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The effects of a 12-week strength-training programme on strength and functional capabilities in a group of middle-aged women.

Abstract
Introduction: The purpose of this study was to determine the effect of a 12-week strength training programme on functional capabilities and the influence of strength, and body composition has on functional capabilities in middle-aged women. Women during midlife are at a vulnerable stage due to the menopause which involves a reduction in oestrogen, strength, and functional capabilities, which puts them at further risks of developing sarcopenia, and increased risks of falls. Methods: Healthy untrained middle-aged women (n = 25) aged 45 to 65 years who underwent strength, total body composition, and functional testing before and after a 12-weeks of strength training. Strength training consisted of performing specific exercises working at 85% of one repetition maximum (1RM), undergoing one session per week, for 12-weeks. Physical function testing consisted of tasks designed to mimic common physical activities of daily living. Results: All strength tests including leg press, chest press, and seated pull significantly improved (p <0.01). Most functional test including stair climb, five metre up and go, and the t-test, significantly improved (p <0.01). The supine to stand test was the only function test to not have a significant improvement. Body composition characteristics such as weight (kg), BMI (kg/m2), fat (%), fat mass (kg), and muscle mass (kg) all did not have a significant improvement. However, body composition characteristics had many significant relationships with strength tests and functional tests. Discussion: The present study was able to identify beneficial improvements on strength and functional capabilities from a 12-week strength training programme. Even though significant improvements were found for strength and functional capabilities, there was no significant between their relationship. Research suggests that various interventions may lead to specific adaptations within the neuromuscular system, which are able to improve specific aspects of functional tasks. Therefore, a multi-dimensional programme would produce greater association between improvements in functional capacity and neuromuscular performance. In conclusion, the relevance and necessity of strength training for middle-aged women is crucial and highly beneficial, however a multi-dimensional programme may further benefit strength and functional capability improvements. 

Introduction 
Haraldstad et al., (2017) states that a key public health goal is to improve physical fitness and health-related quality of life (HRQoL). The importance of regular exercise in all age groups has shown to be crucial for a healthy lifestyle. Especially in older adults as it promotes healthy aging and reduces morbidity, morality, and injury risk such as falls (Pucci et al., 2012). Age-related sarcopenia is one of the most deteriorating effects of ageing, explained by Yang et al., (2019). Sarcopenia presents a loss of function, muscle mass, strength, and it has a major impact on HRQOL in the elderly (Brown et al., 2016), developing increased risks of physical disability and mortality. Aging relates to changes in muscle quality and quantity, which both have important implications for functional performance (Hunter et al., 2019). It is these adverse changes in muscle quality, quantity, and functional deficits which is widely referred to as sarcopenia. The European Working Group on Sarcopenia in Older People recommend diagnosis of sarcopenia based on the presence of low muscle mass and low muscle strength or low physical performance (Cruz-Jentoft et al., 2010). Hunter et al., (2019) states that only small muscle losses appear prior to 50-years (<10%), however between the years of 50 and 80 there is a 30-40% muscle loss. Sarcopenia is also related to an increase of fat mass due to the decrease in muscle mass. On average, women lose approximately 6kg of lean tissue between the ages of 25 and 65 (Hunter et al., 2005). Sarcopenia, the age-related loss in muscle mass, strength, and function, has been associated with multiple adverse clinical outcomes (Torres et al., 2017). These adverse clinical outcomes include increased risk of falls and fractures, impaired mobility, physical disability, loss of independence, increased hospitalisation and all-cause mortality. Kalyani et al., (2014) also gives evidence that a loss in muscle mass and strength is associated with major comorbidities, including cardiovascular disease, metabolic syndrome, obesity, type 2 diabetes, and osteoporosis. This evidence identifies the importance of muscle mass, and strength during older age and the consequences that can come from lack of muscle mass or strength. Falls are also a major health issue among alder adults as approximately one in three people aged 65 years and over fall each year (Tromp et al., 2001), with rates increasing with advanced age. Sterling et al., (2001) identifies that falls results in substantial injury and mortality, accounting for 20-30% of moderate to serve injuries and unfortunately 40% of all falls injury-related deaths. 
Strength training is recommended as the intervention of choice for the prevention and treatment of the adverse consequences of sarcopenia, stated by Handson et al., (2009). It is known that moderate to high-intensity strength training can lead to noticeable gains in muscular strength and hypertrophy in both men and women, at all ages (Sillanpaa et al., 2009). Holviala et al., (2006) also states that progressive strength training can lead to a significant increase in maximal and explosive strength, and in muscle mass for older women. Nunes et al., (2016) explains that the American College of Sports Medicine (ACSM) recommends resistance training to improve muscular strength and mass in order to avoid sarcopenia in later life. Resistance training recommendations include two to three sessions a week, involving eight to ten exercises, which should be performed between 60-80% of 1RM, at one to three sets of eight to fifteen repetitions. The American College of Sports Medicine (2009) also established further benefits of resistance training which is the prevention of abdominal and total fat gain, as well as increasing markers of inflammation and metabolic risk factors. 
Aging involves physiological changes in multiple body systems which results in a reduced functional capacity (Moreira et al., 2016) and is a continuous process. The musculoskeletal system involves bodily functions such as muscle movement and muscle contraction which are affected by loss of lean mass (Silva et al., 2012). Further, Silvia et al., (2012) states that progressive declines in muscle mass begins approximately at 40 years old and an estimation of further decreases of 8% every decade. Although these changes have been found in the aging process for both men and women, Moreira et al., (2016) states that a decline in muscle mass will not occur at the same rate and age for both genders. For example, Maltais et al., (2007) found that a rapid strength loss in women approximately 50-years-old, however this is not found in men until approximately 60-years-old. Consequently, for women the menopause occurs during the same middle-aged period (around 50-years-old) and is associated with the natural decline of oestrogen (Moreira et al., 2016). Silva et al., (2012) states that oestrogen is directly reflected to increases in visceral fat mass and declines in muscle strength, muscle mass, and bone density. Therefore, middle-aged women are at a vulnerable stage of additional loss of muscle strength and functional capabilities. The muscle loss which occurs from sarcopenia is primarily due to an imbalance between muscle protein synthesis and muscle protein breakdown (Short and Nair, 2000), and the increase of catabolic factors such as inflammation and oxidative stress (Morley et al., 2001). Maltais et al., (2009) suggests that due to the menopause, additional factors such as menopause-associated decline in hormonal levels are known to implicate this process, therefore putting menopausal women at higher risks of decreased muscular strength and functional capabilities. 
Wu et al., (2016) states that age-related loss of muscle strength is highly related to decreased balance and functional limitations in older people, however there is limited research in middle-aged women. Wu et al., (2016) explains that longitudinal data in middle-aged women are lacking and refers to longitudinal data in middle-aged men (45-65 years old). This longitudinal data included that those middle-aged men with a lower to middle range of baseline grip strength scores were at greater risk of developing functional limitations and disabilities than those with higher scores. Due to there being a rapid age-related decline in muscle strength commencing between the ages of 45-55 years old (El Haber et al., 2008), there would be potential benefits of early interventions targeting muscular strength and functional capabilities for the prevention of falls, the development of sarcopenia, or other disabilities in later life. Therefore, this study will focus on the effects of a 12-week strength training programme on muscular strength and functional capabilities in a group of inactive middle-aged women (45-65 years old). The aim of this study is to identify the effect a 12-week strength training regime has on muscular strength and functional capacity. The hypothesis of the study that there will be an increase in muscular strength and functional capabilities from the 12-week strength training programme. 

Literature Review
Defined by Grgic et al., (2018) strength is the capacity to exert force under a particular set of biomechanical conditions, and that it is a very important physical characteristic as it has a huge impact on the effectiveness of performing daily tasks. Further, Grigic et al., (2018) states that engaging in resistance training can significantly increase muscular strength.
Early phases of increased strength are caused predominantly by neural adaptation, which are observed as improvements in motor unit activation of the agonists and decreased coactivation of the antagonists (Hakkinen et al., 2000). In later phases of strength training, muscle hypertrophy can be observed as increases in cross-sectional regions of both type 1 and type 2 muscle fibres taking place (Hakkinen et al., 2001), therefore contributing to strength development. Holviala et al., (2006) explains that a reduction in the number and size of individual muscle fibres, especially type 2 fibres, are predominantly the reason for declines in muscle mass during the aging process. Reductions in muscle mass is related to alternations in hormonal balance (Izquiredo, et al., 2001), however the declines in the quality and intensity of physical activity also contributes to declines in muscle strength (Malkia et al., 1994). Also, reduction in rapid force production of individual’s leg extensors have shown to contribute to many tasks of daily living, such as stair climbing, getting up from a chair, or the preventions of falls (Landers et al., 2001). Holviala et al., (2006) evaluated the effects of strength training on muscle strength characteristics and functional capabilities in middle-aged and older women. Their conclusion was that strength training in aging women can lead to large improvements in maximal and explosive force production of the leg extensors, also improvements upon their walking capacity. 
Age-related declines in sensorial function and muscular weakness of the lower limbs in older adults leads to a postural instability, due to an impaired gait pattern, which could increase the risk of falls (Correa et al., 2013). As muscular strength and hypertrophy are estimators of survival time in older adults (Newman et al., 2006), both strength and hypertrophy should be at least maintained throughout middle to late aged individuals. Correa et al., (2016) states that there is limited data about retention and the magnitude of the maintenance of muscle strength after completion of a strength training programme. Further, Correa et al., (2016) questions whether an individual may rapidly recover strength loss after the resumption of a strength training programme. Suggesting that an older person undertaking a strength programme before and after periods of relive inactivity (detraining) could quickly improve / recover their functional independence. Correa et al., (2016) concluded that after a year of detraining reductions of the muscular adaptations gained from the strength training programme of 12-weeks have completely gone. However, a 12-week period of retaining can produce the same adaptations in muscular strength and functional tasks as the previous 12-week strength programme. Suggesting that older women should limit the period of detraining to be as small as possible, therefore this would reduce the loss of neuromuscular adaptations made in muscular strength, functional and morphological tasks. Suggested by Holviala et al., (2006) strength is a key predictor of functional performance and disability. Marsh et al., (2006) states that older adults can gain important functional benefits from several months of strength training when loads are performed at high intensity.
Nunes et al., (2016) explains that the American College of Sports Medicine (ACSM) recommends resistance training to improve muscular strength and mass in order to avoid sarcopenia in later life. Resistance training recommendations include two to three sessions a week, involving eight to ten exercises, which should be performed between 60-80% of 1RM, at one to three sets of eight to fifteen repetitions. The American College of Sports Medicine (2009) also established further benefits of resistance training which is the prevention of abdominal and total fat gain, as well as increasing markers of inflammation and metabolic risk factors. Henwood et al., (2008) states that resistance training is widely used as a prevention of losses in explosive strength, muscle mass, and muscle activity in older adults, also it is used with intention to reverse those losses. Moura et al., (2018) explains maximum strength as being assessed during dynamic (i.e., one repetition maximum load) and isometric (peak force) contraction. Whereas explosive strength can be assessed during the early phase of isometric contraction via the rate of force developed. This is important to understand as Wilhelm et al., (2014) has identified that both maximum and explosive strength have been linked to the ability to perform functional capacity tests. These tests include such as stair climbing, walking speed, and the ability to stand up from a chair. Harridge et al., (1996) states that a low rate of force developed is influenced by neuromuscular and morphological factors, and it particularly has been suggested by Aagaard et al., (2002) as a key factor for an increased risk of falls and poor functional capacity. Despite evidence on the importance of strength on functional capacity from cross-sectional studies such as Foldvari et al., (2000) and Rantanen et al., (2002), there is lack of studies showing a direct relationship between short-term training-induced increase in both strength and functional capacity. Fielding et al., (2011) recommends that older adults’ muscle health should be evaluated in conditions of muscle strength, muscle mass, and functional performance.
Naturally, the human body becomes weaker as the body ages and as a result we see the deterioration of physical functions (Kang and Ahn, 2019). Due to this, several tasks of daily living such as walking, stair-climb, or rising from a chair, are affected from lack of strength or physical function. Also, these tasks of daily living have been shown to be related to the ability to generate strength (Brech et al., 2013), therefore suggesting that the more muscle mass or strength one has, the better they would be able to perform these tasks. Numerous studies have demonstrated that strength training can improve physical function (Galvao and Taaffe, 2005; Henwoord and Taaffe, 2005; Miszko et al., 2003). Hanson et al., (2009) found that strength training improves physical function in older adults. Also, findings were that strength training induced increases in strength, power, and fat free mass were significant predictors of improved physical function. Hanson et al., (2009) conducted a 21-week heavy strength training programme with 26 middle-aged women (mean age 52.8 + 2.4 years) and subjects were physically active, however they were not familiar with regular strength training. Findings were that absolute maximal and explosive strength correlated with the functional performance measurements. For example, findings of whole-body strength training improved walking speed in middle-aged women. Furthermore, large improvements were found in dynamic balance measurements and balance was related to explosive force production of the leg extensors. This suggest that an improved dynamic balance also improves functional performance or capabilities from the strength training programme. Wu et al., (2017) conducted the first longitudinal study associated with lower limb muscle strength (LMS) in younger women and changes in LMS over a 12-year period with balance in middle life. Findings were that both baseline and 12-year changes in LMS were independently associated with most balance tests. Suggesting that achieving a greater reserve of LMS as a younger adult and slowing the rate of declined strength due to age, may protect women from reduced balance in later life. Brech et al., (2013) states that a diminished muscular strength due to aging is related to worsening of postural balance. Further, Brech et al., (2013) explains that postural control is the fundamental capacity to maintain the centre of mass within the support base that defines the stability limits. These limits are described as the edges of the operational area to which the centre of mass can be displaced without the need to move the support base. For example, instead of an individual moving their feet to regain balance they are able to use their postural control to do so, therefore aiding themselves to be able to walk in a straight line with better postural control. 
Physical performance can be tested by the ability to perform an activity or an action, such as walking or raising from a chair (Camara et al., 2015). These tests are integrated markers of aging, influenced by many clinical and physiological characteristics (Guralnik and Winograd, 1994). El Khoudary et al., (2014) states that on average women tend to present lower physical performance than men at older age. Many studies such as Cooper et al., (2008) and Cheng et al., (2009) have identified that perimenopausal and postmenopausal women experience worse physical function than premenopausal women. Suggesting that this period of aging during a woman’s life is important to maintain physical function to avoid further declines in functional related outcomes such as, not being able to get out of a chair or higher risk of falls. Women between the ages of 40 and 58 years of age experience menopausal symptoms, with the average age being 51 years old (Dabrowska et al., 2016). Regular systems experienced by women during the menopause includes hot flushes, depression, night sweats, and sleeping disorders stated by Nisar and Sohoo, (2009). Approximately 80-96% of women complain about experiences of mild to severe physiological or physical menopause-related symptoms per year, which is mainly caused by the decline in levels of oestrogen (Sharma and Mahajan, 2015). Dhillion et al., (2006) states that the menopause is also highly related to declines in muscle strength, and increased risks of strokes, cardiovascular diseases, and osteoporosis. Low bone mineral density (BMD) is known as a major risk factor for osteoporotic fracture (Stengel et al., 2007). Therefore, prevention of age-related bone loss is important, especially during the menopause. Previously Walff et al., (1999) confirmed that there is a positive effect of physical exercise on bone mineral density in postmenopausal women. Syedabudaheer et al., (2016) identifies that decreases in hormonal status due to the menopause affects the musculoskeletal system and causes major issues. These issues include reductions in BMD which can cause osteoporosis and a decline in muscle strength and mass, which directly affects their physical status, including their functional performance (Maltais, et al., 2009). Several studies (Skrzypulec et al., 2010; Elavsky, 2009; Dennerstein et al., 2007) have shown that regular exercise significantly reduces menopausal symptoms whilst improving well-being. Also, Skrzypulec et al., (2010) states that menopausal women that are physically active experiences fewer symptoms / issues with moods and sleeping problems. Even though the menopause is a normal aging process for women, the hormonal changes that are involved with the menopause causes many physical, physiological, and social changes, which can lead to deterioration of quality of life. In fact, many studies (Villaverde-Gutierrez et al., 2006; Waiduasekera et al., 2009; Javadivala et al., 2013) have suggested that HRQOL is often lower in middle-aged women than in middle-aged man, younger adults, and even elderly women. Therefore, this research suggests the difficulty this population goes through in daily life and the importance of physical activity to support against those symptoms experienced. Landers et al., (2001) suggests that a reduction in knee extensor strength is one of the biggest causes of poor performance in daily activity among menopausal women. Therefore, Perez and Garber (2011) suggests that resistance training programmes should be implemented to overcome these negative side effect of the menopause, as well as the natural aging process. Syedabudaheer et al., (2016) states that muscular strengthening exercises in menopausal women can have positive effects on their strength, functional capabilities, and subsequently independence. Perez and Garber (2011) explains that exercising our skeletal muscles is important throughout all stages of life. However due to the rapid decline in muscle mass and bone density as women age, then resistance exercises become even more important due to the further effects of the menopause. 
From the literature found it is evident that middle-aged women between the ages of 45 and 65 years old are at increased risk of muscular strength and functional losses. Due to further losses with increased age this can put them at further risk of developing disabilities, sarcopenia, or an increase in falls in later life. Therefore, middle-aged women should be undertaking regular strength training, ideally following the ACSM (2009) guidelines in order to avoid further implications in later life. However, this study will undergo a 12-week strength training programme with inactive middle-aged women completing a strength training session only once per week, in order to identify muscular strength and functional changes. With the hypothesis of beneficial effects in increments of muscular strength and functional measurements. 

Method
Participants:
A group of 25 untrained healthy late middle-aged women (45-65 years) volunteers have participated in a study over a period of 12 weeks, performing a strength training programme. Gathering the participants was done using various self-selecting strategies such as, posters, Facebook, or blogs. Potential participants were sent a briefing sheet (Appendix A) to ensure they are aware of the commitment to the study and therefore they were able to consider whether they wished to enrol. 

Enrolment Criteria:
Prior to participation in the training programme the women have complete a pre-activity readiness questionnaire (PARQ, appendix E). Also, all participants were required to present documented medical clearance from their General Practitioner (Appendix B), in addition to completing an UWTSD Sport, Health, and Outdoor Education’s pre-exercise screening questionnaire (Appendix C). By doing so, this allowed the researcher to identify any medical conditions that may exclude an aging participants’ capacity to exercise. These included conditions such as unstable type 2 diabetes, unstable angina, myocardial infarction, uncontrolled blood pressure, or recent musculoskeletal injury. These conditions would have prevented the researcher from choosing those participants to be enrolled on to the study. Subsequently, participants then had to produce written informed consent (appendix D), before being enrolled to the study.

Study Design:
Once participants were cleared by their General Practitioner (GP), participants then attended a UWTSD physiology laboratory initial health screening where the PAR-Q, blood pressure, and their respiratory function were assessed to further confirm the appropriateness and safety for their participation. All participants undertook a full physical and physiological assessment and were instructed not to consume alcohol or partake in strenuous exercise 24-hours prior to each laboratory visit. Also, it was instructed not to consume food or fluid (apart from water) 3-hour before each test. The study was conducted in a safe and friendly environment where participants were supervised during testing via the research team. Any medical conditions that were highlighted during the conduction of the tests or during the intervention would have been dealt with in confidentially in a sympathetic manner. If it was necessary, participants were referred to their GP’s to determine their suitability for the study. A withdrawal process of a confidential interview was utilised to support any participant unable to continue in the study.

Statistical Analysis and Data Management:
This study utilised Microsoft Excel to collect assessment data and values which was then transferred to statistical analysis software. The utilisation of the statistical analysis software called SPSS identified significant differences and/or relationships between the participant assessments scores, pre and post intervention. The software calculated the significance by conducting a ‘paired t-test’ which provided the p value in the form of Sig. (2-tailed). Also, the significance and strength of the relationships was calculated by the conduction of a bivariate analysis which provided a r value in the form of Pearsons correlation (r). 


Participant Assessments
All testing sessions included the same assessments and take approximately 1.5hours per participant. PAR-Q, blood pressure and respiratory function were evaluated prior to any other assessments to ensure the participant was in a healthy condition to undertake the following assessments. Abnormal readings resulted in the assessments being terminated for safety purposes and were referred to their GP. Assessments were conducted pre and post intervention in order to assess changes in strength and functional capabilities. 


Lifestyle measurements.
· A menopause specific quality of life questionnaire (MENQOL) developed by Janebi et al., (2015) is a validated questionnaire for the assessment of menopausal women’s symptoms and was utilised in this study to identify current menopausal state for the individuals. 
Anthropometric measurements.
· Height was measured in metres using the SECA 213 (Hamburg, Germany) stadiometer. Shoes were removed and feet were place heels against the back of the board. Posture was up right with back of the body touching the metre, including the head (Cadenas-Sanchez et al., 2019). The adjustable platform was moved until flat on top of the individuals head, at which measurements will be took. 
· Weight and detailed segment body composition data were measured using the Tanita MC-980MA Plus, which is a multi-frequency segmental body composition monitor based on bioelectric impedance analysis (BIA) technology (Mekhieva et al., 2019). The following parameters will be analysed by the machine: body mass (kg), body mass index (BMI, kg/m2), fat mass (kg and %), fat free mass (kg), and muscle mass (kg). 

Strength measurements. 
Technogym resistance machines were utilised during both testing and training periods. 

· Before testing or training sessions participants were authorised to warm up on a cardiovascular machine for 6-minutes, as stated in the intervention below. 
· As the Technogym was used for both testing and training, this allowed the participants to be comfortable with the equipment and therefore allowing the data to be more accurate as they were performing in confidence. 
· The leg press was performed with their knees at a 90-degree angle with their feet on the paddles, and an up right back against the seat. In order to reach their maximal repetition, the weight was adjusted slowly to ensure safety. Once the participant reached fatigue on that repetition, then the last completed repetition would be their maximal lift. 
· The seated pull was performed with both hand on a straight bar, back up right against the seat, and then the bar was pulled toward the chest until full range of movement was been achieved. 
· The chest press was performed with both hands on the handles and they had to push the bar away from the chest until they have fully extended, and then slowly bringing the bar back to its original position. 

In order to reach their maximal repetition, the weight was adjusted slowly to ensure safety on each test, and this ensured that the participant wasn’t able produce the movement at a higher weight. Therefore, they achieved their absolute maximal repetition. Once the participant reached fatigue during a repetition, then the last fully completed repetition was their maximal lift, which was measured in kilograms (kg).

· The Takei Grip-D handgrip dynamometer (Takei Scientiﬁc Instruments Co., Ltd, Tokyo, Japan) measures overall upper body strength by a maximal contraction of your hand and the protocols were followed by Waug et al., (2019). Torso must be at the upright position, shoulders back, chest up, and shoulder abducted approximately 10 degrees. Arms needed to be straight down the side, elbow fully extended, and the wrist in a neutral position. Knees were at a comfortable stance, with feet at hip width apart. Then the handle was adjusted to comfortable hand grip size for the participant, and participants were asked to squeeze the handle with maximal force. Once maximal force was achieved, the reading was collected in kg. For reliability, the test was conducted three times and an average score was calculated.

Functional movements.
Several functional tests were performed, all were measured with a stopwatch in seconds.

·  Stair-climb test: A stair-climb test was performed and measured from the time the participant reached the top of a specific set of stairs, which was in the UWTSD David Rowlands building. They climbed 1 flight of 14 steps, which were all 19cm in height (Hanson et al., 2009). The participants had to stand on each step with both feet at maximal speed, without skipping any steps, all the way to the top. Participants were timed from the time it took them to reach the top of the stairs. They were allowed the opportunity to have a walk-through practice run before the final test to familiarise themselves with these specific set of stairs. 
· Supine to stand test: Supine to stand was performed from a laying down position (supine) on their back, and as quick as they can to get back on their feet into a standing position, using any method they felt was necessary (Yoshiko et al., 2018). A measurement of time (seconds) was took from when they moved from the supine position to the standing position. 
· 5m Up and Go test: Similar procedure to (Nogueira et al., 2017), participants were sat in an armless chair and had to perform the movement of getting up out the chair and then walking quickly (without any running). This was performed to a 5-metre cone from the chair, where the participants needed to walk around the 5m cone and back sat in the chair. This was only repeated once, and the time was recorded from how long it took the participant to get from their chair, around the 5m cone, and back sat in the chair. According to Nogueira et al., (2017) this test is designed to evaluate agility and dynamic balance, which are important components for rapid movements in daily routines, such as answering the door or going to the bathroom quickly. 
· Sit and reach test: Participants were advised to have their shoes off and feet flat against the board. Once leaned over the participants reached forward with their arms and placed their hands onto the board, with their fingertips touching a ruler. They are encouraged to lean as far forward as possible (without hurting themselves), pushing the ruler with their fingertips, and to held it for 2 seconds. 
· T-test: The t-test is a measure of flexibility and functional capability. Armstrong and Greig (2018) show a representation as seen in figure 1 below. Following step by step this figure 1 is how the participants will perform the t-test and they will be timed from the beginning of step 1, until they have completed the test at step 5. 
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Figure 1: Armstrong and Greig’s (2018) representation of the t-test protocol. 



Intervention
A 12-week high-intensity low-volume strengthening programme was conducted with 25 untrained women. The strength training group trained on the same day each week for the 12 continuous weeks, and they undertook an initial gym induction to ensure safety and proper technique. All sessions were conducted with qualified supervisors and sessions lasted for approximately 30-minutes. After the 12-week intervention, the group of women were reassessed. Various strengthening exercises were set to identify whether they upon improve muscular strength and functional capabilities amongst these late middle-aged women. Repetitions were completed until fatigue, therefore a weight (kg) was tailored to each individual in order to produce a maximum of 10 repetitions at approximately 85% of 1RM, this was then be repeated for 3 sets per exercise. Once technique was adequate and the movement was performed safely then the weight was increased. After the participants were comfortable with the exercises, they were the assessed on their 1RMs on the Technogym leg press, chest press and seated pull, prior to the intervention. Also, weight was further increase only when more than 10 repetitions was achieved by the individual. Prior to the programme, all participants undertook a gym-based session to establish safety, technique and to help determine initial training resistances, specifically for the set exercises. In order to ensure safety when performing maximal lifts participants performed 2 sets of 10 repetitions at 50% max with 2 minutes of rest between each set. This allowed the participants to improve upon technique and habituate to the effort to rest scenario of training. Below in table 1 is a description of the 12 sessions that was completed via the participants. During the first 3 session, participants were limited to a maximum of 15-reps on any single effort as training load was still being determined. After session 4, the training load was only increased if the participant achieved 10-reps on each lift on two sets. Prior to any training session the participants were suggested to complete a 6-minute cardiovascular warm up, on either the cross trainer, running machine, or the bike. Due to the initial strength programme being the same movements, allowing them to choose a warm-up machine on their own terms allowed them to have some control and avoided tedium. In the participant assessment section above, it is explained how the participants will conduct each strengthening exercise. 
Table 1: A description of the 12 strength training sessions that the middle-aged women completed for the intervention.


These changes were made to load if 10-reps were achieved with ease. 
Exercise
Increments
Chest press
2.5kg
Seated chest pull
5kg
Seated leg press
10kg

Sessions 1-3
Warm up: 6 minutes on a cardiovascular machine at a self-regulated cadence and resistance 
Chest press
These exercises included 3-sets of 10 repetitions with 2 minutes of rest between each set. 
Work effort was at 65% of 1RM max.
Seated leg press

Seated chest pull

Cool down: 6 minutes on ANY cardiovascular equipment at self-regulated efforts.

Sessions 4-12
Warm up: 6 minutes on a cardiovascular machine at a self-regulated cadence and resistance 
Chest press
Participants worked until fatigue, repeating up to 3 sets with 2 minutes of rest. 
Working at 85% of 1RM max.
Seated leg press

Seated chest pull

Cool down: 6 minutes on ANY cardiovascular equipment at self-regulated efforts.
























A detail of all training sessions was recorded and stored safely. This allowed both the researchers and participants to identify gains in strength, therefore increasing weight for the next sessions. 



Results
Data was collected and stored in an excel document where figures (2, 3, 4, and 5) and tables (2 and 3) were analysed and developed. Data was then transported to a SPSS software where the variables were able to be compared using a ‘paired t-test’. Four categories of independent variables were made, these were anthropometric characteristics, strength tests, functional tests, and two variables measured in centre meters (cm). Figures (2, 3, 4, and 5) are bar charts, and a blue bar is displayed as a pre intervention variable and the red bars are displayed as a post intervention variable. These figures identify the both the mean and standard deviation values of pre and post intervention measurements. Following Cohen’s (1988) guidelines an effects size was calculated using the equation of eta squared (t2/t2+n-1) (t), and a categorised effect size was utilised (small <0.2, moderate 0.2-0.5, large >0.5). The significance is shown with a p value, and if anything is at a p value of <0.05 then it is seen as significant.
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Figure 2: Changes in mean and SD for Anthropometric Characteristics measured Pre and Post Intervention.



Anthropometric characteristics include weight (kg), body max index (BMI (kg/m2)), fat (%), fat mass (kg), and muscle mass (kg). As seen in figure 2, there are only small changes in all mean anthropometric characteristics, and no characteristics statistically showed a significant difference. The means of weight and BMI both increased from 75.93+14.65kg to 76.06+14.90kg and 28.36+5.18kg/m2 to 28.42+5.31kg/m2. However, fat (%) and fat mass decreased in means post intervention from 37.43+6.33% to 36.61+6.40% and 29.98+9.76kg to 28.93+9.69kg. Muscle mass also showed a minimal mean increment from 44.41+5.49kg to 44.84+5.79kg. The standard deviation is shown in figure 1 as error bars and weight’s standard deviation was much larger (SD= 14.92) compared to muscle mass (SD= 5.96) post intervention. 
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Figure 3: Development in mean and SD in Strength tests, pre compared to post intervention.

Figure 3 displays strength tests which included leg press, seated pull, chest press, and dominant handed grip strength, and the development from pre to post intervention. It is shown in figure 2 that leg press, seated pull, and chest press have increased post intervention as their mean values have increased significantly. Leg press had a mean value of 96.67+29.95kg pre intervention and increased significantly (t (25) = 8.43, p <0.01) to 177.50+59.74kg. Seated pull pre intervention had a mean value of 55.58+13.89kg which significantly increased (t (25) = 9.18, p <0.01) to 96.67+19.51kg. Chest press significantly increased (t (25) = 12.57, p <0.01) from 23.02+6.81kg to 37.72+8.07kg. However, there was no significant improvements on strength in the hand grip dynamometer tests for either dominate nor non-dominate grips.
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Figure 4: Development of functional tests post intervention.



Figure 4 displays four functional test and the development from pre to post intervention. The functional tests include the stair climb, 5m up and go, supine to stand, and the t-test. The stair climb showed a moderate significant improvement of t (25) = 3.9, p <0.01 post intervention, with a decreased mean value from 10.33+1.88secs to 9.50+1.68secs. As figure 3 is measured in seconds, improvements are evident by a smaller bar height due a quicker time in seconds. A moderate to large statistical significance was identified for both the 5m up and go (t (25) = 3.94, p <0.01) and the t-test (t (25) = 5.62, p <0.01). However, the supine to stand did not show a significant difference as it had only a slight mean value reduction from 3.61+1.51secs to 3.29+1.06secs. The T-test showed the greatest improvement as it had a large significant difference ( t (25) = 5.62, p <0.01) from pre to post intervention and the test shows an improved mean value from 19.09+3.76secs to 17.44+3.06secs. 
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Figure 5: Development of the MVJ and sit and reach tests post intervention.


Figure 5 are two test that were measured in centre metres therefore it was convenient to put them in a graph together. Also, maximal vertical jump (MVJ) and the sit and reach involve both functional and strength elements. MVJ had a mean value of 23.36+4.91cm pre intervention and increased to 25+6.31cm post intervention, showing no significant differences. Sit and reach had a mean value of 18.16+8.98cm pre intervention and increased to 21.84+9.37cm post intervention, with a moderate significant difference (t (25) = 3.52, p <0.01).


The next section of results will refer to the possible correlations and relationships between variables. The significance of the relationship is determined by Sig. (2-tailed) and if it is <0.05 then the results is significant. The direction of the relationship is determined by Pearson Correlations (r). The value can either be positive or negative, which if negative then the correlation between the two variables is negative for example, high score on one variable and low score on the other would result in a negative correlation. From the Pearson Correlation (r) statistic we can then identify the strength of the relationship from the range. The range can vary from -1.00 to +1.00 and a r of 0 indicate no relationship at all. A Correlation of +1.00 indicates a perfect positive correlation, below in table 2 are guidelines for interpreting the strength of a correlation, created by Cohen (1992).

Table 2: Guidelines for interpreting the strength of a correlation (Cohen, 1992)
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[image: ] Table 3: Relationships between anthropometric characteristics and strength tests, pre intervention.









-Correlations is significant at the 0.05 level (2-tailed) showing *, if r is above 0.50 then this is a large significant strength of correlation showing **.




Table 4: Relationships between anthropometric characteristics and strength tests, post intervention. 
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-Correlations is significant at the 0.05 level (2-tailed) showing *, if r is above 0.50 then this is a large significant strength of correlation showing **.



Table 3 and 4 shows the correlation between anthropometric characteristics and strength tests before and after the intervention, with most significant correlations being post intervention as seen highlighted in table 4. Most variables post intervention, apart from fat percentage, have significant positive correlations with leg press, seated pull, and chest press post intervention. Seated pull post intervention shows to have the most significant correlations between all the anthropometric characteristics, with all p values being <0.01 (excluding fat percentage). The largest correlation between the strength tests and anthropometric characteristics are between seated pull and muscle mass (r (25) = 0.784, p <0.01). Weight and fat mass also had a large significant correlation between seated pull post intervention (r (25) 0.744, p <0.01 and r (25) = 0.651, p <0.01). The chest press also has significant correlations with all anthropometric characteristics apart from fat percentage. The chest press has a large significant correlation of r (25) = 0.613, p <0.01 with BMI post intervention, which is the largest and most significant correlation between chest press and the anthropometric characteristics. The second largest significant correlation between chest press and anthropometric characteristics is between muscle mass post intervention (r (25) 0.563, p <0.01). Leg press has significant correlations with all the anthropometric characteristics however, it only has one large significant correlation which is between BMI (r (25) = 0.610, p <0.01). Leg press has a moderate significant correlation between fat mass (r (25) 0.493, p <0.02), weight (r (25) = 0.489, p <0.02), fat percentage (r (25) = 0.493, p <0.02) and muscle mass (r (25) = 0.421, p <0.04) post intervention. These are justified as a moderate correlation as the range of correlation is between 0.3 and 0.49, seen in table 2. 
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Table 6: Relationships between anthropometric characteristics and functional tests, post intervention. 
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-Correlations is significant at the 0.05 level (2-tailed) showing *, if r is above 0.50 then this is a large significant strength of correlation showing **.




Table 5 and 6 identifies correlations between anthropometric characteristics and functional tests with more significant correlations being post intervention, seen highlighted in the tables. Post intervention the stair-climb has significant correlations with all anthropometric characteristics, apart from muscle mass. The correlation between the stair-climb and BMI increased to a large significant correlation post intervention (r (25) = 0.588, p <0.01). Another large significant correlation is between stair-climb and fat mass (r (25) = 0.505, p <0.01) post intervention. Both weight and fat percentage have moderate significant correlations with stair-climb (r (25) = 0.471, p <0.02, and r (25) = 0.465, p <0.02) post intervention. The five metre up and go test had no significant correlations pre intervention and only had one moderate significant correlation post intervention, which was between fat percentage (r (25) = 0.405, p <0.05). Similar to the stair climb test, the supine to stand test has significant correlations with most anthropometric characteristics post intervention, apart from muscle mass. The largest correlation supine to stand had a with fat percentage, showing a large significant relationship of r (25) = 0.516, p <0.01. Muscle mass has no significant correlations with any of the functional test pre or post intervention. Supine to stand had two large significant correlations between fat percentage (r (25) = 0.516, p <0.01) and fat mass (r (25) = 0.506, p <0.01), and two moderate significant correlations between weight (r (25) = 0.462, p <0.02) and BMI (r (25) = 0.460, p <0.03). The t-test only had one moderate significant correlation post intervention which was between BMI (r (25) = 0.397, p <0.05).



Discussion
The findings of this study support the original hypothesis that a 12-week strength training programme would improve both muscular strength and functional capabilities in middle-aged women. The 12-week strength training programme was able to significantly improve upon participants’ strength characteristics and functional capabilities. Anthropometric characteristics were not significantly changed due to the intervention; however, some significant relationships were found between anthropometric characteristics and both strength and functional tests. As discussed in the introduction the loss of muscle strength with advancing age, or with the development of sarcopenia, is hypothesised as being correlated with the deterioration of physical function (Reid et al., 2008). However, literature has inconsistent results with the relationship between muscular strength and functional capacity and is not firmly established. 
Walking capacity was tested by using the 5m up and go test which identified the speed in which the individual was able to get up from a chair, walk to and around a 5m cone and back sat in the chair. Finding were in line with Santos et al., (2017) which observed a positive effect of an 8-week strength training programme on walking speed performance. Further, a meta-analysis by Hortibagyi et al., (2015) included 24 randomised controlled trailed of n (613) which investigated the specific effect of resistance training on walking capacity in older participants. They found that resistance training improved walking capacity by 9.3%. Post this study’s 12-week strength training programme the 5m up and go test showed a significant difference of p <0.01, with a moderate effect size of t (25) = 3.94. The positive effect of walking speed performance could be associated with the muscular improvements of the specific muscles used to walk such as quadriceps, hamstrings, glutes, and gastrocnemius. In a cross-sectional study Fragala et al., (2016) identified that higher levels of lower limb muscular strength were associated with an increased walking speed time. Kang and Ahn, (2019) have revealed significant associations between functional capacity performance and various strength measures, especially in timed up and go tests. Consequently, the leg press also involves the same muscles as walking, therefore improvements in leg press strength would result in improvements in walking performance. Leg press improvements had a large significant difference post intervention of t (25) = 8,43, p <0.01, which suggests that post intervention the individual’s lower extremity strength has improved. Due to an improved lower extremity strength it would be appropriate to suggest that improvements in lower extremity functional movements would be associated. From the results it is evident that improvements in lower extremity strength is able to significantly improve functional capabilities such as 5m up and go (t (25) = 3.93, p <0.01), stair climb (t (25) = 3.90, p <0.01), and the t-test (t (25) = 5.62, p <0.01). 
Kalapotharakos, et al., (2005) evaluated the effects of a 12-week heavy resistance training in vertical jump and functional performance in healthy inactive older women (53–69 years). They explain that a vertical jump performance is an indicator of muscle power of the lower limbs and were able to identify improvements in muscle power measured by vertical jump performance. Further, Kalapotharakos et al., (2005) identified a significant relationship between the increase of lower body strength and counter movement jump height performance. Unfortunately, this study did not find significant differences in maximal vertical jump height from a 12-week strength training programme. This may be due to the lack of explosive strength used during the training and the possible use of only the leg press machine as a lower extremity strengthening exercise. According to Newton et al., (2002), a power or periodized (variations in intensity and volume) strength training programme can lead to greater improvements in explosive muscle strength than a traditional heavy resistance training programme. Additionally, Kalapotharakos et al., (2005) found a 13% improvement in chair rising ability following the heavy resistance training programme, also identifying a correlation with 1RM lower body strength. Suggesting that improvements in lower body 1RM strength is able to increase the functional ability to raise up from a chair. In line with this, the present study identified a large significant improvement of t (25) = 8.43, p <0.01 in lower extremity 1RM strength from a 12-week training programme. Even though there was no direct relationship with muscular strength tests and functional tests, the 12-week strength training programme was able to significantly improve stair climb capabilities. Moura et al., (2018) states that functional capacity tests such as the stair climb test, can be largely dependent upon hip and knee extension functional. Therefore, the stair climb functional test is closely matched with the leg press movement which was performed during the training programme. Further benefits can be developed from an increase in stair climb capacity. For example, Kang and Ahn (2019) found that a 12-week home-based regular stair climbing and flat ground walking exercise without any supervision was able to provide improvements in lower extremities functional fitness, cardiorespiratory risk factors, and fall risk factors. Their findings concluded that middle-aged women may benefit from home-based stair climbing and walking exercises to improve HRQoL, and to prevent age-related chronic diseases such as sarcopenia. Therefore, specific gym-based strength training is not necessarily needed to improve lower extremity functional fitness in middle-aged women. 
Duncan et al., (2017) states that the ability to rise from the floor to a standing position (supine to stand) is considered as a fundamental human motor skill and is essential for maintaining independence and mobility throughout adulthood. The supine to stand test is a combined ability assessment which involves flexibility, strength, balance and locomotion, and overall motor competence (Nesbitt et al., 2017). Due to strength not being the only component of ability involved in the supine to stand tests, this resulted in a non-significant change post intervention. As significant improvements were developed on both leg strength and the sit and reach test (t (25) = 3.52, p <0.01), then the possibility of balance being an issue in the supine to stand movement is likely. Holviala et al., (2006) states that motor and sensory systems of postural control changes decrease with advancing age, and results in postural instability and issues with balance. The ACSM (2009) concludes in their position stand that the utilisation of both strength training and endurance training improves postural balance. Additionally, Holviala et al., (2006) suggests that improvements in postural balance could lead to better standing balance. Also, the supine to stand movement involves the use of core strength which is one measure of strength that was not analysed or focused upon during the 12-week strength training programme. For example, Kilinc et all., (2016) showed that strengthening the trunk muscle can lead to improvements in walking and balance tests. Therefore, in order to improve specific characteristics for the supine to stand movement, further research should consider involving core strengthening and balance exercises. 
Despite the results showing a significant difference in strength and functional tests, the results were not able to find direct relationships between both, therefore maximal strength was only accompanied by improvements in functional capacity tests. Functional capacity tests are explained by VanSwearingen and Studenski (2014) as motor skills which depend on various peripheral and central adaptation improvements. For example, dependence on numerous aspects of neuromuscular performance during functional capacity tests could be a reason for the lack of immediate association between the improvements of strength and functional tests. Other interventions such as balance training (Jacobson et al., 2011) have therefore also found similar functional test improvements. Schubert et al., (2008) states there is a possibility that various intervention may lead to specific adaptations within the neuromuscular system which in turn improves specific aspects of function capacity. Suggesting that multi-dimensional assessments or programmes would produce greater association between improvements in functional capacity and neuromuscular performance. Additionally, Holviala et al., (2006) suggests that future studies involving strength training to improve functional capacities should use protocols involving free-weight exercises performed in standing weight-bearing position. These protocols would investigate further improvements in functional and balance performance; however, injury risks may be higher for vulnerable and unfamiliar individuals. For example, free-weight exercises would be highly dangerous to be formed at a 1RM effort for an inexperienced person. 
As mentioned in the literature review, menopausal women have a higher rate in the reduction of muscle strength, especially in lower limb extremities. This affects the functional activities menopausal women undertake daily and gives them a directly negative consequence on their performance and physical fitness. Not only does the menopause effect muscular strength levels and functional capacity, but it also has an increased risk of developing osteoporosis and cardiovascular diseases due to the reduction in oestrogen levels (Yeh et al., 2018). Moreover, Kim et al., (2007) states that more than 60% of women are affected by metabolic syndrome post-menopause. It is suggested by Flegal et al., (2002) that other related physiological modifications associated with the menopause, such as changes in lipid and coagulation profiles, and a reduced glucose tolerance. These changes cause metabolic syndrome which has a high association which developing type 2 diabetes and cardiovascular diseases (Seo et al., 2010). Exercise is known to reduce low-density lipoprotein levels and waist circumference in menopausal women, stated by Conceicao et al., (2013). Yeh et al., states that exercise is a relatively safe therapy throughout the menopause and is not associated with major side effects. Other forms of medical therapy such as hormone replacements therapy could prevent cardiovascular diseases (Bassuk and Manson, 2014), however side effects include risks of stroke and breast cancer. Further, in Yeh et al., (2018) systematic review identified that exercise displayed significant benefits on body fat, waist circumference, and triglyceride levels post short-term interventions in menopausal women. However, this present study did not find significant changes in anthropometric measures such as BMI, fat mass, or muscle mass. This could be due to the volume of training conducted each week as the ACSM (2009) does recommend strength training should be undertook twice to three times a week. Garber et al., (2011) states that from the ACSM (2009) resistance training guidelines can induce benefits of the prevention of abdominal and total fat gains. Also, Garber et al., (2011) explains that post-menopausal women may obtain unique benefits from resistance training with higher volumes as the menopause is accompanied by changes in body composition. Due to this, further research should involve either a higher volume of resistance training or a combination of both resistance training and aerobic training. For example, Sillanpaa et al., (2009) identified that both endurance and strength training can lead to increases in lean body mass and a decrease in body fat, also improvements in metabolic risk factors were more evident with aerobic training than strength training alone.  Additionally, Haddock and Wilkin (2006) found that higher volumes of acute resistance training are associated with higher energy expenditure rates. Therefore, further benefits can come from either a higher volume resistance training programme or a combined resistance and aerobic training programme, in order to reduce fat mass and increase muscle mass. Referring to Hanson et al., (2009) where they identified only a significant change in fat free mass in older adults (>65 years) during their study on the effects of a 22-week strength training programme on physical function. Further they suggest that the changes in fat free mass is a predictor of strength training induced improvements in functional tasks such as stair climb, up and go, or chair stand times. This present study did not analyse fat free mass or find significant changes in any anthropometric characteristics such as, fat mass, fat%, BMI, or muscle mass. However, significant correlations were found between these anthropometric characteristics and both functional tests and strength tests. This suggests that even though there was no significant change is anthropometrics characteristics, it is evident that they are correlated with functional tasks and strength tests. For example, despite supine to stand and anthropometric characteristics having no significant change post intervention, it is evident from the results (table 6) that they have a relationship. However, muscle mass does not have any relationships with functional tests. This could be due to the lack of sessions completed each week and for only a 12-week period, even though strength significantly improved this does not mean muscle mass would either. Further research may need to increase training volume per week and increase the training period to identify further anthropometric improvements. Due to there being a relationship between anthropometric characteristics and functional tasks then the increase of volume for a strength training programme could further increase functional capabilities. 
To conclude, this present study was able to successfully identify significant improvements in strength and some functional tasks from a 12-week strength training programme. However, it was evident that a higher volume programme is needed in order to further increase strength, muscle mass, functional capabilities, and to decrease BMI, fat mass, and fat%. Even though a 12-week strength training programme alone was beneficial towards functional capabilities, a possible multi-dimensional programme could be of greater benefits. Further research should examine the effects of a longer training programme period (>24 weeks) on functional capacities and involve strength, balance, and aerobic exercises. This study was not able to identify a direct relationship between strength and functional tasks, and literature suggests that there are mixed findings between the relationship. Evidence suggested that various interventions may lead to specific adaptations within the neuromuscular system, which are able to improve specific aspects of functional tasks. Therefore, a multi-dimensional programme would produce greater association between improvements in functional capacity and neuromuscular performance. Literature identifies that menopausal women are at a vulnerable period due to reductions in oestrogen and in turn the reduction in strength and functional capabilities. Along with additional reductions of strength and functional capabilities with advancing age, it is crucial for menopausal women to undergo a multi-dimensional training programme. By doing so, this can decrease menopausal symptoms, reduce sarcopenic muscle loss and reduce the risk of falls, which would further aid a better health related quality of life and independence in the future.
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Figure 4 are two test that were measured in centre metres therefore it was convenient to put
them in a graph together. Also, MVJ and sitNreach involve both functional and strength
elements. MVJ had a mean value of 23.36cm pre intervention and increased to 25cm post
intervention, with no significant difference (p= 0.077). SitNreach had a mean value of 18.16
post intervention and increased to 21.84 post intervention, with a moderate significant
difference (1= 3.52, p=0.002).

The next section of results will refer to the possible correlations and relationships between
various variables. The significance of the relationship s determined by Sig. (2-tailed) and if it
is <0.05 then the results is significant. The direction of the relationship is determined by
Pearson Correlations (). The value can either be positive or negative, which if negative then
the correlation between the two variables is negative (for example, high score on one variable
and low score on the other). From the Pearson Correlation (r) statistic we can then identify
the strength of the relationship from the range. The range can vary from -1.00 to +1.00 and a
7 of 0 indicate no relationship at all. A Correlation of +1.00 indication a perfect positive
correlation, below in table 2 are guidelines for interpreting the strength of a correlation.
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Sig. (2-tailed) is our level of significance. It needs to be BELOW 0.05 for the result
to be significant. At 0.020 this value indicates a significant relationship between
neck flexion strength and neck extension strength.

To determine the direction of the relationship, we must look at the Pearson
Correlation (r). This number can be either positive or negative. If the value is
negative, then there is a negative correlation between the two variables (i.e. high
score on one variable and low score on the other).

To determine the strength of the relationship, we must gain look at the Pearson
Correlation (r) statistic. This can range from -1.00 to +1.00. A r of 0 indicates no
relationship at all and a correlation on +1.00 indicates a perfect positive
correlation. Cohen has given us the following guidelines for interpreting the
strength of a correlation:

Positiver Negative r Interpretation
r=0.10 to 0.29 r=-0.10 to -0.29 Small

r=0.30 to 0.49 r=-0.30 to -0.49 Medium
r=0.50to 1.0 r=-0.50 to -1.0 Large

Therefore, our result is as follows:

A significant, moderate, positive relationship exists between neck flexion
strength and neck extension strength in professional rugby union players
(r=0.36, n=42, P<0.05).
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Participant Information Sheet

Thank you for your consideration in being a participant in the proposed study. Before you
make a final decision, it is important that you fully understand requirements and
commitments of the study.

The aim s to determine to what extent changes in functional fitness resulting from high
intensity strength training just once per week affects physical wellbeing. The information
gained willinform future Ifestyle recommendations for women, especially relating to quality

oflfe and fall prevention.

Please read the study outline and other information sheets before making a final decision and
sk any questions before you sign the consent form included.

Iyou do decide to participate in the study then please complete the questionnaires enclosed
‘2nd return them to me when you come on the assessment day, which will be 14, 2% or 31 of
Mearch and willast about 2 % hours. 'l email you to arrange an exact day and time.

During the assessment you will perform assessment to evaluate;

Upper and lower body strength and power
Balance

Coordination

Maximal aerobic capacity

Anaerobic power

Agilty

Range of functional performance assessment (related to everyday activities)

NowewN e

‘Whilst most assessments pose litle or no discomfort and therefore minimal risk to health the
aerobic capacity and anaerobic tests will involve exercise to near maximal effort. These
‘assessments will be conducted by an experienced exercise physiologist. There will also be a
requirement for blood sampling conducted by fully qualified haematologists and ultrasound
evaluation of cardiac function supervised by highly experience and appropriately qualified
researchers.

AaBbcedd| AaBb(C AaBbCc! Aaﬁ AaBbCcD AaBbCcDd  AaBbCcDd
Heading 2

Having completed the baseline assessment you will be assigned feel free to express a choice)
to one of two groups;

7 No Spac...| Heading 1 Title Subtitle  Subtle Em... Emphasis |<

Styles &

strength training on functional strength and

A. Control
B. Intervention group

control Group

After the intial assessments you will carry on with your normeal daily activities for 12 weeks
and then be re-evaluated.

On completion of all assessments will you will receive a report outlining changes to your
health and fitness over this period and providing specific exercise recommendations.

Intervention Group

After the initial assessments you will immediately participate in a 12 week strength training
programme (fully supervised), requiring attendance at UWTSD, Carmarthen once a week. A
second assessment will take place at the end of this training period.

‘We will arrange your specific training schedule during the first assessments period, 5o f you
can think of which day and time suites you best then Id be grateful.

The specific requirements for each assessment will be fully explained immediately before
You participate however f you require further details beforehand then please feel free to
contact me at thomsemity76@gmail com , Of raise any questions during the PARQ.
assessment.

‘Thank you in advance for your time and effort and | look forward to meeting you in the near
future.

Yours Sincerely

Sty Thomas

Emily Thomas.
Thomasemily76@email.com
07473039438
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¥ Drindod Dewi Sant

Trinity Saint David

21st February 2019
DearDr.,

‘Your patient, e cioress

has volunteered to be a participant in a research study evaluating how physical activity
habits relate to physical and mental well-being. There is a strong basis for conducting
such studies in ageing populations and particularly related to reducing falls and
improving quality of life.

The project has been approved by the ethics board of UWTSD where I am currently
studying for a degree in Sport and Exercise Science.

‘The participant will undergo a range of physical assessments and then participate in 2
fully supervised 12 week exercise training programme, Reassessments will occur after
the 12 week training period,

‘The physical assessments will include measurements of aerobic capacity, strength and
‘power and will therefore require the participant to perform a limited amount of high
intensity strength and aerobic activities. Medical tests will include blood pressure and
body composition.

Al tests will be conducted by experienced exercise physiologists from the University of
Wales Trinity Saint David.

« Emily Thomas (Student)
* David Gardner (MSc)
o Peter Herbert (PhD)

Should you require further details relating to the study or any of the assessments involved
then please do not hesitate to contact me at the telephone number or email address below.

‘Whilst we do not envisage any adverse health related consequences resulting from the
assessments or the subsequent training there is a possibility of medical contraindications
that are not identified on the PARQ form or in discussion with the participant.
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To reduce any time burden on yourself | would therefore be grateful if you would sign and
return (envelope provided) the response slip below, but only if you feel your patient should
not partake in the research study.

‘Thank you in advance for your time and consideration and should you wish to discuss any of
the findings from the study then please feel free to contact me.

Yours faithfully,

Sty Thomas

Emily Thomas.

Thomasemily76@gmail.com
07473039439

Please send using the envelop provided

To: Emily Thomas, School of sport, Health and Outdoor Education, UWTSD, Carmarthen,
SE313EP

Name should not take part in the research study

signed

Date
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Participant Information Questionnaire 7. Do you have any known medical conditions? Yes/No
Please complete the following questions. Please do not hesitate to ask for help/clarification i Ifyes, please provide details:

wherever needed. All information is strictly confidential.

1. Please state your date of birth (dd/mm/yyyy): 8. Do you take any form of medication? Yes/No

2. For demographic purposes, please provide your postcode: . Ifyes, please provide type & dosage:

3. Whatis your current employment status? (Please circle)

i Employed full-time 9. Do you currently use hormone replacement therapy (HRT)? Yes/No
ii.  Employed part-time i, Ifyes, approximately for how long:
iii.  Unemployed Years Months
iv.  Retired
10. Do you take any vitamins or supplements (cod liver oil, whey protein, etc.)? Yes/No
V. Other:

i, Ifyes, please state type & how often:

4. What s the highest level of education you have completed? (please

i.  No schooling completed
i Primary school
iii.  secondary school
iv.  College
V. University
vi.  Other.
5. Do you currently smoke? Yes/No

i, Ifyes, please state number of cigarettes per day:

6. Do you drink alcohol? Yes/No

i, Ifyes, please state approximately how many units consumed per week:
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Study Consent Form

High intensity strength training on functional, physiological and exercise behaviours in older

middle-aged women.

I (print name) Date

consent to take part in the research study entitled “high intensity strength training on functional,

physiological and exercise behaviours in older middle aged women” being conducted by Emily

‘Thomas|on the Carmarthen campus of the University of Wales Trinity Saint David.

| have been made aware of any potential risks and my commitments whilst taking part in the
research study and confirm that any and all questions | have raised regarding these have been
answered to my satisfaction. | understand that if | wish to withdraw my participation, and or the
data collected related to me from the study then | may do so at any point, without having to give

any reasons for withdrawal.

I confirm that I have given the letter provided to my GP sign

1 also give consent that the data collected on myself may be used anonymously in research

publications by the members of the research team.

signature D.0.8

Email: Tel:

Postal Address:

Post Code
Witnessed By:
Researcher Name
Researcher Signature Date
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PAR-Q Form

Before any physiological tests are carried out we need to confirm that physcial activity wil not increase

any potential risk to your health and wellbeing. It is important that you complete this questionniare to the

best of your knowledge and inform us if there are any changes to this information during the study period.
All information will be treated as strictly confidential

Name: Date of Birth
Male Female

« Has your doctor ever indicated that you should avoid exercise? YES / NO
« Do you feel any pain in your chest when you are physical active? YES / NO
« Have you ever had chest pain when not particpating in physical activiy? ~ YES / NO
« Do you ever lose balance due to dizziness or lose consciousness? YES / NO
« Do you have any bone or joint condition that limits activity or causes pain? ~ YES / NO
« Do you ever feel that you are struggeling to breath? YES / NO
« Have you had recent surgery? YES / NO
« Are you pregnant or have you given birth in the last 6 months? YES / NO

If you have indicated yes to any of the above please provide details:

Do you have any chronic health conditions such as asthma, diabetes or arthritis? YES / NO
Ifyes-

« Do you have any other health condition that has not been previously identified?  YES / NO
o lfyes-

Do you take any medications on a regular basis? YES / NO

If yes, what for?

Does this medication have any side effects?

I have read, understood and completed this questionnaire to the best of my knowledge but if there are
any changes in status to any condition | will inform the instructor immediately. All questions that |
raised have been answered to my satisfaction.

Client Signature: Date:

& Share
The main purpose of the session is to:

Evaluate functional using a variety of maximal and submaximal assessments and to monitor the
impact of strength training on these capacities.

Details of all assessments and protocols have been fully explained and | am fully aware of which tests /
exercise | will be particpating in and what is expected of me. | am also aware that | can stop any
assessment at any time.

Date:

Comments:

Having considered all informaion provided by the client, and in light of any considerations outlined in
the comments section there seems to be no reasonable reason why the client should not participate in
the sessions, as outiined.

Date Instructor / assessor:

Having considered all information provided by the client, and in light of the considerations outined in
the comments section it seems apporpriate to refer the client to another health care professional |

before they participate in the outlined session.
Onward referral consultant:

Date Instructor / assessor:
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R. Armstrong, M. Greig / Physical Therapy in Sport 31 (2018) 15-21

. Sprint from A to B (9.14m)

e LI

2. Side-step from B to C (4.57m)
3. Side-step from C to D (9.14m)

4. Side-step from D to B
:' 5. Sprint backwards from B to A

Fig. 1. Schematic representation of the T-test.

The mSEBT was demonstrated by the lead researcher to the
subjects before they performed the test and photo images were not
used. The mSEBT was performed for the dominant (preferred kick-
1ng) and non-dominant leg in randomlsed order. Subjects stood on

2.5. T-test agility

Subjects completed the T-test as
an interclass reliability of 0.98 (Pauc
& Rozenek, 2000). The T-test is she
with standardised dimensions of
timing sensor (Fusion Sport, Sm
mounted on tripods 75 cm above
other at the starting line. The elec
subject broke the sensor beam and s
the sensor. Any trials when the sul
designated cones or failed to side s
at the appropriate time were not r
Three trials were performed and tl
used for data analysis.
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