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Abstract

Background: More than half of the world's population will be overweight or obese by 2035, and it is known that physical
exercise, such as high-intensity interval training (HIIT), isatool for controlling obesity by improving body composition and the
metabolic profile. Noninvasive techniques such as therapeutic ultrasound (TUS) and the Aussie current have shown potential in
controlling adipose tissue, but their effects combined with HII'T remain unknown. TUS may be combined with the Aussie current
to potentiate the specific effects of each intervention, such as lipolysis induced by TUS and lymphatic activation promoted by
the Aussie current. The integration of HIIT into this protocol isjustified by its ability to stimulate 3-oxidation and facilitate the
metabolic use of fatty acids mobilized by the electrophysical resources. Furthermore, the use of HIIT as opposed to
moderate-intensity continuous training contributes to reducing the total duration of the intervention.

Objective: This study aims to evaluate the effects of TUS+Aussie current combined with HIIT on body composition, serum
metabolic profile, and cardiovascular autonomic modulation (CAM) in individuals with overweight and obesity.

Methods: Thisisarandomized, double-blind (researcher and outcome assessor) clinical study. The participantswill berandomized
into 3 groups: active TUS+Aussie current with HIIT group, placebo for TUS+Aussie current with HIIT group, and TUS+Aussie
current—only group. All participants will undergo nutritional monitoring 30 days before the proposed interventions to adjust
macronutrients, optimize energy intake, and improve diet quality. Primary outcomes include changes in subcutaneous adipose
tissue thickness, body composition, and serum metabolic profile. Secondary outcomes assess perceived stress, body image, blood
biochemistry, sleep quality, and CAM. Data analysis involves linear mixed models estimated using the maximum likelihood
method with an appropriate covariance matrix structure.

Results: A total of 60 participants will be recruited and randomized between February 2024 and June 2025. The baseline

assessments and intervention are scheduled to be completed in August 2025, and data collection will be completed by the end of
September 2025. Data acquisition is still ongoing; therefore, data analysis has not yet been carried out.
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Conclusions: Thisisthefirst study to combine TUS+Aussie current with HIIT, potentially integrating the effects of lipolysis
and fat oxidation and possible changes in the serum metabolic profile and CAM. The results could optimize treatment duration,

promote changesin lipid profile, and maintain cardiovascular health in people with overweight and obesity.

Trial Registration:
https://ensai osclinicos.gov.br/rg/RBR-4xh6232

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2025;14:€71829) doi: 10.2196/71829

Brazilian Registry of Clinical Trials RBR-4xh6232, Universal Trial Number; U1111-1287-2345;

DERR1-10.2196/71829
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Introduction

Background

According to areport by the World Obesity Federation, more
than half of the world’s population will be overweight or obese
by 2035 [1]. Excess abdominal fat isa primary determinant for
developing insulin resistance and other metabolic disorders[2].
Lifestyle modification is the most recommended approach for
treating and preventing obesity at any stage of life [2]. In
addition to exercise and acontrolled diet, noninvasive techniques
have emerged as safe and effective tools for managing adipose
tissue [3,4]. These techniquesinclude different electrophysical
agents, such as low-intensity laser [5], cryotherapy [6],
radiofrequency [7], infrared radiation [8], and therapeutic
ultrasound (TUS) [4,9].

TUS is a therapeutic modality widely used in physiotherapy
clinical practice [10,11]. The nonlinear propagation of TUS
wavesinduces mechanical forceson particlesat the applied site,
resulting in biological effects [4], including pyroptosis [12].
This term refers to aform of programmed cell death mediated
by caspase-1 or caspase-11, characterized by the secretion of
proinflammatory cytokines[12,13]. Cellsundergoing pyroptosis
exhibit mitochondrial membrane potential loss; DNA
fragmentation; nuclear condensation; and the release of
cytoplasmic contentsinto the bloodstream, including fatty acids
[13,14].

TUS can be combined with Aussieelectrical current to stimulate
the lymphatic system, producing a strong but comfortable
paresthesia [11,15]. The Aussie current is characterized by a
medium-frequency alternating wave modulated at a low
frequency (LF) and is indicated for various applications,
including muscle strengthening, pain control, lymphatic
drainage, and edemacontrol [11]. The combined effects of these
electrophysical resources—TUSand Aussie current—alongside
aerobic exercise after therapy may enhance fat [3-oxidation.
However, despite promising results for cellulite reduction with
the combination of TUS and Aussie current [16-18], previous
studies are limited by small sample sizes; lack of a placebo
group; and insufficient focus on posttherapy clinical outcomes,
such as serum metabolic changes [18]. In addition, other forms
of intervention have been widely suggested for reducing body
composition and promoting significant metabolic changes in
individualswith obesity, such as high-intensity interval training
(HIT). HIIT aternates between periods of high intensity and
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active recovery and has become a popular training method due
to itstime efficiency.

Although previous studies [19,20] have shown better effects of
HIIT on the aerobic capacity of patients with cardiovascular
disease when compared to continuous moderate-intensity
training, the effects of HIIT on cardiovascular autonomic
modulation (CAM) in peoplewith obesity are poorly understood.
A systematic review evaluated the effects of HIIT on CAM
based on 6 studies that used heart rate (HR) variability as a
measure [21]. The results showed that HIIT can improve
autonomic modulation by increasing parasympathetic cardiac
modulation and reducing sympathetic cardiac modulation in
healthy individuals and patients with metabolic syndrome,
making it apromising strategy for cardiovascular rehabilitation
[21].

Asfor the effects of HIIT on body composition, another review
analyzed body fat percentage, fat mass, and fat-free mass in
cycling, running on the ground, and running on atreadmill [22].
Thefindings showed that all formsof HIIT significantly reduced
fat mass (—1.86 kg) and body fat percentage (—1.53%) compared
to the control group [22].

Although previous studies have reported reductionsin abdominal
circumference and body composition following TUSand Aussie
current application [3,4,10,11], none have evaluated this
technique in combination with HIIT in participants with
overweight or obesity. In addition to optimizing time, the
combination of both interventions also aims to optimize the
breakdown, drainage, and oxidation of fat, promoting weight
loss. Thereisaneed for clinical trialsto investigate the potential
clinical effects of this therapeutic modality in humans, as
suggested by animal models [16-18]. Furthermore, this study
addresses arelevant public health problem [1]—the increasing
prevalence of obesity in young adults—by proposing a
multimodal, noninvasive intervention aimed at reducing
abdominal adiposity and improving metabolic health, a scope
that has been explored little in previous clinical protocols
[4,9,11]. Theresults of this study will determine whether TUS
and Aussie current therapy induce changesin body composition,
manage serum metabolic profile, and improve CAM indexes.

Objectives

This pragmatic study aims to evaluate the effects of combined
therapy (TUS+Auss e current) alone and combined with HIIT
on body composition, serum metabolic profile, and CAM in
peoplewith overweight and obesity. Thisstudy also investigates

JMIR Res Protoc 2025 | vol. 14 | €71829 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/71829
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

the impact of these interventions on perceived stress, body
image, and sleep quality in people with overweight and obesity.

Methods

Study Design

This is a randomized, pragmatic, placebo-controlled,
double-blinded, 3-arm (1:1:1) clinical trial. The protocol was
developed in accordance with the SPIRIT (Standard Protocol
Items:. Recommendations for Interventional Trials) guidelines
[23].

This research will be conducted at the Federal University of
S4o Carlos (UFSCar) in the Cardiovascular Physical Therapy
Laboratory/Physical Exercise Research Center within the
Department of Physical Therapy. Participants will be recruited
through social mediaadvertisements. An electronic form hosted
on Google Forms will be shared via Instagram. Interested
participants who meet the basic inclusion criteria will be
contacted viaWhatsA pp to provide additiona information about
the study and assess their eligibility. Participants who do not
respond to the messageswill receive up to 3 phone call attempts
at different times. If these contact attempts are unsuccessful,
theindividual will be considered unreachable and ineligiblefor
the study.

Ethical Considerations

This study adheres to the ethical principles outlined in the
Declaration of Helsinki. The research protocol was approved
by the Research Ethics Committee of the UFSCar (approval
64624522.8.0000.5504) and was registered in the Brazilian

Textbox 1. Inclusion and exclusion criteria.
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Registry of Clinical Trials on February 8, 2023, and updated
on December 2, 2024 (RBR-4xh6232—Universal Trial Number:
U1111-1287-2345). Participantswill beinformed of their right
to withdraw from the study at any time without penalty or loss
of benefits. In addition, all collected data will be treated with
strict confidentiality and used solely for research purposes. This
is an academic study and no compensation will be given to
participants.

Before any data collection, the outcome assessor obtainswritten
informed consent from participants. Only those who provide
consent proceed to the baseline eval uation and randomization.

The datawill be collected on paper and stored in folders at the
Cardiovascular Physical Therapy Laboratory (Federal University
of Sdo Carlos). The data will be entered into Microsoft Excel
(Microsoft Corp) by the physiotherapist responsible for the
assessments, reassessments, and follow-ups. In addition, all the
datawill be available on a public research bench.

The database and el ectronic analyses will be stored on a secure
computer server, with personal log-in access authorized by the
principal investigator of this study. The principal investigator
will have access to the compl ete dataset (without the allocation
groups), and the dataand materiasin this paper will be available
to other researchers on request. Upon completion of the study,
all data and documents will be archived by the principal
investigator for 5 years at the Physical Therapy Department of
the Federal University of Sdo Carlos.

Eligibility Criteria
The €eligibility criteriafor this study are outlined in Textbox 1.

Inclusion criteria
« Menand women

o Agesof 181040 years at enrollment

. Classified asoverweight or having grade-1 or grade-11 obesity according to the fat massindex as measured using dual-energy x-ray absorptiometry

»  Healthy adults without any chronic or acute disease and who started any physical activity in the previous 3 months

Exclusion criteria

o Current smokers, individuals with chronic alcohol misuse, illicit substance users, or smokers or ex-smokers less than 12 months old

«  History of body mass reduction treatments using drugs or electrophysical agents such as therapeutic ultrasound and el ectrotherapy in the previous

12 months

«  Electrocardiogram abnormalities, including ischemia, overloads, conduction disorders, and serious arrhythmias such as ventricular tachycardia

»  Presence of any of the following conditions or diagnoses of diseases. neurological, renal, respiratory, cardiac, or musculoskeletal conditions;
venous thrombosis; anticoagulant therapy or bleeding disorders; active cancer or cancer treatment in the previous 5 years; conditions or lesions
in the abdominal region; diabetes mellitus type 1 or 2; hypothyroidism or hyperthyroidism; and pregnancy in the previous 12 months

Randomization and Blinding

In this study, the researchers responsible for the evaluations and
those analyzing the datawill be blinded. To ensurethefeasibility
of blinding, the blinded research teams will not participate in
the interventions, and al information will be coded to prevent
the identification of participants and intervention groups. The
effectiveness of blinding will be assessed using aquestionnaire
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completed by the evaluators at the end of the final assessment
for each data collection block.

After theinitial assessments, participants will be stratified (age
range, sex, and fat mass index) and randomly assigned to 1 of
3 groups. Participants in group 1 (active TUSt+Aussie current
with HIIT [AG]) will undergo combined therapy (TUS+Aussie
current) along with the HIIT protocol. Participants in group 2
(placebo for TUS+Auss e current with HIIT [PG]) will undergo
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placebo combined therapy (TUS+Aussie current) with the
devicesturned off along with the HIIT protocol. Participantsin
group 3 (TUS+Aussie current—only group [HG]) will receive
only the combined therapy (TUS+Aussie current) without the
HIIT protocol.

For stratified randomization, participants will be initialy
grouped into blocks based on similar characteristics, including
age range (20-29 years or 30-40 years), sex (male or female),
and fat mass index (overweight, grade-l1 obesity, or grade-1l
obesity). These characteristics will be chosen to control for
potential confounding factors. Within each block, participants
will bethen randomized into the 3 study groups using Microsoft
Excel, ensuring an unbiased alocation process. Block sizes
were not fixed, further reducing the risk of alocation
predictability. The randomization processwill be conducted by
aresearcher designated exclusively for thistask, who will have
no contact with the study participants or the researchersinvolved
in data collection. This researcher will also be responsible for
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generating random a phanumeric codesto ensure the anonymity
of each participant’s information.

M easures

Baseline Evaluation

Participants who meet the eligibility criteriawill be considered
eligible for randomization and will have a baseline evaluation
scheduled. To characterize the sample, the initial assessment
records information, such as sex, age, anthropometric data,
family history, medication use, educational level, occupation,
and comorbidities.

Study Assessments and Timeline

All study participants will have to attend 2 face-to-face visits:
one at baseline (week —1) and one at the final assessment (week
6). In addition, participants will be assessed by a nutritionist
and receive nutritional guidance and diet plans (week 0). The
treatment will last 5 weeks. A detailed scheduleis availablein
Table 1.
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Table 1. Study period.

Marcondes-Scalli et al

Time point® Study period
Enrollment Allocation After alocation Closeout
Week -4 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Enrollment
Eligibility screening O
Informed consent ad
Nutritional evaluation [
Allocation O
Interventions
AGP O O O O O
PGS O O O O O
Hcd O O O O O
Assessments
SATE O O O
Body composition g g ad
Metabolic profile O O
Perimetry g
Blood test d
Questionnaires O
Exercise test u
24-h food recall O ad O
cAM' u] O O 0

#Timepoint: evaluation time.

bAG: active therapeutic ultrasound+Aussie current with high-intensity interval training group.

®PG: placebo for therapeutic ultrasound+Aussie current with high-intensity interval training group.

dHG: therapeutic ultrasound+Aussie current—only group.
€SAT: subcutaneous adipose tissue.
fCAM: cardiovascular autonomic modulation.

Initial Evaluation

Initial information (lifestyle and inclusion criteria) will be
collected online using ascreening form link for men and women.
Body mass and height measurements will be taken using a
calibrated scale. Participants will be advised to be barefoot and
wear light clothing. Height is measured with the participant
standing and using a stadiometer. A member of the research
team (ACAMYS) is responsible for carrying out al study
assessments as well as screening and recruiting participants,
minimizing bias.

Abdominal Subcutaneous Adipose Tissue

Ultrasound will be used as the main end point to assess
abdominal subcutaneous adipose tissue (SAT) [4]. Intrarater
reliability was assessed in previous studies [24]. A GE
HealthCare Venue 40 ultrasound (model NZCART; GE Medical
Systems, Ltd) isused. Subcutaneousfat, defined asthe distance
in centimeters between the dermis and the external surface of
the fascia of the abdominal muscles, is measured using alinear
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RenderX

transducer with a frequency of 12 MHz placed transversely 1
cm above and 1 cm below the umbilical scar [25,26].
Participants will be examined in the supine position without
any artifact compressing the abdominal region, with their knees
bent, and instructed to breathe in and out. A total of 3
measurements will be taken, each at the end of an exhalation,
with minimal pressure on the abdominal cavity for greater
measurement precision [27,28].

Body Composition

To determine total body mass, fat mass percentage per region,
and viscera fat, we use dual-energy x-ray absorptiometry (DXA;
Hologic Discovery A). This assessment is considered the gold
standard for evaluating body composition in individuals with
overweight and obesity [29]. In addition, DXA isused to classify
participants as overweight or obese (grade | and I1) [30].
Considering that hormonal variation throughout the menstrual
cyclecaninfluence body composition results, especially through
fluid retention and water redistribution, all female participants
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will be assessed during the follicular phase of the menstrual
cycle, a phase in which there is greater hormonal stability and
a reduction in extracellular fluids, providing greater accuracy
in body composition measurements [31].

Participants must fast for 4 hours, refrain from vigorous exercise
for at least 12 hours, avoid caffeine and alcohol for the previous
24 hours, and consume a normal meal the night before the test.
They should not wear any metal objects or accessories during
the test to prevent interference with the total body composition
results. The participant is placed in a supine position with
internal rotation of the thighs, legs, and feet and instructed not
to speak or move during the examination. The results obtained
will be transmitted to a computer connected to the equipment,
where the report shows the data in grams and percentages and
which will be used to analyze total lean mass (kg), total bone

mass (percentage), total fat mass (g), fat mass index (kg/m?),
fat massin the android and gynoid regions (g), and visceral fat
(9) and, through cal culations, deduce subcutaneous fat [32,33].

Serum Metabolic Profile

Venous blood samples will be collected in the cubital fossa by
a specialized professional after the participants have fasted for
3 hours following a standardized meal. Blood samples will be
taken 3 times: before and immediately after the TUS+Aussie
current session and immediately after HIIT. Each tube of blood
collected will be left to stand at room temperature for 30
minutes. They will then be centrifuged at 1450 x g for 10
minutes (Sorvall ST 8 Benchtop Centrifuge; Thermo Scientific).
Theserumisdivided into 3 aliquotsin 1.5-mL microtubesusing
5-mL disposable pipettes and stored immediately at —80 °C
until further analysis. The serum samples will then be thawed
at the UFSCar Department of Chemistry and sent for analysis
using the hydrogen nuclear magnetic resonance technique.
Serum glyceral, total cholesterol, very low—density lipoprotein,
low-density lipoprotein (LDL), high-density lipoprotein, and
triglycerides will be assessed. These will be measured using
wet chemistry (except for LDL, which will be calculated using
the Friedwald equation; ADVIA 1800; Siemens). The
experimental procedures for this anaysis will follow those
described inthework by De Favari Signini et al [34] and Castro
et a [35].

CAM Measurement

To ensure the quality of the electrocardiogram (ECG) signa
collection, the recommendations suggested by Catai et al [36]
will be followed. All participants will be instructed to have a
regular night's sleep the night before, avoid acoholic and
caffeinated drinks, refrain from strenuous physical exercise at
least 24 hours before and on the day of the assessment, and
avoid heavy meals up to 2 hours before the assessment. All
procedures will be explained beforehand to familiarize
parti cipants with the equipment and the assessor. The experiment
will be carried out in the afternoon in a quiet room with the
minimum number of people in the Cardiovascular Physical
Therapy Laboratory, with controlled temperature and relative
humidity (22-23 °C and 40%-60%, respectively) [36]. Before
starting data collection, the participants will rest for 10 to 15
minutesto stabilizethe signals[36]. After this, they will remain
in the supine position for 15 minutes and then perform active
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postural change, remaining in the orthostatic position for 15
minutes. Participantswill beinstructed to breathe spontaneously
and not to move or speak during the experiment.

RR intervals will be captured via ECG (Bio Amp FE132;
ADInstruments) from the modified shunt in the fifth left
intercostal space lead. In addition, respiratory movements will
be captured using a respiratory belt positioned around the
participants' chest (Marazza) to obtain therespiratory rate during
the test. Arterial pressure (AP) will be measured continuously
beat to beat using a photoplethysmograph (Finometer PRO;
Finapres Medical Systems) on the middle finger of the right
hand. RR interval signals, AP, and respiratory movement will
be sampled at 1 kHz using a commercia acquisition device
(PowerL ab 8/35; ADInstruments).

Classic linear indexes of HR variability will be calculated in
the time and frequency domains. The indexes calculated in the
timedomain will bethe SD of the NN interval, which represents
sympathetic and parasympathetic modulation together, and the
sguare root of the mean of successive NN intervals, which
indicates parasympathetic modulation [37,38]. After detecting
the QRS complex on the ECG, the apex of the R wave will be
identified using parabolic interpolation. The heart period (HP)
will be calculated as the tempora distance between 2
consecutive parabolic apexes. A stable sequence of 256 beats
(for systolic AP [SAP] and HP) will be chosen in the supine
and orthostatic positions, and if isolated ectopic beats are
present, they will be linearly interpolated [39]. From these 256
points, the mean and variance of the HP and the mean and
variance of the SAP will be calculated in the time domain.

Thevariability parameters of the HP and SAP will be evaluated
according to the autoregressive model [39]. The spectral
components will be broken down into LF (from 0.04 to 0.15
Hz) and high frequency (>0.15 to 0.4 Hz) reported in absolute
units. The power of the spectral components will be expressed
in absolute units or normalized units [38].

Symbolic analysis will be used to evaluate the HP and SAP
series as defined in the study by Portaet al [40]. Thistechnique
is based on the 6-level uniform quantization procedure applied
to HP and SAP series, which transforms series into sequences
of symbols (from 0 to 5) from which patterns of 3 consecutive
symbolswill be constructed [41]. All possible patterns will be
grouped without loss of information into families according to
the number and type of variations between subsequent symbols:
(1) OV pattern—all symbols are the same; (2) 1V pattern—2
underlying symbols are the same, and the rest are different; (3)
2LV pattern—the 2 variations between adjacent symbols have
the same sign; and (4) 2UV pattern—the 2 variations between
adjacent symbols have opposite signs. Percentages of patterns
within each experimental session were evaluated and denoted
using OV %, 1V %, 2LV %, and 2UV %, respectively. The OV %
index will be understood asamarker of sympathetic modulation
when calculated in the HP and SAP series, and the 2UV % index
will be understood as an index of vagal modulation when
calculated in the HP series [40,42,43].

The baroreflex system will be evaluated through cross-spectral

analysis using a bivariate autoregressive parametric approach
[44]. The time-series relationships between AP and HP will be

JMIR Res Protoc 2025 | vol. 14 | €71829 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

represented as coherence, phase, and transfer function gain. The
coherence function shows the degree of association between
the HP and SAP variabilities [44,45]. Its values range from O
to 1, wherevalues closer to 1 represent better coupling between
the signals. The phase function represents the tempora
relationship between the series (ie, the delay between the change
in the SAP signal resulting from the heartbeat) and will be
evaluated in high frequency and LF [44].

Sleep Quality

Sleep quality is assessed using the Pittsburgh Sleep Quality
Index for sleep quality, adapted for Brazilians by Bertolazi et
a [46]. It is a reiable instrument (intraclass correlation
coefficient=0.65) [47] that assesses 7 components of sleep:
subjective quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbances, medication use, and daily dysfunction. For
each component, the score ranges from 0 to 3, and the sum
yields amaximum score of 21. Scores of >5 indicate poor sleep
quality.

Anxiety, Depression, and Stress

Anxiety and depression will be assessed using the Hospital
Anxiety and Depression Scale validated for Brazilians [48]. It
consists of 14 items divided into 2 domains (depression and
anxiety) with 7 items each. The items are scored on a 4-point
Likert scale (from O to 3), resulting in total scores ranging from
0to 21 for anxiety and depression. The cutoff pointsindicating
moderate to severe symptoms are =8 for the anxiety domain
and =9 for the depression domain.

Stress is assessed using the Depression, Anxiety, and Stress
Scale, which measures the levels of these disorders based on
behaviors in the previous 7 days. The items use a 21-question
Likert scale, which has been translated into Brazilian
Portuguese, to rate the frequency or severity of the participants
experiences on a 4-point scale [48].

Body I mage

The Body Shape Questionnaire, validated for the Brazilian
population [49], isaself-administered questionnaire consisting
of 34items designed to measure satisfaction and concerns about
body shape. It isorganized on a6-point scale: 1=never, 2=rarely,
3=sometimes, 4=frequently, 5=very frequently, and 6=always.
The scoreisthe sum of the answers, where <110 pointsindicates
no concern, =111 to <138 points indicates mild concern, 2139
to <167 points indicates moderate concern, and >168 points
indicates serious concern [49]. This questionnaire helps assess
potential changesin satisfaction or concern about the body after
the proposed treatment.

Biochemical Blood Tests

Participants will be referred to a specialized clinic for blood
collection. They will be instructed to fast for 10 hours before
thetest. Thefollowing will be collected: complete blood count,
glycated hemoglobin (through high-performance liquid
chromatography), fasting glycemia, insulin resistance (through
enzymatic and chemiluminescent immunoassay), eval uation of
the homeostatic model, C-reactive protein (through
immunoturbidimetry), homocysteine (through
chemiluminescence), total cholesterol, high-density lipoproteins,
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and LDLs and triglycerides (through the enzymatic method).
The tests will be clinically relevant in the context of obesity
and abdominal adiposity and may contribute to future studies
to determine whether any changes occur in these variables after
the intervention. The results will be reported by the unit’s
physician and sent to the researcher.

Perimetry

The waist-to-hip ratio is a calculation based on waist and hip
circumference measurements[50]. It is often used to assess the
risk of developing diseases such as high cholesterol, diabetes,
and high blood pressure [50]. The presence of these
cardiovascular risk factors, associated with increased abdominal
fat, leadsto ahigh risk of diseases such asmyocardial infarction,
stroke, and hepatic steatosis and mortality. The vaues
considered normal for male and female individuals are <0.95
and <0.80 cm, respectively [50]. The waist-to-height ratio, on
the other hand, is an index that assesses health risks by
indicating the proportionality between waist circumference (a
possible indicator of central fat accumulation) and height,
suggesting arisk of cardiovascular or metabolic diseases [51].
Values of <0.5 cm indicate a lower risk of diseases, whereas
vauesof >0.5 cmindicateahigher risk [51]. The measurements
will betaken with the participant standing upright wearing light
clothing. The waist circumference is measured as the average
distance between the last floating rib and the anterior superior
iliac crest [52]. The hip circumference is measured around the
widest part of the buttocks at the level of the greater trochanter
of the femur [52]. All measurements will be taken twice using
an inextensible tape measure, and if there is a difference of 3
cm, athird measurement is taken for both waist and hips [52].
The ratio between the measurements is calculated as the waist
circumference divided by the hip circumference.

Neck circumference is measured using an inextensible tape
measure perpendicular to the longitudinal axis of the neck over
the thyroid cartilage [53]. Participants will bein an anatomical
position, either standing or sitting, with their head in the
Frankfurt plane and their shoulders relaxed and in inspiratory
apnea [53]. The cutoff points for overweight and obesity will
be 37 cm for men and 34 cm for women [54]. The values above
these cutoffsindicate increased cardiovascular risk factors[54].
Physical Activity

All participants will be characterized by their level of physical
activity at asingle point in time (before the intervention). The
long version of the International Physical Activity Questionnaire
isused. The International Physical Activity Questionnaireisa
validated instrument for the Brazilian population that assesses
the level of physical activity. It has 27 questions related to
physical activities performed in a week at different
intensities—light, moderate, and vigorous—lasting at least 10
minutes continuously. The questions cover 4 dimensions: work,
transportation, domestic activities, and leisure, as well as the
time spent seated [55]. The score is calculated by adding the
workload for each subitem separately [55]. This questionnaire
helps classify the level of physical activity before the proposed
interventions.
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Beforetheintervention, atreadmill ergometric test is conducted
using the Ellestad protocol [56] for clinical cardiological
assessment and to assist in prescribing HIIT. The test is
interrupted according to the criteria recommended by the third
version of the Sociedade Brasileira de Cardiologia ergometry
guidelines [57]. The original Borg scale is used to assess the
participants’ perception of dyspnea, lower-limb fatigue, and
angina during exercise. This scale ranges from 0 to 10, where
Oisno dyspneaand 10 isthe most intense dyspnea, fatigue, and
angina[58]. Thefollowing determinesthe presence of maximum
or peak effort: peak HR (HR)=85% of that predicted for age
(220 — age) and Borg perceived exertion of 18 on a scale from
6 to 20 (patient exhausted) [59].

Interventions

Nutritional I ntervention

Thenutritiona intervention will be conducted by an experienced
nutritionist. All participants receive nutritional guidance 30
days before the combined therapy and HIIT. This initial
intervention aims to adjust macronutrient intake, optimize
energy consumption, and improve diet quality by reducing the
consumption of ultraprocessed foods and increasing the
consumption of minimally processed foods. Macronutrient
adjustmentsfollow therecommendations of the dietary reference
intakes, with carbohydrates comprising 45% to 65%, proteins
comprising 10% to 35%, and lipids comprising 20% to 30% of
thetotal caloric intake [60].

Following this phase, participants undergo a new series of
assessments and then begin 5 weeks of combined therapy and
HIIT. During these 5 weeks, dietary control ismonitored by the
nutritionist to ensure consistency in dietary patterns throughout
the study. Daily energy intake is considered stableif variations
remain at <10% during the protocol.

Food intake will be assessed weekly using a 24-hour recall, a
guestionnaire that quantifies al food and drink consumed in
the previous 24 hours. Participants will receive an electronic
link once a week during the 5-week intervention. The data
collected will be analyzed by a nutritionist to assess consistency
and adherence in total energy and macronutrient intake.
Variations of >10% in total calorie intake will be discouraged
to ensure dietary stability throughout the protocol. No additional
methods of validating adherence to the diet will be used asthe
weekly recalls provide a feasible and easy monitoring strategy
for the participants. Total energy intake and macronutrient
composition will be calculated using the Dietbox program [61].
Energy requirements will be estimated based on the dietary
reference intakes [62]. For qualitative analysis, foods will be
categorized according to their processing level—natural,
minimally processed, culinary ingredients, processed, and
ultraprocessed—as defined by the 2014 Food Guide for the
Brazilian Population [63].

Combined Therapy Application Time Calculation

Before the first session, the application time for the combined
therapy will be individually determined. Measurementswill be
conducted by the same blinded assessor using an inelastic tape
measure with the participant in astanding position. Specifically,
the horizontal distance between thelast floating ribs (x) and the
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vertical distance to the midpoint between the anteroinferior iliac

crests (y) will be measured. The abdominal area (cm?) will be
calculated by multiplying these 2 values (x x y) and then
dividing the result by 18. This divisor corresponds to the total
effective radiating area of the ultrasound head used in the
therapy, which consists of 3 spheres, each with an effective

radiating area of 6 cm? Dividing the abdominal area by 18
allows us to determine the time required to apply the therapy
to each participant according to the following formula
application time = (x x y)/18.

For example, if aparticipant has a horizontal distance (x) of 21
cm and a vertical distance (y) of 26 cm, the area will be

calculated asfollows: 21 x 26 = 546 cm?. Dividing this area by
18 results in approximately 30 minutes of application time
(546/18 = 30.33 minutes).

Pretraining I nstructions

Before each training session, participants will be instructed to
(1) wear comfortable clothing and exercise-appropriate footwesr,
(2) ensure adequate sleep the previous night, (3) hydrate with
water 2 hours before the session and bring a persona water
bottle, and (4) avoid strenuous physical activity and alcoholic
consumption within 24 hours before the session.

Food consumption will also be recommended 24 hours before
the first and last sessions, as described in the Nutritional
Intervention section.

Session Scheduling and Follow-Up

To minimize dataloss, participants receive reminders about the
date and time of each session. Physiotherapists responsible for
interventions may also call participantsif necessary to confirm
appointments. For evaluations and re-evaluations, the blinded
evaluator contacts the participants viatelephone. At the end of
the 10 treatment sessions, the re-eval uation is scheduled between
3 and 15 days after the last session.

Group 1: AG

Participantsin the AG will betreated with TUS+Aussie current
(Heccus; lbramed). All therapists who will administer the
TUS+AuUss e current interventions have undergone standardized
previous training, which includes theoretical and practical
sessionsto ensure thefidelity of the protocol. In addition, every
participant will be seen by each therapist at least once. This
strategy aims to minimize possible biases related to therapist
application and intervention quality in al groups.

The protocol combines continuous ultrasound (3 MHz; 2 W/cm?)
and Aussie current (1 kHz; modulated at 10 Hz). The participant
will be instructed that the sensation must be tingling and
comfortable (sufficient intensity to produce strong but
comfortable paresthesia without stimulation to painful
paresthesia) [64]. In every session, and every 5 minutes, the
therapist will record the intensity of the Aussie current and
evaluate the levels of paresthesia on a scale from 0 to 10, with
0=no tingling sensation and 10=maximum tolerable tingling.
Given the possible habituation to the paresthesia caused by the
Aussie current, the scalewill be applied every 5 minutes during
the session, and a score of 5 will be set as the threshold for
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adjusting theintensity of the current (ie, tolerable or supportable
tingling). The target intensity is set at approximately 5. The
intensity of the Aussie current will be adjusted immediately
whenever the perception reported by the participant fallsto <5
(0-10), ensuring aconsistent and comfortable sensory experience
throughout the session.

The treatment is applied to the abdominal region using
ultrasound. The therapist ensures consistent pressure and
maintains slow, dightly circular, horizontal movementswithout
losing contact with the surface.

Inthefinal session, participants complete a printed questionnaire
that includes the reported intensity of the Aussie current and
the following questions: “Would you recommend this therapy
to someone else?’ and “ Do you believe you received the active
treatment, the placebo or are unsure? Why?’ In addition, in the
last session, the blinded therapist will answer a questionnaire
about which group they believe each participant was allocated
to and the reason for this choice.

Immediately after the TUS+Aussie current application,
participants will take to the treadmill for the HIIT session.
Participants will be instructed to maintain proper posture with
relaxed shoulders, a forward-facing stance, and a breathing
pattern of inhaling through the nose and exhaling through the
mouth, avoiding apnea during the exercise. The Borg scale
(6-20) [65] will be applied 10 seconds before each load change
during the 20-minute interval protocol.

Marcondes-Scalli et al

HR is continuously monitored using a Polar H10 HR monitor
attached to an elastic chest strap positioned at the xiphoid
process. This Polar monitor ispaired viaBluetooth with atablet.

TheHIIT protocol lasts 30 minutes and includes the following:

1 A warm-up of 5 minutes, progressively reaching 55% to
60% of the peak HR determined in the ergometric test.
Aninterval phase of 10 cycles of a 1-minute high-intensity
interval (85%-90% of peak HR) interspersed with 10 cycles
of a 1-minute light- to moderate-intensity interval
(55%-60% of peak HR). After 5 sessions, the load will be
updated by 5% to 10% considering physiological
adaptations (moderate intensity 60%-65% of peak HRand
high intensity 90%-95% of peak HR). After thefifthtraining
session, the training load will be adjusted by 5% to 10%
based on physiological (peak HR) and subjective (Borg)
criteria. Specifically, participants who consistently reach
the target HR zone (85%-90% of peak HR) during
high-intensity intervals and report a perceived exertion
score of <17 on the Borg scale (6-20) will have the speed
or incline of thetreadmill increased by 5% to 10%. HR will
be monitored continuously using an HR sensor, and the
Borg rating of perceived exertion will be applied 10 seconds
before each load change.

A cooldown and recovery phase of 5 minutes of active
cooldown followed by passive recovery with the participant
seated (Figure 1).

Guidelines and organization will include controlled
temperature and humidity (21-24 °C and 40%-60%,
respectively) and previous hydration with water.

Figure 1. Summary of the high-intensity interval training (HIIT) protocol following the application of combined therapy, along with the progression
of the intervention protocol. HRpeak: peak heart rate during the ergometric test; TUS: therapeutic ultrasound.
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Group 2: PG

All the participantsin thisgroup will follow the same procedures
and sequence asthose in the AG. However, the PG participants
will receive the TUS and Aussie current treatment in placebo
form, ie the therapy switched off. The protocol combines
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continuous ultrasound (0 MHz; 0 W/cm?) and Aussie current
(OkHz; modulated at 0 Hz). Immediately after the TUS+Aussie
current treatment, all participants proceed to the treadmill to
start the HIIT, following the same protocol asfor the AG (Figure
2).
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Figure2. Flowchart of assessmentsbefore, during, and after 10 intervention sessions. BSQ: Body Shape Questionnaire; CAM: cardiovascular autonomic
modulation; DASS-21: Depression, Anxiety, and Stress Scale; DXA: dual-energy x-ray absorptiometry; FR24h: 24-hour food recall; HADS: Hospital
Anxiety and Depression Scale; HDL : high-density lipoprotein; HIIT: high-intensity interval training; HRMAX: maximum heart rate; | PAQ: International
Physical Activity Questionnaire (characterization); LDL: low-density lipoprotein; NC: neck circumference; PSQI: Pittsburgh Sleep Quality Index; TUS:
therapeutic ultrasound; usCRP: ultrasensitive C-reactive protein; WC: waist circumference; WHR: waist-to-hip ratio.

21 to 30 days 4 days 35 to 40 days 3to 15 days

Food standardization and Intervention .
. . Assessment Re-evaluation
nutritional guidance

(5 weeks, twice for week. 10 sessions)

Y Y

®» Perimeter measurements (WC, = TUS (3 MHz, 2 W/cm®)+Aussie current (1
WHR. and NC) kHz. 10 Hz), 20-40 min

= Active postural change (CAM) = HIIT (5 min [33%-60% HRpgag]. 20 min

= Skinfold measurements [85%-90% HRppax]. 5 min [55%-60%
HEopsx])

= 1st and 10th session with venous blood
sampling (serum glycerol)

= Weekly application of the FR24h

= Body composition assessment (ultrasound imaging and DXA)

= Active postural change (CAM)

= Blood Test (complete blood count, glycated hemoglobin, fasting

—p glucose, USRc, cholesteroly, HDL, LDL, and triglycerides) [

*  Questionnaires administered (PSQI IPAQ. HADS, DASS-21,
and BSQ)

= Exercise test with a cardiologist (Ellestad protocol)

current) alone versus in combination with HIIT, specifically on

Group 3: HG abdominal SAT thickness, body composition, metabolic profile,
Participantsin the HG receive the same treatment asthosethe  and serum glycerol release.

AG. However, after the application of TUS plus Aussie current,
they will not perform HIIT. Secondary Outcomes

Secondary outcomes assess the impact on CAM, sleep quality,

Outcomes anxiety, depression, body image concerns, and blood
Primary Outcomes biochemical variables (Table 2).

The primary outcomes involve a comparison (between groups)
of the effect of 10 sessions of combined therapy (TUS+Aussie
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Table 2. Primary and secondary outcomes of the study.

Marcondes-Scalli et al

Variable Description

Primary outcomes

Abdominal subcutaneous adipose tissue .

Ultrasound imaging [4,24]

(cm)

Body composition (kg; percentage and o Dual-energy x-ray absorptiometry [30]
grams)

Metabolic profile «  Venous blood collection

«  Hydrogen nuclear magnetic resonance [34,66]

Secondary outcomes

Cardiovascular autonomic modulation .
Sleep quality (score) .
Anxiety, depression, and stress (score) .

Heart rate and arterial pressure variability [36,38,40,41]
Pittsburgh Sleep Quality Index [46,47]

Hospital Anxiety and Depression Scale [67]

«  Depression, Anxiety, and Stress Scale [48]

Body Shape Questionnaire [49]

Complete blood count, glycated hemoglobin, fasting glucose, ultrasensitive C-reactive protein,

total cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides

Body image (score) .
Blood tests .
Perimetry measurements (cm) .

Wiaist-to-hip ratio, waist-to-height ratio, neck circumference, and waist circumference

Monitoring Adver se Events

There is a possibility that participants may experience side
effects in response to the study protocol. Regarding HIIT,
intense shortness of breath, generalized tiredness, and dizziness
may occur, and this will be recorded in the study. In addition,
as the study involves blood sampling, there is a possihility of
damage not directly related to the intervention. The expected
adverse effects, such as bruising and local pain, will be
monitored. Any adverse effects other than these will berecorded
and reported, although such occurrences are considered highly
unlikely. During assessments and sessions, participants will
also be asked about their well-being and whether they have
experienced any changes or symptoms since the start of the
study. This information will be documented to ensure the
ongoing safety and monitoring of the participants.

Participant safety will be prioritized throughout the study.
Initially, general health status will be assessed, including a
treadmill stress test supervised by a cardiologist to detect
cardiovascular contraindications to high-intensity exercise.

A total of 30 daysbefore starting theintervention (TUS+Aussie
current), all participants (all 3 groups) will receive identical
printed guidelines containing joint mobility and stretching
exercises (ankle, hip, and spine) to be performed 2 to 3timesa
week. The aim will be to reduce the problems caused by a
sedentary lifestyle in the joints and, thus, reduce the risk of
injury during HIIT. As a way of monitoring adherence, all
participants will complete a weekly form on how often they
stretch.

During the HIIT sessions, HR will be monitored continuously,
and perceived exertion will be assessed using the Borg scale.
Immediate interruption of the session will be planned if signs
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of intolerance occur (eg, dizziness, chest pain, and syncope).
During the application of TUS+Aussie current, participants
comfort will be monitored using a paresthesia perception scale
from 0 to 10, aiming for alevel of sensation of approximately
5, with adjustments made whenever necessary. All interventions
will strictly follow the safety criteria and contraindications
recommended by the equipment manufacturer. In case of adverse
events, participantswill beclinically assessed and, if necessary,
withdrawn from the study to ensure their safety.

Statistical Analysis

Sample Size

The primary outcome, percentage of body fat, was used to
calculate the required sample size using the RStudio software
(version 12.1; Posit PBC) assuming a moderate expected effect
size of f=0.15 and a significance level of 5% and to promote a
statistical power of 80%. A total of 18 participants per group is
necessary to achieve 80% statistical power with an o level of
5%. Considering a dropout of 10%, the target sample size was
increased to 20 participants per group, with the total sample
size being 60 individuals. Appropriate statistical corrections
(eg, Bonferroni or false discovery rate) will be applied to the P
values, recognizing the necessity of conducting multiple tests
due to the analysis of additional results.

Descriptive Statistics and Baseline Data

A CONSORT (Consolidated Standards of Reporting
Trials)-style flowchart [68] will present the number of patients
selected and al reasons for exclusion before randomization.
Demographic and socioeconomic information, including age,
SeX, race, socioeconomic status, and educational level, as well
as basdine clinical characteristics such as BMI, glycated
hemoglobin, smoking status, alcohol consumption, and
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comorbidities, among other variables, will be described by study
arm and overall. Categorical variables will be reported as
absolute numbers and percentages. Continuous variables with
a reasonably symmetrical distribution will be summarized as
means and SDs. For highly skewed continuous variables,
medians and IQRs will be used.

Statistical Methodsfor Primary and Secondary Outcomes

Data analysis will be conducted by a researcher blinded to the
participants’ allocation to the groups. The data will be entered
into a Microsoft Excel spreadsheet for subsequent analysis.

For quantitative variables, the assumption of normality of data
distribution and homogeneity of varianceswill be checked using
the Shapiro-Wilk test and L evenetest, respectively. To compare
participant characteristics at baseline between groups, a 1-way
ANOVA or Kruska-Wallis testwill be applied when
appropriate. For comparisons between groups involving
categorical variables, the chi-squaretest or Fisher exact test will
be used. To compare primary and secondary outcomes between
and within groups, linear mixed models estimated using the
maximum likelihood method with an appropriate covariance
matrix structure will be used assuming group (AG, PG, and
HG), moment (before and after the intervention) or time
(baseline, after TUS+Aussie current, and after HIIT), and
interactions (group-moment, group-time, moment-time, and
group-moment-time) as fixed factors and participants as a
random factor [66]. In addition, moment and time will be
assumed as a repeated-measure effect. The model that fits the
data will be the one with the minimum Akaike information
criterion. When appropriate, the data may be subjected to a
Box-Cox transformation to better adhere to anormal distribution
[69,70]. Whenever a significant F value is obtained in the
ANOVA or linear mixed models, a Sidak post hoc adjustment
for the purpose of pairwise multiple comparisonswill be applied.
The significance level will be set at 5% (P<.05). All analyses
will be conducted using the PASW Stati stics software (version
25.0; SPSS).

Results

The project was registered in the Brazilian Registry of Clinical
Trials on February 8, 2023 and updated on December 2, 2024.
Currently in the data collection phase. The recruitment and
testing phase began in February 2024. Completion of the study
is scheduled for the end of September 2025. Data analysis will
begin after the last reassessment of this period (September
2025), and the results are expected to be published by 2026.

Discussion

Implications

This is the first study to combine TUS+Aussie current with
HIIT, potentially integrating the effects of lipolysis and fat
oxidation and possible changes in the serum metabolic profile
and CAM. The results could optimize treatment duration,
promote changes in lipid profile, and maintain cardiovascular
health in people with overweight and obesity. The combined
protocol is expected to lead to weight loss in the participants
compared to the therapies alone. In addition, it is believed that
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the population with a higher percentage of fat will benefit more
from areduction in abdominal fat thickness (measured through
ultrasound imaging) and body fat mass (measured through DXA)
after 10 intervention sessions in the AG. This hypothesis
assumes that the combination of TUS+Aussie current will
promote lipolysis (breakdown of adipocytes measured through
serum glycerol collection) and lymphatic drainage into the
bloodstream. In addition, by performing HIIT after applying
TUS+Auss e current, serum fatty acidswill be 3-oxidized during
exercise.

Scientific literature lacks studies that evaluate the effects of
TUS combined with Aussie current with or without HIIT. A
controlled, randomized experimental design will be used that
followsthe SPIRIT guidelines[23] and describesthe parameters
used to achieve the best results for the population studied.

To the best of our knowledge [4,9,11,15,18], this study will be
thefirst clinical trial to compare the effects of TUS combined
with Aussie current and HIIT in participants with overweight
and grade-l or grade-ll obesity. The findings will provide
evidence regarding the effects or lack thereof of thistherapeutic
approach. Furthermore, as a randomized clinical trial, it will
contribute to systematic reviews, fostering new evidence
syntheses and addressing existing knowledge gaps.

Contributionsto theField

This study aims to guide health professionals to design more
effectiveinterventions, whether through combined therapy alone
or associated with HIIT, for participants with overweight and
grade-l or grade-ll obesity by determining whether the
combination of 2 therapies (TUS+Aussie current and HIIT) is
more effective than just one of them in treating or preventing
the disease. In addition, the resultswill contribute to knowledge
about a nonpharmacological and noninvasive treatment for
obesity and whether the proposed guidelines and interventions
will be significantly different in the primary results (reduction
in abdominal SAT and change in body composition and blood
biochemical variables). In fact, if the results show significant
differences between the proposed interventions, patients with
obesity will benefit from the combination of 2 noninvasive and
fast-acting therapies. In addition, previous studies lasting
between 3 and 15 weeks were cited in this study. Thus, this
pragmatic study will be able to verify the results of 5 weeks of
intervention on the results described [22]. This study describes
10 sessions as this is the treatment protocol offered in most
aesthetic clinics.

Previous studies have evaluated the isolated effects of TUS or
combined therapies on body composition [4,9,11]; however,
important methodological differences exist compared to this
study. For example, Fonseca et a [4] investigated the effects
of ultrasound in women only using a standardized model for
demarcating the abdomina area, not considering individual
anatomical variations. In addition, the intervention did not
include the use of the Aussie current, and a manua massage
protocol was applied after the ultrasound. Similarly, Taha et a
[9] combined TUS with aerobic exercise in patients with
nonalcoholic fatty liver disease; the exercises consisted of
standardized walking sessions (30 minutes) controlled using
the Borg scale (12-14), and the time of ultrasound application
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was not individualized based on abdominal area. Canela et al
[11] studied the effects of combined ultrasound and Aussie
current therapy associated with whole-body vibration; the
sample was restricted to women with cellulite in the gluteal
region and did not include a placebo group.

Prospectsfor Future Research

While this study will focus on the impact of combining 2
interventions on participants with overweight and grade-I or
grade-1l obesity, future research could explore comparisons
with other exercise protocols, such as high-intensity resistance
exercise, and the broader assessment of quality of life. Thisis
particularly relevant given that different exercise modalities
dicit distinct musculoskeletal adaptations, which can lead to
varied changes in body composition and quality of life.

Although the sequence of TUS+Aussie current is supported by
a physiological rationale (ie, the combination of both
electrophysical agents aims to optimize fat breakdown and
drainage, whereas the subsequent HIIT intervention facilitates
B-oxidation of fat), we recognize that the order of the
interventions may aso influence the effectiveness of this
treatment. Therefore, if the combined protocol proves effective,
future studies should explore whether reversing the order (ie,
applying HIIT before TUS+Aussie current) could lead to
different outcomes.

In addition, future research should consider the type and duration
of physical training as the total time required for both the
TUS+Aussie current intervention and the exercise component
may reduce adherence or discourage participation [71]. The
choice of HIIT in this protocol is based on its physiological
benefits—specificaly, its role in promoting (-oxidation and
the metabolic use of released fatty acids—while also aiming to
optimize the overall time commitment of the intervention.

Strengths and Weaknesses of This Study

This is a randomized, double-blind, placebo-controlled study
designed in accordance with the most rigorous standards for
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conducting and processing data in clinical trials, ensuring the
reliability of the results. It is important to highlight that the
intervention period was defined to assess whether the
intervention protocol, considering the usual recommendations
for exercise and diet, as well as the number of TUS+Aussie
current application sessions commonly offered by aesthetic
clinics, resultsin fat reduction for patients with obesity. Thus,
this study will provide health care and aesthetic professionals
with scientific evidence to understand the mechanismsinvolved
in applying the studied therapies, expected results, and potential
systemic impacts. To achieve these objectives, this study
includes several outcome measures, including SAT thickness,
body composition, metabolic profile, and serum glycerol release,
allowing for acomprehensive eval uation of the combined effects
of TUS+Aussie current and HIIT. In addition, by incorporating
secondary outcomes such as CAM, sleep quality, and perceived
stress, this study offers a broader understanding of the
physiological and psychological effects of the intervention.

Degspite these strengths, this study presents some limitations.
The sample size, though adequate for preliminary findings, may
not be large enough to detect differences in CAM results. In
addition, individual variationsin adherenceto the HII T protocol
and lifestyle factors such as diet and physical activity outside
the study can influence the results. However, it isimportant to
note that strict guidelines are provided to minimize these
influences, ensuring greater control over external variables and
thereliability of thefindings. Furthermore, the study population
consists of individualswith overweight and obesity, which may
limit the generalizability of the findings to other populations,
such as those with severe abesity or metabolic disorders.

In summary, this study will provide a robust framework for
evaluating the combined effects of TUS+Aussie current and
HIIT on body composition, CAM, and cardiorespiratory and
metabolic health. Despite this study’s limitations, the findings
will contribute valuable insights into noninvasive strategies for
obesity management and may support future research and
clinical applications.
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