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PURPOSE: Prostate cancer (PCa) survivors are at risk of falls due to the accelerated physiological changes following receiving androgen 
deprivation therapy (ADT). Thus, follow-up care of PCa survivors after treatment is vital to prevent high healthcare costs of fall-induced 
injuries and maintain their quality of life (QOL). Yet, we do not know what type of exercise can be beneficial to decrease falls risk fac-
tors in PCa patients. Here we report for the first time the possible advantage of strength and balance training (SBT) program on key 
components of falls predictors such as balance confidence, physical functioning performance and musculoskeletal health that might 
lead the next researcher to test this hypothesis on larger group of subjects.

METHODS: For this purpose, center-based SBT exercise with resistance band conducted twice a week for 8 weeks and we compared 
outcomes of bone health, physical functioning performance, balance confidence, fatigue and quality of life of two cases with PCa with 
one control subject at the baseline and after intervention period.

RESULTS: Following the exercise intervention, improvements were observed in bone mineral density (BMD), functional movement 
screen (FMS), backward walk and timed up and go (TUG) tests as well as outcomes of self-reported functional assessment of chronic 
illness therapy–fatigue (FACT-F) and functional assessment of cancer therapy-prostate (FACT-P); however, we could not declare the 
effects of SBT on lower body strength and power.

CONCLUSIONS: The 8-weeks intervention had positive impact on some falls risk factors (i.e., bone health, functional and balance per-
formance) as well as QOL for participants of SBT program. However due to small number of participants we could not apply further 
quantitative analysis methods to make any conclusion on the efficacy of the intervention.
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INTRODUCTION

PCa and unintentional falls are considered as two serious public health 

problems for aging population [1]. A recent study determined that PCa 

survivors who received ADT had experienced falls more than unex-

posed men [2]. Although the exact mechanisms by which ADT increases 

risk of falls are not fully understood; suppression of androgen might be 

one of the possible explanations that describe this event. Decreased lower 

body muscle mass and strength, cognitive decline, worsen fatigue and 

progressive loss of BMD following initiating ADT could put PCa survi-

vors at higher risk of impaired physical functioning performance and 

subsequently developing falls [3,4]. Subsequently a higher prevalence of 

fracture following ADT in PCa patients has been reported in studies [3, 

5]. Thus, in order to prevent high costs of healthcare following fall-in-
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duced injuries in older men with PCa, follow-up after treatment with 

purpose of enhancing physical function and maintaining body compo-

sition is vital to help survivors live longer.

Exercise is well-known as an economic and key adjuvant treatment in 

clinical oncology that improves QOL of cancer survivors. Many studies 

focused on investigating the benefits of exercise interventions on pre-

venting falls and improving physical performance of older adults [6]. Re-

cent physical activity guideline recommended that strength and balance 

are two necessary component of exercise program for older adults to 

prevent falls and disability [7]. Combination of strength and functional 

balance exercise has been demonstrated as an effective method to im-

prove balance performance, rather than strength training alone [8,9]. 

Yet, no study demonstrated the effect of fall-prevention exercise tailored 

for PCa patients receiving ADT. To our knowledge the present study is 

the first clinical trial that verified the effects of 8-week SBT on falls risk 

factors such as balance confidence, physical functioning performance 

and muscle strength and musculoskeletal health in purpose of reducing 

the future health-care costs associated with falls.

CASE DESCRIPTION 

This case study involved three subjects. All of them volunteered to 

participate in our project and according to their willingness, subject A & 

B participated in the supervised SBT exercise program, while subject C 

was clustered as an exercise placebo control subject. The baseline demo-

graphic characteristics of all cases are presented in Table 1.

Case A was a 74-year-old man, diagnosed with T3b N1 M0 non-small 

prostate cancer cell with a grade 4 gland according to Gleason grading 

system (Gleason score 4 + 4) six years prior to our study. He underwent a 

radical retropubic prostatectomy in 2013 and began ADT with 10.8 mg 

of Goserelin since April 2015; So, he had a history of 50-month ADT before 

starting the intervention. He also diagnosed with diabetes mellitus (DM). 

He was neither smoker nor regular alcohol drinker. He implied he does 

regular exercise by his own, and according to IPAQ his level of physical 

activity in one week before starting the intervention categorized as 

“moderate” or 1,173 MET-minutes per week. He was the only case who 

stated that had a fall experience while he was riding bicycle which result-

ed a surgery followed by limited range of motion on his left shoulder. He 

asserted that doctor recommendation was the only reason of participat-

ing on this study.

Case B a 77-year-old was diagnosed with grade 4 gland which has in-

vaded one or both of the seminal vesicles 8 years ago (T3c N0 M0) eight 

years prior to study. But he did not undergo any surgical operation, and 

started ADT with 3.6 mg of Goserelin since June 2018. Thus, he had his-

tory of 12-month ADT prior to our study. Beside that DM was noted in 

his medical history. Although he was not a smoker but he stated he was 

a regular alcohol drinker. He reported us that he had habit of doing ex-

ercise regularly once a week and according to IPAQ his level of physical 

activity during one week before beginning our study was categorized as 

“moderate” which was 2,448 MET-minutes per week. When we asked 

him about motivation to participate in this study he also mentioned 

doctor was the one who recommended him.

Case C was an 81-year-old man, diagnosed with grade 3 gland in 

2018. Following a transurethral resection of bladder tumor surgery, he 

began ADT with 3.6 mg of Goserelin since March 2018 which had been 

increased to 10.8 mg over a year. He also diagnosed with HTN as a co-

morbidity. He noted he is not a smoker but he drinks alcohol often. He 

stated he still does his carrier and do regular exercise habit more than 

once a week; but his level of physical activity on one week before starting 

the intervention categorized as “low” by IPAQ which was equal to 796 

MET-minutes per week. He asserted he does exercise by his own so that 

was the reason he did not attend our exercise program.

INTERVENTION

All participants received physical activity diary and written educa-

tional materials about PCa and importance of exercise in cancer survi-

vorship; then we conducted an 8-week intervention which SBT group 

Table 1. Baseline clinical characteristics of participants

Variable/Case
SBT CON

A B C

Age (yr) 74 77 81
BMI (kg/m2) 28.5 25.1 24.0
Education (yr) <12 <12 ≥12
IPAQ (MET-min/week) 1173 2448 796
Surgery Yes No No
Comorbidities DM DM HTN
ADT duration (mo) 50 12 15
Gleason score 8 8 7
PSA (ng/m) .85 .16 .07
Testosterone (ng/m) <.1 .22 <.1

SBT, strength and balance training; CON, control; yr, year; BMI, body mass 
index; DM, diabetes mellitus; HTN, hypertension; mo, month; min, minute; 
BMD, bone mineral density; IPAQ, international physical activity question-
naires; MET, metabolic equivalent of task; PSA, prostate-specific antigen. 
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Fig. 1. Strength & balance exercise program for prostate cancer patients receiving androgen deprivation therapy.

participated in 16-session supervised exercise training with using resis-

tance band (Thera-Band®) while CON subject advised to follow the pro-

vided stretching training program at home. The SBT program (Fig. 1) 

consisted of 2 sets with 8-10 repetitions of balance and stability exercise 

with supports of barre (e.g., line walking, standing on one leg, leg raise, 

hip airplane, knee cross, single leg squat, heel raise, single leg balance 

and clock exercise), followed by 2 sets of strength training which mostly 

focused on major muscles of lower body (e.g., squat, lateral walk, good 

morning, leg press, bent knee plantar flexion, calf raise, kickback, calf 

press, seated row, straight leg raise, one leg circle, bridge). The average 

rating of perceived exertion was 13 (somewhat hard) which equivalents 

to moderate intensity [10]. We began exercise program with the green 

colored resistance band and modified intensity of the training by pro-

gression of every movements as well as upgrading the level of band to 

blue color.

All subjects were assessed for clinical and anthropometric assessments 

within one week before and after the intervention. We recorded data to-

tal body composition and BMD and T-score by whole body scan using 

dual energy x-ray absorptiometry (DXA, Hologic Discovery W, Waltham, 

MA, USA) machine. For evaluating physical functioning performance 

following testes were done; (a) the short physical performance battery 

(SPPB) test which is an objective assessment tool for lower extremity 

function combining balance, gait speed and chair stand; (b) the FMS™ 
test includes a total of seven fundamental movements that requires a bal-

ance of mobility and stability; (c) time to perform 6-m backward walk 

test which is designed to assess dynamic balance, and (d) TUG test 

which is aimed to evaluate functional balance. We used Cybex Norm® 
isokinetic dynamometer (Cybex International Inc., New York, NY, USA) 

machine to assess lower extremity strength through subject’s preferred 

knee extension and flexion at angular velocity of 60°/second. We also re-

corded data of self-reported falls efficacy scale-international (FES-I) for 

evaluating balance confidence, FACIT-F to assess fatigue, and FACT-P to 

evaluate patient’s health related QOL. To examine safety of exercise we 

received blood variables before and after period of intervention. Results 

of each subject were expressed as difference between data of pre-test and 

post-test. 

Ethical approval was granted from Institutional Review Board (IRB) 

of Seoul National University Boramae Medical Center (SNUIRB No. 26-

2014-126) and written informed consent obtained from study partici-

pants.

RESULTS

Despite case C, BMD and its level which remarked as T-score im-

proved in case A and B after the 8-week SBT program. However, muscle 

mass decreased in both Case A & B; while it increased in case C. Also, 

slight increase of body fat had recorded in case B & case C (Table 2). 

Results of all physical functioning tests are presented in Fig. 2. All cas-

es showed improvement in SPPB. The score of FMS, TUG, and Back-

wards walk test improved in case A & B. However, no change was ob-

served in FMS score of case C and his balance performance decreased 

over the period of intervention.
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To assess the changes in lower muscle strength, we compared the nor-

malized value of relative isokinetic muscle strength and power of each 

cases before and after the intervention (Fig. 3). The control case C had 

dramatically decline in muscle strength and power of knee and only case 

B showed improvement in favor of SBT program.

According to the results of self-reported psychological questioners, 

overall score of FES-I questionnaire showed a modest improvement only 

in case A after 8-week intervention. Subjects of SBT group reported im-

provement in the FACIT-F questionnaire, while control subject ex-

Fig. 2. The effects of 8-week strength and balance training on physical functioning performance of prostate cancer with Androgen deprivation therapy; (A) 
changes of functional limitation & asymmetries (B) changes of lower extremity function; (C) changes of functional balance; (D) changes of dynamic bal-
ance. Strength and balance training group (n=2): A & B; Control subject (n=1): C.
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Table 2. Change of bone mineral density

Variable Test
SBT CON

A B C

Leg BMD (g/cm2) Pre 1.1775 1.214 1.2245
Post 1.1905 1.236 1.202
Dif .013 .022 -.225

Total BMD (g/cm2) Pre 1.079 1.241 1.075
Post 1.081 1.251 1.07
Dif 0.002 0.01 -.005

T-score Pre -1.2 0.4 -1.3
Post -.3 0.5 -1.3
Dif .9 0.1 0

Muscle Mass (g) Pre 50706.5 43147 37321.3
Post 50142.1 42891.2 37535.2
Dif -564.4 -255.8 213.9

Fat (%) Pre 38.35 28.95 33.4
Post 38.3 29.3 33.6
Dif -.05 .35 .2

SBT, strength and balance training; CON, control; BMD, bone mineral den-
sity; Dif, difference between pre-test & post-test.

Table 3. Changes of self-reported psychological variables

Variable Test
SBT CON

A B C

FACT-P Pre 20.6 21 25.2
Post 22 26.2 27
Dif 1.4 5.2 1.8

FACIT-F Pre 27 16 48
Post 44 19 45
Dif 17 3 -3

FES-I Pre 22 19 16
Post 20 19 16
Dif -2 0 0

SBT, strength and balance training; CON, control; FACT-P, functional assess-
ment of cancer therapy-prostate; FACIT-F, functional assessment of chronic 
illness therapy-fatigue; FES-I, falls efficacy scale-international; Dif, differ-
ence between pre-test & post-test.
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Fig. 3. The effects of 8-week strength and balance training on lower muscle strength and power of Prostate cancer men with androgen deprivation thera-
py; (A&B) changes of lower muscle power; (C&D) changes of lower muscle strength; Strength and balance training group (n=2): A&B; Control subject 
(n=1): C.
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pressed more fatigue symptoms after the 8-week intervention. And all 

participants of this study had improvement in their health related QOL 

(Table 3).

DISCUSSION

Recently increased risk of falls in PCa patients fallowing ADT has 

been taken into consideration [2], yet there is no tailored fall-prevention 

exercise reported for this population. The evidence implies that ADT 

decreased BMD and it is detrimental to bone health [4]. But little is 

known about proper exercise program which preserve bone health of 

ADT patients, however increased BMD following a 12-week exercise in-

tervention with resistance band have been observed in sarcopenic elderly 

women [11]  which also supports our exercise protocol to have the po-

tential to turn over negative effects of ADT on bone mineral density in 

PCa patients (Table 2). 

Except examining bone health, clinical assessment of fall risk factors 

such as functional performance and gait are often quantified in older 

population [12]. In this study we observed a slight improvement in func-

tional limitation through FMS test of exercise participants (Fig. 2A), 

while the score of SPPB which is wildly used for evaluating lower ex-

tremity function in older adults did not differ (Fig. 2B). We assume that 

might be due to physically active lifestyle of our subjects which were 

greater than physical activity recommendation for older adults, therefore 

their respond to SPPB test before starting the intervention was quite 

higher that older age population [10]. 

Regarding to dynamic balance domain of functioning performance 

we asked subjects to perform TUG and 6-m backwards walk which are 

commonly-used tasks in older adults and cancer population. In addition  

we used data of  patients’ self-reported FES-I questionnaire to assess fear 

of fall and balance confidence [13]. Similar to results of our study which 

indicate improvement of balance (Fig. 2C, D), De Bruin, E. D. and K. 

Murer study also demonstrated the effectiveness of 12 weeks of SBT to 

improve dynamic posture balance on older adults  [14]. Notably, fear of 
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falling has been shown to be associated with negative consequences such 

as avoidance of activities of daily living, falling, depression, and lower 

QOL [15] which also improved in SBT group (Table 3). 

In this study we could not find similar tendency in subjects of SBT 

group in variables of muscle mass, strength and power after the 8-week 

exercise program which was relatively a short period of intervention (Fig. 

3). It seems at least 12 weeks of strength training or combination of aero-

bic and strength training is required to impact muscle strength in pros-

tate cancer patients receiving hormone therapy [16]. Although the possi-

ble relation of muscle strength and balance performance in elderly have 

been documented, yet much controversy. Several studies indicated no 

interaction of strength and balance by reporting less or no difference in 

strength between fallers and non-fallers [17] and then explained the en-

hancement of functional and balance performance regardless of muscle 

strength by possible improvement in sensory system (e.g., neuromuscu-

lar, visual, somatosensory and vestibular) which gradually decreases with 

aging and therefore could affect statistic and dynamic performance [18]. 

Thus, we assume that the reason why participants in our study showed 

improvement in performance resulted from the characteristics of the ex-

ercise intervention which contained postural control and stability exer-

cise with less support and challenging the alignment of the body’s center 

of gravity with regard to base of support.

The results of our study on two participants showed the 8-weeks SBT 

intervention had positive effect on some of falls risk factors such as bone 

health, functional and balance performance, as well as QOL using resis-

tance band which is a comfortable and convenient equipment of train-

ing for elderly. We also presented data of one control case but we did not 

limit other physical activities of all participants which may had contribu-

tion in our outcome. Due to small number of participants we could not 

apply further quantitative analysis methods to make any conclusion on 

the efficacy of the intervention. We could not declare the effects of SBT 

on lower body strength and power. Perhaps the period of our interven-

tion was not long enough to impact muscle components. Further studies 

with large sample size and longer period of intervention should apply 

this type of multicomponent training to discuss the effect on muscle 

health and fall risk factors. A follow-up study after the period of exercise 

also is necessary to conclude the effects of intervention on reducing rate 

of falls which is another limitation of our study that we could not apply. 

Optimal time and duration of exercise training to prevent falls in PCa is 

also another issue that still is not confirmed. In fact, several studies re-

ported that exercise can improve individual frailty components, but we 

do not yet know what type of exercise can be more beneficial to reduce 

overall falls status in PCa on ADT.
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