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Abstract:

This study aimed to assess the effects of a four-week circuit resistance training (CRT) program, integrated with a
multidisciplinary program for bariatric surgery (MPBS), on body weight, body mass index (BMI), functional
capacity, and biochemical markers in women with severe obesity awaiting bariatric surgery. A two-arm, non-
randomized controlled trial was conducted with fourteen participants enrolled in the MPBS, divided into either
the CRT group (n = 8; average age 39.9 & 13.46 years, BMI = 46.8 £+ 9.3 kg.m—2) or the control group (CON, n
= 6; average age 33.2 + 5.6 years, BMI = 46.0 + 6.11 kg.m—2) for convenience. The CRT group engaged in eight
sessions of circuit resistance training, twice a week for four weeks. At baseline and follow-up, participants were
assessed for body weight, BMI, lower limb muscle strength, body balance, flexibility, lipid profile, and fasting
glucose. An as-treated analysis was used to address whether the CRT protocol was beneficial if performed. The
Analysis of Covariance (ANCOVA) was executed to verify possible between-group differences, with baseline
values included as the covariate. At the four week follow-up, the CRT group presented a significant reduction in
body weight (CRT: -3.05 [-4.22, -1.89] kg; CON: -0.25 [-2.79, 2.29] kg; p = 0.023), and BMI (CRT: -1.16 [-
1.77, -0.75] kg.m-2; CON: -0.08 [-1.07, 0.90] kg.m-2; p = 0.017) compared with the CON group. The CRT
group showed a significant increase in the sit-to-stand test (STS) performance (CRT: +4.38 [3.49, 5.26] reps.;
CON: 0.00 [-2.10, 2.10] reps.; p = 0.003). No significant changes were observed in the biochemical markers,
body balance, and flexibility within or between groups. Performing four weeks of CRT with a MPBS proved to
be a feasible strategy before bariatric surgery, possibly improving body weight, BMI, and lower limb muscle
strength for women awaiting BS.
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Introduction

According to data from the World Health Organization (WHO), the rate of obesity has reached
epidemic proportions in the past four decades (World Health Organization, 2014). Individuals with obesity are
more likely to develop chronic non-communicable diseases, such as diabetes, systemic arterial hypertension,
certain types of cancer, sleep apnea, and dyslipidemia, resulting in a higher mortality rate than non-obese
individuals (Abdelaal et al., 2017; World Health Organization, 2014). In Brazil, the prevalence of people with
severe obesity increased significantly from 1.1% in 2006 to 1.7% in 2017, with a higher prevalence among
women than men (0.9% in 2006 and 1.4% in 2017) (Malta et al., 2019).

Bariatric surgery (BS) is indicated for patients with severe obesity [i.e., body mass index (BMI) > 40
kg.m-2 or BMI > 35 kg.m-2 with comorbidities] for whom conservative therapy, including behavioral,
nutritional, and pharmacological approaches, has failed (Ruban et al., 2019). Surgical treatment has been
demonstrated to be an effective alternative for reducing body weight and obesity-related comorbidities, such as
diabetes and hypertension, as well as enhancing quality of life, physical fitness, and mental health (Colquitt et
al., 2014; Jabbour & Salman, 2021). Despite this, BS cannot be considered as a “silver bullet” to address the
severe obesity problem, as it presents several disadvantages (Gualano et al., 2021); for example, people who
have undergone BS may experience impairments in their functional capacity due to the significant loss of lean
and fat-free mass after surgery, resulting in diminished muscle strength, which may have negative effects on
patients' daily activities (Durey et al., 2022; Schurmans et al., 2022). Another negative aspect is that 20% of
patients with grade 2 obesity, and 35% of patients with grade 3 obesity, do not achieve the optimal body mass
index (BMI) after surgery (Durey et al., 2022). Over time, some of the improvements brought about by BS may
be lost, even returning to conditions prior to the surgery, such as weight regain, worsening insulin resistance,
compromised endothelial function, and aggravated chronic low-grade inflammation (Gualano et al., 2021;
Sakran et al., 2023). In this context, complementary therapies to BS that can mitigate or negate such negative
effects are being investigated, among which physical exercise has demonstrated various positive effects in this
population (Mechanick et al., 2019; Tabesh et al., 2019).
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Since 2001, the Brazilian public healthcare system has provided free BS surgery, with an average wait
time of approximately two years (Rasera et al., 2017). During this time, the application of a multidisciplinary
program of bariatric surgery (MPBS), which encourages patients to adopt healthy behaviors, has been
recommended, since better physical fitness, reduction of body weight, chronic inflammation, and increased
insulin sensitivity prior to surgery are associated with improved surgical outcomes, including shorter surgery
time and a reduced postoperative hospital stay (Colquitt et al., 2014; Durey et al., 2022; Gilbertson, Gaitan, et
al., 2020; Marcon et al., 2017). Similar strategies have been successful in promoting health benefits to people
with severe obesity (Lazareva et al., 2017). It has been demonstrated that the integration of a supervised physical
exercise program before BS is effective in promoting health improvements in individuals awaiting BS (Baillot et
al., 2016, 2018; Gilbertson, Eichner, et al., 2020; Marcon et al., 2017).

Previous studies have shown that strength training is capable of preserving muscle mass in adult
individuals undergoing caloric restriction for the purpose of weight loss, a condition similar to that experienced
by patients undergoing BS (Kotarsky et al., 2021; Schurmans et al., 2022). Supported by such evidence, the
hypothesis has been raised that the inclusion of a strength training program in the period preceding BS may
generate a "reserve" of muscle mass to mitigate the subsequent deleterious effect on this variable (Schurmans et
al., 2022). Additionally, the inclusion of physical exercise before surgery has proven to be effective in increasing
post-surgical physical activity levels (Baillot et al., 2018), which is another crucial aspect in preventing weight
regain and maintaining overall health and quality of life. In a study conducted by Gil et al. (2021), it was
demonstrated that the implementation of a six-month exercise protocol applied for three months after BS was
able to restore muscle mass, muscle strength, and cross-sectional area of type I and I muscle fibers to pre-
surgical values, which are results not observed in patients who underwent only the surgery. Whether pre- and
post-surgery exercise can prevent the initial loss of muscle mass and strength in patients undergoing BS is a
topic that requires further investigation (Schurmans et al., 2022).

In this setting, circuit resistance training (CRT) emerges as an intervention that can provide significant
health benefits to BS candidates. CRT consists of executing consecutive exercises that cover different muscle
groups with short intervals between them, and with resistance and aerobic training characteristics, providing the
benefits of both (Romero-Arenas, 2013). It is a method that optimizes the duration of the session and is simple to
implement, as it does not require sophisticated apparatus and machinery, which assists people with obesity in
overcoming some perceived barriers to physical exercise (Baillot et al., 2021; Klika & Jordan, 2013). Several
health parameters, such as body weight and BMI (Safarzade et al., 2020; Seo et al., 2019), insulin sensitivity
(Kolahdouzi et al., 2019; Safarzade et al., 2020), chronic inflammation, and cardiovascular risk (Kolahdouzi et
al., 2019), have been improved by the application of CRT in individuals with obesity.

Since there are no guidelines regarding the optimal exercise regimen for patients who are candidates for
BS (Durey et al., 2022), investigation into the different exercise modalities is required. Since research into the
effects of combining CRT with an MPBS has not yet been conducted (Durey et al., 2022; Schurmans et al.,
2022), the aim of the present study was to determine whether four weeks of a supervised CRT in conjunction
with MPBS is feasible, and if it improves body weight, BMI, functional capacity, and biochemical markers in
women with severe obesity awaiting BS.

Material & methods
Design and Setting

This study used a two-arm, non-randomized, controlled trial design. The research was conducted during
January and February 2019 at a referral hospital in BS in a capital city in northeastern Brazil.

Participants

Eligible candidates were adult women awaiting BS. The sample was recruited for convenience and
patients were invited to participate in the study during a consultation with the Physical Education Service of the
Advanced Laboratory for Physical Education and Health (LAEFES), which is a component of the hospital's
MPBS. The research included adult female patients (aged 18 to 60 years) with or without a diagnosis of chronic
diseases (diabetes, dyslipidemia, hypertension, and metabolic syndrome), participants of the MPBS, patients
with severe obesity, and patients who did not engage in regular physical exercise for three months prior to the
beginning of the intervention.

Patients with medical contraindications to physical exercises, functional limitations that prevented the
performance of the proposed assessments, pregnant women, and absence on the specified date, time, and location
for any of the assessments were excluded from the study. Patients were assigned to the control (CON) or circuit
resistance training (CRT) groups after meeting the inclusion criteria and consenting to participate in the study.
Prior to the start of the investigation, participants were carefully informed about the risks related to the research,
and informed consent was obtained from all individual participants included in the study. This study was
approved by the Ethics Committee of the Federal University of Pernambuco (Protocol 3.117.241/19; CAAE
03784818.6.0000.8807).

2994

JPES ®  www.efsupit.ro



THAURUS CAVALCANTI, LUIS FELIPE DINIZ, BARBARA BRUNO SILVA, CRISTIANO FAUSTINO,
PAULO CARVALHO

Procedure

During the intervention, both groups received hospital MPBS. The MPBS included BS medical exams
and consultations with doctors, nutritionists, psychologists, speech therapists, social workers, and physical
educators. Patients could be in different program phases. In addition to MPBS, the CRT group did two weekly
sessions of supervised circuit resistance training on non-consecutive days for four weeks, totaling eight sessions.
The circuit consisted of nine strength exercises that utilized machinery and body weight, and that targeted the
entire body. The exercises performed in order were the seated bench press, leg extension, seated low row, seated
overhead press, isometric pallof press, lat pulldown, bridge exercise, isometric front plank, and sit to stand, with
the first exercise changing each session. Each exercise was done for 40 seconds at a regular cadence (about four
seconds per repeat) with a 20-second interval between them until all nine were done, marking the end of a series.
At each training session, there were four sets. The first set was for warming up, and the others were for the actual
workout. There was a two-minute interval between the warm-up set and the next set, and a one-minute rest
between the other sets. The intensity utilized was 60% of one repetition maximum (1RM) for machine-based
exercises, and body weight for the remainder. The exercises were supervised by physical education specialists
with experience supervising resistance training for severely obese patients. Before and after each training
session, the patient's blood pressure was measured to ensure their safety.

Materials and instruments

Body weight, BMI, lower limb muscle strength, body balance, flexibility, lipid profile, and fasting
glucose were evaluated one week prior to intervention (baseline) and 72 hours after the last training session
(follow-up). In the patients' medical records, age and obesity-related comorbidities were identified. Change in
body weight was the primary outcome measure. Changes in BMI, biochemical markers, and functional capacity
have been set as the secondary outcomes. Body mass and height values were measured with an anthropometric
scale (Filizola, Sao Paulo, Brazil). BMI values were obtained by dividing the body mass value, measured in
kilograms, by the square of height, measured in meters, being expressed in kg.m™>.

The CRT group assessed muscle strength in the following exercises using the three to six repetition
maximum test (3-6RM): seated bench press, leg extension, lateral pulldown, seated overhead press, and seated
low row. The tests were carried out in the sequence specified above, utilizing Matrix Fitness USA (WI, USA)
equipment. The acquired results were used to calculate the appropriate load for each participant during the
training session. The 3-6RM was chosen because it is more appropriate for inexperienced individuals and has
been shown to be highly reproducible in prior studies (Cavalcanti et al., 2022; Moro et al., 2017). Twenty-four to
48 hours prior to the 3-6RM test, participants were familiarized with the exercises and equipment to acclimate
them to the test conditions and movement patterns. To perform the test, a specific warm-up was executed for
each exercise (12 repetitions with light effort), and then a specific load was specified based on the instructor's
experience. This was to ensure that a first attempt at maximum repetitions was performed, and if the number of
repetitions exceeded or fell below the range of three to six repetitions, the load was increased or decreased,
respectively, until failure occurred within the desired repetition range without compromising the movement
pattern. There was a three-minute rest between each trial and between exercises. Brzycki's formula was used to
calculate the value of one repetition maximum (1RM) (Brzycki, 1993).

To evaluate the dynamic strength of the lower limbs, a 30-second sit-to-stand (STS) test was
administered. The test begins with the subject seated in a chair with a completely supported back, arms crossed
in front of the trunk, and knees bent to roughly 90°. At a verbal cue, the participant must rise from her chair and
stand upright, and then return to the sitting position, attempting as many repetitions as possible within 30
seconds. Each participant was asked to execute the exercise without moving their arms to rise (Lord et al., 2002).
Static body balance was assessed using the monopodal balance test (MBT). The participant would stand barefoot
with one leg elevated (knee bent at approximately 90°), having their hands on their hips and their gaze fixed at a
point two meters away at eye level. The time the participant remained in this position was timed for up to the
maximum limit of 30 seconds. For each lower limb, three attempts were made (Francisco et al., 2009). For data
analysis, the value of the best attempt was used.

The measurement of flexibility consisted of performing the sit and reach test (SRT). Each participant
was seated on a mat with feet in full contact with the front of the bench, with lower limbs with knees extended,
hips flexed, and hands overlapped in front of the body with elbows extended. After correct positioning, each
participant was instructed to move the bench scale with their fingertips as much as possible, performing a trunk
flexion (Wells & Dillon, 1952). Three attempts were made for each participant, with the obtained value was
expressed in centimeters (cm), using the best performance measure for analysis.

Fasting blood samples were obtained at baseline and during follow-up from all participants by a
registered nurse after a 12-hour fast. Blood samples were stored at -80°C for subsequent analysis. Blood markers
including total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, and glucose were measured with the Architect c8000 analyzer (Abbott, Illinois, U.S.A.).

Data Analysis

The statistical analyses were performed with Jamovi v2.3.21 (available online:

https://www.jamovi.org). The graphics were constructed with Prism 8.0 (GraphPad Software, La Jolla, CA,
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USA). An as-treated analysis was used to address whether the CRT protocol was beneficial if performed. A
descriptive analysis was made using means and standard deviation, and absolute and relative frequencies for
continuous and categorical variables, respectively. Assumptions were examined using the Shapiro—Wilk test for
normality, and Levene’s homogeneity of variance test. Between-group differences at baseline were verified with
the Student’s t test.

The Analysis of Covariance (ANCOVA) was performed to verify possible between-group differences,
with baseline values included as the covariate. Within-group changes were reported as mean difference with
95% confidence intervals (95% CI). The effect size was calculated using partial Eta squared (n?p), considering
the effect size of 0.01-0.06 as small, 0.06—0.14 as medium, and > 0.14 as large (Lakens, 2013). The significance
level was set at p < 0.05.

Results

Twenty-four patients satisfied the inclusion criteria and consented to take part in the study. Ten patients
were assigned to the CRT group, while fourteen were assigned to the CON group. Two patients in the CRT
group were excluded because they did not initiate the intervention program. Eight CON group participants did
not return for the follow-up evaluations and were therefore excluded. As a result, fourteen patients completed the
trial, with eight in the CRT group and six in the CON group (Figure 1).

[ Enroliment ] Assessedfor eligibility (n= 54)

Excluded (n= 30)
- Mot meeting inclusion criteria (n= 30)

h 4

Assessment (n= 24)

Allocation ) A

. ) &
Allocated to intervention (n= 10) Allocated to CON group (n=14)

-Received allocated intervention (n= 8) “Received allocated intervention (n= 14)
-Did not receive allocated intervention (did not
start intervention) (n= 2)

Follow-Up ] v

)

Lost to follow-up (n= 0) Lost to follow-up (n= 8)
Discontinued intervention (n= 0}

v Analysis v

o
Analysed (n= 8) Analysed (n= 6)

Figure 1: CONSORT (Consolidated Standards of Reporting Trials) flow diagram of participant progression
through the study. CRT: circuit resistance training; CON: control.

The characteristics of the participants are shown in Table 1. There were no significant differences
between groups in age or BMI at baseline. All participants of the CRT group completed eight training sessions
within the designated four weeks, demonstrating satisfactory program adherence. Due to knee discomfort, two
participants did not execute the leg extension exercise; instead, they performed a hip extension work on the
steppe. Two patients were unable to complete the STR due to positional discomfort, one from each group. Each
training session lasted about 45 minutes. No injuries related to training were identified.
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Table 1: Participants' baseline characteristics (n=14)

Variable Circuit (n=8) Control (n=6)
Age (years), mean (SD) 39.9 (13.46) 33.2 (5.56)
Obesity, n (%)
Grade 2 3(37.5) 2(33.3)
Grade 3 5(62.5) 4 (66.7)
Comorbidities, n (%)
SAH 4 (50.0) 2(33.3)
Type 2 diabetes 2 (25.0) 1(16.7)
Hepatic steatosis 1(12.5) 0(0.0)
Asthma 1(12.5) 2(33.3)
Dyslipidemia 1(12.5) 2(33.3)
Arthropathy 1(12.5) 0(0.0)

SAH: systemic arterial hypertension.

Table 2 displays the within-group changes in body weight, BMI, biochemical markers, and functional
capacity at four weeks of follow-up, as well as between-group comparisons and estimated effect sizes.

Table 2: Within- and between-group effects of the anthropometric biochemical markers and functional capacity
of the study participants (n = 14)

Variable Group Baseline Follow-up Within-group change Between-group effect
mean (SD) mean (SD) (95% CI) F p n’p

Body weight (kg) _ Circuit (n=8) _ 115.9 (26.9) 1129 (27.5) 3.1(42,-1.9)

Control (n=6)  116.8 (13.5) 116.6 (13.0) 0.3(-2.8,23) 6.94 0023% 0.387
BMI (kg.m-?) Circuit (n=8)  46.8(9.3) 455(9.5) 1.2(-1.8,-0.8)

Control (n=6)  46.0 (6.1) 46.0 (6.2) 2008 (-1.1,0.9) 7.94 0.017* 0.419
Total  cholesterol Circuit (n=8) 187.8 (52.7) 188.7 (52.4) 0.9 (-16.5, 18.3)
(mg/dl) Control (n=6)  185.8 (36.4) 181.3 (29.4) -4.5(-23.3, 14.3) 0.29° 0599 0.026
HDL (mg/dl) Circuit (n=8)  47.3 (4.1) 43.9 (4.4) 3.4(-72,04)

Control (n=6)  40.7 (3.9) 433(33) 2.7(2.9,82) 0.17-0.692 0.015
LDL (mg/dI) Circuit (n=8)  117.2 (45.4) 118.1 (46.0) 0.9 (-11.7, 13.5)

Control (n=6)  117.6 (31.6) 113.4 (24.3) 42(-22.8, 14.4) 0.34 0574 003
Triglycerides Circuit 1=8)  116.4 (54.8) 133.3 (57.2) 16.9 (-1.6, 35.5)
(mg/d) Control (n=6)  137.8 (54.0) 122.8 (30.2) -15.0 (-71.9, 41.9) 1570237 0125
Fasting glucose Circuit (n=8) 91.7 (21.6) 85.2 (19.1) -6.5(-12.5,-0.5)
(mg/dl) Control (n=6)  104.5 (54.8) 102.5 (34.8) 2.0 (-25.0, 21.0) 448 0058 0289
STS (reps.) Circuit (1=8)  10.0 (1.9) 14.4 (2.1) 4.4(3.5,53)

Control (n=6)  13.3 (3.6) 133 (3.2) 0.0 (-2.1,2.1) 15.000.003% ~0.576
MBT (s) Circuit (n=8)  25.1 (9.8) 26.9 (8.8) 1.8(-1.8,5.3)

Control (n=6)  28.3 (4.1) 287 (3.3) 0.3 (-0.5,1.2) 0.24  0.637  0.021
SRT (cm) Circuit 1=7)  21.14 (6.84) 24.29 (6.40) 3.14 (0.40, 5.89)

Control (n=5)  23.54 (8.62) 25.00 (7.58) 1.46 -6.34, 9.26) 0.155 0703 0.017

HDL: high density lipoprotein; LDL: low density lipoprotein; BMI: body mass index; STS: 30 seconds sit to stand test; MBT:
monopodal balance test; STR: sit to reach test. * p < 0.05.

The biochemical markers studied were total cholesterol (A%: CRT = +1.24% vs. CON = -1.5%), HDL
(A%: CRT = -6.94% vs. CON = +7.48%), LDL (A%: CRT = +1.82% vs. CON = +1.69%), triglycerides (A%:
CRT =+16.38% vs. CON = -1.97%), and fasting glycemia (A%: CRT =-6.71% vs. CON = +3.32%), and did not
show significant differences between groups. The CRT group demonstrated a significant decrease in body
weight (Figure 2a; A%: CRT = -2.86 % vs. CON = -0.17 %) and BMI (Figure 2b; A%: CRT = -2.86 % vs. CON
=-0.17 %), with a large effect size in both variables, compared to the CON group. The CRT group performed
significantly more repetitions in the STS than the CON group (Figure 2c; A%: CRT = +45.29 % vs. CON =
+1.85 %), with a large effect size. Between-group performance on the SRT (A%: CRT = +19.78% vs. CON =
+10.84%) and MBT (A%: CRT =+16.37% vs. CON = +1.67%) did not differ significantly.
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Figure 2: Individual percentage change of the variables (a) body weight, (b) BMI, and (c) sit-to-stand test. The
bar represents changes in mean and standard deviation.

Discussion

The incorporation of the CRT in addition to the MPBS was demonstrated to be feasible, given that all
the prescribed training sessions were completed without program abandonment or injury report. Gilbertson et al.
(2020) conducted a study of people with obesity who were awaiting BS, in which patients were advised to walk
at home for 30 minutes, 5 times per week, for 30 days, with adherence monitored by an activity tracker. The
researchers reported 18 days of training in total. The high adherence observed in the present study can be
attributed to the characteristics of the applied supervised circuit resistance training, namely social interaction,
low weekly frequency, training supervision, and reduced session duration. These characteristics contribute to
avoiding some known barriers of exercising for people with obesity (Baillot et al., 2021).

There was no significant difference between groups in the values of the biochemical markers analyzed.
Kolahdouzi et al. (2019) evaluated the effects of 24 sessions of circuit strength training over the course of 8
weeks in a sample of young men with obesity. The researchers reported a significant improvement in HDL,
LDL, total cholesterol, and triglyceride levels. While there was no significant improvement in fasting blood
glucose levels, there was a significant improvement in insulin sensitivity. In this regard, Miller et al. (2014)
reported significant improvement in total cholesterol and triglyceride levels in a cohort of men with obesity after
4 weeks and a total of 12 training sessions of high-intensity circuit strength training. The intervention applied in
the present study was shorter in duration or frequency than those utilized in the aforementioned studies, which
may account for these divergent results. Moreover, the investigated population consisted solely of women, which
may have affected the biochemical adaptations associated with exercise and weight loss (Romero-Moraleda et
al., 2015). Similar results were observed in the study by Marc-Hernandez et al. (2019), whose sample consisted
predominantly of women who participated in 12 weeks of combined training.

According to a recent review of the literature (Seo et al., 2019), CRT is effective in reducing body
weight and BMI in adults, particularly those with overweight or obesity. The results of the present study
corroborate these findings. It is important to note that a decrease in body weight is associated with improvements
in glucose metabolism and reduced cardiovascular risk in people with obesity (Ryan & Yockey, 2017). Previous
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studies have reported benefits in BMI and/or body weight in people with obesity using various exercise
strategies; however, compared to the present study, longer periods (Baillot et al., 2016; Marc-Hernandez et al.,
2019; Pico6-Sirvent et al., 2019; Reljic et al., 2020; Safarzade et al., 2020) or higher training intensities (Miller et
al., 2014; Reljic et al., 2020) were required. Even with modest training volumes and moderate intensity, CRT
appears to be a promising intervention for decreasing the body weight and BMI of women awaiting BS.

The researchers of that study (Kim et al., 2018) proposed static and dynamic flexibility exercises in all
36 training sessions. The absence of exercises aimed to improve flexibility and the short duration of the program
potentially justify these results. In regard to postural balance, there was no difference between groups in follow-
up. It is worth mentioning that just three patients did not reach maximal score at baseline in the MBT, two for the
CRT group, and one for the CON group. These findings agree with preview research (Pataky et al., 2014) that
reports no differences in postural balance of women with obesity compared with eutrophic women. Nevertheless,
the patients of the CRT group that did not achieve the maximal score in MBT showed substantial improvement
in their performance above 60% in test performance (3.18 to 5.2 seconds and 17.92 to 30 seconds). An
improvement of this magnitude was seen in the patients of the CON group (20 to 22 seconds), and this
improvement is in accordance with recent research that reported better postural balance in people with obesity
after six weeks of exercise training.

Women with obesity have a diminished functional capacity compared to eutrophic women, as evidenced
by an increased risk of falls, higher metabolic expenditures for walking, and postural alterations, all of which
impair the performance of everyday activities (Pataky et al., 2014). It is therefore important to apply therapies
that mitigate or ameliorate such functional decreases (Pataky et al., 2014). In the present investigation, only
individuals in the CRT group significantly improved on the STS, similar to what Baillot et al. (2016) reported
after 12 weeks of combined training administered to patients awaiting BS. This improvement can be attributed to
the incorporation of functional exercises designed to simulate patients' daily activities. Regarding flexibility,
there were no differences in the performance of the SRT between groups after the intervention. This result
diverges from that found by Kim et al. (2018), who subjected 10 university students with obesity to 12 weeks of
circuit training and observed a significant improvement in their flexibility. In all 36 training sessions, the
researchers recommended both static and dynamic flexibility exercises. Perhaps the lack of flexibility-enhancing
activities and the short length of the CRT program applied in the present research underlie these outcomes. There
was no difference in postural balance across groups at the follow-up. It is important to note that only three
patients did not achieve the maximum score on the MBT at baseline, two in the CRT group, and one in the CON
group. These findings are consistent with a previous study that found no difference between the postural balance
of people with obesity and those with normal weight (Pataky et al., 2014); however, the patients of the CRT
group who did not achieve the maximum score in the MBT showed a substantial increase in their performance
above 60% in test performance (3.18 to 5.2 seconds and 17.92 to 30 seconds), while a similar response was not
observed in the CON group (20 to 22 seconds). This improvement is consistent with recent research that reported
better postural balance in obese individuals after six weeks of exercise training (Cavaggioni et al., 2022).

This study has several limitations that must be considered. First, due to the small sample size, the
findings should only be considered exploratory, and further research is required to confirm them. Important
confounding variables such as dietary habits, menstrual cycle phase, and sleep disorders were not accounted for;
however, this is the first study to apply a CRT program to a sample of women with severe obesity who are
candidates for BS. This demonstrated promising results in many health parameters even with short duration, low
weekly frequency, and moderate intensity, whereas previous studies reported deterioration in variables related to
the health of BS candidates and an increase in the body weight of these patients during the pre-surgical period
when only MPBS was followed (Colquitt et al., 2014; Marcon et al., 2017). Future research should employ
exercise programs with extended durations to verify adherence and to confirm the maintenance of the benefits
observed in this study. It is also necessary to conduct studies to determine whether the pre-surgery exercise-
induced beneficial adaptations affect post-surgery outcomes (Durey et al., 2022).

Conclusions

In conclusion, the incorporation of Circuit Resistance Training (CRT) alongside the Multidisciplinary
Program of Bariatric Surgery (MPBS) program proved to be feasible, with high adherence and no reported
injuries or program abandonment. The success in adherence is attributed to the unique characteristics of
supervised CRT, including social interaction, low weekly frequency, training supervision, and reduced session
duration, addressing known barriers for individuals with obesity. Although no significant differences were
observed in the biochemical markers analyzed, the study demonstrated positive effects on body weight and BMI,
aligning with existing literature supporting the effectiveness of CRT in adults, especially those with overweight
or obesity. In summary, this study contributes valuable insights into the feasibility and positive effects of
integrating CRT into the pre-bariatric surgery (BS) care of women with severe obesity. The promising results
pave the way for future research aimed at optimizing exercise interventions to enhance both pre- and post-
surgery outcomes in this population.
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