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Abstract

Menopause is a physiological phase characterized by a decrease in estrogen and systemic changes that can affect a
woman's quality of life and hormonal balance. This study aims to analyze the effect of resistance training on quality of
life, estradiol levels, and Follicle Stimulating Hormone (FSH) in menopausal women. The study used a quasi-
experimental design with a pre-test and post-test control group design approach. A total of 20 menopausal women were
divided into an experimental group and a control group, each consisting of 10 participants. The experimental group
followed a 12-week resistance training program with a frequency of three times per week, while the control group did
not receive structured resistance training. Quality of life was measured using Menopause-Specific Quality of Life
(MENQOL), while estradiol and FSH levels were obtained through laboratory tests. Data were analyzed using
normality tests, paired sample t-test, independent sample t-test, and effect size. The results showed that the experimental
group's quality of life score decreased from 67.23 + 3.61 to 54.61 + 4.48, which indicated a reduction in menopausal
complaints. The estradiol levels of the experimental group increased from 14.55 + 1.62 to 21.93 + 2.62 and showed
significant differences in paired sample t-tests (p = 0.008) with moderate to large effect sizes (Cohen's d = -0.669). The
FSH levels of the experimental group decreased from 77.47 + 9.01 to 56.47 + 11.34, while the control group was
relatively stable. Inter-group comparisons showed large effect sizes on estradiol post-test (Cohen's d = 0.921) and
moderate to large on post-test FSH (Cohen's d = -0.747). Thus, the research hypothesis is partially supported: resistance
training has been shown to significantly increase estradiol and show a tendency to improve quality of life as well as
decrease FSH in menopausal women. Resistance training can be recommended as a safe, structured, and applicative
nonpharmacological intervention.
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INTRODUCTION

Menopause is a natural biological phase in a woman's life cycle that is characterized by the
permanent cessation of menstruation due to a decrease in ovarian follicle activity. These changes
not only represent reproductive transitions, but also reflect systemic physiological changes
associated with decreased estrogen, changes in body composition, decreased muscle mass and
strength, increased visceral fat, changes in bone density, as well as an increased risk of
cardiometabolic disorders. In the context of women's health in middle and advanced age,
menopause needs to be understood as a critical period because hormonal changes can affect
quality of life, functional capacity, psychological stability, sleep quality, sexual function, and
independence of daily activities. Recent literature shows that postmenopausal women are prone to
vasomotor complaints, musculoskeletal pain, sleep disorders, fatigue, decreased fitness, and an
increased risk of osteoporosis and sarcopenia, so physical activity-based interventions are an
important concern in promoting women's health (Yilmaz Babacan et al., 2025; Jozwiak et al.,
2025; Qian et al., 2023; Lee et al., 2024; Kitagawa et al., 2022; Choi et al., 2025).

The quality of life in menopausal women is a multidimensional construct that includes
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physical, psychological, social, and sexual dimensions. A decrease in quality of life is not always
caused by a single symptom, but rather by an interaction between hormonal changes, decreased
muscle strength, changes in body image, joint pain, sleep disturbances, anxiety, and activity
limitations. Previous studies have confirmed that physical exercise can be a relevant
nonpharmacological strategy to improve menopausal symptoms and quality of life, especially
when exercise is structured in a structured, progressive, and appropriate manner to individual
capacity (Trujillo-Mufoz et al., 2025; Money et al., 2024; Nilsson et al., 2024; Berin et al., 2022;
Delextrat et al., 2025). Therefore, the approach to health exercise in menopausal women is not
enough to be directed at improving general fitness, but also needs to target more specific
physiological mechanisms, such as muscle strength, metabolism, hormonal response, and the
ability to perform functional activities.

The main problem that arises in menopausal women is the gap between the need for
comprehensive health interventions and the low implementation of regular resistance exercises.
Many women in the menopausal phase are more familiar with light aerobic activity, leisurely
walking, general gymnastics, or informal physical activity, but do not necessarily obtain sufficient
mechanical stimulus to maintain muscle mass, bone density, and metabolic capacity. In fact, loss
of muscle strength and increased risk of osteosaropenia are important problems in postmenopausal
women because they are related to decreased mobility, risk of falls, pain, functional dependence,
and low quality of life (Alexander et al., 2025; Lee et al., 2024; Vila et al., 2026; Pan et al., 2025;
Kenzhegazova et al., 2026). This condition becomes even more important when it is associated
with an increase in life expectancy, because women can live a third of their lives after menopause.

In addition, studies on the effects of exercise on menopausal women still show variations
in results due to differences in the type of exercise, intensity, duration, frequency, health status of
participants, measurement methods, and outcome indicators used. Some studies have focused on
vasomotor symptoms, some focusing on bone density, others on functional capacity or quality of
life, while studies that simultaneously link quality of life to hormonal indicators such as estradiol
and Follicle Stimulating Hormone (FSH) are still relatively limited. In fact, estradiol and FSH are
important indicators for understanding hormonal dynamics in menopausal women, especially
since increased FSH is often associated with reduced estrogen feedback on the hypothalamic—
pituitary—ovarian axis. Thus, research on exercise interventions that link quality of life and
hormonal balance has a strong scientific and practical urgency (Nilsson et al., 2022; Ward et al.,
2020; Mitoma et al., 2023; Rain et al., 2026).

In the health sports literature, resistance training is seen as an effective form of exercise to
improve muscle strength, muscle endurance, body composition, functional capacity, and quality of
life. This exercise puts a mechanical load on the neuromuscular system so that it stimulates the
adaptation of muscles, bones, connective tissue, and metabolism. In postmenopausal women,
resistance training has been reported to contribute to improvements in vasomotor symptoms,
improved quality of life, decreased cardiometabolic risk factors, and improved indicators of
physical function (Berin et al., 2022; Berin et al., 2019; Nilsson et al., 2024; Yilmaz Babacan et
al., 2025; Stefan, 2020). Follow-up studies have also shown that resistance training can be
combined with nutrition approaches, high-impact exercises, whole-body vibration, as well as
home-based programs to improve adherence and effectiveness of interventions in the broader
female population (Juesas et al., 2023; Beck et al., 2022; Lee et al., 2024; Svensen et al., 2024;
Fairman et al., 2023).
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Mechanistic, resistance training has the potential to affect menopausal health through
several pathways. First, repeated muscle contractions can increase muscle strength and mass,
thereby helping to reduce the risk of sarcopenia and improve functional independence. Second,
mechanical loads can provide relevant osteogenic stimuli to maintain bone density in
postmenopausal women who are prone to osteoporosis (Kitagawa et al., 2022; EI Azeem et al.,
2024; Kumar et al., 2024; Beck et al., 2022). Third, resistance training can contribute to metabolic
regulation, insulin sensitivity, inflammation, adipokine, and cardiovascular profile (Ward et al.,
2020; Dauvis et al., 2024; Zhang et al., 2025; Oliveira et al., 2025). Fourth, increased strength and
perception of fitness can improve confidence, body control, sleep quality, mood, and social
participation, all of which are directly related to quality of life (Trujillo-Mufioz et al., 2025;
Money et al., 2024; Delextrat et al., 2025; Qian et al., 2023).

Although scientific evidence on the benefits of physical exercise for menopausal women is
growing, there are still some research gaps. First, most studies place physical and psychosocial
outcomes separately, so there have not been many studies that explicitly integrate quality of life
with hormonal balance within a single analytical framework. Second, the interventions used in
different studies often differ in terms of intensity, volume, progressivity, supervision, and
duration, so there is no firm agreement on the most appropriate resistance training protocol for
menopausal women. Third, some studies still focus on populations with specific clinical
conditions, such as osteoporosis, osteoarthritis, cancer, obesity, or metabolic disorders, so these
findings need to be retested in a more specific context of menopausal women and in accordance
with local characteristics (Baniasadi et al., 2025; ZUBARIOGLU et al., 2025; Karacaatl et al.,
2026; Bonfante et al., 2025; Rolle et al., 2026).

In addition, the evidence on hormonal responses to resistance training in menopausal
women still needs strengthening. Some studies report that resistance training is associated with
changes in hormones, adipokine, and metabolic markers, but not all studies have used estradiol
and FSH as the primary indicators. The study of Nilsson et al. (2022) provides clues that resistance
training may affect luteinizing hormone in postmenopausal women, while Ward et al. (2020)
showed a decrease in plasma adipokine after resistance training. However, the relationship
between changes in quality of life, estradiol, and FSH after a resistance training program still
needs to be clarified through a more targeted intervention design. Thus, there is a need to compile
a study that not only assesses whether resistance training is beneficial but also explains the extent
to which it relates to improving quality of life and hormonal balance indicators.

Based on these contexts and gaps, this study aims to analyze the effect of resistance
training on quality of life and hormonal balance in menopausal women. Quality of life is
positioned as a multidimensional indicator of well-being, while hormonal balance is represented
through estradiol and FSH levels. The novelty of this study lies in the incorporation of
psychosocial and physiological outcomes in one intervention framework, so that resistance
training is not only understood as an exercise to increase muscle strength, but also as a non-
pharmacological strategy that has the potential to support hormonal regulation and menopausal
women's well-being.

The scope of the study was focused on menopausal women who followed a structured
resistance training program during a specific intervention period, with pre- and post-workout
measurements. This article places resistance training as a promotive-preventive intervention that is
applicable, relatively safe, and has the potential to be integrated into public health programs,
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community fitness, and assistance services for middle-aged and advanced women. Practically, the
results of the research are expected to provide a scientific basis for health workers, fitness trainers,
physiotherapists, and policymakers to design more measurable exercise programs for menopausal
women. Theoretically, this study is expected to enrich the literature on the relationship between
resistance training, quality of life, estradiol, and FSH, particularly to build an evidence-based
exercise intervention model for menopausal women.

METHODS
Research Design

This study uses a quantitative approach with a quasi-experimental design through a pre-test
and post-test control group design model. This design was chosen because the study aimed to test
the effect of resistance training on quality of life and hormonal balance in menopausal women by
comparing changes before and after the intervention between the experimental group and the
control group. In the context of physical exercise research in menopausal populations, pre-test and
post-test designs are considered relevant because they can describe the physiological and
psychosocial changes that occur after a structured exercise program. Several previous studies on
resistance training in postmenopausal women have also used similar intervention approaches to
assess changes in quality of life, vasomotor symptoms, functional capacity, and hormonal responses
after specific periods of exercise (Berin et al., 2019; Berin et al., 2022; Nilsson et al., 2022; Ward et
al., 2020).

The experimental group received a 12-week resistance training program, while the control
group did not receive a structured resistance training intervention during the study period.
Measurements were taken twice, namely before the intervention or pre-test and after the
intervention or post-test. The dependent variables in this study included quality of life, estradiol
(E2) levels, and Follicle Stimulating Hormone (FSH). Meanwhile, the independent variable is the
resistance training program. The selection of these variables is based on the consideration that
menopause has an impact not only on the physical aspect, but also on the hormonal aspects and
overall quality of life. Therefore, this study seeks to comprehensively assess the effects of resistance
training through a combination of psychosocial and physiological indicators.

Participants

The study participants were menopausal women who lived in the research area and met the
inclusion criteria that had been set. The number of samples in this study was 20 people divided into
two groups, namely 10 people in the experimental group and 10 people in the control group. The
sampling technique uses purposive sampling, which is the selection of participants based on certain
characteristics that are in accordance with the research objectives. This technique was used because
the study required participants with specific and safe menopausal conditions to follow a physical
exercise program.

Inclusion criteria include women who have experienced menopause for at least 12
consecutive months, are not undergoing hormone replacement therapy, are able to do physical
activity independently, and are willing to participate in the entire research series. Participants
should also be in general conditions that allow them to take part in moderate intensity resistance
training gradually. Exclusion criteria include a history of acute cardiovascular disease, severe
musculoskeletal injury, uncontrolled metabolic disorders, or other medical conditions that may
endanger participants during exercise. These criteria are designed to keep participants safe and
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reduce the risk of bias due to medical factors that can affect exercise response.

The selection of menopausal women as participants was based on the high risk of decreased
muscle mass, decreased bone density, changes in body composition, impaired sleep quality, and
decreased quality of life in the postmenopausal phase. The literature suggests that menopausal
women need exercise interventions that are not only safe, but also capable of providing sufficient
neuromuscular and metabolic stimulus to maintain bodily functions (Trujillo-Mufioz et al., 2025;
Yilmaz Babacan et al., 2025; Svensen et al., 2024). Thus, the characteristics of the participants in
this study are in accordance with the need to test the effectiveness of resistance training as a
nonpharmacological intervention.

Procedure

The research procedure is carried out through several stages. The first stage is research
preparation, which includes explaining the research objectives to prospective participants, checking
the suitability of inclusion and exclusion criteria, filling out informed consent, and scheduling initial
measurements. At this stage, participants obtain an explanation of the benefits, risks, duration, and
obligations during the study. This explanation is important so that participants understand that the
training program is structured and requires a commitment of attendance for 12 weeks. The second
stage is the implementation of the pre-test. At this stage, all participants from the experimental
group and control groups underwent quality of life measurements using the Menopause-Specific
Quality of Life (MENQOL) questionnaire as well as estradiol and FSH levels were checked through
blood sample analysis. Pre-test measurements aim to obtain baseline data before the intervention is
administered. This baseline data was then used as a comparison with post-test results after the
intervention period.

The third stage is the implementation of the resistance training program in the experimental
group. The training program is carried out for 12 weeks with a frequency of three times per week.
The exercises are designed progressively with an intensity ranging from 60% to 75% of the One
Repetition Maximum (1RM). Each training session consists of warm-ups, core exercises, and cool-
downs. Core exercises include multi-joint and functional movements, such as squats, lunges, chest
presses, rowing, and lower and upper extremity strengthening exercises using free weights, exercise
machines, or resistance equipment available. Each exercise is carried out in three sets of 8-12
repetitions, adjusted to the participant's ability and the principle of gradual increase in weight.
During the intervention, the exercises are supervised by an instructor or officer who understands the
principles of exercise for menopausal women. Supervision is carried out to ensure that movement
techniques are correct, the intensity of training is appropriate, and the risk of injury can be
minimized. The control group did not receive a structured resistance training program but continued
to carry out daily activities as usual. After 12 weeks, all participants underwent a post-test again
with the same measurement procedure as the pre-test. This procedure allows researchers to compare
changes in groups and differences between groups after the intervention.

Instrument

The main instruments in this study consisted of quality of life instruments and hormonal
examinations. Quality of life was measured using the Menopause-Specific Quality of Life
questionnaire or MENQOL. This instrument is widely used in menopausal studies because it can
measure menopausal women's complaints and quality of life through several domains, such as
vasomotor, psychosocial, physical, and sexual. The MENQOL score is used to describe the level of
menopausal complaints; Lower scores after the intervention can be interpreted as reduced
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complaints or improved quality of life. The use of quality of life instruments specific to menopause
is important because menopausal symptoms have different characteristics than general health
complaints.

Hormonal balance is assessed through examination of estradiol (E2) and Follicle
Stimulating Hormone (FSH) levels. Estradiol was chosen because it is the main estrogen hormone
that decreases in the menopausal phase and is associated with various physical and psychological
symptoms. FSH was chosen because its increased levels are one of the physiological indicators
commonly found in menopausal women due to decreased estrogen feedback to the endocrine
system. Measurements of these two hormones provide a more objective picture of participants'
hormonal responses after participating in the resistance training program. Previous studies have also
shown that resistance training can affect hormonal, metabolic, and adipokine indicators in
postmenopausal women (Nilsson et al., 2022; Ward et al., 2020). In addition to the main
instruments, data on participants' characteristics such as age, menopausal status, health history, and
ability to follow exercises were recorded to ensure the subject's suitability with the study criteria.
Recording these characteristics is also important to help interpret the results and explain the context
of the research sample.

Data Analysis

The data is analyzed using statistical software. The analysis begins with descriptive statistics
to describe the mean value, median, standard deviation, variance, minimum value, maximum value,
and score range for each variable. Descriptive statistics were used to show the tendency of changes
in quality of life, estradiol, and FSH in the experimental and control groups before and after the
intervention. Before the hypothesis test was carried out, the data were tested for normality using
Shapiro-Wilk because the sample size was relatively small. The data is declared to be normally
distributed if the significance value is greater than 0.05. If the assumption of normality is met, then
the analysis is continued using a parametric test. Paired sample t-test was used to determine the
difference in pre-test and post-test scores in each group. The purpose of this test was to find out if
there was any change in quality of life, estradiol, and FSH after the intervention period. Independent
sample t-tests were used to compare the mean differences between the experimental group and the
control group, both at baseline and after the intervention. This test is important to assess whether the
changes that occurred in the experimental group were better than in the control group.

In addition to significance values, the study also considered effect sizes through Cohen's d,
Hedges' correction, and Glass's delta. Effect measures are used to assess the strength of an
intervention's influence in a practical way, not just based on statistical significance. The
interpretation of effect measures is important because intervention studies with small samples often
show descriptive changes that are practically significant, although they have not yet fully achieved
statistical significance. The significance level used in this study was o = 0.05.

RESULTS

This study involved 20 menopausal women who were divided into two groups, namely the
experimental group that received resistance training interventions and the control group, each with
10 participants. Measurements were made on three main variables, namely quality of life, estradiol
(E2) levels, and Follicle Stimulating Hormone (FSH), before and after the intervention period. In
general, the results showed a pattern of changes that were more favorable in the experimental group
than in the control group, especially in the increase in estradiol and the decrease in FSH after the
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resistance training program. This pattern supports the assumption that structured resistance training
can provide a stimulus of neuromuscular and endocrine adaptation in menopausal women, as also
reported in previous studies on resistance training in postmenopausal women (Berin et al., 2019;
Berin et al., 2022; Nilsson et al., 2022; Ward et al., 2020).

Table 1. Descriptive statistic

Variabel Kelompok Mean Median Variance  Std. Deviation Minimum Maximum Range
Qol.Pre Eksperimen 67.23 67.60 13.036 3.610 63 73 10
Qol.Pre Kontrol 63.93 63.35 19.385 4.403 58 71 13
Qol.Post Eksperimen 54.61 53.40 20.025 4.475 50 63 13
Qol.Post Kontrol 63.81 63.30 21.550 4.642 57 72 16
Estradiol.Pre Eksperimen 14.55 14.45 2.607 1.615 12 18 6
Estradiol.Pre Kontrol 16.21 16.15 2.190 1.480 14 19 5
Estradiol.Post  Eksperimen 21.93 21.95 6.849 2.617 18 26 8
Estradiol.Post ~ Kontrol 16.05 16.25 3.058 1.749 14 18 5
FSH.Pre Eksperimen 77.47 77.90 81.089 9.005 62 91 28
FSH.Pre Kontrol 77.51 76.85 75.372 8.682 64 97 33
FSH.Post Eksperimen 56.47 60.70 128.636 11.342 38 72 35
FSH.Post Kontrol 77.92 76.80 94.313 9.711 58 97 39

Based on the results of descriptive statistics, the quality of life score in the experimental
group decreased from pre-test to post-test. The average quality of life of the experimental group at
the pre-test time was 67.23 with a standard deviation of 3.61, while at the post-test it was 54.61
with a standard deviation of 4.48. Since the MENQOL instrument generally places lower scores as
an indication of milder menopausal complaints and better quality of life, this decrease in score can
be interpreted as an improvement in quality of life after participating in resistance training. In
contrast, the control group showed very small changes, from an average of 63.93 in the pre-test to
63.81 in the post-test. This difference in pattern indicates that the change in quality of life in the
experimental group is more pronounced than in the control group.

In the estradiol variable, the experimental group showed an average increase from 14.55 in
the pre-test to 21.93 in the post-test. This increase of 7.38 units illustrates a positive hormonal
response after the resistance training program. In contrast, the control group showed a slight
decrease from 16.21 to 16.05. Thus, descriptively, resistance training appears to be associated with
increased estradiol levels in menopausal women. These findings are relevant to the literature that
explains that physical exercise, especially strength-based exercise and repetitive muscle
contractions, can affect hormonal regulation and metabolic responses in postmenopausal women
(Nilsson et al., 2022; Ward et al., 2020; Svensen et al., 2024).

In the FSH variable, the experimental group showed an average decrease from 77.47 in the
pre-test to 56.47 in the post-test. This decrease indicates a better direction of change because high
FSH levels at menopause are generally associated with decreased estrogen feedback. The control
group actually showed relatively stable conditions, even slightly increasing from 77.51 to 77.92.
Thus, descriptively, the group that followed resistance training experienced more favorable
hormonal changes, namely an increase in estradiol and a decrease in FSH. This pattern is in line
with the idea that resistance training not only works on the musculoskeletal system, but may also be
related to systemic adaptations, including endocrine, metabolic, and inflammatory responses
(Nilsson et al., 2022; Ward et al., 2020; Trujillo-Mufoz et al., 2025).
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Table 2. Normality test result

Kolmogorov-Smirnov? Shapiro-Wilk
Kelompok Statistic df Sig. Statistic df Sig.
Qol.Pre Ekperiment 191 10 .200" .905 10 .250
Kontrol 130 10 .200" .954 10 711
Qol.Post Ekperiment .254 10 .066 .858 10 072
Kontrol 111 10 .200" .983 10 .978
Estradiol.Pre Ekperiment 144 10 .200" .958 10 .764
Kontrol 193 10 .200" .927 10 420
Estradiol.Post Ekperiment 130 10 .200" 979 10 .961
Kontrol .166 10 .200" .929 10 438
FSH.Pre Ekperiment 113 10 .200" .970 10 .886
Kontrol .203 10 .200" .926 10 406
FSH.Post Ekperiment 209 10 .200" .926 10 406
Kontrol 232 10 136 912 10 .298

*, This is a lower bound of the true significance.
a. Lilliefors Significance Correction

The normality test was performed using Kolmogorov-Smirnov and Shapiro-Wilk. Shapiro-
Wilk's results showed that all data in the experimental group and control group had a significance
value greater than 0.05. In the quality of life variable, the Shapiro-Wilk value was in the range of
0.072 to 0.978. In the estradiol variable, the Shapiro-Wilk value is in the range of 0.420 to 0.961.
Meanwhile, in the FSH variable, the Shapiro-Wilk value is in the range of 0.298 to 0.886. Based on
these results, the data can be declared to be normally distributed so that parametric analysis using
paired sample t-test and independent sample t-test can be used. Data normality is an important
prerequisite because the validity of statistical inference in pre-test and post-test designs is highly
dependent on the suitability of distribution assumptions, especially on small sample sizes.

Table 3. Paired sample test result
Paired Differences

95% Confidence
Interval of the
Std. Std. Error Difference Sig. (2-
Mean Deviation Mean Lower Upper t df  tailed)
Pair 1 QolPre - QolPost 60.550  277.405 62.030 -69.279  190.379 976 19 .341
Pair 2 EstradiolPre - -51.400 76.867 17.188 -87.375 -15.425 -2.990 19 .008
EstradiolPost
Pair 3 FSHPre - FSHPost 37.700  337.464 75.459  -120.238 195.638 500 19 .623

The change in estradiol from pre-test to post-test had a significance value of p = 0.008. This
value is less than 0.05 so it can be stated that there is a significant difference in estradiol levels
before and after the intervention. The direction of the difference showed an increase in estradiol
after the exercise period. Physiologically, this increase in estradiol is important because menopause
is characterized by a decrease in estrogen associated with vasomotor symptoms, sleep disorders,
mood swings, decreased muscle mass, and decreased quality of life. Thus, these results provide an
indication that resistance training may play a role as a nonpharmacological intervention that
supports hormonal responses in menopausal women.

In the quality of life variable, the results of the paired sample t-test showed a value of p =
0.341. This value is greater than 0.05 so that the difference in pre-test and post-test quality of life
cannot be statistically significant based on the available table. However, descriptively, the average

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 124
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

quality of life score in the experimental group decreased quite largely, from 67.23 to 54.61. This
decrease still has practical significance because it shows a reduction in complaints or an
improvement in quality of life based on the interpretation of the MENQOL score. In the context of
scientific publications, these results should be interpreted as a trend of improvement in quality of
life that needs to be confirmed through larger samples or stronger inter-group analysis.

In the FSH variable, the results of the paired sample t-test showed a value of p = 0.623. The
value is also greater than 0.05 so the decrease in FSH cannot be statistically significant. However,
the mean FSH in the experimental group decreased from 77.47 to 56.47, while in the control group
it remained relatively unchanged. Therefore, these results suggest a direction of change that is
biologically relevant, but not inferentially strong enough. These findings need to be positioned as an
early indication that resistance training has the potential to modulate gonadotropin hormones, rather
than as definitive evidence that the exercise significantly lowers FSH.

Table 4. Paired sample effect sizes result

95% Confidence Interval

Standardizer*  Point Estimate Lower Upper
Pair 1 QolPre - QolPost Cohen's d 277.405 218 -.228 .659
Hedges' correction 283.034 214 -.224 .646
Pair 2  EstradiolPre - Cohen's d 76.867 -.669 -1.148 -.175
EstradiolPost Hedges' correction 78.427 -.655 -1.125 -.172
Pair3  FSHPre - FSHPost Cohen's d 337.464 12 -.329 .550
Hedges' correction 344.312 .109 -.323 .539

a. The denominator used in estimating the effect sizes.
Cohen’s d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.

The change in estradiol has moderate to large effects. Cohen's d-value for estradiol is -0.669
with a 95% confidence interval between -1.148 to -0.175, while Hedges' correction is -0.655 with a
95% confidence interval between -1.125 to -0.172. Although negative signs appeared because the
calculation sequence used pre-test difference minus post-test, substantively the value showed an
increase in estradiol after the intervention. The confidence interval that did not go beyond zero
reinforced that the change in estradiol was a relatively consistent finding. These results are in line
with research showing that resistance training can affect hormonal responses and metabolic
indicators in postmenopausal women (Nilsson et al., 2022; Ward et al., 2020).

In quality of life, Cohen's d value of 0.218 and Hedges' correction of 0.214 indicate a small
effect size. The confidence interval is still past zero, so the effect cannot be considered statistically
stable yet. However, since the descriptive data in the experimental group showed a pronounced
decrease in quality of life scores, these results can be interpreted as a trend of improvement that
may not have reached significance due to the limitations of the sample count. These findings remain
relevant to previous evidence that physical exercise can improve menopausal symptoms and quality
of life, especially when done in a structured and sustainable manner (Berin et al., 2022; Trujillo-
Mufoz et al., 2025; Yilmaz Babacan et al., 2025).

In FSH, Cohen's value d of 0.112 and Hedges' correction of 0.109 indicate a very small
effect size based on the available paired analysis. The confidence interval also passed zero, so these
results have not shown a strong statistical effect. However, when viewed from the average change
in the experimental group, the decrease in FSH still has biological significance because it moves in
the direction of the increase in estradiol. Thus, FSH can be understood as an indicator indicating the
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direction of hormonal adaptation, but it requires advanced testing with larger sample sizes, stricter
diet and sleep controls, and more comprehensive hormonal analysis.

Table 5. Independent sample test result

Levene's Test for Equality of
Variances t-test for Equality of Means

95% Confidence Interval of
Sig. (2 the Difference

Mean Std. Error
F Sig. t df tailed) Difference Difference Lower Upper
QolPre Equal variances 10.595 .004 1.875 18 077 147.300 78.570 -17.770 312.370

1.875 9.388 -092 147.300 78.570 -29.325 323.925

QolPost Equal variances 064 .803 -1.041 18 -312 —-81.200 77.993 -245.057 82.657
assumed

Equal variances not -1.041 17.674 -312 —-81.200 77.993 -245.274 82.874
ssssss d

EstradiolPre Equal variances 77.758 000 1.769 18 094 42 _.800 24.200 -8.043 93.643
assumed

Equal v:z’rian(es not 1.769 9.837 -108 42.800 24.200 -11.243 96.843

EstradiolPost 262 .615 2.058 18 .054 55.200 26.817 -1.140 111.540

Equal variances not 2.058 16.386 -056 55.200 26.817 -1.541 111.941
ssssss d

FSHPre Equal variances 756 -396 .545 18 -592 67.100 123.032 -191.380 325.580
ssssss d

Equal variances not .545 16.951 -593 67.100 123.032 -192.531 326.731
assumed

FSHPost Equal variances .886 .359 -1.669 18 -112 -138.900 83.207 -313.711 35.911
ssssss d

Equal variances not -1.669 12.904 .119 -138.900 83.207 -318.794 40.994
assumed

The average pre-test quality of life of the experimental group was 67.23, while the control
group was 63.93. This initial difference is worth noting because it can affect the interpretation of
changes after the intervention. However, at the post-test, the average of the experimental group
decreased to 54.61, while the relative control group remained at 63.81. Because lower MENQOL
scores indicated milder menopausal complaints or better quality of life, the post-test results showed
that the experimental group had better quality of life conditions than the control group after
resistance training. In other words, although the experimental group started the study with a higher
complaint score, after the intervention this group actually showed a lower score than the control
group. This pattern provides an indication that resistance training contributes to improving the
quality of life of menopausal women.

In the pre-test estradiol variable, the experimental group had an average of 14.55, while the
control group had an average of 16.21. This condition suggests that the initial estradiol levels of the
experimental group were lower than those of the control group. After the intervention, the average
estradiol of the experimental group increased to 21.93, while the control group remained relatively
unchanged, at 16.05. This change showed that in the post-test the experimental group had higher
levels of estradiol than the control group. Scientifically, these findings are important results because
increased estradiol in menopausal women may be associated with a better hormonal response. In the
context of exercise, the increase in estradiol after resistance training can be explained by the
possibility of endocrine adaptation, increased tissue sensitivity to hormones, and improvements in
metabolic regulation due to recurrent muscle contractions. Therefore, the results of an independent
sample test on the estradiol variable strengthen the suspicion that resistance training has a positive
effect on the hormonal balance of menopausal women.

In the FSH pre-test variable, the average of the experimental group and the control group
were relatively balanced, namely 77.47 and 77.51. This similarity in initial values suggests that both
groups were in almost the same hormonal condition before the intervention. After the intervention,
the average FSH of the experimental group decreased to 56.47, while the control group remained
high, at 77.92. These post-test differences showed that the experimental group had lower FSH
levels than the control group after resistance training. Physiologically, a decrease in FSH can be
interpreted as a favorable direction of hormonal changes, since high FSH levels in menopausal
women generally reflect a low estrogen response to the hypothalamic, pituitary, and ovarian axes.
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With increased estradiol and decreased FSH in the experimental group, these results showed a
consistent pattern of hormonal adaptation after the resistance training intervention.

Table 6. Independent sample effect sizes result
95% Confidence Interval

Standardizer? Point Estimate Lower Upper
QolPre Cohen'sd 175.689 .838 -.090 1.746
Hedges' correction 183.459 .803 -.086 1.672
Glass's delta 245.824 .599 -.334 1.502
QolPost Cohen's d 174.397 -.466 -1.349 430
Hedges' correction 182.110 -.446 -1.292 412
Glass's delta 185.870 -.437 -1.324 473
EstradiolPre Cohen's d 54.113 791 -.132 1.694
Hedges' correction 56.507 157 -.127 1.622
Glass's delta 74.805 572 -.357 1.472
EstradiolPost Cohen'sd 59.965 921 -.017 1.835
Hedges' correction 62.617 .882 -.016 1.757
Glass's delta 49.673 1.111 077 2.101
FSHPre Cohen'sd 275.107 244 -.640 1.121
Hedges' correction 287.274 234 -.612 1.073
Glass's delta 307.425 218 -.670 1.095
FSHPost Cohen's d 186.057 - 747 -1.646 172
Hedges' correction 194.285 -.715 -1.577 .165
Glass's delta 237.425 -.585 -1.486 .346

a. The denominator used in estimating the effect sizes.

Cohen's d uses the pooled standard deviation.

Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control group.

Comparisons between groups in the post-test showed patterns that supported the
effectiveness of resistance training. In the post-test estradiol, Cohen's d value was 0.921, Hedges'
correction was 0.882, and Glass's delta was 1.111 indicating a large effect size. These results
indicate that estradiol levels after the intervention tended to be higher in the experimental group
than in the control group. In practical terms, these findings reinforce that resistance training can
have a positive impact on important hormonal indicators in menopausal women.

In the FSH post-test, Cohen's value d of -0.747 and Hedges' correction of -0.715 indicated a
moderate to large effect size with a favorable direction for the experimental group. Negative signs
indicated that the experimental group had a lower average FSH than the control group on the post-
test. Since high FSH levels are a common characteristic of menopause due to reduced estrogen
feedback, a decrease in FSH in the experimental group can be interpreted as an indication of
improved hormonal balance. However, because the independent sample test table does not display
significance values, this interpretation needs to be limited to effect sizes and descriptive patterns,
rather than claims of inter-group significance.

In the post-test quality of life, Cohen's d value was -0.466 and Hedges' correction was -
0.446 indicating small to moderate effect sizes. Negative directions indicate that the experimental
group had a lower quality of life score than the control group on the post-test, which in the context
of MENQOL may indicate milder complaints or better quality of life. However, the confidence
interval is still past zero, so these results need to be interpreted carefully. Thus, resistance training
appears to provide a direction of benefits to quality of life, but the statistical evidence is not as
strong as the estradiol variable.
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DISCUSSION

The findings of this study show that resistance training provides a positive direction of
change in the quality of life and hormonal balance of menopausal women. Empirically, the
strongest changes were seen in the estradiol indicators, while quality of life and FSH showed a
trend of improvement that was practically relevant. This result is rational because menopause is a
phase of endocrine transition that has a wide impact on musculoskeletal function, metabolism,
sleep, vasomotor symptoms, psychological stability, and quality of life. Recent literature confirms
that postmenopausal women are more prone to decreased muscle mass, bone density disorders,
changes in body composition, decreased physical function, and an increased risk of sarcopenia and
osteosaropenia (Alexander et al., 2025; Choi et al., 2025; Lee et al., 2024; Pan et al., 2025; Jang &
Lee, 2025; Pereira et al., 2025; Zhou et al., 2025).

Physiologically, resistance training provides mechanical stimulus through repetitive muscle
contractions that can improve neuromuscular activation, movement efficiency, muscle strength, and
metabolic response. In menopausal women, this stimulus is important because the decrease in
estrogen is associated with decreased muscle mass, increased visceral fat, changes in fat
distribution, and reduced protection against bones. Therefore, positive changes after resistance
training can be understood as the result of the body's adaptation to the load of progressive training.
Previous studies have shown that resistance training can improve strength, physical function, and
quality of life in a wide range of populations with decreased functional capacity, including
postmenopausal women, the elderly, patients with sarcopenia, and groups with metabolic disorders
(Berin et al., 2019; Berin et al., 2022; Svensen et al., 2024; Pearson et al., 2024; Wu et al., 2025; Ye
et al., 2025; Vila et al., 2026; Zubarioglu et al., 2025).

The rationality of the findings can also be seen from the relationship between physical
capacity improvement and quality of life. The quality of life in menopausal women is not only
influenced by hormonal status, but also by the body's ability to carry out daily activities, perception
of health, confidence, sleep quality, and the ability to control physical complaints. When resistance
training increases body strength and stability, menopausal women have the potential to feel more
independent and better able to manage their body changes. This explanation is in line with the
results of various studies that position exercise as a multidimensional intervention to improve
quality of life, both in postmenopausal women and populations with chronic conditions (Trujillo-
Mufioz et al., 2025; Yilmaz Babacan et al., 2025; Money et al., 2024; Oliveira et al., 2025; Dong et
al., 2024; Rolle et al., 2026; Luo et al., 2025; Mohanan et al., 2025).

The findings of this study are supported by a study by Berin et al. (2019) which showed that
resistance training can reduce hot flushes in postmenopausal women. A follow-up study by Berin et
al. (2022) also reported that resistance training contributes to improved quality of life in
postmenopausal women with vasomotor symptoms. These results reinforce the study's findings that
resistance training not only impacts the physical aspect but is also related to menopausal symptoms
and subjective well-being. In line with that, Yilmaz Babacan et al. (2025) found that exercise
training can improve vasomotor symptoms and quality of life in postmenopausal women, while
Trujillo-Mufioz et al. (2025) emphasized through systematic studies and meta-analyses that physical
exercise affects the symptoms and quality of life of women in the climacteric phase.

Support for the benefits of resistance training was also obtained from studies focusing on
musculoskeletal function and the prevention of physical capacity decline. Svensen et al. (2024)
show that resistance exercise programs have an impact on increasing women's strength and balance
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regardless of menopausal status. Beck et al. (2022), Kitagawa et al. (2022), Kumar et al. (2024), and
El Azeem et al. (2024) affirm that weight-based exercise and mechanical stimuli are relevant for
maintaining bone health as well as preventing deterioration in musculoskeletal function. Other
studies in the elderly population and sarcopenia have also shown that resistance training,
multicomponent exercise, or exercise-nutrition combinations can improve physical function,
strength, and quality of life (Jang & Lee, 2025; Pan et al., 2025; Zhang et al., 2025; Zhou et al.,
2025; Pereira et al., 2025; Choi et al., 2025; Wu et al., 2025).

From the hormonal and metabolic aspects, the findings of this study are supported by
Nilsson et al. (2022), which show that resistance training can affect hormonal responses in
postmenopausal women. Ward et al. (2020) reported that resistance training lowers plasma
adipokine, which indicates a metabolic and endocrine response after exercise. Davis et al. (2024)
also showed that aerobic exercise, resistance, and a combination of exercise can affect health
responses in women with obesity. Amaravadi et al. (2025), Nantakool et al. (2026), and Ye et al.
(2025) add evidence that physical exercise and resistance training are associated with improvements
in metabolic parameters, glycemic control, and functional capacity in groups with metabolic
disorders. Thus, the hormonal changes in this study can be placed in the context of broader
metabolic-endocrine adaptation.

Nonetheless, not all studies show the same strong effect. Some studies confirm that exercise
response is strongly influenced by the type of exercise, duration, intensity, health status, participant
characteristics, supervision, adherence, and initial condition. Fairman et al. (2023) show that the
success of resistance training is highly dependent on program design and training delivery models.
Delextrat et al. (2025) emphasized that the variation in responses in women can be influenced by
the participant profile and the character of the intervention. Pearson et al. (2024) show that
differences in tempo, intensity, and exercise orientation can produce different effects on quality of
life, functional capacity, and strength. This explains why in this study some indicators showed
stronger changes, while other indicators were more accurately read as improvement tendencies.

Contradictions or differences in findings can also be caused by non-exercise factors. The
quality of life and hormonal responses in menopausal women are influenced by diet, sleep quality,
stress, daily physical activity, body composition, chronic disease status, reproductive history, and
the use of drugs or hormonal therapy. Exercise-related studies in chronic populations show that
quality of life outcomes are highly sensitive to participant heterogeneity and intervention context
(Dong et al., 2024; Oliveira et al., 2025; Luo et al., 2025; Rolle et al., 2026; Zouganeli et al., 2025;
Mitropoulos et al., 2025). Therefore, the results of this study should not be interpreted as evidence
that resistance training can replace medical therapy, but as evidence that resistance training has the
potential to be a safe, cheap, and applicable supporting strategy to improve menopausal women's
health.

Theoretically, the results of this study can be explained through the theory of neuromuscular
adaptation. Resistance training stimulates increased recruitment of motor units, intramuscular
coordination, intermuscular coordination, and muscle contraction efficiency. Such adaptations are
especially important in menopausal women because a decrease in estrogen is often associated with a
decrease in strength and muscle mass. With progressive exercise, the body obtains stimulus to
maintain or increase functional capacity. Studies on strength training, resistance exercise, and
multicomponent programs in the elderly support that proper exercise loads can improve physical
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function, strength, balance, and independence of daily activities (Vila et al., 2026; Pan et al., 2025;
Zhang et al., 2025; Bobowik et al., 2024; Wu et al., 2025; Ye et al., 2025; Pearson et al., 2024).

Muscle contractions during resistance training can affect communication between muscle
tissue, adipose tissue, bone, and hormonal systems through myokine, adipokine, insulin sensitivity,
and inflammatory regulation. Ward et al. (2020) showed changes in adipokin after resistance
training in postmenopausal women, while Nilsson et al. (2022) showed indications that resistance
training may affect hormonal responses. Aires et al. (2024) and Zhou et al. (2025) also emphasize
the role of exercise in restoring skeletal muscle health and molecular pathways related to muscle
adaptation. Within this framework, the increase in estradiol and the tendency to decrease in FSH
can be understood as part of the body's adaptive response to exercise, although the specific
mechanism still requires further verification.

The third framework is the biopsychosocial theory of quality of life. The quality of life of
menopausal women is the result of the interaction between biological symptoms, psychological
perception, social support, sexual function, and the ability to carry out daily roles. Resistance
training can affect all three domains simultaneously. In the biological domain, exercise improves
muscle strength, metabolism, and functional capacity. In the psychological domain, exercise can
increase self-efficacy, confidence, and perception of control over the body. In the social domain,
involvement in training programs can increase participation, motivation, and interpersonal support.
This view is in line with studies showing that exercise contributes to quality of life in various health
contexts of women and chronic populations (Yilmaz Babacan et al., 2025; Trujillo-Mufioz et al.,
2025; Rolle et al., 2026; Lirola et al., 2025; Luo et al., 2025; Dong et al., 2024; Mohanan et al.,
2025; Oliveira et al., 2025).

The fourth framework is the development of exercise prescriptions for menopausal women.
So far, physical activity interventions in postmenopausal women have often been associated with
light aerobic exercise. In fact, the literature shows that resistance training has specific advantages
because it provides a direct stimulus to muscles, bones, and metabolic tissues. Beck et al. (2022),
Kitagawa et al. (2022), and Kumar et al. (2024) support the importance of mechanical stimuli to
bone health, while Choi et al. (2025), Lee et al. (2024), and Pereira et al. (2025) affirm the
importance of preventing sarcopenia through exercise and nutritional strategies. Thus, the results of
this study strengthen the direction of developing a more integrative menopausal exercise program,
which combines strength, function, balance, metabolism, quality of life, and hormonal indicators.

The main practical implication of this study is that resistance training can be recommended
as part of a menopausal women's health promotion program. Exercise programs need to be designed
in a structured, progressive, safe, and tailored to individual conditions. Exercises should include
multi-joint and functional movements because they are close to the needs of daily activities, such as
standing, walking, lifting objects, climbing stairs, and maintaining balance. This recommendation is
in line with the studies of Svensen et al. (2024), Pearson et al. (2024), Vila et al. (2026), Pan et al.
(2025), and Bobowik et al. (2024), which affirm the importance of strength training to improve
physical function, balance, and quality of life.

For health workers, physiotherapists, fitness trainers, and community sports instructors, the
results of this study provide the basis that resistance training can be used as a nonpharmacological
intervention for menopausal women. The training program should begin with a health assessment,
injury history, basic abilities, training experience, and risk factors. Supervision is needed especially
in the initial phase to ensure correct movement techniques, appropriate training intensity, and
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participants feel safe. Fairman et al. (2023), Zubarioglu et al. (2025), Karacaatl et al. (2026), and
Rodriguez-Dominguez et al. (2026) show that supervised resistance exercise programs and
individualized exercise can provide benefits to strength, function, pain, and quality of life.

In the context of public health, resistance training can be integrated into women's
community programs, elderly posyandu, fitness centers, physiotherapy clinics, and degenerative
disease prevention programs. This integration is important because menopause is associated with
the risk of osteoporosis, sarcopenia, central obesity, diabetes, cardiometabolic disorders, and
decreased physical function. Studies by Alexander et al. (2025), Lee et al. (2024), Pan et al. (2025),
Choi et al. (2025), Davis et al. (2024), and Amaravadi et al. (2025) show that exercise has great
relevance for maintaining musculoskeletal and metabolic health. Therefore, resistance training can
be positioned as a promotive and preventive strategy that is inexpensive, easily modified, and
allows it to be applied on a community scale.

Another implication is the importance of education that weight training is not a dangerous
activity for menopausal women if done with the right principles. The misconception that
menopausal women only correspond to light exercise needs to be corrected through evidence-based
education. Safe resistance training should pay attention to the principles of individualization,
progressivity, warm-up, cooling, complaint monitoring, movement techniques, rest, and periodic
evaluation. Exercise studies in various populations show that exercise adherence and sustainability
are highly dependent on a sense of security, ease of program, social support, and relevance of
exercise to participants' daily needs (Walker et al., 2026; Mazéas et al., 2025; Hartung et al., 2025;
Adachi et al., 2025; Zhang et al., 2025).

Academically, this study opens up opportunities for the development of follow-up studies
with a randomized controlled trial design, larger sample size, longer intervention period, and stricter
control of nutrition, sleep, stress, daily physical activity, and the use of hormonal therapy. Future
research can add variables of body composition, muscle strength, bone density, insulin, lipid
profiles, inflammatory markers, luteinizing hormone, adipokine, myokine, as well as psychological
indicators. Thus, the contribution of this study not only shows the benefits of resistance training but
also provides direction for the development of a more comprehensive model of exercise
intervention for menopausal women. Overall, resistance training has an empirical, theoretical, and
practical basis as an intervention to support healthy aging in menopausal women, especially when
applied safely, measurably, and sustainably.

CONCLUSION

The resistance training program has a positive impact on quality of life and hormonal
balance in menopausal women. The most potent change was seen in increased estradiol levels after
the intervention, suggesting that resistance training could potentially support a better hormonal
response in the menopausal phase. In addition, the group that participated in resistance training also
showed a tendency to improve quality of life and reduce FSH levels compared to pre-workout
conditions and compared to the control group. Physiologically, resistance training can be
understood as an exercise stimulus that is able to promote neuromuscular, metabolic, and endocrine
adaptation. Exercises that are carried out in a structured, progressive, and supervised manner help
increase physical capacity, strengthen muscle function, and support independence in daily activities.
The improvement in physical capacity contributes to a better perception of quality of life in
menopausal women. Although not all variables show the same statistical strength, the direction of
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change found in this study supports the use of resistance training as a relevant nonpharmacological
intervention for menopausal women. This program can be a promotive and preventive alternative to
help reduce the impact of menopausal physiological changes, especially those related to decreased
physical function, hormonal imbalances, and quality of life. Thus, resistance training can be
recommended as part of a health training strategy for menopausal women, noting that its
implementation should be tailored to individual conditions, carried out gradually, and receive
adequate supervision. Follow-up research with larger sample counts, stronger experimental designs,
longer intervention durations, and controls on nutrition, sleep, stress, and daily activity factors are
needed to reinforce these findings.

RECOMMENDATION

Based on the results of the study, resistance training is recommended as a form of exercise
that can be applied to menopausal women to help improve the quality of life and support hormonal
balance. Exercise programs should be structured in stages and tailored to the physical condition of
everyone. The exercise needs to start with a warm-up, followed by core exercises using light to
moderate weights, and end with a cool-down to reduce the risk of injury. For health workers,
physiotherapists, fitness instructors, and community sports coaches, resistance training can be used
as part of the menopausal women's health promotive and preventive program. The implementation
of the exercise should be supervised by personnel who understand the principles of exercise for the
adult and advanced age groups, especially in participants who have a history of injury, joint
disorders, osteoporosis, obesity, or metabolic disease. The principles of individualization,
progressivity, safety, and consistency need to be the basis in the preparation of training programs.
For menopausal women, resistance training can be done regularly by paying attention to the body's
capabilities, correct movement techniques, adequate rest, and balance between exercise, nutrition,
and sleep patterns. Exercises don't always need to use heavy equipment, but they can start with
body weights, resistance bands, or simple weights that are safe and easy to use. For further studies,
it is recommended to use a larger sample count, randomized controlled trial design, longer duration
of intervention, and control of nutritional factors, sleep, stress, daily physical activity, and health
status. Subsequent research can also add variables of muscle strength, body composition, bone
density, lipid profile, insulin, and other hormonal biomarkers so that the effects of resistance
training in menopausal women can be understood more comprehensively.

REFERENCES

Adachi, T., Ashikawa, H., Funaki, K., Kondo, R., Yamada, S., & Amano, T. (2025). Feasibility of a
Web-App-Based Remote Lifestyle Modification Program After Percutaneous Coronary
Intervention: A Single-Arm Pilot Study. International Heart Journal, 66(5), 718-727.
https://doi.org/10.1536/ihj.24-798

Aires, I., Duarte, J. A., Vitorino, R., Moreira-Gongalves, D., Oliveira, P., & Ferreira, R. (2024).
Restoring Skeletal Muscle Health through Exercise in Breast Cancer Patients and after
Receiving Chemotherapy. International Journal of Molecular Sciences, 25(14), 7533.
https://doi.org/10.3390/ijms25147533

Alexander, C. J., Kaluta, L., Whitman, P. W., Billington, E. O., Burt, L. A., & Gabel, L. (2025).
Strength training for osteoporosis prevention during early menopause (STOP-EM): a pilot
study protocol for a single centre randomised waitlisted control trial in Canada. BMJ Open,
15(2), Article e093711. https://doi.org/10.1136/bmjopen-2024-093711

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 132
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

Amaravadi, S. K., Ferreira, A. D. S., & Vigario, P. D. S. (2025). Comparative effects of combined
aerobic and resistance training versus high-intensity interval training on insulin resistance,
glycaemic control, body composition and quality of life in type 2 diabetes: A 12-week
randomised controlled trial. PLOS ONE, 20(12 December), Article e0336898.
https://doi.org/10.1371/journal.pone.0336898

Baniasadi, S., Mohammadnia Ahmadi, M., llbeigi, S., Yousefi, M., & Saremi, Z. (2025). Effect of
Resistance Training in Water with Blood Flow Restriction on Heart Rate Variability,
Functional Capacity, and Pain in Postmenopausal Women with Knee Osteoarthritis. Journal
of Kerman University of Medical Sciences, 32(1), 4170. https://doi.org/10.34172/jkmu.4170

Beck, B., Rubin, C., Harding, A., Paul, S., & Forwood, M. (2022). The effect of low-intensity
whole-body vibration with or without high-intensity resistance and impact training on risk
factors for proximal femur fragility fracture in postmenopausal women with low bone mass:
study protocol for the VIBMOR randomized controlled trial. Trials, 23(1), 15.
https://doi.org/10.1186/s13063-021-05911-4

Berin, E., Hammar, M., Lindblom, H., Lindh-Astrand, L., Rubér, M., & Holm, A. S. (2019).
Resistance training for hot flushes in postmenopausal women: A randomised controlled
trial. Maturitas, 126, 55-60. https://doi.org/10.1016/j.maturitas.2019.05.005

Berin, E., Spetz Holm, A.-C., Hammar, M., Lindh-Astrand, L., & Berterd, C. (2022).
Postmenopausal women's experiences of a resistance training intervention against
vasomotor symptoms: a qualitative study. BMC Women's Health, 22(1), 320.
https://doi.org/10.1186/s12905-022-01900-0

Bobowik, P., Gajewski, J., Wiszomirska, ., Maciejewska-Skrendo, A., Leznicka, K., &
Kaczmarczyk, K. (2024). The Impact of Resistance Training on Equilibrium Abilities and
Quality of Life in Older Adults after SARS-CoV-2 Survival. Journal of Clinical Medicine,
13(10), 2747. https://doi.org/10.3390/jcm13102747

Bonfante, I. L. P., Vieira, D. B., Batista, M. O., Barbosa, W. C., Duft, R. G., Mateus, K. C. D. S.,
Ramkrapes, A. P. B., Vasconcelos, L. R., Monfort-Pires, M., Ramos, C. D., Velloso, L. A,
Chacon-Mikahil, M. P. T., & Cavaglieri, C. R. (2025). Effects of combined training on
quality of life in individuals with overweight-related type 2 diabetes: a pilot study of
correlations with metabolic, inflammatory and thermogenic markers. Annals of Medicine,
57(1), 2530694. https://doi.org/10.1080/07853890.2025.2530694

Choi, J.-Y., Kim, K.-1., & Kim, C.-H. (2025). Current perspectives on sarcopenia: diagnosis and
therapeutic approaches. Korean Journal of Internal Medicine, 40(6), 927-938.
https://doi.org/10.3904/kjim.2025.057

Davis, M. E., Blake, C., & O’Donoghue, G. (2024). Comparison of time-matched aerobic,
resistance or combined exercise training in women living with obesity: The EXOFFIT
study. Obesity Science and Practice, 10(2), Article e749. https://doi.org/10.1002/0sp4.749

Delextrat, A., Solera-Sanchez, A., Davies, E. L., Hennelly, S. E., Shaw, C. D., Sabir, L., & Bibbey,
A. (2025). Physical and Psychological Benefits of a 12-Week Zumba Gold® Exercise
Intervention in Postmenopausal Sedentary Women from Low Socioeconomic Status.
Healthcare (Switzerland), 13(17), 2250. https://doi.org/10.3390/healthcare13172250

Dong, J., Wang, D., & Zhong, S. (2024). Effects of different exercise types and cycles on pain and
quality of life in breast cancer patients: A systematic review and network meta-analysis.
PL0S ONE, 19(7 July), Article e0300176. https://doi.org/10.1371/journal.pone.0300176

El Azeem, N. S. A., Emara, H. M., Awad, M. A., & Samir, S. H. (2024). Combined effect of core
stability and dynamic resistance exercises on bone mineral density in postmenopausal
women. Advances in Rehabilitation, 38(2), 21-29.
https://doi.org/10.5114/areh.2024.141354

Fairman, C. M., Owens, O. L., Kendall, K. L., Steele, J., Schumpp, A. R., Latella, C., Jones, M. T.,
Marcotte, L., Dawson, J. M., Peddle-Mclintyre, C. M. J., & McDonnell, K. K. (2023).

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 133
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

Hybrid delivery of cluster-set resistance training for individuals previously treated for lung
cancer: the results of a single-arm feasibility trial. Pilot and Feasibility Studies, 9(1), 177.
https://doi.org/10.1186/s40814-023-01405-z

Hartung, V., Tallner, A., Flachenecker, P., Mdaurer, M., Streber, R., Wanner, P., Rashid, A.,
Shammas, L., Hois, G., Dettmers, C., Roick, H., Stefanou, A., Tumani, H., Weber, S., &
Pfeifer, K. (2025). Internet-based exercise and physical activity promotion for persons with
multiple sclerosis: a randomized controlled trial. BMC Sports Science, Medicine and
Rehabilitation, 17(1), 90. https://doi.org/10.1186/s13102-025-01146-x

Jang, E.-H., & Lee, S. (2025). A 12-Week Randomized Controlled Trial of Nutrition and Exercise
Education with Dietary Supplementation for Sarcopenia Prevention in Korean Baby
Boomers. Nutrients, 17(18), 3008. https://doi.org/10.3390/nu17183008

Jozwiak, B., Szulc, A., & Laudanska-Krzeminska, 1. (2025). Time-Restricted Eating Combined
with Exercise Reduces Menopausal Symptoms and Improves Quality of Life More than
Exercise Alone in Menopausal Women: A Quasi-Randomized Controlled Trial. Nutrients,
17(20), 3274. https://doi.org/10.3390/nul7203274

Juesas, A., Gargallo, P., Gene-Morales, J., Babiloni-Lopez, C., Saez-Berlanga, A., Jiménez-
Martinez, P., Casafia, J., Benitez-Martinez, J. C., Ramirez-Campillo, R., Chulvi-Medrano, I.,
& Colado, J. C. (2023). Effects of Microfiltered Seawater Intake and Variable Resistance
Training on Strength, Bone Health, Body Composition, and Quality of Life in Older
Women: A 32-Week Randomized, Double-Blinded, Placebo-Controlled Trial. International
Journal of Environmental Research and Public Health, 20(6), 4700.
https://doi.org/10.3390/ijerph20064700

Karacaatli, M., Abacar, K., Karabacak, M., Yagcy, 1., Oner, F. A., Direskeneli, H., & Kenis Coskun,
0. (2026). The Impact of Resistance Exercise Program on Muscle Strength, Functional
Performance, and Quality of Life in Patients with Rheumatologic Disease Receiving High-
Dose Glucocorticoids Treatment: A Randomized Trial. Archives of Rheumatology, 41(1),
40-46. https://doi.org/10.5152/ArchRheumatol.2026.10964

Kenzhegazova, G., Baspakova, A., Suleimenova, R., Zare, A., Mussin, N., Zhilisbayeva, K.,
Sharoffidin, R. S., & Tamadon, A. (2026). Effects of exercise interventions on health-related
quality of life in older adults with osteoporosis: a systematic review and meta-analysis.
PeerJ, Article e21023. https://doi.org/10.7717/peerj.21023

Kitagawa, T., Hiraya, K., Denda, T., & Yamamoto, S. (2022). A comparison of different exercise
intensities for improving bone mineral density in postmenopausal women with osteoporosis:
A systematic review and meta-analysis. Bone Reports, 17, 101631.
https://doi.org/10.1016/j.bonr.2022.101631

Kumar, S., Beck, B. R., Nery, L., Byth, K., Elhindi, J., Wood, C., Fuller, O. K., Clifton-Bligh, R. J.,
& Girgis, C. M. (2024). Study protocol for the ROLEX-DUO randomised placebo-
controlled trial: ROmosozumab Loaded with EXercise — DUal effects on bone and muscle
in postmenopausal Osteoporosis and Osteopenia. BMJ Open, 14(8), Article e086708.
https://doi.org/10.1136/bmjopen-2024-086708

Lee, B. C., Kim, K. I, Cho, K. H., & Moon, C.-W. (2024). Effects of resistance training and
nutritional support on osteosarcopenia in older, community-dwelling postmenopausal
Korean females (ERTO-K study): a study protocol. BMC Geriatrics, 24(1), 68.
https://doi.org/10.1186/s12877-024-04667-1

Lirola, M.-J., Hernandez-Rodriguez, A. I., Cuenca-Piqueras, C., & Prados-Megias, M. E. (2025).
Resilience and renewal: the personal impact of physical activity in breast cancer survivors.
BMC Women's Health, 25(1), 257. https://doi.org/10.1186/s12905-025-03791-3

Luo, Y., Huang, Q., Chen, X., Peng, H., Li, Y., Chen, L., Zhang, L., & Huang, Y. (2025).
Comparative efficacy of various physical therapies on pain, fatigue, quality of life and
functional impairment in breast cancer survivors: a network meta-analysis of randomized

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 134
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

controlled trials. Frontiers in Oncology, 15, 1699682.
https://doi.org/10.3389/fonc.2025.1699682

Mazéas, A., Chalabaev, A., Blond, M., Mourgues, C., Pereira, B., & Duclos, M. (2025). Effect of a
Digital Health Physical Activity Program Integrating Gamification for Obesity Management
in Comparison with Usual Care: Randomized Controlled Trial With an ldeographic
Approach. Journal of Medical Internet Research, 27, Article e78376.
https://doi.org/10.2196/78376

Mitoma, T., Maki, J., Ooba, H., Eto, E., Takahashi, K., Kondo, T., Ikeda, T., Sakamoto, Y.,
Mitsuhashi, T., & Masuyama, H. (2023). Protocol for a randomised, placebo-controlled,
double-blinded clinical trial on the effect of oestrogen replacement on physical performance
to muscle resistance exercise for older women with osteoarthritis of knee joint: the EPOK
trial. BMC Geriatrics, 23(1), 104. https://doi.org/10.1186/s12877-023-03828-y

Mitropoulos, A., Jensen, K. Y., Kouidi, E., Bostréom, C., Cuomo, G., Diederichsen, L. P., Mattsson,
M., Hoekstra, E. M., De Vries-Bouwstra, J., Dimitroulas, T., Akil, M., Jacobsen, S., &
Klonizakis, M. (2025). High-intensity interval and resistance training programme improves
pain and fatigue outcomes in people with systemic sclerosis: a European multicentre
randomised controlled trial. RMD Open, 11(4), Article e005946.
https://doi.org/10.1136/rmdopen-2025-005946

Mohanan, C., Aseer, A. L. P., Jeldi, A. J., Sameer, M. M., & Kannan, S. (2025). The effect of
exercises on the quality of life in individuals undergoing hip arthroplasty following hip
fractures — a systematic review and meta-analysis. European Journal of Clinical and
Experimental Medicine, 23(3), 791-799. https://doi.org/10.15584/ejcem.2025.3.20

Money, A., MacKenzie, A., Norman, G., Eost-Telling, C., Harris, D., McDermott, J., & Todd, C.
(2024). The impact of physical activity and exercise interventions on symptoms for women
experiencing menopause: overview of reviews. BMC Women's Health, 24(1), 399.
https://doi.org/10.1186/512905-024-03243-4

Nantakool, S., Chuatrakoon, B., Derraik, J. G. B., & Gusso, S. (2026). Whole-body vibration
training on functional capacity, vascular function, and glycemic control in individuals with
type 2 diabetes and peripheral arterial disease: protocol for a randomized controlled trial.
Frontiers in Endocrinology, 17, 1734560. https://doi.org/10.3389/fend0.2026.1734560

Nilsson, S., Henriksson, M., Berin, E., Engblom, D., Holm, A.-C. S., & Hammar, M. (2022).
Resistance training reduced luteinising hormone levels in postmenopausal women in a
substudy of a randomised controlled clinical trial: A clue to how resistance training reduced
vasomotor symptoms. PLOS ONE, 17(4), Article e0267613.
https://doi.org/10.1371/journal.pone.0267613

Nilsson, S., Henriksson, M., Hammar, M., Berin, E., Lawesson, S. S., Ward, L. J., Li, W., & Holm,
A.-C. S. (2024). A 2-year follow-up to a randomized controlled trial on resistance training in
postmenopausal women: vasomotor symptoms, quality of life and cardiovascular risk
markers. BMC Women's Health, 24(1), 511. https://doi.org/10.1186/s12905-024-03351-1

Oliveira, R., Brito, J. P., Ceylan, H. 1., Soares, M. D. B., Martins, A. D., Vasconcelos, T., Mout3o,
J.,, & Alves, S. (2025). Characteristics of Physical Exercise Programs and Their Effects on
Quiality of Life and Functional Capacity in Individuals with Chronic Obstructive Pulmonary
Disease: A Scoping Review. Medicina (Lithuania), 61(6), 970.
https://doi.org/10.3390/medicina61060970

Pan, N., Chen, Y., Wang, Z., Liu, C., Tong, J., He, Y., & Ossowski, Z. M. (2025). Effects of
Multicomponent Otago Exercise Program with Added Resistance Training on Sarcopenia in
Pre-Frailty Older Adults in Nursing Homes: A Randomized Controlled Trial. Clinical
Interventions in Aging, 20, 1927-1943. https://doi.org/10.2147/C1A.S552924

Pearson, L. T., Fox, K. T., Keenan, A., Behm, D. G., Stuart, S., Goodall, S., & Barry, G. (2024).
Comparison of low-dose maximal-intent versus controlled-tempo resistance training on

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 135
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

quality-of-life, functional capacity, and strength in untrained healthy adults: a comparative
effectiveness study. BMC Sports Science, Medicine and Rehabilitation, 16(1), 72.
https://doi.org/10.1186/s13102-024-00847-z

Pereira, M., Silva, A. C., Mapa, V., Peixoto, L., Lacerda, I., Ferreira-Junior, J. B., Rosse, I.,
Oliveira, E. C. D., Becker, L. K., Venturini, G., & Coelho, D. B. (2025). Strength Training
and Nutrition Help Prevent Sarcopenia in Older Adults. International Journal of
Environmental Research and Public Health, 22(7), 1118.
https://doi.org/10.3390/ijerph22071118

Qian, J., Sun, S., Wang, M., Sun, Y., Sun, X., Jevitt, C., & Yu, X. (2023). The effect of exercise
intervention on improving sleep in menopausal women: a systematic review and meta-
analysis. Frontiers in Medicine, 10, 1092294. https://doi.org/10.3389/fmed.2023.1092294

Rain, R. A., Bhattacharjee, T., Patel, P., Rajbhar, P. S., Aesha, V., & Suratiya, N. (2026).
Premenstrual Syndrome: Exploring the Role of Current Understanding of Lifestyle Factors
and Future Research Prospects. Journal of Psychosexual Health.
https://doi.org/10.1177/26318318261420868

Rodriguez-Dominguez, J., Villa-Del-Pino, 1., Jiménez-Rejano, J.-J., Chillén-Martinez, R.,
Cardellat-Gonzélez, M., & Rebollo-Salas, M. (2026). Effects of pain neuroscience education
plus resistance training on pain, disability, and sensitization in women with fibromyalgia
syndrome: A randomized controlled trial. Complementary Therapies in Medicine, 98,
103342. https://doi.org/10.1016/j.ctim.2026.103342

Rolle, L. D., Ahn, S., Mezzio, E. M., Wheeler, M., Yavelberg, L., Calfa, C. J., George, S. H. L.,
Schmitz, K. H., & Crane, T. E. (2026). The impact of exercise interventions on domains of
quality of life in women diagnosed with breast cancers during chemotherapy treatment: a
meta-analytic ~ review. The  Lancet Healthy Longevity, 7(2), 100819.
https://doi.org/10.1016/j.1anhl.2026.100819

Stefan, H. 1. (2020). Effect of 12-month resistance training on quality of life in postmenopausal
women with osteopenia or osteoporosis: A pilot study. Gymnasium: Scientific Journal of
Education, Sports, and Health, 21(1), 50—72. https://doi.org/10.29081/gsjesh.2020.21.1.05

Svensen, E., Koscien, C. P., Alamdari, N., Wall, B. T., & Stephens, F. B. (2024). A novel low-
impact resistance exercise program increases strength and balance in females irrespective of
menopause status. Medicine & Science in Sports & Exercise, 57(3), 501-513.
https://doi.org/10.1249/MSS.0000000000003586

Trujillo-Mufioz, P. J., Sanchez-Ojeda, M. A., Rodriguez-Huaman, E. C., Mezyani-Haddu, K.,
Hoyo-Guillot, 1., & Navarro-Prado, S. (2025). Effects of physical exercise on symptoms and
quality of life in women in climacteric: A systematic review and meta-analysis. Women, 2,
1-13.

Vila, H., Ferragut, C., Chirosa, L. J., Serrano-Gomez, V., Garcia-Garcia, A., Jerez-Mayorga, D.,
Rodriguez-Perea, A., & Cancela, J. M. (2026). Comparison of Strength Training
Interventions on Functional Performance in Frail Nursing Home Residents. Healthcare
(Switzerland), 14(3), 303. https://doi.org/10.3390/healthcare14030303

Walker, M. E., Doohan, M. A., Halkett, G. K. B., Mizrahi, D., Simmons, L., Robertson, C. V., &
Chapman, J. J. (2026). Exercise Preferences, Barriers, Motivators, Facilitators, and
Perceived Benefits in Adults with Brain Tumours—A Systematic Review. Cancer Medicine,
15(4), Article e71731. https://doi.org/10.1002/cam4.71731

Ward, L. J., Nilsson, S., Hammar, M., Lindh-Astrand, L., Berin, E., Lindblom, H., Rubér, M., Li,
W., & Holm, A.-C. S. (2020). Resistance training decreases plasma levels of adipokines in
postmenopausal women. Scientific Reports, 10, Article 19837.
https://doi.org/10.1038/s41598-020-76901-w

Wu, T., Wang, X., Xu, Y., Zhang, C., Huang, M., & Li, H. (2025). The effect of resistance training
for older adults with cognitive frailty: a randomized controlled trial. BMC Geriatrics, 25(1),

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 136
Vol. 13 No.1March 2026




Ramadhan et.al The Effect of Resistance

681. https://doi.org/10.1186/s12877-025-06311-y

Ye, M., Zhu, Q., Yang, H., Zhang, L., & Cai, X. (2025). Effect of thera-band resistance training on
diabetic patients with frailty syndrome. BMC Sports Science, Medicine and Rehabilitation,
17(1), 284. https://doi.org/10.1186/s13102-025-01350-9

Yilmaz Babacan, G., Guler Cekic, S., Algun, Z. C., & Durmusoglu, A. F. (2025). Effects of
exercise training on vasomotor symptoms and quality of life in postmenopausal women: a
randomized controlled trial. BMC Women's Health, 25(12), 612.
https://doi.org/10.1186/s12905-025-04231-y

Zhang, T., Kabachkova, A. V., Deng, Z., Liang, Y., Li, M., & Yuan, W. (2025). Effect of different
exercise interventions on metabolic syndrome risk factors in postmenopausal women: a
network meta-analysis. Frontiers in Physiology, 16, 1703881.
https://doi.org/10.3389/fphys.2025.1703881

Zhou, H., Yang, J., Li, N., Li, J., Ran, J., Zheng, Y., Long, Y., Cheng, F., & Liao, Y. (2025).
Impacts of resistance training combined with vibration training on the IGF-
1/PIBK/AKT/FOXO3 axis and clinical outcomes in patients with sarcopenia: A protocol for
a randomized controlled trial. PLOS ONE, 20(9), Article e0333343.
https://doi.org/10.1371/journal.pone.0333343

Zouganeli, V., Dimopoulos, S., Briasoulis, A., Karkamanis, A., Panagiotopoulos, P., Karatzanos,
E., Boumpas, D. T., Vasileiadis, 1., Nanas, S., & Kourek, C. (2025). The Effects of Exercise
Training on Functional Aerobic Capacity and Quality of Life in Patients with Systemic
Lupus Erythematosus: A Systematic Review of Randomized Controlled Trials. Journal of
Clinical Medicine, 14(19), 7031. https://doi.org/10.3390/jcm14197031

Zubarioglu, T., Yakal, S., Yegin, F., Uygur, E., Sahinkaya, T., Dinger, S., Cansever, M. S., Isat, E.,
Saral, N. Y., Okumus, A., Giinver, M. G., Geng, E., Oztiirk Hismi, B., Balci, M. C., Kiykim,
E., Metin, G., & Zeybek, C. (2025). Impact of individualized and supervised strength
training on muscle physiology, metabolic control and quality of life in metabolic
myopathies. Scientific Reports, 15(1), 26125. https://doi.org/10.1038/s41598-025-11361-8

Gelora: Jurnal Pendidikan Olahraga dan Kesehatan IKIP Mataram 137
Vol. 13 No.1March 2026




