
INTRODUCTION

Frailty is a complicated condition that affects an 
individual who experiences one or more geriatric syn-
dromes that influence the dysfunction of several organ 

systems [1,2]. Frailty is defined as the aging of physi-
cal, psychological, and social human function domains 
that is caused by many variables that influence these 
domains and increase the risk of negative outcomes 
[3]. Others define it as a biological syndrome in which 
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resistance to stressors is reduced due to the accumu-
lated degradation of several physiological systems [4,5]. 
Although there are several definitions of frailty, it is 
commonly referred to as an increased vulnerability to 
negative outcomes because of declined function in the 
physiological system [2].

Research findings have suggested that frailty is re-
lated to negative outcomes such as falls, low quality of 
life (QOL), hospitalization, physical dysfunctions, and 
death in elderly patients [3,4]. Frailty is strongly associ-
ated with sarcopenia which is related to the progres-
sive decrease in muscle mass and is caused by aging 
[1]. Sarcopenia increases the risk of falls and can cause 
life-threatening injuries. In particular, fractures, trau-
matic brain injuries, and organ damage caused by falls 
are associated with hospitalizations, disability, and 
death [1,6,7]. Additionally, frailty leads to a decline in 
physical functions associated with decreased walking 
speed, low physical activity, and grip strength which in 
turn increases dependence on activities of daily living 
[8,9].

Prostate cancer (PC) is a prevalent cancer type 
among men over the age of 65 and the prevalence is 
expected to increase [10]. In the United States (US), 
248,530 men were diagnosed with PC in 2021, account-
ing for 26% of all cancer types and the highest inci-
dence among men [11]. Additionally, the 5-year survival 
rate for patients with local or regional PC is nearly 
100%, and for those with metastatic PC, it is 31% in the 
US [12]. As of 2019, 108,870 men in South Korea were 
diagnosed with PC, accounting for 11.5% of all cancer 
types, with the third highest prevalence. The incidence 
of PC has also increased steadily over the past 20 
years, and the annual percentage change significantly 
increased to 6.7% from 2015 to 2019. The 5-year relative 
survival rate from 2015 to 2019 was 94.4%, showing 
the highest survival rate after thyroid cancer [13]. This 
trend is expected to continue owing to the westerniza-
tion of lifestyles and population aging. Moreover, with 
the increase in life expectancy of patients with PC and 
as the condition is becoming more like a chronic dis-
ease, healthcare providers need to help patients main-
tain a healthy life after PC diagnosis [14].

Recently, androgen deprivation therapy (ADT) that 
lowers testosterone secretion to below-normal levels 
has been used not only for the treatment of metastatic 
PC but also as a conservative treatment for radiation 
therapy in local or locally advanced cancer [15]. Low 

testosterone levels due to ADT decrease energy levels, 
leading to frailty-related falls, osteoporosis, and meta-
bolic syndromes [16-18]. In detail, a recent systematic 
review found that ADT significantly decreased bone 
mineral density in patients with PC receiving ADT [19]. 
Loss of muscle mass caused by decreased bone mineral 
density is related to low muscle strength and physical 
function [16,20-23]. Additionally, there is a correlation 
between ADT and a decrease in lean body mass, which 
is associated with low physical activity [24-26]. Exhaus-
tion/fatigue is also a well-known adverse effect of ADT 
[24,27].

Despite the evidence that ADT and frailty are re-
lated, most studies on frailty in patients with PC in the 
previous literature explored frailty regardless of treat-
ment methods [10,28,29]. Considering the vulnerability 
to frailty of patients with PC receiving ADT as well as 
the significant increase in patients with PC, there is a 
need to analyze and summarize studies on frailty ex-
perienced by patients with PC receiving ADT. Specifi-
cally, it is necessary to provide an overall understand-
ing of the evidence by identifying the characteristics 
of the studies, the factors related to frailty experienced 
by patients with PC, and the interventions performed. 
Therefore, this study aimed to explore the existing lit-
erature and summarize the related characteristics of 
frailty experienced by patients with PC receiving ADT.

The specific research questions of this study are as 
follows:

1)  What are the general characteristics of studies on 
frailty experienced by patients with PC receiving 
ADT?

2)  What conceptual and operational definitions are 
used in studies on frailty experienced by patients 
with PC receiving ADT?

3)  What are the contents and results of interventions 
for frailty experienced by patients with PC receiv-
ing ADT?

4)  What are the other health-related variables as-
sociated with frailty in patients with PC receiving 
ADT?

MATERIALS AND METHODS

1. Study design
Scoping review was adopted in this study. This scop-

ing review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
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Analysis extension for Scoping Reviews (PRISMA-ScR) 
guidelines, which includes research questions, eligibil-
ity, search strategy, selection, data extraction, data 
analysis, and presentation of results [30].

2. Eligibility
Inclusion criteria were established according to the 

participant, concept, and context (PCC) recommended 
by the Joanna Briggs Institute manual for scoping re-
views [31]. The study participants were patients with 
PC receiving ADT, the concept was frailty, and the 
context was hospitals or communities. Only original 
peer-reviewed studies were included to establish the 
reliability of the evidence. The exclusion criteria were: 
1) a study on the effect of medical treatments, 2) dupli-
cates, and 3) studies that were not written in English.

3. Search strategy
Four databases, PubMed, Cochrane Library, EM-

BASE, and CINAHL were used to find relevant stud-
ies published in English by November 16, 2022. To 
select key search terms, MeSH terms were used based 
on PCC, and the final search terms were determined 
through discussion with the research team and the 

professional librarian. The search strategy is described 
in Supplement Table 1. Manual searches were also 
conducted by reviewing the references of the selected 
studies and related journals and a Google Scholar 
search. The following key terms were used: “prostate 
cancer”, “ADT” “androgen deprivation therapy”, “an-
drogen suppression therapy”, “hormone therapy”, “hor-
monal therapy”, and “frailty.”

4. Selection
The study selection process is shown in (Fig. 1). A 

total of 253 studies were searched through a database 
search, of which 188 titles and abstracts were reviewed, 
excluding 65 duplicates. After screening based on titles 
and abstracts, two researchers reviewed the full texts 
of 21 studies, of which 3 were not original articles, 4 did 
not include the concept of frailty, and 3 were not about 
patients with PC receiving ADT. Additionally, 26 stud-
ies were identified from citation searching and Google 
Scholar searches, of which 10 studies were excluded by 
title and abstract screening. Two researchers reviewed 
the full texts of 16 studies, of which 2 were excluded 
because they were not original articles, 9 were exclud-
ed because they did not include frailty, and 4 because 

Fig. 1. PRISMA flowchart for literature selection. PC: prostate cancer, ADT: androgen deprivation therapy.
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they were not about PC with ADT. Finally, 12 studies 
were included.

5. Data charting and analysis
The research team developed a form for data extrac-

tion to analyze the identified studies. The data extrac-
tion form consisted of the title, author, journal title, 
year of publication, country, study design, eligibility 
criteria for sampling, sample size, study period, frailty-
related variables, conceptual and operational defini-
tions of frailty, contents of intervention, and findings 
of the study. Data extraction and analysis were con-
ducted by the two independent researchers according 
to the data extraction form. In case of discrepancy 
between the two researchers, a consensus was reached 
via discussion with a third researcher.

RESULTS

1. General characteristics of the studies
The general characteristics of  the 12 studies are 

shown in Table 1. The main aims related to frailty 
in the included studies were diverse. There were two 
experimental studies, one of which examined the ef-
fectiveness of dose-dependent vitamin D supplementa-
tion on frailty in patients with PC receiving ADT [32], 
while the other study explored the effectiveness of a 
multidisciplinary intervention in patients with PC re-
ceiving ADT [33]. Among the non-experimental studies, 
one was a pilot study to evaluate the validity of the 
‘Vulnerable Elders Survey (VES)-13’, which is a frailty 
measurement instrument in older patients with PC 
who had received ADT [34]. Four studies investigated 
the effects of ADT on frailty in patients with PC [7,35-
37]. Two studies explored the relationship between 
inflammatory markers and frailty of patients with PC 
who received ADT [38,39]. There was a study conducted 
to investigate the frailty and insulin resistance in two 
groups of patients with PC, those who received and 
those who did not receive ADT [20]. Another study ex-
plored the changes in sarcopenia before and after ADT 
in patients with PC who received ADT [27]. Additional-
ly, there was a study on the correlation between frailty 
and QOL in patients who were treated for PC [40].

The inclusion criteria for each study are presented 
in Table 1. Five studies limited by age, as the inclusion 
criteria for participants ranged from 60 to 75 years and 
older [27,32-35]. Four studies restricted the participants Ta
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to patients with localized PC [20,33,36,37] and one study 
included patients who did not have bone metastasis [32]. 
Five studies included participants regardless of the 
clinical stage [7,34,35,38,39].

In each of the 12 included studies, exclusion criteria 
were presented according to the purpose of the study. 
Cognitive function [34,38,39], diagnosis of dementia [35], 
ability of decision-making [33,34], and educational level 
[34] were used for exclusion criteria. Two studies exam-
ined baseline testosterone levels and excluded patients 
with androgen deficiency to evaluate eugonadism 
before ADT and as a reference to the post-castration 
levels [20,36]. Five studies excluded participants based 
on expert judgments regarding severe disease, expected 
survival time, and life-threatening medical conditions 
[20,33,36,38,39]. Exercise tolerance was also used to ex-
clude participants in one study [36].

2.  Conceptual and operational definitions of 
frailty

The conceptual and operational definitions of frailty 
used in the 12 included studies are presented in Table 
2. Among these, 2 studies described the conceptual 
definition of frailty for patients with PC receiving 
ADT [33,34]. One study applied the definition of the 
vulnerable elderly proposed by Saliba et al [41] which 
defined a frail person as “a person over 65 years of 
age who is at an increased risk of functional diminish 
or death within 2 years.” Another study used cancer-
specific definitions of frailty suggested by Hurria et al 
[42], in which frailty was measured using age and/or 
functional and physiological frailty criteria based on 
the perspective of geriatric oncology [33]. Hurria et al 
[42] defined frail people as “older individuals who are 
at higher risk for cancer treatment toxicity because of 
age-associated conditions, such as functional losses, cog-
nitive impairment, or physiologic changes”.

Regarding the operational definition of frailty, seven 
studies used the frailty phenotype proposed by Fried 
et al [4], which defines frailty as weakness, slowness, 
exhaustion, low physical activity, and unintentional 
weight loss [4,20,27,35-39]. Two studies used geriatric 
frailty as defined by the G8 score [37,40]. The G8 score 
consists of age, body mass index (BMI), weight loss, food 
intake, medication, neuropsychological condition, sub-
jective health status, and motor skills. The score ranges 
from 0 to 17, with a score of 14 or less indicating frailty 
[43]. One study defined a frail person if scored positive Ta
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by the Fatigue, Resistance, Ambulation, Illnesses, and 
Loss of weight (FRAIL) scale which was proposed by a 
European, Canadian, and American geriatric advisory 
panel, and a modified FRAIL definition where 'shrink-
ing' criteria was replaced with obesity was also used in 
this study [7]. There was also a study where a person 
with a phase angle of less than 5.7 was defined as frail 
[32]. The phase angle is measured noninvasively using 
bioelectrical impedance analysis, which indicates nutri-
tion and hydration status.

3. Contents and results of interventions
Mareschal et al [33] provided a multidisciplinary 

intervention including psychological counseling, nutri-
tional coaching, and supervised group physical exercise 
to 35 patients at the start of ADT. The psychologists 
provided psychological counseling through individual 
or couple sessions with emotional support. The dietician 
checked the body composition and unwanted weight 
gain. The physiotherapist supervised combined aerobic 
and resistance exercises to maintain the appropriate 
level of lean body mass and decrease fatigue level. In 
this study, participants were assessed for depression, 
QOL, treatment effectiveness, anxiety, cognition, nutri-
tional parameters including BMI, fat-free mass index, 
fat mass index (FMI), and physical parameters includ-
ing Borg scale, Timed Up and Go (TUG), handgrip 
strength (HGS), Six-Minute Walk Test (6MWT). In the 
study by Inglis et al [32], they identified the effect of 
dose-dependent vitamin D supplementation on physical 
function and phase angle in patients with PC receiving 
ADT. The multidisciplinary intervention had no effect 
on improving frailty, but vitamin D supplementation 
significantly reduced frailty.

4. Variables related to frailty
We classified variables for which each study ex-

plored the relationship between frailty into general 
and clinical characteristics, physiological index, body 
composition, physical function, psychological, cognitive, 
and social factors, and QOL.

The general and clinical characteristics related to 
frailty were age, treatment modalities, metastases, 
and comorbidities. Among the general characteristics, 
older patients were frailer than younger patients [38]. 
Five studies showed that ADT, a clinical character-
istic, significantly increased frailty in patients with 
PC [7,20,35,38,40]. In a study that identified the frailty 

level 2 years after cessation of ADT, it was found that 
the frailty was not significantly different from those 
who did not receive ADT [36]. Additionally, the frailty 
level of those who received robotic-assisted radical 
prostatectomy was significantly lower than that of 
those who received radiotherapy or ADT alone, and 
those with metastatic PC [37]. Two studies found that 
metastases significantly correlated with a high level of 
frailty [37,40]. In the study in which participants were 
followed-up 1 year after starting ADT, there was no 
significant difference in the Charlson Comorbidity In-
dex according to frailty level at baseline, but there was 
a significant difference after 1 year [38]. Similarly, in 
the study comparing patients with PC who experienced 
biochemical recurrence (BCR) on ADT to patients with 
PC not receiving ADT, self-reported comorbidities sig-
nificantly increased falls and "obese" frailty [35].

Of the 12 studies, 4 studies identified the relationship 
between the physiological index and frailty [20,35,38,39]. 
Hemoglobin level, which was slightly lower than nor-
mal, was more prevalent in men on ADT [35]. The 
decrease in total testosterone levels was related to an 
increase in frailty [20]. Two studies found that high 
interleukin (IL)-6 levels, high C-reactive protein (CRP) 
levels, and low lymphocyte count were related to a 
high level of frailty [38,39]. One study reported that the 
higher the IL-8 level, the more severe the frailty [38], 
but this was not significant in another study [39]. High 
fibrinogen and low creatinine levels were also associ-
ated with frailty [39]. Also, a study found a significant 
difference between robust, prefrail, and frail individu-
als for monocyte count at 1 year follow-up [38].

Body composition, BMI, FMI, and lean mass were not 
related to frailty [33]. In a randomized controlled trial 
(RCT) to examine the effect of dose-dependent vitamin 
D supplementation on frailty of patients with PC, the 
high-dose vitamin D supplementation group’s phase 
angle value was wider than the low-dose group’s [32].

Two studies identified the relationship between 
physical function and frailty [33,35]. In the longitudi-
nal interventional study that evaluated the effect of 
a multidisciplinary intervention program to manage 
ADT side effects in frail patients with PC, partici-
pants were assessed for the Borg scale, TUG, HGS, 
and 6MWT [33]. The Borg scale measures self-rated 
perceived exertion, TUG measures mobility and bal-
ance, HGS measures upper extremity strength, and 
the 6MWT measures walking endurance. When the 
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patients were observed at 12-month follow-up after 
study discharge, the four measures remained stable 
without significant differences. In the study compar-
ing patients with PC who experienced BCR on ADT 
to patients with PC not receiving ADT, Short Physical 
Performance Battery and incident falls over 6 months 
were used to assess physical function [35]. In this study, 
men with BCR on ADT showed significant trends in 
"obese" frailty and falls when controlling for age, clini-
cal characteristics, and comorbidities [35].

Regarding psychological and cognitive variables, the 
multidisciplinary intervention study measured Mini-
Mental State Examination and Hospital Anxiety and 
Depression Scale (HAD-A&D) scores, and no significant 
changes were seen during the intervention and post-
study follow-up period [33]. In this study, there was no 
significant change in the QOL before and after the 
intervention. Two studies measured the participants’ 
QOL but didn’t investigate the relationship between 
frailty and QOL of patients with PC receiving ADT 
[36,40].

DISCUSSION

This study aimed to explore the literature on frailty 
of patients with PC receiving ADT and to summarize 
their findings to provide an overview of the evidence. 
The major findings of this study were as follows: 1) 
there were a few intervention studies for frailty of pa-
tients with PC receiving ADT; 2) most studies used the 
operational definitions of Fried et al [4], which mainly 
focused on physical functions; and 3) there was limited 
research exploring the relationship between frailty and 
psychological, cognitive, and social factors of patients 
with PC receiving ADT.

First, although frailty is prevalent in patients with 
PC receiving ADT and adversely affects their health 
outcomes, few interventional studies have been con-
ducted. Particularly, there was only one RCT [32]. In a 
study that provided a multidisciplinary intervention 
program, it was found that the program had no effect 
on body composition, physical function, psychological 
factors, and QOL including frailty [33]. Since this study 
had a one-group pre-post test design, attention should 
be paid to the interpretation of  the study results. 
Therefore, RCTs for the development and evaluation 
of an integrated intervention that considers the char-
acteristics of frailty affecting various aspects need to 

be conducted.
Additionally, no qualitative study has comprehen-

sively explored the experience of frailty among pa-
tients with PC receiving ADT. According to a qualita-
tive study that was not included in the current study, 
the self-management experiences of PC survivors who 
received ADT were classified into seven categories. 
The seven categories were further divided into subcat-
egories, and among them, “weight loss”, “low energy”, 
and “coping with deterioration of physical abilities” 
overlapped with frailty properties [44]. As in this study, 
the symptom experience of patients with PC receiving 
ADT is related to frailty but is not fully recognized 
and clearly understood in their care [7,24,38]. Therefore, 
studies that identify the relationship between ADT 
and frailty of patients with PC receiving ADT should 
be conducted, which ultimately contributes to raising 
awareness about maintaining and improving QOL af-
ter survival of them.

Second, although the most commonly used defini-
tion in the included studies was the frailty phenotype 
proposed by Fried et al [4], the methods used to mea-
sure the Fried’s five criteria differed in each study. 
Two studies using the Fried’s five criteria did not 
describe specific measurement methods for each of 
the five items [36,37]. Walking speed [20], weight loss 
[39], and physical activity [38,39] were measured dif-
ferently from the guideline proposed by Fried et al [4]. 
Moreover, there was a case in which no definite in-
strument according to the definition used, and frailty 
was measured according to only age and functional or 
physiological frailty criteria [33]. In two studies, the re-
searchers performed a comprehensive geriatric assess-
ment (CGA) [27,34], and the CGA items performed in 
the two studies were different. One study argued that 
the cut-off score should be different when applying the 
G8 score to Japanese patients with PC [37].

No conceptual or operation definition comprehen-
sively considered the multidimensional characteristics 
of frailty of patients with PC receiving ADT. Although 
ADT is recommended for locally advanced PC, meta-
static PC, BCR after treatment with curative intent, it 
causes various side effects that can be conceptualized 
as frailty [44]. In particular, patients with PC receiving 
ADT experienced side effects in various aspects, such 
as physical, psychological, cognitive, and social func-
tions, regardless of aging [16,37]. Therefore, a conceptu-
al definition and corresponding operational definition 
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that comprehensively considers the multidimensional 
characteristics of frailty experienced by PC patients 
receiving ADT should be developed.

Finally, a few studies have examined the relation-
ships between psychological, cognitive, and social fac-
tors and frailty among patients with PC receiving 
ADT. Among the 12 included studies, only one explored 
the relationship between psychological and cognitive 
variables and frailty [33]. No study has explored the 
relationship between social factors and frailty. ADT 
is a treatment for lowering testosterone levels, which 
can be closely related to psychological side effects, 
cognitive impairment, and difficulties with masculin-
ity and self-image, which lead to social isolation [17,45-
47]. Therefore, it is difficult to define and characterize 
frailty experienced by patients with PC receiving ADT 
through the frailty phenotype described by Fried et al 
[4] which does not include psychological, cognitive, and 
social domains. Recently, attempts have been made to 
understand frailty not only in the physical domain, 
but also in the psychological, cognitive, and social do-
mains [48]. According to ‘an integral conceptual model 
of frailty’, frailty is determined through the interac-
tion between the physical, psychological, and social 
dimensions [49]. In this model, physical frailty includes 
sensory functions, nutritional status, activity level, and 
physical functions such as mobility, endurance, and 
balance; psychological frailty includes coping, mood, 
and cognitive function; and social frailty includes rela-
tionships with others and social support [49]. Therefore, 
to comprehensively understand the frailty of patients 
with PC receiving ADT, more research needs to be con-
ducted to explore their frailty not only in the physical 
domain, but also in the psychological, cognitive, and 
social domains.

Among 12 included studies, 10 studies were conducted 
in Western countries and 2 were conducted in Japan. 
This result might be due to the higher incidence of PC 
in the United States and Europe than in Asian coun-
tries [50,51]. In recent years, the number of patients 
with PC in Asian countries such as Japan, Singapore, 
and South Korea is increasing due to environmental 
factors such as a higher intake of dietary fat and meat 
and reduced physical activity, and increased exposure 
to prostate specific antigen testing [50,52,53]. There-
fore, more studies on the frailty of patients with PC 
receiving ADT need to be conducted in Asian coun-
tries. Furthermore, considering paucity of research on 

the management of symptoms associated with ADT, 
more studies adopting multidisciplinary approaches 
are needed to provide patients with PC receiving ADT 
with individualized care.

This scoping review has some strengths. First, it 
reviewed all published studies without limiting the 
publication year and study design. Second, to the best 
of our knowledge, this is the first scoping review on 
this topic and can be used by researchers and health-
care providers. Third, the screening and selection of 
relevant studies were conducted by two independent 
researchers; in case of disagreement between the two 
researchers, consensus was reached by discussing with 
a third researcher. This study also had some limita-
tions. First, we included articles from peer-reviewed 
journals that were published in English. Relevant 
articles may be published in other languages as well. 
Furthermore, since we excluded grey literature, we 
could not be certain that we had identified all relevant 
available literature. Second, we did not classify the dif-
ferences according to ADT type. ADT can be classified 
into drugs that stop androgens from working, other 
androgen-suppressing drugs, treatment to lower andro-
gen levels from the adrenal glands, and treatment to 
lower testicular androgen levels [12]. Nonetheless, most 
of the 12 included studies did not describe the type of 
ADT used, and the purpose of the four types of ADT 
was the same. Consequently, we are sure that it would 
be more meaningful to identify the characteristics of 
frailty experienced by patients with PC receiving ADT 
than to classify ADT treatment types.

Based on the findings of this scoping review, we 
would recommend that more studies on frailty of pa-
tients with PC receiving ADT should be conducted. 
Particularly, RCTs need to be conducted for developing 
effective interventions for them. Furthermore, a defini-
tion and appropriate instrument that comprehensively 
consider the characteristics of frailty in patients with 
PC receiving ADT should be developed.

CONCLUSIONS

Frailty of patients with PC receiving ADT can be 
characterized by older age, having metastases and co-
morbidities. Low lymphocyte counts, low creatinine and 
total testosterone levels, and high CRP, IL-6, fibrinogen 
levels were associated with frailty of patients with PC 
receiving ADT. Further research should be undertaken 
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to develop an integrated intervention that considers 
multidimensional aspects of frailty in patients with PC 
receiving ADT. Additionally, an appropriate definition 
and instrument for frailty in patients with PC receiv-
ing ADT should be developed and used to improve ef-
fective communication and awareness of frailty among 
healthcare providers.
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