

[image: Front cover of a research topic publication from Frontiers titled "Exercise and menopause: benefits, challenges and the transition to optimal management," with editors and coordinators listed, and a color photograph of three women smiling and embracing.]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-7639-7
DOI 10.3389/978-2-8325-7639-7

Generative AI statement

Any alternative text (Alt text) provided alongside figures in the articles in this ebook has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Exercise and menopause: benefits, challenges and the transition to optimal management

Topic editors

Kirsty A. Roberts – Liverpool John Moores University, United Kingdom

David Andrew Low – Liverpool John Moores University, United Kingdom

Emma O’Donnell – Loughborough University, United Kingdom

Topic coordinator

Chris Hartley – Birmingham City University, United Kingdom

Citation

Roberts, K. A., Low, D. A., O’Donnell, E., Hartley, C., eds. (2026). Exercise and menopause: benefits, challenges and the transition to optimal management. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-7639-7





Table of Contents




Editorial: Exercise and menopause: benefits, challenges and the transition to optimal management

Kirsty A. Roberts, David A. Low and Emma O’Donnell

The effect of nordic walking with poles with an integrated resistance shock absorber on muscle stiffness and elasticity indicators in postmenopausal women

Krystian Wochna, Rafał Stemplewski, Piotr Leszczyński and Piotr Kocur

Getting under the skin of the menopausal hot flush: a protocol to examine skin function and structure in symptomatic postmenopausal women

Kirsty A. Roberts, Abigail Doyle, Helen Jones and David A. Low

Menopausal hormone therapy and exercise on psychosocial well-being and stress in menopausal women

Ming Jun Kuck and Eef Hogervorst

Effect of exercise alone and in combination with time-restricted eating on cognitive health in menopausal women

Beata Jóźwiak, Paweł Kleka and Ida Laudańska-Krzemińska

Effect of different exercise interventions on metabolic syndrome risk factors in postmenopausal women: a network meta-analysis

Tongyan Zhang, Anastasiia V. Kabachkova, Zifu Deng, Yishu Liang, Meng Li and Wenxue Yuan

The effects of rTMS combined with blood flow restriction low-intensity resistance training on skeletal muscle mass, strength, and physical function in postmenopausal women: a single-blind randomized controlled trial protocol

Xiangdi Dai, Yuxiang Wu, Yuan Yuan, Binhua Lu, Xiaowei Wang, Guodong Xu and Jie Zhuang

Quality of life among Tunisian women across different menopausal stages

Hela Snani, Haifa Snani and Fairouz Azaiez

The “Menopause” knockout; a science-backed therapeutic ally, and strategy for midlife wellness

Gayathri Delanerolle, Peter Phiri and Sohier Elneil

Breaking the silence and building strength; rethinking menopause care through exercise and cultural insight

Gayathri Delanerolle, Vindya Pathiraja, Sohier Elneil, Om Kurmi, Vikram Talaulikar, Paula Briggs, Lucky Saraswat, Helen Felicity Kemp, Yassine Bouchareb, Cristina Laguna Benetti-Pinto, Tharanga Mudalige, Nirmala Rathnayake, Abirame Sivakumar, Fred Tweneboah-Koduah, Nana Afful-Mintah, Nihal Al-Riyami, Lamya Al-Kharusi, Jian Qing Shi, George Uchenna Eleje, David Ikwuka, Pradip Mitra, Bernard Mbwele, Rabia Kareem, Mohammad Irfan and Peter Phiri












	
	TYPE Editorial

PUBLISHED 26 February 2026
DOI 10.3389/fspor.2026.1798453






[image: image2]

Editorial: Exercise and menopause: benefits, challenges and the transition to optimal management

Kirsty A. Roberts1,2*, David A. Low1,2 and Emma O'Donnell3

1Research Institute for Sport and Exercise Sciences, Liverpool John Moores University, Liverpool, United Kingdom

2Liverpool Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest Hospital, Liverpool, United Kingdom

3School of Sport, Exercise and Health Sciences, National Centre of Sports and Exercise Medicine, Loughborough University, Loughborough, United Kingdom

EDITED AND REVIEWED BY
Giuseppe D'Antona, University of Pavia, Italy

*CORRESPONDENCE Kirsty A. Roberts k.a.roberts@ljmu.ac.uk

RECEIVED 28 January 2026
ACCEPTED 29 January 2026
PUBLISHED 26 February 2026

CITATION Roberts KA, Low DA and O'Donnell E (2026) Editorial: Exercise and menopause: benefits, challenges and the transition to optimal management.
Front. Sports Act. Living 8:1798453.
doi: 10.3389/fspor.2026.1798453

COPYRIGHT © 2026 Roberts, Low and O'Donnell. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



KEYWORDS
exercise, menopausal transistion, menopause, physical activity, quality of life, symptom management, women's health




Editorial on the Research Topic
Exercise and menopause: benefits, challenges and the transition to optimal management


Menopause represents a biological milestone marked by a decline in ovarian hormones, particularly oestrogen and progesterone. Rather than being a single event, menopause is best understood as a continuum of reproductive ageing. This transition begins with perimenopause, which is characterised by an increase in the irregularity of the menstrual cycle length and endocrine fluctuations, leading to the final menstrual period. Postmenopause is defined retrospectively as the period commencing 12 months after the final menstrual period (1). The timing, symptoms, duration and lived experience of the menopausal transition vary widely between individuals and across cultures, with a broad spectrum of physiological, cognitive and psychosocial changes that can profoundly affect well-being and quality of life. Menopause is not merely a reproductive event; rather, it is a complex physiological shift with systemic consequences, including vasomotor symptoms (e.g., hot flushes), sleep disturbance, mood variability, anxiety, depression, cognitive complaints (e.g., “brain fog”), metabolic and cardiovascular changes, reduced muscle mass and strength, bone loss and fatigue. As life expectancy increases, the cumulative impact of these changes becomes increasingly salient, with women worldwide often spending up to one-third of their lives in postmenopause. This underscores the importance of interventions that promote healthy ageing.

Despite its significance, menopause remains under-recognised and under-addressed globally, particularly in low- and middle-income countries, where cultural taboos, limited access to healthcare and systemic neglect hinder open discussion and timely care. Exercise is increasingly recognised not only as a lifestyle recommendation but as an accessible, multidimensional therapeutic strategy that is capable of addressing many of the challenges associated with midlife, including cardiovascular risk, changes in body composition, mood disturbances, sleep quality and cognitive function. The contributions to this Special Issue, Exercise and Menopause: Benefits, Challenges and the Transition to Optimal Management, provide compelling evidence and practical insights into how exercise can support women throughout the menopausal transition.

Global and cultural perspectives emphasise that menopause is not experienced in isolation. In Breaking the Silence and Building Strength, Delanerolle et al. highlighted how religious beliefs, social norms and policy gaps can limit women's engagement in physical activity across Asia, Africa and the Middle East. The authors also identified community-based programmes, corporate initiatives and digital platforms as promising, culturally adaptable approaches, demonstrating that exercise can be both a cost-effective and socially sensitive strategy for managing vasomotor, cognitive and psychosocial symptoms. Complementing this perspective, Snani et al. examined menopausal health among Tunisian women, reporting that fatigue and psychosocial symptoms are prevalent across the menopausal transition, while physical activity and healthier body composition are consistently associated with better quality of life. Notably, the protective effects of exercise were shown to be strongest in premenopausal women, suggesting that engagement in exercise may help to mitigate menopausal challenges.

Exercise for musculoskeletal and metabolic health also emerges as a central theme across this research topic. The menopausal transition is associated with accelerated loss of skeletal muscle mass, bone demineralisation and increased cardiometabolic risk, highlighting the need for exercise strategies that address multiple physiological systems simultaneously. Delanerolle et al. proposed that innovative exercise modalities, such as non-contact boxing, may offer advantages over traditional exercise approaches by integrating resistance, impact, coordination and aerobic components within a single modality. These approaches may therefore support the preservation of lean mass, the maintenance of bone density, improvements in balance and enhancements in psychological well-being in an efficient and engaging format.

Similarly, Wochna et al. reported that Nordic walking using resistance shock absorber poles can beneficially influence muscle stiffness and elasticity, particularly in the upper limbs, thereby supporting mobility and functional independence in postmenopausal women. At a broader population level, a large network meta-analysis conducted by Zhang et al. demonstrated that aerobic, resistance, combined and mind-body exercise modalities confer distinct benefits across metabolic syndrome risk factors. These findings reinforce the importance of tailoring exercise prescriptions to individual health priorities and risk profiles, rather than adopting a one-size-fits-all approach.

At the mechanistic end of the research spectrum, Dai et al. described a novel 12-week intervention protocol combining repetitive transcranial magnetic stimulation with low-intensity blood flow restriction resistance training to investigate central and peripheral adaptations related to skeletal muscle mass and physical function in community-dwelling postmenopausal women. These mechanistic investigations are critical for advancing our understanding of the pathways through which exercise interventions can preserve muscle health and physical function during menopause and for informing the development of targeted, evidence-based exercise strategies.

The cognitive and psychosocial benefits of exercise also emerge as an important theme in this research topic. Jóźwiak et al. reported that resistance and endurance training are associated with improvements across multiple cognitive domains, whereas combining exercise with time-restricted eating does not confer additional cognitive advantages. Consistent with these findings, Kuck and Hogervorst demonstrated that engagement in physical activity and yoga is independently associated with lower perceived stress and a better psychosocial quality of life, while menopausal hormone therapy alone is not associated with improved psychosocial outcomes. Collectively, these studies support exercise as a central lifestyle strategy for cognitive and mental health during postmenopause, particularly when adapted to individual needs, preferences and contexts.

Mechanistic insights into vasomotor symptoms, particularly hot flushes, a hallmark feature of the menopausal transition, remain comparatively under-investigated. To address this gap, Roberts et al. presented a protocol for a mechanistic study comparing the function and structure of skin blood vessels and sweat glands in pre- and postmenopausal women and in postmenopausal women with and without hot flushes. Understanding these peripheral vascular and sudomotor differences may help clarify the physiological mechanisms underpinning hot flushes and inform the development of more targeted interventions, including both lifestyle- and pharmacologically-based approaches.

Across these contributions, several clear and interlinked themes emerge. First, exercise is inherently multidimensional, offering concurrent benefits for physical, metabolic, cognitive and psychosocial health during the menopausal transition. Second, personalisation appears central to effectiveness: exercise modality and overall programme design should be tailored to the individual's health status, goals and contextual factors, rather than being applied as a uniform prescription. Third, innovation and engagement matter. Approaches such as non-contact boxing, Nordic walking and low-intensity blood flow restriction resistance training illustrate how creative and contextually relevant exercise interventions can enhance both adherence and physiological impact. Finally, equity and cultural sensitivity are essential to ensure that exercise-based strategies are accessible, acceptable and effective for women in diverse global settings, particularly where systemic and sociocultural barriers persist.

Looking ahead, future research should continue to refine stage-specific exercise prescriptions, thoughtfully integrate multimodal interventions and prioritise scalable community- and digitally-delivered programmes that broaden access. In parallel, policymakers, healthcare systems and clinicians must recognise exercise not as an optional lifestyle adjunct but as a foundational component of midlife women's health, embedded within standard care pathways alongside pharmacological and non-pharmacological strategies.

In conclusion, the studies presented in this Special Issue collectively reinforce exercise as a robust, evidence-based, and adaptable intervention to support women throughout the menopausal transition. By integrating mechanistic insight, innovative exercise modalities and global perspectives, this body of work advances the field towards more personalised, equitable and sustainable approaches to optimising health and well-being in midlife and beyond.
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Introduction: Understanding the impact of physical activity and its relationship with changes in the biomechanical parameters of the myofascial system at different stages of menopause is important for planning and implementing effective action strategies. The reduction in elasticity and increase in stiffness in upper limb muscles, including in particular tonic muscles, lead to mobility limitations and increased risk of pain. Therefore, the aim of the present study was to evaluate and compare the impact of different types of Nordic walking training on muscle stiffness and elasticity indicators in postmenopausal women.Methods: Thirty women were randomly assigned to two training groups using different kind of poles and completed 8 weeks of training program. Before starting the training programs and after their completion, total fat, lean body mass were measured, along with muscle stiffness and elasticity indicators. Main calculations was based on 2 × 2 analysis of variance ANOVA with repeated measures.Results: The significant interaction effect was found in differences between the two groups of women with respect to the upper trapezius muscle (p = 0.037). Significant “time” effects were observed for the triceps brachii and brachioradialis muscles (p = 0.032, p = 0.028, respectively) as a result of increased post-intervention muscle stiffness for all participants.Discussion: The upper trapezius may be the muscle most strongly engaged during the training, which may lead to sustained passive changes and should have an influence on recommendations on the use of RSA poles in population of postmenopausal women in selected clinical conditions. NW training with RSA poles may be an alternative to traditional NW training for individuals whose physical fitness and health status allows them to engage in such training.Keywords: muscle stiffness, muscle elasticity, ageing, physical activity, postmenopausal women
1 INTRODUCTION
Physical fitness is crucial for the health of perimenopausal women (Sipilä et al., 2020), as some of its parameters related to muscle function and morphology deteriorate in this period of life. Understanding the impact of physical activity and its relationship with changes in the biomechanical parameters of the myofascial system at different stages of menopause is important for planning and implementing effective action strategies. The aim of such strategies is to delay functional decline and development of myofascial problems associated with ageing and the menopausal transition (Macêdo et al., 2023; Walankar et al., 2023).
Previous studies have shown that gender and age are very significant factors in the development of upper body myofascial pain. Women have a higher lifetime prevalence of neck pain compared to men, and the risk of neck disorders increases with age (Côté et al., 2008; Cagnie, et al., 2007). Postmenopausal women have a significantly higher prevalence of musculoskeletal symptoms than premenopausal women, with a peak prevalence during early postmenopause (Gao et al., 2013). This may be due to sex-related changes in muscle and connective tissue (Khadilkar, 2019), which have a direct impact on muscle biomechanical indicators such as stiffness and elasticity. These parameters may play a significant role in the development of musculoskeletal disorders and the overall functionality of the muscular system (Chodock et al., 2020). Other authors have shown that upper extremity muscle elasticity decreases, while upper extremity muscle stiffness increases between the ages of 40 and 80 years in both women and men (Lee et al., 2022). Moreover, it has been demonstrated that with ageing, the stiffness of neck muscles increases by approximately 1.5% per year between the third and ninth decade of life (Kocur et al., 2019). As similar findings have been made for lower limb muscles (Agyapong-Badu et al., 2016), it is believed that both muscle stiffness and muscle elasticity can be stable indicators for assessing musculoskeletal ageing.
The age-related reduction in elasticity and increase in stiffness in upper limb muscles, including in particular tonic muscles, lead to mobility limitations, increased risk of limited overall mobility and pain (Wendt and Waszak, 2024). Increased muscle stiffness results in reduced ability of muscles to absorb energy during movement, which has a negative impact on postural control, motor coordination and the muscles torques of the movement generated. This results in increased risk of pain and reduced movement effectiveness (Ličen et al., 2024).
Training programmes combining endurance, strength and balance exercises may prevent age-related progressive structural changes in muscles (Di Lorito et al., 2021). Regular training, including walking exercises, can help to reduce muscle stiffness and improve muscle elasticity, which has so far been mainly demonstrated for lower body muscles (Yekta et al., 2024). Nordic walking (NW) is one of the most commonly recommended forms of physical activity for ageing individuals which is effective in improving different health-related fitness indicators and can be easily adapted to a person’s physical capabilities (Nikitas et al., 2022; Gomeñuka et al., 2019; 2020). The electrical activity of upper limb muscles during NW was examined by Pellegrini et al. (2015); Pellegrini et al. (2017); Pellegrini et al. (2018). However, there have been no studies examining the impact of this type of physical activity on the biomechanical parameters of selected upper limb muscles that are most strongly engaged during NW. Changes in the biomechanical parameters of certain shoulder girdle and upper limb muscles such as increased stiffness and decreased elasticity can, on the one hand, significantly limit the mobility of the neck and the upper limb girdle and, on the other, indicate that the muscles are strongly engaged during NW. The assessment of the parameters is important in maintaining functional capacity in the context of a number of adaptive changes induced by exercise and ageing that take place in the connective tissue (Purslow, 2020) and the muscle tissue (Lakie and Campbell, 2019). One of the contemporary forms of NW, which provides additional resistance and greater overall exercise intensity, involves the use of poles with an integrated resistance shock absorber (RSA), which is an elastic tape between two fixed elements inside the poles (Marciniak et al., 2020). Previous research has shown that the use of such poles results in stronger engagement of the musculoskeletal system and can be an alternative to traditional NW poles (Marciniak et al., 2021; Wochna et al., 2022). However, NW training with RSA poles has been found to be conducive to asymmetrical muscle work, including in particular asymmetry in the work of the shoulder flexors. Consequently, it is necessary to monitor whether the exercise is being performed correctly, especially in women at risk of musculoskeletal pain and degenerative diseases, which are common in this population. The use of RSA poles may thus potentially have various effects on the stiffness of neck and upper limb muscles.
Therefore, the aim of the present study was to evaluate and compare the impact of different types of NW training, namely, NW training with classic poles and NW training with RSA poles, on muscle stiffness and elasticity indicators in postmenopausal women. We assumed that the impact of NW training with RSA poles would be higher than that of NW training with classic poles, which in the future may have an influence on recommendations on the use of RSA poles in this population in selected clinical conditions.
2 MATERIALS AND METHODS
2.1 Participants
Subjects were recruited by advertisements in local media and at information events. Initially, 47 women who declared good health status without inflammatory disorders based on medical consultation were qualified to participate in the project. All subjects declared that they did not have a history of participating in professional sports. The subjects were asked not to change their dietary habits for the duration of the project, nor to perform any additional physical activity, except for that carried out in the research project and connected to activities in daily life. Women qualified for the study were randomly assigned to one of two groups (walking with classic poles - NW, and with poles with resistance shock absorber–RSA) with use of Excel software (first step—creation of a column with randomized numbers in range 0–0.99 for each participant; second step—assignment to experimental (RSA) and control (NW) groups in the next column with the following function: if (value <0.5,“RSA”,“NW”)).
Participants who failed to abide by the research protocol and declared that during the study period they had systematically participated in other physical activity classes (n = 10) or had low attendance (less than 80%) at the training sessions (n = 2) or did not appear on the second term of research (n = 5) were excluded from the project. Finally, 30 women (15 RSA; 15 NW) were subjected to statistical analysis (Figure 1). An information sheet was provided to each woman approached to participate in the study and on their agreeing to participate, informed written consent was obtained. All participants provided written informed consent to participate in the study.
[image: Flowchart outlining participant recruitment, randomization, and analysis for a study comparing RSA poles versus NW poles in a physical intervention. Both groups undergo instructional and intervention sessions, with participant loss at follow-up and final analysis including fifteen per group. Illustration features women demonstrating each intervention.]FIGURE 1 | Flow Diagram of the study participants.
2.2 Training program
The training program was described based on the study by Marciniak et al. (2020), which forms part of the same research project. The interventions took place twice a week over a period of 8 weeks, comprising 16 training sessions in total. Both groups participated in the sessions simultaneously. Women in the NW group used standard nordic walking poles, while those in the RSA group used poles equipped with integrated resistant shock absorber with an elastic resistance of 4 kg (Slimline Bungy Pump, Sports Progress International AB, Sweden). Each session began with a 10–15-min warm-up. After covering half of the planned distance (approximately 1.7–2.2 km at a pace of about 1 km every 10 min), participants engaged in strength and balance exercises for 15 min. Following the remaining distance, a 15-min stretching session concluded the training. Over the course of the program, the walking distance gradually increased from 3.5 km to 4.5 km, as did the number of exercise repetitions, which rose from eight to 12. The intensity of the exercise was set at 50% of heart rate reserve (HRR) during sessions one to eight, while from sessions 9–16, it was increased to 65%–70% HRR, monitored using heart rate data (HR) (Polar Electro Oy, Kernpele, Finland). Participants were required to attend at least 13 training sessions (80% attendance). The instructor was fully qualified to lead the sessions (International Nordic Walking Association).
2.3 Primary outcomes
The primary outcome measures were: muscle stiffness (N/m), defined as the resistance of the myofascial tissue to an external force that has changed its original shape, and muscle elasticity, described as an ability to restore superficial shape and dissipate mechanical energy after the myofascial tissue has been deformed.
2.3.1 Muscle stiffness and elasticity measurements
2.3.1.1 Equipment
Measurements of viscoelastic parameters were taken in the middle of the muscle belly by means of the MyotonPRO device (Myoton AS, Tallin, Estonia).
2.3.1.2 Indicators
In the supine position, we measured stiffness of the descending part of the upper trapezius (UT) muscle, then the long head of the biceps brachii (BB) muscle and brachioradialis muscle (BR) and, finally, the triceps brachii–lateral head (TB).
2.3.1.3 Measurement procedure
Measurement of mechanical muscle parameters was performed twice by the same assessor. The evaluation and measurements took place in the middle of the week between 9 a.m. and noon. The study was conducted 3 days before the start of the training period and 3 days after the end of the training period. Each time, before taking myotonometric measurements, the subject lay in a resting position for approximately 5 min with their legs bent at the knees, upper limbs placed along the torso with 45° elbow flexion and neutral forearm.
2.3.1.4 Reliability
Superficial muscles were selected for the experiment, as they are more strongly engaged during walking due to the technique and gait pattern with poles (Pellegrini et al., 2015). The intra-rater and inter-rater reliability across all of muscles examined in our project indicate that these structures can be assessed reliably (Lettner et al., 2024). During the measurement with MyotonPRO, the midpoint on the long axis was marked for BB and TB (Hermens et al., 2000). The measurement point for the BR was marked 1 cm underneath the elbow flexion line, which was marked between the epicondyles of the humerus, while for the UT, it was marked halfway between the most lateral part of the acromion process and the spinous process of the C7 vertebra (Kocur et al., 2019). The measurement was performed twice for each muscle tested, on both sides of the body. Our statistical analysis, which was performed before combining the results, showed there was no difference between the biomechanical parameters on the left and right side of the body. Therefore, the values of the analysed parameters obtained in successive measurements were first averaged for each side of the body and then again for both sides.
2.4 Secondary outcomes
The secondary outcome measures were: segmental total fat and lean body mass.
2.4.1 Fat measurements
Total fat, lean body mass, android and gynoid fat tissue were determined using a Lunar Prodigy Advance densitometer (General Electric, USA). All scans were taken by the same technician, using the same device, which was calibrated daily. Scan analyses were performed using integrated software, according to the manufacturer’s recommendations.
2.5 Statistical analysis
Calculations were performed using parametric statistics, based on the assumption of homogeneity of variance between groups, as checked by Levene’s test. Only in the case of arm fat content at pretest was this condition violated. In addition, skewness and kurtosis were checked for the variable. The obtained values of skewness for both groups and kurtosis for the RSA group were within appropriate ranges proposed by George and Mallery (2021): <−1.5; 1.5> and <−2; 2>, respectively. Only the kurtosis value for the NW group was slightly higher (2.30). A full analysis of Levene’s test for all variables, as well as the skewness and kurtosis for arm fat content has been presented in the Supplementary Material. Given that the variable was secondary and the violation of conditions was quite low, the parametric test was also used in this case to keep the analysis homogeneous and also not to lose information about the interaction effect.
All variables were presented with basic statistics, such as mean values, standard deviations and 95% confidence intervals of the mean. To examine any potential differences between groups before the intervention in baseline characteristics, the Student’s t-test was used. To assess the variability of dependent variables, both primary and secondary, we used ANOVA (F-test) with the within-group repeated measures factor “time” (two levels: before and after) and the between-group factor “group” (two levels: NW and RSA). The interaction effects (“group” × “time”) and main effects of “time” and “groups” were estimated, as well as the corresponding effect sizes (partial eta-square). The effect size indicates the percentage of variance explained by each effect of the dependent variable. For detailed post hoc comparisons (both pre-post values within groups and between groups in the pre and post conditions), Bonferroni correction was applied. The minimum level of statistical significance was defined as p ≤ 0.05. The study was conducted using Statistica v. 13.0 software (TIBCO Software Inc., Palo Alto, CA, USA).
3 RESULTS
The mean age of all participants was 67.0 ± 3.69 years (range 60–55 years). A comparison of baseline characteristics between the study groups before the experiment is shown in Table 1. There were no statistically significant differences between NW and RSA participants.
TABLE 1 | Mean values, standard deviations, confidence intervals for means, minimum and maximum values for basic characteristics in study groups and the analysis of differences between groups.
[image: Table comparing two groups, NW and RSA, each with fifteen participants, showing mean, standard deviation, confidence intervals, and ranges for age, height, weight, BMI, arms fat, and trunk fat. Includes t-test p-values for group differences.]The results of the main analysis of the primary outcomes are shown in Table 2. For muscle stiffness, a “time” x “group” interaction effect was found for UT (F = 4.78, p = 0.037, η2 = 0.146). This result was associated with increased post-test values in the BB group, but the differences (within the group as well as post-test between groups) were not statistically significant–Figure 2.
TABLE 2 | Mean values, standard deviations, confidence intervals for means for BMI and percentage fat content at arms and trunk in pre- and post-test measurements in study groups, and the results of analysis of two-way ANOVA with repeated measurements.
[image: Table comparing pretest and posttest values for muscle stiffness and elasticity in upper trapezius, biceps brachii, triceps brachii, and brachioradialis muscles between Group NW and Group RSA. Statistical analysis columns display F values, p values, and partial eta squared (η²) for group, time, and interaction effects, with significant results bolded (e.g., Group x Time interaction for muscle stiffness of upper trapezius, p = 0.037, η² = 0.146) and selected time effects for triceps brachii and brachioradialis. Units are provided for each measurement, and confidence intervals are included.][image: Line graph comparing muscle upper trapezius stiffness in newtons per meter between two groups, Nordic walking (NW) and resistance shock absorber (RSA), at pretest and posttest. NW shows an increase in stiffness from pretest to posttest, while RSA shows minimal change. Error bars indicate standard deviation. Interaction effect is statistically significant with p-value 0.037, group and time effects are not significant.]FIGURE 2 | Mean and standard error of measurement values of muscle upper trapezius stiffness in pre- and post-test for study groups, and results of two-way ANOVA with repeated measures.
In addition, statistically significant “time” effects were observed for TB and BR muscles (F = 5.1, p = 0.032 η2 = 0.154 and F = 5.38, p = 0.028, η2 = 0.161, respectively) as a result of increased post-intervention muscle stiffness for all participants.
No statistically significant interaction effects or main effects were found for muscle elasticity.
Analysis of secondary outcomes (Table 3) revealed a statistically significant “time” effect for trunk fat content (F = 4.23, p = 0.049, η2 = 0.131), which was associated with a reduction in the index value after the intervention–detailed within-group comparisons were not significant.
TABLE 3 | Mean values, standard deviations, confidence intervals for means for BMI and percentage fat content at arms and trunk in pre- and post-test measurements in study groups, and the results of analysis of two-way ANOVA with repeated measurements.
[image: Table comparing pretest and posttest values for BMI, arms fat percentage, and trunk fat percentage between two groups, Nordic walking and resistance shock absorber. Data include means, standard deviations, and 95% confidence intervals. Columns provide F and p values for group, time, and interaction effects. Significant time effect is observed for trunk fat percentage with F = 4.23 and p = 0.049.]4 DISCUSSION
The present study analysed the impact of 8-week NW training programmes with RSA poles and classic poles on the biomechanical indicators of selected upper limb and shoulder girdle muscles. The most important finding from the study was a statistically significant increase in the stiffness of the UT in RSA participants, with no increase observed in NW participants. The study showed that the myotonometry-measured stiffness of the TB and BR muscles increased, whereas the stiffness of the BB muscle remained unchanged in both RSA participants and NW participants. Thus, the use of a resistance shock absorber did not have an influence on the stiffness of TB, BR and BB muscles. In addition, the change in trunk and shoulder fat content in NW participants was similar to that observed in RSA participants. Previous research by other authors has shown that cutaneous and subcutaneous tissue thickness may have an influence on muscle biomechanical indicators (Grześkowiak et al., 2023; Mencel et al., 2021). Our study showed that while there was a significant change in trunk fat content in the participants included in the study, this did not have a significant influence on the stiffness of the UT as the change was similar for both the RSA and NW groups.
The role of the active biomechanical indicators of muscles in the transfer of muscle tension has been studied by other authors (Mukund and Subramaniam, 2020). However, further research is necessary on the impact of exercise on muscle biomechanical indicators in order to better understand the relationship between the parameters and the quality and intensity of dynamic and static load. Previous studies have reported increased muscle stiffness as a positive effect of training requiring explosive and dynamic movements for the flexors and extensors of the knee and the Achilles tendon (Fouré et al., 2012; Kyung et al., 2024). At the same time, it is worth noting that muscle stiffness decreases or remains unchanged in response to selected forms of training or even long-distance running in the first minutes after exercise (Maćkała et al., 2023; Rotllan et al., 2024), but may increase again and even exceed pre-training stiffness values a few days or several hours after training (Rey et al., 2024). This is consistent with the observation we made several dozen hours post-training. Importantly, changes in passive muscle properties may depend on location in the muscle and intensity of training. In their study, Kawczyński et al. (2018) examined the impact of eccentric exercise on the UT. The authors found changes in the biomechanical properties of the muscle 24 h post-training - stiffness for musculotendinous sites increased, while stiffness for the muscle belly decreased. The finding is consistent with findings from a study by Heredia-Rizo et al. (2020), who found that eccentric training reduces the stiffness of the UT in individuals with neck-shoulder pain.
The different effects of the two training programmes are probably due to the fact that NW training with RSA poles involves the use of a different walking technique and longer poles. Our findings and findings from previous research on the use of RSA poles (Wochna et al., 2022) indicate that great caution should be exercised in recommending regular NW training with RSA poles to people with neck muscle pain and tension-type headaches and individuals with orthopaedic problems with their shoulders. The increase in the stiffness of the UT observed in the present study may thus be unfavourable. In some cases, increased muscle stiffness can limit the mobility of joints and result in neck problems (Taş et al., 2018). The changes in the stiffness of the UT observed after a few weeks of training may be due to sustained transformations in the muscle fibres and fascia in response to slightly more intensive repeated exercise that puts strain on the neck. This may lead to the structural adaptation of the myofascial tissue similar to that caused by sitting, which is associated with an increase in the number of cross-bridges or the cross-linking of collagen fibres as a result of repeated movements (Nishikawa et al., 2018).
Therefore, future research should identify the potential physiological mechanisms underlying changes induced by dynamic and static load. Different forms of training, their volume and intensity shape the passive biomechanical properties of muscles not only immediately after training but especially over a longer period. Previous findings on the subject are not conclusive (Kawama et al., 2024; Kyung et al., 2024). Scientific research clearly indicates that changes in muscle morphology parameters are most significant when muscles are trained at least twice a week (Schoenfeld et al., 2016). Due to the varying physical fitness levels of our participants, we therefore opted for two training sessions per week over a 8-week period. However, it remains unclear how increasing the number of training sessions would affect biomechanical properties, which should also be considered in future studies. Moreover, in certain clinical situations, the changes may be either beneficial or unfavourable. On the one hand, increased UT stiffness is an objective indicator and can be a lasting change in individuals with neck and shoulder pain (Ishikawa et al., 2017). On the other hand, increased muscle stiffness or reduced muscle elasticity may also be an important indicator of changes in muscle tissue enabling a more effective postural response to external forces, guaranteeing an appropriate response to changes in body position, and increase the effectiveness of proprioception (Lakie and Campbell, 2019). Accordingly, it should be stated that future research should assess changes in muscle biomechanical properties in relation to perceived pain threshold (PPT) and range of motion measurements. As well as, includes validated clinical tests of balance and physical function in women.
5 STUDY LIMITATIONS
The study provides important information on the impact of regular exercise on the biomechanical indicators of muscles. However, it has certain limitations, first of all, the study lacks a control group, which could have strengthened the design and added comparative value. Moreover, the limitation is the small sample size, which should be taken into account when interpreting its findings and planning further research. Moreover, it is impossible to determine whether the changes had an influence on functional capacity, range of motion and development of delayed onset muscle soreness. However, since there have been no previous studies investigating training-induced changes in muscle biomechanical parameters in postmenopausal women, the present study attempted to determine whether such changes occur at all in response to different forms of NW training.
6 CONCLUSION
The 8-week NW training programme with RSA poles resulted in an increase in the stiffness of the UT muscle in RSA participants, with no increase observed in NW participants. This suggests that the UT may be the muscle most strongly engaged during this type of training, which may lead to sustained passive changes. In both NW participants and RSA participants, the stiffness of the TB and BR muscles increased from baseline to post-intervention, whereas the stiffness of the BB remained unchanged. Thus, the use of a resistance shock absorber did not have a significant impact on the stiffness of the TB, BR and BB muscles. NW training with RSA poles may be an alternative to traditional NW training for individuals whose physical fitness and health status allows them to engage in such training.
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Introduction: The major pathophysiological symptom of the menopause affecting daily life is hot flushes, which are also associated with elevated cardiovascular disease risk. A hot flush is a sudden and intense heat sensation causing skin flushing and profuse sweating. Menopause-induced oestrogen deficiency could increase the sensitivity of skin blood vessels and sweat glands in postmenopausal women, which could result in more frequent and larger increases in skin blood flow in postmenopausal women consistent with hot flushes. Furthermore, oestrogen withdrawal could also alter the structure of the skin blood vessels and/or sweat glands which may also contribute to hot flushes. This trial aims to examine the function and structure of skin blood vessels and sweat glands in premenopausal and postmenopausal women.



Methods and analysis: This is a single-centre multi-cohort observational study. Participants will attend the laboratory at Liverpool John Moores University (LJMU) on two separate occasions, ∼7 days apart. Visit 1 will consist of anthropometry, a blood sample and assessment of post-ganglionic skin blood vessel and sweat gland responsiveness via cutaneous microdialysis. At visit 2, participants will return for a skin punch biopsy. A between groups statistical analysis of the pre- and postmenopausal cohorts will be conducted in a blinded manner.



Ethics and dissemination: The trial was approved by the North West - Greater Manchester South Research Ethics Committee (22/NW/0300) in the UK. The study adheres to The Declaration of Helsinki and is being conducted in accordance with the UK Policy Framework for Health and Social Care Research.



Discussion: Identifying functional and/or structural changes in skin blood vessels or sweat glands in women with hot flushes would increase our understanding of their cause(s) and side effects, and help to design effective treatments, including interventions that can manipulate the activity of the skin blood vessels and/or sweat glands via pharmacological or non-pharmacological methods.




Trial registration numbers: NCT06222073.
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Introduction

Menopause marks a crucial milestone in a woman's life and signals the end of the reproductive life cycle, usually occurring between the ages of 45 and 55 years. The cessation of oestrogen production has a direct effect on various organs in the body and women commonly experience wide-ranging menopausal symptoms, including sleep disturbance, bone loss, brain fog, weight gain, anxiety, depression and fatigue. Hot flushes (or vasomotor symptoms), the major pathophysiological symptom of the menopause, are experienced by ∼80% of women for up to several years (1) and can have a profoundly negative impact on quality of life (2, 3). A hot flush is an extreme thermoregulatory event, characterised by a sudden and intense feeling of heat, skin flushing/reddening and profuse sweating that can be triggered by environmental factors, such as heat stress, alcohol, caffeine and emotional stress, but often hot flushes occur spontaneously. The severity of hot flushes is associated with vascular dysfunction and increased cardiovascular disease risk through changes in cardiometabolic function (3, 4).

Hormone replacement therapy (HRT) can alleviate hot flushes, but is not suitable for all individuals, such as those with a medical history of hormone-receptive cancer, and HRT can also experience poor uptake due to historic links with breast cancer and an increased risk of cardiovascular disease (5). Fezolinetant, a non-hormonal neurokinin-3-receptor (NK3R) antagonist that dampens central thermoregulatory mechanisms associated with moderate to severe vasomotor symptoms, has recently been licensed for private prescription in the UK, but is not yet widely available. Few alternative treatments are available and consequently, many females suffer the debilitating symptoms of hot flushes due to a lack of therapies, and, ultimately, an incomplete understanding of the physiological mechanisms underpinning hot flushes.

The skin contains a vast array of neural, vascular and morphological structures and plays a crucial role in thermoregulation (6). The key events of a hot flush occur at the skin, namely, flushing/reddening and sweating. Elevations in skin blood flow and sweating include a series of inter-related steps (e.g., function) involving blood vessels and sweat glands (e.g., structure). Vasodilatory neurotransmitters or local substances bind to receptors on the skin blood vessels and sweat glands in order to cause vasodilation (increase in skin blood flow) and the release of sweat (7, 8). Previous work suggests that the increase in skin blood flow during a hot flush is initiated by elevations in neurotransmitters of vasodilator nerves (9) and nitric oxide (10). Other researchers have shown that calcitonin gene-related peptide (CGRP), a potent skin vasodilator (11, 12), is increased in the blood during hot flushes (13, 14). Oestrogen deficiency reduces levels of nitric oxide and CGRP (15, 16), possibly affecting skin blood vessel receptor sensitivity to these substances in postmenopausal women, potentially inducing more frequent and larger increases in skin blood flow consistent with hot flushes. Furthermore, women who experience hot flushes have enhanced skin blood flow responses to vasodilators (at the endothelium and smooth muscle) (17–19). Thus, skin blood vessels of symptomatic postmenopausal women might be overly sensitive to vasoactive substances that contribute to hot flushes, and the effect of oestrogen withdrawal on sweat gland receptors, and any potential alteration in their sensitivity, is also unknown.

The skin undergoes many morphological changes with advancing age (e.g., reduced collagen content and elasticity) which is accelerated with oestrogen withdrawal, resulting in reductions in collagen content, elasticity, water content and thickness (20). It is unknown if hypo-oestrogenism affects key vascular, sudomotor and/or neural structures in the skin, which also play a role in hot flushes. The number of sweat glands is generally constant across the lifespan in healthy individuals, but they are sensitive to repeated or a lack of stimuli. More specifically, the size of sweat glands and the number and density of the sympathetic nerve endings surrounding sweat glands can reduce as a result of decreased use (21). Similarly, the number of skin blood vessels can decrease with aging (22, 23), as they are also sensitive to repeated (or lack of) stimuli (24) leading to a reduction in both number and size when there are no recurring elevations in blood flow.

It is currently unknown whether the structure of skin blood vessels and/or sweat glands is affected by menopause or if they contribute to the occurrence of hot flushes. Furthermore, it remains uncertain whether there is a relationship between the function of skin blood vessels and/or sweat glands and the occurrence of hot flushes.


Study aims

The overall aim of the study is to assess both function and structure of skin blood vessels and sweat glands in premenopausal and postmenopausal women. The specific objectives are:


	1.To assess the responsiveness of skin blood vessels and sweat glands in premenopausal women and postmenopausal women with and without hot flushes.

	2.To examine the structure of skin blood vessels and sweat glands in premenopausal women and postmenopausal women with and without hot flushes.






Methods and analysis


Study setting and recruitment plan

Recruitment (n = 36) will take place in the UK, commencing October 2024 for 12 months. The trial will end (last data collection from the last participant) in October 2025. A participant information sheet (PIS) will be given to potential participants, who will be recruited through local advertisement, social media websites and via lead members of local menopause support groups sharing the study information with their members.



Sample size calculation

Based on previously reported differences in post-ganglionic skin blood flow responses between postmenopausal women with and without hot flushes (17–19), a power (1-β) of 0.9 and an effect size of 1, 24 postmenopausal women (12 who experience hot flushes and 12 who do not) and 12 premenopausal women will be recruited for this study.



Eligibility criteria

Potential participants will exclude themselves based upon the detailed inclusion/exclusion criteria (Table 1) provided on recruitment material and the PIS. These criteria reflect the practical requirements of the study, to ensure that research findings are valid and to ensure the safety of participants. Participants will be consented and screened, consisting of medical history and details of current medications. Postmenopausal participants will complete a 7-day hot flush diary (25). Members of the research team will review completed screening information to confirm eligibility to participate.



TABLE 1 Detailed inclusion and exclusion criteria.



	Detailed inclusion criteria





	Postmenopausal + Hot Flush
	Postmenopausal
	Premenopausal



	• Female• Aged 45–65 years• Amenorrhoeic for >6 months• >4 Hot flushes per day• Not on medication or treatments to alleviate hot flushes e.g., HRT
	• Female• Aged 45–65 years• Amenorrhoeic for >6 months
	• Female• Aged 18–40 years• Eumenorrheic



	AND



	• Healthy• Non-smoker/non-vaper• BMI 18–30 kg/m2• No history of cardiovascular or respiratory disease• No history of metabolic diseases e.g., type II diabetes• Drink <14 units of alcohol per week• Participant is willing and able to give informed consent for participation in the study.



	Detailed exclusion criteria



	• Cannot readily read and understand English• Aged <18 years, 41–44 years or >65 years• Male• Current smoker/vaper• BMI <18 or >30 kg/m2• Medical history of cardiovascular/respiratory disease• Medical history of metabolic disease e.g., type II diabetes• Drink >15 units of alcohol per week• Vaccination (<1 week) due to induced systemic inflammatory reaction• Local forearm infection• Allergy to local anaesthetic/Marcaine/amide-group anaesthetics• Currently pregnant, or planning on becoming pregnant• <6 Months postpartum or stopped breast feeding <1 month before recruitment• On medication or treatments to alleviate hot flushes or have taken such medication/treatments within the previous 6 months e.g., HRT









Outcome measures


Primary outcomes

The primary outcomes relate to the assessment of skin function and structure:


	1.Cutaneous microvascular function. This will be assessed using the combination of cutaneous microdialysis and laser Doppler flowmetry.

	2.Cutaneous sudomotor function. This will be examined using cutaneous microdialysis combined with capacitance hygrometry.

	3.Cutaneous blood vessel and sweat gland size. This will be assessed using the skin punch biopsy technique and confocal microscopic imaging.





Secondary outcomes

Anthropometric data (e.g., height and weight), age and ethnicity will be collected. Resting blood pressure will be recorded at baseline and at intervals throughout the first visit. A single venous blood sample will be collected at the first visit to measure oestradiol and circulating pro-inflammatory markers.




Experimental design

This is a parallel group design where participants will attend the laboratory on two separate occasions. The first visit will consist of anthropometric measurements and a blood sample, followed by assessment of post-ganglionic skin blood vessel and sweat gland responsiveness (cutaneous microdialysis). At the second visit (∼7 days later), participants will undergo a skin punch biopsy.


Visit 1: skin and sweat gland function

To minimise acute hormonal fluctuations, participants in the premenopausal group will attend for their first visit during the early follicular phase (days 1–5) of their menstrual cycle. To control for diurnal variation, testing will commence at 8.30am, lasting approximately 3–4 h. Participants will fast overnight and will be instructed to abstain from caffeine, alcohol, carbonated drinks for 12 h prior to testing, only drinking water. Participants will also be asked to avoid moderate/vigorous exercise for 24 h before testing. Ambient temperature in the laboratory will be controlled at 22°C–24°C (26).


Anthropometrics

Upon arrival, height and weight (Seca, Birmingham, U.K.) will be measured.



Blood pressure (BP)

Participants will rest in a seated position for ∼10 min prior to measuring their resting BP using an autosphygmomanometer (Dinamap V100, GE Healthcare, Chalfont St. Giles), with the BP cuff wrapped around the contralateral (dominant) arm to where skin function will be assessed. BP will then be measured in triplicate, leaving 1 min between successive measurements. BP will subsequently be recorded at 10 min intervals during the experimental protocol.



Blood sample

A single 8 ml blood draw will be taken from the antecubital fossa on the contralateral (dominant) arm to where skin function will be assessed. Blood samples will be centrifuged (2,500 RCF for 15 min at 5°C) and will be subsequently stored in aliquots at −80°C until analysis. Samples will be analysed using commercial enzyme-linked immunosorbent assays (ELISAs) for oestradiol (Merck, Dorset, U.K.), calcitonin gene-related peptide (CGRP; Bertin Bioreagent, Montigny le Bretonneux, France), prostaglandin 2E (Invitrogen) and a multiplex assay will be used to analyse circulating levels of inflammatory markers (MILLIPLEX, Merck, Dorset, U.K.).



Cutaneous microdialysis

Participants will rest in a supine position with ice applied topically to the non-dominant forearm for ∼10 min to acutely numb the non-dominant forearm, prior to insertion of a 25-gauge needle in the dermal space at a depth of 0.3–1.0 mm (27) (exiting 20 mm from the entry point) at three sites on the forearm, separated by >3 cm. An intradermal microdialysis membrane (Linear 30; CMA Microdialysis Ltd., Stockholm, Sweden) with 10 mm window, will then be threaded through the lumen of each needle, with each needle subsequently removed to leave the membrane in situ (Figure 1). Following successful placement of the membranes, lactated Ringer's solution will be perfused at 2 µl/min via a syringe infusion pump (Model 11 Plus, Harvard Apparatus, Natick, Massachusetts, USA). Following this, custom-made sweat capsules (3.0 × 2.0 × 1.2 cm) with integrated laser Doppler flowmetry probes (Perimed 413, Periflux 5001 System, Stockholm, Sweden) will be placed above each of the three embedded microdialysis membranes for the simultaneous quantification of skin blood flow (28) and sweat rate (SR) via capacitance hygrometry (HMT330, Vaisala, Vantaa, Finland) using compressed nitrogen gas at a flow of 300 ml/min (29). Absolute humidity of each capsule will be converted to SR from gas flow and the capsule surface area. Cutaneous vascular conductance (CVC) will be calculated [flux/mean arterial BP].


[image: Illustration showing a forearm with three small membranes inserted, each connected to a capsule for measuring sweat and skin blood flow using a laser Doppler probe. Inset diagram details the sweat capsule setup with labeled parts and drug diffusion pathway. Instructions describe membrane insertion, probe positioning, and drug perfusion to measure skin responses using specific drugs: acetylcholine, sodium nitroprusside, and calcitonin gene-related peptide.]
FIGURE 1
Illustration of the microdialysis technique and apparatus. Created in BioRender. Roberts, K. (2025). https://BioRender.com/ouwrev6.


Following microdialysis membrane placement and allowing for its associated hyperaemic response to subside (≥90 min), baseline CVC and SR will be collected for 5 min. Each membrane will subsequently be randomly assigned and perfused with one of the following: increasing doses of CGRP (1 × 10−11–10−4; 8 doses at 10-fold increments) dissolved in Ringer's solution, acetylcholine (Ach; 1 × 10−7-1M; 8 doses at 10-fold increments) dissolved in Ringer's solution, or sodium nitroprusside (SNP; 1 × 10−7-50 mM; 8 doses at 10-fold increments) dissolved in Ringer's solution. Each dose will be administered for 7 min (1 min at a perfusion rate of 5 µl/min and 6 min at 2 µl/min). Following the last dose, 50 mM SNP will be perfused through each membrane for 10 min to initiate peak vasodilation at each of the assessed sites (29).

Data will be continuously sampled at 50 Hz (PowerLab, ADInstruments, Oxford, UK) and recorded online (LabChart, ADInstruments, Colorado Springs, Colorado, USA). For each dose, CVC and SR will be averaged at 10 s intervals, and the 60 s average around the maximum 10 s value from each stage will be selected for analysis (29).

A between groups statistical analysis of the pre- and postmenopausal cohorts will be conducted in a blind manner. Exploratory analyses using a linear mixed model with fixed effects of drug dose (cutaneous microdialysis) and/or group will be conducted. Dose-response curves for CVC and SR at each of the three microdialysis sites will be constructed using a nonlinear fitting technique, from which the effective concentration causing 50% of the maximal response (EC50) will be identified (Prism, GraphPad Software). Post hoc comparisons across drug doses or between groups will be completed using Bonferroni adjusted LSD. Effect estimates with a 95% confidence interval for differences between groups, as well as changes within groups over drug doses, will be reported.




Visit 2: skin structure and morphology

The minimally invasive skin punch biopsy technique, used for diagnostic investigation of skin blood vessels, sweat glands and nerves (30), will be performed according to international consensus guidelines (31, 32). Upon arrival, intradermal injection of local anaesthesia (Marcain) will be administered to a non-venous, non-hairy, tattoo-free location on the non-dominant forearm (site assessed in visit 1). A 3 mm diameter biopsy will be sampled using a punch biopsy tool (Stiefel, Maidenhead, U.K.) to an approximate depth of 5 mm (Figure 2). Biopsies will be placed immediately into a periodate-lysine-paraformaldehyde (PLP) fixative and stored for 24 h at 4°C, following which it will be cryoprotected in 15% sucrose for 24–72 h at 4°C, before being frozen in liquid nitrogen and stored at −80°C, adhering to all Human Tissue Act (2004) legislation and LJMU procedures.


[image: Diagram showing the process of a punch biopsy on the forearm, including the procedure under local anaesthetic, a schematic of the biopsy tool and skin layers, sample processing with antibody staining, and confocal microscopy images quantifying blood vessels and sweat glands with indicated nerve fibers.]
FIGURE 2
Skin punch biopsy methodology.


Frozen samples will be cut (∼50 microns) and stained with fluorescein-labelled Ulex europaeus agglutinin I, an endothelium-specific antibody (33), and with anti-protein gene product 9.5 (1:1000, anti-PGP 9.5, Chemicon International Inc.), an antibody used to visualise nerve fibres around sweat glands and blood vessels in human skin.

Confocal microscopic imaging of samples (optical sections will be acquired at 2–4 μm intervals throughout the 50 μm section as a z-stack and will be projected in 3D images, Zeiss Axioplan 2, Germany) will subsequently be analysed using ImageJ software (32) to quantify the number and size of the stained blood vessels and the size of the secretory coils of the sweat glands, as well as the number of nerve fibres around the sweat gland within the samples (Figure 2). For between groups analyses (e.g., pre- vs. postmenopausal cohorts), data will be analysed using a one-way ANOVA.




Study withdrawal

Each participant has the right to withdraw from the study at any time with no obligation to provide a reason. If provided, reasons for withdrawal will be retained, but personal data will be disposed of. Furthermore, participants may be withdrawn from the study by the research team at any time if the research team considers it necessary for any reason including:


	•Ineligibility (either arising during the study or retrospectively having been overlooked at screening).

	•Significant non-compliance with study requirements.

	•Withdrawal of consent.



Withdrawal from the study will not result in exclusion of the participant's data from analysis, as all data will be pseudonymised. Withdrawn participants will not be replaced. Participants will be asked for their reasoning behind withdrawal, either via email or telephone call and the reason will be recorded in an end of study case report; participants are able to give no reason for withdrawal.



Data management

Data will be collected and stored in accordance with the General Data Protection Regulation 2018. Direct access to data will be granted to the research team and host institution for monitoring and/or audit of the study to ensure compliance with regulations. Paper based data will be stored in a locked cabinet at LJMU, only accessible to the research team. All participants will be given a pseudonymised study code, which will be used for all stored data. An electronic document containing the link between a participants' name and study number will be stored in a password-protected file, only accessible to the research team, with a paper copy being stored in a locked cabinet at LJMU. The research team will be responsible for managing the administrative database (participant information) and trial data. Periodic checks will be conducted to verify the accuracy of the entered data against online records. Any errors will be documented and rectified. To ensure security, all data will be stored on computers that are password-protected and encrypted. Participant files will be stored for 5 years after the trial's completion, with access limited to the research team.

Our intended policy is that the research team will have exclusive access to the data for 12 months or until it is published. During this time, the data will be shared with any designated collaborators. Following this period, the data will be made publicly available through the LJMU Data Repository, under a permissive reuse license.



Research governance and monitoring

A single research management group (RMG) will be responsible for overseeing the study and managing its day-to-day operations. The RMG will consist of medical professionals, senior and early career researchers who will also serve as the Data Monitoring Committee. The RMG will meet fortnightly to monitor the study's advancement, compliance with the protocol, safeguarding of participants and to evaluate any new data or relevant information from other sources. Furthermore, the RMG will maintain the study master file, respond to any questions about the study, ensure data security, quality and compliance, and conduct safety reporting.



Patient and public involvement

The public and local groups will be involved in the study through their input in providing opinions on the protocol and all public-facing documentation (e.g., recruitment material) during the planning phase of the study.




Discussion

The aim of this novel study is to examine both function and structure of skin blood vessels and sweat glands in pre- and postmenopausal women, who do and do not experience hot flushes. Findings from this work will reveal whether menopause is associated with altered function of skin blood vessels and sweat glands, such as an overt sensitivity to vasoactive substances that contributes to hot flushes. Furthermore, the study will examine whether menopause affects the structure of skin blood vessels and/or sweat glands, and whether a relationship exists between the function and/or structure of skin blood vessels and/or sweat glands, and the occurrence of hot flushes. Observation of any such changes in function and/or structure would increase our understanding of the causes and side effects of hot flushes, which would have important implications for patients and clinicians by helping in the design of effective treatments. Such therapies may include interventions that can manipulate the activity of the skin blood vessels and/or sweat glands via pharmacological and non-pharmacological methods.

Hot flushes, experienced by ∼80% of postmenopausal women, have a profoundly debilitating effect on daily activities and quality of life (1). Whilst menopausal hot flushes are widely recognised as being extreme thermoregulatory events with episodes typically lasting for several minutes and ranging from a few times per week up to several episodes per hour, their underpinning mechanisms are not well understood which has consequently limited scientific advances in hot flush therapies. Previous work has suggested mechanisms related to a narrowed null zone in the core temperature range of menopausal women reducing the temperature threshold for the onset of sweating, such that sweating will be activated and a hot flush triggered when an increase in core temperature surpasses the lowered threshold (34). However, this hypothesis is disputed as a further study observed that 49% of women did not experience a subtle increase in core temperature prior to a hot flush (35).

Central thermoregulatory and endogenous pyrogen mechanisms also represent plausible alternatives. NK3R stimulates the brain's thermoregulatory centre and preclinical research suggested heightened signalling of NK3R in menopausal hot flushes (36). Subsequent trials and treatment with a NK3R antagonist (e.g., Fezolinetant) demonstrated a marked reduction in moderate-to-severe vasomotor symptoms (37, 38), suggesting that one way of improving hot flushes is through modulating the NK3R pathway and hypothalamic-pituitary-gonadal (HPG) axis, a potential central driver of hot flushes. Endogenous pyrogens have also been implicated in hot flushes (39), although research is scant. Our work will contribute to the existing literature through analysing circulating inflammatory markers, including endogenous interleukin (IL)-1, IL-6, IL-8, IL-12 and tumour necrotic factor (TNF)-α.

Collectively, these studies and hypotheses represent potential central mechanisms responsible for hot flushes in postmenopausal women. Conversely, our findings hope to reveal important insight as to whether local changes in peripheral sites, such as the skin, contribute to the occurrence of hot flushes; for instance, postmenopausal women who experience hot flushes exhibiting greater responsiveness of skin blood vessels and sweat glands.


Study limitations

Whilst this protocol has been designed to comprehensively evaluate the function and structure of skin blood vessels and sweat glands in postmenopausal women, there are some limitations to the study. Firstly, being an observational study, it does not allow causal conclusions to be drawn between menopause, hot flushes and any changes in skin function and/or structure. Rather, causal relationships will require investigation through longitudinal and/or intervention studies. Secondly, as the sample size is relatively small (n = 36), statistical power may be limited, particularly in detecting small differences between groups. Furthermore, recruitment from a single geographical area in the U.K. may mean that findings are not generalisable to the wider population or across ethnic groups. Participants will subjectively report hot flush incidence and severity using a 7-day diary (25) which may be susceptible to perception and/or reporting bias. However, the questionnaire is validated, demonstrating good reliability and consistency against controlled studies. The skin punch biopsy will provide important information about skin structure, yet the single forearm biopsy means that any morphological changes in this limited area, will not necessarily reflect systemic changes in skin structure. Finally, single-time sampling means that measurements will not allow for potential subtle changes according to diurnal rhythms, or hormonal fluctuations, which are beyond the scope of this study.
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Introduction: Menopausal hormone therapy (MHT) is widely used to alleviate menopausal symptoms, but concerns regarding its risks have led many women to seek alternative treatments, such as physical activity, mindfulness, and yoga. While research suggests that these non-pharmaceutical interventions may improve quality of life (QoL), their efficacy remains debated. This study investigates the independent and interactive effects of MHT and exercise on psychosocial QoL and perceived stress in menopausal women.



Methods: A cross-sectional online survey recruited 272 women aged 40–60 experiencing menopausal symptoms. Participants reported MHT use and engagement in physical activity, mindfulness, or yoga. Psychosocial QoL was assessed using the Menopause-Specific Quality of Life (MenQoL) scale, and perceived stress was measured using PSS-10. Data were analysed using general linear models and partial correlation analyses.



Results: MHT use was significantly associated with poorer psychosocial QoL and worse memory complaints. However, physical activity and yoga were linked to lower perceived stress and better psychosocial QoL. In contrast, mindfulness, as a standalone therapy, was associated with higher perceived stress and depression. No significant interaction effects were observed between MHT and exercise.



Conclusion: While MHT remains a common treatment for menopausal symptoms, its association with poorer psychosocial QoL and memory issues suggests a need for personalised approaches. Engaging in physical activity and yoga appears to offer greater mental health benefits, whereas mindfulness alone is associated with worse mental health. Future research should explore the mechanisms underlying these relationships and the long-term effects of MHT and exercise, especially in early and surgical menopausal women.
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1 Introduction

Menopausal hormone therapy (MHT) has been shown to relieve symptoms such as hot flushes and night sweats (known together as vasomotor symptoms or VMS) and possible related sleep problems, which the majority of menopausal women experience and struggle with (1). However, controversies surrounding MHT regarding its risk (such as cardiovascular disease or CVD, dementia, breast cancers, etc) highlighted in the publication of the Women's Health Initiative (WHI) study in 2002 have led to a negative perception of the therapy globally, resulting in a significant decline in its use (2–4). Over 60% of women complain of mental health issues, poor cognitive function and lower quality of life in the menopausal transition (1, 5) However, MHT's effect on mental health issues and cognitive complaints is not clear and it is not recommended as a first line treatment to alleviate these issues (5). Furthermore, VMS can impact on CVD, dementia and cognitive impairment risk and may not be adequately treated by non MHT treatments (6–8). These complex challenges have not been adequately addressed via potential other treatments to improve mental health and quality of life (QoL) of menopausal women.

However, extensive research has been conducted to explore alternative treatments to MHT for symptomatic menopausal women with VMS. This body of work has resulted in an increased adoption of non-pharmaceutical interventions, including cognitive behavioural therapy, mindfulness, yoga, and physical activity, aimed at managing menopausal symptoms (9). The efficacy of these interventions remains a topic of debate, largely due to the inconsistencies and lack of high-quality evidence in existing studies. For example, a systematic review and meta-analysis encompassing eight randomised controlled trials (RCT) indicated a positive impact of exercise on both physical and psychological QoL scores in women experiencing menopausal symptoms (10). However, for yoga interventions specifically, although a beneficial effect was observed in the physical QoL domain, these did not yield improvements in psychosocial QoL for menopausal women (10). Similarly, mindfulness-based interventions demonstrated efficacy primarily in alleviating physical and VMS but without significant benefits for psychosocial QoL, as reported in Chen et al.'s (11) meta-analysis. A recent review, Money et al. (12) concluded that there was insufficient evidence to recommend a specific form of exercise for managing menopausal symptoms, particularly regarding vasomotor and psychological symptoms.

To date, limited studies have looked into the interaction between MHT and exercise on cognition, mental health, and hippocampal plasticity in menopausal women (13). Despite the controversies in research, there has been a noticeable rise in the number of menopausal women, specifically those aged 50–59 in the UK, who are looking to start MHT (14). This change in attitude has already led to a shortage in MHT in the UK (15, 16). This trend indicates a growing acceptance of MHT as research continues to evolve. However, there is still much to learn about the potential benefits and risks of MHT, especially when combined with exercise. The updated guidelines from NICE clarified that, while MHT entails certain risks, it treats vasomotor symptoms and is not expected to significantly affect women's overall life expectancy (17). Therefore, this study aims to investigate not only the individual effects of MHT and exercise on the psychosocial QoL (which includes symptoms of depression, anxiety, and memory issues) of menopausal women, but also the interactive effects between MHT and exercise. Previous work also found that women who use MHT tend to be more active and have healthier profiles, which is a major bias in investigating risks and benefits (18).


1.1 Aim

This study aims to investigate the independent and interactive effects of exercise and MHT usage on perceived stress, mood and memory complaints, and overall psychosocial QoL (the sum score of mood and memory complaints combined) as dependent variables.




2 Methods


2.1 Participants and data collection

Middle-aged individuals (40–60 years old) experiencing menopausal symptoms were recruited through convenience sampling. An online survey was accessible through a QR code on social media and menopause-related web groups. No incentives were provided, and all data collected were anonymous after ethical approval was obtained. The study was approved by the Loughborough University Ethics Review Sub-Committee (Project ID: 13264). Participants provided consent without disclosing any identifying information after reviewing an information sheet and were then invited to complete an anonymous online survey. They could withdraw at any time, and their data was then not retained. Demographic data, such as age, ethnicity, and level of education, were collected alongside menopausal stage. The STRAW criteria were applied, and women selected the option that best described their bleeding patterns. Accordingly, the premenopausal was defined as no change in menstrual cycle patterns; early perimenopause as fluctuations in the menstrual cycle in the past year with experience of menstrual bleeding within the last 3 months, late perimenopausal as menstrual cycle fluctuations in the past year with no experience of menstrual bleeding within the last 3 months, and postmenopausal as having had the final menstrual period more than 12 months ago (26).



2.2 Menopausal hormone therapy (MHT)

A list of MHTs was provided to participants, who could indicate if they were currently using it (‘2’), had used it in the past (‘1’), or were not using any MHT (‘0’). However, because of the unequal and limited sample size, past MHT users are categorised alongside current MHT users. Analyses showed no differences in this categorisation vs. using individual categories.

The listed MHTs included the following: Oral progesterone, Oral estradiol, Oral Premarin, Estrogen patch, Estrogel, Injection estrogen, or Testosterone. In addition, information on the age at which hormone therapy was initiated and the age at which MHT was discontinued was also gathered, accompanied by the following questions: “What age did you start hormone therapy?” and “If you have stopped hormone therapy, at what age did you stop?” However, insufficient participant numbers did not allow analyses of these potentially modifiable variables.



2.3 Type of exercise

Data on the types of exercise practised were gathered through the question: “Do you participate in any of the following mind/body practices? (Yes/No. Please tick all that apply)” The three main grouped options provided included physical activity, mindfulness, yoga, and none. Physical activities included organised sports, exercise classes, running, walking, gym sessions, housework, and other activities. Mindfulness practices included meditation, journaling, breathing exercises, and mindfulness-based practices. Yoga included any yoga classes or yoga exercise engagement.

Women may select more than one type of exercise (e.g., physical activity and yoga, yoga and mindfulness, physical activity and mindfulness, or all three types of exercise). These were were further collapsed into categories for further data analysis. The additional categories were, [apart from ‘None’ (‘0’) or ‘Engaging in 1 type of exercise (‘1’) so either physical activity, yoga or mindfulness’]: ‘Any two of the combined exercises (‘2’)’ and ‘All three exercises (‘3): so women who engaged in physical activity, yoga, and mindfulness’.



2.4 Psychosocial quality of life and psychological complaints

Psychosocial quality of life (QoL) was assessed using the Menopause-Specific Quality of Life (MenQoL) scale developed by Hilditch et al. (19). The psychosocial domain of the scale includes 7 items which were used independently and summed up to provide a total Psychosocial QoL. The items were: feeling dissatisfied with personal life, experiencing anxiety or nervousness, having poor memory, accomplishing less than usual, feeling depressed or blue, being impatient with others, and desiring to be alone. Participants indicated whether they had experienced each problem in the past month by selecting ‘Yes’ or ‘No’ and then rated how bothered they were, scoring from “not at all bothered” to “extremely bothered.” The conversion score ranged from 1 to 8. All calculations were based on the official scoring guide. Higher scores on the scale represent a poorer quality of life and a more severe perception of symptoms. The other dependent variables used in analyses, such as memory complaints, anxiety, and depression, were also derived from the psychosocial domain of the MenQoL. The Cronbach's alpha coefficient for the psychosocial domain was α = 0.83, indicating good internal consistency.



2.5 Perceived stress

The perceived stress scale (PSS-10) by Cohen et al. (20) is a 5-point Likert scale designed to evaluate individuals’ experiences of stress-related feelings and thoughts over the past month. This scale includes four positive and six negative items, allowing women to rate each item on a scale from 0 (never) to 4 (very often). Scores for the four positive items are reversed before calculating the total score, with higher scores reflecting greater perceived stress. The Cronbach's Alpha reliability for this scale was found to be α = .87 in the current study.



2.6 Data analysis

All data were processed with the IBM Statistical Package for the Social Sciences (SPSS), version 29. Preliminary analyses were conducted to ensure no assumptions were violated for the following tests. A partial correlation analysis was applied to measure the associations between MHT use and the following dependent variables: psychosocial QoL; depression; anxiety; memory issues (all from the MenQoL), and perceived stress, whilst controlling for age and menopausal stage using the STRAW criteria. A general linear model was applied to investigate the interaction between MHT use (current; past, never), activity (none, physical activity, yoga or mindfulness and in separate analyses these individual variables as well as the specific combination of either 2 activities, engaging in any of 2 activities and engaging in all 3 activities), menopausal stage, and age on the dependent variables. For all calculations, P < 0.05 was considered statistically significant. Initially, all permutations and combinations of various activities were included for the type of exercises, but these were not significant (possibly due to a lack of power). Ultimately, only the effects of engaging in mindfulness, yoga, physical activity, engaging in any of the two exercises or engaging in all three exercises vs. not participating in any activities were analysed against MHT use (none vs. past and current users). Age and STRAW criteria (menopausal stage) were not significant in these models, nor were interactions of these covariates with MHT and/or engaging in activities. The analysis reflected outcomes without these covariates.




3 Results


3.1 Participants’ general characteristics and relationship among variables

The Table 1 below provides an overview of the participants’ demographic characteristics. The average age of women included was 51.3 years (SD = 4.8). Nearly half of the women reported being perimenopausal (N = 120, 45%), and over half were currently using or had used MHT (60.7%). The majority identified as White British or White other (90.3%), were married or in a relationship (75.5%), were employed full time (55.8%), and had 2–4 children (59.5%). Only 9 (3.3%) of the women had received less than a high school education. No significant differences were observed in the participants’ psychosocial quality of life based on their demographic characteristics.



TABLE 1 Sample characteristics (n = 272).



	Sample characteristics
	N (%)





	Race/Ethnicity



	White British/Other White Background
	246 (90.4%)



	Black/ African/Caribbean/ Black British
	3 (1.1%)



	Asian/Asian British
	16 (5.9%)



	Mixed/Multiple Ethnic groups
	4 (1.5%)



	Other
	3 (1.1%)



	Level of education



	Less than high school
	10 (3.7%)



	High school/College/A-Levels
	86 (31.6%)



	University degree
	99 (36.4%)



	Postgraduate degree
	77 (28.3%)



	Employment Status



	Employed full-time
	153 (56.3%)



	Employed part-time
	69 (25.4%)



	Retired
	8 (2.9%)



	Other
	41 (15.1%)



	Marital status



	Married/In a relationship
	206 (75.7%)



	Divorced/Separated/Single
	62 (22.8%)



	Widowed
	3 (1.1%)



	Number of children



	None
	62 (22.8%)



	1
	44 (16.2%)



	2–4
	161 (59.2%)



	More than 4
	5 (1.9%)



	MHT use



	None
	107 (39.3%)



	Past
	22 (8.1%)



	Current
	143 (52.6%)



	Menopausal stage



	Premenopausal
	37 (13.6%)



	Perimenopausal
	120 (44.1%)



	Postmenopausal
	115 (42.3%)



	Psychosocial symptoms1



	Being dissatisfied with my personal life
	145 (53.9%)



	Feeling anxious or nervous
	200 (73.5%)



	Experiencing poor memory
	202 (74.3%)



	Accomplishing less than I used to
	179 (65.8%)



	Feeling depressed, down or blue
	171 (62.9%)



	Being impatient with other people
	179 (65.8%)



	Feelings of wanting to be alone
	166 (61.0%)



	Exercises



	None
	58 (21.3%)



	Mindfulness
	17 (6.3%)



	Yoga
	8 (2.9%)



	Physical activity
	102 (37.5%)



	Mindfulness × Yoga
	6 (2.2%)



	Mindfulness × Physical activity
	26 (9.6%)



	Yoga × Physical activity
	29 (10.7%)



	All 3 activities
	26 (9.6%)







In our sample, using Spearman's rank correlation, MHT use was associated with poorer Psychosocial QoL (rho = 0.137, p = .024) and worse memory issues (with higher scores being more negative for both outcomes, see Table 2). All mental health scores were associated with perceived stress and each other (rho = 0.26- 0.77). Physical activity as a nominal variable was not included in these analyses.



TABLE 2 Spearman's rank correlation between the study's variables.



	Variables
	1
	2
	3
	4
	5
	6





	MHT use
	–
	
	
	
	
	



	Perceived stress
	.061
	–
	
	
	
	



	Psychosocial QoL
	.137a
	.662b
	–
	
	
	



	Anxiety
	.079
	.519b
	.704b
	–
	
	



	Memory complaints
	.155a
	.257b
	.629b
	.342b
	–
	



	Depression
	.047
	.568b
	.766b
	.545b
	.307b
	–




	aCorrelation is significant at the 0.05 level (2-tailed).


	bCorrelation is significant at the 0.01 level (2-tailed).







The analysis using the general linear model (GLM) revealed no significant three-way interaction among exercise type, MHT usage, and either menopausal stage or age in relation to the assessed dependent variables. When menopausal stage and age were excluded as covariates, no significant interaction emerged between MHT usage and exercise type. In the GLM model, exercise type (comparing none to engaging in yoga, physical activity, mindfulness; any 2 or all 3 activities) and MHT usage (comparing non-users to past and current users) were treated as independent variables, as no significant interaction affecting the dependent variables was identified. The individual effects of MHT usage and exercise type on perceived stress, psychosocial quality of life, depression, anxiety, and memory were subsequently explored in greater depth.

In univariate analyses, MHT use was significantly associated with memory complaints, F(1,269) = 6.648, p = .010, with past and current users reporting more substantial memory issues (M = 4.78, SD = 2.52) than non-MHT users (M = 3.98, SD = 2.48). Similarly, past and current MHT users (M = 4.27) reported significantly poorer psychosocial QoL compared to non-MHT users (M = 3.74) (see Figure 1). No significant differences were found in the reported levels of depression and anxiety associated with MHT use.


[image: Grouped bar chart comparing mean scores with 95 percent confidence intervals for four measures: PsySoc QoL, depression, anxiety, and memory complaints, by MHT use (none versus past and current).]
FIGURE 1
Differences in the levels of psychosocial quality of life, depression, anxiety, and memory complaints between non-MHT users and both past and current users.


In univariate analyses, engagement in exercise was significantly linked to women's lower levels of perceived stress and depression. In further post hoc analysis using Tukey comparisons, only the relationship between exercise type and perceived stress remained significant: F(7,262) = 3.213, p = .003. As shown in Figure 2 below, women who were inactive (M = 22.79, SD = 7.45) or practised mindfulness solely (M = 25.19, SD = 6.02) reported significantly higher levels of perceived stress than women who engaged in physical activity (M = 18.93, SD = 7.73), with a similar trend for yoga.


[image: Line graph with error bars displaying mean perceived stress scores for groups practicing none, mindfulness, yoga, physical activity, any two exercises combined, or all three exercises. Yoga group shows lowest mean perceived stress, while mindfulness group shows the highest. Error bars represent ninety-five percent confidence intervals.]
FIGURE 2
Mean perceived stress levels across different exercise groups.


The type of exercise variable was redefined to better categorize the limited samples in some of the categories. The revised variable, Exercise 1, included the following groups: yoga, mindfulness, physical activity, any two exercises combined (N = 61), all 3 exercises combined (N = 26), vs. inactive individuals (N = 58).

Exercise 1 was significantly associated with psychosocial quality of life (QoL) (p = .041), perceived stress (p = .003), and depression (p = .011). Notably, post hoc analyses indicated that women practising mindfulness alone experienced more severe depression symptoms and higher perceived stress levels (see Table 3). While there was an initial significant association between Exercise 1 and psychosocial QoL, subsequent analyses revealed no substantial differences among the individual Exercise 1 groups.



TABLE 3 Mean and standard deviation of mindfulness and physical activity on psychosocial QoL, perceived stress, anxiety, memory complaints, and depression.



	Measure
	Mindfulness
	Physical activity
	p value



	M
	SD
	M
	SD





	Psychosocial QoL
	4.88
	1.64
	3.72
	1.85
	.051*



	Perceived stress
	25.19
	6.02
	18.93
	7.73
	.040*



	Anxiety
	6.00
	2.09
	4.40
	2.54
	.072



	Memory complaints
	5.41
	2.12
	4.19
	2.56
	.253



	Depression
	5.44
	2.03
	3.39
	2.61
	.027*




	*Statistically significant.







Moreover, inactive women showed significantly elevated perceived stress levels (p = .033) compared to those who were physically active. They also reported more severe depression symptoms (M = 4.65, SD = 2.62) compared to their physically active counterparts (M = 3.39, SD = 2.61). No significant differences were found between individuals engaging in two or more activities and those who did not.

Figure 3 illustrates the visual representation of how women who engaged in mindfulness reported the worst average mental health and quality of life, whereas women participating in yoga reported the best quality of life and mental health. Being physically active was better than being inactive in this study.


[image: Grouped bar chart comparing mean scores for psychosocial quality of life, depression, anxiety, and memory complaints across exercise groups: none, mindfulness, yoga, physical activity, combinations, and all three. Mindfulness shows the highest mean values across all variables, while yoga and physical activity display lower mean scores. Error bars reflect ninety-five percent confidence intervals.]
FIGURE 3
Mean levels of psychosocial QoL, depression, anxiety, and memory complaints across different exercise groups.





4 Discussion

In contrast to theoretical models and their hypotheses, this cross-sectional study found that MHT users had more memory complaints and worse psychosocial QoL. Additionally, individuals who practised mindfulness or were inactive reported higher levels of perceived stress and depression. However, those who engaged in yoga or physical activity experienced better overall mental health, lower perceived stress, and improved psychosocial QoL.

These findings partially align with broader research on lifestyle interventions. A systematic review and meta-analysis by Liu et al. (21) found that while mindfulness-based interventions (MBIs) were effective in reducing stress, these did not significantly impact anxiety or depression in menopausal women. An alternative explanation for the association observed between higher levels of perceived stress and depression in women who practised mindfulness might be attributed to selection bias. Perhaps these highly stressed women were hopeful that mindfulness could assist them. While MBIs can help alleviate stress in some studies (21), our data suggest these may not offer the same benefits as engaging in physical activity or yoga. Other studies also suggested that these appear to be more effective in managing stress and mood fluctuations during the menopause (22, 23). In contrast with this, a recent review found no significant difference between low- and moderate-intensity exercise—encompassing yoga, walking, exercise training, and other physical activities—in reducing depression and anxiety in menopausal women (24). In our study, anxiety was not affected by any of the independent treatment variables, but depression and stress were positively affected by yoga and engaging in general physical activities. Our data, similar to earlier reviews (1, 5), suggests that MHT does not benefit anxiety, stress and depression.

While findings highlight the potential benefits of lifestyle interventions, many women experiencing mood disturbances and memory complaints may turn to medical treatments such as MHT. Our previous study by Hogervorst et al. (5) found that a 12-month randomised controlled trial (RCT) of MHT (combination estradiol and progesterone) vs. placebo in highly symptomatic menopausal women led to improved well-being, reduced stress, increased activation, and enhanced objective memory. However, these benefits lasted only up to six months before returning to baseline. Conversely, an observational Dutch study reported in the same paper also showed that women using MHT had higher complaints of anxiety and depression. Similarly, in a large registry-based observational study by Vinogradova et al. (25), both women taking MHT and those who would later develop dementia had higher levels of anxiety and depression at baseline. This raises the possibility that MHT may either exacerbate mental health issues or, alternatively, that women with poor mental health and memory complaints are more likely to seek MHT for symptom relief. Thus, the data suggest the potential of self-selection bias, where women experiencing greater psychological distress may be more inclined to use MHT.

The current study has several limitations. The relatively small sample size and self-selection may affect the generalisability of the findings, and the cross-sectional design prevents conclusions about causality. Additionally, the measures regarding exercise type were perhaps too vague to determine the optimal intensity, duration, and specific forms of exercise that could best support mental health. Another limitation is the lack of data on the duration of MHT use and the age at which treatment was initiated, both of which may influence its effects on cognitive and psychological outcomes (5).

In conclusion, this study highlights the complex relationship between MHT, memory complaints, and mental health in menopausal women. While lifestyle interventions like yoga and physical activity show consistent benefits, the effects of MHT remain unclear, with potential reverse causation influencing findings. Future research, particularly long-term RCTs, is essential to determine who may benefit from MHT while minimising potential risks.
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Background: Cognitive complaints are commonly reported during menopause. Lifestyle interventions, such as exercise and time-restricted eating, are being investigated for their potential role in supporting cognitive health during menopause. This study investigated the effect of combining time-restricted eating (16:8) with a resistance and endurance circuit training program on cognitive health, as assessed using a comprehensive multi-domain cognitive test battery, in perimenopausal, menopausal, and postmenopausal women.
Methods: Fifty-nine perimenopausal, menopausal, and postmenopausal women were assigned into a combination group (exercise + time-restricted eating, n = 26) and into an exercise group (exercise only, n = 33). Assessments were performed before and after a 12-week period and included Stroop Test, N-back Test, assessment of BDNF and GDNF level, and EEG testing.
Results: Reading interference tendency in Stroop Test improved significantly in the exercise group (p = 0.026) while there were no changes in the combination group. Working time in Stroop Test decreased significantly in both groups (p = 0.025 – exercise group; p = 0.032 – combination group). Resting-state theta activity (eyes closed) and N-back test-related brain activity increased significantly only in the exercise group (p = 0.043). There were no significant changes in naming interference tendency in Stroop Test, N-back test results, BDNF level and GDNF level in any group.
Conclusion: Combination of time-restricted eating and exercise does not result in superior improvements in cognitive health markers when compared with exercise alone in menopausal women. These results highlight the central role of physical exercise in maintaining cognitive health during menopause and suggest that adding time-restricted eating may not provide added value in this context. Future studies should investigate the underlying mechanisms through which multimodal lifestyle interventions may influence cognitive health in menopausal populations.
Clinical trial registration: clinicaltrials.gov/study/NCT06138015, identifier NCT06138015.
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1 Introduction

Menopause is a physiological transition that all women experience as a part of the aging process (1). During menopause, which typically occurs between the ages of 45 and 55, various metabolic (e.g., decreased glucose tolerance, insulin resistance, increased LDL, and decreased HDL) and somatic symptoms (e.g., hot flashes, heart palpitations) (2), as well as cognitive declines (e.g., poor working memory and attention span) (3–5) are observed. These cognitive changes are largely attributed to declining estrogen levels and their effects on neurotransmitter regulation (6). Accumulating evidence shows a significant neurotrophic and neuroprotective effect of estrogen on the central nervous system (CNS) (7). Estrogen modulates synaptic plasticity, regulates mitochondrial function and cerebral glucose metabolism, and reduces neuroinflammation – all of which are crucial for cognitive health (8). Cognitive deficits during the menopausal transition are particularly evident in domains such as working memory, attention, processing speed, and verbal memory (9, 10). In the Study of Women’s Health Across the Nation (SWAN), subjective memory complaints were reported by 31% of premenopausal women, compared to 44% in early perimenopause, 41% in late perimenopause, and 41% in postmenopause (11). Early spontaneous menopause onset has been linked to an increased risk of dementia and Alzheimer’s disease (AD) (12). These findings emphasize the need for effective, non-pharmacological interventions to support cognitive health during and after the menopausal transition. Lifestyle interventions – such as regular exercise and dietary changes – can help alleviate menopausal symptoms (2, 13), and support cognitive function (3) during this transition.

One promising lifestyle intervention that has gained attention and popularity is time-restricted eating (TRE). Time-restricted eating is a form of intermittent fasting (IF) that involves consuming meals within a limited time window, followed by a fasting period. Depending on the specific approach, the eating window can range from 6 to 12 h, with an average of 8 h (14). In recent years, IF has attracted growing interest from researchers due to its health and metabolic benefits, which are comparable to those of regular physical activity (15–17). While IF and exercise have been associated with improvements in cognitive function in various populations (14), evidence specific to middle-aged or menopausal women remains limited. The specific mechanisms underlying these cognitive benefits also remain unclear and are the focus of ongoing investigation.

The mechanisms by which IF affects brain function, remain under investigation. Animal models have provided initial evidence that IF may improve cognitive function and protect against neurodegenerative processes. Animal studies have demonstrated that IF exerts effects in models of brain-related diseases (18–20), though clinical research in this area remains limited. Current evidence suggests that IF does not yield short-term cognitive benefits in healthy individuals (21). However, emerging findings indicate that IF may offer protective effects against the development of neurological disorders (14). TRE shows promise as a preventive strategy for AD. A 4-month TRE intervention, involving an 8 h eating window from 8:00 AM to 4:00 PM, was found to enhance cognitive performance in patients with AD (22). Additionally, a form of intermittent fasting practiced for 3 years—from sunrise to sunset on Mondays and Thursdays—was associated with improved cognitive function and overall health in older adults with mild cognitive impairment (MCI), compared to individuals who practiced IF irregularly or not at all (23). Despite these findings, there is a lack of clinical studies investigating how IF impacts cognition in menopausal women – a population at elevated risk for neurodegeneration.

There is a compelling need to investigate the effects of IF in menopausal women, particularly in relation to cognitive decline and CNS disorders such as AD. IF may benefit cognitive health by stimulating autophagy, improving metabolic health, and restoring circadian rhythm regulation – both of which are altered in menopause. IF is one of the most effective inducers of autophagy – a cellular process responsible for degrading and recycling damaged components—which is essential for maintaining neuronal homeostasis and preventing neurodegeneration (24). In addition, IF has been shown to restore the expression of genes involved in the regulation of circadian rhythms (25), disruptions of which are recognized as significant risk factors for neurodegenerative diseases (26). IF is also known to improve cardiometabolic health (27). Women undergoing menopause face increased vulnerability to developing AD in later life, not only due to the loss of the neuroprotective effects of sex hormones, but also to lifelong hormonal influences and inherent sex-specific differences in the expression of autophagy-related proteins and circadian regulators (26). Moreover, menopause is associated with an increased risk of developing metabolic syndrome, which encompassess insulin resistance, visceral obesity, and dyslipidemia – conditions that may further contribute to a higher risk of developing AD in later life (28). Since AD is typically diagnosed after the age of 65, menopause may represent a modulatory factor influencing long-term risk rather than serving as a direct cause (29). Sex hormones modulate key critical biological processes, including circadian rhythm and autophagy, which may lead to sex-specific responses to dietary interventions such as IF (30). Therefore, targeted research is essential to evaluate the efficacy and safety of IF in menopausal women, considering their unique hormonal and neurobiological profiles.

In addition to dietary interventions such as IF, physical activity has also been recognized as a key non-pharmacological factor in the prevention of cognitive decline. A systematic review by Simmons et al. (31) reported that most studies examining this relationship found a significant negative association between leisure-time physical activity or physical fitness during the perimenopausal period and the risk of developing dementia later in life. Additionally, higher levels of household activity and non-leisure physical activity during this period were also linked to reduced dementia risk. These findings support the idea that physical activity may offer protective benefits against dementia after menopause.

The beneficial effects of PA and IF may be partly mediated by brain-derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF). BDNF and GDNF are neurotrophins present in the adult brain that are essential for regeneration, maintenance, and survival of specific neuronal populations. Both play key roles in the pathogenesis of nervous system disorders, and alterations in their levels have been linked to cognitive decline (32). Among the various molecules that modulate cortical activity and influence short-term and working memory, BDNF is one of the most extensively studied, particularly in relation to physical activity (33). BDNF is critical for synaptogenesis (the formation of synapses), synaptic plasticity (the ability of synapses to strengthen or weaken in response to activity patterns), and neurogenesis (the process of generating new neurons) (34). It also supports cognitive abilities, such as memory and learning (35) and exerts neuroprotective effect, shielding neurons from various forms of damage – an important factor in the context of neurodegenerative and neuropsychiatric disorders (36). Given that estrogen regulates the expression of neurotrophic factors, including BDNF, further research is needed to explore the role of BDNF in menopause (37). GDNF plays a critical role in supporting neuronal survival, particularly that of dopaminergic neurons, which is especially relevant in the context of neurodegenerative diseases such as Parkinson’s disease (38). GDNF also promotes axonal regeneration and enhances neuroplasticity – the brain’s ability to adapt structurally and functionally—while protecting neurons from damage caused by toxic insults and oxidative stress (39). Owing to its neuroprotective and regenerative properties, GDNF is currently being investigated as a potential therapy for a range of neurological and psychiatric disorders (38, 40, 41). Preclinical studies have shown that ovariectomy—a commonly used model of menopause in mice—leads to a reduction in the expression levels of both BDNF and GDNF (32). These findings highlight the need to investigate strategies that modulate the levels of these neurotrophins, as their distribution may be disrupted in menopausal women.

Previous research has demonstrated that a 12-week combined resistance and aerobic training program significantly increased BDNF concentrations in both premenopausal and postmenopausal women with obesity, with a more pronounced effect observed in postmenopausal participants (42). However, evidence on changes in resting BDNF levels remains inconsistent across studies. A meta-analysis by Dinoff et al. (43) found that aerobic training, but not resistance training, was associated with increased resting concentrations of peripheral BDNF, while factors such as age, sex, and BMI did not significantly moderate this effect. The findings suggest that the type of exercise intervention plays a key role in BDNF regulation and that the observed effects may vary across studies and populations. Therefore, while there is evidence supporting the potential of physical training to modulate BDNF, further research is needed to clarify under what conditions resting BDNF levels reliably increase. BDNF has also been identified as a key mediator of enhanced glucose metabolism in response to exercise (44), suggesting potential benefits for mitigating metabolic risk factors commonly associated with menopause (45). Emerging evidence indicates that IF exerts pro-cognitive effects in conditions characterized by impaired BDNF signaling (46). Additionally, IF has been shown to protect against neuronal damage in animal models with estrogen deficiency, such as ovariectomized rats, where IF led to an increase in BDNF levels (47). Research on the effects of physical activity on GDNF levels in humans remains limited. One study reported that lower-body resistance training led to increased GDNF expression in skeletal muscle (48). Another study found that an 8-week Nordic Walking intervention had no effect on GDNF levels in postmenopausal women (49). This limited and inconsistent evidence highlights the need for further research to better understand the role of physical activity in modulating GDNF in humans.

Previous studies have shown that combining exercise with IF is more effective for weight loss and preserving muscle mass compared to exercise alone (50). In women with obesity, an 8-week intervention combining high-intensity interval training (HIIT) – performed as a circuit three times per week for 25 min per session – with an intermittent fasting (IF) protocol (a 5:2 diet, including two meals within a 6 h window, providing 25% of total energy intake, followed by 18 h of complete fasting) has been shown to be more effective for weight loss and muscle mass preservation than exercise alone (51). Similar results were observed in active women who followed a protocol combining isocaloric intermittent fasting with a 10 h eating window and 14 h of fasting, during which breakfast was consumed as soon as possible after waking. The fasting regimen was applied every other day and was paired with HIIT performed twice weekly, with each session lasting 40 min (52). However, findings from animal model suggest that this combination may not produce additional benefits for BDNF levels beyond those achieved by exercise alone. Specifically, in ovariectomized rats exercise alone was as effective as the combined intervention in increasing BDNF levels (47).

A promising method for assessing cognitive function involves the use of electroencephalography (EEG), which provides valuable insights into the brain’s neurophysiological activity (53). When combined with neuropsychological assessments, such as cognitive testing, EEG can offer a more comprehensive understanding of potential cognitive improvements following exercise or dietary interventions. Menopause has been shown to affect the brain’s bioelectrical activity. In early postmenopausal women, Beta2 power has been positively correlated with follicle-stimulating hormone (FSH) levels compared to premenopausal women, suggesting that FSH may influence fast cortical activation – a state associated with heightened cortical arousal and cognitive engagement—during the early postmenopausal period (54). Elevated beta EEG activity in late perimenopausal and postmenopausal women suggests that arousal level during sleep are higher in these groups (55). Moreover, beta EEG power provides an objective measure of hot flashes during the night, which have been shown to be frequently associated with sleep awakenings (56).

Although the positive effects of physical activity and IF on general health in humans are well established, no clinical studies to date have examined the combined impact of IF and exercise on cognitive function in menopausal women. Thus, it remains unknown whether TRE combined with exercise can modify or enhance cognitive health improvements in menopausal women compared to exercise alone. Taking this into account, the aim of the present study was to investigate whether the implementation of exercise and TRE, as opposed to exercise alone, has a significant impact on cognition in women undergoing menopause.



2 Methods


2.1 Primary and secondary outcomes

The primary outcome measures were the changes from baseline to week 12 in brain-derived neurotrophic factor (BDNF) levels, glial cell line-derived neurotrophic factor (GDNF) levels, N-back test performance, reading interference tendency (RIT) and naming interference tendency (NIT) in the Stroop test, and working time (WT) in the Stroop test.

The secondary outcome measures included changes from baseline to week 12 in brain wave activity, reaction time in the N-back test, accuracy in the N-back test, and Ruffier test.



2.2 Participants

Sample size calculations (G*Power 3.1.7) revealed that a minimum sample size of 54 participants would be appropriate to detect significant differences between the groups, assuming an effect size ηp2 = 0.14, a type I error of 0.05, and a power of 0.80. On the basis of a prediction of a dropout rate of 20%, an estimated 68 were required to achieve a total of 54 participants. Participants were recruited in Poznań, Poland. Key inclusion criteria were: age between 41 and 61 years; perimenopausal status (defined as irregular menstrual bleeding within the last 12 months, including variability in cycle length of 7 days or more between consecutive cycles), menopausal status (amenorrhea for the past 12 months), or postmenopausal status (no menstrual bleeding for more than 1 year); and being lightly active or inactive (i.e., engaging in less than 3 h per week of light-intensity exercise at 2.5–4.0 metabolic equivalents [METs]). Physical activity levels were assessed using the Global Physical Activity Questionnaire (GPAQ) (57). Exclusion criteria included: use of hormone replacement therapy at any time or hormonal contraception; a history of hysterectomy, oophorectomy, or cancer treatment; presence of cardiovascular disease or type 1 or type 2 diabetes mellitus; use of antihypertensive, glucose-lowering, or lipid-lowering medications; body mass variation ≥ 4 kg in the past 3 months; a history of eating disorders; or working night shifts. Individuals with contraindications to physical exercise or fasting were excluded based on evaluation by an experienced physician. Of the 243 individuals who expressed interest in participating, 80 met the eligibility criteria (Figure 1). The experimental protocol was approved by the Bioethical Committee of the Poznan University of Medical Sciences (approval no. KB-179/21) and was conducted in accordance with the Declaration of Helsinki (58). Written informed consent was obtained from all participants prior to study participation. The experiment was registered at ClinicalTrials.gov (identifier: NCT06138015).
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FIGURE 1
 Flow diagram of the study following CONSORT guidelines.




2.3 Study design and procedures

A 12-week quasi-experimental trial was conducted to evaluate the effects of exercise alone (exercise group), and TRE combined with exercise (combination group) on cognitive function in menopausal women. Eligible participants were assigned to one of two groups: (1) the combination group, which received both dietary and exercise interventions, and (2) the exercise group, which participated in the exercise intervention only. The trial was conducted in three consecutive waves: the first from October to December 2021, the second from January to March 2022, and the third from October to December 2022. Participant recruitment occurred over a 4-week period preceding each trial wave and was carried out through advertisements posted on the university website. During the second and third waves, additional participants were allocated to groups to ensure a balanced distribution and comparable group sizes by the end of the study.


2.3.1 Collection and analysis of blood samples

Blood samples were collected by an experienced nurse both before the intervention and after its completion. A volume of 5 mL of blood was collected. The blood was left to clot at room temperature for 60 min (59) and centrifuged to obtain serum, which was subsequently deep-frozen at −80°C. Biochemical analyses were performed at the Molecular Endocrinology Laboratory of the Poznan University of Medical Sciences by experienced laboratory technicians. A total of 40 samples were collected, of which 37 were successfully analyzed.

ELISA kits were utilized to analyse Human BDNF (Sunredbio, Shanghai, catalog no. 201-12-1303) and Human GDNF (Sunredbio, Shanghai, catalog no. 201-12-0123), following the manufacturer’s instructions. All measurements were performed in duplicate, and the results were reported as the average of the two values.



2.3.2 Cognitive ability assessment

The Stroop test was used to examine participants’ processing speed and selective attention (60). The test was a part of Vienna Test System. Two conditions were used without interfering influences (congruent stimuli) to determine baseline performance and were related to the two interference conditions, i.e., “color naming interference” and “word reading interference” (incongruent stimuli). Participants had to press the button of the appropriate color in the test panel as quickly as possible. The test took approximately 10 min and was preceded by familiarization trials for each condition. The system provided feedback to the participants in case of incorrect answers and did not allow them to proceed to the testing session until the correct answer was given. The reading interference tendency, and naming interference tendency in seconds, the working time for all test sections in minutes were analyzed. Reading interference tendency is a difference in reaction time between reading “incongruent” and reading “congruent.” Naming interference tendency is a difference in reaction time between naming “incongruent” and naming “congruent.” Lower values of reading interference tendency and naming interference tendency indicate better performance. Shorter working time across test section indicates better performance.

The N-back test was used to examine participants’ working memory, verbal memory, and attention (61). The test was a part of Emotiv Lab system. A sequence of graphics was presented to the participants at a fixed time interval. They were required to press a button whenever they noticed the same graphic that was shown two graphics earlier. The test took approximately 5 min and was preceded by written instruction. Data regarding accuracy and reaction time were collected and calculated to provide results in points. Better performance is reflected by higher total points, higher accuracy, and lower reaction time.

Emotiv EPOC X device was used to perform EEG testing. This device has been successfully employed in numerous research studies (62). It features 14 saline-soaked felt electrodes and two reference sensors, placed according to the 10–10 international system of EEG electrode placement at AF3, F7, F3, FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and AF4, and reference sensors at P3, P4. The interval sampling rate of the device is 2048 Hz, down sampled to 128 Hz. Measurement resolution was 14 bits with 1LSB = 0,51 μV (16-bit-1 DC, 2 bits instrumental noise floor discarded). Bandwidth range was 0.16–43 Hz with digital notch filters at 50 Hz and 60 Hz, and a dynamic range of 8,400 μV (pp). Participants were instructed to sit comfortably in a chair, after which the EEG headband was placed on their head and adjusted to ensure high contact quality. They were asked to minimize head and facial movements to reduce artifacts. The resting-state EEG recording lasted 4 min. During the first 2 min, participants kept their eyes opened while fixating on a cross displayed at the center of the computer screen. In the following, they sat with their eyes closed. Subsequently, EEG recordings were conducted during the performance of the N-back task, which was employed to induce external cognitive load, including working memory demands. In this task, participants were required to monitor a sequence of symbols presented on a computer screen and were instructed to press the space bar when the current symbol matched the one presented two positions earlier (2-back condition), immediately following the presentation of the current stimulus. The EEG device recorded brain activity across multiple frequency bands (theta, alpha, low beta, high beta, gamma), along with data on blinks, lower and upper facial movements, and head position changes detected via accelerometer. Data were transmitted to the EmotivPRO application via Bluetooth. Data were cleaned and artifacts were removed before further analysis. Absolute mean power for each frequency band was calculated by averaging across all sensors. A subset of participants underwent EEG testing. Data were collected from 16 individuals; however, recordings from 9 participants met the quality threshold in further analysis.



2.3.3 Cardiorespiratory fitness assessment

The Ruffier test was administered before and after the interventions. The pretest heart rate (HR1) was measured while participants were standing, following five-minute rest period in a seated position. Participants were then instructed to perform 30 squats within 60 s. Each repetition consisted of two movements: squatting down to a 90-degree knee flexion and returning to a standing position. After completing the squats, the first post-test heart rate (HR2) was measured. The second post-test heart rate (HR3) was measured 60 s after completing the squats. The results of the test were calculated using the formula (HR1 + HR2 + HR3−200)/10.




2.4 Diet protocol

Only participants in the combination group took part in the dietary intervention, which required consuming all meals within an 8 h window or less, followed by fasting for the remainder of the day. The start time of the eating window was self-determined, and both the quantity and type of food consumed were chosen by participants. They were instructed not to change the type of foods they typically consumed. Nutritional data were collected weekly through an online survey, in which participants reported the time of their first and last meals each day. The exercise group was instructed to maintain their usual dietary habits. Before and after the intervention, all participants completed Dietary Habits, Lifestyle, Food Frequency Consumption and Nutritional Beliefs Questionnaire (KomPAN questionnaire) (63). As a Food Frequency Questionnaire (FFQ), KomPAN evaluates the food frequency consumption (FFC), which provides information about frequency of consumption of 33 different items, habitual consumption of foods, specific food components or nutrients, and dietary patterns. Ten of 33 items were classified as components of Healthy Diet Index and used to calculate Pro-Healthy Diet Index and fourteen of these items were classified as Unhealthy Diet Index and used to calculate Non-Healthy Diet Index.



2.5 Exercise protocol

Participants from both the combination and exercise groups took part in a supervised exercise intervention. The program consisted of moderate-intensity strength and endurance circuit training conducted twice weekly over a 12-week period. Exercises were performed using eight machines from the MILON system in a fixed sequence: cycle ergometer, abdominal crunch, leg curl, latissimus pulldown, elliptical machine, cross trainer, back extension, and leg abductor. Each strength exercise lasted 1 min, endurance bouts lasted 4 min, and a 30 s rest was provided between each activity. Each training session included three complete circuits of the sequence. Training intensity was estimated for each individual using an age-predicted heart rate maximum (HRmax) equation using Fox‘s equation (Fox-HRmax = 220 − age) (64). During each training session, a Polar Heart Rate Monitor (Polar USA, Inc., NY) was used to monitor each participants’ heart rate (HR). The intensity load in watts was adapted based on the monitored HR. According to the American College of Sports Medicine (ACSM), moderate intensity aerobic exercise is reached once a person’s heart rate reaches 64–76% of their age predicted maximal heart rate (65). The intensity of the resistance training was individualized according to the muscle strength level of each participant, which was assessed by 1 repetition maximum (1RM). Training intensity was progressively increased at 4-week intervals. Resistance exercises were performed at 50% of one-repetition maximum (1RM) during weeks 1–4, 60% of 1RM during weeks 5–8, and 70% of 1RM during weeks 9–12. Each session lasted 55 min. Participants were instructed to maintain their usual daily physical activity outside of the training program. To be included in the final analysis, individuals were required to attend at least 90% of sessions (a minimum of 22 out of 24 total sessions); those who did not meet this criterion were excluded from the final analysis. The moderate-intensity combined aerobic and resistance training protocol was chosen based on evidence (66) and ACSM recommendations (67) recommending this type of interventions to effectively support cognitive function.



2.6 Statistical analysis

All statistical analyses were performed using STATISTICA 13.3 (StatSoft, Inc.). After testing the assumptions of normality by the Shapiro–Wilk test, the T-test was applied in cases of parametric distribution for intra-group comparisons and the pair T-test for comparison between groups. The Wilcoxon test was applied in cases of non-parametric distribution for intra-group comparisons and the Mann–Whitney U test for comparison between groups. For the Wilcoxon test and the Mann–Whitney U test the effect size was calculated according to a formula r = |z|/sqrt(N) and interpreted as follows: 0.10–0.29 small effect, 0.30–0.49 moderate effect or r ≥ 0.50 large effect (68, 69). The results are expressed as mean ± standard deviation or median with upper and lower quartiles. The ANOVA two-way repeated measures mixed model for intra- and intergroup comparisons was performed. When a significant effect was found, post hoc multiple comparisons were performed. The effect size for ANOVA was assessed using the partial eta-square (η2) and values of 0.01, 0.06, and 0.14 were interpreted as small, medium, and large effects, respectively. In all tests, a p-value of less than 0.05 was set as statistically significant.




3 Results


3.1 Participants

A total of 80 participants were recruited for this study, with an overall dropout rate of 26% by the end of 12 weeks (Figure 1). The dropouts were primarily attributed to personal circumstances of the participants and concerns related to the COVID-19 pandemic. A total of 59 participants completed the study (Figure 1). Average age was 51.37 ± 4.71, average BMI was 27.23. ± 5.54, average systolic blood pressure (SBP) was 132.08 ± 16.52, and average diastolic blood pressure (DBP) was 84.10 ± 8.94. In terms of education level, 88% participants had higher education and 12% had secondary education. There was no significant difference in the distribution of premenopausal+menopausal and postmenopausal participants between the combination and exercise group (p = 0.358). In the exercise group, 14 participants were perimenopausal+menopausal and 19 were postmenopausal with regard to the cognitive test results. In the combination group, 8 participants were perimenopausal+menopausal and 18 were postmenopausal. For BDNF and GDNF analyses, the exercise group included 9 perimenopausal+menopausal and 12 postmenopausal participants, while the combination group included 6 perimenopausal+menopausal and 10 postmenopausal participants.



3.2 Adherence to exercise and/or dietary intervention

A total of 24 sessions of the training were conducted, with both groups completing over 96% of sessions. Participants were allowed to miss a maximum 2 out of 24 total sessions. Exercise compliance was assessed by recording attendance at each supervised exercise session. If an exercise session was missed, the participant was required to make up for the missed session. Almost 80% of participants were exercising at moderate or higher intensity for at least 50% of time during sessions. There was no difference in exercise intensity between groups (p = 0.994). Dietary compliance was lower than exercise compliance, with the combination group adhering to their prescribed 8 h long eating window in over 62% of days and adhering to 9 h eating window in almost 87% of days. Prior to the experiment, eating window of participants was on average 12 h and 26 min long. KomPAN FFQ results were calculated to compare baseline intensity of pro-healthy and non-healthy characteristics and intensity at the end of the study in both groups. There was no significant difference in food frequency consumption characterized by pro-healthy (p = 0.231) and non-healthy (p = 0.088) intensity before and after 12-weeks intervention in the combination group which may indicate that quality and amount of food while having TRE remained unchanged comparing to a diet that participants have had before the experiment.



3.3 Cognitive tests

There were no baseline differences in cognitive function indicators between the combination and exercise groups. Total working time in Stroop test decreased significantly in both groups (moderate effect sizes) and reading interference tendency (RIT) in Stroop test decreased significantly in the exercise group after 12 weeks (moderate effect size) (Table 1). There was no group x time interaction in cognitive tests’ outcomes (Table 1). At baseline, there were no statistically significant differences in cognitive test outcomes between perimenopausal+menopausal and postmenopausal participants, either in the overall sample or within the exercise group. In the combination group, baseline differences were also non-significant, except for the N-back score and N-back accuracy, where perimenopausal+menopausal participants showed significantly higher values than postmenopausal participants (both p = 0.045). There were no significant differences in pre-post change scores in cognitive tests between perimenopausal+menopausal and postmenopausal participants within the exercise group (Table 2). In the combination group, significant differences were observed between these subgroups in Stroop test RIT (p = 0.043, moderate effect size), as well as in N-back test score and accuracy (p = 0.008, large effect size and p = 0.003, large effect size, respectively) (Table 2). No significant differences were found between the subgroups in other variables within the combination group (Table 2).


TABLE 1 The effect of TRE and/or exercise on results of cognitive tests and Ruffier test.


	Variable
	Exercise group (n = 33)
	p, r
	Combination group (n = 26)
	p, r
	ANOVA GxT



	Baseline
	12 weeks
	Baseline
	12 weeks
	p, η2

 

 	STROOP RIT [sec.] 	0.08 (0.03, 0.11) 	0.04 (0.02, 0.07) 	0.026*, 0.387 	0.06 (0.03, 0.12) 	0.07 (0.04, 0.10) 	0.594, 0.105 	0.546, 0.006


 	STROOP NIT [sec.] 	0.06 (0.03, 0.12) 	0.06 (0.03, 0.08) 	0.224, 0.218 	0.08 (0.05, 0.11) 	0.07 (0.05, 0.10) 	0.929, 0.017 	0.375, 0.014


 	STROOP WT (min) 	4.02 (3.58, 4.45) 	3.72 (3.45, 4.22) 	0.026*, 0.393 	4.15 (3.53, 4.60) 	3.94 (3.52, 4.55) 	0.031*, 0.423 	0.933, <0.001


 	N-back [points] 	41.89 ± 13.52 	45.52 ± 14.79 	0.096, 0.368 	40.81 ± 15.25 	48.50 ± 15.65 	0.194, 0.300 	0.975, <0.001


 	N-back RT [ms] 	502.44 ± 50.95 	508.46 ± 49.74 	0.211, 0.359 	520.88 ± 47.54 	504.70 ± 48.82 	0.336, 0.285 	0.775, 0.003


 	N-back – Accuracy [%] 	69.50 (63.00, 76.00) 	74.50 (61.50, 80.00) 	0.263, 0.310 	73.50 (61.00, 78.00) 	77.50 (69.50, 82.00) 	0.187, 0.352 	0.935, <0.001


 	Ruffier test [points] 	8.10 (6.00, 12.00) 	7.60 (4.90, 9.20) 	0.045*, 0.384 	8.00 (6.40, 11.20) 	6.20 (4.00, 9.05) 	0.098, 0.344 	0.898, <0.001





Values are means ± SD or medians (quartiles); r (effect size for Wilcoxon test) 0.10–0.29 indicating small effect, 0.30–0.49 indicating moderate effect or r ≥ 0.50 indicating large effect; partial eta-squared (η2) ≥ 0.06, indicating a moderate or η2 ≥ 0.14 large effect; * p < 0.05; GxT, group x time interaction; RIT, reading interference tendency; NIT, naming interference tendency; WT, working time; RT, response time.
 


TABLE 2 Pre-post change scores by menopausal status in exercise and combination groups.


	Variable
	Exercise group
	p, r
	Combination group
	p, r



	Perimenopausal + Menopausal
	Postmenopausal
	Perimenopausal + Menopausal
	Postmenopausal

 

 	Δ STROOP RIT [sec.] 	−0.02 (−0.05, 0.02) 	−0.03 (−0.08, 0.00) 	0.466, 0.127 	−0.05 (−0.08, −0.00) 	0.01 (−0.02, 0.05) 	0.043*, 0.398


 	Δ STROOP NIT [sec.] 	−0.01 (−0.08, 0.01) 	−0.01 (−0.04, 0.02) 	0.648, 0.079 	−0.01 (−0.06, 0.06) 	0.01 (−0.03, 0.02) 	0.677, 0.082


 	Δ STROOP WT (min) 	−0.19 (−0.37, 0.00) 	−0.20 (−0.38, 0.02) 	0.610, 0.089 	−0.07 (−0.41, 0.04) 	−0.13 (−0.23, 0.03) 	0.933, 0.016


 	Δ N-back [points] 	−2.00 (−5.00, 2.00) 	10.00 (−0.50, 16.50) 	0.305, 0.284 	−11.00 (−17.00, 0.00) 	14.00 (6.50, 33.00) 	0.008*, 0.707


 	Δ N-back RT [ms] 	−12.00 (−58.00, −5.00) 	−40.50 (−54.50, 27.00) 	0.714, 0.101 	12.00 (−22.00, 50.00) 	−27.50 (−64.50, −7.00) 	0.138, 0.397


 	Δ N-back – Accuracy [%] 	−3.00 (−3.00, 1.00) 	10.50 (−3.50, 18.00) 	0.212, 0.345 	−6.50 (−12.00, 1.00) 	8.50 (7.00, 27.50) 	0.003*, 0.776


 	Δ BDNF (ng/ml) 	0.10 (−0.10, 0.10) 	−0.10 (−1.00, 0.05) 	0.286, 0.233 	−0.00 (−0.20, 0.50) 	0.10 (0.00, 0.80) 	0.480, 0.176


 	Δ GDNF (ng/ml) 	0.10 (−0.50, 0.70) 	−0.35 (−0.65, 0.05) 	0.165, 0.302 	0.65 (0.10, 0.70) 	−0.65 (−2.20, 0.40) 	0.073, 0.447





Values are Medians (quartiles); Δ – post-test minus pre-test values; r (effect size for Mann–Whitney test) 0.10–0.29 indicating small effect, 0.30–0.49 indicating moderate effect or r ≥ 0.50 indicating large effect; * p < 0.05; RIT, reading interference tendency; NIT, naming interference tendency; WT, working time; RT, response time; BDNF, brain-derived neurotrophic factor; GDNF, glial cell line-derived neurotrophic factor.
 



3.4 Blood indicators concentration

No significant differences in BDNF or GDNF concentrations were observed between the groups at baseline. There were no significant changes in BDNF or GDNF levels after 12 weeks (Table 3). There were no significant differences in pre-post change scores in BDNF or GDNF between perimenopausal+menopausal and postmenopausal participants within the exercise and combination groups (Table 2).


TABLE 3 The effect of TRE and/or exercise on level of neurotrophic factors.


	Variable
	Exercise group (n = 21)
	p, r
	Combination group (n = 16)
	p, r
	ANOVA GxT



	Baseline
	12 weeks
	Baseline
	12 weeks
	p, η2

 

 	BDNF (ng/ml) 	1.90 (1.30, 3.30) 	1.90 (1.30, 2.70) 	0.268, 0.254 	1.60 (1.20, 3.50) 	1.85 (1.30, 3.00) 	0.346, 0.252 	0.071, 0.090


 	GDNF (ng/ml) 	4.10 (3.00, 8.10) 	3.90 (2.50, 7.50) 	0.533, 0.143 	3.80 (2.70, 7.65) 	3.60 (2.65, 9.20) 	0.910, 0.029 	0.562, 0.010





Values are Medians (quartiles); r (effect size for Wilcoxon test) 0.10–0.29 indicating small effect, 0.30–0.49 indicating moderate effect or r ≥ 0.50 indicating large effect; partial eta-squared (η2) ≥ 0.06, indicating a moderate or η2 ≥ 0.14 large effect; GxT, group x time interaction; BDNF, brain-derived neurotrophic factor; GDNF, glial cell line-derived neurotrophic factor.
 



3.5 EEG

There were no differences in mean power of brain waves at baseline between the groups. Mean power of theta wave increased significantly during eyes closed resting-state in the exercise group (large effect size) (Table 4). Mean power of theta, alpha, beta low, beta high, and gamma waves increased significantly during N-back test in the exercise group (large effect sizes) (Table 4). No significant changes were observed in the combination group regarding EEG testing (Table 4).


TABLE 4 The effect of TRE and/or exercise on brain waves activity.


	Variable
	Exercise group (n = 5)
	
p, r

	Combination group (n = 4)
	p, r



	Baseline
	12 weeks
	Baseline
	12 weeks

 

 	Theta EO 	6.11 (3.12, 9.59) 	44.69 (41.47, 50.35) 	0.080, 0.784 	3.07 (1.76, 7.63) 	17.50 (6.82, 58.97) 	0.068, 0.913


 	Alpha EO 	2.14 (2.05, 3.31) 	11.84 (11.37, 15.17) 	0.080, 0.784 	2.08 (1.09, 3.25) 	5.80 (2.28, 19.85) 	0.144, 0.730


 	Beta low EO 	1.43 (1.11, 1.52) 	4.56 (4.17, 7.36) 	0.225, 0.543 	1.14 (0.72, 1.54) 	2.56 (1.20, 7.78) 	0.068, 0.913


 	Beta high EO 	0.59 (0.49, 1.06) 	1.70 (1.32, 3.54) 	0.138, 0.663 	0.84 (0.52, 0.91) 	1.10 (0.59, 3.20) 	0.068, 0.913


 	Gamma EO 	0.23 (0.20, 0.64) 	1.38 (0.56, 1.48) 	0.080, 0.784 	0.36 (0.25, 0.49) 	0.43 (0.27, 1.08) 	0.068, 0.913


 	Theta EC 	9.52 (5.07, 9.61) 	41.58 (14.53, 45.90) 	0.043*, 0.905 	2.29 (1.35, 9.76) 	7.13 (2.60, 20.68) 	0.068, 0.913


 	Alpha EC 	3.13 (2.97, 4.03) 	12.32 (8.41, 16.73) 	0.225, 0.543 	4.59 (1.25, 7.21) 	4.13 (1.36, 6.81) 	1.000, 0.000


 	Beta low EC 	1.39 (1.19, 3.16) 	5.48 (4.54, 8.07) 	0.225, 0.543 	1.34 (0.69, 2.56) 	1.53 (0.76, 2.14) 	1.000, 0.000


 	Beta high EC 	0.56 (0.46, 0.90) 	1.93 (1.58, 2.98) 	0.345, 0.422 	0.95 (0.52, 1.51) 	0.65 (0.38, 0.89) 	0.273, 0.548


 	Gamma EC 	0.23 (0.20, 0.39) 	0.52 (0.43, 0.87) 	0.500, 0.302 	0.45 (0.19, 1.41) 	0.23 (0.18, 0.33) 	0.273, 0.548


 	Theta N-back 	3.38 (3.18, 6.03) 	27.10 (18.39, 30.30) 	0.043*, 0.905 	3.72 (1.76, 30.09) 	35.28 (13.63, 72.55) 	0.465, 0.365


 	Alpha N-back 	1.91 (1.30, 1.99) 	6.57 (3.86, 14.56) 	0.043*, 0.905 	2.17 (0.93, 7.59) 	7.66 (4.21, 16.89) 	0.465, 0.365


 	Beta low N-back 	0.91 (0.72, 1.49) 	3.16 (1.77, 7.06) 	0.043*, 0.905 	1.24 (0.63, 3.34) 	3.20 (1.51, 7.14) 	0.715, 0.183


 	Beta high N-back 	0.44 (0.33, 0.94) 	1.97 (0.84, 2.76) 	0.043*, 0.905 	0.77 (0.47, 1.39) 	1.31 (0.80, 2.32) 	0.715, 0.183


 	Gamma N-back 	0.22 (0.18, 0.45) 	1.05 (0.61, 4.02) 	0.043*, 0.905 	0.47 (0.33, 0.72) 	0.54 (0.37, 0.70) 	1.000, 0.000





Values are Medians (quartiles); * p < 0.05; r (effect size for Wilcoxon test) 0.10–0.29 indicating small effect, 0.30–0.49 indicating moderate effect or r ≥ 0.50 indicating large effect; EO, eyes opened; EC, eyes closed.
 



3.6 Cardiorespiratory fitness

There was no baseline difference in Ruffier test results between the combination and exercise groups. Ruffier test results decreased significantly in the exercise group (p = 0.045, moderate effect size) while there was no significant change in the combination group (Table 1). There was no group x time interaction in Ruffier test outcomes (Table 1).




4 Discussion

To our knowledge, this study is the first to examine the combined effects of intermittent fasting and exercise on cognition in menopausal women. The aim of the study was to determine whether implementing time-restricted eating alongside exercise, compared to exercise alone, would lead to significant cognitive improvements in menopausal women. Initially, we hypothesized that the combination of TRE and exercise would produce greater cognitive benefits than exercise alone. However, the main finding indicated that cognitive outcomes were generally similar between the two groups, suggesting that the observed changes were primarily driven by the exercise intervention rather than the dietary component. Nonetheless, in the absence of a passive control group, potential practice effects cannot be ruled out.

Declines in estrogen level during the menopausal transition have been linked to reductions in attention and memory (4). Intermittent fasting (IF) has primarily been studied for its effects on weight-loss, though it also appears to have positive effects against neurological disorders – potentially due to its impact on weight loss (14). To date, no study has directly compared the cognitive effects of IF between individuals with obesity and without obesity. It remains unclear whether the cognitive benefits of IF stem from direct effects on the brain or from general health improvements, such as enhanced insulin sensitivity or weight reduction (14). In the current study, the intervention’s effect on cognition in the combination group was modest; however, notably, exercise alone produced a significant cognitive benefit.

Campbell et al. (70) showed that 6-months intervention of 150 min of aerobic exercise per week resulted in no significant changes in Stroop test in postmenopausal women who were breast cancer survivors. Contrary to these results, in this study Stroop test results improved in the exercise group. It might be the result of choosing different form of physical activity and including not only postmenopausal women, but also perimenopausal and menopausal women. According to systematic review of Oliveira et al. (71), effect of high intensity-interval training is significant on Stroop test results, but moderate aerobic training does not provide such changes. In this study, exercise alone produced a significant improvement in Stroop test performance, despite being of moderate intensity. The addition of TRE did not result in further enhancement of Stroop test outcomes in the combination group.

In this study, cardiorespiratory fitness, as measured by the Ruffier test, improved significantly only in the exercise group. This improvement may help explain the cognitive benefits observed in this group. As noted by España-Irla et al. (72), the relationship between cardiorespiratory fitness and cognitive function is evident in healthy middle-aged adults. This association is mediated by brain structure, suggesting a potential mechanistic pathway through which enhanced cardiorespiratory fitness may positively influence cognitive performance during midlife.

Cognitive problems, including declines in working memory, attention and verbal memory, are common during perimenopause (73). Working memory, verbal memory and attentional processes play crucial role in the N-back task (61). Konishi et al. (74) observed that worse N-back test performance is associated with lower BDNF level in postmenopausal women only. In premenopausal and perimenopausal women there was no such association. In this study, there was no change in N-back test after intervention and no change in BDNF or GDNF level in any group. Selecting postmenopausal women for this study might have potentially led to greater changes in BDNF levels and N-back test performance following exercise and diet intervention. However, subgroup analysis revealed that menopausal status may influence the cognitive response to the intervention. There were no significant differences in pre-post changes in cognitive performance, BDNF, or GDNF between perimenopausal+menopausal and postmenopausal participants within the exercise group. In contrast, significant between-group differences emerged in the combination group. Specifically, Stroop test RIT increased in postmenopausal participants and decreased in perimenopausal+menopausal participants, suggesting a decline in selective attention in the former group and improvement in the latter. As higher Stroop RIT values reflect worse cognitive performance, these findings indicate that postmenopausal participants benefited less from the combined TRE and exercise intervention in terms of selective attention. Similarly, significant differences between subgroups were observed in the N-back performance after the intervention, while perimenopausal+menopausal women exhibited a decline. However, these results must be interpreted with caution, as baseline N-back scores and accuracy were significantly higher in the perimenopausal+menopausal subgroup, potentially leading to ceiling effects and confounding the interpretation of post-intervention changes. These findings suggest that cognitive responses to combined TRE and exercise interventions may vary depending on the menopausal stage, with postmenopausal women showing less pronounced improvements-particularly in domains such as selective attention. This underscores the importance of considering menopausal status when evaluating intervention outcomes and highlights the need for further research into the biological mechanisms that may underline these differential responses.

Previous studies have suggested that the cognitive effects of physical activity may differ by sex and genotype. Watts et al. (75) reported cognitive improvements associated with physical activity in men without the BDNF Val66Met polymorphism, whereas women showed no significant cognitive or BDNF level changes regardless of genotype. In line with these findings, our study, conducted exclusively in women, found no increase in BDNF levels following physical activity. It should be noted that the Val66Met polymorphism does not necessarily correlate with peripheral BDNF concentrations, suggesting that other mechanisms may contribute to sex-specific responses to exercise.

According to Tang et al. (76), increased theta wave power following meditation is associated with a relaxed state and reduced stress. In the present study, theta power significantly increased in the exercise group during resting-state EEG with eyes closed, suggesting a relaxation effect induced by physical exercise training. In contrast, no significant changes were observed in the combination group, implying that the stress-reducing effect may have been diminished when TRE was combined with exercise. Additionally, brain wave activity during the N-back task – a working memory-intensive task – was significantly elevated in the exercise group post-intervention compared to baseline. Increases in theta, alpha, beta, and gamma activity during this task may reflect enhanced support for working memory processes and improved cognitive performance in menopausal women who completed a 12-week physical training program. Physical activity is known to enhance perceptual and environmental processing demands, which can influence brain activity (77). Working memory is a core component of human cognitive functioning (78). Zheng et al. (79) reported that working memory performance improved during acute aerobic exercise in young adults, as measured by a modified N-back task, highlighting the potential of physical activity to enhance working memory function. Hsieh et al. (80) found no effect of acute exercise on brain wave activity. These findings, when considered alongside the current study, suggest that sustained, long-term exercise interventions may be necessary to produce measurable changes in EEG activity. Furthermore, the results highlight the importance of cognitive load during testing for detecting such neural adaptations. Notably, this is the first study to examine the effects of IF on EEG and it remains unclear why effect of exercise on brain waves activity was not present in the combination group.

In the study by Espeland et al. (81), a multidomain intensive lifestyle intervention – including both dietary changes and increased physical activity did not yield cognitive benefits for adults with type 2 diabetes who had baseline cognitive complaints. Initiating and managing two simultaneous health behavior changes may have been cognitively demanding and potentially stress-inducing. This could help explain why greater improvements in cognitive measures were observed in the exercise-only group, where participants focused on a single lifestyle modification.

Findings in the literature regarding fasting and other dietary interventions and their effects on cognition are inconsistent. Senderovich et al. (82) reported that while some studies have found cognitive improvements following calorie restriction, other evidence suggests that dietary interventions alone may not be sufficient, and that exercise may yield more consistent cognitive benefits. For example, Kim et al. (83) observed a significant decline in recognition memory performance among healthy adults with elevated waist circumference who followed an intermittent calorie restriction protocol (600 kcal for two consecutive days per week) for 4 weeks. In contrast, no change was observed in a group that followed continuous calorie restriction. Furthermore, review by Benau et al. (84) indicated that fasting can be associated with cognitive deficits, and that any cognitive benefits tend to occur after short-term, rather than long-term fasting. Since intermittent fasting is typically practiced as a long-term dietary approach, this may help explain the lack of cognitive improvements observed in the combination group compared to the exercise-only group in the present study.

This study has several limitations. First, the inclusion criteria may have introduced selection bias, with the wide range of menopausal age potentially acting as a confounding factor. Additionally, the classification of menopausal status in this study was based solely on self-reported menstrual history, without the use of hormone concentrations or the STRAW+10 staging system, which is considered the gold standard for precise menopausal staging. Future studies should incorporate the STRAW+10 criteria to enable more accurate and standardized assessment of menopausal status. Another limitation is the relatively short duration of the intervention – 12 weeks – which may limit the generalizability of the findings to long-term outcomes. Participant dropout was higher in the combination group compared to the exercise group, which may have introduced bias. The study did not include data on energy intake, limiting the ability to evaluate the potential role of caloric restriction in the observed effects. The timing of the eating windows was not standardized across participants; individuals were free to choose the start time of their eating window, resulting in variability. The study was conducted during COVID-19 pandemic, which associated restrictions that may have affected participants’ lifestyle, stress level, ad adherence to interventions. No corrections for multiple comparisons were applied, as EEG, cognitive, and neurotrophins outcomes were analyzed independently. Furthermore, EEG recordings were obtained using a consumer-grade device designed for research and commercial purposes rather than clinical diagnostics, and thus has inherent limitations. The use of per-protocol rather than an intent-to-treat analysis may limit the generalizability of the findings. Lastly, the sample size was limited. Further research with larger cohorts is necessary to better determine the optimal dosage of fasting and exercise for cognitive enhancement in menopausal women.

We demonstrated that combination of time-restricted eating and exercise does not result in superior improvements in cognitive health markers when compared with exercise alone in menopausal women. Combination of time-restricted eating and exercise might not be as effective strategy for prevention of cognitive decline among menopausal women as exercise alone. Further studies with larger study sample are needed to investigate effect of combined time-restricted eating and exercise on cognition in women during menopausal transition.
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Objectives
The objective of this study was to compare and rank the effectiveness of various exercise interventions on metabolic syndrome (MetS) risk factors in postmenopausal women.
Methods
A systematic search was conducted in PubMed, Cochrane, Embase, and Web of Science databases. Randomized controlled trials investigating exercise effects on MetS risk factors in postmenopausal women were included. Two reviewers screened articles, extracted data, and assessed risk of bias and strength of evidence. Analysis was performed by RStudio and Stata 16.0.
Results
This study encompassed 142 RCTs with 7,967 women. The results of the network meta-analysis indicated that combined training (CT) had the greatest effect on body weight (surface under the cumulative ranking [SUCRA] = 0.897), body mass index (SUCRA = 0.923) and triglyceride levels (SUCRA = 0.783); aerobic exercise (AE) had the most significant effect on body fat percentage (SUCRA = 0.856), low-density lipoprotein cholesterol (SUCRA = 0.765), and high-density lipoprotein cholesterol levels (SUCRA = 0.814); resistance training (RT) had the greatest effect on waist circumference (SUCRA = 0.834), glucose (SUCRA = 0.929),and total cholesterol levels (SUCRA = 0.776); mind-body exercise (MBE) had the most significant effect on diastolic blood pressure (SUCRA = 0.969), systolic blood pressure (SUCRA = 0.921), and adiponectin levels (SUCRA = 0.808).
Conclusion
AE, CT, RT, and MBE demonstrated varying degrees of effectiveness in improving different MetS risk factors in postmenopausal women. Selecting appropriate exercise modalities based on individual metabolic risk profiles and health goals is important to achieve optimal intervention outcomes. These findings provide valuable guidance for clinical practice. However, considering the limitations such as the low quality of evidence and high risk of bias in the included studies, the conclusions should be interpreted with caution.
Systematic Review Registration
https://www.crd.york.ac.uk/PROSPERO/view/CRD42023456584, identifier CRD42023456584.
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1 INTRODUCTION
Metabolic syndrome (MetS) is characterized by a cluster of interrelated non-communicable and chronic metabolic disorders affecting more than 1 billion individuals worldwide (Saklayen, 2018). It is widely recognized as a major contributor to cardiovascular disease, while also increasing the risk of diabetes (Watanabe and Kotani, 2020; Palmer and Toth, 2019), acute pancreatitis, venous thrombosis, and psoriatic fatty liver (Jang et al., 2009; Grandl and Wolfrum, 2018; Gisondi et al., 2018). For women, the postmenopausal period is a critical stage during which the risk of MetS increases significantly (Torréns et al., 2009). Studies have shown that postmenopausal women have a significantly higher risk of developing MetS compared with premenopausal women (Hallajzadeh et al., 2018), which is closely related to the decline in endogenous estrogen levels caused by decreased ovarian function after menopause. Estrogen plays an important role in maintaining insulin sensitivity, regulating lipid metabolism, and inhibiting visceral fat accumulation. Its reduction can lead to insulin resistance, elevated plasma triglycerides, decreased high-density lipoprotein cholesterol (HDL-C), thereby significantly increasing the risk of developing or worsening MetS in postmenopausal women. Therefore, deepening the understanding of the risk factors for MetS (Min et al., 2022) is of particular importance to prevent and alleviate this disease in postmenopausal women.
Compared with pharmacological interventions, exercise offers significant cost-effectiveness and long-term safety in improving various risk factors of MetS. Previous studies have demonstrated that regular physical activity and long-term exercise can effectively reduce body weight (BW), lower blood pressure, and improve blood lipid profiles (Grundy, 2016; Liang et al., 2021). Among different exercise modalities, aerobic exercise (AE) and resistance training (RT) are the most common forms of exercise. Studies have found that long-term AE significantly improves BW, HDL-C, low-density lipoprotein cholesterol (LDL-C), systolic blood pressure (SBP), and diastolic blood pressure (DBP) in postmenopausal women (Kobayashi et al., 2022; Pereira et al., 2023). RT interventions can reduce levels of adipokines, particularly adiponectin (ADPN), associated with abnormal vasodilation in postmenopausal women (Ward et al., 2020). In addition to traditional AE and RT, other forms of exercise have gradually gained attention. Mind-body exercise (MBE), which integrates breathing regulation, physical movement, and psychological adjustment, has gained increasing attention in recent years. Tai Chi, yoga, and qigong are currently popular MBEs (Tan L. et al., 2023; Han et al., 2023). Postmenopausal women have been shown to improve energy metabolism, BW, body fat (BF), and blood pressure through these exercises (Boushehri et al., 2022; Buttelli et al., 2021).
Although numerous randomized controlled trials (RCTs) have investigated the effects of exercise on improving various risk factors of MetS in postmenopausal women (Kobayashi et al., 2022; Pereira et al., 2023; Ward et al., 2020; Boushehri et al., 2022; Nunes et al., 2022), and recent meta-analyses have further confirmed the critical role of exercise in reducing MetS risk in this population (Bernal et al., 2025; Tan A. et al., 2023), evidence comparing the relative efficacy of different exercise interventions remains limited. Most existing studies have focused on single exercise modalities versus control groups or pairwise comparisons between two types of exercise, lacking systematic and comprehensive comparisons across multiple exercise interventions. Moreover, the most effective exercise strategies for improving specific MetS risk factors have not been clearly identified, and individualized intervention strategies tailored for postmenopausal women are still lacking. Therefore, exploring and comparing the specific impacts of different exercise interventions on metabolic risk factors in postmenopausal women is essential for informing the development of evidence-based exercise prescriptions. In response to these gaps, this study aims to systematically evaluate the comparative effects of various exercise interventions through a network meta-analysis (NMA).
2 METHODS
2.1 Registration
This systematic review and NMA was reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021; Hutton et al., 2015). The protocol has been registered on the International prospective register of systematic reviews (CRD42023456584).
2.2 Search strategy
Systematic searches were conducted in Embase, PubMed, Cochrane Library, and Web of Science for studies investigating the effect of exercise training on MetS risk factors in postmenopausal women up to December 2024. The references of included studies were also tracked. According to the PICOS (Participant, Intervention, Comparison, Outcome) principles, the strategy of combining “keywords” and “free terms” was adopted for searching, including menopause, metabolic syndrome, exercise, blood pressure, blood glucose, triglycerides, etc. A detailed example of the Web of Science search strategy is provided in Supplementary Table S1.
2.3 Selection of studies and eligibility criteria
After the searched studies were imported into Endnote X9, and duplicate records were removed, two reviewers (Z and L) independently screened the literature using the following inclusion and exclusion criteria. Inclusion criteria: (1) Study type: RCTs and human studies; (2) Study population: Postmenopausal women with no history of breast cancer, heart disease, or other serious medical conditions (defined as menopause lasting at least 1 year or follicle-stimulating hormone (FSH) level >30 IU/L) women; (3) Intervention types: AE, aimed at improving cardiorespiratory efficiency and capacity (Mersy, 1991); RT, aimed at increasing intensity, strength, endurance, and skeletal muscle size (Howley, 2001); combined training (CT), involving both AE and RT; MBE can be defined as an exercise methodology that integrates strategies for improving mental and physical health (Tan L. et al., 2023). (4) Outcome measures: BW, body mass index (BMI), BF%, waist circumference (WC), SBP, DBP, Glu, LDL-C, HDL-C, total cholesterol (TC), triglyceride (TG), ADPN and leptin; (5) Accepted articles must be published in English. Exclusion criteria: (1) Duplicates; (2) Systematic reviews, meta-analyses, and conference papers; (3) Animal studies; (4) Inaccessible full text and relevant information; Literature retrieval and screening were conducted independently by two reviewers (Z and L). To improve efficiency, an initial automated screening was performed using the search function of EndNote to exclude records identified as conference papers, systematic reviews, or meta-analyses based on title and abstract. The remaining records were then manually screened by the two reviewers according to the predefined criteria. In case of any discrepancies, a consensus was reached through discussion or consultation with a third reviewer.
2.4 Data extraction
The data of eligible studies was independently extracted and organized into Excel 2019 by two reviewers (Z and L), including (1) Basic information: Title, first author, year of publication, and study type; (2) Participant information: Country, average age, sample size, and health status; (3) Information on exercise interventions: Type of exercise, duration of intervention. (4) Outcome measures: BW, BF%, BMI, WC, SBP, DBP, Glu, LDL-C, HDL-C, TC, TG, ADPN, Leptin. Data extraction was performed independently by two reviewers (Z and L), and any discrepancies were resolved through discussion or consultation with a third reviewer to reach a consensus.
2.5 Risk of bias and strength of evidence assessment
The risk of bias in the included RCTs was assessed employing the Version 2 of the Cochrane risk-of-bias tool for randomized trials, as described in the sixth edition of the Cochrane Handbook for Systematic Reviews of Interventions published in 2019 (Sterne et al., 2019). The included studies were assessed for quality from the following aspects: (1) bias arising from the randomization process, (2) bias due to deviations from intended interventions, (3) bias due to missing outcome data, (4) bias in measurement of the outcome, and (5) bias in selection of the reported result. The risk-of-bias judgments for each domain were “low risk of bias,” “some concerns,” or “high risk of bias.” The quality assessment was independently performed by two reviewers (Z and L). In case of any discrepancies, a consensus was reached through discussion or consultation with a third reviewer.
The credibility of the comparative results was assessed using the Confidence in Network Meta-Analysis (CINeMA) tool (Nikolakopoulou et al., 2020). Evaluations were conducted across the following six domains: (1) within-study bias, (2) indirectness, (3) reporting bias, (4) imprecision, (5) inconsistency, and (6) heterogeneity. Each domain was rated as “no concerns” (no downgrade), “some concerns” (one-level downgrade), or “major concerns” (two-level downgrade) based on the severity of bias. The overall confidence rating was categorized into four levels: very low, low, moderate, and high. The quality assessment was independently performed by two reviewers (Z and D). In case of any discrepancies, a consensus was reached through discussion or consultation with a third reviewer.
2.6 Data synthesis and analysis
Pairwise meta-analysis was performed using RStudio software. The standardized mean difference (SMD) with 95% confidence intervals (CI) was selected as the effect measure for continuous outcomes, and a random-effects model was applied to pool effect sizes across studies. A 95% CI represented each effect size. I2 was used to determine the heterogeneity of effect indicators among different studies quantitatively. An I2 > 50% or P < 0.10 for the Q test was interpreted as indicating substantial heterogeneity (Higgins et al., 2011).
The NMA was conducted using RStudio and Stata 16.0. Mean difference (MD) and 95% CI were used as the effect sizes for outcome measures, and the same measurement units were used. The network map command in Stata 16.0 was employed to generate network diagrams, funnel plots, and cumulative probability plots. Network diagrams illustrate connections between various training interventions, with nodes representing the different interventions, and edges indicating the connections or relationships between them). Funnel plots display the relationship between sample sizes and effect sizes of studies, along with potential publication bias. The surface under the cumulative ranking curve (SUCRA) was used to illustrate the ranking probabilities of the exercise interventions for each outcome. A NMA was carried out using a random-effects model based on the Bayesian framework. This model adopted the Markov Chain Monte Carlo (MCMC) method to obtain non-informative uniform and normal prior distributions. Model parameters were set as follows: four chains were used (Hamra et al., 2013; Bois, 2013), with a step size of 1, an annealing count of 20,000, and a simulation iteration of 50,000 (Dias et al., 2012). Model fit was assessed using the Deviance Information Criterion (DIC). A dDIC value less than 10 was considered to indicate no significant global inconsistency (Veroniki et al., 2013). When the network diagram had a closed loop, local inconsistency was examined through node-splitting analysis.
3 RESULTS
3.1 Study selection
A total of 12,302 articles were retrieved from database searches and imported into EndNote X9. After removing 4,221 duplicate records, 5,498 articles were excluded based on title and abstract screening, due to reasons such as reviews, non-RCTs, animal studies, and non-English publications, leaving 187 articles for further full-text screening. After reading the full text, an additional 37 articles were excluded for reasons such as missing data, inadequate reporting of outcomes and not involving postmenopausal women. Finally, 142 articles were included in the review and NMA analysis. The PRISMA flowchart is presented in Figure 1.
[image: PRISMA flow diagram illustrating the systematic review process. Records were identified from PubMed, Embase, Cochrane, and Web of Science. Removal of duplicates and ineligible records resulted in 5,685 titles and abstracts screened. Exclusions were made for non-randomized controlled studies, population and intervention mismatches, and outcome measure mismatches. From 187 reports sought for retrieval, 142 studies were ultimately included after further exclusions for reasons such as language, inadequate outcomes, duplication, and lack of relevant variables.]FIGURE 1 | PRISMA flow diagram of the study selection process.3.2 Characteristics of the included studies
A total of 142 studies were included, involving 7,967 women, with 3,203 in the experimental group and 4,764 in the control group (CON). The mean age was 60.22 ± 6.38 years. These studies were conducted in various countries, including Brazil (29 studies), United States (21 studies), Japan (15 studies), Korea (15 studies), Iran (13 studies), Canada (10 studies), Poland and Spain (6 studies each), China (4 studies), Portugal, Turkey and Sweden (3 studies each), and Germany and France (2 studies each), Algeria, Australia, Chile, Egypt, Finland, Libya, Republic of South Africa, Sydney, Thailand and United Kingdom (1 study each). The experimental group used five training interventions: AE (71 studies), RT (39 studies), CT (40 studies), and MBE (18 studies), while the CON maintained their usual daily activities. The basic characteristics of the included studies are presented in Supplementary Table S2.
3.3 Risk of bias 2 (ROB) quality evaluation
Among the 142 included studies, 22.5% had “low risk of bias”, 39.4% had “some concerns”, and 38% had “high risk of bias”. Regarding different domains of bias, the bias arising from the randomization process was categorized as “low risk” in 29.6% of studies, “some concerns” in 65.5% of studies, and “high risk” in 4.9% of studies. Deviations from intended interventions resulted in a bias categorized as “low risk” in 72.5% of studies, “some concerns” in 7% of studies, and “high risk” in 20.4% of studies. Bias due to missing outcome data was classified as “low risk” in 97.2% of studies and “high risk” in 2.8% of studies. Bias in measurement of the outcome was identified as “low risk” in 83.8% of studies, “some concerns” in 2.1% of studies, and “high risk” in 14.1% of studies. Bias in selection of the reported results was rated as “low risk” in 98.6% of studies and “some concerns” in 1.4% of studies. The primary sources of risk were as follows: 23 studies mentioned random allocation using random number tables or computer programs, 2 study described random grouping by independent personnel, while the remaining 117 studies did not provide detailed descriptions of the randomization method. Blinding participants in exercise-related studies had some difficulties; therefore, only 18 studies reported blinding procedures, with 10 studies using double blinding, 8 studies using single blinding, and the remaining studies lacking detailed descriptions. 33 RCTs had missing outcome data, 27 studies provided evidence that the results were not influenced by missing data, 33 study reported participant withdrawal due to health, illness, death reasons, and 6 studies did not provide evidence that results were not affected by missing data. All studies adopted appropriate outcome measurement methods, avoiding selective reporting of results. Supplementary Figure S1 represents the ROB diagram. Using CINeMA, most pairwise comparisons were found to have low confidence levels, with only a few demonstrating moderate to high confidence. The CINeMA results in Supplementary Table S3.
3.4 Pairwise meta-analysis and NMA
The included 142 studies discussed four different training interventions: AE, RT, CT and MBE. The network structure diagram illustrating the relationships between these interventions is presented in Figures 2A–M. In the Figure, the thickness of the lines in the diagram can reflect the number of pairwise comparisons among the interventions. Additionally, the size of the circles representing the interventions can be proportional to the number of participants included in each intervention. The difference in DIC values between the consistency model and the inconsistency model was <5, indicating the absence of local inconsistency. For outcomes with closed loops, a node-splitting analysis was conducted, which revealed that all p-values were >0.05, indicating the absence of local inconsistency.
[image: Thirteen network diagrams labeled A to M display blue nodes of varying sizes, connected by lines of different thicknesses. Each node is labeled as CON, AE, RT, CT, or MBE, representing network elements, with thicker lines indicating stronger relationships between nodes. Node size varies, reflecting the relative importance or magnitude of each element within the networks. Diagrams progress from dense, highly interconnected networks in panels A to F, to increasingly sparse configurations in panels G to M, illustrating changes in connection patterns and network centrality of nodes.]FIGURE 2 | Network graph. Each node represents one Training type. The lines between the dots indicate a direct comparison between the two modes of motion, with thicker lines for more studies and thinner lines for fewer studies. (A) Body weight (B) Body fat% (C) Body Mass Index (D) Waist circumference (E) Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density lipoprotein cholesterol (J) Total cholesterol (K) Triglyceride (L) Adiponectin (M) Leptin; AE, aerobic exercise; RT, resistance training; CT, combined training; MBE, Mind-body exercise; CON, control group.3.4.1 Body composition (BW, BF%, BMI and WC)
BW was reported in 102 studies involving 4,755 participants and four interventions: AE, RT, CT and MBE. Pairwise analysis indicated that exercise interventions were effective for reducing BW, with an overall I2 value of 42.2% (Supplementary Table S4). Compared to the CON, AE (MD = −1.43, 95% CI: −1.97, −0.9) and CT (MD = −1.84, 95% CI: −2.71, −0.95) were more effective in improving BW among postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S5). The ranking order of interventions in terms of improving BW was as follows: CT (SCURA = 0.897), AE (SCURA = 0.703), RT (SCURA = 0.437) (Figure 3A).
[image: Thirteen line graphs labeled A to M compare rank probabilities for five intervention groups (AE, MBE, RT, CT, CON) across health indicators: BW, BF%, BMI, WC, DBP, SBP, Glu, LDL-C, HDL-C, TC, TG, ADPN, and Leptin; each graph shows how likelihood of each group’s ranking varies for the parameter measured.]FIGURE 3 | Cumulative ranking probability graph. The surface under the cumulative ranking curve (SUCRA) value is the probability each treatment has of being among the best of those in the network, with larger values representing higher ranking probabilities. (A) Body weight (B) Body fat% (C) Body Mass Index (D) Waist circumference (E) Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density lipoprotein cholesterol (J) Total cholesterol (K) Triglyceride (L) Adiponectin (M) Leptin.BF% was reported in 56 studies involving 2057 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions significantly reduced BF%, with an overall I2 value of 75.8% (Supplementary Table S4). Compared to the CON, AE (MD = −2.22, 95% CI: −3.15, −1.28), CT (MD = −1.71, 95% CI: −2.96, −0.46) and RT (MD = −1.77, 95% CI: −2.85, −0.7) were more effective in improving BF% among postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S5). The ranking order of interventions in terms of improving BF% was as follows: AE (SCURA = 0.856), RT (SCURA = 0.656), CT (SCURA = 0.637) (Figure 3B).
BMI was reported in 96 studies involving 4,494 participants and four interventions: AE, RT, CT and MBE. Pairwise analysis indicated that exercise interventions were were associated with a significant decrease in BMI, with an overall I2 value of 60.9% (Supplementary Table S4). Compared to the CON, AE (MD = −0.52, 95% CI: −0.78, −0.26), CT (MD = −0.83, 95% CI: −1.3, −0.35), and RT (MD = −0.44, 95% CI: −0.88, 0) were ineffective at improving BMI among postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S5). The ranking order of interventions in terms of improving BMI was as follows: CT (SCURRT = 0.923), AE (SCURCT = 0.628), RT (SCURMBE = 0.532) (Figure 3C).
WC was reported in 42 studies involving 2,389 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions effectively lowered WC, with an overall I2 value of 63.4% (Supplementary Table S4). Compared to the CON, AE (MD = −2.25, 95% CI: −3.23, −1.29), CT (MD = −1.77, 95% CI: −3.56, −0.02) and RT (MD = −2.8, 95% CI: −4.36, −1.28) were more effective in improving BMI among postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S5). The ranking order of interventions in terms of improving WC was as follows: RT (SCURT = 0.834), AE (SCURCT = 0.659), and CT (SCURST = 0.509) (Figure 3D).
3.4.2 Blood pressure (DBP, SBP)
DBP was discussed in 62 studies involving 3,000 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions had a significant beneficial effect on DBP. The heterogeneity, with an overall I2 value of 88.0% (Supplementary Table S4). Compared to the CON, AE (MD = −2.5, 95% CI: −3.8, −1.18), CT (MD = −2.21, 95% CI: −4.41, −0.02), MBE (MD = −5.47, 95% CI: −7.99, −3.02) and RT (MD = −3.4, 95% CI: −5.55, −1.3) MBE showed a more favorable effect on DBP compared to AE (MD = −2.97, 95% CI: −5.75, −0.27). MBE outperformed CT (MD = −3.26, 95% CI: −6.51, −0.06) in improving DBP. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S6). The ranking order of interventions in terms of improving DBP was as follows: MBE (SCURMBE = 0.969), RT (SCURRT = 0.661), AE (SCURAE = 0.457) (Figure 3E).
SBP was reported in 64 studies involving 2,960 participants and six interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions had a significant beneficial effect on SBP. The heterogeneity, with an overall I2 value of 90.5% (Supplementary Table S4). Compared to the CON, AE (MD = −5.11, 95% CI: −7.02, −3.17), CT (MD = −3.47, 95% CI: −6.74, −0.18), MBE (MD = −7.21, 95% CI: −10.63, −3.74) and RT (MD = −4.58, 95% CI: −7.74, −1.46) were more effective in improving SBP in postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S6). The ranking order of interventions in terms of improving SBP was as follows: MBE (SCURMBE = 0.921), AE (SCURAE = 0.643), RT (SCURRT = 0.544) (Figure 3F).
3.4.3 Glu
Glu was reported in 37 studies involving 2,102 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions significantly decreased Glu, with an overall I2 value of 63.3% (Supplementary Table S4). Compared to the CON, AE (MD = −3.66, 95% CI: −6.32, −1.03) and RT (MD = −8.24, 95% CI: −15.1, −1.52) showed a greater advantage in improving Glu in postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S7). The ranking order of interventions in terms of improving Glu was as follows: RT (SCURRT = 0.929), AE (SCURAE = 0.640), MBE (SCURHIIT = 0.485) (Figure 3G).
3.4.4 Cholesterol and blood lipid (LDL-C, HDL-C, TC, and TG)
LDL-C was reported in 46 studies involving 1,960 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions significantly reduced LDL-C, with an overall I2 value of 76.9% (Supplementary Table S4). Compared to the CON, AE (MD = −8.36, 95% CI: −13.11, −3.9) showed a greater advantage in improving LDL-C in postmenopausal women. No statistically significant differences were found in pairwise comparisons between other interventions (Supplementary Table S8). The ranking order of interventions in terms of improving LDL-C was as follows: AE (SCURAE = 0.765), RT (SCURRT = 0.726), MBE (SCURMBE = 0.528) (Figure 3H).
HDL-C was mentioned in 50 studies involving 2,072 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions significantly increased HDL-C, with an overall I2 value of 72.4% (Supplementary Table S4). In terms of raising HDL-C levels among postmenopausal women, AE (MD = 3.23, 95% CI: 1.53, 4.92) demonstrated a stronger benefit over the CON. No statistically significant differences were observed in pairwise comparisons between other interventions (Supplementary Table S8). The ranking order of interventions in terms of improving HDL-C was as follows: AE (SCURAE = 0.814), RT (SCURT = 0.579), CT (SCURCT = 0.578) (Figure 3I).
TC was discussed in 52 studies involving 2, 093 participants and five interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions significantly reduced TC, with an overall I2 value of 66.6% (Supplementary Table S4). In terms of improving TC levels among postmenopausal women, AE (MD = −6.26, 95% CI: −10.56, −2.18) and RT (MD = −7.69, 95% CI: −15.32, −0.5) outperformed the CON. No statistically significant differences were observed in pairwise comparisons between other interventions (Supplementary Table S8). The ranking order of interventions in terms of improving TC was as follows: RT (SCURRT = 0.776), AE SCURAE = 0.684), CT (SCURST = 0.475) (Figure 3J).
TG was analyzed in 59 studies involving 2,623 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions markedly decreased TG, with an overall I2 value of 76.8% (Supplementary Table S4). In terms of raising TG levels among postmenopausal women, AE (MD = −5.62, 95% CI: −10.68, −0.54) and CT (MD = −11.49, 95% CI: −19.53, −3.65) showed a greater advantage over the CON. No statistically significant differences were observed in pairwise comparisons between other interventions (Supplementary Table S8). The ranking order of interventions in terms of improving TG was as follows: CT (SCURCT = 0.783), MBE (SCURMBE = 0.686), RT (SCURAE = 0.520) (Figure 3K).
3.4.5 ADPN and leptin
ADPN was discussed in 9 studies involving 1,077 participants and four interventions: AE, RT, CT and MBE. The pairwise meta-analysis demonstrated that exercise interventions did not significantly elevated ADNP, with an overall I2 value of 63.1% (Supplementary Table S4). Among postmenopausal women, MBE (MD = 1.84, 95% CI: 0.32, 3.31) exhibited a more notable improvement in ADPN levels than AE. Similarly, MBE (MD = 1.96, 95% CI: 0.58, 3.37) showed a stronger advantage over the CON in improving ADPN among postmenopausal women. Pairwise comparisons of other interventions did not reveal any statistically significant changes (Supplementary Table S9). The ranking order of interventions in terms of improving ADPN was as follows: MBE (SCURMBE = 0.808), CT (SCURCT = 0.677), RT (SCURRT = 0.511) (Figure 3L).
Ten studies reported Leptin, involving 906 participants and three interventions: AE, RT, and CT. The pairwise meta-analysis demonstrated that exercise interventions caused a significant decrease in leptin, with an overall I2 value of 83.9% (Supplementary Table S4). No statistically significant differences were found in pairwise comparisons between the interventions (Supplementary Table S9). The ranking order of interventions in terms of improving Leptin was as follows: RT (SCURRT = 0.671), CT (SCURCT = 0.626), AE (SCURAE = 0.582) (Figure 3M).
3.5 Publication bias or small sample effect test
Funnel plots were used to examine publication bias for the indicators involved in this study (Figures 4A–L). No test was conducted for ADPN studies due to a sample size of less than 10. The funnel plots for BW, BF%, BMI, WC, DBP, SBP, Glu, LDL-C, HDL-C, TC, TG and Leptin indicators were basically symmetrical.
[image: Panel of twelve funnel plots labeled A to L displaying standard error versus effect size centered at comparison-specific pooled effect, with multiple colored points representing different group comparisons, dashed triangular confidence regions, and trend lines, indicating publication bias assessment across various datasets. Legends below each graph specify comparison pairs using colored symbols.]FIGURE 4 | Network meta-analysis funnel graph. Publication Bias or Small Sample Effect Test. (A) Body weight (B) Body fat% (C) Body Mass Index (D) Waist circumference (E) Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density lipoprotein cholesterol (J) Total cholesterol (K) Triglyceride (L) Leptin.4 DISCUSSION
In this NMA, a total of 142 studies with 7,967 participants on studies that implemented exercise training interventions for postmenopausal women with at least one MetS risk factor, in order to evaluate the effectiveness of different training modalities in improving these risk factors. We have several findings. Compared to the CON, AE showed greater advantages in improving BW, BF%, BMI, WC, DBP, SBP, Glu, LDL-C, HDL-C, TC and TG in postmenopausal women. CT were more effective than CON in improving BW, BF%, BMI, WC, DBP, SBP and TG in postmenopausal women. RT exhibited better effects CON in improving BF%, BMI, WC, SBP, Glu and TC. For reducing BW, BMI and TG, CT was most likely to be the most effective training. For reducing BF% and improving LDL-C and HDL-C, AE was most likely to be the most effective training. In terms of improving WC, Glu and TC, RT ranked first. Lastly, for DBP, SBP and ADPN improvement, MBE demonstrated the greatest superiority. It is evident that different training modalities have a significant effect on MetS risk factors in postmenopausal women. However, the effectiveness of these modalities in improving each specific risk factor varies. The optimal exercise interventions for MetS risk factors in postmenopausal women in Supplementary Figure S2.
Regarding the improvement of body composition in postmenopausal women, both AE and CT are beneficial, while RT can specifically improve BF% and WC. Previous studies have confirmed that AE is an effective way to reduce weight and improve BF%, while RE is an effective way to reduce WC (Schroeder et al., 2019). For example, Nordic walking, a form of exercise that combines walking with cross-country skiing using poles to propel oneself across the ground, has been found to reduce weight and BMI gain in postmenopausal women (Hagner-Derengowska et al., 2015; Mathieson and Lin, 2014). Compared to isolated Pilates or dietary interventions, Nordic walking is more effective in reducing weight (6.4%), blood glucose (3.8%), and lipoprotein (10.4%–16.7%) during menopause (Hagner-Derengowska et al., 2015). A recent meta-analysis on AE, RT, and CT found that both AE and RT can reduce fat content (Blumenthal et al., 2000). Orsatti et al. observed a reduction of approximately 10% in BF % after a 16-week RT in sedentary women (Carneiro et al., 2021). These findings are consistent with the results of our study and support the adoption of AE, RT and CT to better improve body composition in postmenopausal women. According to the network meta-analysis, AE is optimal for improving BF%, possibly because it promotes fat oxidation through sustained energy expenditure and enhanced lipid metabolism (Chen et al., 2025). RT preferentially improves WC, which could be related to strengthening core muscles and increasing local metabolism, thereby facilitating the reduction of abdominal fat. CT is the most effective for reducing BW and BMI due to the combined effects of multiple training modalities., combining high energy expenditure and fat oxidation with muscle maintenance or growth and an elevated basal metabolic rate, which may make it more effective than either training modality alone. These comparative effects align with their underlying physiological mechanisms. Overall, the main mechanism behind these improvements is increased energy expenditure and induction of fat breakdown through physical exercise, leading to a reduction in fat mass (Pedersen and Saltin, 2015).
Regarding the improvement of blood pressure in postmenopausal women with different training interventions, our study findings indicate that AE, CT, and MBE have significant effects on reducing DBP and SBP. MBE was identified as the most effective in improving blood pressure in postmenopausal women. A meta-analysis examining the effect of exercise on blood pressure in healthy adults found that decreases in DBP were observed after endurance training, dynamic RT, isometric RT, and CT (Cornelissen and Smart, 2013). Furthermore, another study discovered that isometric RT resulted in greater reductions in SBP, DBP, and mean arterial pressure compared to previous reports on dynamic AE or RT (Carlson et al., 2014). CT, as a combination of AE and RT, maximizes the benefits of both RT and AE. Current guidelines suggest that both treated and untreated hypertensive patients can benefit from physical fitness training, which should involve endurance training, dynamic ST, or isometric training (Pedersen and Saltin, 2015). This study found that MBE was the most effective intervention for reducing both diastolic and systolic blood pressure. The high ranking of MBE may be related to its effects on autonomic regulation, endothelial function, and the reduction of sympathetic nervous system activation. Unlike AE and RT, MBE involves controlled breathing and relaxation, which may produce stronger neurohormonal effects that contribute to blood pressure reduction. According to research, a 12-month Tai Chi intervention reduced SBP more successfully than AE (Li et al., 2024). Similarly, the Tai Chi intervention group and the non-exercise group showed a significant difference in DBP, according to another study (Huang et al., 2022). These findings suggest that MBE interventions may be beneficial for the prevention and management of elevated blood pressure in individuals with MetS. Multiple factors are involved in the blood pressure-lowering effects of exercise interventions. The first is neurohormonal, vascular and structural adaptation. The second is an antihypertensive effect by reducing sympathetic-induced vasoconstriction (Esler et al., 2001) and lowering catecholamine levels under good conditions. Thirdly, physical exercise reduces blood pressure by increasing insulin sensitivity in trained muscles and thereby alleviating hyperinsulinemia. Additionally, exercise training shares similar mechanisms for improving Glu level.
This study reveals that RT is the optimal choice for improving Glu levels in postmenopausal women, consistent with previous findings. Won et al. observed significant improvement in blood glucose levels after 12 weeks of RT (Son and Park, 2021). This is attributed to the increased insulin sensitivity in trained muscles and enhanced glucose uptake induced by muscle contractions. Holten’s research demonstrated that insulin action in skeletal muscles, both in individuals with type 2 diabetes and healthy controls, was enhanced after 6 weeks of RT, primarily due to increased content of glucose transporter-4 (GLUT4) and enhanced expression or activity of various insulin proteins (Tayebi et al., 2019; Holten et al., 2004). The mechanisms underlying the effects of exercise on insulin sensitivity and blood glucose control mainly involve increased expression of insulin receptors, improved efficiency of insulin signaling (Dela et al., 1993), elevated mRNA expression of GLUT4, enhanced glucose synthesis activity (Holten et al., 2004), increased activity of hexokinase (Coggan et al., 1993), reduced release and increased clearance rate of free fatty acids, as well as expansion of muscle capillary network and blood flow, which augments glucose transport to the muscles (Saltin et al., 1977). These factors work together to enhance the control of blood glucose.
Research on the impact of different types of training on cholesterol and blood lipids in postmenopausal women suggested that AE has a notable positive effect on blood lipid levels in this population, and is associated with decreased LDL-C and TG levels as well as increased HDL-C levels. Additionally, both RT and AE effectively improve TC levels, with CT potentially being the most effective method for improving TG levels. Similar conclusions have been drawn in related literature. For example, Leon and Sanchez conducted a meta-analysis of 51 AE interventions lasting 12 weeks or longer, showing a 4.6% increase in HDL-C levels, a 3.7% decrease in TG levels, and a 5% decrease in LDL-C levels (Leon and Sanchez, 2001). When premenopausal women conducted 14 weeks of RT, Prabhakaran et al. observed significant reductions in TC and LDL-C levels (Prabhakaran et al., 1999). Furthermore, a 12-week program of AE and RT significantly decreased TG levels, indicating that exercise has a positive impact on microcirculation. Regular physical activity has been shown to increase lipoprotein lipase activity and HDL-C levels, possibly offsetting an increase in LDL-C and TG levels (Mann et al., 2014). The results of this study suggest that AE may be the most effective intervention for improving LDL-C and HDL-C, possibly because it enhances lipid metabolism and promotes fat oxidation. Aerobic exercise can increase lipoprotein lipase activity and the expression of cholesterol transport proteins, facilitating LDL-C clearance and HDL-C production (Chen et al., 2025). In addition, AE may improve body composition and insulin sensitivity, further contributing to favorable changes in blood lipid profiles. Furthermore, CT appears to be the most effective method for reducing TG levels, likely due to the combined benefits of multiple exercise modalities. Compared with either training modality alone, the synergistic effects of increased energy expenditure, enhanced fat oxidation, greater muscle mass, and improved insulin sensitivity may collectively contribute to greater reductions in plasma TG.
As one measure of plasma adipokine levels, ADPN levels in postmenopausal women appear to be significantly positively impacted by MBE, according to this study. Several studies have demonstrated that yoga intervention can improve ADPN levels, reduce serum lipids levels, and control risk factors for MetS in obese postmenopausal women (Supriya et al., 2018; Lee et al., 2012). Chobanian et al. observed favorable modulation of adipokines in MetS participants with elevated blood pressure after yoga intervention (Chobanian et al., 2003). These results indicated that MBE may exert protective effects in women with metabolic syndrome by improving inflammatory status and the secretion profile of adipokines. This also suggests that MBE may not only have advantages in blood pressure regulation but could also broadly influence metabolic risk through endocrine pathways. While numerous studies have reported on the role of adipokines, further research is needed to delve into their signaling pathways to uncover how they interact with each other.
This study holds significant implications for both future clinical practice and scientific research. The different types of exercise have different advantages in improving various risk factors of MetS among postmenopausal women. Therefore, in clinical practice, developing personalized exercise programs based on patients’ specific metabolic profiles and health goals represents a more targeted and efficient risk intervention strategy. For individuals whose primary objectives are weight and lipid metabolism control, CT is recommended. AE is more suitable for improving body composition and regulating cholesterol levels. RT demonstrates outstanding effects in improving central obesity and glucose metabolism, while MBE is more effective for blood pressure management and enhancing overall cardiometabolic health. Integrating multiple forms of exercise may comprehensively promote metabolic health in postmenopausal women. Future research should further explore the effects of different exercise combinations, intervention durations, and exercise dosages on MetS and cardiovascular diseases. Moreover, more rigorous experimental studies are needed to establish precise exercise intervention guidelines for postmenopausal women with MetS.
5 LIMITATIONS
This study has several limitations. First, the nature and shortcomings of the included evidence constitute a major limitation. Although all studies were eligible RCTs and the risk of bias was systematically assessed, some studies reported insufficient details on randomization and blinding, resulting in a high risk of bias that may have led to overestimation of effect sizes. Moreover, most results were based on low to very low certainty of evidence, primarily reflecting heterogeneity and inconsistency among studies, and therefore the conclusions should be interpreted with caution. Second, only English-language studies were included. Although translation tools were considered, non-English studies were excluded due to potential terminology and semantic inaccuracies, which may have introduced language bias and affected the comprehensiveness and representativeness of the findings. In addition, this study did not consider key exercise characteristics such as intensity, frequency, and duration, nor did it account for factors such as body composition, dietary patterns, and quality of life, which are closely related to determining the optimal exercise interventions for postmenopausal women; these aspects warrant further evaluation in future research. Last, so publication bias assessment was not conducted due to the limited number of included studies on ADPN.
6 CONCLUSION
Exercise training can effectively improve key MetS risk factors in postmenopausal women. Among the exercise modalities analyzed, CT appears most effective for reducing BW, BMI and TG levels, AE is preferable for improving BF% and lipid profile, MBE is more effective in lowering blood pressure and increasing ADPN levels, and RT shows benefits in reducing WC, Glu, and TC. These findings can guide healthcare professionals in designing personalized exercise prescriptions for postmenopausal women, thereby enhancing the clinical application of exercise interventions. However, considering the limitations such as the low quality of evidence and high risk of bias in the included studies, and the complexity of this population and exercise prescription (e.g., duration, intensity), the conclusions should be interpreted with caution.
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Background: Skeletal muscle serves as the primary source of power for body movement. Due to the transition of menopause, older women experience a relatively faster decline in skeletal muscle mass and function, making them more susceptible to age-related skeletal muscle disorders such as sarcopenia, which can lead to adverse outcomes such as falls, fractures, disability, or even death. Blood flow restriction low-intensity resistance training (LI-BFRT) can effectively enhance muscle strength and promote skeletal muscle growth, while repetitive transcranial magnetic stimulation (rTMS) has previously been shown to improve motor cortex excitability and limb motor function. We describe a trial protocol to investigate the effects of a 12-week intervention combining rTMS with LI-BFRT on skeletal muscle mass and physical function in community-dwelling postmenopausal women.



Methods: This single-blind, randomized controlled trial will recruit 54 eligible community-dwelling postmenopausal women aged 50–65 years who have been naturally postmenopausal for 1 year or more. Participants will be randomly assigned in a 1:1:1 ratio to the rTMS combined with the blood flow restriction low-intensity resistance training group (rTMS + LI-BFRT), the blood flow restriction low-intensity resistance training group (LI-BFRT), and the control group, respectively, for a 12-week intervention period. Participants will undergo assessments at baseline (Week 0), immediately after the intervention (Week 12), and long-term follow-up (Week 24). The primary outcomes include lower limb muscle mass, muscle strength in both the upper and lower limbs; secondary outcomes include body composition, physical function (5-time sit-to-stand test, 30-second stand test, timed up-and-go test, 30-second arm curl test), motor cortex excitability, and clinical blood markers related to neural and muscular function.



Discussion: We have combined central and peripheral motor activation methods for the first time, attempting to use BFRT in combination with rTMS intervention to recruit more motor units by increasing motor cortex excitability, thereby enhancing skeletal muscle motor ability under BFRT and examining the intervention effects on skeletal muscle mass and strength in postmenopausal women. This will provide a new paradigm for healthy intervention in the skeletal muscles of postmenopausal women.



Clinical Trial Registration: http://www.chictr.org.cn, Chinese Clinical Trial Registry ChiCTR2400086697.
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1 Introduction

Skeletal muscle is the fundamental driving force for maintaining muscle tone, preserving body posture, and accomplishing various physical activities, while also playing a crucial role in metabolism (1).With advancing age, the physical functions of middle-aged and elderly individuals gradually decline, including skeletal muscle mass and strength (2).This decline in muscle function and physical activity capacity appears more pronounced in older women. During the aging process, women inevitably experience the menopausal transition, leading to abrupt changes in hormone levels, particularly estradiol (3, 4). Estradiol is responsible for regulating the menstrual cycle and developing and maintaining female secondary sexual characteristics. It also promotes muscle health by enhancing muscle regeneration and stimulating the proliferation of muscle satellite cells (5, 6). Therefore, this hormonal shift is believed to impact the entire body, especially skeletal muscle composition, causing older women to accumulate more adipose tissue while gradually losing total muscle mass (7, 8). Previous studies have shown (9, 10) that postmenopausal women experience faster declines in muscle mass, muscle strength, and bone mineral density than age-matched men, making them more susceptible to chronic diseases such as osteoporosis and sarcopenia. As an age-related systemic and progressive skeletal muscle disorder, sarcopenia is characterized by generalized loss of muscle mass, reduced muscle strength, and impaired physical function (11). It is closely associated with adverse outcomes such as falls, fractures, physical disability, and even mortality (12, 13), emerging as one of the most common and critical diseases affecting mobility in older adults. Additionally, our previous research has found (14), a significant interaction between menopausal status and sarcopenia on cardiovascular disease (CVD) risk, where postmenopausal women with sarcopenia face a higher risk of CVD. Therefore, implementing proactive interventions for skeletal muscle in menopausal women to prevent or delay the onset of sarcopenia is of great medical and social significance for improving the health and quality of life in older women.

It is currently widely recognized that exercise intervention is a key measure for preventing and treating the decline in skeletal muscle mass and strength (15). Among these, resistance training is an effective method for preventing and treating the decline in skeletal muscle mass and strength, as it can enhance skeletal muscle strength through mechanisms such as regulating protein metabolic balance and reducing mitochondrial aging (16). Research has shown that high-intensity resistance training is more effective in alleviating sarcopenia in older people (17, 18), However, studies also point out that older people may not be able to tolerate the stress imposed by high-intensity resistance training on connective tissue, bones, and joints, which can lead to adverse reactions and increase the risk of injury (19), as a result, they often struggle to achieve the recommended exercise intensity and load (20). Therefore, new methods and approaches are needed to enhance the safety and adherence of exercise interventions for older people while achieving intervention effects comparable to those of high-intensity resistance training.

In recent years, blood flow restriction combined with low-intensity resistance training (LI-BFRT) has garnered increasing attention (21, 22). BFRT is a functional rehabilitation method that uses tourniquets or similar devices to apply pressure to the proximal end of the limbs, thereby restricting venous blood return to the distal end. This method effectively stimulates skeletal muscle growth, enhances skeletal muscle adaptability, improves muscle strength, inhibits muscle atrophy, improves blood circulation, and optimizes skeletal muscle capillary distribution, thereby promoting skeletal muscle functional rehabilitation (23, 24). Previous studies have confirmed that combining blood flow restriction with low-intensity resistance training (20%–30% of one-repetition maximum [1RM]) is an effective intervention for stimulating muscle fiber thickening and strength gains in older people, achieving effects similar to those of high-intensity resistance training (25), However, due to potential confounding factors associated with BFRT (such as gender and training volume) (19), further research is needed to provide evidence for the effective application of BFRT in older people (26). Although BFRT shows promising application potential, due to factors such as age and safety considerations, the blood flow restriction pressure and resistance load for postmenopausal women often cannot be set at higher levels, resulting in improvements in skeletal muscle mass and function, but these improvements still fall short of the effects achieved by high-intensity resistance training alone (27).

Research has shown that the increase in skeletal muscle strength during long-term training practice involves two aspects: adaptive hypertrophy of muscle fibers (peripheral factors) and an increase in the number of motor units recruited by the nervous system (central factors). In recent years, the causes of sarcopenia associated with age-related deterioration of nervous system function have attracted the attention of researchers (28, 29). During the normal aging process, the motor cortex undergoes significant morphological changes (30). Recent studies suggest that age-related diseases such as sarcopenia may be caused by cortical atrophy, reduced cortical output, motor neuron apoptosis, decreased action potential frequency, reduced recruitment of motor units, and alterations in neuromuscular junctions associated with neurons (31, 32).

Transcranial magnetic stimulation (TMS) is a magnetic stimulation technique based on the principles of electromagnetic induction and conversion. It employs time-varying magnetic fields to stimulate the cerebral cortex and peripheral nerves, inducing currents that alter the action potentials of neurons. This process influences neurotransmitter metabolism and neural electrical activity within the brain, thereby triggering a series of physiological and biochemical responses (33). It has been used in the treatment of neurological and psychiatric disorders associated with excitatory dysfunction of the brain, with rTMS commonly employed to modulate cortical excitability, as reflected by changes in motor-evoked potentials (MEPs). In interventions targeting post-stroke motor function, studies have found that rTMS can significantly alter motor cortex excitability and plasticity (34), optimize motor cortex plasticity changes induced by motor training, improve limb motor function (35, 36), and enhance the long-term effects of motor training in stroke patients. Currently, there are no reported applications of rTMS for interventions targeting individuals with reduced skeletal muscle mass and strength or sarcopenia, particularly postmenopausal women.

In summary, this study aims to investigate the effects of a 12-week LI-BFRT combined with rTMS intervention on skeletal muscle mass and strength, as well as physical function, in postmenopausal women. It will also quantitatively analyze changes in motor cortex excitability related to neuromuscular activity and hematological parameters before and after the exercise intervention, exploring potential mechanisms. Our findings will provide new insights and experimental evidence for effectively preventing or delaying the onset and progression of sarcopenia in older women.



2 Methods and analysis


2.1 Study design

This is a 12-week, single-center, single-blind randomized controlled trial study. This study has been approved by the Ethics Committee of Shanghai University of Sport (Approval Number: 102772024RT078) and registered in the China Clinical Trial Registry (Registration Number: ChiCTR2400086697, registered on July 9, 2024). All participants provided written informed consent prior to enrollment. The study was conducted in accordance with the Declaration of Helsinki. The experimental flowchart is shown in Figure 1.


[image: Flowchart outlining a clinical trial process: participants are screened and randomized into three groups (LI-BFRT, rTMS plus LI-BFRT, and control). Each group follows specified interventions over four phases, with measurements at baseline, follow-up, and long-term follow-up periods up to week twenty-four.]
FIGURE 1
Flow chart showing the participant recruitment, intervention and assessment process. LI-BFRT, low intensity-blood flow restriction training; rTMS, repetitive transcranial magnetic stimulation; 1RM, 1 repetition maximum.


This study recruited healthy postmenopausal women. After applying inclusion and exclusion criteria, eligible participants were randomly assigned to the rTMS + LI-BFRT group, LI-BFRT group, and control group in a 1:1:1 ratio. Researchers confirmed the basic information of all participants who had signed informed consent forms (age, date of birth, contact information); after confirmation, blood samples were collected from participants, and height, weight, and body composition were measured. Subsequently, tests were conducted to assess skeletal muscle mass, skeletal muscle strength, motor cortex excitability, and motor performance. Participants in the two intervention groups received a 12-week supervised training intervention, three times per week. The control group was instructed to maintain their previous lifestyle and undergo a 12-week health education program, once per week. The program comprises weekly lectures on general health topics (nutrition, sleep hygiene, chronic disease awareness) and explicitly does not include active physical training or exercise prescriptions. All participants were assessed at three time points: pre-intervention (Week 0), post-intervention (Week 12), and at long-term follow-up (Week 24). The intervention and assessment schedule are outlined in Table 1.



TABLE 1 The schedule of participant recruitment, intervention, and study assessment.



	Variables
	Recruitment and screening
	Baseline assessment
	Intervention (Week 1-Week12)
	Follow-up assessment
	Long-term Follow-up assessment





	Time-point
	
	Week 0
	Week 4
	Week 8
	Week 12
	Week 24



	Information consent
	X
	
	
	
	
	



	Inclusion and exclusion criteria
	X
	
	
	
	
	



	Demographic data
	X
	
	
	
	
	



	Randomization
	X
	
	
	
	
	



	AOP test
	
	X
	
	
	
	



	RMT test
	
	X
	
	
	
	



	Resistance training load
	
	X
	X
	X
	
	



	Primary outcomes



	Thigh muscle CSA
	
	X
	
	
	X
	X



	Calf muscles CSA
	
	X
	
	
	X
	X



	Hand grip strength
	
	X
	
	
	X
	X



	Knee extension MVC
	
	X
	
	
	X
	X



	Secondary outcome



	Body composition
	
	X
	
	
	X
	X



	5-times chair stand test
	
	X
	
	
	X
	X



	30-Second Chair Stand test
	
	X
	
	
	X
	X



	Timed Up and Go test
	
	X
	
	
	X
	X



	30-Second Arm Curl Test
	
	X
	
	
	X
	X



	MEPs test
	
	X
	
	
	X
	X



	Hematological parameters
	
	X
	
	
	X
	X




	AOP, arterial occlusion pressure; RMT, resting motor threshold; muscle CSA, muscle cross-sectional area; MVC, maximal voluntary contraction; MEPs, motor-evoked potentials.









2.2 Inclusion criteria


	1.Aged 50–65 years old

	2.Naturally menopausal for ≥1year

	3.Right-handed

	4.Irregular exercisers (<3 times/week and 30 min/time in the past three months).





2.3 Exclusion criteria


	1.History of major surgery or fracture within the previous 6 months

	2.Contraindications to exercise, such as severe cardiovascular disease, severe osteoporosis, severe joint inflammation or diagnosed neurological disorders, including but not limited to: stroke, Parkinson's disease, epilepsy, and other neuromuscular diseases

	3.Presence of metallic foreign bodies in the body

	4.Inability to understand and complete the test, such as those with cognitive impairment, hearing impairment, or visual impairment





2.4 Randomization and blinding

Participants meeting the inclusion and exclusion criteria will be randomly assigned to the rTMS + LI-BFRT group, LI-BFRT group, and control group at a 1:1:1 ratio. The randomization sequence will be generated by an independent statistician using a computer program with block randomization to ensure balanced sample sizes across groups throughout the enrollment process. Group allocation results will be concealed in numbered, sealed, opaque envelopes, which are stored and distributed by researchers not involved in recruitment, intervention, or assessment to achieve allocation concealment. Outcome assessors and data analysts will remain blinded to participants' group assignments throughout the study. Researchers implementing the intervention are required to withhold group information during assessments.



2.5 Interventions

Pre-intervention procedures: Before the intervention, participants in the rTMS + LI-BFRT and LI-BFRT groups underwent a one-repetition maximum (1RM) test and arterial occlusion pressure (AOP) measurement, and were trained to use the 6–20 Borg Rating of Perceived Exertion (RPE) scale to determine target resistance loads. Exercise loads were applied using appropriately weighted dumbbells. Missed sessions were rescheduled within the same week to maintain consistent intervention volume. All participants attended a pre-intervention orientation to familiarize themselves with the procedures.

Adherence and fidelity: All sessions were supervised by trained researchers. Attendance and completion of prescribed exercise sets were recorded digitally. Any missed sessions or protocol deviations were documented. Adherence was calculated as the percentage of completed sessions relative to the total prescribed, with an attendance rate of ≥ 80% considered a valid indicator of intervention effectiveness. Detailed intervention protocols for all groups are provided in Table 2.



TABLE 2 Details of the three groups of protocol.



	Weeks
	Group
	Specific intervention content
	Sets
	Repetitions
	Interval rest time between sets
	Intensity
	Frequency





	1–4
	LI-BFRT
	Seated biceps curl, Seated shoulder pressSeated knee extension, Squat
	4
	12, 10, 10, 10
	30s
	Phase 1 20%1RM
	3times/week



	rTMS + LI-BFRT
	M1 area, at 10 Hz, 90%RMT, intermittent stimulation, a total of 2,000 pulses; LI-BFRT immediately after the stimulation ends.



	CG
	Education session (20 min)
	/
	/
	/
	/
	1time/week



	5–8
	LI-BFRT
	Seated biceps curl, Seated shoulder pressSeated knee extension, Squat
	4
	12, 10, 10, 10
	30s
	Phase 2 25%1RM
	3times/week



	rTMS + LI-BFRT
	M1 area, at 10 Hz, 90%RMT, intermittent stimulation, a total of 2,000 pulses; LI-BFRT immediately after the stimulation ends



	CG
	Education session (20 min)
	/
	/
	/
	/
	1time/week



	8–12
	LI-BFRT
	Seated biceps curl, Seated shoulder pressSeated knee extension, Squat
	4
	12, 10, 10, 10
	30s
	Phase 3 30%1RM
	3times/week



	rTMS + LI-BFRT
	M1 area, at 10 Hz, 90%RMT, intermittent stimulation, a total of 2,000 pulses; LI-BFRT immediately after the stimulation ends



	CG
	Education session (20 min)
	/
	/
	/
	/
	1 time/week



	M1 area: primary motor cortex








2.5.1 LI-BFRT

Participants will undergo a 12-week intervention consisting of 3 sessions per week, each lasting 40 min, using LI-BFRT (with dumbbells and leg sandbags as resistance load forms). The 40-min intervention includes a 5-min warm-up under the guidance of an instructor, a 30-min formal intervention, and a 5-min cool-down. According to the study by Cook et al. (37), the load is set at 20%–30% of the estimated 1RM, with 4 sets (12-10-10-10), 30 s of rest between sets, and 1 min of rest between training intervals. The four resistance exercises included two upper-body exercises: seated biceps curl and seated shoulder press; and two lower-body exercises: seated knee extension and squat.

The estimated 1RM is calculated using the maximum number of repetitions and the second-maximum load to determine the load for resistance training. First, the subject is given an appropriate load and asked to perform as many repetitions as possible. If they can perform more than 10 repetitions, they rest for 3 min and then attempt the same exercise with a heavier weight. When the maximum number of repetitions is 10 or fewer, the load is considered the second-maximum load. The formula for estimating 1RM is as follows (38):



1RM=Submaximalload(kg)/(102.78−2.78×Maximumnumberofrepetitions)/100





During training, inflatable cuffs (Theratools®, Germany) are placed on the proximal limbs, and individualized AOP will be determined before the intervention begins. A Doppler ultrasound imaging diagnostic device was used to detect the AOP of the upper and lower limbs. The compression cuffs were placed on the proximal parts of the participants' upper arms and thighs. Subsequently, the ultrasound probe was placed on the radial artery of the upper limb and the tibial artery of the lower limb. The cuff was inflated until the arterial pulse disappeared and no arterial blood flow was detected by the ultrasound probe, and the pressure at this time was the AOP. The compression intensity of the cuff was set at 60% of the AOP (39).



2.5.2 rTMS+LI-BFRT

Participants will undergo a 12-week intervention consisting of three sessions per week, each lasting 60 min, combining rTMS (20 min) and LI-BFRT (40 min). The rTMS protocol is as follows: stimulation intensity of 90% of the RMT, is applied to the primary motor cortex (M1) with a stimulation frequency of 10 Hz, each sequence lasting 10 s, and an interval of 50 s. A total of 1,000 pulses are administered to each hemisphere, resulting in a total of 2,000 pulses for the rTMS intervention. Immediately thereafter, the same exercise intervention as the LI-BFRT group was performed.

The RMT will be determined before the start of the intervention. Measurements and interventions were performed using a MagTD transcranial magnetic stimulator (Irid Medical Equipment New Technology Co., Ltd., Wuhan, China) equipped with an aimQ tracking navigation system. Signals will be amplified and band-pass filtered between 20 Hz and 1 kHz, with a sensitivity of 200 μV/div and a sampling rate of 5 kHz. Subjects were instructed to maintain complete relaxation of the target muscle during stimulation and confirm the absence of background activity via real-time EMG feedback. First, activate the MEPs monitoring module. Surface electromyography (EMG) of the abductor pollicis brevis muscle is recorded using dedicated electrode wires. Align the center of the “8-shaped” coil with the representative region of the cerebral cortex associated with the hand function, ensuring the coil is tangent to the skull surface at a 45° angle. Subsequently, sTMS to observe reactive movements in the affected fingers. The RMT is defined as the minimum magnetic stimulation intensity required to elicit MEPs greater than 50 μV in at least 5 out of 10 consecutive sTMS stimuli while the thenar muscle is in a relaxed state.



2.5.3 Control group

Participants in the control group will not undergo any exercise intervention and will maintain their original lifestyle habits. However, they will participate in a 12-week health education course, once a week for 20 min per session, to learn about skeletal muscle and exercise health.




2.6 Outcome assessment


2.6.1 Primary outcome


2.6.1.1 Muscle cross-sectional area (CSA)

CSA is diagnosed by an experienced radiologist. Lower limb muscle cross-sectional area is measured using a CT spiral scanner (uCT520, United Imaging Medical Technology Co., Ltd, Shanghai, China). Patients are instructed to lie in a supine position, ensuring that the CT scan plane is perpendicular to the coronal plane of the lower limbs. The scanning regions include: the thigh muscle cross-sectional area, the midpoint of the line connecting the greater trochanter of the femur and the lateral condyle of the femur (40), the calf muscle cross-sectional area, the midpoint and the upper third of the line connecting the inferior border of the patella and the lateral malleolus (41).



2.6.1.2 Muscle strength

Grip strength, which represents upper limb strength, was measured using a handheld grip dynamometer (JAMAR smart, USA). Participants sat with their elbows flexed at 90° and their upper limbs immobilized while holding the grip dynamometer. Upon receiving the “start” command, they gripped the inner and outer handles with maximum force, and the peak grip strength was recorded. Three measurements were taken for each hand. There was a one-minute interval between each measurement, and the final result was the maximum value of the three measurements. Measure the maximal voluntary contraction (MVC) of knee extension of the lower limbs using a portable muscle strength tester, micro FET3 (Hoggan Health Industries, USA). During the test, the subject sat on a chair or bed with both feet suspended in the air, the hip and knee joints flexed at 90°, and the tester held the device in front of the subject's lower leg near the ankle joint. Upon the “start” command, the participant performed knee extension with maximum force, while the tester applied resistance using the portable muscle strength tester micro FET3 for 4 s, recording the peak muscle strength.




2.6.2 Secondary outcomes


2.6.2.1 Body composition

Body composition was measured using a body composition analyzer (Inbody S10, Korea). Participants should remain normally hydrated before testing. After cleaning their hands and feet, participants stand on the device's electrode plate, ensuring that both feet are precisely aligned with the electrodes, with the heels placed on the origin mark. Participants are instructed to hold the handle with their thumbs touching the oval electrode pads and their four fingers wrapped around the handle, with both arms extended at a 45° angle and kept straight. Throughout the test, participants are required to remain still and avoid moving their limbs or talking. The BIA device will automatically measure participants' body fat, body fat percentage, lean body mass, and visceral fat.



2.6.2.2 Physical performance


2.6.2.2.1 5-time sit-to-stand test

Participants sit on a chair without armrests (height: 45 cm), with both feet flat on the ground, back not leaning against the chair back, and hands crossed over the chest. Upon hearing the “start” command, they perform 5 repetitions of standing up (with knees fully extended when standing) and sitting down as quickly as possible. The time taken to complete the 5 repetitions is recorded (in seconds). The test is conducted three times, with a 1-min rest interval between each trial. The average of the three test times is used as the final result.



2.6.2.2.2 30-second stand test

Participants sit on a chair without armrests (height: 45 cm), with their feet flat on the ground, their backs not leaning against the backrest, and their hands crossed in front of their chests. Upon hearing the command “start,” they perform the actions of standing up (with knees fully extended) and sitting down as quickly as possible. The number of times the participant completes the actions within 30 s is recorded.



2.6.2.2.3 Timed up-and-go test

Participants are required to stand up from a chair with armrests at a height of approximately 45 cm, walk in a straight line for 3 m, turn around, return, and sit down. The tester uses a stopwatch to record the total time from the start to when the participant is fully seated.



2.6.2.2.4 30-second arm curl test

Participants sits on a straight-backed chair (height: 45 cm), with both feet flat on the ground, the back firmly against the chair back, and the non-test arm hanging naturally or resting lightly on the thigh. The tested arm holds a 2-kg dumbbell, with the arm fully extended and naturally hanging at the side of the body. Upon hearing the “start” command, using the elbow joint as a pivot point, quickly raise the dumbbell to shoulder height, then slowly lower it. Throughout the movement, the arm must not touch the thigh. Continue for 30 s. Record the number of correct repetitions completed.



2.6.2.2.5 Cortical excitability

Cortical excitability was assessed via MEPs amplitude. Single-pulse transcranial magnetic stimulation (sTMS) was delivered to the primary motor cortex (M1) using the MagTD device at 100%–120% of each participant's resting motor threshold (RMT). MEPs were recorded from the right abductor pollicis muscle at rest, and peak-to-peak amplitudes were measured. Six consecutive pulses were applied at 5-s intervals, with the mean amplitude serving as the excitability index. To account for inter-individual variability, MEPs were normalized to baseline values. If baseline variability exceeded 15% between groups, analyses were adjusted using either stratification or ANCOVA with baseline MEPs as a covariate.




2.6.2.3 Hematological parameters

Blood samples will be collected from each participant's upper arm vein by professional medical staff before baseline (Week 0) and after the intervention (Week 12). Participants will be required to fast for 12 h before blood collection. Blood will be collected using separator tubes (5 ml), allowed to stand at room temperature for 30 min, and then centrifuged in a centrifuge for 15 min to separate serum and plasma. The centrifuge will be set to 4°C and 3,000 rpm. The serum will be aliquoted into EP tubes and frozen at −80°C for analysis. Blood markers include: creatine kinase (CK), insulin-like growth factor 1 (IGF-1), myostatin, interleukin-6 (IL-6), total testosterone (TT), estradiol (E2), neurofilament light chain (NfL), and C-terminal agrin fragment (CAF).





2.7 Sample size estimation

Sample size estimation was performed using G*Power 3.1. Based on a previous study (42), the effect size was conservatively estimated to be 0.65, to ensure a conservative and robust study design, we adopted a more cautious effect size of 0.4 in the final calculation. Assuming a one-way ANOVA with three independent groups (1:1:1), a significance level of 0.05 (two-tailed), and a desired statistical power of 0.95, the required total sample size was determined to be 42 participants. With an attrition rate of 20%, a total of 54 participants (18 per group) needs to be recruited.



2.8 Statistical analysis

All data were analyzed using SPSS Statistics version 26 (SPSS Inc., USA). Continuous variables are presented as mean ± standard deviation. Baseline characteristics were compared using one-way ANOVA for normally distributed data or the independent-samples rank-sum test/chi-square test for non-normal or categorical data. Intervention effects over time were assessed using two-way repeated-measures ANOVA (time × group) across three time points (baseline, post-intervention, and long-term follow-up). Significant interactions were followed by Bonferroni-corrected pairwise comparisons. Pearson correlation was used to explore relationships between changes in cortical excitability, serum biomarkers, and muscle mass or functional outcomes. Potential synergistic effects of rTMS and LI-BFRT were further evaluated using factorial ANOVA, with significance set at P < 0.05.



2.9 Safety monitoring and data management

The study followed strict safety and data management protocols. Trained staff continuously monitored participants, provided standardized guidance, and minimized exercise-related risks. While rTMS and LI-BFRT are generally safe, mild and transient adverse events may occur, including headache, scalp discomfort, or dizziness for rTMS, and temporary vascular discomfort, numbness, or mild subcutaneous petechiae for LI-BFRT. All sessions were supervised, and any adverse events were promptly recorded and managed. Persistent or serious events led to immediate cessation of the intervention, medical evaluation, and reporting to the ethics committee within 24 h. Participants could withdraw at any time.

Data management utilizes computer systems for recording and storage. All storage devices and databases are encrypted, with personal information replaced by digital codes. Furthermore, an independent data monitoring group composed of clinical experts, researchers, trial personnel, and statisticians is established to oversee data quality and research compliance throughout the process, ensuring the scientific rigor and reliability of the study.




3 Discussion

This study describes a novel integrated intervention protocol that combines rTMS with LI-BFRT for the first time to address the decline in skeletal muscle mass and function in postmenopausal women. Menopause is one of the most prominent manifestations of the aging process in women, leading to ovarian dysfunction and hormonal imbalance. This can result in systemic changes in postmenopausal women, such as reduced muscle mass, decreased muscle strength, and increased obesity, which in turn increase the risk of cardiovascular disease and metabolic syndrome (14, 43). Currently, exercise intervention, especially resistance training, is considered the primary non-pharmacological treatment for controlling muscle mass and strength loss in older people (44). Resistance training can delay or reverse sarcopenia, increase skeletal muscle mass and strength, improve physical function, enhance activities of daily living, and reduce the risk of falls (20). The effectiveness of resistance training is largely dependent on the resistance load. Compared to moderate-to-low resistance training, high-load resistance training has a greater impact on increasing strength in older people (45, 46). Since the elderly often struggle to achieve the recommended exercise load (47), there is an urgent need for new effective intervention measures.

This study employs BFRT by using pneumatic cuffs to partially or completely block arterial and venous blood flow during exercise (23), enabling the achievement of effects similar to those of traditional high-intensity resistance training under low-intensity resistance loads (48), this method has been studied in some older people (49, 50). However, studies involving postmenopausal women have not been widely conducted. Therefore, it is necessary to conduct a study on LI-BFRT involving postmenopausal women to clarify the efficacy of this method for this population, such as changes in skeletal muscle, hormone levels, and other parameters, and to explore its potential mechanisms and safety.

Moreover, cerebral cortical atrophy, motor neuron apoptosis, and neuromuscular junction (NMJ) degeneration induced by aging are considered key factors in the occurrence of senile sarcopenia (29, 31). Therefore, when the effect of simple skeletal muscle training is limited, increasing the number of motor units from the perspective of activating the central nervous system may be a new approach to improving or enhancing the efficacy of exercise interventions for skeletal muscle mass and function in postmenopausal women. TMS regulates cortical plasticity through time-varying magnetic fields, inducing electric fields to stimulate target cortical regions. It has been widely used in the treatment of neurological and psychiatric disorders associated with excitatory dysfunction of the brain. Among these, rTMS is commonly used to modulate cortical excitability, which can be evaluated through changes in MEPs (33, 51). Research has shown that rTMS can significantly alter motor cortex excitability and plasticity, thereby improving limb motor function (35, 36). In sports training applications, it has also been found that high-frequency rTMS can increase motor cortex excitability (52), while low-frequency rTMS can decrease motor cortex excitability (53). However, there are no reported applications for interventions targeting individuals with reduced skeletal muscle mass and strength or sarcopenia, particularly postmenopausal women.

This study has several advantages. First, this study is the first to combine non-invasive brain stimulation with BFRT in postmenopausal women, using a dual-target strategy aimed at simultaneously activating central (motor cortex) and peripheral (musculoskeletal) pathways to promote muscle hypertrophy and strength in older women under low mechanical stress conditions. This provides new insights for healthy interventions targeting skeletal muscle in older women. Second, this study comprehensively assessed outcomes related to muscle structure (muscle CSA) and function (muscle strength, physical activity function) in postmenopausal women, as well as cortical excitability and blood-based neuromuscular biomarkers. This design facilitates the evaluation of intervention effects from multiple dimensions and may provide potential mechanistic insights into the interactions between neural plasticity and muscle adaptability in mixed intervention responses.

Despite the novelty of this protocol, it still has some limitations. First, individual differences in response to rTMS may influence study outcomes. Second, rTMS and BFRT may require trained professionals and specialized equipment, which may limit the protocol's scalability in community settings. Finally, the study lacks advanced neuroimaging techniques, which limits the ability to deeply interpret the mechanisms of the intervention. Future research will aim to optimize these limitations and strive to translate this protocol into broader clinical practice.
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Introduction: Menopause represents an important transition in women's lives, often accompanied by physiological, psychological, and lifestyle changes that can affect overall quality of life (QoL). Understanding how individual characteristics, body composition, and daily habits influence QoL during this stage is essential. This study aimed to assess the prevalence of menopausal symptoms and to examine how anthropometric measurements, sociodemographic factors, and lifestyle variables—particularly physical activity levels—independently influence the QoL of Tunisian women during mid-life.



Methods: A cross-sectional study was conducted among 375 women recruited from different regions of Tunisia and classified according to the World Health Organization's definitions of menopausal stages. Data were collected using the Menopause-Specific Quality of Life Questionnaire (MENQOL) and the Physical Activity Self-Assessment Questionnaire (J. Ricci ' L. Gagnon). Anthropometric measurements were performed by the research team. The Mann–Whitney and Kruskal–Wallis tests were applied to compare MENQOL scores across menopausal stages.



Results: Among premenopausal women, the most reported symptom was feeling tired or worn out (76%), with the psychosocial domain showing the greatest QoL impact (score: 2.05), followed by physical (2.03), sexual (1.64), and vasomotor (1.36) domains. In perimenopausal women, fatigue was reported by 81%, with the physical domain most affected (2.03), followed by psychosocial (1.87), vasomotor (1.77), and sexual (1.28) domains. In postmenopausal women, flatulence or gas-related colic was the most frequent symptom (86%), and the psychosocial domain had the highest impact (2.36), followed by physical, vasomotor, and sexual domains. Overall, 68% of participants had a moderate level of physical activity. Higher physical activity was associated with better QoL in the total sample but remained significant only among premenopausal women. Overweight (42%) and obesity (28%) were common, and higher BMI was consistently linked to poorer QoL, particularly during premenopause.



Discussion/Conclusion: Physical and psychosocial symptoms were the most prevalent across menopausal stages. While higher physical activity and lower BMI were associated with better QoL in premenopausal women, these associations weakened during menopause, suggesting that other factors, such as income and BMI, may play a stronger role in postmenopausal QoL. Promoting physical activity and healthy weight management could therefore improve QoL outcomes for women throughout the menopausal transition.
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1 Introduction

Traditionally, the human body has been viewed through a medical lens. However, in recent decades, it has increasingly drawn the attention of specialists such as psychologists, sociologists, and anthropologists. This shift occurred as scientists came to understand that human beings cannot be studied in isolation from the environment in which they live. Psychological, cultural, and social interactions play a vital role not only in shaping a person's development but also in influencing their physical and mental health—in other words, their overall well-being. The World Health Organization (WHO) defines health as a complete state of physical, mental, and social well-being, not merely the absence of disease (1). Health after the age of 50 years has become a new concern to women in developed countries (2). With the global rise in life expectancy, many women now live more than two decades after menopause, spending over a quarter of their lives in a state of estrogen deficiency (3). However, after the mid-forties, nearly all women, regardless of their cultural background or health status, begin to experience physical, psychological, and emotional changes (4).

Menopause marks the time when a woman's menstrual periods have ceased for 12 consecutive months after the last period and is characterized by ovarian failure, which results to a decline in the production of the ovarian hormones estrogen and progesterone. During this phase women adapt to a new biological state. The deficiency of these hormones makes women susceptible to a range of common symptoms, including sleep disorders, mood swings, hot flashes, depression, urinary infections, vaginal infections, and an increased risk of osteoporosis and cardiovascular diseases. In addition to these physical symptoms, women are also inclined to experience several vasomotor, somatic, sexual, and psychological symptoms. The duration, severity, and impact of these symptoms can vary widely from person to person and among various populations which can impact their quality of life (QOL) (5). The World Health Organization (WHO) defines QoL as “an individual's perception of their position in life, in the context of the culture and value system in which they live, and in relation to their goals, expectations, standards, and concerns” (6). Menopause-related symptoms have a negative impact on the QoL of the late premenopause status women (7). Budakoglu et al. showed that the QoL in postmenopausal women is worse than that of premenopausal women (8).

To assess these changes and their impact, several tools have been developed, such as the MENQOL questionnaire. The Menopause-Specific Quality of Life Questionnaire (MENQOL) was first developed by Hilditch et al. in 1996 to capture the quality of life of midlife women over the past month. It has been translated and validated in multiple languages and applied in various epidemiological and clinical contexts. The self administered questionnaire explores four key domains: vasomotor, psychosocial, physical, and sexual. It evaluates both the presence and severity of a range of menopausal symptoms experienced by women (9). Several factors can significantly influence a woman's quality of life during menopause, including body mass index (BMI) and exercise. These factors not only affect the physical symptoms experienced but also play a crucial role in shaping the emotional and psychological well-being of women during this transition. Body mass index (BMI) is a widely used indicator of obesity status in clinical settings and population health research. According to the World Health Organization, BMI greater than 30 kg/m2 is considered obese. Sixteen articles were identified that specifically assessed and reported on the severity of menopausal symptoms in relation to measures of obesity including body mass index (BMI), waist circumference, and waist-to-hip ratio (10). Although weight gain during midlife is generally linked to aging rather than menopause itself (11, 12), gaining weight can negatively impact quality of life (12, 13). Moreover, physical activity (PA) has been shown to improve the QoL among menopausal women, likely due to its positive effects on neuroendocrine balance and the release of endogenous opioids, which help reduce vasomotor symptoms (14, 15).

Moreover, it can enhance psychosomatic well-being by enhancing self-esteem, improving sleep quality, and decreasing musculoskeletal pain and menopausal complaints (16, 17). Tunisia is a small country located on the Mediterranean Sea's southern coast in North Africa Despite being a part of the Arab world and having Arabic as its official language, Tunisia has a unique cultural identity that has been shaped by the Mediterranean and its diverse history. The country has made significant progress in women's rights and gender equality compared to many neighboring nations. Modern Tunisian society is greatly influenced by the active participation of Tunisian women in politics, the workforce and education. Despite the interest of researchers worldwide about the extent and type of symptoms experienced by women around menopause, only few studies have assessed this issue in our country. Ferrand et al. (18) (2013) provided a comparative study of Tunisian women and French women, showing that Tunisian women had reported lower quality of life, particularly in the dimension of life representing physical and psychological health. Delanoë et al. (2012) also presented a study of cross-cultural differences and found that Tunisian women presented more severe menopausal symptoms than French women (19).

Zaouali and Ben Slama (2023) reported on anxiety and depression among menopausal Tunisian women, addressing mental health issues at this transition (20). Abdelmoula et al. (2022) presented sexual dysfunction and satisfaction in post-menopausal women (21). The available literature on the QOL of menopausal women is primarily derived from Asian and industrialized Western populations. There is currently very little evidence derived from Arab countries and an extreme paucity in regard to data on the QOL of menopausal women in Tunisia. In fact, no studies exploring the effect of BMI and Exercise on QOL about Tunisian menopausal women. The proposed study will be the first. The aim of this study was to assess the menopausal related symptoms and their impact on the women's quality of life.



2 Materials and methods


2.1 Study design and sample

This cross-sectional research was conducted among Tunisian females, aged between 40 and 65 years old, recruited from various geographic districts (urban and rural) of Tunisia, on different sites such as medical clinics, work places, banks, schools and housewives living in households. The minimum calculated sample size was 375. Exclusion criteria included women with induced menopause, those who had undergone a simple hysterectomy, individuals currently receiving hormonal therapy, and those with pre-existing medical conditions such as diabetes mellitus, hypertension, cardiac disease, and thyroid disorders, as these factors could potentially confound the results. Pregnant or breastfeeding women and those suffering from mental illnesses, cognitive impairments or physical handicaps were not eligible for participation. Participants were categorized into three groups based on their menopausal status: premenopause stage (n = 259), menopausal transition (n = 93), and post menopause (n = 55).



2.2 Study instruments

In review the study employed a structured questionnaire administered through face-to-face to gather comprehensive data from each participant. The questionnaire was designed in three parts. The first section focused on collecting sociodemographic information and stage of menopause.The second part involved the MENQOL questionnaire. It consists of a total of 29 items, divided into four domains: vasomotor (items 1–3), psychosocial (items 4–10), physical (items 11–26) and sexual (items 27–29). Answers, provided in a Likert-scale format, were displayed as “no” or “yes”, with the latter spread from zero to six, respectively indicating the presence of the symptom and its degree, from being not bothersome to extremely bothersome. Calculations of each domain are computed separately and then summed up to reach the final score of MENQOL, as elucidated by the main developer of this tool (22) The third section included the Ricci & Gagnon self-assessment questionnaire, which focus on the Global assessment of activity and sedentary behavior with a Point system leading to inactive, active, very active categories. (BMI) was calculated as the actual weight, in kilograms, divided by height, in meters squared, relying on the anthropometric inputs (height, weight) measured respectively by a stadiometer and a digital scale, by the research team, the day of the recruitment. It was then categorized according to the WHO cut-off points: underweight if less than 18.5, normal if between 18.5 and 24.9, overweight if between 25 and 29.9 and obese from 30 and above (23).



2.3 Data collection procedure

The study was approved by the Ethics Committee on 21/03/2022 under the number No. 113 (Ref: CEFMS 113/2022) for our research project. Participants who met the inclusion criteria were informed in detail about the study and invited to participate voluntarily. Clear guidance on how to complete each section of the questionnaire was provided to all participants. They were also explicitly reassured that their privacy, anonymity, and the confidentiality of their responses would be strictly protected. Participants were informed that they were under no pressure to complete the questionnaire, had the right to withdraw from the study at any time without consequence, and were assured that their names would not be recorded or linked to their responses. Verbal informed consent was obtained from each participant prior to their inclusion in the study.



2.4 Validity and reliability of the MenQol Questionnaire

The six-step cross-cultural adaptation process is illustrated in Figure 1. To ensure accurate translation of a questionnaire, it is crucial to have two teams of 2-3 translators each to translate it into the target language. These translators should be native speakers of the target language in two teams of 2–3 translators, each native speakers of the target language native speakers of the target language, fluent in its regional variations and idioms, and possess a strong understanding of the source language. One team should be familiar with the questionnaire's purpose and applications, while the other should be naive to its research goals and ideally have no background in the humanities to provide a more natural, target-population-oriented translation.


[image: Flowchart outlining six stages of a translation and validation process: Stage I, Translation; Stage II, Synthesis; Stage III, Back translation; Stage IV, Expert committee review; Stage V, Pre-testing; Stage VI, Submission of all written reports for appraisal by IWH. Each stage lists specific tasks and indicates a written report is required at each stage. Arrows show progression from one stage to the next in a cyclical process.]
FIGURE 1
The different stages of cross-cultural adaptation recommended by the AAOS (American academy of orthopaedic surgeons) (Beaton et al. 2002).


The resulting translated questionnaire then needs to be reviewed for accuracy and tested for clarity. Although the validity of the MENQOL questionnaire has been tested in Arab women (24). Its validity has not been previously tested in Tunisian women. Therefore, we tested its validity and reliability before starting the study using the test-retest method. “The MENQOL questionnaire was administered to the same population (n = 70) at the beginning of the study and then re-administered after 2 weeks.” The psychometric evaluation of the Arabic MENQOL in Tunisian women demonstrated satisfactory preliminary results, supporting the original four-factor structure (Vasomotor, Psychosocial, Physical, and Sexual) through both exploratory and confirmatory factor analyses.

The overall scale showed excellent internal consistency (McDonald's omega = 0.945) and good temporal stability (r = 0.879). Confirmatory factor analysis indicated a good fit to the data, and convergent validity was satisfactory, the Cronbach's alpha for the sexual domain was notably low, suggesting a potential area for improvement. These findings provide initial support for the use of the Arabic MENQOL in Tunisian menopausal women.



2.5 Statistical analysis

SPSS V.25 was used to analyze the collected data. Means and standard deviations were used to describe the continuous variables and percentages to describe categorical variables. The Kolmogorov–Smirnov test showed that data were not normally distributed; the Mann–Whiney U test and the Kruskal–Wallis test were used to compare MENQOL item scores. Multivariable linear regression analysis was used to assess predictors of the total MENQOL score of the study participants. Results were considered statistically significant at p < 0.05 (Table 1).



TABLE 1 Sociodemographic characteristics of the study participants.



	Characteristic
	N
	% mean ± SD





	Age (years)
	–
	47,4 ± 7,2



	BMI



	Underweight
	4
	1,1



	Normal weight
	110
	29



	Over weight
	158
	42



	Obesity
	103
	28



	Marital status



	Single
	35
	9,3



	Divorced
	24
	6,4



	Maried
	302
	81



	Widow
	14
	3,7



	Education level



	Primary education
	10
	2,7



	Secondary education
	88
	24



	University education
	277
	74



	Income



	Low
	28
	7,5



	Meduim
	258
	69



	High
	89
	24



	Smoker



	No
	305
	81



	Yes
	70
	19



	Physical activity level



	Inactive
	116
	31



	Active
	256
	68



	Very active
	3
	0,8










3 Results


3.1 Effect of sociodemographic characteristics and quality of life domains

The study participants exhibited a notable proportion of overweight (42%) and obese (28%) individuals. The majority were married (81%) and well-educated, with 74% holding a university degree. Economically, most reported a medium income (69%). A significant majority were non-smokers (81%), and most engaged in some form of physical activity (68% active, 0.8% very active, 31% inactive) (Table 1).

Table 2 presents the premenopause group as the largest. Age, as expected, showed a clear increase across the stages. Body weight distribution was noteworthy, with a higher prevalence of overweight and obese individuals in the pre- and menopausal groups. Marriage was the most common marital status reported across all stages, though the proportion of single women was higher in the premenopause group, and widowhood became more apparent in later stages. A considerable proportion of the women had attained a university education. Income levels were largely concentrated in the medium category. The majority of participants were non-smokers and reported being physically active.).



TABLE 2 Characteristics of participants according to menopausal status (n = 375).



	Characteristics
	Menopausal status



	Premenopause, n
	Menopause, n
	Post menopause, n





	Total (%)
	259 (69,1)
	93 (24,8)
	23 (6,1)



	 Age (years), mean ± SD
	44 ± 3,941)
	53,72 ± 6,2
	60,26 ± 8,1



	BMI



	Underweight
	2
	0,5%
	2
	0,5%
	0
	0,0%



	Normal weight
	84
	22,4%
	20
	5,3%
	6
	1,6%



	Over weight
	103
	27,5%
	44
	11,7%
	11
	2,9%



	Obesity
	70
	18,7%
	27
	7,2%
	6
	1,6%



	Marital status



	Single
	21
	5,6%
	14
	3,7%
	0
	0



	Divorced
	22
	5,9%
	2
	0,5%
	0
	0



	Married
	212
	56,5%
	69
	18,4%
	21
	5,6%



	Widow
	4
	1,1%
	8
	2,1%
	2
	0,5%



	Education level



	Primary education
	3
	0,8%
	4
	1,1%
	3
	0,8%



	Secondary education
	48
	12,8%
	33
	8,8%
	7
	1,9%



	University education
	208
	55,5%
	56
	14,9%
	13
	3,5%



	Income



	Low
	17
	4,5%
	9
	2,4%
	2
	0,5%



	Medium
	177
	47,2%
	65
	17,3%
	16
	4,3%



	High
	65
	17,3%
	19
	5,1%
	5
	1,3%



	Smoker



	No
	216
	57,6%
	71
	18,9%
	18
	4,8%



	Yes
	43
	11,5%
	22
	5,9%
	5
	1,3%



	Physical activity level



	Inactive
	89
	23,7%
	23
	6,1%
	4
	1,1%



	Active
	168
	44,8%
	70
	18,7%
	18
	4,8%



	Very active
	2
	0,5%
	0
	0,0%
	1
	0,3%









3.2 Relationship between sociodemographic characteristics, physical activity, tobacco consumption and quality of life domains

Table 3 presents the associations between sociodemographic characteristics, physical activity, tobacco consumption and QoL domains of the study participants. In general, we found a statistically significant association between the total QoL score and BMI (P = 0,017*), Education Level (0,001*), Income (0,022*), Smoker (p = 0,017*), and physical activity Level (p = 0,011*), menopause status (0,000).



TABLE 3 The associations between sociodemographic characteristics physical activity, tobacco consumption and QoL domains.



	Variable
	Vasomotor domain
	Psychosocial domain
	Physical domain
	Sexuel domain
	Total





	BMI



	Underweight
	1,83 (1,67)
	3,07 (1,54)
	2,25 (1,67)
	3,33 (2,83)
	2,62 (1,67)



	Normal weight
	1,05 (1,49)
	2,01 (1,46)
	1,79 (1,26)
	1,40 (1,53)
	1,56 (1,07)



	Over weight
	1,71 (1,88)
	2,31 (1,58)
	2,14 (1,25)
	1,72 (1,71)
	1,79 (1,19)



	Obesity
	2,47 (2,13)
	2,77 (1,61)
	2,78 (1,40)
	2,08 (2,01)
	2,52 (1,40)



	p-valueb
	0,005*
	0,045*
	0,163
	0,178
	0,017*



	Marital status



	Single
	2,04 (2.16)
	2,61 (1,83)
	2,26 (1,48)
	1,49 (1,84)
	2,10 (1,36)



	Divorced
	1,61 (1,63)
	2,74 (1,75)
	2,25 (1,41)
	1,17 (1,61)
	1,94 (1,28)



	Married
	1,67 (1,90)
	2,30 (1,54)
	2,20 (1,34)
	1,86 (1,79)
	2,00 (1,28)



	Widow
	2,43 (2,23)
	2,35 (1,41)
	2,43 (1,18)
	0,90 (1,16)
	2,03 (1,02)



	p-valueb
	0,467
	0,549
	0,862
	0,032*
	0,939



	Education level



	Primary education
	1,40 (1,90)
	1,91 (1,98)
	2,19 (1,82)
	1,73 (2,14)
	1,81 (1,65)



	Secondary education
	2,39 (2,11)
	2,77 (1,64)
	2,48 (1,41)
	2,30 (2,14)
	2,48 (1,41)



	University education
	2,11 (1,82)
	1,64 (1,53)
	1,41 (1,31)
	2,14 (1,61)
	1,41 (1,18)



	p-valueb
	0,002*
	0,015*
	0,119
	0,037*
	0,001*



	Income



	Low
	2,86 (2,31)
	2,96 (1,84)
	2,53 (1,68)
	2,64 (2,20)
	2,75 (1,59)



	Medium
	1,64 (1,88)
	2,36 (1,57)
	2,24 (1,36)
	1,75 (1,73)
	2,00 (1,28)



	Good
	1,63 (1,79)
	2,16 (1,48)
	2,04 (1,18)
	1,45 (1,70)
	1,82 (1,07)



	p-valueb
	0,032*
	0,101
	0,351
	0,019*
	0,022*



	Physical activity level



	Inactive
	1,91 (1,87)
	2,75 (1,55)
	2,48 (1,42)
	1,89 (1,83)
	2,26 (1,30)



	Active
	1,66 (1,95)
	2,18 (1,56)
	2,11 (1,30)
	1,70 (1,76)
	1,91 (1,25)



	Very active
	1,11
	1,81
	0,79
	0,22
	0,98



	p-valueb
	0,260
	0,003*
	0,009*
	0,163
	0,011*



	Smoker



	No
	1,58 (1,82)
	2,28 (1,56)
	2,16 (1,32)
	1,67 (1,73)
	1,92 (1,22)



	Yes
	1,82 (2,20)
	1,56 (1,62)
	1,32 (1,45)
	1,73 (1,96)
	1,22 (1,43)



	p-valuea
	0,005*
	0,045*
	0,163
	0,178
	0,017*



	Menopause status



	Premenopause stage
	1,47 (1,79)
	2,38 (1,61)
	2,12 (1,32)
	1,50 (1,72)
	1,86 (1,25)



	Menopause
	2,66 (2,09)
	2,47 (1,48)
	2,58 (1,41)
	2,29 (1,82)
	2,50 (1,25)



	post menopause
	0,93 (1,30)
	1,66 (1,48)
	1,82 (1,22)
	2,32 (1,73)
	1,68 (1,12)



	p-valueb
	0,000*
	0,049*
	0,008*
	0,000*
	0,000*




	ap-values based on the Mann–Whitney U-test. Statistical significance at P < 0.05.


	bp-values based on the Kruskal–Wallis H-test. Statistical significance at P < 0.05.


	*Bold values indicate statistical significance (where the p-value is less than 0.05) or the highest number, percentage, or mean score in the descriptive columns.







Table 3 reveals significant associations between sociodemographic characteristics, physical activity, tobacco consumption and quality of life (QoL) domains. Specifically, total QoL was significantly associated with BMI, Education Level, Income, and Exercise Level.

Higher BMI generally correlated with worse Vasomotor and Psychosocial symptoms and lower total QoL. Lower Education Level was associated with poorer outcomes in the Vasomotor, Psychosocial, and Sexual domains, as well as lower total QoL.

Similarly, lower Income tended to be linked to worse Vasomotor and Sexual symptoms and lower total QoL. In contrast, higher Exercise Level was associated with better Psychosocial and Physical well-being and higher total QoL. Marital status showed a significant association with the Sexual domain. The different stages of menopause revealed significant differences in all domains (p < 0.05).

Women in the menopause stage reported the highest levels of impairment, particularly in the vasomotor (mean = 2.66, SD = 2.09) and physical (mean = 2.58, SD = 1.41) domains, compared to those in the premenopause and postmenopausal stages.



3.3 Quality of life domains among the study participants according to menopausal status

 Table 4 presents the frequency of Quality of Life (QoL) domains among the study participants. In the premenopause stage, the psychosocial domain imposed the greatest impact on quality of life (mean = 2.05), with Feeling anxious or nervous being predominant at 71%. Meanwhile, Night sweats emerged as the most prevalent vasomotor symptom at 47%. Concerning the physical domain, the most frequent complaint was Feeling tired or worn out, reported by 76% of women. In the sexual domain, Change in sexual desire was the most prevalent symptom, affecting 57% of participants. The mean total MENQOL score was 1.71, indicating a moderate level of reported quality of life impairment.



TABLE 4 Quality of life domains among the study participants according to menopausal status.



	Quality of life domains
	Premenopause stage n = 85
	Menopause transition n = 266
	Post menopause n = 55



	n
	%
	Mean
	(SD)
	N
	%
	Mean
	(SD)
	N
	%
	Mean
	(SD)





	Vasomotor symptoms
	
	
	1,36
	1,658
	
	1,77
	1,973
	
	2,23
	2,114



	Hot flashes or warmth
	108
	42%
	1,39
	1,908
	47
	51%
	1,46
	
	10
	45%
	2,86
	2,232



	Night sweats
	122
	47%
	1,52
	1,95
	45
	48%
	1,86
	2,253
	14
	64%
	2,18
	2,281



	Excessive sweating
	81
	31%
	1,14
	1,935
	47
	51%
	1,99
	2,305
	9
	41%
	1,73
	2,354



	Psychosocial
	
	
	2,05
	1,463
	
	1,87
	1,401
	
	2,59
	1,681



	Dissatisfaction with personal life
	88
	34%
	1,32
	2,082
	35
	38%
	1,28
	1,93
	11
	50%
	1,86
	2,295



	Feeling anxious or nervous
	183
	71%
	2,58
	1,991
	66
	71%
	2,7
	2,084
	16
	73%
	3,14
	2,232



	Experiencing poor memory
	168
	65%
	2,01
	1,813
	57
	61%
	1,62
	1,713
	17
	77%
	2,64
	1,941



	Accomplishing less than they used to
	165
	64%
	2,11
	1,859
	61
	66%
	2,02
	1,824
	17
	77%
	3
	2,07



	Feeling depressed, down or blue
	147
	57%
	1,97
	2,052
	59
	63%
	1,99
	2,003
	16
	73%
	2,23
	2,137



	Being impatient with other people
	157
	61%
	2,02
	1,973
	48
	52%
	1,7
	1,96
	15
	68%
	2,45
	2,283



	Feelings of wanting to be alone
	167
	64%
	2,26
	2,178
	53
	57%
	2,02
	2,216
	17
	77%
	2,82
	2,152



	Physical
	
	
	2,03
	1,349
	
	2,03
	1,355
	
	2,36
	1,677



	Flatulence (gas) or colic caused by gas
	165
	64%
	2,09
	1,951
	57
	61%
	2,27
	2,101
	19
	86%
	3
	2



	aches in the muscles and joints
	174
	67%
	2,41
	2,077
	65
	70%
	2,58
	2,097
	13
	59%
	2,18
	2,26



	Feeling tired or worn out
	196
	76%
	2,85
	1,986
	75
	81%
	2,89
	2,035
	18
	82%
	3,36
	2,128



	Insomnia and difficulty sleeping
	142
	55%
	1,88
	2,057
	56
	60%
	2,24
	2,144
	53
	41%
	2,41
	2,239



	aches in the back, neck, or head
	189
	73%
	2,67
	2,045
	67
	72%
	2,62
	2,111
	16
	73%
	2,73
	1,98



	 Decrease in physical strength
	171
	66%
	2,3
	2
	62
	67%
	2,03
	1,897
	16
	73%
	2,77
	2,245



	Decrease in endurance or ability to perform usual activities
	147
	57%
	1,97
	1,987
	56
	60%
	1,91
	1,965
	16
	73%
	2,64
	1,989



	Loss of physical energy
	170
	66%
	2,13
	1,92
	56
	60%
	1,88
	1,983
	15
	68%
	2,68
	2,212



	Dryness of the skin
	136
	53%
	1,7
	1,939
	49
	53%
	1,78
	1,966
	16
	73%
	2,14
	2,1



	Weight gain
	148
	57%
	1,94
	2,012
	54
	58%
	1,91
	1,965
	16
	73%
	2,64
	1,989



	Increased rate of hair loss
	149
	58%
	2,05
	2,09
	55
	59%
	1,92
	2,06
	17
	77%
	2,86
	2,336



	Changes in appearance, texture or tone of skin
	129
	50%
	1,65
	1,93
	47
	51%
	1,54
	1,821
	13
	59%
	1,73
	1,882



	Feeling bloated
	156
	60%
	2,14
	2,11
	50
	54%
	1,87
	1,996
	18
	82%
	2,5
	2,064



	Low backache
	177
	68%
	2,57
	2,118
	56
	60%
	2,18
	2,206
	15
	68%
	2,41
	2,108



	Frequent urination
	102
	39%
	1,42
	1,95
	40
	43%
	1,18
	1,594
	14
	64%
	1,95
	2,149



	Involuntary urination when laughing or coughing
	63
	24%
	0,61
	1,323
	26
	28%
	0,59
	1,236
	15
	68%
	2,05
	2,236



	Sexual
	
	
	1,64
	1,626
	
	1,28
	1,631
	
	2,05
	2,42



	Change in sexual desire
	148
	57%
	1,97
	2,069
	42
	45%
	1,54
	2,003
	11
	50%
	1,95
	2,535



	Dryness in the vagina during sexual intercourse
	105
	41%
	1,3
	1,878
	27
	29%
	0,9
	1,694
	10
	45%
	2,14
	2,606



	Avoiding intimacy
	121
	47%
	1,6
	2,054
	35
	38%
	1,39
	2,157
	10
	45%
	1,95
	2,609



	MENQOL
	
	
	1,71
	0,999
	
	1,54
	1,027
	
	2,27
	1,453




	ap-values based on the Mann–Whitney U-test. Statistical significance at p < 0.05.


	bp-values based on the Kruskal–Wallis H-test. Statistical significance at p < 0.05.


	Bold values indicate statistical significance (where the p-value is less than 0.05) or the highest number, percentage, or mean score in the descriptive columns.







During the menopause stage, the physical domain imposed the greatest impact on quality of life (mean = 2.03), with Feeling tired or worn out being the prevailing complaint at 81%. In the psychosocial domain (mean = 1.87), Feeling anxious or nervous remained prominent at 71%, while Hot flashes or warmth and Excessive sweating, both at 51%, were the most commonly reported vasomotor symptoms. In the sexual domain, Change in sexual desire persisted as the most prevalent symptom, affecting 45% of participants. The mean total MENQOL score decreased to 1.54, suggesting a lower overall burden of reported quality of life impairment in this stage. In the postmenopausal stage, the psychosocial domain imposed the greatest impact on quality of life (mean = 2.59), with Experiencing poor memory, Accomplishing less than they used to, and Feelings of wanting to be alone each reported by 77% of women. For physical symptoms (mean = 2.36), Flatulence (gas) or colic caused by gas (86%) and Feeling tired or worn out (82%) were most commonly reported. In the vasomotor domain, Night sweats emerged as the most prevalent symptom, reported by 64% of participants. In the sexual domain, Change in sexual desire remained the most prevalent symptom at 50%. The mean total MENQOL score increased to 2.27, indicating a greater burden of reported quality of life impairment in this stage.



3.4 Role of income, BMI, and physical activity level in predicting quality of life in menopausal women

Table 5 presents the Multivariable linear regression analysis used to assess predictors of the total MENQOL score. We found that the best-fitting predictors for the MENQOL score of our participants were income (p = 0.012), physical activity (p = 0.014), and BMI (p = 0.000). Specifically, participants with higher income had a MENQOL score that was, on average, 0.296 points lower than those with lower income (95% confidence interval −0.527 to −0.065). Similarly, more physically active menopausal women had a MENQOL score that was, on average, 0.327 points lower than less active women (95% confidence interval −0.588 to −0.066). Conversely, for every 1 kg/m2 increase in BMI, there was an average increase in the MENQOL score of 0.369 points (95% confidence interval 0.209–0.529). The R-squared coefficient of determination (R2 = 0.127) indicates that approximately 12.7% of the variability in the total MENQOL score is explained by this mode.



TABLE 5 Multivariable linear regression analysis of determinants of the total menopause-specific quality of life score.



	Variable
	B
	Standard error
	T statistic
	p-value 95%
	Confidence interval lower 95%
	Confidence interval upper 95%





	Constant
	1,303
	0,605
	2,153
	0,032
	0,113
	2,494



	Age
	0,007
	0,009
	0,808
	0,42
	−0,01
	0,024



	Income
	−0,296
	0,117
	−2,516
	0,012*
	−0,527
	−0,065



	Physical activity level
	−0,327
	0,133
	−2,461
	0,014*
	−0,588
	−0,066



	BMI
	0,369
	0,081
	4,543
	0,000*
	0,209
	0,529




	*Bold values indicate statistical significance at p < 0.05; R2 = 0.127 or the highest number, percentage, or mean score in the descriptive columns..







Table 6 presents the Multivariable Linear Regression Analysis examining determinants influencing Menopause-Specific Quality of Life (MENQOL) scores across the different stages of menopause. In the premenopause stage, physical activity level (higher level associated with better QoL) and BMI (higher BMI associated with worse QoL) were significant predictors of total MENQOL. Interestingly, these significant associations were not observed in the perimenopausal stage and in the post-menopausal stage, while not reaching statistical significance at p < 0.05, trends indicated a potential association between higher income and better QoL, and between higher BMI and worse QoL.



TABLE 6 Multivariable linear regression analysis of determinants across the three stages of menopause-specific quality of life scores.



	Determinants
	Pre-menopause
	Menopause
	Post-menopause



	B
	t
	p-value
	B
	t
	p-Value
	B
	T
	p-value





	Constant
	1,527
	1,570
	0,118
	3,882
	2,831
	0,006*
	2,891
	1,168
	0,259



	Age
	−0,006
	−0,336
	0,737
	−0,030
	−1,431
	0,156
	−0,032
	−1,032
	0,317



	Income
	−0,233
	−1,650
	0,100
	−0,170
	−0,713
	0,478
	−0,825
	−1,946
	0,068



	Physical activity level
	−0,338
	−2,230
	0,027*
	−0,379
	−1,275
	0,206
	0,128
	0,226
	0,824



	BMI
	0,388
	4,050
	0,000*
	0,312
	1,836
	0,070
	0,610
	1,865
	0,080



	R2
	0,124
	0,100
	0,361




	*Bold values indicate statistical significance (where the p-value is less than 0.05) or the highest number, percentage, or mean score in the descriptive columns.










4 Discussion

The aim of this cross-sectional study was to assess the quality of life (QoL) of Tunisian women using the MENQOL questionnaire and to examine its association with physical activity level, anthropometric measures, sociodemographic characteristics, and lifestyle factors.

Previous studies have reported that the typical age range for menopause is between 45 and 55 years (3, 25). In our sample, the mean age at menopause was 53.72 years, which is higher than the 45-year median reported in the Réjiche study (20). This difference may reflect variations in population characteristics. Our sample likely included more urban, educated, and higher-income women—factors commonly associated with a later onset of menopause. This average age was also higher than that reported in the United States (51 years), Russia (50 years), Greece (49 years), Turkey and Egypt (47 years), and India (46 years) (26). The later onset observed in our population may also be partly explained by the participants' weight profile, as 42% were overweight and 28% were obese. These findings are consistent with a meta-analysis of 11 prospective studies showing that overweight and obese women had a 52% and 54% higher risk, respectively, of experiencing late menopause compared to women with a normal BMI (27).

Menopausal status was determined based on self-reported menstrual history and classified as premenopausal (regular cycles), perimenopausal (irregular cycles but not yet 12 consecutive months without menstruation), or postmenopausal (no menstruation for at least 12 consecutive months). Women with induced menopause, due to surgical or medical treatments, were excluded from the analysis.

Among the sociodemographic factors, marital status emerged as a significant predictor, particularly influencing the sexual domain. This finding is consistent with Ferrand et al. (2013) (18), who reported lower overall QoL in Tunisian women without partners. However, other studies have reported mixed results. Sievert et al. (2007) (28) found fewer vasomotor symptoms among partnered women in the US and Spain, while Loe et al. (2005) (29) found no significant relationship in Singapore. In Tunisia, as in many societies, sexuality and emotional intimacy are closely linked to marital relationships. The absence of a partner may lead to reduced sexual activity, lower desire, and feelings of loneliness, all of which negatively impact sexual well-being. In contrast, emotional support from a partner can enhance self-esteem, reduce stress, and improve overall QoL. Cultural differences regarding sexual openness and relationship dynamics may explain the variability between our findings and those from other settings.

BMI had a significant effect on vasomotor, psychosocial, and total QoL domains. This result is consistent with existing evidence (30, 31) indicating that higher BMI is associated with more severe menopausal symptoms and lower overall QoL. Maintaining a healthy weight may therefore be an important strategy for improving menopausal well-being.

Education level was another strong determinant. Most participants (74%) held a university degree, and higher education was associated with better vasomotor, sexual, and total QoL scores. These findings support earlier studies (19, 32, 33) showing that education promotes health awareness and better coping strategies during menopause. Interestingly, women with secondary education reported more severe symptoms than those with only primary education, possibly due to occupational stress or lifestyle factors not captured in our analysis.

Economic status, represented by income level, also influenced QoL. Women with lower income experienced more severe vasomotor and sexual symptoms, while higher income was associated with better outcomes. Financial resources may facilitate healthier lifestyles and greater access to healthcare, contributing to improved QoL. This observation aligns with Fahami's (2010) (34), findings linking socioeconomic status with more favorable menopausal experiences.

Physical activity emerged as a protective factor. Using the Ricci and Gagnon scale, we found that higher activity levels were associated with better psychosocial, physical, and total QoL scores. These results agree with prior studies (35, 36). demonstrating that regular physical activity alleviates menopausal symptoms and enhances well-being. To our knowledge, this is among the first North African studies to use a validated physical activity assessment in middle-aged women.

Smoking, on the other hand, was negatively associated with vasomotor, psychosocial, and overall QoL. This finding is consistent with previous research (37, 38) showing that smokers experience more frequent and intense hot flashes and night sweats. The relatively low smoking rate in our study (20%) may reflect social norms in Arab societies, where smoking among women remains culturally discouraged.

Menopausal status significantly influenced QoL in all domains. Women in menopause experienced the greatest symptom burden, particularly in vasomotor and physical domains, while sexual symptoms persisted into postmenopause. This trend has also been observed in Kazakhstan and Iran (39, 40). Overall, menopause-related symptoms can substantially impair women's personal, social, and emotional functioning (41). In our sample, physical and psychosocial domains were the most affected, consistent with studies from Qatar and the Gulf region (42). In contrast, research from Saudi Arabia, Jordan, and Iran (43, 44) has found sexual symptoms to be more prominent, reflecting cultural variations in health perception and reporting.

Fatigue was reported by 76% of premenopausal, 81% of perimenopausal, and 82% of postmenopausal women, consistent with hormonal changes that influence sleep and energy regulation (45, 46). Gastrointestinal symptoms, particularly bloating and flatulence, were also common, especially among postmenopausal women, possibly due to hormonal fluctuations affecting gut motility and microbiota (47, 48).

The psychosocial domain had the greatest impact on QoL, with poor memory, reduced productivity, and feelings of isolation reported by 77% of participants. These findings are consistent with prior studies describing cognitive and emotional difficulties, often referred to as “menopausal brain fog,” as well as increased social withdrawal (49, 50). Changes in sexual desire were the most frequently reported symptoms in the sexual domain (57%, 45%, and 50% across stages), likely reflecting both biological changes and the cultural reluctance to discuss sexual issues openly in Arab societies.

Vasomotor symptoms such as hot ashes and night sweats were relatively less frequent overall but increased in severity postmenopause. Sexual symptoms, including reduced desire and vaginal dryness, also worsened after menopause. These findings confirm that symptoms intensify as the menopausal transition progresses, particularly in the physical and psychosocial domains (53–66).

Variations in symptom frequency and severity can be attributed to differences in sociocultural context, ethnicity, genetics, and environmental exposures, which shape how women experience and manage menopause. Support from partners and families may also play an important role in coping and overall QoL.

In the multivariable regression analysis, lower income, higher BMI, and lower physical activity were independently associated with poorer QoL. While income remained a significant predictor overall, this association was less pronounced within individual menopausal stages, possibly due to smaller subgroup sizes and limited statistical power (51, 52).

Although our study included both urban and rural women, we did not conduct a separate statistical analysis comparing these groups. This decision was based on logistical constraints and unequal subgroup sizes, as most participants were recruited from urban health centers. Nevertheless, rural and urban environments may differ in several factors influencing menopausal experience, particularly diet and lifestyle. Rural women often consume more natural and plant-based foods, including legumes, grains, and vegetables rich in phytoestrogens and flavonoids—compounds with estrogen-like properties that may help relieve vasomotor and psychological symptoms. Conversely, urban women may have greater exposure to processed foods and more sedentary habits, potentially leading to higher BMI and more severe menopausal symptoms. The absence of detailed dietary data in our study is therefore a limitation, as nutrition may play a key role in symptom variability and overall QoL. Future studies should incorporate dietary assessments to better understand how environmental and nutritional factors influence menopausal health.



5 Strengths and limitations of the study

One of the main strengths of this study is that it is among the first to examine the quality of life of Tunisian women at various stages of menopause, while also assessing the role of physical activity using validated and culturally adapted tools. The MENQOL and Ricci & Gagnon questionnaires offered valuable insights into the physical, psychosocial, vasomotor, and sexual dimensions of menopausal experience. The inclusion of a broad range of sociodemographic, anthropometric, and lifestyle variables allowed for a more comprehensive understanding of the factors shaping women's well-being during this transitional period.

Another strength lies in the careful selection of participants. By excluding women with chronic conditions such as diabetes, hypertension, cardiovascular disease, or thyroid disorders, the study minimized potential confounding factors, ensuring that the observed associations were more likely to reflect the impact of lifestyle and sociodemographic variables.

However, the study also has some limitations. First, the relatively small sample sizes for the perimenopausal and postmenopausal groups may have limited our ability to detect significant differences in subgroup analyses. Second, because recruitment was primarily conducted in urban health centers, the sample included mostly urban women, limiting our ability to compare their experiences with those of women in rural settings who may have different lifestyles and health profiles.

Another important limitation is the absence of dietary data. Without information on food intake, we could not assess how nutrition—especially the consumption of phytoestrogens and flavonoids found in plant-based foods—may influence menopausal symptoms and body composition. This is particularly relevant in Tunisia, where rural diets tend to include more legumes, grains, and vegetables, which may help alleviate vasomotor and psychological symptoms, while urban diets are often higher in processed foods and linked to sedentary habits. Including dietary assessments in future research would help clarify these associations.

Lastly, as with any self-reported data, there is a risk of recall bias and social desirability bias, particularly on sensitive issues such as sexual health. Although confidentiality was emphasized, underreporting is possible. Future studies would benefit from integrating more objective or mixed-method approaches—such as dietary tracking or biological markers—to provide a fuller picture of the complex interactions between environment, lifestyle, and menopausal quality of life.



6 Conclusion

This study shows that menopause is not only a biological change but also a personal and social experience that strongly influences women's quality of life. Women who remain physically active, maintain a healthy weight, and benefit from emotional and social support experience fewer symptoms and better well-being.

Greater attention should be given to differences between urban and rural lifestyles, as well as to the influence of nutrition and culture on menopausal health. Health professionals should promote awareness and supportive programs that help women embrace this stage of life with confidence, balance, and dignity.
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Boxing, traditionally a competitive sport, is increasingly recognised as a therapeutic exercise modality for women transitioning through perimenopause and menopause a life stage characterised by hormonal changes that can accelerate muscle loss, bone demineralisation, balance impairment, cardiovascular risk, weight gain, and mood fluctuations. Structured, non-contact fitness boxing integrates resistance, impact, and aerobic components, delivering multi-system benefits relevant to this population. Physically, boxing stimulates muscle protein synthesis, preserves lean mass, and provides weight-bearing stimuli to maintain bone density, thereby reducing fracture risk. Dynamic footwork and agility drills challenge proprioception and postural control, improving balance and lowering fall risk. The high-intensity cardiovascular demands enhance heart health, reduce blood pressure, improve lipid profiles, and assist with weight management. Physiologically, boxing's combined strength-endurance format boosts basal metabolic rate, improves insulin sensitivity, and moderates stress hormone levels, supporting metabolic health and resilience to menopause-related changes. Neuromuscular adaptations from complex motor sequences enhance coordination, reaction time, and functional independence. Neurologically, boxing promotes endorphin release and modulates key neurotransmitters such as serotonin and dopamine, improving mood stability and reducing anxiety. Cognitive engagement through learning and executing punch combinations enhances brain-derived neurotrophic factor (BDNF) levels, supporting neuroplasticity, memory, and executive function. Emerging evidence positions non-contact boxing as a safe, engaging, and multi-dimensional exercise strategy for midlife women. It addresses physical, physiological, and neurocognitive domains in one intervention, offering healthcare and wellness professionals a practical, evidence-informed tool to promote strength, stability, cardiovascular fitness, and psychological well-being during the menopausal transition.
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Introduction

Menopause is a biological transition characterised by the decline of ovarian hormone production, most notably oestrogen and progesterone. These hormonal changes generate a wide range of physiological, neurochemical, and psychosocial effects, including vasomotor symptoms, alterations in mood and cognition, changes in body composition, reduced bone density, impaired balance, sleep disturbances, and increased cardiometabolic risk (1). For many women, these symptoms intersect with midlife responsibilities, work pressures, and social expectations, compounding their overall impact on health and well-being.

There is evidence suggesting exercise plays an important role in alleviating many menopause-related symptoms (2). Aerobic exercise supports cardiovascular health, weight management, and thermoregulation; resistance training improves bone density, muscle mass, and metabolic function; and neuromotor activities can enhance balance, coordination, and cognitive performance. Collectively, exercise interventions have been shown to improve mood, reduce anxiety, enhance sleep quality, and support overall quality of life during the menopausal transition (3).

Boxing is traditionally a competitive sport. It is increasingly recognised as an effective form of exercise therapy for women navigating perimenopause and menopause. This life stage is marked by hormonal shifts that can lead to muscle loss, reduced bone density, balance impairments, cardiovascular changes, weight gain, and mood fluctuations. A structured boxing training programme focusing on non-contact fitness boxing can counteract many of these issues. The evidence-informed physical, physiological, and neurochemical benefits of boxing for women in midlife, in a formal analysis suitable for healthcare and wellness professionals.

Boxing warrants specific attention because it integrates multiple exercise modalities within a single activity where high-intensity interval style cardiovascular work, resistance-based movements, neuromotor and coordination challenges, and substantial cognitive engagement (4). Its combination of footwork, reactive movement, sequencing, and upper- and lower-body power output provides a unique blend of physiological and psychological stimulation that aligns directly with many of the domains affected by menopause. Additionally, the neurochemical responses associated with boxing such as endorphin release, improved dopamine regulation, and reductions in stress-related cortisol may offer further benefits for mood stability and cognitive clarity (Figure 1).


[image: Flowchart illustrating four categories of menopausal symptoms—vasomotor, mood changes, sleep disturbances, cognitive impairment—linked to exercise-related pathways of benefit: thermoregulation, sleep quality, musculoskeletal health, metabolic health, and psychological well-being.]
FIGURE 1
Menopausal symptoms and exercise-related pathways of benefit schematic overview illustrating key menopausal symptom domains (vasomotor, sleep, cognitive, and mood-related) and the primary physiological and psychological pathways through which exercise may alleviate these symptoms. The diagram highlights how common menopausal changes connect to evidence-based exercise-mediated mechanisms that support health and well-being.


Boxing is traditionally a competitive sport. It is increasingly recognised as an effective form of exercise therapy for women navigating perimenopause and menopause. This life stage is marked by hormonal shifts that can lead to muscle loss, reduced bone density, balance impairments, cardiovascular changes, weight gain, and mood fluctuations. A structured boxing training program focusing on non-contact fitness boxing can counteract many of these issues. The evidence-informed physical, physiological, and neurochemical benefits of boxing for women in midlife, in a formal analysis suitable for healthcare and wellness professionals.



Physical effects of boxing in midlife women

Muscle strength and bone density is an important consideration during menopause as oestrogen decline accelerates sarcopenia and osteoporosis. Boxing provides resistance and impact stimuli that build muscular strength and help maintain bone mass. The vigorous punching and footwork engage major muscle groups, stimulating protein synthesis and neuromuscular adaptation to preserve muscle function (5). Stronger muscles in turn protect joints and support the skeletal system. High-impact, weight-bearing exercise such as boxing can slow bone loss and even increase bone density, which is crucial to counteract menopause-associated bone demineralisation (6). Indeed, early evidence links boxing training to increased bone density in menopausal women, helping fight off osteoporosis and improving overall physical function. By preserving lean muscle and bone strength, boxing training supports functional independence and reduces fracture risk in this population (7).

Balance often worsens with age and estrogen loss, increasing fall risk. The dynamic movements in boxing including shifts in stance, directional changes, and coordinated punches challenge the body's balance systems. Over time, this improves proprioception, core stability, and postural control (8). Research shows that targeted exercise interventions can significantly improve both static and dynamic balance in perimenopausal and postmenopausal women. In practice, boxing's complex footwork and agility drills act as balance training, potentially reducing fall and injury risk. Maintaining neuromotor fitness via such complex motor skills is imperative in older age; it not only reduces falls but also helps maintain physical and cognitive functioning. Thus, boxing serves as a functional balance exercise, enhancing stability and coordination (9).

Boxing is a high-intensity aerobic workout that elevates heart rate and improves cardiovascular endurance. Rounds of boxing drills provide vigorous cardio stress that strengthens the heart muscle and improves circulation. This is especially beneficial as menopause is associated with a higher risk of cardiovascular disease (10). Regular boxing workouts can help lower blood pressure and improve lipid profiles, contributing to heart health. Additionally, boxing's calorie-intensive nature aids in weight management. Menopausal women often experience a slowing metabolism and increased fat accumulation where boxing could be a mitigatory approach (11). The intensive cardio and strength components raise the metabolic rate, helping to replace fat with muscle and prevent menopause-related weight gain. Increasing lean muscle through boxing further boosts resting metabolic expenditure, countering the typical post-menopausal metabolic decline. Consistent training thus assists with healthy weight control and body composition, which in turn reduces risks of metabolic disorders (12).



Physiological impacts on metabolism and hormonal balance

Engaging in boxing yields significant metabolic benefits. As noted, adding lean muscle mass elevates basal metabolic rate, meaning the body burns more calories at rest. This helps offset the drop in metabolism that often comes with menopause, thereby aiding in weight control and energy levels. Importantly, boxing combines aerobic and resistance elements that improves insulin sensitivity (13). Improved insulin sensitivity facilitates better blood glucose control and can reduce the risk of insulin resistance and metabolic syndrome in midlife women. High-intensity interval aspects of boxing training also promote favourable lipid profiles and cardiovascular conditioning, further supporting metabolic health (14).

While boxing cannot replace diminished estrogen, it can favourably influence other hormonal pathways. Exercise moderates stress hormones: regular physical activity is shown to reduce circulating cortisol and adrenaline levels, which tend to be elevated under chronic stress. By lowering these stress hormones, boxing may alleviate menopausal symptoms like anxiety and sleep disturbances. Concurrently, intense exercise triggers the release of anabolic hormones and growth factors (15). Studies on postmenopausal women have found that structured strength training which boxing emulates in many ways can improve the hormonal profile. For example, elevating growth hormone and IGF-1 levels that support tissue health. A recent systematic review concluded that exercise performed 2–3 times per week for several months led to significant improvements in muscle strength, bone density, and hormonal and metabolic markers in menopausal women compared to inactive controls (16). These findings suggest boxing, as a form of strength-endurance training, helps stabilise physiological changes. Notably, exercise may also reduce vasomotor symptoms by enhancing thermoregulatory control and improving vascular function. Overall, boxing promotes a more favourable hormonal balance and physiological resilience during menopause (17).

Boxing requires synchronising complex movements coordinating punches with footwork and defensive actions. This continuous training of neuromuscular coordination yields significant benefits. Each punch involves rapid activation of muscle fibbers and precise timing, which strengthens neural pathways between the brain and muscles. Over time, boxing practice enhances reaction time, coordination, and agility. Such neuromuscular adaptation is critical in countering age-related declines in coordination (18). Resistance exercises are known to preserve neuromuscular function by driving adaptations in motor unit recruitment and efficiency. Moreover, participating in complex motor skill activities has been shown to improve neuromotor fitness, which is linked to better balance and even cognitive maintenance in older adults. In essence, boxing serves as both a physical and neural workout, sharpening the body's coordination and reflexes which might otherwise dull with menopause and aging (18).



Effects on brain chemistry and cognitive function

One of the most immediate benefits of boxing exercise is the release of endorphins-neuropeptides that act as natural painkillers and mood elevators. Sustained moderate-to-high intensity exercise like boxing triggers the brain to increase endorphin production (19). These “feel-good” hormones bind to opioid receptors in the brain, reducing the perception of pain and inducing feelings of euphoria and stress relief. Many women in perimenopause experience mood swings, anxiety, or mild depression (1). The endorphin surge from a boxing workout can acutely improve mood and promote a sense of well-being. In fact, higher-intensity workouts are associated with a greater endorphin response than mild exercise. By regularly engaging in boxing, women may harness these neurochemical benefits to help regulate mood and cope with menopausal stressors in a healthy way (20).

Beyond endorphins, exercise modulates other neurotransmitters that affect emotional and cognitive health. Physical activity has been shown to increase levels of serotonin and dopamine in the brain. Serotonin is crucial for mood stability and is often called the “feel-good” neurotransmitter, while dopamine is involved in reward, motivation, and executive function. Enhanced serotonin and dopamine release through exercise can mimic some effects of antidepressant therapies, contributing to reduced depressive symptoms and anxiety in physically active individuals. At the same time, exercise can decrease excess excitatory neurotransmitters like glutamate that are linked with anxiety and stress responses. The result is a more balanced neurotransmitter environment: higher serotonin and dopamine promote positive mood and cognitive focus, whereas lower chronic glutamate and cortisol reduce anxiety (20). Clinically, regular exercise is associated with lower rates of depression and improved stress resilience in midlife, partly due to these neurochemical adjustments. For menopausal women, who may face increased risk of mood disturbances, boxing could offer a drug-free method to support neurochemical balance and mental health (Figure 2).


[image: Conceptual model diagram illustrating components of boxing—neuromotor complexity, high-intensity intervals, cognitive engagement, and mood—mapped via arrows to menopause-relevant outcomes: balance, cardiometabolic health, and cognitive function, shown alongside a boxing figure.]
FIGURE 2
Conceptual model linking boxing components to menopause outcomes conceptual model mapping core components of boxing, neuromotor complexity, high-intensity intervals, cognitive engagement, and mood enhancement to menopause-relevant outcomes. The figure shows how the multimodal nature of boxing aligns with benefits for balance, cardiometabolic health, mood regulation, and cognitive function in midlife and menopausal women.


Engaging in boxing can also confer cognitive benefits, thanks to both the physical exercise itself and the mental demands of the sport. Aerobic exercise is well known to stimulate the release of neurotrophic factors like brain-derived neurotrophic factor (BDNF), which support neuron growth and survival, enhancing brain plasticity. Higher BDNF levels are associated with better memory and learning, and exercise-induced BDNF may help counteract the “brain fog” sometimes reported during menopause. In addition, the cognitive challenge of learning punch combinations and defensive techniques exercises the brain (1, 21, 22). Boxing is a cognitively engaging activity requiring concentration, quick decision-making, and motor learning. Such complex exercise has been linked to improvements in executive functions (like multi-tasking and decision speed) and may protect against cognitive decline (23). In resistance training studies, participants showed not only physical improvements but also enhanced cognitive performance, likely through improved neuroplasticity and cerebral blood flow. Thus, boxing's combination of physical exertion and mental strategy uniquely positions it to boost cognitive health. Over time, consistent training can improve reaction time, sharpen attentional focus, and bolster memory through repeated practice of complex motor sequences. This cognitive stimulation, paired with the neurochemical benefits of exercise, makes boxing a holistic brain training modality for women in midlife (24, 25).

Boxing is emerging as a comprehensive physical therapy strategy for perimenopausal and menopausal women, addressing multiple health dimensions in one modality. Physically, boxing training builds muscle strength, preserves bone density, improves balance, enhances cardiovascular fitness, and aids in weight management. Physiologically, it boosts metabolic function and moderates hormonal changes improving insulin sensitivity, reducing stress hormones, and supporting neuromuscular coordination. Neurologically, boxing exercise favourably alters brain chemistry by releasing endorphins and regulating neurotransmitters, while the mental engagement in complex boxing techniques promotes cognitive resilience. All of these benefits are supported by a growing body of evidence in exercise science and menopause health. For clinicians and wellness practitioners, boxing (when properly supervised to ensure safety) can be recommended as an effective, multi-faceted exercise intervention to help midlife women maintain their physical health and psychological well-being through the menopausal transition. The integration of boxing into wellness programs offers an engaging way to empower women, helping them stay strong in body and mind during this life stage.
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Menopause remains a largely neglected aspect of women's health in many low- and middle-income countries (LMICs), particularly across Asia, Africa, and the Middle East. Despite the profound physical, cognitive, and emotional changes it entails and the long-term health implications, access to menopause care is limited, and cultural taboos often prevent open discussion and timely support. This article explores the critical role of exercise as a cost-effective, sustainable, and culturally adaptable intervention for managing menopausal symptoms, including vasomotor disturbances, depression, anxiety, cognitive decline, and sleep disruption. Drawing on evidence from neuroscience, public health, and sociocultural research, it highlights the neurochemical benefits of physical activity, such as mood regulation and improved brain function. It also critically examines how religious beliefs, social norms, gender roles, and policy gaps influence women's ability to engage in exercise across different cultural settings. Community-based programmes, corporate initiatives, and digital adaptations underscore pragmatic approaches to integrating exercise into menopause care. We call for healthcare systems, policymakers, and researchers to address systemic neglect, normalise menopause discourse, and embed culturally sensitive, movement-based interventions into broader women's health strategies.
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Background

Menopause is a significant life stage for women worldwide, although its management is often overlooked in health agendas beyond reproductive age (1). By the late 2020s, an estimated 76% of postmenopausal women globally will live in developing regions across Asia, Africa, and the Middle East (2). It is widely recognised as a physiological transition associated with symptom variability, where some individuals experience minimal disruption while others experience severe and acute manifestations (e.g. vasomotor symptoms), alongside longer-term changes in cardiometabolic, musculoskeletal, and neurocognitive risk profiles (3). These experiences are heterogeneous and non-universal (4). Menopause is characterised by symptom patterns and health risks that unfold across distinct temporal trajectories, underscoring the need for stage-specific understanding and intervention. Acute symptoms typically emerge during the perimenopausal transition and early postmenopause and include vasomotor disturbances, sleep disruption, mood lability, and somatic discomfort, which may fluctuate in intensity but can substantially impair daily functioning (5). Persistent symptoms, such as genitourinary syndrome of menopause, chronic pain, fatigue, and ongoing psychological distress, often continue well beyond the menopausal transition and may require sustained management strategies. In contrast, longer-term risk trajectories develop more gradually and include increased risks of cardiovascular disease, metabolic dysfunction, osteoporosis, sarcopenia, and cognitive decline, reflecting cumulative hormonal, metabolic, and lifestyle influences (6). Distinguishing between these temporal domains is essential for aligning prevention, symptom management, and long-term health promotion strategies throughout midlife and beyond. Additionally, access to appropriate care remains highly uneven, especially in low- and middle-income countries (LMICs), where healthcare professionals with specialised expertise in menopause are often lacking, making menopause a pressing global public health issue (7, 8).
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FIGURE 1
A visual of the framework MARIE exercise framework that is proposed to be used to develop interventions for people experiencing perimenopausal, menopausal, and postmenopausal.


Despite being the most effective intervention for menopause-related conditions, hormone replacement therapy remains underutilised in LMICs due to barriers such as high costs and limited access (9, 10). Exercise has emerged as a promising, cost-effective strategy to reduce the severity of menopausal symptoms and improve quality of life (1). Beyond physical benefits, regular exercise can positively impact brain health by modulating mood and neurochemistry. This article critically examines the role of exercise in managing menopausal symptoms for women in Asia, Africa, and the Middle East, drawing on evidence from research and reports. It also explores how cultural and religious beliefs influence women's access to exercise, assesses current policy landscapes and healthcare system gaps, and highlights case examples. Finally, we propose pragmatic, sustainable approaches for integrating exercise into menopause care in culturally appropriate ways, encompassing natural, surgical, and medical menopause from perimenopause to postmenopause.


Physical activity vs. exercise

Physical activity refers to any bodily movement produced by skeletal muscles that results in energy expenditure and includes incidental activities (such as household tasks or active transport), occupational activity (work-related physical demands), and lifestyle movement (walking, gardening, or caregiving) (11). In contrast, exercise is a subset of physical activity that is structured, planned, intentional, and repetitive, undertaken with the specific objective of improving or maintaining physical fitness, health, or functional capacity (12). Both physical activity and exercise can be strategically leveraged to support menopausal health, but their feasibility and acceptability vary across health systems and cultural contexts (13). In resource-limited or time-constrained settings, integrating incidental and lifestyle physical activity into daily routines may offer a more accessible and culturally congruent approach, whereas structured exercise programmes may be more feasible within formal healthcare systems or organised community settings. Recognising and valuing both forms enables the development of equitable, context-sensitive strategies to promote physical and mental well-being during the menopausal transition.



Benefits of exercise for menopausal symptom management

Exercise should be conceptualised as a multisystem, non-pharmacological intervention with broad relevance across the menopausal transition. Regular participation in appropriately prescribed exercise has been shown to alleviate vasomotor and somatic symptoms, including hot flushes, sleep disturbance, fatigue, and musculoskeletal discomfort, through improvements in thermoregulatory stability, autonomic balance, and inflammatory modulation. Beyond somatic effects, exercise confers substantial benefits for neurocognitive and psychological health, supporting mood regulation, stress resilience, sleep quality, and cognitive function via neuroendocrine, vascular, and neuroplastic mechanisms. Additionally, exercise plays a critical role in preserving cardiometabolic and musculoskeletal health, mitigating menopause-associated increases in cardiovascular risk, insulin resistance, central adiposity, sarcopenia, and bone loss. By acting simultaneously on hormonal, neural, metabolic, and structural pathways, exercise offers a holistic, scalable, and adaptable strategy for improving health-related quality of life in menopausal individuals across diverse clinical and cultural contexts.

Regular physical activity is a well-established non-pharmacological intervention that confers wide-ranging benefits for midlife and older women. Delanerolle et al.’s (14) meta-analysis indicated cardiometabolic disorders could be reduced by the use of hormonal-replacement therapies (HRTs), although the data for the primary studies were primarily from high-income countries (HICs). Similarly, the risks of exacerbation of menopausal symptoms need to be considered within this context. One such issue could be pelvic organ prolapse, or persistent stress incontinence and urinary tract infections, as indicated by Mudalige et al. (15) who showed the lack of menopause even being considered as part of the studies that they conducted a meta-analysis on.

For menopausal women, exercise can alleviate many symptoms and health risks (Table 1) by releasing a host of mood-boosting neurochemicals. When women exercise, the body increases production of endorphins, serotonin, and dopamine neurotransmitters that promote euphoria and combat stress and depression. This makes exercise a valuable adjunct to menopause care for maintaining not just physical fitness but also “neuro-fitness” (1, 16).



TABLE 1 Building strength through movement: evidence-based exercise benefits across menopausal symptom domains.



	Symptom theme
	Description
	Evidence





	Mood and brain health
	Menopause often brings mood swings, anxiety, “brain fog”, and even depression due to hormonal changes
	A 2024 meta-analysis of 26 trials found that exercise had a significant antidepressant effect in postmenopausal women (pooled effect size SMD ≈ −0.71) and also reduced anxiety (17).



	Mind–body exercises such as yoga and tai chi were especially effective, yielding the greatest improvements in depression scores



	Emotional well-being
	Psychological benefits translate to improved emotional stability, better sleep, and sharper cognitive function
	Research on menopausal brain health suggests that maintaining an active lifestyle—alongside diet and stress management—helps the brain “recalibrate” and may buffer against memory issues (18).



	Physical exercise is even considered a protective factor against long-term cognitive decline and dementia in postmenopausal women (16). By enhancing cerebral blood flow and stimulating neural pathways, exercise supports brain plasticity during the menopausal transition



	Vasomotor and sleep
	While evidence on exercise reducing hot flashes is mixed, staying active can help manage triggers and improve overall tolerance of vasomotor symptoms. Notably, exercise can mimic some effects of menopausal hormone therapy by increasing endorphin levels
	Furthermore, exercise is linked to better sleep quality. A recent systematic review showed mind–body exercises significantly improved sleep in peri- and postmenopausal women (SMD ∼ −0.48) (1).



	Bone and cardiovascular health
	Postmenopausal women face a higher risk of osteoporosis and cardiovascular disease due to oestrogen loss. Regular weight-bearing and aerobic exercise mitigates these risks by preserving bone mineral density and improving heart health
	A meta-analysis found mind–body exercise increased bone density (SMD 0.41) in menopausal women (1). Exercise also helps manage weight and blood pressure, thereby reducing cardiovascular strain. In summation, an active lifestyle addresses multiple menopausal concerns—from joint aches to metabolic changes—contributing to overall well-being (19). There are studies that even the sexual and urinary symptoms also improve with exercises.



	Guided pelvic floor physical therapy: Strengthening pelvic floor muscles through guided physical therapy can alleviate urinary symptoms. Tailored exercise programmes, often incorporating Kegel exercises, are central to pelvic health management (20).



	Pelvic floor exercises: Pelvic floor muscle training (PFMT) has been associated with improvements in sexual function among postmenopausal women. A systematic review found that PFMT was the most commonly recommended exercise, showing significant benefits for sexual function (21)



	Tai chi and yoga also help to enhance some symptoms (22).









Asia: cultural beliefs, access to exercise, and policy gaps

In Asia, diverse cultural and religious contexts shape women's experiences of menopause and their attitudes towards exercise. Many Asian societies traditionally view menopause as a natural life transition rather than a medical condition, which can be a double-edged sword. On the one hand, there may be less overt pathologising of menopausal symptoms; on the other, women may feel expected to endure symptoms quietly without seeking help.

In many LMIC contexts, attitudes towards menopause and attitudes towards exercise are deeply interconnected, particularly for midlife women. Cultural norms that position menopause as a private experience to be endured silently often coexist with restrictions on women's bodily autonomy, gendered expectations surrounding aging and physical visibility, and social norms that limit women's participation in public or structured physical activity. These intersecting cultural and social constraints directly shape the acceptability, feasibility, and uptake of exercise during midlife. Treating attitudes towards menopause and exercise as independent constructs reflects a Global North conceptual separation that does not adequately capture the lived realities of women in many LMIC settings, where health behaviours are embedded within broader gendered, cultural, and structural contexts.

Cultural norms and gender roles in parts of Asia have historically deprioritised leisure exercise for midlife women (23). For example, Confucian-influenced cultures emphasise women's duties to family and valorise intellectual pursuits over physical activity. In a study of Asian American midlife women reflecting on their heritage, the participants felt that “physical activity was perceived to be not for Asian girls” because traditional values didn’t place importance on women exercising (24). Women often put household responsibilities and care of children first, leaving little time for themselves. Additionally, strong notions of modesty and propriety can limit the appropriate activities for women. In South Asian communities, many women are nervous about participating in exercise because certain activities conflict with social expectations of modesty and femininity. High-impact or gym-based exercises, for instance, may be seen as unseemly or too exposing. As a result, Asian women may opt for walking or home-based routines over public sports. One qualitative insight noted that South Asian midlife women would benefit from more culturally tailored support, providing women-only exercise spaces, guidance on suitable exercise forms (e.g. yoga and dance), and community awareness to normalise women's fitness (25).

Despite these barriers, traditional Asian practices and perspectives can also facilitate exercise. Yoga, tai chi, qigong, and other mind–body exercises have their origins in Asia and are widely respected (26). These gentle forms of activity are often culturally acceptable for older women and have proven benefits for menopause management. For instance, yoga and tai chi classes for middle-aged women have gained popularity in countries such as India and China, blending exercise with cultural wellness philosophies. Some Asian cultures frame menopause in a more positive light, such as the Japanese term konenki which implies a period of renewal and regeneration. In Japan, where diet and lifelong physical activity are emphasised, women historically reported fewer hot flashes and attributed their smoother midlife transition to a healthy lifestyle. Researchers have credited Japanese women's relatively late menopause to a combination of diet, regular exercise, universal education, and preventive healthcare traditions. This suggests that integrating exercise into daily life, common in some East Asian contexts, can yield tangible benefits (16).



Healthcare system challenges and policy gaps in Asia

Across much of Asia, menopause care has not received the policy attention it deserves (27). Health systems in low- and middle-income Asian countries traditionally focus on maternal and child health, with limited resources dedicated to older women's health. As an example, India's national health programmes have long centred on family planning and safe childbirth, resulting in menopausal health being sidelined. There is a pronounced data and research gap on menopausal women in Asia, which hampers evidence-based policy development.

Consequently, few countries have comprehensive guidelines or public initiatives addressing menopause or promoting exercise for midlife women. Where clinical guidelines exist (e.g. the Indian Menopause Society's recommendation), implementation remains limited (28). Social stigma also plays a role: many Asian women hesitate to discuss menopause openly, so they may not seek out exercise programmes even if available (29). The lack of targeted interventions means women often rely on self-care. Notably, Asian women aware of exercise benefits treat it as self-care; a study in Saudi Arabia (West Asia) found that participants viewed exercise as a “valuable self-care practice” during menopause and sought out home exercise videos for guidance. This points to an unmet need for supportive infrastructure. Overall, the Asian context calls for greater policy recognition of menopause as a health priority and culturally sensitive programmes that encourage exercise among midlife women.



Africa: sociocultural beliefs, stigma, and systemic challenges

African women experience menopause against a backdrop of varied cultural beliefs—ranging from reverence for older women's wisdom to stigma and misconceptions. In many parts of Africa, menopause has traditionally been a private matter, not openly discussed, which affects how women cope and whether they engage in health-seeking behaviours such as exercise (30). As activist Sue Mbaya noted, “negative cultural beliefs about menopause” in some African communities fuel stigma, with menopausal women unfairly deemed “unattractive” or “incapable”. This stigma can isolate women and discourage them from participating in public activities, including exercise groups. Indeed, qualitative studies in countries like Zimbabwe and South Africa revealed that many women had received little information about menopause and felt they simply had to “endure” the physical and psychological symptoms in silence (31). Such attitudes reflect a gap in education and support. However, Africa is culturally diverse, and positive perspectives upon which to build. In numerous African societies, postmenopausal women attain greater social freedom and authority, no longer bound by certain reproductive-related restrictions. For example, a woman beyond childbearing age may enjoy more respect in some Islamic African communities and parts of sub-Saharan Africa. She can take on leadership roles within the family or community (32).

Anthropological accounts from West Africa describe “menopausal matriarchs” who become key decision-makers and custodians of knowledge in their communities. This elevated status could be leveraged to engage older women in community wellness initiatives, as they may influence and mentor younger women. Physical activity patterns in Africa are also shaped by lifestyle and beauty ideals. In rural areas, women's daily lives often involve substantial physical labour (farming, fetching water, etc.), which can maintain fitness but is not usually framed as exercise. In urban settings, more sedentary lifestyles prevail, yet formal exercise is not widespread, especially among older women. Social determinants play a role: one study noted that in Ghana, cultural perceptions of body image influence postmenopausal women's activity levels. If a fuller figure is associated with status or health, women might be less motivated to exercise for weight control, highlighting the need to tailor messages about fitness in culturally relevant terms. Moreover, common barriers such as time constraints and a lack of facilities are pronounced for African women. Women often prioritise family needs and may have limited leisure time or safe spaces to exercise (33).



Healthcare and policy context in Africa

Menopause has only recently started to gain visibility on the policy radar in Africa. Most African health systems face competing urgent issues (infectious diseases, maternal mortality, etc.), and menopause care has been largely neglected. As a result, there is minimal government programming for menopause; few clinics specialise in midlife women's health, and healthcare providers may receive little training on managing menopause beyond offering menopausal hormone therapy if available. This lack of structured support means that interventions such as exercise are not systematically promoted. The situation is beginning to change: grassroots movements and NGOs are spearheading a “menopause revolution” in parts of Africa. They emphasise awareness, destigmatisation, and lifestyle management. In countries such as South Africa and Uganda, new menopause societies and support networks are forming. However, large gaps remain—especially in rural areas where information is scarce and in health policies that rarely mention menopause. The need for context-specific research is acute; as Mbaya observes, sub-Saharan Africa suffers from “low levels of development, competing needs and lower investment in research” on menopause (34).

Addressing these gaps will require including menopause in national health strategies and recognising that simple lifestyle interventions such as exercise can have outsized benefits for this population of women who are living longer than ever before.



Middle East: traditions, taboos, and opportunities for exercise

In the Middle East (including North Africa and West Asia), women's access to exercise during menopause is influenced by conservative social norms and religious practices. Many countries in this region have strong traditions around gender roles and modesty, which can create specific challenges for women's physical activity. For example, gender segregation and dress codes in conservative societies mean women often need women-only spaces or appropriate attire to exercise comfortably. A systematic overview of 17 Middle East and North Africa (35) countries identified gender and cultural norms as among the most commonly reported barriers to physical activity for women (36). Simply put, being female and of advanced age in these societies is associated with less exercise, in part because older women are expected to remain home or are not encouraged to engage in sport. Practical hurdles such as a lack of female gyms, limited time due to family duties, and even harsh climate (extreme heat) further compound the issue. Cultural and religious beliefs can both hinder and help menopausal women seeking exercise. On one side, menopause remains a sensitive or even taboo topic in parts of the Middle East. In Saudi Arabia, for instance, many women silently endure menopausal changes due to cultural taboos and fear of stigma. This silence can prevent them from seeking group support or asking doctors about non-pharmacological strategies such as exercise. Interviews with Saudi women revealed concerns about being seen as “old” or less attractive, leading them to keep symptoms private.

On the other side, Islamic teachings provide an opportunity: after menopause, women are relieved from certain religious restrictions (such as fasting during menstruation or observing strict purdah in some interpretations), potentially giving them more freedom to engage in activities outside the home. Many Middle Eastern women view menopause positively as it grants a “relief from menstruation and a newfound freedom to engage in religious activities at any time” (37). This positive outlook can be harnessed to encourage postmenopausal women to invest in their health. Indeed, some women in the region are proactively adopting exercise as self-care. The Saudi qualitative study noted that participants embraced holistic health practices—maintaining a balanced diet, regular exercise, meditation, and good sleep—to cope with menopause, often preferring these to medical treatments.



Policy and health system gaps in the Middle East

Much like Asia and Africa, the Middle East has only nascent recognition of menopause in health policy. Few Middle Eastern countries have national guidelines or public education campaigns on menopause (38). Women in conservative Arab states may have limited access to specialised care; for example, discussion of menopausal hormone therapy or menopause management might be minimal during routine clinic visits.

Healthcare providers may not be fully trained to address menopause beyond treating it as a natural stage. In the Saudi study, women reported that doctors seldom brought up menopause management proactively—one noted that her gynaecologist “did not discuss anything about hot flashes or hormonal treatments”, focusing only on issues like screening and pelvic floor exercises (39). This indicates a gap in provider engagement and patient counselling. On a policy level, some countries are beginning to include women's health across the life course in their strategic plans, but implementation is slow. The lack of public conversation is a key issue; normalising menopause in the Middle East will require breaking the taboo so that women feel comfortable joining exercise classes or advocacy groups. Encouragingly, there are early signs of change—for instance, menopause was brought to the floor of Ghana's parliament by a politician and is being included in feminist agendas in Africa, and similar advocacy could spread to Middle Eastern contexts through women's health NGOs or influential figures.



Case studies: community initiatives and emerging programs

Despite challenges, innovative programmes in all three regions demonstrate how exercise can be woven into menopause support with culturally sensitive approaches (Table 2) using examples offering learning points. They show that culturally aligned approaches, whether leveraging community solidarity in Africa, workplace infrastructure in Asia, or digital connectivity in the Middle East, can successfully integrate exercise into menopause care.



TABLE 2 Examples for community initiatives and emerging programmes.



	Programme
	Location
	Discussion





	Meno-fitness
	Zimbabwe
	A standout example is the “Let's Talk Menopause” initiative in Zimbabwe, founded by activist Primrose Hove. This community group has over 4,000 women, including a “meno-fitness” sub-group where >500 women exercise daily in groups



	Workplace menopause support
	India
	A novel development is occurring in the corporate sector. Large companies in India (e.g. HSBC India, IBM, and Hindustan Unilever) have begun menopause support programmes for employees, breaking the cultural taboo in workplaces. These initiatives typically include awareness workshops, flexible work policies, and coverage for menopause-related healthcare. Some also encourage healthy lifestyles—offering sessions on nutrition and exercise to help women manage symptoms naturally. While not community-based, these programmes provide a model for institutional support. By acknowledging menopause and providing resources (such as yoga or fitness classes at work), employers are filling a gap in health education. The impetus here is both humane and practical: retaining experienced female staff by helping them cope with menopausal challenges. The broader impact is a reduction in stigma and a message that it’s acceptable to seek help and stay active during menopause



	Online and peer support
	United Arab Emirates
	Formal programmes are rarer, but women are finding alternative avenues. One case is the use of online platforms and social media to foster exercise and discussion. In some Gulf countries, women-only Facebook groups or forums have sprung up to discuss menopause anonymously. These often share exercise tips, diet advice, and encouragement. For example, a participant from Saudi Arabia cited using a YouTube exercise channel at home as a key strategy. Additionally, emerging women's health groups in countries such as the UAE and Lebanon have started holding wellness workshops that include moderate exercise (such as group walks in malls or parks during women-only hours). Though not yet well documented, these small-scale efforts indicate a growing awareness. They also highlight how privacy and modesty concerns can be addressed by technology (virtual coaching) or by creating gender-segregated exercise opportunities



	Regional networks and menopause societies
	Malaysia, South Africa, and Turkey
	Across these regions, professional societies are laying the groundwork that can include exercise promotion. The Asia Pacific Menopause Federation and national menopause societies in countries are conducting research and public seminars. Some have partnered with Ministries of Health to run community outreach—for instance, health camps where midlife women get screenings and learn about lifestyle management including exercise. While these efforts are in the early stages, they provide a platform for scaling up exercise-based interventions







Table 3 indicates gaps where not all women are reached (rural women, those outside formal employment, etc.), and programme sustainability can be an issue if reliant on volunteerism or short-term funding. Nonetheless, these cases demonstrate that the barriers to menopausal women exercising can be overcome with creativity and culturally conscious planning.



TABLE 3 Summary of exercise-related strategies for menopause support.



	Strategy
	Key actions
	Cultural adaptation
	Delivery mechanisms
	Expected outcomes





	Community-based exercise programmes
	Local walking groups, dance classes, yoga/stretching sessions; led by trained facilitators; scheduled for convenience
	Use culturally familiar activities (e.g. African dance and traditional music)
	Community centres, outdoor spaces, peer-led groups
	Peer support, reduced isolation, normalised menopause discussions



	Women-only and culturally sensitive spaces
	Safe venues in schools, religious institutions, or women’s clubs; privacy and modest attire respected
	Align exercise with religious values (e.g. amanah in Islamic contexts)
	Mobile health units, village health workers, after-hours use of facilities
	Increased participation, culturally acceptable engagement



	Integration into primary healthcare
	Prescribe exercise during menopause care; provide toolkits in local languages
	Sensitive counselling in line with local norms
	Primary care, gynaecology clinics, routine check-ups
	Normalise lifestyle intervention, improve symptom management



	Leverage technology and media
	WhatsApp/SMS tips, radio shows, online classes, YouTube
	Culturally adapted digital fitness content
	Government-NGO partnerships, mobile distribution
	Increased reach, motivation for home-based exercise



	Incorporate cultural practices
	Use yoga, meditation, dance, gardening, courtyard walking
	Embed in local traditions/spiritual practices
	Community events, home-based routines
	Greater acceptance, sustainability of habits



	Policy and advocacy
	National guidelines, awareness campaigns, workplace wellness programmes
	Local role models, culturally relevant messages
	Government, WHO, UNFPA frameworks
	Structural change, workforce retention, public awareness



	Inclusivity for all menopause types
	Target surgical/medical menopause; adapt intensity
	Mention explicitly in programmes and materials
	Clinical follow-up, tailored support groups
	Reduced exclusion, equitable symptom management









Integrating exercise into menopause care: strategies and recommendations

To improve menopause management for women in Asia, Africa, and the Middle East, it is crucial to adopt pragmatic, cost-effective, and sustainable approaches that embed exercise into care in culturally appropriate ways. Below are key strategies, informed by the evidence and contexts discussed:

Exercise interventions for menopausal women should be community-based, culturally sensitive, and inclusive of all menopause types, including surgical and medically induced cases. Safe, women-only spaces and culturally adapted activities such as African dance, yoga, or courtyard walking can increase participation, especially in conservative settings. Integration into primary healthcare allows clinicians to prescribe and promote physical activity, supported by toolkits and culturally relevant resources. Technology and media, from SMS reminders to online video content, expand reach and sustain engagement, particularly for women in remote or resource-limited areas. Policy and advocacy efforts must formalise exercise promotion in national health strategies, ensuring structural support, workplace accommodations, and recognition of menopause as a public health and human rights priority (Figure 1).




Conclusion

Exercise is a powerful implement in the menopausal toolkit—improving physical symptoms, bolstering brain health, and empowering women to take charge of their well-being. For women in Asia, Africa, and the Middle East, maximising this tool requires understanding and respecting cultural contexts. The evidence base shows that regular physical activity can alleviate depression, anxiety, insomnia, fatigue, and protect long-term cognitive health​. The sociological lens reminds us that a one-size approach will not fit all; programmes must negotiate gender norms, modesty, and differing attitudes towards menopause. Current efforts may offer blueprints for progress, although more culturally sensitive research on building effective exercise programmes is needed, which can help fill policy voids and healthcare gaps. By implementing community-grounded and culturally sensitive strategies, stakeholders, healthcare professionals, researchers, and policymakers can help women in these regions navigate menopause with greater ease and dignity. Integrating exercise into menopause care is not just about mitigating symptoms; it is about affirming women's agency and quality of life in the post-reproductive years. In every village, city, and society, a woman's midlife can be made healthier and happier by the simple act of moving her body, and it is time for our health systems to move with women.
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