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Abstract

Background:

Menopause is a physiological stage undergoing a profound hormonal response to estrogen
hormone changes which can profoundly impact skeletal health and overall health. Under
estrogen deficiency, bone loss occurs more rapidly; individuals are prone to more osteoporosis
and fractures; as well as, experiencing vasomotor complaints, such as hot flashes and night
sweats. Resistance training has been recognized as an effective non-pharmacological method
to counter these negative consequences.

Aim:

The aim of this review was to evaluate scientific evidence regarding the effects of resistance
training on menopausal symptoms and bone health.

Materials and Methods

A search literature of medical and sports science literature was done in peer-reviewed publications in PubMed
(MEDLINE), Web of Science, and Google Scholar. Randomized controlled trials, review articles, meta-analyses
in scientific journals were incorporated. Outcomes The reviewed studies demonstrated that resistance training

increases bone mineral density (BMD), particularly in the lumbar spine and femoral neck. More broadly, resistance
training has shown to decrease the frequency and severity of vasomotor symptomatology in menopausal women.
Conclusions:

Resistance training improves bone health. It is important to recommend it as an adjunct to physical activity

programs for menopausal women and as a minimum recommendation for this purpose as part of a large population

of menopausal women.
Keywords:

Menopause; Resistance Training; Bone Mineral Density; Osteoporosis; Physical Activity

1. INTRODUCTION

Menopause is a physiological process defined by the permanent cessation of ovarian activity and menstruation,
resulting in a significant decline in circulating estrogen levels. Estrogen plays a fundamental role in maintaining
bone homeostasis by inhibiting osteoclast-mediated bone resorption and supporting osteoblastic bone formation.
Its deficiency during menopause accelerates bone turnover, leading to a reduction in bone mineral density (BMD)

and a substantially increased risk of osteoporotic fractures [1-3]. Osteoporosis and related fractures represent a



major global public health problem, contributing to disability, loss of independence, reduced quality of life, and

increased mortality among aging women.

Beyond skeletal consequences, menopause is commonly associated with vasomotor symptoms such as hot flashes
and night sweats, which affect up to 80% of women and can persist for several years [4]. These symptoms often
impair sleep quality, cognitive function, emotional stability, and work productivity. Although hormone
replacement therapy (HRT) remains an effective treatment for vasomotor symptoms and prevention of bone loss,
its use is limited by contraindications, potential adverse effects, and concerns regarding long-term safety [5].
Consequently, increasing attention has been directed toward non-pharmacological strategies that support health

during the menopausal transition.

Physical activity is a well-established, evidence-based approach to maintaining health in menopausal women.
Among various exercise modalities, resistance training has gained particular interest due to its ability to provide
mechanical loading necessary for bone remodeling and to induce beneficial musculoskeletal adaptations.
Emerging evidence suggests that resistance training may also influence menopausal symptoms through
neuroendocrine, inflammatory, and psychosocial mechanisms [6—8]. This review integrates current evidence to
present resistance training as a comprehensive intervention addressing both bone health and menopausal symptom

burden.

2. MATERIALS AND METHODS

This narrative review was conducted in accordance with the scientific scope of the Journal Quality in Sport. A
comprehensive search of peer-reviewed literature was performed using PubMed (MEDLINE), Web of Science,

and Google Scholar databases. The search strategy included combinations of the following keywords:

LEINT3 EEINT3 EEINT3

“menopause,” “postmenopausal women,” “resistance training,” “strength training,” “bone mineral density,”

“osteoporosis,” and “vasomotor symptoms.”

Inclusion criteria comprised randomized controlled trials, systematic reviews, meta-analyses, and high-quality
observational studies involving menopausal or postmenopausal women in which resistance training constituted the
primary intervention. Authoritative textbooks and position statements were also considered to provide
physiological and clinical context. Exclusion criteria included studies focusing exclusively on pharmacological
interventions, case reports, non-peer-reviewed publications, and studies involving populations other than

menopausal women.

3. PATHOPHYSIOLOGY OF BONE LOSS DURING MENOPAUSE

Menopause-related bone loss is a complex, multifactorial process driven primarily by estrogen deficiency but
modulated by endocrine, inflammatory, neuromuscular, and metabolic mechanisms. Bone is a metabolically active
tissue undergoing continuous remodeling through tightly regulated cycles of bone resorption by osteoclasts and
bone formation by osteoblasts. Under physiological conditions, these processes remain balanced; however, the

decline in ovarian estrogen production during menopause disrupts this equilibrium, resulting in net bone loss.



3.1 Role of Estrogen in Bone Homeostasis

Estrogen plays a central role in maintaining skeletal integrity by suppressing osteoclastogenesis and promoting
osteoblast survival. At the cellular level, estrogen modulates the receptor activator of nuclear factor kappa-B
(RANK), its ligand (RANKL), and osteoprotegerin (OPG) signaling pathway. Estrogen deficiency leads to
increased RANKL expression and reduced OPG production, thereby enhancing osteoclast differentiation, activity,
and lifespan. This imbalance accelerates bone resorption and contributes to the rapid decline in bone mineral

density observed during the early postmenopausal period [16].

Trabecular bone, characterized by a high surface-to-volume ratio and metabolic activity, is particularly vulnerable
to estrogen deficiency. Consequently, the lumbar spine experiences the most pronounced early bone loss, while
cortical bone loss at the hip and long bones progresses more gradually but contributes substantially to fracture risk

later in life.

3.2 Inflammatory and Immune-Mediated Mechanisms

Estrogen deficiency is associated with increased production of pro-inflammatory cytokines, including interleukin-
1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a). These cytokines stimulate osteoclast
differentiation and activity while inhibiting osteoblast function, thereby exacerbating bone resorption. Chronic
low-grade inflammation, commonly observed in postmenopausal women, has been linked not only to osteoporosis

but also to sarcopenia and metabolic dysfunction.

The immune system plays an increasingly recognized role in bone metabolism, a field referred to as
osteoimmunology. Activated T-cells and macrophages contribute to osteoclastogenesis through cytokine secretion,
further amplifying menopause-related bone loss. These inflammatory processes also interact with neuroendocrine
pathways involved in thermoregulation and stress responses, potentially linking bone loss with the severity of

vasomotor symptoms.

3.3 Endocrine and Metabolic Alterations

In addition to estrogen decline, menopause is accompanied by alterations in other hormonal systems that influence
bone health, including growth hormone, insulin-like growth factor 1 (IGF-1), cortisol, and insulin. Reduced IGF-
1 activity impairs osteoblast function and muscle protein synthesis, while increased cortisol levels promote bone
resorption and muscle catabolism. Insulin resistance, which becomes more prevalent during midlife, further

compromises bone quality by altering calcium metabolism and increasing inflammatory burden.

Changes in body composition during menopause, characterized by increased adiposity and reduced lean muscle
mass, contribute to decreased mechanical loading on the skeleton and impaired functional capacity. The
redistribution of fat toward a more central pattern is associated with higher levels of inflammatory adipokines,

which may further exacerbate bone loss and metabolic dysregulation.



3.4 Osteosarcopenia and Fall Risk

The concurrent development of osteoporosis and sarcopenia, termed osteosarcopenia, represents a critical clinical
concern in menopausal and postmenopausal women. Loss of muscle mass and strength reduces mechanical
stimulation of bone and impairs balance, coordination, and reaction time. These neuromuscular deficits

substantially increase fall risk, which is the primary precipitating factor for fragility fractures in older women.

Estrogen receptors are expressed in skeletal muscle and the central nervous system, indicating that estrogen
deficiency directly affects muscle function and neuromuscular control. Declines in muscle power and postural

stability during menopause may therefore reflect both musculoskeletal and neural adaptations to hormonal changes.

3.5 Clinical Implications of Pathophysiological Changes

The pathophysiological mechanisms underlying menopause-related bone loss underscore the need for
interventions that target multiple systems simultaneously. Strategies focusing solely on bone mineral density may
be insufficient to prevent fractures if muscle weakness, impaired balance, and increased fall risk are not addressed.
Resistance training is uniquely positioned to counteract these interconnected mechanisms by providing mechanical
loading to bone, stimulating muscle hypertrophy, improving neuromuscular function, and modulating
inflammatory and metabolic pathways.

Understanding the multifaceted pathophysiology of menopausal bone loss provides a strong biological rationale

for the integration of resistance training into comprehensive menopausal health management.

4. CHARACTERISTICS OF RESISTANCE TRAINING

Resistance training involves voluntary muscle contractions against external resistance, such as free weights,
machines, elastic bands, or body weight. Unlike aerobic exercise, resistance training provides high-magnitude,
site-specific mechanical loading, which is essential for osteogenic adaptation. Key training variables include

intensity, volume, frequency, exercise selection, and progression.

Evidence suggests that moderate- to high-intensity resistance training performed two to three times per week is
most effective for stimulating bone formation and increasing muscle strength in postmenopausal women [8-12].

Proper supervision and individualized programming are critical to ensure safety and maximize benefits.

5. MECHANISMS OF BONE ADAPTATION TO RESISTANCE TRAINING

The osteogenic response to resistance training is mediated through mechanotransduction pathways. Mechanical
strain applied to bone stimulates osteocytes, which regulate bone remodeling via signaling molecules such as
insulin-like growth factor 1 (IGF-1), osteoprotegerin, and sclerostin [19]. According to Wolff’s law, bone adapts

structurally to the magnitude and direction of applied loads, leading to increased bone strength.



Muscle contractions generate tensile forces on bone through tendons, further enhancing the osteogenic stimulus.
Additionally, improvements in muscle strength and neuromuscular coordination contribute to enhanced balance

and reduced fall risk, indirectly lowering fracture incidence.

6. ENDOCRINE AND METABOLIC EFFECTS OF RESISTANCE TRAINING

Resistance training induces favorable endocrine and metabolic adaptations despite not restoring estrogen levels.
Regular participation improves insulin sensitivity, reduces systemic inflammation, and increases anabolic hormone
activity, including IGF-1 [30]. Chronic inflammation, which tends to increase during menopause, has been
implicated in both bone loss and vasomotor symptom severity. By attenuating inflammatory pathways, resistance

training may indirectly support bone health and symptom reduction.

7. EFFECTS ON MENOPAUSAL SYMPTOMS AND QUALITY OF LIFE

Several studies indicate that resistance training may reduce the frequency and severity of vasomotor symptoms
such as hot flashes and night sweats [13,14,29]. Proposed mechanisms include improved autonomic nervous

system regulation, enhanced thermoregulatory stability, and reduced sympathetic activation.

Resistance training has also been associated with improvements in sleep quality, mood, fatigue, and overall quality
of life [15]. Psychological benefits, including increased self-efficacy, improved body image, and reduced stress,

further contribute to enhanced well-being during menopause.

8. SAFETY, ADHERENCE, AND PROGRAM DESIGN

Concerns regarding injury risk often limit resistance training participation among menopausal women. However,
evidence demonstrates that well-designed, supervised programs are safe, even for women with low bone mass or
osteoporosis [10,25]. Progressive overload, proper technique, and individualized load prescription are essential for

minimizing adverse events.

Effective programs typically include multi-joint, weight-bearing exercises targeting the hips and spine, performed
at intensities ranging from 60% to 85% of one-repetition maximum. Long-term adherence is enhanced when

programs are structured, supervised, and perceived as beneficial for daily functioning.

8A. RESULTS OF RESISTANCE TRAINING INTERVENTIONS

Randomized controlled trials, systematic reviews, and meta-analyses consistently demonstrate that resistance
training produces significant benefits for bone health, physical function, and selected menopausal symptoms in
menopausal and postmenopausal women. Across studies, outcomes are influenced by training intensity, duration,

supervision, and baseline skeletal status.



8A.1 Effects on Bone Mineral Density

The most robust evidence relates to changes in bone mineral density at clinically relevant skeletal sites. Multiple
randomized controlled trials report that progressive resistance training attenuates bone loss or induces modest
increases in BMD at the lumbar spine and femoral neck compared with non-exercising control groups [8-
12,18,20,25]. High-intensity resistance training protocols appear superior to low-intensity or non-progressive

programs, particularly when mechanical loading targets the hip and spine.

Meta-analytical data indicate that resistance training is associated with small but clinically meaningful
improvements in lumbar spine BMD, while effects at the hip are more variable and dependent on exercise selection
and loading magnitude. Importantly, maintenance of BMD should be considered a positive outcome in

postmenopausal women, as age-related decline would otherwise be expected.

8A.2 Influence of Training Intensity and Volume

Evidence suggests a dose—response relationship between resistance training intensity and osteogenic outcomes.
Training intensities ranging from 70% to 85% of one-repetition maximum, performed for two to three sessions per
week over periods of at least six months, yield the most consistent skeletal benefits [8,10,22]. Programs
incorporating multi-joint, weight-bearing exercises such as squats, deadlifts, and presses demonstrate greater

efficacy than isolated or machine-based movements alone.

Volume and progression also play critical roles. Gradual increases in load and training volume are necessary to
sustain adaptive responses, while insufficient stimulus may fail to elicit meaningful skeletal adaptation. These

findings underscore the importance of structured, progressive programming.

8A.3 Functional Outcomes and Fall Risk Reduction

Beyond BMD, resistance training significantly improves muscle strength, power, balance, and functional
performance in menopausal women. Improvements in lower-limb strength and postural stability are particularly
relevant, as they directly reduce fall risk, which is the primary determinant of fracture incidence [18,26,27]. Several
studies report enhanced gait speed, chair-rise performance, and dynamic balance following resistance training

interventions.

These neuromuscular adaptations contribute to fracture prevention independently of changes in BMD, highlighting

the multifactorial benefits of resistance training.

8A.4 Effects on Menopausal Symptoms

Although fewer studies have examined menopausal symptoms as primary outcomes, available evidence suggests
that resistance training may reduce the frequency and severity of vasomotor symptoms [13,14,29]. Interventions
lasting 12 weeks or longer have been associated with reductions in hot flash frequency and improvements in

symptom-related quality of life.



The magnitude of symptom reduction varies across studies, likely reflecting differences in participant
characteristics, baseline symptom severity, and intervention design. Nevertheless, these findings support the

inclusion of resistance training as a complementary strategy for symptom management.

8A.5 Adherence and Long-Term Outcomes

Adherence rates to resistance training interventions are generally high when programs are supervised and
perceived as relevant to daily functioning. Studies indicate that participants who maintain resistance training
beyond the intervention period retain improvements in strength and functional capacity, although long-term effects

on BMD require continued training stimulus.

Collectively, the results of interventional studies support resistance training as an effective, multifaceted

intervention capable of addressing skeletal deterioration, functional decline, and selected menopausal symptoms.

9. LIMITATIONS AND FUTURE DIRECTIONS

Despite strong evidence supporting resistance training, limitations include heterogeneity in study designs, small
sample sizes, and short intervention durations. Future research should focus on long-term randomized controlled
trials with standardized protocols and clinically meaningful outcomes. Greater emphasis on dose—response

relationships and combined lifestyle interventions, including nutrition, is warranted.

10. PUBLIC HEALTH AND CLINICAL IMPLICATIONS

From a public health perspective, menopause-related bone loss and osteoporotic fractures constitute a significant
socioeconomic burden due to healthcare costs, long-term disability, and loss of productivity. Preventive strategies
that are cost-effective, accessible, and scalable are therefore of critical importance. Resistance training fulfills
these criteria and can be implemented across diverse healthcare and community settings, including primary care,

rehabilitation programs, and community-based exercise initiatives.

In clinical practice, resistance training should be regarded not merely as an optional lifestyle recommendation, but
as a core therapeutic component in the management of menopausal health. Clinicians, physiotherapists, and
exercise professionals should collaborate to design individualized resistance training programs that account for
baseline fitness, comorbidities, fracture risk, and patient preferences. Incorporating resistance training into routine
menopausal care may reduce reliance on pharmacological treatments and enhance long-term adherence to healthy

behaviors.

At the population level, educational interventions targeting midlife women are essential to increase awareness of
the benefits of resistance training for bone health and symptom management. Public health campaigns should
emphasize that resistance training is safe, adaptable, and effective even when initiated later in life. Policy-level

support for access to supervised exercise programs may further amplify these benefits.



11. EXPANDED DISCUSSION

The findings synthesized in this review reinforce the growing consensus that resistance training represents one of
the most effective non-pharmacological interventions for mitigating menopause-related declines in
musculoskeletal health. Compared with aerobic exercise alone, resistance training provides superior osteogenic
stimuli through high mechanical loading and muscle-generated forces. While combined exercise programs may
offer complementary cardiovascular and metabolic benefits, resistance training remains indispensable for bone

preservation.

Importantly, resistance training also addresses the multifactorial nature of fracture risk by improving muscle
strength, balance, coordination, and functional mobility. These neuromuscular adaptations are particularly relevant
given that falls are the primary precipitating factor for fractures in older women. By simultaneously targeting bone

strength and fall risk, resistance training offers a comprehensive approach to fracture prevention.

The potential influence of resistance training on vasomotor symptoms, although less extensively studied than
skeletal outcomes, represents a promising area of investigation. The observed reductions in hot flash frequency
and severity may be mediated by improvements in autonomic regulation, inflammatory status, and psychological
resilience. These mechanisms highlight the interconnected nature of physical and psychosocial health during

menopause.

Despite these advantages, several gaps remain in the literature. Heterogeneity in training protocols, outcome
measures, and participant characteristics limits the generalizability of findings. Moreover, long-term adherence
and the sustainability of training-induced benefits beyond supervised intervention periods require further
exploration. Future studies should prioritize long-duration randomized controlled trials and investigate synergistic

effects of resistance training combined with nutritional optimization and behavioral support.
12. CONCLUSIONS

Resistance training is a scientifically supported, safe, and effective non-pharmacological intervention for
improving bone mineral density and alleviating menopausal symptoms. Its benefits extend beyond skeletal health
to include improvements in muscle strength, functional capacity, metabolic health, and quality of life. Resistance
training should be strongly promoted as a cornerstone of physical activity recommendations for menopausal and

postmenopausal women.
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