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Abstract

Background Obesity is a global health challenge linked to reduced physical activity, poor sleep, and increased
fatigue. While diet is central to weight management, resistance training may offer additional benefits, but its
combined impact on sleep and activity patterns in individuals with obesity remains unclear. This study aimed to
compare the effects of a 12-week resistance training program combined with calorie-restricted dietary intervention
(Diet+RT) versus diet alone on self-reported physical activity levels, sleep quality, fatigue, body weight, and waist
circumference in individuals with obesity.

Methods In this randomized controlled trial, 40 individuals with obesity were assigned to either a calorie-restricted
Diet group or a Diet+RT group for 12 weeks. The exercise program targeted major muscle groups at moderate
intensity, performed three times per week under professional supervision. Outcomes included the International
Physical Activity Questionnaire (IPAQ), Pittsburgh Sleep Quality Index (PSQI), Fatigue Severity Scale (FSS), body weight,
and waist circumference, measured at baseline, mid-intervention, and post-intervention. Data were analyzed using
repeated-measures ANOVA and chi-square tests.

Results Groups were comparable at baseline (all p > 0.05). Significant time x group interactions were found for
body weight (F=25.83), waist circumference (F=27.38), sleep quality (F=22.19), and fatigue severity (F=53.94) (all

p <0.001), favoring the combined intervention. Self-reported physical activity levels, measured via the IPAQ, also
differed significantly between groups at baseline ()(2 = 8.44), mid-intervention ()(2 =16.41), and post-intervention ()(2 =
14.40) (all p<0.01).

Conclusions Diet+RT yields superior improvements in self-reported physical activity, sleep quality, body weight,
fatigue, and waist circumference compared to diet alone in individuals with obesity.

Trial registration The protocol is registered with http://clinicaltrials.gov/ (15/August/2023, Clinical Trial,
NCT06004427).
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Background

Obesity has become one of the most pressing global pub-
lic health challenges, affecting individuals across all age
groups and socioeconomic backgrounds. According to
the World Health Organization [1], more than 1.9 bil-
lion adults worldwide are overweight, and over 650 mil-
lion are classified as obese. The increasing prevalence of
obesity is not only a risk factor for metabolic diseases
such as type 2 diabetes, hypertension, and cardiovascular
disorders [2] but also contributes to reduced physical fit-
ness [3], impaired quality of life [4], and disrupted sleep
patterns [5]. The urgency to identify effective, evidence-
based interventions for managing obesity comorbidities
is paramount.

Among the most widely recommended strategies in
obesity management, diet and physical activity remain
central to improving long-term outcomes [6]. While
dietary modifications can lead to short-term reductions
in body weight, sustained improvements in health and
behavior often require the addition of structured exercise
programs [7]. Resistance training (RT), in particular, is
increasingly incorporated into obesity interventions due
to its potential to enhance overall physical function and
improve body composition [8].

Notably, physical activity levels have been closely asso-
ciated with sleep quality and perceived fatigue, espe-
cially among individuals with obesity [9, 10]. Poor sleep
is recognized as both a cause and consequence of excess
weight, influencing appetite regulation, metabolic health,
and physical activity behavior [5, 9]. Inadequate sleep can
increase fatigue and sedentary time, thereby further lim-
iting energy balance and overall well-being.

While the relationship between physical activity and
sleep quality is evident, the type of exercise modality used
is also critical. Although aerobic exercise has been more
extensively studied in relation to sleep, findings consis-
tently demonstrate that regular aerobic exercise is asso-
ciated with improvements in sleep quality, sleep latency,
and total sleep time in both healthy and clinical popula-
tions [10]. However, the specific effects of RT on sleep
outcomes remain underexplored. Recent studies suggest
that RT may also yield meaningful improvements in sleep
parameters, including sleep efficiency and reduced sleep
disturbances, particularly in individuals with overweight
or obesity [11]. However, these preliminary findings have
yet to be confirmed through rigorous, controlled stud-
ies. Given the growing interest in non-pharmacological
interventions to address poor sleep among this popula-
tion, examining the unique contributions of RT warrants
further attention.

Given the bidirectional relationship between physical
activity, sleep, and fatigue, there is a need for integrative
interventions that target these factors simultaneously.
This study uniquely integrates supervised RT with dietary
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intervention to comprehensively evaluate its effects
on self-reported physical activity levels (excluding the
supervised sessions), sleep quality, fatigue, body weight,
and waist circumference in individuals with obesity. By
addressing these interconnected outcomes, the study
seeks to contribute to more comprehensive, patient-cen-
tered obesity management strategies.

Methods

Study design and participants

This study was conducted as a single-blind, random-
ized controlled trial (RCT) to evaluate the effects of a
Diet + RT compared to diet alone on self-reported physi-
cal activity levels, sleep quality, fatigue, body weight,
and waist circumference in individuals with obesity.
The protocol is registered with http://clinicaltrials.gov/
(15/August/2023, Clinical Trial, NCT06004427). The
12-week intervention included assessments at Baseline
(T0), Mid-Intervention (T1, Week 6), and Post-Inter-
vention (T2, Week 12). Participants were recruited from
a community health center between September and
December 2023. The study adhered to the CONSORT
2010 guidelines [12], and received ethical approval from
the Uskiidar University Non-Interventional Research
Ethics Committee (Approval No: 61351342/December
2022). Written informed consent was obtained from all
participants prior to enrollment. The study flowchart
detailing the enrollment, allocation, and follow-up pro-
cesses is presented in Fig. 1.

Eligibility criteria
Individuals aged 18 years and older with a Body Mass
Index (BMI) of 30 kg/m® or higher [1] who voluntarily
agreed to participate and signed informed consent were
included. Participants were excluded if they had par-
ticipated in a calorie-restricted diet program or experi-
enced>10% weight change in the last six months; used
excessive vitamin or mineral supplements (>500% of the
recommended daily intake); had diagnosed Type 1 or
Type 2 diabetes, uncontrolled thyroid disorders, or other
endocrine dysfunctions; suffered from respiratory condi-
tions such as severe asthma or COPD that would prevent
indirect calorimetry assessments; had musculoskeletal,
cardiovascular, or chronic pain conditions that limited
exercise participation; were pregnant or lactating; or had
psychiatric conditions (e.g., severe depression, eating
disorders, or cognitive impairment) that might impair
adherence. Individuals unwilling to track dietary intake,
physical activity, or attend counseling were also excluded
[13].

All inclusion and exclusion criteria, besides body
weight and waist circumference, were assessed through
self-reporting and structured interviews. No objective
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Fig. 1 Flowchart of the study

medical assessments were performed before participant
enrollment.

Randomization and blinding

Participants were randomly assigned in a 1:1 ratio to
either the Diet group (n=20) or the Diet+RT group
(n=20). Randomization was computer-generated using
Random.org.

This was a single-blind study in which all outcome
assessments were performed by a single physiothera-
pist who was not involved in the intervention and was
blinded to group allocation. Participants were assigned
anonymized codes, and standardized assessment forms
were used to ensure objectivity. Participants and inter-
ventionists were aware of their assignments due to the
nature of the intervention.

Interventions

Diet intervention

All participants followed a calorie-restricted diet
designed by a registered dietitian, aiming for an individu-
alized daily energy deficit of approximately 500-750 kcal.
This approach was based on current clinical practice

guidelines from Obesity Canada [14, 15] and the Euro-
pean Federation of the Associations of Dietitians [16].

Basal metabolic rate (BMR) was calculated using the
Mifflin-St Jeor equation, which is recognized for its accu-
racy in estimating resting energy expenditure in both
obese and non-obese individuals [17, 18]. Total daily
energy expenditure was then estimated by multiply-
ing the BMR by an activity factor corresponding to each
participant’s reported physical activity level [19]. The
registered dietitian adjusted the energy deficit for each
participant according to BMI classification and clinical
presentation to support gradual weight loss.

The target was a weekly weight loss of 0.5-1.0 kg,
consistent with recommendations by the World Health
Organization [1]. Macronutrient distribution was struc-
tured as follows:

o 45-50% carbohydrates.
+ 15-20% protein.
+ 30-35% fat.

Meal plans were individualized and revised every
6 weeks. To monitor adherence, participants were
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instructed to complete self-reported 3-day dietary logs
(including one weekend day), and follow-up support
was provided through biweekly phone calls. Addition-
ally, weight and waist circumference measurements were
recorded to support and verify compliance.

Resistance exercise intervention

Participants in the Diet + RT group engaged in a 12-week,
supervised, progressive resistance training program
based on the American College of Sports Medicine
(ACSM) guidelines for obesity management [20, 21]. The
program included:

+ Frequency and Timing: Resistance training sessions
were conducted three times per week, between 4:00
p-m. and 6:00 p.m.

« Duration: 45-60 min per session.

+ Exercise Type: Free-weight and machine-based
resistance exercises targeting major muscle groups,
including squats, lunges, leg press, bench press, rows,
and core exercises.

+ Intensity: Moderate-to-high (60-80% of one-
repetition maximum [1-RM]), a range supported by
evidence to effectively improve muscle strength and
fat-free mass in individuals with obesity [22].

+ Volume: 2-3 sets of 8—12 repetitions per exercise.

+ Rest Intervals: Participants rested for 60-90 s
between sets and 90—120 s between different
exercises.

+ Progression: Loads were increased every 6 weeks,
based on reassessment of 1-RM values and
participant performance, in line with principles of
progressive overload [23].

«+ Safety and Adaptation: Modifications were
implemented as needed to ensure joint safety and
accommodate physical limitations commonly
observed in individuals with obesity.

+ Compliance Monitoring: Compliance was monitored
through attendance tracking and periodic 1-RM
reassessments to ensure that training intensity
(60-80% of 1-RM) was maintained; heart rate was
recorded for safety monitoring.

«+ Supervision: All sessions were supervised by a
licensed physiotherapist with expertise in obesity
rehabilitation and resistance training.

Outcome measures

Data were collected at Baseline (T0), Mid-Intervention
(T1, Week 6), and Post-Intervention (T2, Week 12) using
validated instruments.
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Primary outcomes

1. Physical Activity Levels: Physical activity levels were
assessed using the International Physical Activity
Questionnaire (IPAQ-Short Form), which assesses
activity in occupational, transport, household and
leisure time domains. The questionnaire measures
the frequency (days per week), duration (minutes
per day), and intensity (light, moderate, vigorous)
of activities performed over the past seven days.
Physical activity is reported in Metabolic Equivalent
of Task (MET) minutes per week, with participants
classified as inactive if less than 600 MET-min/week,
minimally active if between 600 and 3000 MET-min/
week, and vigorously active if more than 3000 MET-
min/week [24, 25]. This tool was chosen because of
its widespread use in obesity-related physical activity
research and its validated use in diverse populations
[26].

2. Sleep Quality: Sleep quality was assessed using
the Pittsburgh Sleep Quality Index (PSQI), a widely
validated tool for assessing subjective sleep quality
and disturbance over the past month. The PSQI
consists of 19 self-rated items grouped into seven
components: sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, sleep medication
use, and daytime dysfunction. Each component is
scored from O to 3, and the total score ranges from
0 to 21. A PSQI total score greater than 5 indicates
poor sleep quality [27, 28]. This scale was chosen
because of its ability to comprehensively assess
different aspects of sleep and its frequent use in
studies investigating sleep disturbance in obesity
[10].

3. Fatigue Severity: Fatigue severity was measured
using the Fatigue Severity Scale (ESS), which assesses
the impact of fatigue on daily activities. Obesity has
been associated with increased fatigue and reduced
energy levels, making this tool particularly relevant
[29]. The ESS consists of nine statements relating to
the perception of fatigue and its impact on physical
and social activities. Each item is rated on a 7-point
Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree). The final score is calculated as the
mean of all item scores, with scores of 5 or more
indicating clinically significant fatigue [30, 31]. The
scale was chosen because of its established validity
in measuring fatigue in various health conditions,
including obesity-related fatigue [32].

Secondary outcomes

4. Waist Circumference: Waist circumference
was measured as an indicator of central obesity
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and metabolic risk according to standardized
anthropometric guidelines. Measurements were
taken at the midpoint between the lowest rib and the
iliac crest using a flexible, non-stretchy tape measure.
A waist circumference of 88 cm or more for women
and 102 cm or more for men was classified as
abdominal obesity based on WHO criteria [1]. This
measure was chosen because of its strong association
with obesity-related health risks, including metabolic
syndrome and cardiovascular disease [33, 34].

5. Body Weight and BMI: Body weight and body
mass index (BMI) were assessed using a calibrated
bioimpedance scale (Tanita, Japan) to monitor
weight changes throughout the study. BMI was
calculated as weight in kilograms divided by height
in meters squared (kg/m?). According to the WHO
classification, a BMI between 18.5 and 24.9 kg/
m?” was considered normal weight, between 25.0
and 29.9 kg/m? was considered overweight, and
30.0 kg/m? or more was considered obese. These
measurements were used as standard indicators
of body composition and overall weight status in
obesity management [34].

Sample size calculation

Sample size estimation was performed using G*Power
(version 3.1.9.7). Based on the results of a recent meta-
analysis by Khalafi et al. [35], which reported a moderate
standardized mean difference (SMD =0.33; correspond-
ing to f=0.31) between combined exercise and diet
interventions versus diet alone in individuals with over-
weight or obesity, we adopted the same effect size for our
calculation.

Moreover, previous randomized controlled trials [36,
37] and observational studies [38] assessing the effects
of exercise and diet interventions on outcomes such as
fatigue, sleep quality, and physical activity in individuals
with obesity have reported comparable or greater effect
sizes (e.g., f=0.21 to f=0.54), supporting the appropriate-
ness of assuming a medium effect size for power analysis
in the present study.

Using a=0.05 and power (1-p)=0.80, the minimum
required sample size was 12 participants per group. To
account for potential attrition, we included 20 partici-
pants per group in the current trial.

Statistical analysis

Data analysis was conducted using SPSS 25.0 (IBM,
USA). Descriptive statistics, presented as mean + stan-
dard deviation (SD), were used to summarize partici-
pant characteristics. Chi-square (x*) tests were applied to
compare categorical variables between groups. Repeated
Measures ANOVA was used to assess both within-group
and between-group differences over time at Baseline
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(T0), Mid-Intervention (T1, Week 6), and Post-Interven-
tion (T2, Week 12). Additionally, paired t-tests were per-
formed to evaluate pre-post changes within each group.
A p-value<0.05 was considered indicative of statistical
significance. To minimize potential bias, an intention-to-
treat (ITT) analysis was implemented, and missing data
were handled using multiple imputation techniques.

Results

A total of 40 participants were recruited and randomly
allocated to the Diet+RT group (n=20) and the Diet
group (n=20). There were no drop-outs during the
12-week intervention period and all participants com-
pleted the study, resulting in a 100% retention rate (see
Fig. 1). Compliance with the supervised exercise sessions
was high, with a mean attendance rate of 92.5% in the
Diet + RT group.

Independent samples t-tests and chi-square tests were
used to assess baseline comparability. No statistically sig-
nificant differences were found between the groups in
terms of age (Diet+RT: 47.3+4.5 years; Diet: 46.8+3.7
years; p=0.79), gender distribution (p=1.00), or BMI
classification (p =0.56) (Table 1).

Anthropometric, sleep, and fatigue outcomes

Changes in body weight, waist circumference, sleep qual-
ity (PSQI), and fatigue severity (ESS) were assessed at
baseline, mid-intervention, and post-intervention (TO,
T1, T2). Statistically significant time x group interac-
tions were observed for all outcomes (Table 2), indicating
greater improvements in the Diet+RT group compared
to the Diet group.

For body weight, a significant time x group interaction
was found (F=25.83, p<0.001), favoring the Diet+RT
group. Waist circumference also showed a significant
interaction effect (F=27.38, p<0.001), with greater
reductions in the Diet + RT group over time.

Sleep quality scores demonstrated a significant time x
group interaction (F=22.19, p<0.001), indicating more
pronounced improvements in the Diet + RT group. Simi-
larly, fatigue severity decreased significantly more in the
Diet+RT group, as reflected by a significant interaction
effect (F=53.94, p<0.001).

Self-reported physical activity levels
Self-reported physical activity levels, assessed using the
IPAQ, were compared between the two groups at base-
line, mid-intervention, and post-intervention using the
chi-square test. Statistically significant differences were
observed between the groups at all three time points
(Table 3).

At baseline, a significant difference in physical activ-
ity levels was identified between the groups (x* = 8.44,
p=0.004). At mid-intervention, this difference remained
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Table 1 Baseline demographic and BMI characteristics of participants by intervention group
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Characteristics Diet + Resistance Exercise (n=20) Diet-Only p-value
(n=20)

Age (years) 473445 46.8+3.7 0.79

Gender 1.00

Female, n (%) 13 (65.0%) 14 (70.0%)

Male, n (%) 7 (35.0%) 6 (30.0%)

Body Mass Index (BMI, kg/m?) 0.56

Class 1 (moderate), n (%) 6 (30.0%) 7 (35.0%)

Class 2 (severe), n (%) 12 (60.0%) 9 (45.0%)

Class 3 (morbid), n (%) 2 (10.0%) 4 (20.0%)

Continuous variables are presented as mean + standard deviation (SD)

Categorical variables are expressed as frequencies and percentages (n, %)

The chi-square test was used to compare categorical variables between the two groups (e.g., gender and BMI classification)

Anindependent samples t-test was used to compare continuous variables (e.g., age)

A p-value of less than 0.05 was considered statistically significant

Table 2 Effects of exercise combined with diet vs. diet alone on anthropometric measures, sleep quality, and fatigue severity over

time
Measurement Test Time Diet + Resistance Exer-  Diet-Only Time Effect (F, p) Time x
cise (n=20) (n=20) Group
Interac-
tion (F, p)
Weight (kg) Baseline (T0) 105.03+8.30 105.25+9.75 F=174.29,p<0.001 F=2583,
p<0.001
Mid-Intervention (T1) 100.18+5.52 103.35+7.55
Post-Intervention (T2) 96.21+7.08 102.04+6.93
Waist circumference (cm)  Baseline (T0) 101.05+6.86 100.20+7.87 F=143.68,p<0.001 F=2738,
Mid-Intervention (T1) 97.70£7.12 98.90+8.12 p<0.001
Post-Intervention (T2) 9455+7.33 97.65+8.08
Sleep Quality (PSQI) Baseline (TO) 1655+1.72 16.70+1.96 F=46.06, p<0.001 F=22.19,
Mid-Intervention (T1) 14704185 1630+2.00 p<0.001
Post-Intervention (T2) 13.08+1.16 16.08+1.62
Fatigue Severity (FSS) Baseline (T0O) 5.16+0.59 541+0.74 F=188.16,p<0.001 F=53.94,
Mid-Intervention (T1) 4584048 5194071 p<0.001
Post-Intervention (T2) 4.04+0.40 507+0.74

Continuous variables are presented as mean + standard deviation (SD)

Repeated measures ANOVA (F-test) was used to assess the time effect and the time x group interaction

Statistical significance was set at p <0.05

Table 3 Group-based comparison of physical activity levels (IPAQ categories) at baseline, week 6, and week 12

Group Activity Level Baseline (T0) Mid-Intervention (T1) Post-Intervention (T2)
Diet+ Resistance Exercise (n=20) Inactive 3(15.0%) 0 (0.0%) 0 (0.0%)
Minimally Active 17 (85.0%) 0 (0.0%) 0(0.0%)
Vigorously Active 0 (0.0%) 20 (100.0%) 20 (100.0%)
Diet-Only Inactive 13 (65.0%) 13 (65.0%) 12 (60.0%)
(n=20) Minimally Active 7 (35.0%) 7 (35.0%) 8 (40.0%)
Vigorously Active 0 (0.0%) 0 (0.0%) 0 (0.0%)
¥ (p-value) 8.44 (p=0.004) 16.41 (p<0.001) 14.40 (p<0.001)

Frequency (f) and percentage (%) values are presented for each physical activity level within groups across the three time points

Group distributions were compared at each time point using the chi-square (x?) test

Statistical significance was defined as p <0.05
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statistically significant (x* = 16.41, p<0.001), and the
trend persisted post-intervention (x> = 14.40, p <0.001).

Discussion

This RCT demonstrates that concurrently implement-
ing Diet+RT significantly enhances self-reported physi-
cal activity levels, sleep quality, and fatigue outcomes in
obese adults compared to diet alone. The consistency and
strength of these improvements underscore the multifac-
eted benefits of incorporating structured physical train-
ing into obesity management programs.

Participants in the Diet+RT group experienced a sub-
stantial increase in physical activity levels and were more
likely to reach vigorous activity thresholds by the 6th
and 12th week of the intervention. This shift aligns with
structured RT protocols recommended by ACSM, which
have been shown to enhance self-efficacy and behav-
joral activation in sedentary populations [22, 23]. The
supervised nature of the intervention likely contributed
to improved motivation and adherence [39], supporting
the feasibility of resistance-based programs in individu-
als with obesity. However, the use of a self-reported tool
(IPAQ) may introduce bias, and the lack of objective
physical activity measures (e.g., accelerometry) limits
the interpretability of these findings. Notably, previous
studies have yielded mixed results; for instance, Hintze
et al. [40] found no significant change in physical activ-
ity behavior following a long-term resistance program in
postmenopausal women, suggesting that factors such as
age, baseline fitness, and hormonal status may influence
intervention outcomes.

Improvements in sleep quality observed in the
Diet+RT group are also in agreement with previous
meta-analyses demonstrating that structured exercise
interventions, including RT, lead to significant reductions
in sleep disturbances among individuals with obesity
[10]. Possible mechanisms include reductions in sys-
temic inflammation, improvements in circadian rhythm
regulation, and enhanced mood and anxiety control—all
of which are influenced by physical activity. The limited
improvements in the Diet group underscore the role of
exercise in complementing nutritional strategies to opti-
mize sleep health.

Although the Diet+RT group showed significant
improvements in PSQI scores, their mean post-interven-
tion score (13.08) remained above the clinical cut-off of
5, indicating persistent—though improved—poor sleep
quality [27]. This finding suggests that, although sleep
quality improved, disturbances persisted to some extent.
Such partial improvement may reflect the relatively short
duration of the intervention and highlights the need
for longer-term or more intensive exercise protocols
to achieve clinically normalized sleep outcomes in this
population.
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Fatigue severity, as measured by the FSS, showed a
significant and clinically meaningful reduction in the
Diet+RT group, with post-intervention scores falling
below the clinical threshold of 5 (mean =4.04 + 0.40). This
transition from clinically significant to subclinical fatigue
levels suggests that RT may effectively alleviate perceived
fatigue in individuals with obesity. Proposed mechanisms
include increased muscle mass, improved metabolic effi-
ciency, and enhanced mitochondrial function, which col-
lectively reduce the physical demands of daily activities
[29]. Furthermore, the concurrent improvements in sleep
quality observed in this group may have contributed to
reduced daytime fatigue, underscoring the intercon-
nected nature of sleep and energy regulation.

However, not all studies report similar benefits. For
example, Hintze et al. [40] found no significant reduc-
tion in fatigue following a year-long RT program in
overweight women, highlighting possible interindividual
differences in responsiveness to exercise. These inconsis-
tencies point to the importance of tailoring interventions
based on individual characteristics and suggest that com-
bining RT with other modalities—such as aerobic activity
or behavioral strategies—may be necessary to optimize
fatigue outcomes in certain populations.

Anthropometric improvements, particularly reduc-
tions in waist circumference, were also more pronounced
in the Diet+RT group. This aligns with prior evidence
showing that RT leads to preferential reductions in vis-
ceral fat and waist circumference, even in the absence of
dramatic weight loss [22]. These changes carry signifi-
cant clinical implications, given the association between
abdominal obesity and increased cardiometabolic risk
[34]. Nonetheless, the absence of significant BMI reduc-
tion in either group suggests that improvements in
body composition may not always be reflected in overall
weight changes, a finding echoed in other studies [41].

This study has several notable strengths. It was
designed as a RCT and achieved full retention of partici-
pants over the 12-week period, which helps to reduce the
risk of bias and supports the reliability of the findings. In
addition, by comparing a Diet+ RT with diet alone, the
trial allowed for a clearer understanding of the specific
contribution of RT. This design is also relevant to prac-
tice, as it reflects how lifestyle interventions are often
implemented in real-world obesity management.

Despite the strengths of this RCT, several limitations
should be acknowledged. First, the intervention duration
was limited to 12 weeks, which may not have been suf-
ficient to observe clinically normalized outcomes in cer-
tain domains, such as sleep quality. Prior findings indicate
that RT may require longer durations to induce signifi-
cant body composition changes, particularly in individu-
als with obesity [20]. Second, the study did not include
a follow-up phase beyond the 12-week intervention
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period. Therefore, the long-term sustainability of the
observed improvements remains unknown. Future stud-
ies should incorporate extended follow-up assessments
to determine whether intervention effects are maintained
over time. Third, the current study employed a single-
mode RT protocol based on free weights and machines.
However, evidence suggests that the effects of RT may
vary substantially depending on the modality used. For
instance, resistance bands have been shown to be more
effective in reducing body fat, whereas bodyweight
exercises may lead to greater improvements in skeletal
muscle mass [22]. Future studies should compare dif-
ferent resistance modalities within a similar framework
to determine optimal exercise prescriptions for indi-
viduals with obesity. Fourth, although participants were
asked to complete dietary logs and adherence was sup-
ported through follow-up, actual daily caloric intake was
not objectively quantified or analyzed. As a result, the
relationship between the prescribed energy deficit and
observed weight loss could not be fully evaluated. Future
research should incorporate validated dietary assessment
tools and report energy intake data to better understand
the impact of nutritional interventions. Fifth, although a
bioimpedance scale was used for weight measurements,
body composition data (e.g., fat mass and lean mass) were
not extracted or analyzed. Therefore, we were unable
to determine whether weight changes reflected fat loss,
muscle gain, or both. Future studies should include body
composition assessments to better evaluate the clinical
significance of weight-related outcomes. Sixth, all inclu-
sion and exclusion criteria—except for anthropomet-
ric measurements—were based solely on self-reported
data and structured interviews. No clinical or laboratory
assessments (e.g., blood pressure, lipid profile, or glucose
levels) were performed prior to enrollment. This reliance
on self-declaration may introduce potential bias or mis-
classification, particularly due to recall or social desir-
ability bias, which are well-documented limitations of
self-reported health data [42]. Future studies should con-
sider incorporating objective clinical or laboratory mea-
sures to validate self-reported health information and
improve diagnostic accuracy.

Conclusion

This RCT demonstrated that integrating a structured
RT program with calorie-restricted dietary intervention
resulted in significantly greater improvements in self-
reported physical activity levels, sleep quality, fatigue
severity, body weight, and waist circumference compared
to diet alone among individuals with obesity. Despite
the modest sample size, the consistency and magnitude
of these effects—particularly the transition from clini-
cally significant to subclinical fatigue and the reduction
in central adiposity—highlight the clinical relevance of
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RT as a complementary strategy in obesity management.
These findings reinforce the value of incorporating RT
into multidisciplinary interventions targeting both physi-
cal and psychosocial outcomes. To strengthen the evi-
dence base and inform clinical guidelines, future research
should include larger, more diverse populations, longer
intervention periods, and extended follow-up to assess
the sustainability and generalizability of these benefits.
Additionally, the potential additive or synergistic effects
of combining RT with aerobic exercise—widely recom-
mended in obesity guidelines—should be explored to fur-
ther enhance intervention efficacy.
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