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Abstract 17 

BACKGROUND: 18 

Cancer is a major burden of disease worldwide which continues to rise. Prevalence 19 

of falls increases with age, whilst those with a diagnosis of cancer have also been 20 

found to be predisposed to a greater risk of falls, partially due to impaired balance. 21 

Exercise programs in older adults have been shown to improve balance and reduce 22 

fall risk. 23 

 24 

OBJECTIVE: 25 

The aim of this study was to explore the effectiveness of a ten-week circuit training 26 

program on balance and fear of falling (FoF) among adults diagnosed with cancer. 27 

 28 

METHODS: 29 

Participants (n=12) completed a 14-item balance (Mini-Balance Evaluation Systems 30 

Test (BESTest)) and FoF (Falls Efficacy Scale - International (FES-I)) assessment 31 

prior to taking part in a ten-week circuit training program. Upon completion of the 32 

program, participants completed a post-assessment, consisting of the Mini-BESTest 33 

and FES-I. 34 

 35 

RESULTS: 36 

Balance significantly improved, as measured by the Mini-BESTest (p= 0.003; mean 37 

difference: 15.2%; BCa 95% CI: 10.1% to 20.8%), with significant improvements in 38 
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three of the four subcomponents (Reactive Postural Control: p< 0.001; Dynamic 39 

Gait: p< 0.001; Anticipatory Postural Adjustments: p= 0.046) following the ten-week 40 

circuit training program. FoF significantly decreased following the program (p= 0.026; 41 

mean difference: -4.8; BCa 95% CI: -8.1 to -1.9). 42 

 43 

CONCLUSION: 44 

A ten-week circuit training program significantly improved balance and reduced FoF 45 

among older adults diagnosed with cancer. Such exercise interventions could be 46 

considered as part of routine care following a diagnosis of cancer, as they may help 47 

reduce healthcare costs and improve quality of life among people with cancer. 48 

  49 
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Introduction 50 

With an estimated 10 million deaths and 20 million new cases worldwide in 2022, 51 

cancer remains a major burden of disease which continues to rise [1]. In the UK 52 

alone, there were over 375,000 new cancer cases reported between 2016 and 2018 53 

[2]. Thirty-six percent of diagnosed cancers in the UK are among individuals aged 75 54 

or older, with the greatest incidence among individuals aged 85-89 years old [3]. 55 

A fall is defined as “an event that results in a person coming to rest inadvertently on 56 

the ground or floor or other lower level” [4]. It is well established that the incidence of 57 

falls increases with age [5], with around one third of adults aged 65 and older 58 

expected to experience at least one fall in any 12-month period, rising to half of 59 

those aged 80 and over [6]. Experiencing a fall can result in many detrimental 60 

physical (e.g. fractures, dislocations) and psychological (e.g. fear of future falls, loss 61 

of confidence, and loss of independence) health outcomes. Risk factors for falls are 62 

multifactorial, particularly among older adults. Loss of coordination, muscle 63 

weakness, slower response times and reduced proprioceptive feedback are all 64 

associated with increased age, as well as influencing an individuals’ postural control; 65 

thus, increasing the likelihood of experiencing a fall [7-10].  66 

Research indicates that incidence of falls is greater among people with cancer in 67 

comparison to those without [11-14], potentially due to the symptoms of the cancer, 68 

as well as the side effects of surgery and treatments (e.g. impaired balance, cancer-69 

related fatigue, and muscle weakness) [15]. One study reported that almost half 70 

(48.3%) of cancer survivors experienced a balance impairment, mainly due to 71 

vestibular dysfunction [16]. Research also indicates that an individual is at a greater 72 

risk of falling if they undergo surgery or adjuvant treatment for their cancer [17-19]. 73 
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Other research contradicts these findings, reporting no difference in incidence of falls 74 

between those with and without a diagnosis of cancer [20-22], potentially due to the 75 

great variation in cancer type, stage, and associated symptoms, although an 76 

association cannot be ruled out.  77 

Upon receiving a diagnosis of cancer, there is no clear guidance on the 78 

recommendation of exercise from oncologists or healthcare professionals in the UK. 79 

This is despite numerous studies showing the positive effect of exercise in older 80 

adults, on multiple health outcomes, including improved balance, thus helping to 81 

reduce the risk of falls [23, 24]. There is, however, limited research on exercise 82 

programs among individuals with cancer, despite exercise appearing feasible, safe, 83 

and effective in improving physical function [25]. Circuit training is a quick, easy way 84 

to implement exercise into an individual’s weekly routine, whilst also easily adaptable 85 

to suit a range of abilities. Limited research explores the benefits of circuit training in 86 

people with cancer and the impact this has on their balance and fear of falling (FoF), 87 

with that currently available appearing effective at increasing muscle mass and 88 

physical function [26, 27]. 89 

The aim of this study, therefore, is to explore the effectiveness of a ten-week circuit 90 

training program on balance and FoF among individuals with cancer. It is 91 

hypothesised that the circuit-training program will improve measures of balance and 92 

reduce FoF in individuals who have received a diagnosis of cancer.  93 

 94 

  95 
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Methods 96 

Ethical Approval and Study Design 97 

The study was approved by Bishop Grosseteste University’s research ethics 98 

committee (REC 29-23). A quasi-experimental study design was used with a ten-99 

week follow-up period, where balance and FoF were assessed at baseline (before 100 

circuit training program) and following the circuit training program (minimum of ten 101 

weeks). 102 

 103 

Participants  104 

Participants were recruited through self-referrals to an existing circuit training 105 

intervention designed for individuals who have had a cancer diagnosis. Within the 106 

online referral form, there was an option to opt into the current research study, 107 

whereby the researcher then contacted these individuals regarding their interest in 108 

the proposed study. Eligible participants were sent an information sheet via email 109 

detailing the study and were given the opportunity to ask questions prior to arranging 110 

a study visit to a university laboratory to complete the assessments. All participants 111 

provided written informed consent. 112 

Inclusion criteria for the study included: 1) individuals who had a previous diagnosis 113 

of cancer; 2) aged 50 or over; 3) had the ability to read and understand English; 4) 114 

did not have any condition which affected their cognition, thus had the ability to 115 

understand the information sheet and what the study entailed.  116 

Those who were under the age of 50, could not read or understand English, or were 117 

deemed not to have the cognitive capacity to participate were excluded from the 118 
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study. Any participants who were deemed a high fall risk during the balance 119 

assessments by the researcher were also excluded from the study.  120 

 121 

Data Collection 122 

Anthropometric and demographic information was obtained, along with details of the 123 

participants’ cancer diagnosis. Participants were also asked whether they had 124 

experienced any falls in the past 12 month, and of their current exercise behaviour, 125 

with the options “Never exercised”, “Currently exercises” and “Exercised previously 126 

but not currently”. 127 

Participants were then asked to complete the Falls Efficacy Scale – International 128 

(FES-I), in the presence of the researcher, to explore their FoF in differing daily 129 

scenarios. The FES-I has been used in other cancer populations previously [28] and 130 

is shown to be a reliable test of FoF [29].  131 

Participants completed the Mini Balance Evaluation Systems Test (BESTest) unshod 132 

in a quiet university laboratory. Participants were advised to rest as required 133 

throughout the assessment. The Mini BESTest has been shown to be a valid 134 

measurement tool to assess balance in a cancer population [30]. It is easily 135 

administered and not too time-consuming, thus reducing burden on participants. This 136 

assessment consists of 14 tests which measure different areas of an individual’s 137 

balance, including anticipatory postural adjustments, reactive postural control, 138 

sensory orientation, and dynamic gait.  139 

Following this initial assessment, participants took part in a ten-week circuit training 140 

program, once per week, run by a local non-profit charity organisation. The individual 141 

delivering the circuit training sessions was a personal trainer qualified in exercise 142 
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prescription, strength and conditioning, and cancer rehabilitation. A variety of 143 

strengthening (e.g. wall press up and sit to stand), cardio (e.g. marching on the spot 144 

and step ups), and balancing (e.g. unipedal stance) exercises were included in the 145 

program, with a range of difficulties available for differing abilities in the group. The 146 

first week began with ten exercises (stations), with participants completing 30 147 

seconds per exercise and a ten second rest whilst they switched stations. Upon 148 

completion of a circuit, participants were given a two to three-minute rest, before 149 

completing the circuit twice more. Each week, exercise duration increased by five 150 

seconds, whilst time between stations was increased by five seconds every three 151 

weeks. Exercises were changed on a weekly basis to ensure participants remained 152 

motivated and engaged, and a range of physical attributes were targeted.  153 

Upon completion of the ten-week program, another study visit to the university 154 

laboratory was arranged. Participants completed another FES-I and underwent 155 

another Mini BESTest assessment to determine whether there had been any 156 

changes in balance and FoF.  157 

 158 

Data Analysis 159 

Data were analysed using Statistical Package for Social Sciences version 29 (SPSS 160 

Inc., Chicago, IL). Normality of data was assessed using the Shapiro-Wilk test. To 161 

evaluate differences between the measures of the BESTest and FES-I between pre- 162 

and post-circuit training, a paired samples t-test was used for normally distributed 163 

data. For non-normally distributed data, bootstrapping was performed with 1000 164 

samples [31]. The mean difference is presented alongside its 95% confidence 165 
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intervals (CIs). For non-normally distributed data, bias corrected accelerated (BCa) 166 

CIs were used [32, 33].  167 

 168 

  169 
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Results 170 

A total of 25 individuals stated they were interested in the research study upon 171 

completing their self-referral to the exercise program. Of those 25, 16 completed the 172 

baseline assessments. Four participants did not return to complete the post-training 173 

assessments due to undergoing further treatment for their cancer and experiencing 174 

an exacerbation of their symptoms, resulting in a total of 12 participants included in 175 

this study.  176 

Participants had a mean (standard deviation (SD)) age of 64.6 (7.0) years and were 177 

evenly split regarding sex (50% male). Of the 12 participants who completed the 178 

study, six had a diagnosis of breast cancer (50%), four had a diagnosis of prostate 179 

cancer (33%), one with spinal cancer (8%) and one with pancreatic cancer (8%). 180 

Tumour stages were predominantly stage 4 upon diagnosis, as self-reported by 181 

participants (n=5, 42%).  182 

Following the circuit training program, the overall BESTest improved significantly (p= 183 

0.003) compared with the baseline results (Figure 1), rising from 65.2% (22.6%) to 184 

80.4% (17.5%) (mean difference: 15.2%; BCa 95% CI:10.1% to 20.8%). The total 185 

Mini BESTest score rose by 4.25 points, from 18.25 to 22.5, exceeding the minimal 186 

clinically important difference (MCID) of 3.8 points as reported among patients with 187 

early subacute stroke [34]. Regarding the Mini BESTest subcomponents (Figure 2), 188 

the Reactive Postural Control subcomponent saw the greatest improvement (p< 189 

0.001) between pre- and post-circuit training (mean difference: 20.8%; 95% CI: 190 

10.6% to 31.1%). Dynamic Gait (mean difference: 18.3%; BCa 95% CI: 13.5% to 191 

23.3%; p< 0.001) and Anticipatory Postural Adjustments (mean difference: 9.7%; 192 

95% CI: 0.2% to 19.3%; p= 0.046) also significantly improved following the ten-week 193 
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circuit training program. The Sensory Orientation subcomponent was the only non-194 

significant improvement (p= 0.192), with a mean difference of 9.7% (BCa 95% CI: -195 

2.8% to 25.0%). 196 

As assessed by the FES-I, FoF significantly decreased (p= 0.026) following the ten-197 

week circuit training program, with a mean difference of -4.8 (BCa 95% CI: -8.1 to -198 

1.9) (Figure 3). Despite the significant improvement, the changes did not meet the 199 

MCID as previously reported of between 5.5 and 10 [35].   200 
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Discussion 201 

The aim of the study was to investigate the effectiveness of a ten-week circuit 202 

training program on balance and FoF among individuals with cancer. The 203 

hypothesis, that both balance and FoF would be improved following partaking in the 204 

circuit-training program, was supported. Significant improvements were found in 205 

overall balance (p= 0.003) and three of the four subcomponents of the Mini BESTest. 206 

FoF, assessed using the FES-I, also significantly decreased (p= 0.026).  207 

Research shows that individuals with cancer, whether they have undergone surgery 208 

or adjuvant therapies, are more at risk of having impaired balance, thus being 209 

predisposed to a greater risk of falling [16-19]. Individuals who have received 210 

chemotherapy to treat their cancer may also experience chemotherapy induced 211 

peripheral neuropathy (CIPN) which further exacerbates FoF and incidence of falls 212 

[36].  213 

Exercise, meanwhile, has been shown to be beneficial in an older adult population in 214 

eliciting a multitude of health benefits, including improving an individuals’ balance, 215 

thus reducing likelihood of falls [23, 24]. Although research into circuit training in 216 

people with cancer is limited, that which is available shows it is effective in improving 217 

physical function and muscle mass [26, 27]. The findings of the current study support 218 

previous research, with a significantly improved balance after the ten-week circuit 219 

training program. Further to this, all subcomponents of the Mini BESTest improved, 220 

three of which significantly (Anticipatory Postural Adjustments, Reactive Postural 221 

Control, and Dynamic Gait). Gusi, et al [37] found that when an individual has a 222 

greater balance and postural stability, they have a lower FoF. Participants in the 223 
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current study reported a significantly lower FoF following the circuit training program 224 

compared to baseline measures.  225 

This increased confidence, along with improved postural control, will help to reduce 226 

incidence and prevalence of falls in people with cancer. Currently, however, exercise 227 

interventions or programs are not routinely offered upon receiving a diagnosis of 228 

cancer within the UK. This is something that should be considered as part of routine 229 

care for people with cancer, to ensure that they can reduce their risk of falling, 230 

improve or maintain physical functioning, and continue with their usual daily 231 

activities. In doing so, time and cost to healthcare organisations can be reduced, 232 

whilst quality of life can be improved for those diagnosed with cancer. 233 

  234 

Limitations and future research 235 

Despite the positive findings of the study, several limitations existed. The small 236 

sample size may make it hard to generalise the findings to the wider population of 237 

people with cancer; however, the confidence intervals suggest it is likely that these 238 

results would be seen regardless. Those within this study were also recruited 239 

through a self-referral scheme, indicating that they were already keen on partaking in 240 

exercise, which may have impacted the findings. This study also included 241 

participants with a variety of cancer types at differing stages, as well as those who 242 

had and had not undergone surgery and further treatments. Future research should 243 

aim to investigate whether an exercise program of this nature would be suitable and 244 

effective for all individuals with cancer. It would also be relevant to explore whether a 245 

circuit training program could be implemented over a longer period, as well as how to 246 

ensure adherence to the program, particularly during further treatments.  247 
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 248 

Conclusion 249 

A ten-week circuit training program was effective in improving balance and reducing 250 

FoF among adults with cancer. While the results suggest the potential benefits, 251 

further research is needed to confirm the generalisability of the findings. Healthcare 252 

providers should consider implementing or referring patients to exercise programs 253 

upon a diagnosis of cancer as part of their routine care, as this could improve 254 

physical functioning, reduce FoF, and potentially lower fall risk. Future research 255 

should also explore the most effective method of exercise to maximise benefits and 256 

assess applicability to all cancer types and individual circumstances.  257 
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 275 

Figure 1. Total Mini-BESTest percentage between pre- and post-circuit training 276 

Note: ** = p< 0.01 277 
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 279 

Figure 2. Subcomponent total percentages between pre- and post-circuit training 280 

Note: * = p< 0.05; ** = p< 0.01 281 
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 283 

Figure 3. Total FES-I scores between pre- and post-circuit training 284 

Note: * = p<0.05 285 
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Table 1. Participant demographics (n=12) 288 

Age (years) 

 

64.6 (7.0) 

Sex (n) 

   Male 

   Female 

 

 

6 

6 

BMI (kg/m2) 

 

27.7 (5.0) 

Falls in past 12 month 

 

0.5 (0.5) 

Exercise Behaviour (n) 

   Never exercised 

   Currently exercises 

   Exercised previously 

but not currently 

 

 

0 

11 

1 

Cancer Location (n) 

   Breast  

   Prostate 

   Spinal 

   Pancreas 

 

 

6 

4 

1 

1 

Tumour stage (n) 

   I 

   II 

   III 

   IV 

 

1 

3 

3 

5 

Data are mean (standard deviation) 289 

 290 

 291 


