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Introduction
According to the World Health Organisation (WHO), ‘health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity’. Exercise can facilitate and improve the health of an individual by increasing psychological, emotional and physical measures. In particular, aerobic exercise (AE) that focuses on stimulating the cardiovascular and cardiopulmonary system can aid cognition, improve brain health and reduce the risk of cardiovascular disease (CVD) which can provide benefits for all ages (Nystoriak and Bhatnagar, 2018; Kandola, Hendrikse, Lucassen and Yücel, 2016). Research conducted by Fattoretti et al., (2018) states that AE can improve attention, memory and reduce the development of neurodegeneration (decreased number of neurons in the brain). AE exudes many benefits which can improve not only an individual’s physical health, but mental and emotional. It is worth noting that exercise is physical movement and can be comprised of many forms: walking, cycling and running just to name a few. Research conducted by Freeman, Akhurst, Bannigan and James, (2016) and Olafsdottir et al., (2018) has shown that walking used as a method of AE can lower cortisol levels in the bloodstream, improve mental well-being and increase cardiorespiratory fitness (Wilson, Ellison and Cable, 2016). 

In addition, resistance training has been widely recommended for all populations due to the variety of benefits that resistance exercise provides. Research has shown that an exercise regime including resistance exercises can improve muscular strength, muscular endurance, improve neural pathways, reduce hypertension and reduce the rate and development of frailty in older populations (Bray, Smart, Jakobi and Jones, 2016, Barcelos et al., 2015). These benefits should all be considered when engaging in resistance training, as well as the cardioprotective effects of regular resistance exercise which can reduce mortality (Smith, 2019).

It has been suggested that a dose-response relationship between physical activity (PA) levels and health outcomes (Haskell et al., 2007), thus, implying the greater involvement in PA, the greater effect on health. However, the data regarding the amount of exercise and the quality is less clear as outcomes are largely based on the individual and their current fitness levels. The American College of Sports Medicine (ACSM) has carried out numerous studies to investigate the most successful exercise regimes and prescription for adults, older people and special populations such as pregnancy, those with chronic illnesses and diseases. Consequently, the ACSM published guidelines to state the most effective quantity, quality and type of exercise for several age groups and respective of injuries, illnesses and disease. Currently, the ACSM recommends that an individual partakes in a combination of moderate and vigorous activity to achieve the suggested weekly energy expenditure of 1000 kcal•wk-1 (Haskell et al., 2007). It is clear from the research that the evidence suggests the more volume of exercise performed, the greater the benefits in regard to health outcomes. However, this relationship is more complex and could be described as multi-dimensional when applying it to certain populations on a wider scale such those with complex health conditions or individuals with co-morbidities. 

Many adults and children across the world do not achieve the daily recommendations for exercise, which can have several detrimental impacts. Research suggests that inactivity on a global scale is one of the leading modifiable risk factors for global morbidity and mortality, it is estimated that inactivity can amount to an increased risk of death up to 20-30% compared to individuals who partake in PA (Fletcher et al., 2018). However, the notion of PA is multi-factorial, with many elements to consider; psychological, environmental, social and genetic factors. Individuals with an illness or disease which hinders the ability to perform regular PA will be of great disadvantage compared with those who are regularly active and may increase the rate of morbidity. Research has shown repeatedly that physically active people of all age groups have higher CV fitness, health and well-being and a lower risk of the development of chronic illnesses (Fletcher et al., 2018, Farrell, Hollingsworth, Propper and Shields, 2014). In contrast, it begs the question for individuals that have developed chronic diseases outside of their control, how can exercise be encouraged and prescribed to facilitate increased PA in populations that may indeed already have decreased CV systems, reduced strength and decreased balance. 
 
Worldwide, the global incidence of cancer between 2005 and 2015 increased by 33% with research suggesting the frequency will continue to rise (Fitzmaurice et al., 2017). Furthermore, Fitzmaurice et al., (2017) states that in contrast, the rise in the incidence may be due to the advanced medical technology and testing procedures as opposed to actual disease incidence, as cancer mortality decreased in many countries. Brain cancer-associated morbidity is multifaceted and largely under-recognized compared with other diseases (Day et al., 2016). Physical activity has accrued popularity as a possible method to improve psychological, physical and emotional quality of life parameters amongst cancer survivors (Segal et al., 2017, Wong, McAuley and Trinh, 2018).
The focus of this systematic review is to investigate the literature surrounding the role of exercise and PA in adult individuals diagnosed with a brain tumour.  Research produced on the effects of exercise in addition to the quantity, quality and type of exercise for specific populations has often been complex and is dependent upon many individual components. Moreover, although previous studies have shown the efficacy of rehabilitation programs for individuals with a brain tumour (BT) in addition to the positive impacts on quality of life (QoL) and functional gain, there are severely limited studies that focus on the complex requirements of rehabilitation management for individuals with a BT (Pace et al., 2016). 

A primary brain tumour (PBT) is an abnormal mass of tissue whereby cells grow and multiply exponentially in the brain of the central nervous system (CNS). PBT’s are complex in nature, heterogenous and comprise of both malignant and benign tumours within the brain (Pouchieu et al., 2018). BT’s are categorised by which cell they derive from; glial (glial cells), non-glial (developed on or in the structures of the brain, including nerves and blood vessels) and benign or malignant. Glioma is a broad term to describe many different tumours located in the brain and spinal cord tumours that arise from glial cells (Claus et al., 2015). Over the last decade, evidence has suggested that the complexity of PBT’s exceeds just the terms ‘benign’ or ‘malignant’, which can undermine the severity and complexity of the side effects and implications of the disease. Furthermore, the language associated with the diagnosis and treatment when communicating to patients and populations alike has evolved to match. Instead, evidence-based practice has led to the terms low-grade and high-grade being used when referring to BT’s.  

According to the WHO, PBT’s can present as grade I to IV; I referring to tumours that are generally benign, found in children and often become curable if total resection (total removal of tumour) is possible. Grade II (low grade glioma) tumours often affect young to middle aged adults and require surgery and additional treatment if total resection is not safely possible. Despite this grade being deemed low, research suggests that most, if not all, eventually progress to higher, more severe grades of tumour, which is why surgery, chemotherapy and radiotherapy is often used to target the tumour to reduce the rate of recurrence (Crocetti et al., 2012). Grade III and IV are classed as more severe in the literature; regarding the statistics relating to morbidity and long-term outcomes of the disease. Surgery, chemotherapy (CT) and radiotherapy (RT) is often used for these patients to prolong the recurrence of the disease and to improve QoL however, the prognosis is often short. Although research is vastly expanding in this area, there is no known cure for this disease which stresses the importance for optimum multi-disciplinary support, rehabilitation and strategies to improve QoL. Despite the grade of the tumour, prognostic factors including age, performance status, tumour location/size, extent of resection and histological factors can be greatly beneficial when considering recovery and rehabilitation (Claus et al., 2015). It is important to note that surgery is often the first point of call for treatment for this disease, followed by additional treatment; chemotherapy and radiotherapy and sometimes corticosteroids, which greatly illustrates the need to ensure adequate recovery and rehabilitation is accessible to those individuals. 

Individuals with a PBT can present with either focal (specific location in the brain) or generalised symptoms, which can last for days, weeks, months or even years depending on the size and rate of growth of the tumour. Tumours can cause detrimental neurological deficits depending on the location of the tumour; frontal lobe can cause weakness or dysphasia, parietal lobe tumours may cause spatial disorientation and numbness, whereas tumours which affect the optic functioning can cause visual defects (Lapointe, Perry and Butowski, 2018). In addition, tumours located in the prefrontal lobe, temporal lobe can often cause cognitive dysfunctions such as personality changes, short-term memory deficits and changes in emotional state (Lapointe, Perry and Butowski, 2018). In contrast, individuals with a BT can also have generalised symptoms which are not related to tumour anatomical location.  Research conducted by Rossetti and Stupp, (2010) showed that 50-80% of individuals could experience seizures, headaches were experienced by 30% of the group and intracranial pressure was noted for 15% (Giulioni, 2014). These symptoms show the extent to which BT’s can affect an individual, both psychologically and physically. Furthermore, the side effects mentioned previously can continue even after partial or full resection of the tumour, resulting in long-term deficits and a forced new way of living. 

BT’s can often be a significant cause of morbidity to individuals and their families which also extends to the complexity regarding treatment and exercise as a modality to improve health outcomes and increase QoL. Research conducted by Pace et al., (2016) found that rehabilitation and the consensus of exercise should be tailored to the individual’s current and future needs, taking into consideration their psychological state, exercise preferences and enjoyment. Furthermore, Pace et al., (2016) states that despite the need for more research to be conducted in this area, the stage of disease can indicate what exercises are appropriate as well as the quantity and intensity. Pace et al., (2016) states that during the acute phase of the disease, exercise/ rehabilitation should be aimed at obtaining a functional improvement compared to in the latter stages of disease progression, exercise interventions should focus on the QoL of the individual, symptom management, improvement in mobility and daily living activities. 

QoL studies carried out on individuals with a BT have focused on investigating fatigue, cognitive dysfunctions and sleep disorders. Many factors influence QoL amongst those with a BT diagnosis; age, gender, type and location of tumour, associated complications and treatment (Gazzotti et al., 2011). In addition, QoL can vary depending on individual prospects, personal views about prognosis, perceived conceptions of health, cultural beliefs, anxiety and the management of these perspectives that can be modulated by the disease (Carr, Gibson and Robson, 2001). Furthermore, depression and motor deficits are a frequent symptom amongst individuals diagnosed with a BT. Depression can be associated with adverse reactions to certain medications, tumour location, the realisation of the diagnosis and fatigue. Depression is a significant factor of QoL (Pelletier, Verhoef, Khatri and Hagen, 2002, Mainio et al., 2006)
and can directly affect survival, which stresses the importance of enhancing mental resilience and promote physical well-being through modalities such as exercise. 

Methodology

Following the guidelines recommended by Preferred Reporting Items for Systematic-Reviews and Meta-analyses (PRISMA), a systematic review was carried out to investigate the effects of physical activity on an individual diagnosed with a brain tumour.  The present review was carried out with adherence to the University of Wales Trinity Saint David protocol for conducting undergraduate research. In addition, it was written with the Preferred Reporting Items for Systematic-Reviews and Meta-analyses aims for evidence-based writing and reviews. 

Search strategy
Both primary and secondary sources of information were identified through an advanced search of online databases. The databases searched include the University of Wales Trinity Saint David (UWTSD) online database, SPORTDiscus, ScienceDirect, MEDline and Google Scholar. Search terms that were used include; brain tumour, barriers, exercise, CNS tumour, physical activity, primary brain tumours, cancer, glioma, epilepsy, intervention and primary brain tumour; with the use of truncations and wildcards (advanced search criteria). 

Inclusion and Exclusion criteria 
Inclusion criteria to include; an adult (aged 18 or over), clinically diagnosed with a WHO classified brain tumour (of all grades I-IV), subjects recovering from resection (partial/full) surgery, individuals who are awaiting surgery for a partial/total resection, individuals requiring further treatment such as radiotherapy (RT) and/or chemotherapy (CT), subjects that are recovering from CT and/or RT and peer-reviewed journal articles. Exclusion criteria that disqualify those from the study include individuals who are of paediatric age (however, may be referred to in order to support research, will not be included as a subject in the review but may be included in recommendations and application for further study), individuals who are not suitable to participate in physical activity under physiotherapist expert opinion, individuals who have co-morbidities or uncontrolled medical conditions that make engagement in exercise potentially severely dangerous such as major neurological or cognitive impairment, cardiac or pulmonary contraindication.

Study selection
The study selection phase required the titles and/or abstracts to be screened by the researcher with careful consideration to the pre-selected inclusion criteria in order to be considered for full text screening. Full text studies were then completed following the previous procedure for final inclusion in the review. Data was extracted from each peer-reviewed study; details included participant characteristics, year of publication, study design, diagnosis, relevant symptoms, intervention (full details of PA intervention and duration), outcome measures and the respective data for analysis. 


Data analysis
The data collected and analysed from the results section of the review will be summarised into themes which are stated in the introduction and continued throughout the discussion section of this review. Themes include the role of physical activity (PA), mode of physical activity, barriers to PA and medication. Furthermore, themes, barriers and recommendations will be analysed and investigated. 

Figure. 1 PRISMA diagram 
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Results

From the initial 1,259 studies that were identified, 56 full articles were assessed for eligibility for inclusion before 8 full articles were selected for the qualitative synthesis. Two female individuals were recruited by authors Levin et al., (2015) as part of a case study. A study by Khalil et al., (2015) investigated the effect of a 6-week intervention on walking speed. Randomised control trials (RCT) conducted by Gehring et al., (2017) included an intervention of 6 months and assessed cardiovascular fitness (CV) throughout, whilst Zucchella et al., (2013) investigated the effect of a 6-week study on cognitive function. A study carried out by Bartolo et al., (2011) recruited 150 participants to carry out specific exercises as a post-operative intervention. One participant was recruited for a case study by Hansen, Søgaard and Minet., (2008) for the duration of 6 weeks to measure specific physical parameters. A prospective observational study (POS) was carried out by Baima et al., (2017) and recruited 14 participants, in which 9 complete the full 4-week intervention. Adamsen et al., (2009) conducted an RCT of 269 participants in which the exercise intervention included resistance training, cardiovascular training, breathing training and massage. 


Table. 1 Results from the literature review showing exercise interventions and the effect on various parameters. 

	Design
	Authors
	N
	Age (years) (mean + SD)
	Grade of tumour (WHO)
	Symptoms
	Intervention
	Outcome

	CS
	Levin et al., 2015

	2
	58, 61
	III, IV
	Inactivity, elevated depressive symptoms
	12 wk, 1 hr resistance & 1 hr aerobic session p/wk



	Positive responses from participants, reduced morbidity. Improved psychological outcomes. 


	Study



	Khalil et al., 2015

	19
	53 ± 14.2
	11= HG, 8= LG
	FTG, decreased PA activity
	5-10 sessions, 1-2 p/wk CONT walk on TREAD, or bicycle
	Increased walking speed m/sec, advice to follow after intervention.


	RCT
	Gehring et al., 2017

	34
	<40, 50, 60>*
	II, III
	Reduced PA levels, sedentary behaviour
	6 mth, 3 x session p/week @ 60-85% of MHR
	Increase in CV fitness.

	RCT
	Zucchella et al., 2013


	58
	58.7 ± 13.9
	I, II, III, IV
	Reduced cognitive function
	Rehab group- 16 x 1hr session of cognitive training over 6 wks
	Patients in the rehab group significantly increased cognitive function.


	Study
	Bartolo et al., 2011

	150
	63.5 ± 13.2
	I, II, III, IV
	Post-resection
	1 x 60min session p/d, six days p/wk (BAL, STR, WLK)
	Significant increase in independence in ADL and MOB.


	CS



	Hansen, Søgaard and Minet, 2018

	1
	54
	IV
	>42 days post resection
	6 wk intervention incl. CV, RES and BAL training
	Full adherence, improved AP, MS, SB, WA and QoL.

	POS





	Baima et al., 2017

	14 (9 completed)
	55 + 3.4
	III, IV
	Weakness and decreased balance
	RES with bands to strengthen + S/L BAL exercises + WAL for 20 mins. 1 x p/d for 4 wks
	Compliance and higher frequency of exercising were associated with QoL. 


	RCT






	Adamsen et al., 2009

	269
	47 ± 10.6
	Malignant tumours from a variety of cancer
	Improve symptomatic responses to treatment
	9 hrs p/wk including RES (45 min session, 3 sets of 5-8 reps @ 70-100% 1RM), CV (INT bicycle at 70-250W @ 85-95% of MHR), relaxation and breathing training and massage. 
	Improved fatigue (primary outcome), improved vitality, increased physical functioning + physical capacity, improved physical, mental and emotional health scores. 



Key: CONT, continuous, TREAD, treadmill, WA, walking ability, MOB, mobility, WLK, walk, BAL, balance, STR, strength, MHR, maximum heart rate, CV, cardiovascular, RES, resistance, AP, aerobic power, MS, muscular strength, SB, standing balance, RM, repetition maximum, INT, intervals, p/wk, per week, REPS, repetitions, S/L, single leg, ADL, activities of daily living, QoL, quality of life, hrs, hours, RCT, randomised control trial, POS, prospective observational study, CS, case study. 

** The study did not specify what the mean age of the group was nor the SD of the group. 


Participant characteristics 

The total number of participants equates to 547 across all studies included in Table 1. Although, the RCT conducted by Adamsen et al., (2009) included an array of cancers, in which 5 of the total 269 were individuals with a brain tumour. The age ranges of participants within the studies varied from 47 ± 10.6 to 63 + 13.2. Each individual included in the table of results was clinically diagnosed with a brain tumour WHO grade I-IV. Each study in the table included participants who had previously undergone resection surgery, had undergone chemotherapy and/or radiation and some participants who were waiting for further treatment such as CT or RT following resection surgery. 

Study characteristics 
All extracted studies were completed in Europe. Each participant was recruited through outpatient clinics or through referral as a current in patient. Exercise interventions required each participant to be able to physically exercise safely; at home or in a supervised rehabilitation centre and included a variety of different exercise intensities, types of exercise and duration (see Table. 2 for eligibility criteria for each study). 


Table. 2 Study characteristics outlining eligibility criteria
	Author
	Type of study
	Inclusion criteria
	Exclusion criteria

	Adamsen et al., 2009

	RCT
	Dx of cancer, received at least 1 round of CT, WHO status of 0 or 1, aged 18-65 years. 
	Brain or bone metastasis, thrombocytopenia, myocardial infarction within last 3 months, uncontrolled hypertension.

	Baima et al., 2017
	POS
	18+ years of age, Dx of high-grade astrocytoma (III, IV), any PBT with metastasis to the brain, at least 28 days post-surgery, currently receiving standard oncology follow up, able to exercise at home. 
	No functional joint ROM limitations (except those with hemiplegia), no current untreated thromboembolic disease, not on home oxygen.

	Bartolo et al., 2011

	Study
	Dx with a BT (meningioma or glioblastoma) 
	Oligoastrocytoma, oligodendroglioma and ependymomas. 

	Gehring et al., 2017

	RCT
	Histological Dx of diffuse, low grade II glioma or anaplastic astrocytoma (III), clinically stable for 6 months, self-reported inactivity or only low to moderate level. 
	Anti-tumour treatment (surgery, RT, CT, corticosteroids) within the last 6 months, use of beta-blockers, severe cognitive problems, motor deficits, CV and/or CP deficits, contra-indications for exercise without personal supervision assessed with a PAR-Q. 


	Khalil et al., 2015

	Study
	Over 18 years old, self-reported complaint of FTG, decrease in PA, Dx of BT, Karnofsky performance status of >60.
	Major neurological or cognitive impairment, CV or CP contra-indication, high risk of tumour progression.

	Levin et al., 2015

	CS
	Dx of BT, understand English, able to walk 400m unassisted, GP consent confirming no MSK, CV or neurological limitations, elevated depressive symptoms at baseline.
	None stated. 

	Hansen, Søgaard and Minet., 2018

	CS
	Dx of BT, Karnofksy status >70. 
	None stated. 

	Zucchella et al., 2013
	RCT
	Over 18 years old, Dx of BT, patients had been treated with maximal feasible tumour resection, admitted to neurorehabilitation unit within 2 weeks of surgery.
	Aphasia, neglect, concomitant neurological or psychiatric disorder, inability to be examined due to severe disturbances in consciousness, motor impairment that could affect performance in study tests. 



Key: CS, case study; POS, prospective observational study; RCT, randomised control trial; Dx, diagnosis; BT, brain tumour; FTG, fatigue; PA, physical activity; MSK, musculoskeletal CV, cardiovascular; CP, cardiopulmonary; PAR-Q, physical activity readiness questionnaire; CT, chemotherapy; RT, radiotherapy; ROM, range of movement. 


Encouraging results were found for the use of various exercises as a 12-week intervention on two individuals as part of a case study by Levin et al., (2015). Both participants adhered fully for the duration of the intervention, performing 1 hour of combined cardiovascular (CV) and resistance (RT) training in a supervised setting. CV fitness and muscular strength increased, as well as decrease mortality as a result of full adherence. Mental health measures also improved as a direct result of the intervention. 

The study by Khalil et al., (2015) found amongst 19 patients, aged 53 ± 14.2 (mean ± SD), 9 participants completed 1 or 2 sessions per week. 5-10 individualised sessions were carried out using a cycle ergometer or walking treadmill. The primary focus of this study was walking speed; walking speed increased from 6 km/h to 6.9 km/h (p=0.022). 

A RCT conducted by Gehring et al., (2017) included a 6 month exercise intervention with two groups; exercise group and waiting list (control) group and found significant differences between the two. The exercise group performed three home-based aerobic exercise sessions per week, whilst the control group (waiting group) were advised to follow the Dutch public health guidelines for maintain a healthy lifestyle. Out of 34 participants, mean adherences to the program was 79%. Outcomes included an increase in CV fitness, increased VO2 peak in exercise group and mean relative VO2 peak improved by 7.3%. Between group analysis showed that at 6 months, participants in the exercise group had higher aerobic fitness than compared to the control group. BMI also decreased for participants in the exercise group, however BMI did not decrease for the control group. 

Another RCT by Zucchella et al., (2013) investigated the effect of a four-week cognitive training program on 58 patients. The study consisted of 16, one-hour individualised sessions per participant. Combining computer exercises and meta-cognitive training, patients in the rehabilitation group showed an increase in cognitive function; particularly visual attention and verbal memory. The control group exhibited a slight (not statistically significant) enhancement of cognitive performance. 

Bartolo et al., (2011) conducted a study which consisted on 75 participants who received neurorehabilitation as part of a four-week intervention. Each participant performed a 60-minute session, once per day for six days per week. Stretching, strengthening exercise, balance training and walking were activities that the neurorehabilitation programme targeted. Following the completion of the study, the participants increased independence in regard to activities of daily living (ADLs) and mobility. 

A case study by Hansen, Søgaard and Minet., (2018) investigated the effects of a supervised 6-week intervention on a 54-year-old survivor with a grade IV tumour (GBM). The case study involved three sessions per week in which the participant was instructed to warm up, followed by 20 minutes of CV and resistance training. Each training session was supplemented with balance training for 15 minutes. Results included 100% adherence by the participant, and increase in aerobic power (24%), increase in muscular strength (up to 38%), improved walking ability (9%) and an increase in standing balance (71%). QoL and physical function also improved by 8.4 points (QoL) and 6.7 points (physical function).

A prospective observational study (POS) conducted by Baima et al., (2017) on participants with a high-grade BT (grade III or IV) were shown exercise videos, live demonstrations of resistance band exercises, balance exercises and recommendations for walking. Participants were instructed to complete all of the above exercises every day for a 4-weeks. Results of the study include adherence of 60% for the full duration. Higher levels of physical activity were associated with higher QoL parameters, greater income and marital status. 

A RCT by Adamsen et al., (2009) investigated the effect of exercise on a 269 individuals with various cancers. 5 out of the 269 participants had a brain tumour. The supervised intervention was comprised of high intensity cardiovascular and resistance training, relaxation, body awareness training and massage. The study required nine hours of training by the participants for 6-weeks. Results included reduced fatigue, improved vitality and physical functioning and increased mental, emotional and physical health. Increased physical capacity was noted, in addition to greater maximum oxygen consumption and muscular strength. 

Thematic overview

Role of physical activity 
The role of physical activity has been shown to exceed the benefits of merely increasing physiological fitness and strength. It has long been suggested that exercise/ physical activity (PA) can reduce depression, treat anxiety and improve mood. It has physical, emotional and psychological benefits which can be achieved for all populations. For individuals diagnosed with a BT, research shows that regular PA definitely improves many outcomes. The research in Table. 1 shows that PA can reduce morbidity and improve psychological outcomes (Levin et al., 2015), increase CV fitness (Khalil et al., 2015, Gehring et al., 2017), cognitive function (Zucchella et al., 2013), improve ADL, mobility and QoL (Bartolo et al., 2011, Hansen, Søgaard and Minet, 2018) whilst also helping to regulate fatigue and enhance vitality (Adamsen et al., 2009). 

Mode of physical activity 
The variety of exercise interventions in Table. 1 show the diversity of PA types and methods. The results provide guidance on many different prescriptions of exercise in order to achieve positive outcomes on health, including the amount of repetitions, duration, type of activity and how many sessions per week. Strength training (Levin et al., 2015), CV focused exercise (Khalil et al., 2015), balance training and walking (Baima et al., 2017) can all help to improve health outcomes which can be seemed in Table. 1. Individual preference and ability may just be as important when prescribing or engaging in physical activity, as the primary goal is to encourage enjoyment and adherence. 

Barriers 
Table. 1 shows that exercise did achieve positive results and had a significant role in improving health outcomes for many individuals; however, some people were unable to complete the study/ intervention; and these reasons should be noted and considered when recommending and considering exercise as a form of treatment or support. Fatigue, lack of motivation and fear of falling were some barriers that were cited in the research. These reasons show the vulnerability that the individuals feel and also the complexity of the disease; making participation challenging for some. In particular with individuals with a BT diagnosis, the side effects can be debilitating and limiting. 

Medication
Many of the studies included in Table. 1 will contain individuals who have undergone surgery to resect a BT (full or partial), in addition to further treatment such as chemotherapy (CT) or radiotherapy (RT). Anti-epileptic drugs (AEDs) such as Levetiracetam or Lamotrigine can be used to control seizure activity but often cause side effects such as fatigue, whilst CT and RT also have effects on the biology and physiology of an individual, which may require alternatives and/or modifications of the types and intensity of exercise.  

Discussion
It is evident from the literature that exercise, in the form of CV and RT can have multiple health benefits on individuals with a BT, receiving treatment or accessing rehabilitation. The research shows that individualised programmes that consider all aspects of health; mobility, ROM, CV fitness, strength and walking ability can have profound effects on an individual with a BT. However, it is important to recognise that exercise and physical activity does not come without barriers and limitations, especially to populations that require additional support or guidance. Confidence, reassurance and feeling safe are key components in optimising adherence when prescribing a personalised exercise programme.

The role of physical activity
Overall, the research suggests that exercise can reduce mortality, reduce fatigue related anti-tumour treatments, improve health (physical, mental and emotional) and improve QoL. It is clear that exercise and physical activity does improve health; for this population, muscle growth or decreased body fat percentage is not of great concern, rather, exercise can facilitate independence (ADL), improved walking speed and ability, increase in CV fitness and help regulate fatigue. The study interventions listed in this report all achieve an increase in QoL as a direct result of exercise; improved walking speed, improved cognitive function, increase in CV fitness. Krüger and Engelbrecht, (2013) and Molassiotis et al., (2010) state the six main influencers of QoL amongst individuals with a BT include fatigue, uncertainty of the future, drowsiness, motor difficulties, communication difficulties and headaches. These results were found amongst a significant number of individuals (50%) diagnosed with a glioma. Furthermore, Jones et al., (2010) found that post-resection glioma patients had reduced CV fitness, isokinetic strength and muscle cross-sectional area (CSA). The research included in this review shows that exercise and physical activity did indeed positively affect QoL and physical and mental parameters by improving functional capacity, balance and fatigue to name a few. 

The ability to recognise why exercise and physical activity is beneficial for this population will prevail when an individual considers the health outcomes and conversely, the negative effects of inactivity and a sedentary lifestyle. All age groups, genders and severities of BT can benefit from exercise that is tailored to the individual’s requirements. Research conducted by Piscione et al., (2013) found that childhood survivors of BT’s experienced impaired fitness, decreased physical functioning, low activity levels (Odame et al., 2006) and decreased bone mineral density (Stolley, Restrepo and Sharp, 2010), which persisted into later life. In addition, young adult survivors of paediatric BT’s have demonstrated fitness levels equivalent of individuals in their 7th decade of life (Ness et al., 2010). These side effects and implications are to be expected when an individual has spent numerous years receiving CT and/or RT, or medication to supress intracranial pressure (corticosteroids) or seizures and experiences fatigue that does not improve with sleep. 

Depending on the grade of BT and location within the brain, several symptoms and long-term side effects can affect daily living. Weakness and balance impairments can affect an individual’s capacity for independence and ADL, and motor weakness is often the primary focus of rehabilitation during the outpatient setting (Mishra et al., 2012). Endurance exercises and resistance training can reverse muscle atrophy and weakness experienced in many populations. Furthermore, exercise not only helps to improve weakness but also adherence; those individuals diagnosed with a malignant, recurrent glioma can increase their tolerance and effectively prolong life; exercise behaviour is a strong predictor of survival (Ruden et al., 2011). This supports the many studies included in this review; not only do they attempt to increase physical activity and encourage enjoyment; they are focusing on life-long adherence to exercise in order to reduce morbidity and improve symptom management. 
 
Mode of PA
The results from Levin et al., (2015) study which consisted of a 12-week intervention, including moderate to vigorous aerobic exercise (rowing ergometer, cycle ergometer or treadmill) and resistance training was shown to have many positive effects. The intervention was supervised by an accredited exercise physiologist and participants were encouraged to accumulate 150 minutes of aerobic exercise in addition to the 2 supervised sessions per week to comply with national guidelines. An increase in muscle strength and improved CV fitness was observed, in addition to full adherence, reduced feelings of depression and a reduction in total distress, which can be supported with research by Rimer, Dwan and Lawlor, (2012) and Blumenthal, (2011). These results show that a supervised, supportive, individualised exercise program can be followed with full adherence irrespective of disease progression or status of admission. 

Zucchella et al., (2013) results show that a four-week intervention based around improving memory and cognitive skills was sufficient in improving cognitive function amongst 58 participants. This study suggests early rehabilitation in BT patients is most beneficial, as the brain is highly sensitive to rehabilitation during this acute phase. Furthermore, the results show that it can be applied to this study and support the inclusion of physical activity (in a variety of forms) as it increases the recovery process and reduces the rate of disability. The results show that when considering recovery from surgery, a multi-faceted approach is required to optimise full functionality; speech and language therapy, cognitive rehabilitation, physiotherapy, psychotherapy and oncology (not limited to).

Research conducted by Bourke et al., (2013) found that less than 25% of cancer survivors meet the weekly recommended amount. Moreover, Jones and Courneya, (2002) stated that most cancer survivors will not exercise without a structured exercise intervention. This study found that participants preferred to exercise at home, with minimal equipment and limited supervision. However, this research included a variety of cancers; specific research which investigated exercise preferences and behaviour amongst BT survivors showed alternative needs. 

Baima et al., (2017) clearly implemented the research effectively and included an exercise intervention that offered support and guidance when needed but did not require travel or the use of a leisure centre. The intervention was supervised through online communication and adherence was encouraged through regular phone calls and exercise logbooks. This intervention is supported by Jones et al., (2006), who found that patients with brain cancer had increased exercise preference post-treatment period compared to during CT or RT. In particular, patients preferred to exercise at home or at an out-patient setting than compared with a hospital setting. Similarly, the patients had a preference for exercise information to be catered through technological methods. This may highlight age group and socio-economic status of the group.

Barriers
In recent years, advances in treatment and medical care have prolonged BT survival rates, with more individuals identifying as a ‘survivor’ (Huang and Sliwa, 2011, Poggi et al., 2009). However, despite these promising advances and longer survival, BT survivors are often faced with neurological deficits, psychosocial and function sequelae, which reduce the capacity for every-day activity and significantly decrease participation in physical activity (Tang et al., 2008). Ultimately, even the diagnosis of a BT can have distressing psychological effect, socioeconomic and cost implications, increased demand for health care and burden amongst caregivers; often family and friends (Tang et al, 2008, Khan and Amatya, 2013). Reasons for inactivity and reduced motivation may exceed superficial reasons and be deep rooted, multi-faceted, societal barriers.  

A study by Blaney et al., (2011) that included one patient with a BT (of 401 subjects with cancer) found most frequent barriers to exercise were illness and lack of motivation, but weather extremes, lack of facilities, weakness, and fear of falling were also cited (Blaney et al., 2011). As previously mentioned, lack of facilities within an individual’s home and financial circumstances may make it difficult for an individual to access rehabilitation programmes. Blaney et al., (2011) research illustrates the importance of the role of the exercise physiologist/ personal trainer/ physiotherapist; the individual’s needs may require greater trust in the relationship, increase need for guidance and assistance during the exercises. 

A study conducted by Gehring et al., (2017) found that although adherence was achieved amongst many of the 34 participants, full adherence was not achieved. Reasons given include ‘tiredness’, ‘lack of time’, ‘fear of seizure’, ‘lack of self-discipline for home-based exercise’, and ‘lack of motivation due to divorce’ (Gehring et al., 2017). The results from this study show the importance of the individual being able to accurately explain why they feel unable to exercise; whether it be psychological, emotional, physical or social. It is possible that many of these barriers could be reduced if adequate measures were put in place; supervised or virtual exercise training with a professional, support from family/friends/carers to reduce the fear of loss of balance/ seizure and modalities through expert knowledge of how to prescribe exercise without resulting in the individual feeling exhausted afterward. Similarly, these feeling are apparent in children with a diagnosis of a BT. Piscione et al., (2017) state that often, school and community-based exercise programmes tailored for healthy children do not have the expertise in modifying exercise for children with disabilities, which may add to perpetuation of the inactive, sedentary behaviour from a young age (Piscione et al., 2017). It is evident that the support needed by individuals with a BT of all ages can be complex and individualised, however, it is beneficial to be aware of the limitations and barriers that this population experiences before, during and after resection/treatment. 

BTs are considered second to stroke as the cause of death of all neurological disorders. When BTs are in vital areas of the brain, progressing in size or cause life-threatening brain tumour related epilepsy (BTRE), it is paramount to reduce barriers and make physical activity and movement enjoyable (Zucchella et al., 2013). In regard to progressive, high grade BTs, it is of paramount importance to engage in early rehabilitation after surgery in order to reduce the rate of dysfunction and physical deterioration. Likewise, for both low-grade and high-grade BTs, once the patient has completed in-patient exercise at the hospital (if required), it is then important to continue the prescription out into the community, through leisure centres, community support groups or at home. Wong, Mendelsohn, Nyhof-Young and Bernstein, (2010) conducted a qualitative interview study and the results showed that the inclusion of support groups could have helped build morale and teach physical exercises amongst BT survivors. If individuals are safe to return home for recovery following BT surgery or treatment, facilities and interventions need to be in place within communities, support groups or exercise classes to replace the support that the individual would receive during in-patient treatment. Indeed, Levin et al., (2015) that exercise is a supportive form of care which can enable improved QoL, ADL and a personal identity outside of the individual’s diagnosis. Research conducted by Day et al., (2016) found that in-patients with a high grade BT can experience cognitive deficits, weakness, sensory loss, visual-perceptual deficit, dysarthria, aphasia, ataxia, diplopia and bowel/bladder complications, further stating that seventy five percent of in-patients will have at least 3 of the pre-mentioned symptoms, with 39% having more than 5.

Medication 
Nasr, Paravattil and Wilby, (2016) states that some of the most severe and devastating complications of BTs are seizures. According to Maschio, (2012), seizures can occur in 20-45% of BT patients, which often results in significant morbidity and a reduction in QoL. Effective seizure prophylaxis is required amongst individuals who experience BTRE to ensure the best patient outcomes are achieved.  One of the most significant factors that influence the effectiveness of antiepileptic drugs (AEDs) is a craniotomy for total tumour resection or partial (Nasr, Paravattil and Wilby, 2016). Current clinical guidelines show benefits of the use of newer AEDs. AEDs such as Levetiracetam (LEV) is a newer type of drug that has been shown to be more tolerable in regard to adverse effects and side effects than compared with older AEDs (Patsalos, 2000). 

 A case study by Levin et al., (2015) found that physical strength, CV fitness and mental health outcomes can improve irrespective of AEDs; both participants improved and increased physical capacity for physical activity. Interestingly, both participants were prescribed Lamotrigine and Levetiracetam, which can often cause symptoms such as headaches, nausea and fatigue (Labiner et al., 2008). No adverse effects were noted, and full adherence was achieved, which highlights the importance of an effective rehabilitation/ training programme to counteract any negative side effects. The study by Levin et al., (2015) required the participants to perform two, one-hour sessions (RT and CV) per week as well as self-managed aerobic sessions. These results show that following the recommended physical activity guidelines in addition to performing RT and CV training for two hours per week may be beneficial. Although further research is needed, including tumour grade, exercise interventions and ages in order to establish whether this is applicable to a wider group of survivors. 

PA and exercise also have the potential to counteract side-effects of chemotherapy or hormone therapy. Courneya, (2003) states that exercise can help mitigate weight gain, fatigue, muscle loss, nausea or increased susceptibility to infections (Hayes et al., 2012). Segal et al., (2017) stated in their systematic review that exercise is a safe intervention, which can improve QoL, increase muscular and aerobic performance during and after specific treatment (CT). The results of Segal et al., (2017) investigated the influence of exercise interventions in glioma (BT) patients and found that exercise does indeed positively affect sleep and psychological functioning, which can significantly benefit individuals going through treatment for a BT. 

It is evident that exercise and physical activity can greatly improve QoL, physical and mental health and act as a supportive method of care, in addition to reducing morbidity, regaining independence and accelerating neurological outcomes post-operatively. In individuals with terminal diagnosis’, the research shows that exercise can still have positive effects on the physical, emotional and mental health and can facilitate neurological and physical improvements even when prescribed in an in-patient setting. 

Limitations

This study, like many, has potential limitations. The relatively small sample size found within the literature, limited research surrounding the topic and the study design. The research included in Table. 1 of the results shows the limited research published that investigates the effects of physical activity on health outcomes. In addition, this consequently reflects in the research available on the topic. There are definitive gaps in the literature and opposing views on prescriptions of exercise; this study aimed to highlight the ways in which exercise can be prescribed taking into consideration barriers and limitations that arise with participation. Although the research surrounding exercise interventions for BT populations were at times limited, this does not defer from the fact that with survival times increasing, more research will inevitably be published. In addition, although large quantities were not achieved in terms of sample data or studies, the quality of research found and qualitative nature of the barriers to exercise was able to provide reasons for exercise for this population. In addition, previous studies have not been able to generalise results from qualitative studies, however, the outcomes in this study take into consideration both the health outcomes and the barriers and accept that although they are individual reasons, they may still be significant across the BT population.  


Recommendations and Implications 

Exercise used as treatment is developing interest as a movement within clinical and rehabilitation settings. The results from this study show that a variety of exercises, combining both resistance and cardiovascular training are well tolerated amongst those with a BT (low and high grades). It is important to recognise the importance of including exercise as part of the rehabilitation process, to sustain fitness and to improve mental and emotional health.  The results from this study show that many individuals prefer having access to rehabilitation centres, supervised sessions with a qualified trainer or therapist, on-line virtual sessions and/or support group classes. For individuals who have a high-grade BT, the results in this study are still applicable, several individuals had a high-grade BT and engaged fully with the intervention. However, for GP’s, family and trainers/ therapists who will likely be providing support through this time, it is important to monitor and adapt exercises/intensity based on how the individual feels daily, as the results found in this study found that fatigue can be accumulative and varies from day to day. Recommendations published by Segal et al., (2017) state that people living with cancer can safely engage in moderate amounts of exercise, while on active treatment or after completion. Exercise (moderate) is recommended to improve QoL, increase muscular and aerobic fitness during all phases of their treatment. 

A goal of 150 minutes of moderate-intensity aerobic exercise, which can be spread over 3-5 days, including 2 days of resistance training is recommended. Ideally, resistance exercises should involve all major muscle groups 2-3 days per week; 8-10 muscle groups 8-10 repetitions, 2 sets. During each session, a warm-up should be performed as well as a cool-down. Segal et al., (2017) also recommends that a pre-exercise assessment to recognise any effects of disease, treatment and possible co-morbidities is performed to ensure safety of the individual prior to the exercise intervention. Furthermore, the research states that where possible, people living with cancer should consider the benefits of exercise in a group or a supervised setting to enable maximum QoL and cardiovascular fitness can be achieved. 

Overall, the analysis of the research in this study has shown that the way in which a trainer, therapist or family member approaches exercise with the individual living with a BT, it may need to be flexible. Daily questionnaires, the use of technology such as accelerometers, apps to track progress, remote virtual training with trainers and rating the exercises out of perceived effort (BORG scale) can be used to encourage and increase motivation across this population whilst also providing support when needed. For trainers, therapists, family or the individual, creating a base-line exercise profile may be of benefit; containing exercises preferences, intensity ranges to cater for days where fatigue may be present, repetitions and sets, mode the physical activity and warm-up and cool-down sequences. These strategies may help if the individual is engaging in rehabilitation or to target cognitive decline or if treatment/ surgery has affected short/long-term memory or aphasia. 






Conclusion 
This research study has investigated the importance of physical activity in relation to the role it has on BT populations and the effects on health outcomes. Through analysing both qualitative and quantitative research, it can be concluded that physical activity does have a significant role in improving the physical, emotional and mental health of an individual in addition to a reduction in morbidity. The results also demonstrated that the inclusion of exercise is not always straight forward; rather, there are multi-faceted reasons and barriers that can make exercise challenging to some individuals. This study investigated the barriers and the effects of physical activity, with the use of recommendations and guidance to ensure physical activity is enjoyed and encouraged to achieve long-term adherence. This study suggests that overall, individuals living with a BT or receiving treatment can exercise safely and take enjoyment from it; including a mixture of resistance training, cardiovascular, balance training and walking. Future research could be implemented to investigated further the levels of adherence toward certain exercises or exercise settings/ environment, the effects of exercise for different grade brain tumours and compliance. Future research could further highlight the challenges but also the significant rewarding nature of the positive effects of exercise. The greater amount of studies completed surrounding this population, the greater the results can be applied to the relevant population. In conclusion, this research has involved extensive analysis of the literature and the result is that physical activity and exercise interventions definitely have positive outcomes on health and are worth engaging in; the benefits are significant across many determinants of health. This can be applied to the whole BT population and acts as a basis for future research in the area. 
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