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Hypertension often clusters with other CVDs risk factors such as 
overweight/obesity, dyslipidemia and glucose intolerance [6,7]. 
The relationship between hypertension and other CVDs risk fac-
tors is complex [6]. A nearly linear relationship exists between BP 
and indices of obesity. Excessive weight gain, especially when asso-
ciated with visceral obesity, raises BP and is the most important 
known risk factor for primary (essential) hypertension [8]. The 
mechanisms of obesity induced hypertension have not been fully 
elucidated. However, several consequences of obesity may interact 
synergistically with hypertension favoring CVDs. These conse-
quences include increased activity of sympathetic nervous system 
and of renin–angiotensin system, metabolic abnormalities (dyslip-
idemia and insulin resistance), inflammation, lipotoxicity, endo-
thelial dysfunction and arterial stiffness [8–11].

A RT I C L E  I N F O
Article History

Received 30 December 2019
Accepted 21 April 2020

Keywords

Hypertension
obesity
probiotics
metabolic profile
vascular function

A B S T R AC T

Introduction: Hypertension often clusters with other cardiovascular risk factors such as obesity, dyslipidemia and glucose 
intolerance. Weight loss can decrease Blood Pressure (BP) and improve cardiometabolic abnormalities. There is evidence that 
hypertension and obesity are associated with alterations in gut microbiome. Recent studies evaluating the effects of probiotics 
on BP, body weight, metabolic profile, inflammatory biomarkers, endothelial function and arterial stiffness found inconsistent 
results, probably due to the wide heterogeneity in trials design. To date, it is not known if probiotics can potentiate the effects of 
energy restriction in individuals with increased risk of metabolic, inflammatory and vascular abnormalities such as individuals 
presenting hypertension and obesity.
Objective: To evaluate the effects of probiotics during energy restriction on BP, body adiposity (total, central and visceral), 
insulin resistance, lipid profile, microvascular reactivity and arterial stiffness in obese hypertensive subjects.
Methods: This 12-week randomized, double-blind, controlled clinical trial with obese hypertensive adults, instructed to follow 
an energy-reduced diet (−800 Kcal/day) will be conducted at State University of Rio de Janeiro, Brazil. Probiotics and control 
groups will take one capsule/day containing nine freeze-dried probiotic strains and cellulose, respectively. At baseline and at 
the end of the study, participants will undergo nutritional, laboratory, BP and vascular evaluation. Nutritional assessment will 
include bioelectrical impedance analysis and dual energy X-ray absorptiometry. Laboratory parameters will include glucose, 
insulin, lipid profile, C-reactive protein, adiponectin, tumor necrosis factor alpha, interleukin-6 and lipopolysaccharide. Post-
occlusive microvascular reactivity will be evaluated by laser speckle contrast imaging and oscillometric pulse wave analysis by 
Mobil-O-Graph.
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1. INTRODUCTION

Cardiovascular Diseases (CVDs) continue to be the leading cause 
of global mortality [1]. Hypertension affects almost one third of 
adult population [2] and is a major risk factor for almost all CVDs 
[3], being an important cause of death and disability-adjusted 
life years worldwide [1,4]. Data from observational studies have 
already demonstrated a strong linear positive association between 
Blood Pressure (BP) and CVDs [3,5].
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Weight loss lowers BP even without attainment of a desirable body 
weight [12]. In a meta-analysis, an average weight loss of 5.1 kg 
reduced Systolic BP (SBP) by 4.4 mm Hg and Diastolic BP (DBP) by 
3.6 mmHg [13]. Weight loss in obese individuals can also improve 
metabolic abnormalities, inflammatory profile and endothelial 
dysfunction [14,15]. Lifestyle intervention is a critical component 
of weight loss therapy and a reduced total energy intake should be 
the main component of any weight-loss intervention [9].

There is evidence that alterations in gut microbiome (dysbiosis) 
are associated with obesity, hypertension, arterial stiffness and 
other cardiometabolic risk factors [16–22]. Several mechanisms 
have been proposed to explain the association between gut dys-
biosis and risk of CDVs, including Lipopolysaccharide (LPS), 
a component of the membrane of Gram-negative bacteria, and 
Trimethylamine N-oxide (TMAO), a metabolite produced by the 
gut microbiota. LPS was associated with chronic inflammation 
[23,24], while TMAO with endothelial dysfunction, atheroscle-
rosis, and cardiovascular events and mortality [10,25–27]. These 
findings suggest that the modulation of the gut microbiome can be 
a new therapeutic tool for weight loss and for the reduction in BP 
and  cardiovascular risk.

The gut microbiome can be modulated by the administration 
of probiotics, which are defined as “live microorganisms that, 
when administered in adequate amounts, confer a health benefit 
on the host” [28]. Although, in recent years, several studies have 
investigated the effects of probiotics on body adiposity [29–35], 
glycemic control and insulin resistance [32,35–37], lipid profile 
[31,38], inflammatory biomarkers [31,37,39,40], BP [38,41,42], 
endothelial function [43,44] and arterial stiffness [45], their 
results are inconsistent, probably due to the wide heterogeneity 
in trials design (duration of the study, dose and strains of probi-
otics). It is noteworthy that there is a lack of studies investigat-
ing if probiotics can potentiate the effects of energy restriction in 
individuals presenting high risk of metabolic, inflammatory and 
vascular abnormalities such as individuals presenting obesity and 
hypertension.

The primary aim of this study is to evaluate the effects of probiotics 
during energy restriction on BP in obese hypertensive individuals. 
Secondary objectives are related to the effects of probiotics during 
energy restriction on body adiposity (total, central and visceral), 
insulin resistance, lipid profile, inflammatory markers, cutaneous 
microvascular reactivity, arterial stiffness and fecal microbiota 
composition in obese hypertensive subjects.

2. MATERIALS AND METHODS

2.1. Trial Design

This is a 12-week, single-center, parallel, double-blind, ran-
domized placebo-controlled trial that will be conducted at 
the Laboratory of Clinical and Experimental Pathophysiology, 
located at State University of Rio de Janeiro, Brazil. Recruitment 
began in November 2019 and is expected to continue until 
November 2020. The trial was approved by the Committee on 
Ethics and Research of the Pedro Ernesto University Hospital 
(CAAE: 02752118.0.0000.5259) and was registered at www.
ensaiosclinicos.gov.br (RBR-7jw4ry). All participants will provide 
written informed consent.

2.2.  Study Population, Recruitment  
and Screening

Eligible participants for the trial are obese hypertensive individuals 
who meet the enrollment criteria detailed in Table 1. Potential 
participants, who meet initial eligibility criteria (preliminary eval-
uation) and agree to take part in the study, will be scheduled for a 
screening visit (V0) in order to evaluate other eligibility criteria. At 
this screening visit, they will arrive at the laboratory after a 12-h 
fasting period for clinical, anthropometric and laboratory evalua-
tions. The following week, participants who fulfill all inclusion cri-
teria will be scheduled to perform the first study visit (V1) and will 
receive the necessary instructions: take stool sample, 12-h fasting 
and alcohol abstinence for the previous 3 days.

2.3. Randomization and Blinding

At V1, participants will be randomly allocated in 1:1 ratio in blocks 
to receive capsules containing either probiotics (probiotics group) 
or placebo (control group). A computer random number generator 
was used to generate the random sequence for group allocation. 
Participants and researchers will be blinded to group allocation 
during the study. Group assignment will be concealed until com-
pletion of the statistical analyses. The allocation sequence will also 
be concealed, using sequentially numbered opaque, sealed enve-
lopes that will be opened only after they have been irreversibly 
assigned to a participant. Both groups will be evaluated at baseline 
(V1) and at weeks 4 (V2), 8 (V3) and 12 (V4).

2.4. Trial Visits

At baseline (V1), participants will be submitted to nutritional, lab-
oratory, BP and vascular assessment. During this visit, patients will 

Table 1 | Inclusion and exclusion criteria

Inclusion criteria

 Age ≥40 and ≤65 years
 Men and women (post-menopausal)
 Body mass index ≥30.0 and ≤39.9 kg/m²
 Previous diagnosis of essential hypertension
 Treatment with the same antihypertensive drugs for at least 4 weeks

Exclusion criteria

 Individuals with evidence of secondary hypertension or presenting 
blood pressure ≥160/100 mmHg

 Diabetes mellitus and/or use of insulin or oral hypoglycemic agents
 Malignant or autoimmune diseases
 Chronic kidney or liver diseases
 Clinical signs of heart failure or of changes in thyroid function
 Current or former smokers (quit < 12 months)
 Physical activity practitioners
 Vegetarians
 Pregnant or lactating women
 Use of probiotics, prebiotics, symbiotics, antibiotics, hypolipidemic 

drugs, hormone replacement therapy, proton pump inhibitors,  
antioxidant and/or anti-inflammatory supplements including  
vitamin, mineral or omega 3 in the last 3 months

 Recent changes (last 3 months) in body weight (≥3 kg) and/or in  
food intake
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give a stool sample, will be instructed to follow an energy reduced 
diet, and will receive the capsules (with or without probiotics) for 
the first 4 weeks of the study. At V2 and V3, participants will be 
submitted to anthropometric and BP evaluation, and will receive 
the capsules for the next 4 weeks. At V4, participants will give a new 
stool sample and will be submitted to all the evaluations performed 
at V1, as shown in Figure 1.

2.5. Trial Procedures

2.5.1. Probiotic intervention

The probiotics group will receive capsules containing nine freeze-
dried probiotic strains (each one 109 UFC/capsule): Lactobacillus 
acidophilus LA-G80, Lactobacillus gasseri LG-G12, Lactobacillus para-
casei LPc-G110, Lactobacillus plantarum LP-G18, Lactobacillus del-
brueckii LB-G40, Bifidobacterium lactis BL-G101, Bifidobacterium 
bifidum BB-G90, Bifidobacterium longum BL-G301 and 
Bifidobacterium infantis BI-G210. The placebo group will receive 
similar capsules (color, shape and size) without probiotic strains 
(microcrystalline cellulose).

Both groups will be asked to take one capsule a day, 30 min before 
breakfast. The indirect method of capsule counting will be used 
to evaluate the intervention compliance. During the study period, 
all participants will be instructed to avoid products containing  
probiotic, prebiotic or symbiotic as well as food rich in polyphenols.

2.5.2. Dietary prescription

Both groups will be instructed to follow an energy reduced diet 
during the 12 weeks of the study. The Total Energy Value (TEV) of 
the diet prescribed for each study participant will be determined 
by subtracting 800 Kcal/day from the total daily energy expendi-
ture, which will be estimated using the Dietary Reference Intake 
(DRI) equations with current body weight [46]. The distribution 
of macronutrients will be as follows: protein 15–20% of TEV, lipids 
25–30% of TEV and carbohydrates 50–60% of TEV. At visits 2 and 3, 
TEV of the diet will be adjusted according to the participant’s body 
weight at these visits, as an attempt to maintain weight loss.

2.5.3. Assessment of food intake

The dietary intake will be assessed by three interviewer- 
administered 24 h dietary recalls (two weekdays and one weekend 
day) at the beginning (V1) and at the end of the study (V4). The 
three 24 h dietary recalls obtained at V1 will be used to assess habit-
ual consumption, while the three 24 h dietary recalls at V4 will be 
used to assess adherence to the prescribed diet.

The 24 h recalls will be obtained face-to-face or through telephone 
call. The recalls will be obtained by two dietitians trained to ask the 
patients to enumerate all the information about the food and drink 
they had consumed from midnight to midnight in the previous day, 
including the quantity.

Figure 1 | Trial design.
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Nutrient analysis of the 24 h recalls will be performed using the 
software Food Processor Plus® (ESHA Research, Salem, Oregon) 
and two Brazilian Food Composition Tables [47,48].

2.5.4. Anthropometric measurements

The anthropometric measurements will be taken twice by two expe-
rienced dietitians, and mean values will be used. The height will be 
measured using a stadiometer accurate to ±0.5 cm and the weight 
will be obtained with a digital scale, accurate to ±0.1 kg (Filizola 
S.A., São Paulo, SP, Brazil), with the patients wearing light clothing 
with no shoes and after emptying the bladder. Body Mass Index 
(BMI) will be calculated using the standard equation (kg/m2) [49]. 
The measure of the Waist Circumference (WC) will be taken in the 
standing position midway between the lowest rib and the iliac crest, 
at mid-exhalation. Hip Circumference (HC) will be measured at 
the widest point over the hip/buttocks area with the tape parallel 
to the floor [50]. Waist-to-hip ratio will be determined by dividing 
WC (cm) by HC (cm). Waist-to-height ratio will be obtained by 
dividing WC (cm) by height (cm). The Neck Circumference will 
be measured in the midway of the neck between mid-cervical spine 
and mid-anterior neck, if palpable, just below the laryngeal prom-
inence, with participants in the standing position with the head 
positioned at the Frankfurt horizontal level [51].

2.5.5. Bioelectrical impedance analysis

Bioelectrical Impedance Analysis (BIA) procedure will be performed 
using the Biodynamics BIA-450 body fat analyser (Biodynamics 
Corp., Seattle, WA, USA) with the patient in the supine position 
according to manufacturer’s instructions. Patients will be advised to 
fast for at least 8 h prior the analysis and not to perform strenuous 
physical activity on the day before the evaluation [52].

Bioelectrical Impedance Analysis is based on the principle that tis-
sues are full of electrolyte-containing fluids and conduct an electric 
current, measuring two bioelectrical parameters: resistance (R) and 
reactance (Xc). R is the opposition offered by the body to the flow 
through intra- and extra-cellular ionic solutions of an alternating 
electrical current, and thus is inversely related to the water and elec-
trolyte content of tissue. Xc is the additional opposition related to the 
capacitance properties of the cell membrane and tissue interfaces, 
thus depending on its integrity, function, and composition it may 
influence in variations in Xc. The relationship between Xc and R in 
circuits is given by the phase angle (PhA), which is independent of 
body height and weight. PhA varies according to Xc, thus the lower 
Xc value the lower PhA, indicating body cell loss, and vice-versa [53].

Lean body mass will be estimated using specific predictive equa-
tions for individuals with excessive body fat [54,55]. The BIA-
derived parameters evaluated in the present study will be total body 
fat, lean mass, PhA, body cell mass, basal metabolic rate, R, Xc, total 
body water, intra- and extra-cellular water.

2.5.6. Dual-energy X-ray absorptiometry

The Dual-energy X-ray Absorptiometry (DXA) procedure will be 
performed by a trained technician using a GE Medical Systems 

Lunar® (Madison, WI, USA) with the patient in the supine position. 
The DXA system performs rectilinear scans over the length of the 
body. The scan begins at the top of the patient’s head and moves 
downward toward the feet. The program allows scanning up to 205 
lines. During the scan, the source shutter opens to emit an X-ray 
beam. The software calculates fat mass, lean tissue and bone min-
eral mass. Fat-free mass is calculated as the sum of lean tissue plus 
bone mineral mass. Body composition will be evaluated in total 
body and different sites, such as trunk. Visceral adipose tissue will 
be estimated with the software CoreScan VAT [56].

2.5.7. Habitual physical activity

The level of habitual physical activity will be evaluated using the 
International Physical Activity Questionnaire (Short Form). This 
validated questionnaire [57] will be used in the screening visit (V0) 
and only individuals classified as sedentary or irregularly active will 
be included in the study. Both the groups will be advised not to 
change their usual physical activity during the study period.

2.5.8. Laboratory parameters

Blood samples will be analyzed to measure glucose, insulin, Total 
Cholesterol (TC), High-density Lipoprotein Cholesterol (HDL-C), 
Triglycerides (TGs), C-Reactive Protein (CRP), adiponectin, resistin, 
Tumor Necrosis Factor Alpha (TNF-a), Interleukin-6 (IL-6) and 
Lipopolysaccharide (LPS). Glucose will be determined by glucose hex-
okinase method. TC, HDL-C and TGs concentrations will be assessed 
by using enzymatic colorimetric method. Low-density Lipoprotein 
Cholesterol (LDL-C) will be estimated by using the Friedewald for-
mula [58]. Insulin will be determined by electro-chemiluminescence 
 immunoassay using commercial kit (Roche Diagnostics, Basel, 
Switzerland). Insulin resistance status will be assessed using the 
homoeostasis model assessment of insulin resistance index, which 
will be calculated as fasting insulin (μU/ml) × fasting plasma glucose 
(mmol/l)/22.5 [59]. CRP will be assessed by turbidimetry method; 
adiponectin, resistin, TNF-a and IL-6 by Luminex method (Milliplex 
Commercial Kit); and LPS by enzyme-linked immunosorbent assay.

2.5.9. Fecal microbiota assessment

Stool samples will be collected by the participants at home follow-
ing written instructions and using a kit provided by the researchers 
during V0. The samples will be stored at home at temperature of 
approximately 4°C and will be transported to the laboratory under 
conditions to preserve refrigeration. At the laboratory, stool samples 
will be immediately stored at −80°C until DNA extraction. Fecal DNA  
will be extracted using QIAamp Fast DNA Stool Mini Kit (Qiagen, 
Valencia, CA, USA). Quantitative polymerase chain reaction will 
be used to identify and quantify bacteria of interest including: 
Lactobacillus spp, Bifidobacterium spp, Bacteroidetes and Firmicutes.

2.5.10. Blood pressure measurement

Systolic and diastolic BP measurements will be obtained with a cal-
ibrated electronic device (model HEM-705CP, OMRON Healthcare 
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Inc., IL, USA), placed about 2 cm above the cubital fold. The 
 measurements will be performed with the patient in a sitting position 
and after 5 min of rest. After six measurements at 1-min interval, stan-
dard deviation, coefficient of variation (standard deviation/mean) 
and amplitude (maximum − minimum) will be obtained as markers 
of BP variability. Pulse pressure (PP) will be determined from the dif-
ference between SBP and DBP. The Mean Arterial Pressure (MAP) 
will be determined by the equation: MAP = DBP + PP − 3.

2.5.11. Oscillometric pulse wave analysis

Central hemodynamics will be evaluated with the Mobil-O-Graph 
device (I.E.M. GmbH, Stolberg, Germany). This device has been 
duly validated for use in scientific research by the European 
Society of Hypertension. Central hemodynamic parameters will 
be obtained by a non-invasive method that simultaneously checks 
the pulse wave of arterial blood flow, allowing the analysis of arte-
rial pressure, Central Systolic Pressure (cSP), Pulse Wave Velocity 
(PWV) and of the Augmentation Index (AIx) by the ARCsolver 
method, Austrian Institute of Technology. This method deter-
mines cSP based on brachial pulse waves recorded through a cuff 
attached to the Mobil-O-Graph oscillometric device that checks BP. 
Recordings are obtained by keeping the cuff inflated for 10 s at the 
DBP level using conventional obese adult cuffs and a high-fidelity 
pressure sensor MPX50550 (Freescale Inc., Tempe, AZ, USA) [60].

Mobil-O-Graph is a device that allows simultaneous measure-
ments of central and peripheral pressure. The following variables 
will be collected: cSP, Central PP (cPP), pulse pressure amplifica-
tion, Augmentation Pressure (AP), AIx, AIx@75 (AIx corrected for 
heart rate of 75 bpm), PWV and arterial age [61].

2.5.12. Central hemodynamic parameters

The central hemodynamics parameters will also be evaluated 
non- invasively using a commercially available tonometry device 
(SphygmoCor, AtCor Medical, Sydney, Australia). The SphygmoCor 
systems utilize a Medical Electronics Module Model EM3, an AtCor 
Medical/Millar tipped pressure tonometer (Millar Instruments, 
Houston, TX, USA) and a validated generalized mathematical 
transfer function to synthesize a central aortic pressure wave-
form. Participants will be rested quietly in a supine position in a 
 temperature-controlled room for 5 min prior to initial radial artery 
pulse pressure waveform analysis. After 10 sequential waveforms will 
be were acquired, a validated generalized transfer function will be 
used to generate the corresponding central aortic pressures and pres-
sure waveforms [62]. Aortic SP (aoSP), Aortic PP (aoPP), AP, and AIx 
will be derived from pulse waveform analysis. AP will be the differ-
ence between the second and the first systolic peak pressure, and AIx 
will be defined as the ratio of AP to aoPP, expressed as a percentage  
[AIx = (AP/ PP) × 100]. In addition, a normalized AIx for a heart 
rate of 75 beats/min will be derived [63]. Amplification of PP will be 
calculated by the formula: aoPP/peripheral PP.

2.5.13. Cutaneous microvascular reactivity

Cutaneous microvascular reactivity will be assessed after a 
20-min resting period, with subjects lying down in the supine 

position in a room with temperature control (23 ± 1°C) using 
the laser speckle contrast image with a 785-mm laser wavelength 
(PSI Pericam System, Perimed, Sweden). Physiological evalua-
tion of the variations in the microvascular flow will be analyzed 
using Post-occlusive Reactive Hyperemia (PORH) and will be 
expressed in Arbitrary Perfusion Units (APU). Values of cutane-
ous vascular conductance will be obtained by dividing APU by 
MAP [64]. The image acquisition rate will be one image/s and 
the distance between the laser head and the skin surface is fixed 
at 20 cm. A sphygmomanometer will be used over the brachial 
artery to apply a pressure of 50 mmHg above SBP for 3 min. 
After rapid decompression, flow changes will be recorded to 
assess changes in PORH. The flow will then be recorded before 
(baseline) and after (PORH) the 3-min occlusion period. The 
manufacturer’s software (PIMSoft, Perimed, Sweden) will be 
used to analyze the images.

2.6. Statistical Methods

Categorical variables will be expressed as absolute numbers and 
percentage. The Shapiro–Wilk test will be used to test the normal-
ity of the continuous variables and skewed data will be log trans-
formed to improve normality. Continuous variables with normal 
distribution will be presented as mean ± standard errors and those 
without normal distribution will be presented as median and inter-
quartile range.

Repeated measures analysis of variance will be used to evaluate 
changes in continuous variables obtained from baseline and post- 
intervention. The Pearson’s or Spearman’s correlation will be per-
formed to evaluate the association between continuous variables.

The sample size was determined based on the primary outcome 
of changes in BP, which was obtained from the meta-analysis con-
ducted by He et al. [38]. A minimum sample size of 24 was deter-
mined for each group with a 95%-CI and a power of 80%.

3. DISCUSSION

In the last decade, significant interest has focused on gut microbiota–
host interaction. Accumulating evidence has indicated that the gut 
microbiome functions like an endocrine organ, generating bioac-
tive metabolites, which can impact host physiology. Gut dysbiosis 
has been associated with obesity, hypertension, metabolic distur-
bances, vascular abnormalities and CVDs [16,18]. Therefore, the 
modulation of gut microbiome with probiotics can be viewed as a 
new therapeutic tool and the use of probiotic food and supplements 
has increased in recent years [65,66]. Hypertension and obesity fre-
quently coexist, are prevalent among adults and are associated with 
increased risk of CVDs [6,7]. Although several randomized clinical 
trials have investigated the effects of probiotics on different health 
outcomes, it remains unclear whether they can improve cardiomet-
abolic risk factors. The aim of this study is to evaluate the effects of 
probiotics on BP (main objective), body adiposity, metabolic pro-
file, inflammatory status and vascular parameters in obese hyper-
tensive subjects during energy restriction.

This randomized clinical trial has several potential strengths 
including the duration of the study, the use of multiple probi-
otics strains and the inclusion of non-health individuals. In a 
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meta-analysis of randomized controlled trials evaluating the 
effects of probiotics on BP, there was a greater decrease in BP in 
studies with longer duration (≥8 weeks), using multiple strains 
and conducted with subjects presenting higher levels of BP at 
baseline [42]. Another meta-analysis also observed a slightly 
greater effect on SBP in hypertensive participants compared 
with normotensive ones [41]. Considering studies evaluating 
the effects of probiotics on lipid profile, recent meta-analyses 
revealed a statistically greater reduction in TC and LDL-col in 
trials with longer duration (>8 weeks) [31,67], using multiple 
probiotics strains [31,68], conducted in individuals with higher 
baseline TC [67,69] and presenting overweight or obesity [68].  
A meta-analysis evaluating the effects of probiotics on weight 
loss also found greater decrease in body weight in studies during 
at least 8 weeks [34].

Another potential strength of this study is the evaluation of body 
composition with DXA, a gold standard method. Although the 
majority of the studies investigating the effects of probiotics 
on weight loss and/or metabolic abnormalities evaluated solely 
anthropometric measures, some studies also evaluated body com-
position. Among the studies that evaluated body composition, 
the most used method was BIA [70–73]. So far, only few studies  
have used DXA to evaluate body composition [33,74]. Andreasen 
et al. [74] used DXA to evaluate fat-free mass in a study that lasted 
only 4 weeks, while Kim et al. [33] evaluated changes in body com-
position during a 12-week study with an energy restriction lower 
than the present study. Visceral/abdominal adipose tissue has been 
evaluated using computed tomography in the studies conducted by 
Kadooka et al. [75] and by Kim et al. [33], while ectopic fat was 
determined by H-magnetic resonance spectroscopy in the study of 
Simon et al. [76].

The evaluation of the effects of probiotics on vascular parameters 
can be considered another strength of this study. To date, despite 
the existing evidence that TMAO is associated with endothe-
lial dysfunction and increased risk of atherosclerosis and CVDs 
[16,77,78], only few studies evaluated the effect of probiotics 
on vascular function or structure [43–45]. Malik et al. [44] and 
Rezazadeh et al. [43] observed improvement in endothelial dys-
function, while Szulińska et al. [45] showed improvement in arte-
rial stiffness after probiotic supplementation. Nevertheless, these 
studies have some limitations as lack of assessment in both sexes 
and the absence of food intake control.

Other strengths of the present study include an adequate evalua-
tion of dietary intake before (V0) and during the study (V4), the 
prescription of an individualized energy-restricted diet with sim-
ilar characteristic for both study groups, and the evaluation of 
fecal microbiota at the V0 and V4. A challenge of the study is the 
selection of participants due to the inclusion and exclusion criteria. 
Some studies have already shown acceptable agreement of PWV 
provided by Mobil-O-Graph with PWV provided by other non- 
invasive devices such as SphygmoCor, Arteriograph and Complior 
[79–81] and even with aortic PWV invasively assessed showing a 
significant and strong linear correlation (r = 0.81, p < 0.001) and 
mean difference of 0.05 m/s for repeated oscillometric measure-
ments of aortic PWV [82]. As PWV will be provided by Mobil-O-
Graph, a device that uses an algorithm based on age and BP, this 
parameter will not be an independent variable, being a possible 
limitation when performing some statistical modeling.

In summary, this trial will test the hypothesis that probiot-
ics can potentiate the beneficial effects of energy restriction on 
cardiometabolic risk factors in obese hypertensive individuals. 
Therefore, it may help to elucidate the role of probiotics on car-
diovascular health.
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