also increases blood antioxidant levels in animal models [60]. Our results
demonstrate that twelve-week mat Pilates training relieves systemic inflammation and
oxidative stress in hypertensive conditions by downregulating MDA and upregulating
SOD levels (Figure 1). In other words, mat Pilates training regulates the balance between
ROS and their scavengers, resulting in decreased oxidative stress in hypertensive elderly
people. One of the suggested mechanisms is the redox regulation of exercise-induced
blood flow. Exercise induces blood flow and leads to increased vascular shear stress and
then induces mitochondrial superoxide (mtO2

•−) production via nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase and c-Jun NH2-terminal kinase (JNK-1 and
JNK-2) signaling [61]. Superoxide dismutase plays a vital role in protecting cells against the
damaging effects of the superoxide radical (O2

•−), as it acts alongside other antioxidative
enzymatic networks to eliminate harmful free radicals [62]. One study showed that aerobic
exercise can induce endogenous antioxidants by increasing several differentially expressed
proteins in a training group [63]. Thus, the results of this study confirmed the antioxidant
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effect of our mat Pilates training, which was designed based on the principle of aerobic
training to provide the most benefit in treating hypertension.

However, other health conditions require further investigation to determine the opti-
mal therapeutic effect of mat Pilates. Furthermore, some limitations in this study are as
follows: (a) MP exercises used in this study were very specific to hypertension stage 1;
(b) the time–dose effectiveness of MP before 12 weeks needs to be explored.

5. Conclusions

Mat Pilates training for 12 weeks led to multifaceted impacts, reducing blood pressure,
inflammatory and oxidative markers, and intima–media wall thickness and improving
antioxidative markers and cardiovascular functions. Thus, it emerges as a promising
intervention for hypertensive elderly people, demonstrating reductions in cardiac loading
and vascular compensations. The success of mat Pilates training in the present study offers
significant potential in realizing its health benefits.
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