Charmel Eleanor Luella Cox
Sport and Exercise Science: Dissertation Paper
2109133 
The Impact of Short- Term Resistance Training on Health and Well Being in Middle-Aged Adults.
Word Count - 7457























The Impact of Short- Term Resistance Training on Health and Well Being in Middle-Aged Adults.
Abstract 
 This study aimed to investigate the impact of a four-week intervention program consisting of full-body resistance training on the health and self-perceived well-being of middle-aged individuals previously not engaged in structured exercise. Through a comprehensive approach, assessments were conducted using fitness tests and the SF-36 health questionnaire before and after the intervention. The results indicated significant improvements in power, unstable balance, and the perception of general health, suggesting the efficacy of short-term resistance training in enhancing physical function and health perceptions among middle-aged adults.
The observed improvements in power and unstable balance highlight the potential benefits of resistance training in mitigating age-related declines in muscle function and reducing the risk of falls. These findings align with previous research suggesting that resistance training focused on power may yield greater functional benefits compared to strength training alone. Additionally, the study revealed notable advancements in participants' self-perceived general health, indicating the positive impact of exercise engagement on overall well-being.
However, despite these promising outcomes, the study encountered several limitations. A small participant pool and the absence of a control group restricted the generalizability of the results and limited the ability to isolate the effects of the intervention. Furthermore, the short duration of the program may have contributed to the lack of significant improvements in mental and physical health perceptions. Future research with larger sample sizes, longer intervention periods, and control groups is warranted to further elucidate the effects of resistance training on middle-aged adults' health and well-being.
Overall, this study contributes to the growing body of evidence supporting the importance of regular exercise, particularly resistance training, in promoting physical function and enhancing self-perceived health among middle-aged individuals. By addressing the limitations identified, future studies can provide valuable insights into optimizing exercise interventions for middle-aged adults to promote healthy aging and improve quality of life.
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Introduction
In today's sedentary era, characterized by widespread physical inactivity and the onset of age-related declines in physical capabilities, there's a recognition of the need for effective strategies to optimize health and well-being among middle-aged individuals (Ramalho & Petrica, 2023). This population that is often caught between the demands of career and family life, faces unique challenges in maintaining their health and fitness as they navigate the complexities of modern living. Against this backdrop, exercise, particularly resistance training, has emerged, offering various approaches in promoting longevity, enhanced quality of life, and counteracting the effects of aging on musculoskeletal health (Mcleod, Stokes, & Phillips, 2019).
Middle age, typically spanning from the late 40s to the early 60s, is a critical phase marked by significant physiological changes that can impact overall health and functional capacity (Brown et al., 2017). Research indicates a gradual decline in muscle mass, strength, and physical function during this period, leading to an increased susceptibility to various health risks such as cardiovascular diseases, metabolic disorders, and functional limitations (Verschueren et al., 2013). Moreover, the onset of age-related conditions like osteoporosis and sarcopenia further exacerbates the risk of morbidity and mortality in middle-aged individuals (Ciolac & Rodrigues-da-Silva, 2016).
In response to these challenges, exercise interventions, particularly resistance training, have gained considerable attention as a primary preventative strategy to mitigate age-related declines and promote healthy ageing (Mcleod, Stokes, & Phillips, 2019). Unlike traditional aerobic exercises, which primarily target cardiovascular fitness, resistance training offers a holistic approach to health and fitness, including improvements in muscular strength, endurance, flexibility, and balance (Fragala et al. 2019). By engaging in regular resistance training, individuals can enhance their overall physical capacity, mitigate the risk of chronic diseases, and improve their overall quality of life (Fragala, et al., 2019).
One of the key physiological benefits of resistance training is its ability to stimulate muscle hypertrophy and increase muscle mass, thereby offsetting age-related declines in muscle mass and strength (Mcleod, Stokes, & Phillips, 2019). Through a combination of progressive overload and adequate protein intake, resistance training promotes the synthesis of new muscle proteins, leading to improvements in muscle size, strength, and function (Fragala et al., 2019). Additionally, resistance training enhances bone density, reduces the risk of osteoporosis, and improves skeletal health, thus reducing the likelihood of fractures and falls in middle-aged individuals (Ciolac & Rodrigues-da-Silva, 2016).
Beyond its physiological benefits, resistance training also exerts profound effects on mental health and well-being. Numerous studies have demonstrated the positive impact of resistance training on mood, cognition, and overall psychological well-being in middle-aged individuals (Fragala et al., 2019). By engaging in regular exercise, individuals can alleviate symptoms of depression and anxiety, enhance cognitive function, and improve their overall quality of life (Fragala, et al. 2019). Moreover, resistance training provides a sense of empowerment and self-efficacy, enabling individuals to take control of their health and well-being and overcome the challenges associated with aging (Fragala et al., 2019).
In addition to its direct physiological effects, resistance training also offers indirect benefits on metabolic health, cardiovascular function, and overall longevity. By promoting improvements in insulin sensitivity, lipid profile, and blood pressure, resistance training reduces the risk of metabolic disorders such as type 2 diabetes and cardiovascular diseases (Fragala et al., 2019). Furthermore, resistance training enhances cardiovascular fitness, improves endothelial function, and reduces arterial stiffness, thereby lowering the risk of cardiovascular events and improving overall cardiovascular health (Fragala et al., 2019).
The ongoing study aims to delve deeper into the potential benefits of resistance training for improving the health and well-being of middle-aged individuals. By examining the effects of resistance training on key health parameters, including muscle strength, physical function, bone density and psychological well-being. The study seeks to provide evidence-based strategies for enhancing health and promoting healthy aging in this population. Through a comprehensive analysis of these outcomes, the research aims to offer valuable insights into the advantages of resistance training for middle-aged individuals and elucidate its role in optimizing health and supporting healthy aging.
The study also aims to assess the impact of resistance training on participants' self-perceived health status across various domains, including physical health, mental health, general health  assessed through the SF-36 Health Survey.
Resistance training holds immense promise as a potent intervention for promoting health and well-being among middle-aged individuals. By targeting multiple physiological systems and conferring a wide range of benefits, resistance training offers a holistic approach to health and fitness that can enhance overall quality of life and mitigate the risk of age-related diseases. Through ongoing research and dissemination of evidence-based guidelines, efforts can be made to promote widespread adoption of resistance training as a key component of healthy aging initiatives, thereby empowering middle-aged individuals to live longer, healthier, and more fulfilling lives.
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Review of Literature 
In recent years, the importance of physical activity and exercise, particularly resistance training, in promoting health and well-being among middle-aged individuals has gained substantial attention in scientific literature. Numerous studies have highlighted the significant role of exercise interventions in counteracting age-related declines in physical function, muscle mass, and strength (Mcleod, Stokes, & Phillips, 2019. This section aims to review existing literature on the effects of resistance training on various health parameters in middle-aged population s, focusing on its role in enhancing strength, fitness, and overall health. 

Sedentary behaviour and age-related declines
[bookmark: _Hlk163210869][bookmark: _Hlk163214359]Sedentary habits are becoming more common globally due to limited opportunities for physical activity, more jobs that involve sitting for long periods (like office work), and the widespread use of TVs and video devises (Park, et al. 2020). Extended periods of sitting, especially when uninterrupted, are linked to negative impacts on health and overall well-being, as well as an increased risk of various chronic diseases and mortality from all causes (Chastin, et al. 2015). Reducing sedentary behaviours and increasing physical activity are both essential for promoting public health (Park, et al. 2020). A study revealed that older adults often thought of not moving as the same as being sedentary, and they didn't know much about what sedentary behaviour really meant. (Compernolle, et al. 2020). Sedentary behaviour can be defined as any waking activity with an energy expenditure of 1.5 metabolic equivalents (McMichan, et al. 2021).

Need for Strategies to Optimize Health and Well-being
[bookmark: _Hlk163208951]Advancements in healthcare have led to enhanced capabilities in preventing, treating, and curing diseases. Consequently, there has been a rise in the population of adults aged over 60 years. Despite advancements in medicine, aging still poses health challenges such as heightened susceptibility to chronic diseases, frailty, and the onset of psychological or physiological disorders (WHO, 2015). The changing demographics, characterized by an increase in frail older individuals and a decline in available caregivers, necessitate the development of strategies aimed at fostering healthy aging (WHO, 2015). A consensus statement published by Belavy, et al (2011) on Exercise and Osteoporosis suggests adhering to physical activity guidelines (such as accumulating 150 minutes per week of moderate physical activity) for health benefits and reducing prolonged sedentary behaviour. Additionally, specific exercise recommendations, including resistance training and impact exercises, are highlighted (McMichan, et al. 2021). Fractures are highly prevalent among individuals aged 50 and above, with one in two women and one in five men experiencing a bone fracture. It is estimated that 500,000 fragility fractures occur annually in the United Kingdom. (McMichan, et al. 2021).


Importance of Exercise in Promoting Longevity and Quality of Life
Physical activity plays a crucial role in determining quality of life. Inadequate physical activity not only diminishes physical fitness and performance but also heightens the risk of various health issues such as muscle atrophy, sarcopenia, osteoporosis, type 2 diabetes, arterial hypertension, coronary heart disease, and certain cancers. Research suggests that insufficient physical activity negatively impacts mental health and cognitive abilities, leading to cognitive disorders, heightened anxiety, discomfort, low self-esteem, increased stress levels, and sleeping disorders (Puciato, Borysiuk and Rozpara, 2017). Engaging in physical activity has been proposed as a method to improve quality of life and overall well-being. The potential mechanisms underlying the relationship between physical activity and Quality of life/well-being include alterations in brain neurotransmitters and the release of endogenous opioids, which are linked to mood regulation, depression, anxiety, and other emotional states (Marquez, et al. 2020). A study on 103 older adults concluded that Community-centered physical activity programs that prioritize moderate-intensity endurance, strength training, or flexibility exercises lead to enhancements in key functional abilities and overall quality of life (King, et al. 2000). More specifically, a study involving 104 middle-aged women, aged 45-59, explored the impact of varying levels of physical activity across three groups (30 minutes, 60 minutes, and more than 60 minutes). The findings revealed that women engaging in 60 minutes of physical activity experienced significantly improved quality of life compared to those in the other groups (de Azevedo Guimarães and Baptista, 2011).

Counteracting Age Relating Declines in Muscle Mass, Strength, and Function
The most effective way to prevent the decline in muscle mass in older adults is through resistance training (Rolland, et al. 2008). This has been a fundamental component of the exercise prescription guidelines for older adults established by the American collage of sports Medicine (Chodzko-Zajko, et al. 2009). consistent engagement in resistance training has been demonstrated to mitigate the age-related decrease in muscle mass and strength (Klitgaard et al. 1990). In a groundbreaking study examining the functionality and structure of knee extensors and elbow flexors in older individuals who participated in resistance training, running, or swimming for over a decade, alongside sedentary older adults and younger counterparts, it was discovered that older individuals engaged in resistance training exhibited comparable muscle cross-sectional area, fiber-type distribution, and strength levels to sedentary younger individuals (Klitgaard et al. 1990). However, older individuals who engaged in running and swimming exhibited muscle cross-sectional area, fiber-type distribution, and strength levels akin to those of sedentary older individuals. This observation suggests that regular participation in resistance training, unlike running and swimming, has the potential to mitigate the alterations in muscle function and morphology commonly associated with the aging process (Klitgaard et al. 1990). Similar gains in muscle fibre size have been observed for both young and older individuals that underwent identical resistance training programs (Hakkinen, et al. 1998). It is thought to be possible to maintain muscle strength and volume with the regular practice of resistance training during ageing 30 Resistance training has also been shown as an effective strategies for treating Osteoarthritis and In a thorough review of 17 randomized controlled trials investigating the impact of resistance training on individuals with knee osteoarthritis, findings from 14 studies highlighted the efficacy of resistance training in alleviating pain. Additionally, eight of these studies demonstrated improvements in functional capacity and overall health outcomes. Conversely, only three studies failed to identify any positive effects of resistance training on these variables (Roddy, et al. 2005).  Research suggests that resistance training is a highly efficient approach to combating sarcopenia, facilitating improvements in muscle mass, strength and functional performance (Phillips, 2015).

Physiological Changes in Middle Life
Ageing is associated with gradual alterations in skeletal muscle mass, metabolism and functional abilities. These changes are linked to a decline in independence and an elevated risk of mortality (Srikanthan and Karlamangla, 2014).  
 In men, the aging process unfolds gradually, with physiological changes occurring less dramatically compared to women (Steiner, 1973). It's important to distinguish between aging, which represents a pathological and regressive process, and growing old, which signifies a process of maturation (Steiner, 1973). The onset of involution, or more accurately, the climatarian, typically occurs later in men, usually between the ages of 55 and 65, whereas in women, it occurs between the ages of 45 and 55. (Steiner, 1973). The climacteric phase in men shares a similar biological foundation with menopause in women, characterized by a gradual decline in gonadal function, accompanied by neuroendocrine imbalances and varying emotional responses Steiner, B.W., 1973. However, a study of 900,000 running times concluded that there seems to be no noteworthy decrease in performance due to aging until individuals reach the age of 55 (Leyk, 2010). Even after that age, only a modest decline is observed. Surprisingly, a quarter of the runners aged 65 to 69 performed better than half of the runners aged 20 to 54 (Leyk, 2010). Additionally, the investigation uncovered that over a quarter of the runners between 50 and 69 years old began their marathon training within the last five years (Leyk, 2010). The decline in performance during middle age is primarily attributed to a sedentary lifestyle rather than biological aging (Leyk, 2010). The significant number of older individuals entering the realm of marathon running highlights that even at advanced ages, individuals who were previously inactive can attain impressive levels of performance through consistent training (Leyk, 2010).
Importance of Understanding the Benefits of Resistance training for Middle aged Adults 
Research has advanced the utilization of resistance training to alleviate disease symptoms and cognitive decline, as well as enhance the quality of life in later stages, regardless of the age, fitness level, or disability status of older individuals. However, despite the substantial benefits available, inadequate participation rates among older adults persist (Henwood, et al. 2011). There are various barriers that might hinder older adults from continuing with resistance training, with examples including the noisy and overwhelming environment often found in gyms (Henwood, et al. 2011).  Top of FormLike barriers, the array of factors motivating exercise is diverse and individualized. Interestingly, one such motivator is the belief in one's ability to overcome barriers to physical activity (Henwood, et al. 2011). Recent research indicates that supported behavioural modification may serve as the initial step in promoting exercise among older adults (Henwood, et al. 2011).
 In 2015, the World Health Organization released its first report on aging and health, highlighting the importance of function in maintaining or declining health. They emphasized how our abilities and the challenges we face in our environment affect our independence. WHO defines healthy aging as "the process of developing and maintaining the ability to function well in older age (who, 2015). Exercise stands out as perhaps the most hopeful non-drug, non-surgical, and affordable approach to promoting health – if people participate (Lachman, et al. 2018). However, data indicates that only a small fraction of adults regularly engage in physical activity, with even fewer middle-aged and older adults doing so (Lachman, et al. 2018). Enhanced understanding of what drives behaviour change could significantly improve our ability to intervene effectively and foster lifelong healthy habits, especially among those who stand to benefit the most. While numerous intervention programs focus on promoting exercise among older adults, they often struggle to maintain lasting changes in behaviour. Additionally, there has been minimal improvement in exercise rates across the population in the past decade (Lachman, et al. 2018). A systematic review on adults over the age of 18 that had issues with diseases, disorders or injuries concluded that Individuals with different medical conditions can notably decrease their sedentary habits through behavioural interventions. Multicomponent interventions incorporating motivational counselling, self-tracking, social support, and technology tend to result in greater reductions in sedentary behaviour.
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The aim of this study was to investigate whether a short 4-week program of resistance training could have a physiological difference on 10 middle aged participants, but also if it made a difference to their self - perception of their own general, mental and physical health.
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Method 
Study Methodology
The study will adopt a quantitative approach to comprehensively examine participants' health perceptions using the SF-36 survey, followed by a series of fitness assessments. Subsequently, a structured 4-week resistance training program will be implemented. Upon completion of the program, the SF-36 survey and fitness assessments will be repeated, and the data will be meticulously analyzed to gain insights into the effectiveness of the intervention.
Participant Recruitment
Recruitment efforts targeted 10 individuals aged between 35 and 65 years who were not currently engaging in any structured exercise regimen. Prospective participants were invited to undergo a pre-participation health survey to assess their suitability for the study. 
Assessments and Rationale
Fitness Tests: A series of fitness assessments were conducted to comprehensively evaluate participants' physical capabilities and functional capacities. These assessments included:
Strength Assessment: Participants underwent a one-repetition maximum (1RM) test using the Keiser Air 200 leg press machine to determine their maximal leg strength. The protocol involved initiating the exercise at a weight load 20 kilograms below their body weight and progressively increasing the resistance by 5-10 kilograms for each set of three repetitions. Once participants sensed that only approximately five repetitions were feasible, they were directed to complete as many repetitions as possible at that weight. Subsequently, their predicted one-repetition maximum (1RM) was computed utilizing the 1RM calculator developed by Top End Sports, based on the Epley equation (Epley, 1985).
Power Evaluation: The assessment involved gauging participants' lower limb power utilizing the Keiser Air 200 leg press machine. Participants underwent a sequence of explosive leg contractions, aiming to propel the platform with maximum force until the wattage peaked and subsequently declined.
Stork Balance Test: participants were instructed to maintain balance on a stable surface while holding three different foot positions for 20 seconds each: feet hip-width apart, one foot in front of the other with the heel against the toe of the other foot and raising their prominent foot to a 45-degree angle. Participants were required to maintain these positions with closed eyes and hands on their hips. Each instance of opening their eyes, removing hands from hips, or losing balance and adjusting foot placement resulted in a failure point being recorded.

SF-36 Survey: Participants will complete the SF-36 survey, a widely used instrument for assessing health-related quality of life. This survey comprises multiple domains, including physical functioning, role limitations due to physical and emotional health, bodily pain, general health perceptions, vitality, social functioning, and mental health. By capturing participants' self-perceived health status across these domains, the SF-36 survey will provide valuable insights into the impact of the intervention on various aspects of participants' well-being.
Resistance Training Program:  Participants adhered to a structured resistance training protocol, attending two sessions per week over a four-week duration. The training regimen encompassed a diverse array of exercises targeting multiple muscle groups, including the upper and lower back, chest, quadriceps, glutes, hamstrings, shoulders, biceps, and triceps. Initial acclimatization to the gym environment and equipment was facilitated through a comprehensive induction session, followed by supervised training to ascertain participants' familiarity with weightlifting techniques and their individual preferences.
Upon completion of the induction, participants proceeded to conduct independent training sessions. Each session consisted of three sets of exercises, performed at an intensity corresponding to 80% of the participants' one-repetition maximum (1RM). The objective was to induce muscular fatigue within the designated repetition range, thereby promoting strength and endurance gains. A standardized two-minute rest interval was incorporated between sets to allow for optimal recovery and maintenance of exercise intensity.
Furthermore, prior to the commencement of each training session, participants engaged in a dynamic 5-minute warm-up routine. This warm-up sequence, comprising bodyweight exercises, aimed to prepare the musculoskeletal system for the subsequent workout, enhancing flexibility, circulation, and overall readiness for physical exertion.
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Outcome Evaluation
On completion of the 4-week resistance training program, participants underwent comprehensive reassessment comprising the same series of fitness tests and completion of the SF-36 survey. The pre- and post-program data was meticulously analysed to assess the efficacy of the resistance training intervention in improving participants' physical function, mobility, and health-related quality of life. Any observed changes in outcome measures were interpreted in the context of the intervention's effectiveness in promoting positive health outcomes and enhancing overall well-being among middle-aged and older adults.
Despite diligent recruitment efforts aimed at assembling a cohort of 10 individuals aged between 35 and 65 years, who were previously not engaged in structured exercise, only six participants returned for subsequent testing. A paired-sample t-test was conducted to compare pre- and post-program outcomes within the intervention group comprising these six participants. Utilizing statistical analyses enabled within-group comparisons to evaluate the effects of the resistance training program on participants' strength, fitness, and health-related parameters.


Results 

All ten participants successfully underwent the initial fitness assessment and completed the SF-36 questionnaire. Following the four-week training program, six participants returned for the re-evaluation and completion of another SF-36 questionnaire. Notably, there were no reports of any challenges with the training regimen, and participants did not encounter any instances of pain or discomfort throughout the program. Moreover, participants diligently recorded the weight and repetitions for each exercise, demonstrating consistent adherence to the prescribed protocol. Specifically, all participants maintained a consistent weight load throughout the program, gradually increasing repetitions until nearing failure, typically within a range of two repetitions.

General Overview
[bookmark: _Hlk164166776]

Fig 1. Chart Illustrating Percentage of change for each category. 
Significant improvements were noted across all assessment parameters. Notably, enhancements were most pronounced in power, unstable balance, and overall health. Among the physical fitness evaluations, unstable balance demonstrated the most substantial improvement, exhibiting a 39% increase, while stable balance displayed a 14% change. Power increased by 20%, with strength showing a slightly lower elevation at 14%.
Furthermore, analysis using the SF-36 questionnaire revealed varied changes in perceived health. Perception of physical health experienced the smallest increase at 2%, followed by a 4.5% increase in mental health. Conversely, general health exhibited the most notable enhancement, showing a 16% improvement


Paired t- Test Results
To assess the reliability of the tests, a consistent evaluator administered all assessments following a rest day for each participant. Interclass correlation coefficients were calculated to determine reliability, yielding values ranging from .93 to .005 (p≤.05). The results of the paired t-tests revealed statistically significant differences in power, unstable balance, and general health assessments. Conversely, no significant differences were observed in evaluations of strength, stable balance, physical health, or mental health.
Table 1 Results of Paired t Test (M ±SD).
	Test
	Before
	After
	T
	DF
	P
	D
	Difference

	Power
	584.7
2968
	700 
255.6
	-4.805
	5
	.005
	-1.961
	Yes

	Strength
	165
46.6
	188 
50
	-2.073
	5
	0.93
	-.846
	No

	Balance Stable
	5
3.6
	3.2 
3
	-1.938
	5
	.110
	.791
	No

	Balance unstable
	8.2
3.8
	5
2.8
	3.481
	5
	.018
	1.421
	Yes

	General Health
	57
20
	67
14.4
	-2.843
	5
	.036
	-1.161
	Yes

	Physical Health
	74.5
16
	75.8
15.7
	-.791
	5
	.465
	-.323
	No

	Mental Health
	63.3
14.9
	66.2
10.9
	-1.299
	5
	.251
	-.530
	No
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Fig 2 Chart Illustrating the increase in power from before and after intervention.
The chart illustrates the incremental improvement in watts achieved by participants utilizing the Keiser leg press before and after the training intervention. Prior to the intervention, participants collectively generated 3508 watts of power during pre-intervention tests. Upon returning for post-intervention assessments, participants collectively reached a power output of 4203 watts. This represents an additional 695 watts of power gained through the intervention.


Fig 3 Chart Illustrating Changes in Strength from Before and After.


Figure 3 illustrates a notable improvement in strength observed from pre- to post-intervention, with a collective increase from 990 kg before training to 1128 kg after training. While this rise is considerable within the short training duration, it did not attain statistical significance within the context of this study. Nevertheless, it is noteworthy that all six participants experienced gains in strength.


Fig 4 Chart illustrating changes in balance on a stable surface before and after intervention.
In the initial stable tests, participants accumulated a total of 30 fail points collectively. However, following the training intervention, 19 fails were recorded in the post-training test. This reduction in fail points suggests an improvement in balance performance among participants after completing the training program. This test did not sustain statistical significance within the study.








Fig 5 Chart illustrating changes in balance on an unstable surface before and after intervention.
In the initial unstable tests, participants accumulated a total of 49 fail points collectively. However, following the training intervention, only 30 fails were recorded in the post-training test. This reduction in fail points suggests an improvement in balance performance among participants after completing the training program. This test did sustain statistical significance within the study.





Fig 6 chart illustrating changes in general health, physical health and mental health, before and after training intervention
Analysis of the SF-36 scores revealed enhancements in the perception of general, physical, and mental health following the four-week intervention. Notably, a statistically significant improvement was observed solely in general health, exhibiting an increase of 56 points. Mental health demonstrated a notable increase of 17 points, while physical health saw a modest rise of 2 points. However, statistical significance was not observed for changes in physical and mental health.












Discussion  

This study aimed to investigate the impact of a four-week intervention program consisting of full-body resistance training on healthy middle-aged individuals that were not currently engaging in exercise. Through a comprehensive approach, assessments were made on participants' physical capabilities using a series of fitness tests and their self-perceived health status was evaluated using the SF-36 health questionnaire before and after the intervention period. By analysing these results, it was possible to discover the potential benefits of short-term resistance training on strength, fitness, and health perceptions in middle-aged individuals.
 The study demonstrated that even a brief intervention of four weeks of full-body resistance training yielded positive effects. Statistically significant improvements were observed in power, unstable balance, and the perception of general health upon analysis of the results. However, notable effects that could be deemed personally significant to individuals within the group were evident across all testing categories.
When examining the percentage of change across categories, it's important to note the widespread improvements were observed. Particularly noteworthy were the significant advancements in power, unstable balance, and general health. The participants collectively gained 695 watts of power when re-tested. Muscle power has emerged as a valuable indicator of disability and the risk of falls in older people and the requirement to generate rapid movement while performing every day tasks can be vital in reducing future injuries with ageing (Daly, et al. 2015).
 Indeed, several studies suggest that resistance training aimed at enhancing power may yield greater benefits than solely focusing on strength (Rice and Keogh, 2009). This approach is deemed more effective in improving functional ability compared to strength training alone (Rice and Keogh, 2009). This improvement provides older people with the capacity to move swiftly, thereby enhancing their ability to recover from potential trips and falls resulting from age-related cognitive decline. (Rice, and Keogh, 2009).
 The significant improvements in power observed in this study represent a promising outcome, suggesting that adhering to a resistance program like this could be advantageous for middle-aged individuals in averting potential future complications.Top of Form This exaggerated increase in power when compared to strength alone may be due to the participants following a protocol involving repetitions until just two short of failure, progressively intensifying their efforts while sticking to their initial weight. Given that many had limited prior resistance training experience, their starting weights were likely lighter, allowing for higher repetitions which may have encouraged participants to execute movements more explosively than they might have with heavier loads and fewer repetitions.
[bookmark: _Hlk164345147] Although this was not the intention, it may have been more beneficial. This is possibly also highlighted by the increase in unstable balance. The participants were able to correct their balance far more effectively, which required quick movements to maintain their position. Declines in muscle power can potentially increase imbalances in non-frail, healthy adults (Orr, et al. 2006). A study of 112 healthy older adults took part in a study comprising of power resistance training at 20%, 50% or 80% of their maximal lift, and it was concluded that the participants that lifted at the lowest intensity of 20% had the greatest improvements in balance (Orr, et at. 2006). Interestingly research indicates that during the first 8-12 weeks, neural adaptions are mainly responsible for muscle strength (Carroll, Riek and Carson, 2001). This may also be responsible for the significant improvements for unstable balance in this study (Carroll, Riek and Carson, 2001).
 Findings from a study analysing the neural adaptions to resistance training outlined that resistance training leads to adaptations that can affect how trained muscles are activated by the central nervous system during relevant functional activities and changes in movement execution and control are likely influenced by adaptations occurring at various points within the neuromuscular system (Carroll, Riek and Carson, 2001) It is likely that the increase in stable balance was lower due to the exercise being generally far less challenging to begin with resulting in a less significant outcome.
An important consideration in the design of this study was the prevention of bone and musculoskeletal chronic diseases. Compelling evidence has shown that regular engagements in resistance training has the ability to minimise the natural effects of bone and muscle deterioration, preventing diseases such as Osteoporosis and Sarcopenia (Pollock, et al. 200). The loss of muscle strength in the older population contributes to a lack of ability to carry out daily tasks leading to loss of self sufficiency and lower quality of life through frailty (Hunter, McCarthy and Bamman, 2004). This along with the deterioration of bone mineral density risks even further risk factors such as joint weakness leading even further decrease in mobility (Dawson, et al. 2003). 
 Considering the participants' prior sedentary lifestyle before the intervention, it is reasonable to anticipate a notable enhancement in their perception of overall health with regular exercise engagement. However, the limited duration of the intervention may explain the lack of significant improvement in mental and physical health. Previous studies including a meta-analysis of 16 studies on adults age over 50 identified that health related quality (HRQL) may be greatly improved with resistance training (Hart and Buck, 2019). Their findings suggest a broad improvement across various dimensions of HRQL, However the main areas of improvement seem to show for mental health, leading them to suggest that resistance training should be a priority for improving health related quality of life for older adults (Hart and Buck, 2019). 
[bookmark: _Hlk164345052]Four weeks is not a long enough intervention period for muscle gain to be visible to the participants and this could possibly affect their self -perception of physical health. Previous research has shown that during the initial stages of resistance training (approximately four sessions), the increase in muscle size, known as hypertrophy, is primarily due to cell swelling caused by muscle damage, while the main source of strength improvement comes from neural adaptations (typically occurring between eight to twelve sessions). As resistance training progresses (between six to ten weeks), muscle growth gradually becomes the predominant factor influencing gains (Krzysztofik, et al. 2019). It is likely that if the intervention had been increased to a longer period and the participants had begun to see these aesthetic changes in their body, that their perception of their own physical and mental health may have significantly increased. 
A study conducted over longer durations and including relatively large group sample, reported in their findings that a comprehensive resistance training exercise program can improve HRQL for adults and believe that a lack of commitment in adherence could lead to individuals returning to their previous level of HRQL (Inaba, et al. 2008). However, adherence to exercise is generally low in adults. A report from the national centre for health statistics reports that as little as 20% of adults meet the recommended amount of aerobic and resistance training activities (Clarke, Norris & Schiller, 2017). This may be down to a lack of motivation and failures in self-regulation (Nielsen & Reiss, 2012). In this study, only 6 out of the initial 10 participants continued with the program, despite all participants demonstrating keenness and enthusiasm during their initial induction. The dropout rate may be attributed to factors such as lack of motivation, difficulties with self-regulation, or encountering unforeseen barriers.
 Implementing supervised sessions with additional support and encouragement might have been more effective in promoting adherence to the program. As people age barriers to exercise may become more pronounced, leading to even greater rates of sedentary behaviour (Manaf, 2013). These barriers may be external, such as health status, accessibility to facilities and safety or internal barriers such as psychological barriers. It is common for people to believe that their ability to exercise is no longer achievable because of age, and this causes low self-efficacy (Manaf, 2013). The Health Belief Model is commonly used identify these barriers and may be a consideration alongside the SF-36 for future studies of the middle age population (Manaf, 2013). 
There were several limiting factors to this study. A larger participant pool would have introduced greater variability, enhancing the precision and reliability of the results. Furthermore, the absence of a control group restricts our ability to isolate the effects of the resistance training intervention. The brief duration of the 4-week program may have contributed to the absence of substantial differences across all measured parameters. Additionally, it's conceivable that the six participants who completed the study exhibited a predisposition towards physical activity, potentially influencing the observed outcomes. These limitations underscore the necessity for their consideration in future iterations of this study.
Given the significance of middle age as a crucial period for initiating exercise, especially resistance training, it's remarkable that there's limited research on this demographic. Existing studies predominantly concentrate on resistance training to mitigate health decline in older adults, yet prioritizing the middle-aged population could prove more beneficial in averting such issues altogether. Therefore, it's imperative to redirect research efforts towards the middle-aged cohort to foster a future of healthy aging. This study underscores the significant impact of even brief resistance training sessions, particularly in addressing key health concerns prevalent among middle-aged individuals. It also confirms the consensus found in numerous other studies that resistance training plays a pivotal role in fostering positive changes for healthy aging. Moving forward, public health campaigns should prioritize raising awareness about the importance of middle-aged individuals engaging in such exercises, highlighting their potential benefits in preventing health-related declines and reducing the risk of chronic diseases. Further research aimed at disseminating this knowledge and ensuring accessibility to this age group, along with support to overcome any barriers hindering adherence, would be immensely beneficial.
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Conclusion
This study provides valuable insights into the potential benefits of a four-week full-body resistance training intervention on the physical function and self-perceived health of middle-aged individuals previously not engaged in structured exercise. The findings indicate significant improvements in power, unstable balance, and general health perceptions following the intervention, suggesting the efficacy of short-term resistance training in enhancing various aspects of well-being among this population.
The observed enhancements in power and balance underscore the importance of resistance training in mitigating age-related declines in muscle function and reducing the risk of falls, which are crucial for maintaining independence and reducing morbidity in older adults. Additionally, the positive changes in self-perceived general health highlight the subjective benefits of exercise engagement on overall well-being and quality of life.
However, it is important to acknowledge the limitations of this study, including the small participant pool, absence of a control group, and short duration of the intervention. These limitations may have influenced the generalizability and interpretation of the results, warranting caution in extrapolating findings to broader populations.
Future research should aim to address these limitations by conducting larger-scale studies with longer intervention periods and incorporating control groups to better elucidate the effects of resistance training on middle-aged adults' health and well-being. Additionally, investigating the long-term effects of resistance training interventions and exploring potential moderators and mediators of intervention outcomes would provide further insights into optimizing exercise interventions for this population.
Overall, this study contributes to the growing body of evidence supporting the importance of regular exercise, particularly resistance training, in promoting physical function and enhancing self-perceived health among middle-aged adults. By addressing the identified limitations and building upon these findings, future research can inform the development of effective exercise interventions aimed at promoting healthy aging and improving quality of life in middle-aged individuals.
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