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Abstract
Background: Health-related quality of life (HRQoL) is impaired by obesity and can be improved by
combined training, even the effects of training periodization on HRQoL are not clear. The study aimed to
compare combined training with the non-periodized and the linear periodization on HRQoL of obese
adults.

Methods: This is a blinded, controlled clinical trial involving adults with obesity (BMI ≥ 30 kg/m²),
randomized into control (CG), non-periodized (NG) and linear periodization (PG) group. Three times a
week for 16 weeks, NG and PG performed combined training for 60 minutes. The NG performed aerobic
exercises between 50-59% of the reserve heart rate (HRres) and strength at 10-12 maximum repetitions
(MR). The PG started with 40-49% of HRres and 12-14 MRs and progressively increased the intensity (50-
59% and 10-12 MRs; 60-69% and 8-10 MRs) with total volume equalized with NG. HRQoL was
investigated through the SF-36 questionnaire, according to its components and domains. In statistics,
Generalized Estimation Equations and mean differences (∆) were used.

Results: Of the 69 participants (23 in each group), 36 completed the intervention (CG=13, NG=9 and
PG=14). A significant difference was observed in time of physical function, with superiority in training
groups (CG:∆=1.2 vs NG and PG, respectively: ∆=10.0). The mental component and mental health
domain showed a significant difference for NG (∆=30.2 and ∆=23.1, respectively).

Conclusion: The combined training was able to bring benefits to the physical functioning of adults with
obesity and, specifically, the non-periodized training improved mental health indicators effectively.

Name of the registry: Effects of different types of Aerobic Exercise and Weight Training protocols
combined on adult health indicators with Obesity.

Trial registration number: RBR-3c7rt3

Date of registration: 07/02/2018

URL of trial registry record: https://ensaiosclinicos.gov.br/rg/RBR-3c7rt3

Introduction
Obesity is one of the main Chronic Non-Communicable Diseases (CNCD) in the modern world, caused by
the positive energy balance and raised from multiple factors such as inadequate eating habits, low levels
of physical activity and a stressful lifestyle [1]. It is a global epidemic [2], reaching 13% of the world
population [1] and 18.9% of the Brazilian population [3]. The increase in its prevalence has direct
consequences on the Health-Related Quality of Life (HRQoL) [4–6], together with increased morbidity and
mortality from the disease [7].
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Excess body fat is closely linked to physical and psychosocial losses, with a dose-response effect on
HRQoL [8, 9]. The disease can cause functional limitations, reduced work capacity and subsequent
psychological problems with increased anxiety, obsessive-compulsive disorder, paranoid personality
disorder and depression [10, 11]. In order to mitigate the damage caused by obesity and improve HRQoL,
several strategies are used, with regular physical exercise and training being one of the most effective
forms of treatment for improving various health parameters in this population [7, 12].

Among the numerous methods available, combined training, which combines aerobic and muscle
strength exercises, seems to more effectively attenuate the losses resulting from obesity when compared
to training performed in isolation [13], with greater benefits in physical and mental health [7, 12, 14],
which could contribute to the improvement of HRQoL. In addition, progression in training, especially in the
intensity of exercise, shows superiority in improving health parameters related to obesity compared to
training without progression, such as improving the metabolic profile, reducing chronic pain, releasing
monoamines, distracting negative thoughts and consequent adherence to training, contributing to
physical and psychological well-being [5, 15–18]. However, lower intensities provided greater gains in
improving HRQoL [19] although not unanimously [20]. Thus, it is not clear in the literature the effects of
intensity progression during combined training on HRQol. Studies are only concerned with comparing
combined training with aerobic and strength training alone and not with different periods [21–23].

Therefore, the effects of the intensity of combined physical exercises are still scarce in relation to HRQoL
of populations with CNCD’s, such as obesity. It is hypothesized that the increase in structured intensity
during combined training may provide greater benefits on HRQoL in people with obesity [21–23], since it
enhances other parameters related to the health of this population [5, 15–17]. Still, moderate or high
intensities may initially cause greater discomfort for obese beginners, such as joint pain and excessive
tiredness [16]. Thus, initially adopting lower intensities could indirectly improve the perception of HRQoL
in this population. Therefore, the aim of this study was to compare the effects of 16 weeks of combined
training with non-periodized and linear periodization in the domains and components of Health-Related
Quality of Life of obese adults.

Methods
Study design

A blind randomized controlled trial with three groups of obese individuals. Participants performed a series
of assessments and answered the SF-36 questionnaire for HRQoL analysis before and after a 16-week
intervention period, in which they were divided into three groups: control group (CG), non-periodized group
(NG) and linear periodization group (PG). For this purpose, volunteers residing in the metropolitan area of
Florianópolis, Santa Catarina state, Brazil were recruited. Methodological details can be found in the
study protocol article [24]. This study is approved by the Human Research Ethics Committee (2.448.674)
and registered in the Brazilian Registry of Clinical Trials (RBR-3c7rt3).

Participants 
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We selected men and women aged 20 to 50 years with Body Mass Index (BMI) between 30-39.9 kg/m²
(degree obesity I and II). Those who did not exercise weekly more than twice in the past three months,
were non-smokers, did not consume excessive alcohol (≥ 7 drinks and ≥ 14 weekly drinks for women
and men, respectively) [25], had no osteomioarticular pathology limiting practice of physical exercises,
were not on medication to control and/or treat obesity, underwent no weight-loss surgical procedures
were eligible for this study and who had other diseases besides obesity. Participants who manifested
formal dropout, who did not answer the proposed questionnaires or who changed the habits observed in
the eligibility criteria at the end of the study were excluded.

After signing the free and informed consent form, all participants underwent a series of evaluations.
Then, the allocation was stratified by gender, age, and BMI, collected at the baseline, with a ratio of 1:1:1
through an online platform (www.randomized.org). Independent researchers not involved in the
evaluations and intervention conducted this process. The allocation list was unveiled to the coaches only
on the intervention’s starting date. All study procedures took place from March to November 2018.

Interventions

PG and NG participated in 16 weeks of combined training (aerobics and muscle strength in the same
session). Aerobics training was performed continuously by walking and/or running on the athletic track,
with intensities prescribed as per the percent reserve heart rate ranges (%HRres). Strength training was
performed in multiple sets using 6 exercises involving the large muscle groups in the following order:
straight bench press, chest machine fly, low row, pulldown, barbell squat, and leg press 45º, with
prescription for maximum repetition zones (MR). The established weekly frequency was 3 non-
consecutive times, and no criteria were established for the exclusion of participants in case of low
adherence. The training lasted an average of 60 minutes, the first half being dedicated to aerobic training.
. The PG participated in a linear periodization training, divided into three mesocycles of five weeks each,
progressing between the light intensities (40-49% HRres/12-14 MR), moderate (50-59% HRres/10-12 MR)
and vigorous (60-69% HRres/8-10 MR). In the NG, intensity remained moderate (50-59% HRres/10-12 MR)
throughout the study. The first week was used for training familiarization for both groups (30-39%
HRres/10-15 MR). The CG did not receive any intervention and was instructed to maintain its routine
activities.

Assessments for sample characterization and exercise prescription

Before and after the intervention period, the participants filled in an online questionnaire on
sociodemographic information, containing: sex (male and female), marital status (with and without
partner), ethnicity (white or others), education (in years of study) and age (in complete years). Body
composition was assessed using tetrapolar electrical bioimpedance (In Body 720, Ottoboni, Rio de
Janeiro, Brazil), handled by experienced evaluators who followed the Brazilian Association of Nutrology
guidelines [26]. To prescribe aerobic training by HRres, the maximum and resting heart rates were used to
calculate the ideal training zone, which were obtained using portable heart rate meters (Polar®, S810i).
The maximum heart rate was derived by the incremental test described by Libardi et al. [14]. The resting

http://www.randomized.org/
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heart rate was measured while the participant was lying down with the frequency meter strap positioned.
Three one-minute notes were made with a one-minute interval between them. The reference value was the
average of the measurements observed at different moments. Resting heart rate reassessments were
performed at the end of each mesocycle to adjust the intensity.

Outcomes assesment

The HRQoL was measured using the SF-36 questionnaire developed by Ware and Sherbourne, with the
version presented to the participants was translated and validated in Portuguese by Ciconelli et al [27].
Each participant filled in the questionnaire through the online filling in platform Question Pro® pre-
intervention and soon after the end of 16 weeks. This questionnaire evaluates the HRQoL through 36
questions involving eight domains to evaluate separately each aspect of the construct. These domains
are analyzed according to the Physical and Mental Component Summary, but the individual use of the
domains is emphasized to better understand the responses. The Physical Component Summary (PCS) is
divided into role-physical, physical functioning, bodily pain and general health status. On the other hand,
the Mental Component Summary (MCS) is separated into role-emotional, social functioning, mental
health and vitality. Its scale ranges from 0 to 100, with higher values representing better HRQoL within
each domain or component.

Statistical Analysis

Sample calculation was performed using GPower® 3.1.7 software, adopting a significance level of 0.05,
a power of 80%, and an effect size of 0.18 in repeated measures analysis, with a ratio of 1:1:1 among the
three study groups for the main variable of the main project, i.e. VO2max [24]. The calculation yielded a
minimum of 26 participants in each group, totaling at least 78 participants.

To characterize the sample, sociodemographic variables were used. Continuous variables were expressed
as the mean and standard error and categorical variables as relative frequency. Baseline differences
between groups were tested using analysis of variance for independent samples (one-way ANOVA) and
chi-square (χ2). Data distribution was verified using the Shapiro-Wilk.

Those participants’ HRQol was analyzed who stayed until the end of the study and had all the evaluation
data. Intra and intergroup analyses were performed using generalized estimation equations (GEE) with
post-hoc Bonferroni. Additional analysis with intention to treat is presented in the supplementary
material. Data were expressed as mean and standard error, with α = 0.05. Effect size analyses were

performed using partial eta-squared ( ), considering for interpretation as: small (≤ 0.13), medium (0.14

≥  ≤ 0.25) and large (≥ 0.26) [28]. The magnitude of (post-pre) difference between the evaluations
was expressed as the mean difference (Δ). All these analyses were performed using IBM SPSS version
21.0 (IBM Corp., Armonk, NY, EUA). Graphpad PRISM 7 was used to illustrate the scores of each
participant's physical and mental component in the pre and post intervention moments.
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Results
The study was attended by 515 volunteers willing to participate. However, after considering the eligibility
criteria, 69 remained, who were randomized into three groups (Control group: 23; Non-periodized group:
23; Periodized group: 23). A total of 36 completed all phases of the trial (CG = 13, NG = 9 and PG = 14),
and were included in the analyses. With this sample, for the variables of the PCS and MCS, the effect size
of Cohen's f was 0.24 and 0.44, offering a sampling power of 70% and 99%, respectively. Figure 1 shows
the details of this information.

Table 1 represents the comparison of sociodemographic characteristics of the obese adults whose data
were analyzed. No statistically significant differences were found between the groups according to the
analyzed variables.

Table 1
Characteristics of participant who completed the trial (n = 36).

Variable Control

(n = 13)

Non-periodized

(n = 9)

Periodized

(n = 14)

p value

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

Sex (female) 8 (36.4%) 6 (27.3%) 8 (36.4%) 0.900

Marital status (with partner) 10 (38.5%) 7 (26.9%) 9 (34.6%) 0.697

Ethnicity (white) 11 (37.9%) 7 (24.1%) 11 (37.9%) 0.897

  x̅ (± SE) x̅ (± SE) x̅ (± SE)  

Age (years) 35.2 ± 2.1 37.4 ± 1.3 38.4 ± 1.6 0.388

Education (years) 15.5 ± 0.5 15.2 ± 0.9 16.6 ± 0.8 0.388

BMI (kg/m²) 33.1 ± 0.8 32.3 ± 0.8 33.2 ± 0.5 0.739

n = absolute frequency; % = relative frequency; x̅ = mean; SE = standard error; BMI = body mass index.

 
Participants in the NG and PG groups included in the analyses reached a 67.1% and 58.6% frequency of
sessions, respectively, with no difference between groups (p = 0.343). The frequency for the first
mesocycle was 76.3% and 69.5% (p = 0.398), in the second 63.7% and 44.8% (p = 0.113) and in the third
59.3% and 52.4% (p = 0.476) for NG and PG, respectively. The prescribed intensity was met throughout
the aerobic training sessions by 90% by the participants, with no differences in the total volume of
aerobic training (p = 0.657) and strength (p > 0.999) between groups.

Table 2 presents the HRQoL components and domains. In the PCS and its domains, a significant increase
was observed with medium effect size over time only in physical functioning, with an improvement of 10
points for NG and PG, while CG increased only 1.2 points. Analyzing the differences in the values of role-
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physical and bodily pain, the training groups improved their scores, while the CG worsened. Although
expected, the groups that trained, regardless of periodization, seemed to improve the PCS when
compared to the CG (with the exception of general health for the PG). Significant interactions were found
in the MCS and mental health, reporting improved scores for the NG. Still, significant results over time
were observed in all MCS domains, with medium to large effect sizes, with the three groups showing an
increase in most MCS domains (with the exception of mental health for PG).
Individual changes, before and after the intervention, are shown in Fig. 2. In the PCS (A) and MCS (D) of
the CG, six (43.9%) and four (69.3%) participants, respectively, showed improvement in the score. In graph
B, six participants (66.6%) showed an increase in the PCS score, with the initial score of these individuals
being lower than the others. In graph E, the individual with the highest initial score was the only one to
reduce his score among the nine participants. In the PG (C; F) representations, nine (64.3%) people
improved their PCS score, while eleven (78.6%) increased the MCS.

Discussion
This study aimed at compare the effect of 16 weeks’ non-periodized and linear periodization combined
training on the sleep quality of obese adults. Regarding the MCS, improvements were found in this
component and in the domain of mental health after training only in NG. In addition, greater magnitudes
of improvement were found in the MCS domains for the NG compared to the PG and CG, pertinent to the
improvement of the psychological and social aspects, however, without statistical difference.
Furthermore, a significant difference in time was observed for the functional capacity domain, with an
increase in the score of the groups that underwent training, regardless of periodization.

The benefits of combined exercise on muscle structure, cardiorespiratory fitness, reducing systemic
inflammation and metabolic markers in people with obesity are already evident [7, 12, 13], as well as the
reduction of articulate and back pain [18]. Thus, the improvement in functional capacity in the groups
that performed the combined training is due to the aforementioned improvements; however, the different
training prescriptions did not provide different results in this domain. The benefits of increased intensity,
observed in studies with aerobic or strength exercises performed in isolation, [15, 29], may be linked to the
different forms of manipulation of the training load, with greater amplitudes than those used in the
present study (40–69% HRres; 14 − 8 MR). This helps to explain the similar improvements observed in
some domains PCS for both training groups.

Studies that have looked at the effect of combined training on HRQoL, and included overweight people,
have conflicting results. Sillanpää et al., [23] observed an improvement in general health only among PCS,
with a tendency to worsen the domains of role-physical and bodily pain in adults. Differently, Goldfield et
al., [21] when analyzing the effect of training on adolescents, reported a significant improvement in
functional capacity. Whereas, Baptista et al., [30] when evaluating the HRQoL of elderly people, observed
improvement in three of the four physical domains (except role-physical), in addition to the PCS itself. It
should be noted that the three studies cited used some form of training progression, making it impossible
to compare them with studies with non-periodized methodologies. Therefore, the results of training
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interventions combined with and without progression are still inconclusive on their effects on HRQoL
PCS.

The regular practice of physical exercises attenuates psychosocial disorders in different ways, either by
improving the immune system and other physiological markers or else by the capacity for distraction and
self-efficacy [17]. In addition, improvement results in the MCS may precede the physical benefits, as they
need greater stimuli for their adaptation, while the feeling of belonging to the group, distraction from
stressful environments and a feeling of increased vigor provide psychological well-being, achieved even
with reduced training volume [31–33]. Evidence has suggested that exercising 30 to 60 minutes, three to
five times a week, reduces mental burden, improving aspects of mental health [32], and in more severe
disorders the practice is efficient, for example, improving depressive conditions [34]. It is worth
mentioning that the studied population did not have any diagnosed psychological disorder and, even so,
it had positive effects on mental health. The improvement of this domain is of paramount importance in
this population, and population-based evidence from the same region where the study was conducted
pointed to a 45% increase in the prevalence of depressive disorder when there is the presence of CNCD
[35].

In the longitudinal study by Chekroud et al., [32] higher intensities were associated with improved mental
health in more than 1.2 million individuals. This corroborates the initial hypothesis that the program with
linear periodization would present superior results due to the increase in intensity presenting superiority in
other health parameters [5, 7, 12, 14–16]. Despite this, Reid et al., [22] when verifying the impact of
progressive combined training on patients with type II diabetes mellitus and excess weight, did not report
an improvement in MCS, which according to the authors was due to the excessive fatigue of the modality.
This corroborates the findings of the present study, since more expressive results were found only in the
group with no progression of intensity for mental health and MCS and, even if not significant, in role-
emotional, social functioning and vitality. The difference in the frequency of training between the groups
could explain the improvement of the MCS domains observed in the NG, but, despite 8.5% higher than the
PG, it did not present significant differences between them, denoting not being a weighting factor for
improvement [36]. Another possibility are intrinsic factors linked to the practice of exercises, such as a
taste for practice and motivation, exercising a direct influence on health parameters [36], but they
represent a limitation of the present study since they were not evaluated.

The applied clinical design is one of the main strengths of this study, being an intervention lasting 16
weeks of training combined with different forms of periodization, using a control group for comparison,
with randomization and blinding. Likewise, the equalization of the training volume allows the different
periods to be compared in an equivalent manner. It should be highlighted the re-evaluation of the resting
HR to adjust the participants' internal load to maintain the proposed intensity. Another important factor
for the results is the sample of individuals with only obesity, free of other comorbidities. This reduced the
eligible candidates for the study, but increased the representativeness of the HRQoL analysis in
individuals with obesity.
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As limitations, both the low adherence of the participants to the training sessions and the number of
dropouts from the study must be considered when observing the results. It is likely that the participants in
this research would benefit from greater effects by training more often, with consequent implications for
HRQoL. Likewise, dropping out of the study may be due to low self-esteem, vitality and other negative
psychological factors present in this population [37]. Thus, more expressive results were not found in the
PCS, possibly due to the low attendance of the participants to the training, given the need for frequent
stimuli for the physiological adaptations to occur. It is likely that dropouts from this research are less
aware of their health status, having a negative effect on their motivation [38]. It is important to recognize
that satisfaction, taste and pleasure when carrying out training is essential for the maintenance of
individuals, therefore, there is the possibility that the training proposal used, without adherence strategies,
is not sufficient to motivate this population [36]. There is a possibility that the sample in this study was
composed of some people with depressive disorder, or at least with symptoms, due to the low MCS score.
The search for professional help and the clinical diagnosis of individuals affected by mental disease tend
to take longer to happen, since the perception of symptoms and the perception of worsening health are
mediators in the process, [39] not recognizing the presence of these diseases when questioned initially in
that study.

Conclusion
In conclusion, non-periodized combined training is effective in improving mental health and MCS.
However, it is not possible to state that the non-periodized model is superior to linear periodization, since
similar results were found in the PCS between the training groups. From these results, we recommend
that the training prescription combined with non-periodized structure, that is, with periodic adjustments of
the internal load to achieve the physical and mental benefits of HRQoL in adults with obesity. Future
studies should investigate the relationship between the proposed periodization and the improvement of
HRQoL, contributing to greater understanding of the benefits provided in people with obesity, including
different forms of periodization, such as the wave. Manipulations in the training frequency, duration and
intensity proposed may expand the knowledge about the possible implications in HRQoL. These studies
must take into account the low adherence of this population to training, inclusive, adopting strategies to
maintain adherence to exercise programs.
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Figures

Figure 1

Flowchart of the study process.
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Figure 2

Individual scores in the components of health-related quality of life before and after the intervention
period in adults with obesity.

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Table2.docx

supplementarymaterial.docx

https://assets.researchsquare.com/files/rs-412559/v1/5eb7a641bd5dae5f98721ccf.docx
https://assets.researchsquare.com/files/rs-412559/v1/d0d9e0e516daf93bf5fdb75a.docx

