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Abstract 
BACKGROUND 

Effective nonpharmacological interventions targeting the enhancement of 

vascular function and decline of body fatness (BF) in obese individuals are 

indispensable for the prevention of hypertension and cardiovascular events in young 

adults. Mat Pilates training (MPT) has gained significant popularity worldwide, yet its 

effects on vascular function and body composition are understudied. We examined the 

effects of MPT on vascular function and BF in young obese women with elevated blood 

pressure (BP). 

METHODS 
Twenty-eight young obese women with elevated BP were randomized to an MPT 

(n = 14) or a nonexercising control (CON, n = 14) group for 12 weeks. Systemic arterial 

stiffness (brachial-ankle pulse wave velocity (baPWV)), brachial and aortic BP, wave 

reflection (augmentation index (AIx)), plasma nitric oxide (NO) levels, and BF 

percentage (BF%) were assessed before and after 12 weeks. 

RESULTS 
MPT significantly reduced (P ˂ 0.05) baPWV (−0.7 ± 0.2 m/s), AIx (−4 ± 1%), 

brachial systolic BP (−5 ± 1 mm Hg), aortic systolic BP (−6 ± 1 mm Hg), and BF% (−2 ± 

1%), while significantly increasing plasma NO (6 ± 2 µM) (P ˂ 0.05) compared with 
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CON. MPT improved systemic arterial stiffness, aortic BP, wave reflection, circulating 

plasma NO, and BF% in young obese women with elevated BP. 

CONCLUSIONS 
MPT may be an effective intervention for the improvement of vascular function 

and BF in young obese women with elevated BP, a population at risk for hypertension 

and early vascular complications. 

CLINICAL TRIALS REGISTRATION 
Trial Number NCT03907384. 

Keywords: 
Adiposity, aortic blood pressure, arterial health, arterial stiffness, blood pressure, 

hypertension, Pilates exercise, wave reflection 

Issue Section: Exercise 

 

The prevalence of obesity among young adults has become a major public health 

concern. In fact, obesity is associated with a variety of vascular disorders, including hypertension 

and early development of arteriosclerosis and atherosclerosis, which are major 

cardiovascular (CV) risk factors. In young adults, arterial stiffness (pulse wave velocity (PWV)) is 

higher in the obese when compared with their lean and overweight counterparts.1 While 

elevation in PWV is a characteristic of the aging process, obesity more negatively affects PWV 

in middle-aged and older women than men.2 Moreover, obese individuals also present a raised 

pressure wave reflection (augmentation index (AIx))3 and aortic blood pressure (BP)4 that 

more precisely reflect left ventricular load and, thus, are be better indexes of CV risk than 

brachial BP.5 Consequently, effective strategies aiming at improving aortic hemodynamics 

and arterial function in obese women are crucial for the prevention of hypertension and CV 

events at an early age. 

It is well-documented that exercise is a vital factor in the prevention and management of 

vascular dysfunction.4,6 Although in obese populations aerobic (AT) and resistance training 

(RT) have been shown to effectively improve arterial function,4,7 obese women show a drop in 

adherence to traditional exercise and continue to experience considerable increases in weight 

and declines in vascular health.6,8 Hence, new exercise modalities are needed to improve 
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vascular function in obese females, which will ultimately decrease CV risk factors and 

improve CV health in this population. 

Pilates is an exercise modality which has gained significant popularity worldwide, especially 

among women.9,10 Within Pilates there are many disciplines, with Mat Pilates (MP) being the 

most widely used today,11 since its practice requires only economical materials and a limited space. 

This type of exercise includes a series of low intensity exercises using mainly body weight as 

external resistance, strengthening the trunk through isometric contraction of the core 

musculature while focusing on controlled breathing, flexibility, and posture.9 Despite the 

several press reports on its vascular benefits and its use as a strategy to ameliorate CV 

diseases, existing scientific literature is scarce.10 Hence, the aim of this study was to investigate 

the effects of MP training on vascular function (PWV, AIx, and BP) in young obese women 

with elevated BP, hypothesizing that MP would improve aortic hemodynamics and PWV in this 

population. We also evaluated levels of the key endothelial health marker and vasodilator 

nitric oxide (NO), as a mechanism that might help explain some potential favorable changes 

in vascular function. 

 

METHODS 
Study design 

A parallel experimental design was used in the cur- rent study. Following an initial 

screening and familiarization meeting, eligible participants were randomized into one of the 

following groups: MP or CON for 12 weeks. Randomization was stratified by body mass 

index (BMI) (>30 and <35 (n = 9 in the MP and n = 8 in the CON group) or ≥35 and <40 kg/m2 

(n = 5 in the MP and n = 6 in the CON group)) and the sequence was generated by a computer-

based number. Investigators were blinded to group assignment. Vascular measurements 

were performed at baseline and after 12 weeks in a noiseless temperature-controlled room 

(22–24 °C), following at least 10 minutes of rest in the supine position. Body composition was 

assessed immediately after. Measurement requirements were as follows: (i) conducted in a fasted 

state in the morning hours and at the same time of the day (±1 hour to avoid potential diurnal 

variations); (ii) between 48 and 72 hours after the last training session (to avoid any potential 

acute effects of exercise); (iii) conducted during the late-luteal phase (≥day 19) of the menstrual 



cycle to avoid possible effects of endogenous estrogens on vascular and autonomic function12; (iv) 

abstention from caffeine, alcohol, or unusual physical activity in the previous 24 hours. 

Participants were asked not to modify their regular lifestyles through the duration of the 

investigation. In addition, to minimize dietary variability the participants were required to submit 

3-day food records at baseline and at 8 weeks of the assigned intervention. 

Subjects 

Twenty-eight young obese women (age 19–27 years) and BMI (30–40 kg/m2) were 

enrolled in this investigation. Based on the latest American College of Cardiology/American 

Heart Association guidelines, women had elevated BP (120–129 mm Hg systolic BP (SBP) 

and ˂80 mm Hg for diastolic BP (DBP)); but were free of chronic diseases (verified through 

medical history questionnaires). The participants were also nonsmokers and sedentary (defined 

as ˂90 minutes per week of regular exercise for the past 6 months). Women were excluded if they 

had BMI ˂30 and ≥40 kg/m2, chronic diseases, gallstones, kidney stones, arthritis, recent operative 

wounds, metal implants or were taking oral contraceptives. Additional exclusion criteria were 

pregnancy, irregular/un- stable menstrual cycle, and/or taking any medications that affected the 

outcome variables. None of the participants had previous experience with MP. Women were 

recruited from around the community through announcements and direct communication. All 

participants provided written informed consent to participate in the study. The study protocol was 

approved by the Institutional Human Subject Committee and registered in Clinicaltrials.gov 

(NCT03907384). 

Procedures 
Anthropometry and body composition Body weight and height were measured 

to the nearest 0.1 kg and 1 cm, respectively, using a weighing scale (Life Measurement Inc, 

Concord, CA) and a stadiometer. BMI was calculated as weight/height (in kilograms per meter 

square). Fat mass (FM), body fat (BF%), and lean body mass were determined using a 

bioelectrical impedance meter (InBody 230; Biospace, Seoul, Korea) as previously 

described.13 

Vascular function BP and brachial to ankle PWV (baPWV, a measure of systemic 

arterial stiffness) were assessed by a volume plethysmographer (VP-1000; Colin Co., Komaki, 

Aichi, Japan) as previously described.14,15 A commercially available applanation tonometer 



(SphygmoCor; AtCor Medical Ltd, Sydney, Australia) was used with analysis software (version 

8.0, SphygmoCor Cardiovascular Management Suite; AtCor Medical Ltd) for measurement 

of pulse wave analysis components. Aortic pulse waveforms were reconstructed by a validated 

generalized transfer function. Aortic SBP and DBP were obtained from the aortic wave, which 

is composed of a forward wave determined by the stroke volume, and a reflected wave that 

returns to the aorta from peripheral arterial sites.16 Augmented pressure (AP) is the difference 

between the second and first systolic peaks. The AIx is AP as a percentage of the aortic pulse 

pressure (PP). AIx was normalized to a heart rate (HR) of 75 beats/min (AIx@75), because 

it is negatively influenced by HR.16 Tr (time of reflection) is the travel time of the incident wave 

to reflecting peripheral sites and back to the aorta, it has been proposed as a marker of aortic 

stiffness.17 PP amplification was calculated as the brachial-to-aortic PP ratio.18 Two 

measurements were collected at each time point and averaged as previously described.14 The 

validity and reproducibility of noninvasive applanation tonometry measures have been previously 

shown.15 The intraclass correlation co- efficient for all measurements derived from tonometry, 

calculated on 2 separate days in a subsample, was >0.90. 

Blood sampling and analysis Venous blood samples were obtained from an 

antecubital vein around 8 AM ± 1 hour, following an overnight fast. Blood was centrifuged and 

stored at −80 °C for future analysis. To assess NO production, total nitrite/nitrate concentration was 

assayed using a commercially available Griess assay kit from Cayman Chemical (Ann Arbor, MI). 

The amount of nitrite/nitrate produced in the reaction mixture was determined 

spectrophotometrically at 540 nm (OD540) using a microplate reader. 

Mat Pilates training The MP group participated in 3-one hour supervised training 

sessions per week for 12 weeks. All MP Sessions were performed in nonconsecutive days. The 

MP sessions were divided into the following stages: initial warm up and stretching (10 minutes), 

general conditioning consisting of MP exercises (40 minutes), and stretching and cooling down 

(10 minutes). The participants performed 12 basic MP exercises according to the 7 MP principles 

detailed in the books of Joseph Pilates19 and Siler.20 One set of 6–10 repetitions was 

performed per exercise. Breathing, a core principle of MP, was performed by forced but 

controlled inspirations and exhalations, while relaxing and contracting the abdomen, 

respectively. Training intensity progressed by increasing the degrees of difficulty and 



complexity of the exercise. Volume of training progressed over 12 weeks by increasing the 

number of repetitions per exercise: 6 repetitions in weeks 1–4, 8 repetitions in weeks 5–8, 

and 10 repetitions in weeks 9–12. All sessions were supervised by a certified MP instructor. 

The MP training protocol was adapted from prior studies that found improvements in BP, AIx, and 

body composition in different populations.21–23 

Statistical analysis 
The Kolmogorov–Smirnov test was performed to check for normal distribution in all 

parameters. Group comparisons at baseline were carried out via Student’s t-test. A 2 × 2 

Analysis of variance with repeated measures [group (control × MP) × time (before × after 12 

weeks)] was done to establish the effect of MP and time on dependent variables. A paired t-test 

was carried out for within-group post hoc analysis, if a significant interaction was detected. 

Pearson’s correlation coefficients were used to examine associations between changes in 

significant variables. Because Mean Arterial Pressure is an important determinant of 

PWV,24 we performed an additional 2 × 2 Analysis of variance with repeated measures with 

MAP as a covariate to determine if the changes in baPWV were influenced by BP. Analyses 

were carried out utilizing SPSS 25.0 for Windows (IBM SPSS Analytics, Armonk, NY). Data 

are expressed as mean ± SEM. Statistical significance was set at P < 0.05. To achieve a 

difference of 3–5% between the groups (control vs. MP) in SBP and AIx with a power of 80%, we 

needed a total sample size of at least 20 (10 subjects per group). This was deter- mined by 

performing a power analysis calculation.22,23 

 

RESULTS 
Anthropometry, body composition, and dietary characteristics before and after 12 

weeks for the control and MP groups are presented in Table 1. Data are shown as means 

(SEM). Baseline parameters between the 2 groups were not significantly different (P > 0.05). There 

were significant group × time interactions for FM and BF% (P < 0.05) which significantly declined 

following MP compared with no changes after control. There were no significant changes in 

weight, BMI, lean body mass, and energy intake after MP or control. Parameters of vascular 

function at baseline and after 12 weeks for the control and MP groups are presented in Table 2. 

There was a significant group × time interaction (P < 0.05) for baPWV (Figure 1a), brachial SBP, 

DBP, and MAP, and aortic SBP, DBP, MAP, AIx, AIx@75 (Figure 1b), PP, and AP such that all 



significantly decreased (P < 0.05) while plasma NO levels (Figure 1c) significantly increased (P 

< 0.05) after MP compared with no changes after control. Results did not differ when baPWV was 

adjusted to brachial MAP. The changes in AIx were correlated with changes in AP (r = 0.70, P < 

0.05) and baPWV (r = 0.59, P < 0.05) in the MP group. No other correlations between changes 

were found. Additionally, there were no significant changes in Tr and HR after MP or control. 

 

Table 1.  Subjects characteristics and dietary composition before and after 12 weeks of 
MPT or Control 

 
 
 
Variable 

 
 
Before 

Cont
rol (n = 14) 

 
 
After 

MPT (n = 14) 
Befor

e 
After 

Age (y) 23 ± 1 — 22 ± 1 — 
Height (m) 1.56 ± 0.02 — 1.55 ± 0.02 — 
Body weight 

(kg) 
83.6 ± 2.8 83.8 ± 2.6 82.4 ± 2.3 81.9 ± 

2.6 
BMI (kg/m2) 34.4 ± 1.0 34.4 ± 0.9 34.3 ± 0.8 34.1 ± 

0.8 
LBM (kg) 46.4 ± 1.4 46.4 ± 1.2 45.6 ± 1.2 46.9 ± 

1.3 
FM (kg) 37.1 ± 1.2 37.4 ± 1.2 36.8 ± 1.0 34.9 ± 

1.1*,† 
BF (%) 44.4 ± 1.4 44.6 ± 1.3 44.7 ± 1.3 42.6 ± 

1.4*,† 
Energy intake 

(kcal/day) 
2,522 ± 64 2,529 ± 68 2,545 ± 73 2,588 ± 

80 
Abbreviations: BF, body fat; BMI, body mass index; FM, fat mass; LBM, lean body mass; 
MPT, Mat Pilates training. Data are mean ± SEM. 
*P < 0.05 different than before. 
†P < 0.05 different than control. 
 

DISCUSSION 
MP has been proposed as a nonpharmacological intervention to ameliorate CV diseases 

through improvements in vascular benefits by several press reports in the last 2 decades.10Yet, 

reliable literature on the measurable effects of MP on vascular function markers have only been 

reported within the last 6 years.22,23,25 Novel findings of the present study include improvements 

in systemic arterial stiffness and plasma NO levels after MP training, as all previous studies 

measured hemodynamic parameters. We found that 12 weeks of MP training resulted in 



beneficial improvements in aortic hemodynamics, arterial stiffness, and plasma NO levels in 

young obese females with elevated BP, which indicate that MP training improves vascular 

function in this cohort. To our knowledge, this is the first study to evaluate the effects of MP 

training on resting vascular function (PWV, AIx, and BP) and plasma NO levels. 

 

Table 2.  Vascular function parameters and heart rate before and after 12 weeks of 
MPT or Control 

 
 
 
Variable 

 
 
Before 

Cont
rol (n = 14) 

 
 
After 

MPT (n = 14) 
Before After 

Brachial SBP 
(mm Hg) 

127 ± 2 128 ± 3 126 ± 2 121 ± 
2*,† 

Brachial DBP 
(mm Hg) 

75 ± 2 76 ± 2 76 ± 2 72 ± 
2*,† 

Brachial PP 
(mm Hg) 

52 ± 2 52 ± 2 50 ± 2 49 ± 2 

Brachial MAP 
(mm Hg) 

92 ± 2 93 ± 2 93 ± 2 88 ± 
2*,† 

Aortic SBP 
(mm Hg) 

119 ± 2 120 ± 3 118 ± 2 112 ± 
2*,† 

Aortic DBP 
(mm Hg) 

77 ± 2 77 ± 1 78 ± 2 74 ± 
2*,† 

Aortic PP (mm 
Hg) 

42± 2 43± 2 40± 2 38± 2* 

Aortic MAP 
(mm Hg) 

91 ± 2 91 ± 2 91 ± 2 87 ± 
2*,† 

PP 
amplification 

1.24 ± 0.06 1.21 ± 0.07 1.25 ± 0.06 1.28 ± 
0.06 

AIx (%) 15 ± 2 15 ± 2 16 ± 2 12 ± 
3*,† 

AP (mm Hg) 6 ± 2 6 ± 2 7 ± 2 4 ± 2*,† 
Time of 

reflection (ms) 
146 ± 3 145 ± 4 143 ± 3 145 ± 4 

Heart rate 
(beats/min) 

64 ± 2 63 ± 2 65 ± 2 64 ± 2 

Abbreviations: AIx, augmentation index; AP, augmented pressure; DBP, diastolic blood 
pressure; MPT, Mat Pilates training; PP, pulse pres- sure; SBP, systolic blood pressure. 
Data are mean ± SEM. 
*P < 0.05 different than before. 
†P < 0.05 different than control. 
 



 

Figure 1.  The changes observed in (a) brachial-ankle pulse wave velocity (baPWV); (b) 
augmentation index adjusted to a heart rate of 75 bpm (AIx@75); (c) nitrate/nitrite from 0 to 12 
weeks using Mat Pilates (MP) or Control. *P < 0.05 from 0 to 12 weeks within-group; †P < 
0.05 between MP and Control (group-by-time interaction). 

 

Our MP intervention significantly decreased baPWV in young obese females with 

elevated BP, which reflects a de- crease in systemic arterial stiffness. The main components of 

baPWV are carotid–femoral PWV and femoral–tibial PWV, which correspond to stiffness of the 

aorta and leg arteries, respectively.15 Current literature shows that obesity does not elevate 

aortic PWV26; yet, there are increases in arm27 and leg PWV.28 Our data exhibited no 

change in Tr and PP amplification, suggesting that the decrease in baPWV was not 

influenced by aortic stiffness but by a reduction in peripheral arterial stiffness. In support to 

our findings, Beck and colleagues29 observed decreases in leg PWV, but not in aortic PWV, 

following 2 months of high intensity RT in young overweight adults with elevated BP (a 

population with high CV risk similar to the one examined in the present study). However, a meta-

analysis by Ashor et al.30 concluded that RT has neither negative nor positive effects on PWV. 

Moreover, it was determined that AT decreases both aortic PWV and leg PWV, which 

consequently decreases baPWV, and this improvement is boosted with higher intensity in 

individuals with increased arterial stiffness.30 Our findings are important because MP is effective 

lowering systemic arterial stiffness in young obese women, a population at risk for early arterial 

complications. 

We found that MP training decreased brachial SBP (−4 mm Hg) and aortic SBP 

(−5 mm Hg). Similar to our findings, a 12-week investigation reported declines in brachial SBP 

(−3 mm Hg) and aortic SBP (−4 mm Hg) in both active individuals with prior Pilates experience 

and sedentary individuals after MP training.22 Additionally, results from a previous 



randomized, controlled clinical trial show decreases in brachial SBP and DBP after 16 weeks 

of MP training in hypertensive women that were taking BP medication.23 Marinda et al.25 

noted decreases in brachial SBP (−6 mm Hg) after 8 weeks of MP in elderly women. In a re- 

cent review, Gonzáles et al. propose MP as an effective BP lowering intervention and 

suggest that its hypotensive effect may be due in part to the isometric component of this type 

of exercise.31 On that note, various meta-analyses have suggested that isometric training 

produce similar hypotensive effects to those of AT in individuals with elevated BP.32 As adherence to 

aerobic exercise is low in obese populations,33 MP might provide a BP lowering viable 

alternative to traditional AT. However, further studies in different populations are needed to 

validate our claim. 

The AIx is the difference between the late and early systolic peak (AP) relative to aortic 

PP. Considering that AIx can be negatively influenced by HR, the AIx is frequently 

normalized to 75 beats/min.16 Our findings revealed that MP training significantly reduced 

AIx and AIx@75, which seems relevant as our participants exhibited an elevated AIx (~16%) and 

AIx@75 (~13%) at baseline for their age.16 Since Tr and HR were not affected by MP training, 

the decline in AIx can be accredited to a decrease in the magnitude of the reflected wave, which 

determines aortic SBP and PP.16 This notion is confirmed by a decrease in AP as well as the 

pos- itive correlations between changes in AIx with changes in AP and baPWV (includes 

peripheral arterial stiffness, which affects wave reflection), in the current study. These findings 

agree with a previous report that found decreases in AIx in sedentary individuals after 12 weeks of 

MP training.22 Recent meta-analytic work showed that only traditional AT, but not RT, is effective 

at reducing AIx.30 However, obese women have a reduced compliance to long sessions of AT, 

especially at high intensity.8 As women exhibit higher AIx than men and obese compared with 

lean individuals;34,35 our findings may be of upmost clinical importance for obese women 

with elevated BP, a cohort at high risk of developing CV complications related to an increase 

in AP and PP.36 Aortic SBP, PP, and AIx are positively associated with left ventricle filling 

pressure in women with hypertension,34 indicating the increased risk of ventricular diastolic 

dysfunction due to arterial pulsatile load in women. Our findings suggest, there- fore, that the 

reductions in aortic SBP and PP evoked by MP training were largely driven by a decrease in wave 



reflection (AIx and AP) without involvement of the timing of the reflected wave, which is 

determined by aortic stiffness. 

The MP program was also effective for increasing plasma NO levels, suggesting 

an improvement in endothelial function. It is suggested that regular bouts of exercise 

upregulate the l-arginine-NO pathway37 as the endothelium is stimulated by muscle contraction-

mediated mechanical stimulation secondary to increased blood flow and shear stress.37 

Similar to our results, NO levels were reported to rise following 1–3 months of AT or RT in several 

populations.38,39 Notably, while previous research examined NO levels after AT or RT, this 

investigation is the first to assess increases in plasma NO metabolites after MP training. 

Early vascular dysfunction demonstrated as increased aortic PWV and AIx is 

determined by adiposity in young individuals with normal and elevated BP.3 The findings of 

the present study support MP training as a useful intervention for decreasing adiposity in young 

obese women with elevated BP. Reducing BF (especially abdominal fat) is imperative for 

reducing the risk of CV disease in obese adults, as there is a positive association between 

abdominal fat and CV disease as well as metabolic abnormalities.40 Our results are in 

accordance with those of Fourie et al.41 and Rogers et al.42 who found decreases of 1–2% in 

BF in elderly women following an 8-week MP training. The reduction in BF% was attributed to FM 

loss, which did not affect body weight due to a concurrent nonsignificant increase in lean body 

mass. Weight loss with energy restricted diet reduces aortic and leg PWV in obese women; 

however, this dietary approach results in muscle mass loss. Obesity is associated with arterial 

stiffening as result of increased leptin and inflammatory molecules released from FM.43 

Therefore, FM loss is associated with reduction in arterial stiffness by reducing circulating 

leptin, which impairs endothelial vasodilation via reduced NO synthesis.43 Arterial stiffness is 

increased in young obese without hypertension even after controlling for BP,35 suggesting that 

vascular remodeling precedes hyper- tension in young obese adults. In the present study, 

reduction in baPWV persisted after controlling for the distending pressure (MAP), suggesting that 

improvement in vascular function may reduce the risk of hypertension.24 The pre- sent study 

adds to the current knowledge that MP training improves adiposity and BP, the main risk factors of 

the metabolic syndrome. 

The possible mechanisms for this favorable adaptation in BF are an amplified 



metabolic demand, oxygen uptake, and postexercise energy expenditure, all of which result in a 

greater caloric expenditure and a reduction in BF%.44 As for the mechanisms responsible for 

improvements in systemic arterial stiffness, aortic BP, and wave reflection after MP training, 

our current results show that increased NO production may be involved in these favorable 

changes in vascular function via a healthier endothelium. 

Our study has certain limitations, such as the lack of measurement of cardiac and vascular 

autonomic function, which could have served a role in explaining the mechanisms behind some of our 

findings. We did not assess systemic vascular resistance or the magnitude of the forward and 

backward waves by separation analysis, which would have provided mechanistic evidence for the 

changes in hemodynamic variables. Because plasma NO is an indirect method to assess 

endothelial function, the finding has to be interpreted with caution since circulating NO can be 

influenced by diet and menstrual cycle, specifically at the time of ovulation.45 We used 

bioelectrical impedance to extrapolate body composition, which may not be as precise as 

other established methods such as dual-energy x-ray absorptiometry and air displacement 

plethysmography. Furthermore, We assessed young obese women with elevated BP; therefore, 

the same positive responses cannot be guaranteed in other populations. An additional limitation is 

the duration of our MP intervention. It is possible longer interventions could produce more positive 

vascular adaptations. For this reason, future studies should implement longer periods and greater 

frequency of training. In conclusion, the present findings indicate that MP training is a 

valuable form of exercise training for improving systemic arterial stiffness, aortic BP and wave 

reflection in young obese women with elevated SBP. Additionally, MP seems to be an 

effective intervention to reduce BF% in obese women. 

 
ACKNOWLEDGMENTS 
We are grateful to our participants. 

 

DISCLOSURE 
The authors declared no conflict of interest. 

 
REFERENCES 

1. Wildman RP, Mackey RH, Bostom A, Thompson T, Sutton-Tyrrell K. Measures 



of obesity are associated with vascular stiffness in young and older adults. Hypertension 2003; 

42:468–473. 

2. Zebekakis PE, Nawrot T, Thijs L, Balkestein EJ, van der Heijden-Spek J, Van 

Bortel LM, Struijker-Boudier HA, Safar ME, Staessen JA. Obesity is associated with increased 

arterial stiffness from adolescence until old age. J Hypertens 2005; 23:1839–1846. 

3. Urbina EM, Gao Z, Khoury PR, Martin LJ, Dolan LM. Insulin resistance and 

arterial stiffness in healthy adolescents and young adults. Diabetologia 2012; 55:625–631. 

4. Croymans DM, Krell SL, Oh CS, Katiraie M, Lam CY, Harris RA, Roberts 

CK. Effects of resistance training on central blood pressure in obese young men. J Hum 

Hypertens 2014; 28:157–164. 

5. Roman MJ, Devereux RB, Kizer JR, Lee ET, Galloway JM, Ali T, Umans 

JG, Howard BV. Central pressure more strongly relates to vascular disease and outcome than 

does brachial pressure: the Strong Heart Study. Hypertension 2007; 50:197–203. 

6. Jakicic JM. Exercise in the treatment of obesity. Endocrinol Metab Clin North 

Am 2003; 32:967–980. 

7. Montero D, Roberts CK, Vinet A. Effect of aerobic exercise training on arterial 

stiffness in obese populations: a systematic review and meta- analysis. Sports Med 2014; 

44:833–843. 

8. Alberga AS, Sigal RJ, Sweet SN, Doucette S, Russell-Mayhew S, Tulloch 

H, Kenny GP, Prud’homme D, Hadjiyannakis S, Goldfield GS. Understanding low adherence to 

an exercise program for adolescents with obesity: the HEARTY trial. Obes Sci Pract 2019; 

5:437–448. 

9. Pires DC, Sá CKC. Pilates: notas sobre aspectos históricos, princípios, técnicas 

e aplicações. Rev Digit 2005; 10:17–35. 

10. Bernardo LM. The effectiveness of Pilates training in healthy adults: an 

appraisal of the research literature. J Bodywork Mov Ther 2007; 11:106–110. 

11. Gil A, Novaes J. Core raining: pilates, plataforma vibratória e treinamento 

funcional. Ícone Editora: São Paulo, 2014. 

12. Adkisson EJ, Casey DP, Beck DT, Gurovich AN, Martin JS, Braith RW. Central, 

peripheral and resistance arterial reactivity: fluctuates during the phases of the menstrual 

cycle. Exp Biol Med (Maywood) 2010; 235:111–118. 



13. Son WM, Sung KD, Cho JM, Park SY. Combined exercise reduces arterial 

stiffness, blood pressure, and blood markers for cardiovascular risk in postmenopausal women 

with hypertension. Menopause 2017; 24:262–268. 

14. Yambe M, Tomiyama H, Yamada J, Koji Y, Motobe K, Shiina K, Yamamoto 

Y, Yamashina A. Arterial stiffness and progression to hyper- tension in Japanese male subjects 

with high normal blood pressure. J Hypertens 2007; 25:87–93. 

15. Yamashina A, Tomiyama H, Takeda K, Tsuda H, Arai T, Hirose K, Koji Y, 

Hori S, Yamamoto Y. Validity, reproducibility, and clinical significance of noninvasive brachial-

ankle pulse wave velocity measurement. Hypertens Res 2002; 25:359–364. 

16. Wilkinson IB, MacCallum H, Flint L, Cockcroft JR, Newby DE, Webb DJ. 

The influence of heart rate on augmentation index and central arterial pressure in humans. J 

Physiol 2000; 525(Pt 1):263–270. 

17. McEniery CM, Yasmin, Hall IR, Qasem A, Wilkinson IB, Cockcroft JR; ACCT 

Investigators. Normal vascular aging: differential effects on wave reflection and aortic 

pulse wave velocity: the Anglo-Cardiff Collaborative Trial (ACCT). J Am Coll Cardiol 

2005; 46:1753–1760. 

18. Pichler G, Martinez F, Vicente A, Solaz E, Calaforra O, Redon J. Pulse 

pressure amplification and its determinants. Blood Press 2016; 25:21–27. 

19. Pilates JH, Miller WJ. Pilates’ Return to Life Through Contrology. 

Presentation Dynamics Incorporated: Incline Village, NV, 1998. 

20. Siler B. Corpo Pilates, O. Grupo Editorial Summus: São Paulo, Brazil, 2008. 

21. Bergamin M, Gobbo S, Bullo V, Zanotto T, Vendramin B, Duregon F, Cugusi 

L, Camozzi V, Zaccaria M, Neunhaeuserer D, Ermolao A. Effects of a Pilates exercise 

program on muscle strength, postural control and body composition: results from a pilot study in a 

group of post- menopausal women. Age (Dordr) 2015; 37:118. 

22. Konstantaki M, Fasbender J, Cudmore T. The effects of a pilates intervention on 

arterial stiffness and trunk flexibility. Med Sci Sports Exerc 2015; 32:5. 

23. Martins-Meneses DT, Antunes HK, de Oliveira NR, Medeiros A. Mat Pilates 

training reduced clinical and ambulatory blood pressure in hy- pertensive women using 

antihypertensive medications. Int J Cardiol 2015; 179:262–268. 

24. Mitchell GF. Arterial stiffness and hypertension. Hypertension 2014; 64:13–



18. 

25. Marinda F, Magda G, Ina S, Brandon S, Abel T, Ter Goon D. Effects of a Mat 

Pilates program on cardiometabolic parameters in elderly women. Pak J Med Sci 2013; 

29:500–504. 

26. Desamericq G, Tissot CM, Akakpo S, Tropeano AI, Millasseau S, Macquin-

Mavier I. Carotid-femoral pulse wave velocity is not increased in obesity. Am J Hypertens 2015; 

28:546–551. 

27. Kappus RM, Fahs CA, Smith D, Horn GP, Agiovlasitis S, Rossow L, Jae SY, 

Heffernan KS, Fernhall B. Obesity and overweight associated with increased carotid 

diameter and decreased arterial function in young otherwise healthy men. Am J 

Hypertens 2014; 27:628–634. 

28. Snijder MB, Henry RM, Visser M, Dekker JM, Seidell JC, Ferreira I, Bouter 

LM, Yudkin JS, Westerhof N, Stehouwer CD. Regional body composition as a determinant 

of arterial stiffness in the elderly: the Hoorn Study. J Hypertens 2004; 22:2339–2347. 

29. Beck DT, Martin JS, Casey DP, Braith RW. Exercise training reduces 

peripheral arterial stiffness and myocardial oxygen demand in young prehypertensive subjects. 

Am J Hypertens 2013; 26:1093–1102. 

30. Ashor AW, Lara J, Siervo M, Celis-Morales C, Mathers JC. Effects of exercise 

modalities on arterial stiffness and wave reflection: a systematic review and meta-analysis of 

randomized controlled trials. PLoS One 2014; 9:e110034. 

31. Gonzáles AI, Nery T, Fragnani SG, Pereira F, Lemos RR, Bezerra PP, Haas 

P. Pilates exercise for hypertensive patients: a review of the literature. Altern Ther Health Med 

2016; 22:38–43. 

32. Owen A, Wiles J, Swaine I. Effect of isometric exercise on resting blood pressure: 

a meta analysis. J Hum Hypertens 2010; 24:796–800. 

33. Ekkekakis P, Lind E. Exercise does not feel the same when you are over- weight: 

the impact of self-selected and imposed intensity on affect and exertion. Int J Obes (Lond) 

2006; 30:652–660. 

34. Krzesiński P, Stańczyk A, Gielerak G, Uziębło-Życzkowska B, Kurpaska 

M, Piotrowicz K, Skrobowski A. Sex determines cardiovascular hemodynamics in 

hypertension. J Hum Hypertens 2015; 29:610–617. 



35. Urbina EM, Kimball TR, Khoury PR, Daniels SR, Dolan LM. Increased arterial 

stiffness is found in adolescents with obesity or obesity-related type 2 diabetes mellitus. J 

Hypertens 2010; 28:1692–1698. 

36. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of car- 

diovascular events and all-cause mortality with arterial stiffness: a systematic review and 

meta-analysis. J Am Coll Cardiol 2010; 55: 1318–1327. 

37. Green DJ, Walsh JH, Maiorana A, Burke V, Taylor RR, O’Driscoll JG. 

Comparison of resistance and conduit vessel nitric oxide-mediated vascular function in vivo: 

effects of exercise training. J Appl Physiol (1985) 2004; 97:749–755; discussion 748. 

38. Maeda S, Miyauchi T, Kakiyama T, Sugawara J, Iemitsu M, Irukayama- Tomobe 

Y, Murakami H, Kumagai Y, Kuno S, Matsuda M. Effects of exercise training of 8 weeks 

and detraining on plasma levels of endothelium-derived factors, endothelin-1 and nitric oxide, 

in healthy young humans. Life Sci 2001; 69:1005–1016. 

39. Beck DT, Casey DP, Martin JS, Emerson BD, Braith RW. Exercise training 

improves endothelial function in young prehypertensives. Exp Biol Med (Maywood) 2013; 

238:433–441. 

40. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, Eckel RH; 

American Heart Association; Obesity Committee of the Council on Nutrition, Physical 

Activity, and Metabolism. Obesity and cardiovascular disease: pathophysiology, evaluation, and 

effect of weight loss: an update of the 1997 American Heart Association Scientific Statement on 

Obesity and Heart Disease from the Obesity Committee of the Council on Nutrition, Physical 

Activity, and Metabolism. Circulation 2006; 113:898–918. 

41. Fourie M, Gildenhuys GM, Shaw I, Shaw BS, Toriola AL, Goon DT. Effects of 

a Mat Pilates programme on body composition in elderly women. West Indian Med J 

2013; 62:524–528. 

42. Rogers K, Gibson AL. Eight-week traditional Mat Pilates training- program 

effects on adult fitness characteristics. Res Q Exerc Sport 2009; 80:569–574. 

43. Rider OJ, Tayal U, Francis JM, Ali MK, Robinson MR, Byrne JP, Clarke K, 

Neubauer S. The effect of obesity and weight loss on aortic pulse wave velocity as assessed 

by magnetic resonance imaging. Obesity (Silver Spring) 2010; 18:2311–2316. 

44. Olson MS, Williford HN, Martin RS, Ellis M, Woolen E, Esco MR. The energy cost 



of a basic, intermediate, and advanced Pilates’ Mat workout. Med Sci Sports Exerc 2004; 

36:S357. 

45. Ekerhovd E, Enskog A, Caidahl K, Klintland N, Nilsson L, Brännström M, 

Norström A. Plasma concentrations of nitrate during the menstrual cycle, ovarian stimulation 

and ovarian hyperstimulation syndrome. Hum Reprod 2001; 16:1334–1339. 


	The Effects of Mat Pilates Training on Vascular Function and Body Fatness in Obese Young Women With Elevated Blood Pressure
	tmp.1704313692.pdf.tw5Ga

