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Abstract

Introduction: The role of obesity in developing metabolic alterations is related to the
distribution of adipose tissue, and visceral fat predisposes people to a higher risk than
subcutaneous fat. The effect of different forms of periodization of combined training is still
unknown in reducing cardiometabolic risk in adults with obesity. This randomized clinical
trial aims to compare the effects of 16 weeks of periodized combined training with fixed and
linear increase intensities on individuals with obesity, using the visceral adiposity index
(VAI) and metabolic phenotype. Methods: In total, 59 adults with obesity (61.0% female)
were allocated into three groups: control (CG, 34.4 ± 6.9 years; BMI, 33.0 ± 2.5 kg.m−2),
combined training with fixed intensity (FG, 33.6 ± 8.4 years; BMI, 32.9 ± 2.3 kg.m−2), and
linear increase intensity (LG, 34.5 ± 6.0 years; BMI, 33.4 ± 2.8 kg.m−2) in a 1:1:1 ratio.
VAI equations were used with waist circumference, triglycerides, BMI, and HDL-c. The
metabolic phenotype was defined by the presence of >3 abnormalities of the following:
systolic/diastolic blood pressure, triglycerides, HDL-c, fasting blood glucose, and waist
circumference, classified as metabolically healthy and unhealthy (MHO; MUO). Intra- and
intergroup analyses were performed per protocol (PP) and intention-to-treat (ITT) using the
Generalized Estimated Equations method. p < 0.10 was the level of significance adopted for
interaction, and p < 0.05 was the level of significance for the isolated effect of time and/or
group. Results: VAI decreased in FG (p < 0.001) in PP and ITT analyses, but not in LG in
either analysis (p > 0.05). There was a higher number of MUO in FG compared to LG, only
in PP, considering the effect of group analysis (p < 0.01), but not of time or group * time or
ITT analyses (p > 0.05). Conclusions: Combined training with fixed intensity improved
VAI but was insufficient to affect metabolic phenotype. These findings suggest minimal
differences between fixed intensity and linear increase protocols in reducing the risk of
metabolic complications during obesity treatment.

Keywords: training periodization; visceral adiposity function; chronic disease;
cardiometabolic risk

1. Introduction
Obesity is characterized by excess body fat that keeps the body in a state of chronic

low-grade inflammation [1]. It is a known risk factor for the emergence of new chronic
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non-communicable diseases (NCDs) [2–4]. However, the clinical impact of obesity is not
uniform; variations in body fat distribution and adipose tissue function lead to different
cardiometabolic health-related outcomes [5,6]. Consequently, some individuals who are
overweight may have a metabolic profile similar to those of normal weight [7–9].

In visceral obesity, there is a greater accumulation of fat in the abdominal region and a
higher level of adipose tissue dysfunction, as fat begins to accumulate in lean tissues [3,10],
which is associated with a higher cardiometabolic risk [7]. Consequently, there is increased
production of adipokines, pro-inflammatory activity [11,12], and reduced insulin sensitiv-
ity [13], increasing the risk of developing type 2 diabetes, cardiovascular diseases, cancer,
stroke, and dyslipidemia [14], negatively affecting the quality of life [4]. In contrast, periph-
eral obesity is characterized by fat deposition in the hip and thigh area, which is associated
with a less dysfunctional metabolic profile [9,15]. Therefore, from a clinical perspective,
assessing not only body fat but also the adipose tissue distribution becomes essential to
evaluate the level of health impairment [6] and to individualize health care, particularly
in individuals with obesity. Hence, the visceral adiposity index (VAI) was developed to
estimate the functionality of adipose tissue associated with cardiometabolic risk [16,17].
The VAI sex-specific mathematical formula combines anthropometric measurements with
biochemical parameters, providing a more sensitive indicator of metabolic health when
compared to isolated parameters [8]. Furthermore, being overweight does not necessarily
indicate that the individual manifests cardiometabolic changes [15]. Thus, classifying
individuals with obesity according to their metabolic phenotype, metabolically healthy
obesity (MHO) or metabolically unhealthy obesity (MUO), allows screening of individuals
at risk [18].

Physical exercise, more specifically, combined training with aerobic and strength
exercises in the same session, is effective for weight loss and, consequently, for managing
comorbidities associated with obesity [19,20]. Training periodization, in turn, refers to the
manipulation of training load components—volume and intensity [21]—and its application
is suggested to optimize the health benefits of physical exercise practice [22]. Among the
types of periodization, a linear increase involves the progressive overload of volume and/or
intensity, focusing on the gradual increase of a variable; and fixed intensity maintains a
constant intensity while varying stimuli during training cycles, manipulating variables such
as exercises, volume, and training adaptations on a daily, weekly, or biweekly frequency.

Linear periodization has been suggested to be more beneficial than fixed periodization
for physical fitness in adults with obesity [23]. Nonetheless, the effect of different forms of
periodization of combined training in reducing cardiometabolic risk in adults with obesity
is still unknown. This knowledge gap is particularly relevant given the growing prevalence
of obesity and the urgent need for strategies to increase exercise adherence to mitigate
cardiometabolic risk in this population. Due to the association of increased cardiometabolic
risk with visceral adiposity and dysfunctional adipose tissue, investigating the effects of
different types of combined training interventions on VAI and metabolic phenotype can
provide evidence to support training prescriptions tailored to metabolic health rather than
just body weight. However, to date, no clinical trials evaluating the effects of interventions
with combined training on the VAI or metabolic phenotype classification have been found.
Therefore, the present study aimed to evaluate the effect of combined training with fixed
intensity and with linear increase on VAI and metabolic phenotype in adults with obesity.

2. Materials and Methods
2.1. Experimental Approach to the Problem

This single-blinded randomized controlled trial allocated adults with obesity into
three groups: control (CG), combined training with fixed intensity (FG), or linear increase
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(LG). The study design involved exercise training, so sample blinding was not possible.
The subjects knew that they were in the training group and that there was a control group;
however, the subjects did not know which training group they were allocated. However, the
evaluators were blinded to group allocation. Waist circumference (WC), triglycerides (TGs),
body mass index (BMI), HDL-c, systolic/diastolic blood pressure, and fasting blood glucose
were evaluated before the intervention and after 16 weeks of training to calculate the VAI
and classify the subjects as MHO or MUO. This is a study of the secondary outcomes of a
clinical trial [24].

2.2. Subjects

The study sample consisted of adult individuals, aged 20 to 50 years, of both sexes, di-
agnosed with obesity grades I (BMI ≥ 30 kg/m2 and ≤34.5 kg/m2) and II (BMI ≥ 35 kg/m2

and ≤39.5 kg/m2). This study was approved by the Ethics and Research Committee with
Human Beings of the Federal University of Santa Catarina (UFSC), under protocol number
2,448,674, and published in the Brazilian Registry of Clinical Trials (ReBEC) under the
number RBR-3c7rt3. The intervention occurred between June and September 2018, and all
participants signed the Free and Informed Consent Form, volunteering to participate in
the research.

The exclusion criteria consisted of having regular participation in a physical exercise
program (frequency > 3 times a week) in the last three months, being a smoker or former
smoker for less than six months, consuming alcohol excessively (≥7 drinks per week for
female and ≥14 drinks per week for male), having bone, muscle, or joint lesions limiting the
practice of physical exercises, using medications to control/treat obesity, having undergone
surgical procedures aiming at weight reduction, and, for women, being in menopause.
Additionally, for this study, individuals with TG values > 3.15 mmol/L (>279 mg/dL) or
BMI > 40 kg/m2, as criteria for estimating VAI, were excluded. A 3-day dietary recall
was used as dietary control, and the volume of physical activity and the time spent on
sedentary activities before and after the intervention were controlled for any potential
interference of these behaviors on the results (which did not occur) [25]. None of the
female participants was in menopause. Participants were selected through intentional non-
probabilistic sampling. More details about the sampling procedure or other information
can be found in the publications of the study protocol [24–26].

2.3. Intervention Groups

Study participants were randomly allocated into three groups: one control (CG) and
two groups of combined training (FG—fixed intensity and LG—linear increase). To balance
the proportion of individuals between groups and the characteristics of the participants,
randomization stratified by sex, age, and BMI was adopted, with a 1:1:1 ratio. The random-
ization process was performed in the online software randomizer.org by researchers not
involved in the intervention. The allocation list was hidden from all study evaluators, and
participants in FG and LG did not know which group they were allocated.

The period of intervention was 16 weeks. No intervention was applied in the CG. In
the intervention groups (FG and LG), all stages of the training protocols were supervised
by Physical Education professionals. The first week consisted of familiarization with the
training routine, followed by 15 weeks of training protocols. In the first week, the sessions
lasted 30 minutes, with the initial half reserved for low-intensity aerobic exercise (30 to
39% reserve heart rate (HRres)) and the final half for strength training, where 6 exercises
(the same as the intervention) were performed with only one set each of 10–15 maximum
repetitions (RMs). The 15 weeks of intervention lasted one hour. The first 30 minutes
were for aerobic training (walking and/or running on an outdoor track), and the final
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30 minutes were for strength training (six exercises involving large muscle groups: bench
press, leg press, pull down, crucifix machine, free squat, and low row). The intervention
groups received training protocols, equivalent in total volume (all intervention period),
varying between the types of periodization. Periodic reassessments were performed to
adjust the training intensity at each mesocycle. The FG remained, throughout the 15 weeks,
at moderate intensity; that is, it maintained aerobic training at moderate intensity (50 to
59% HRres), as well as strength training, with six exercises of two sets of 10 to 12 RMs
throughout the time. The LG had a training model with a linear increase in intensity,
consisting of three five-week mesocycles. In the first mesocycle, light intensity was used
for aerobic training (40 to 49% HRres) and strength training, with six exercises of two sets
of 12 to 14 RMs. The second mesocycle progressed to moderate intensity (50 to 59% HRres)
and to strength training, from 10 to 12 RMs. In the final mesocycle, participants achieved
the highest intensity (60 to 69% HRres) and performed strength training from 8 to 10 RMs.
More details on the intervention design with the training protocols of each group can be
found in the publication of the clinical trial protocol [24].

2.4. Characterization and Anthropometric Parameters

The variables of sample characterization: age (in full years), sex (female and male),
and skin color (white and non-white) were collected through the Question Pro platform.

VAI was estimated according to sex [16], using the following variables: WC in cm,
BMI in kg/m2, TG in mmol/L, and HDL-c in mmol/L, according to the formulas below:

VAI (male) = [WC/(39.68 + 1.88 × BMI)] × (TG/1.03) × (1.31/HDL-c) (1)

VAI (female) = [WC/(36.58 + 1.89 × BMI)] × (TG/0.81) × (1.52/HDL-c) (2)

The classification of metabolic phenotype considered the five indicators present in the
"National Cholesterol Education Program's Adult Treatment Panel III" (NCEP-ATP III) [12].
The MUO phenotype was classified according to the presence of three or more inadequacies
in the parameters of (i) high blood pressure (≥130 mmHg and/or ≥85 mmHg), (ii) TG
(>150 mg/dL), (iii) HDL-c (<40 mg/dL), (iv) fasting blood glucose (>99 mg/dL), and
(v) WC (>102 cm and >88 cm for male and female, respectively).

To measure the BMI of each individual, an electronic scale (Welmy, model W300A,
Santa Bárbara d'Oeste, SP, Brazil) with a coupled vertical anthropometer was used. WC
was measured in cm at the midpoint between the last rib and the iliac crest.

2.5. Clinical and Biochemical Parameters

A portable automatic monitor (Omron®, HEM 742-E, Bannockburn, Illinois, USA) was
used for systolic and diastolic blood pressure measurements. Participants were instructed
to avoid any consumption of stimulants or alcoholic beverages. Five minutes before the
test, participants were instructed to rest supine. Three measurements were made, with
an interval of one minute between them, and the mean value between measurements,
expressed in mmHg, was considered a reference value.

Blood samples were collected in the morning. Participants were instructed to fast for
12 hours and not exercise for 72 hours before collection. The collection was performed
by venipuncture, with 20 mL of blood collected in vacuum-dried tubes. Samples were
processed, centrifuged to obtain serum, and stored in a biofreezer at −80 ◦C. The manu-
facturer's instructions were followed for all analyses. From the serum, HDL-c (accelerator
selective detergent methodology) and TG (enzymatic colorimetric method (Trinder)) were
dosed, both in the BSA20 apparatus, Mindray. An enzymatic colorimetric kit (Labtest
Diagnóstica SA, Minas Gerais, Brazil) was used to determine fasting blood glucose values.
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2.6. Statistical Analysis

The Shapiro–Wilk test verified the symmetry of the data. For the descriptive analysis
of the data, mean, standard deviation (SD), and absolute and relative frequency were used.
At baseline, differences between groups were tested using one-way ANOVA and Pearson's
chi-squared test for continuous and categorical variables, respectively.

The outcomes were analyzed by per protocol (PP) and by intention-to-treat (ITT)
analysis. PP considered data from those who participated until the end of the study, while
ITT considered data from all randomized participants, with missing data handled using
the multiple imputation method, where each missing value was replaced by the mean
of five plausible imputed values. The intra- and intergroup analyses were performed by
the method of Generalized Estimated Equations (GEE), adopting the type of linear model
for the continuous variable (VAI) and the negative binomial model for the categorical
variable (metabolic phenotype). Finally, the Bonferroni post hoc test was performed. The
level of significance adopted for interaction was p < 0.10, while the isolated effect of time
and/or group was p < 0.05. Cohen’s d was used to estimate effect sizes based on the
difference between pre- and post-intervention means in each group. For paired samples,
pooled standard deviations were calculated using standard errors and sample sizes. Effect
sizes were classified as small (≈0.2), moderate (≈0.5), or large (≥0.8). All analyses were
performed using the statistical software IBM SPSS version 21.0 (IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Sample Characterization

The initial sample of the clinical trial consisted of 69 participants. In the present
study, 10 participants were excluded as criteria for VAI estimation, because they presented
BMI > 40 kg/m2 and/or TG > 3.15 mmol/L (>279 mg/dL) (Figure 1). The final samples
consisted of 32 participants in PP and 59 in ITT analysis. The reasons for dropouts have
been previously described [26], and they were handled through ITT analysis.

Therefore, the total number of participants included in this study was 59 (Table 1) (CG
(n = 21), FG (n = 18), LG (n = 20)). Of these, 36 (61.0%) were female and 47 (79.7%) had
white skin color. In total, 12 individuals (20.3%) were classified with the MUO phenotype.
At the baseline, the groups were similar in characterization, anthropometric, clinical, and
biochemical parameters, including VAI mean, and the proportion of individuals classified
as MUO (p > 0.05). The total number of individuals who stayed until the end of the study
was 32.

Table 1. Characterization of the sample at baseline (n = 59).

Variables
CG (n = 21) FG (n = 18) LG (n = 20) p-Value

Mean (± SD) Mean (± SD) Mean (± SD)

Age (years) 34.38 (± 6.88) 33.61 (± 8.40) 34.50 (± 6.04) 0.917
BMI (kg/m2) 33.01 (± 2.52) 32.92 (± 2.33) 33.41 (± 2.81) 0.819
SBP (mmHg) 116.97 (± 11.38) 120.48(± 18.64) 115.79 (± 10.66) 0.559
DBP (mmHg) 72.06 (± 5.38) 72.03 (± 8.31) 72.77 (± 6.01) 0.922
TG (mg/dL) 127.28 (± 47.10) 124.77 (± 59.74) 104.60 (± 46.03) 0.311

HDL-c (mg/dL) 58.23 (± 18.77) 54.88 (± 11.92) 55.15 (± 14.72) 0.750
Fasting blood

glucose (mg/dL) 100.14 (± 21.29) 96.72 (± 9.66) 96.01 (± 12.10) 0.662

WC all (cm) 108.42 (± 8.97) 104.99 (± 7.77) 108.11 (± 10.12) 0.443
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Table 1. Cont.

Variables
CG (n = 21) FG (n = 18) LG (n = 20) p-Value

Mean (± SD) Mean (± SD) Mean (± SD)

WC male (cm) 113.47 (± 7.92) 112.00 (± 4.61) 112.16 (± 7.98) 0.904
WC female (cm) 104.64 (± 8.01) 101.49 (± 6.60) 105.40 (± 10.80) 0.509

VAI of both sexes 1.76 (± 0.86) 1.85 (± 1.25) 1.53 (± 0.81) 0.579

VAI male 2.01 (± 0.25) 1.85 (± 0.42) 1.91 (± 0.29) 0.937

VAI female 1.58 (± 0.26) 1.85 (± 0.40) 1.27 (± 0.21) 0.408

n (%) n (%) n (%)

Sex
Female 12 (57.14) 12 (66.67) 12 (60.00) 0.826

Skin color
White 17 (80.95) 13 (72.22) 17 (85.00) 0.610

Metabolic Phenotype
MUO 2 (9.52) 5 (27.78) 5 (25.00) 0.301

BMI: body mass index; DBP: diastolic blood pressure; HDL-c: high-density lipoprotein cholesterol; MUO:
metabolically unhealthy obesity; n: number of subjects; SBP: systolic blood pressure; SD: standard deviation; TG:
triglyceride; VAI: visceral adiposity index; WC: waist circumference.

Figure 1. Flowchart of participation of individuals throughout the study.
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3.2. Effects of Combined Training on Visceral Adiposity Index and Metabolic Phenotype

Table 2 shows the results of the analyses performed by PP (n = 32) and by ITT (n = 59)
of the VAI by group in the pre- and post-intervention periods. A significant difference
was observed in the group * time interaction. It was verified that the intervention with
physical training for 16 weeks decreased the VAI, with a moderate effect size, in FG in the
analysis by PP (Bonferroni post hoc, p < 0.001; Cohen's d 0.56) and ITT (Bonferroni post hoc,
p < 0.001; Cohen's d 0.50). For the LG, VAI did not significantly decrease in the PP (p > 0.05;
Cohen's d: 0.03) and ITT analysis (p > 0.05; Cohen’s d: 0.18).

Table 2. Visceral adiposity index (VAI) in the control, fixed intensity, and linear increase groups
before and after 16 weeks of intervention.

Group Pre (Mean ± SE) Post (Mean ± SE) Mean
Difference Cohen’s d

p-Value

Group Time Group * Time

Per protocol (n = 32)
CG (n = 14) 1.78 (± 0.24) 2.18 (± 0.30) 0.40 0.40 0.092 0.504 0.003
FG (n = 7) 2.59 (± 0.52) 1.89 (± 0.42) a −0.70 0.56
LG (n = 11) 1.47 (± 0.18) 1.49 (± 0.22) 0.02 0.03

Intention-to-treat (n = 59)
CG (n = 21) 1.76 (± 0.18) 1.97 (± 0.21) 0.21 0.24 0.487 0.603 0.001
FG (n = 18) 1.85 (± 0.28) 1.32 (± 0.21) a −0.53 0.50
LG (n = 20) 1.53 (± 0.17) 1.69 (± 0.22) 0.16 0.18

CG: Control group; FG: fixed intensity group; LG: linear increase group; SE, standard error; a statistically different
from the baseline (Bonferroni post hoc test, p < 0.001).

Table 3 shows the results of the analysis of metabolic phenotypes by group in the pre-
and post-intervention periods. In the analyses by PP and ITT, no statistically significant
differences were observed in the classification of metabolic phenotype when considering
the effect of time and interaction (group * time). However, in the analysis by PP, a significant
difference was observed in the classification of metabolic phenotype by group, with FG
showing a higher number of MUO individuals from LG post-intervention (Bonferroni's
post hoc, p = 0.024).

Table 3. Metabolic phenotype in the control, fixed intensity, and linear increase groups before and
after 16 weeks of intervention.

Group
MUO p-Value

Pre
N (%)

Post
N (%) Group Time Group * Time

Per protocol (n = 32)
CG (n = 14) a,b 2 (14.29) 4 (28.57) 0.021 0.239 0.130

FG (n = 7) a 4 (57.14) 3 (42.86)
LG (n = 11) b 2 (18.18) 1 (9.09)

Intention-to-treat (n = 59)
CG (n = 21) 2 (9.52) 5 (23.81) 0.681 0.700 0.126
FG (n = 18) 5 (27.78) 4 (22.22)
LG (n = 20) 5 (25.00) 4 (20.00)

CG: Control group; FG: fixed intensity group; LG: linear increase group; MUO: metabolically unhealthy obesity.
a,b different letters indicate statistical significance (Bonferroni post hoc test, p < 0.05).

4. Discussion
The intervention with combined training for 16 weeks effectively decreased the value

of VAI in FG but not in LG. Despite this, both protocols were ineffective in changing the
classification from an MUO to MHO phenotype. These findings suggest that, while FG had
some impact on VAI, clinically, since neither changed the metabolic phenotype, the overall
differences between the protocols are minimal.
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In the present study, the metabolic phenotype is defined by the presence of three or
more cardiometabolic alterations [12]. Even if there is improvement in the parameters
used to classify the MUO phenotype, if they do not reach the normal/desirable range,
the phenotype classification cannot be changed. On the other hand, VAI results from a
mathematical calculation that includes four variables, one of which is BMI. Therefore, it
may be more sensitive to changes in metabolic health over time. However, there are still no
well-established and validated VAI cut-off points for the Brazilian population. Thus, this
study only evaluated the impact of the intervention on the VAI value.

When analyzing the mean difference in the raw VAI values from pre- to post-
intervention, an increase in the CG was observed (small effect size in both PP, Cohen's d:
0.40 and ITT, Cohen's d: 0.24), while a decrease in the FG was observed (moderate effect
size in both PP, Cohen's d: 0.56 and ITT, Cohen's d: 0.50). While in the LG, VAI showed a
minimal non-significant difference in the PP (Cohen's d: 0.03) and in the ITT analysis (small
effect size, Cohen's d: 0.18), suggesting that LG may have prevented the worsening of the
VAI, while FG may have improved its values.

In the study by Ho et al., 2012 [27], aerobic, resistance, or combined training protocols
were compared for 12 weeks in adults with overweight and obesity aged 40 to 66 years.
Anthropometric measurements, particularly BMI, WC, and visceral fat (measured using
dual-energy X-ray absorptiometry), were significantly lower in the combined training
group than in the other groups. This corroborates our FG results, since BMI and WC are
parameters used to calculate VAI. Amato and Giordano, 2014 [17], developed the VAI as a
formula to validate an adipose tissue distribution model by comparing the values found
with results of magnetic resonance imaging (considered the gold standard to differentiate
visceral fat from subcutaneous fat) [8,9,28]. VAI was directly correlated with visceral fat.
Moreover, the calculation of VAI was applied to 1498 patients in primary health care,
and it was observed that VAI values increased as the severity of metabolic complications
increased [28]. Thus, VAI becomes a viable measure for use in clinical practice, as it uses
routine tests (TG, HDL-c) and simple anthropometric measures (WC, BMI). This makes
VAI easy to apply and low-cost, unlike magnetic resonance imaging exams, which require
extremely expensive equipment.

However, while the FG protocol showed a decrease, LG showed only a minimal and
non-significant difference in VAI values. At baseline, the mean value of VAI in the FG
was 2.59, and in the LG, it was 1.47, which could make short-term improvement more
noticeable. However, the baseline VAI or parameters that compose its formula did not differ
between groups. Therefore, this may indicate that, in obesity treatment, the magnitude
of weight loss and improvement of metabolic health indicators depends not only on the
intensity but also on maintaining a higher intensity. In this context, Slentz et al. [29]
compared the effects of different volumes and intensities of physical training for eight
months on anthropometric parameters in overweight individuals. The authors observed a
dose-dependent relationship; that is, higher levels of physical exercise are related to greater
improvement in anthropometric parameters—weight loss, body fat loss, and decreased
WC—compared to lower levels of exercise. This corroborates our findings, since in our
study, besides both groups having the same training load over the 16 weeks of intervention,
the LG trained at a lower intensity for five weeks, possibly impacting the observed effects
in VAI. Taken together, although baseline VAI values may have influenced the magnitude
of change, we consider that the longer exposure to higher training intensity in the FG group
was the main factor driving the more pronounced reduction in VAI.

In the PP analysis of phenotype classification, only FG and LG are statistically different.
No significant differences were found in the ITT analysis. When analyzing the raw data, it
can be seen that this difference may be related to the fact that there are more individuals



Int. J. Environ. Res. Public Health 2025, 22, 1462 9 of 11

with the MUO phenotype classification in both FG and LG compared to CG; at the end of
the intervention, there are more individuals with the MUO phenotype in the CG than in
the FG and LG, indicating a possible positive effect of combined training on phenotype
classification. Nevertheless, this did not occur in the ITT analysis.

A prospective cohort study by Martinez-Gomez et al., [30] followed more than
200,000 adults in Taiwan for six years (38.5 ± 12.1 years; 50.1% males), where physi-
cal activity intensity, frequency, and duration were self-reported and classified as inactive,
lower insufficiently active, upper insufficiently active, active, or highly active. The au-
thors observed that individuals with higher self-reported levels of physical activity had
a higher probability of converting from the MUO to the MHO phenotype, suggesting a
dose-dependent effect of physical activity. Moreover, higher levels of physical activity were
associated with a lower risk of developing metabolically unhealthy phenotypes among
non-obese individuals. Considering this, the lack of results regarding the conversion of
the metabolic phenotype in our study is possibly due to the intervention time and low
weekly training frequency. While Martinez-Gomez et al. [30] observed beneficial effects of
the physical activity level after several years of cohort follow-up, our 16-week intervention
period may not have provided enough time to normalize the parameters considered in
classifying metabolic phenotypes.

Limitations of our study include the small sample size, short intervention time, and
participant dropouts, which we handled through imputation in ITT analysis. Also, there
was low adherence of the participants of the three groups to the training program [26],
and the mean training days per week was 1.6 when the initially proposed was three days.
Limitations also included the lack of well-established and validated VAI cut-off points
for the Brazilian population. As strengths, we highlight the control of aerobic training
variables, with the maintenance of relative intensity in the FG and the gradual increase in
intensity in the LG along the mesocycles, both adjusted with HRres.

The study design, with the progression of intensity and similarity in training volume,
allows for verifying the effects of the different forms of periodization of the combined
training program in an equalized way. Furthermore, this study includes a population
with similar characteristics, with all individuals with obesity. Considering that sedentary
behavior increases the risk of developing NCDs, combining aerobic and strength exercises is
a way to promote health and prevent various diseases, especially NCDs, creating a positive
impact on quality of life and also helping with the treatment when diseases are already
established [19,20,22]; however, in these populations, based on the results of this clinical
trial, it is assumed that the main limitation is the individuals' adherence and commitment
to a long-term training program.

5. Conclusions
The present study suggests that combined exercise training with fixed intensity for

16 weeks positively affected the parameters that make up the VAI, reducing the value of this
index and the risk of metabolic complications in adults of both sexes with obesity. However,
these parameter alterations in the 16-week intervention were insufficient to change the
MUO phenotype classification to MHO. Taken together, these findings suggest minimal
differences between fixed intensity and linear increase protocols in reducing the risk of
metabolic complications during obesity treatment.
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The following abbreviations are used in this manuscript:

NCDs Chronic Non-Communicable Diseases
WHO World Health Organization
VAI Visceral Adiposity Index
MHO Metabolically Healthy Obesity
MUO Metabolically Unhealthy Obesity
CG Control Group
FG Combined Training with Fixed Intensity Group
LG Combined Training with Linear Increase Group
WC Waist Circumference
TGs Triglycerides
BMI Body Mass Index
HRres Reserve Heart Rate
RMs Maximum Repetitions
SD Standard Deviation
PP Per Protocol
ITT Intention-To-Treat
GEE Generalized Estimated Equation
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