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Background: Social frailty is a critical indicator of declining social functioning and affects quality of life in older adults. Prostate cancer
patients face greater challenges in social frailty than the general elderly population, due to the physical burden of the disease, treatment-
related adverse effects, and psychological stress. However, its multidimensional influencing factors and risk patterns remain unclear.
Objective: To identify key factors and configurations associated with social frailty in patients with prostate cancer.

Methods: This study was guided by the Health Ecology Model and used a cross-sectional design. A total of 211 patients were recruited
from Shanghai East Hospital between April and September 2025. Structured questionnaires assessed sociodemographic characteristics,
family function, living space, depressive symptoms, and social frailty. Data were analyzed using hierarchical regression and fuzzy-set
qualitative comparative analysis (fsSQCA), enabling the examination of both net effects and complex configurational pathways.

Results: The mean age of participants was (69.20 + 5.63) years, and the prevalence of social frailty was 39.81%. The final regression
model was significant (F=101.37, P<0.001) and explained 80.1% of the variance in social frailty. Depression, exercise frequency,
family function, living space, and residence location were retained in the final model as factors associated with social frailty. FsQCA
identified four configurations associated with social frailty (overall consistency=0.899; coverage=0.468). The configuration with the
highest coverage included low education, urban residence, insufficient exercise, poor family function, high depression, and restricted
living space (consistency=0.873).

Conclusion: Social frailty among patients with prostate cancer reflects the influence of psychosocial, behavioral, and environmental
conditions. Social frailty was significantly associated with depression, family function, living space, residence, and exercise frequency. High
social frailty was associated with specific configurations of these factors. These results advance understanding of social frailty from isolated
risk factors to combined pathway patterns. They help inform targeted screening and tailored intervention strategies for this population.
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Introduction
Research Background

Prostate cancer is one of the most common malignancies among men and predominantly affects older adults.' The incidence
of prostate cancer in China rose from 10.2 per 100,000 in 2015 to 18.6 per 100,000 in 2022,** showing a steady upward trend.
Advances in diagnostic and therapeutic technologies have led to substantial improvements in the survival of patients.
However, “living longer” does not mean “living better”. Many patients exhibit typical characteristics of social frailty during
the stages of diagnosis, treatment, and rehabilitation.* The concept of social frailty was first proposed by Bunt in 2017.% Tt

refers to a multidimensional state involving a gradual decline in social participation, social support, and social role
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functioning. As an emerging health concept following physical and psychological frailty, social frailty has attracted increasing
attention in the fields of geriatrics and public health. Previous studies have linked social frailty to adverse outcomes, including
disability, functional dependence, sarcopenia, and even all-cause mortality.”

Patients with prostate cancer may be particularly vulnerable to social frailty.” Compared with the general older population,
they often face additional challenges across physiological, psychological, and social domains. Physiologically, prostate cancer
and its treatments may lead to complications such as urinary incontinence and sexual dysfunction, which restrict daily activities
and social participation.'® Psychologically, patients frequently experience anxiety and depression during disease progression and
treatment.'’ Socially, illness-related stigma and reduced social engagement may further limit access to external support.'>
Therefore, social frailty in this population reflects not only aging but also the combined influence of disease, treatment, and
psychosocial conditions. Investigating social frailty among patients with prostate cancer is essential for developing targeted
interventions to improve quality of life.

Existing evidence suggests that social frailty is influenced by multiple factors. Demographic characteristics such as age and
education may affect access to social resources and participation opportunities.'> Behavioral factors, particularly regular
physical exercise, help maintain physical function and social engagement."* Psychosocial conditions are also important;
depressive symptoms and poor family functioning have been associated with increased vulnerability to social frailty.'>'®
Environmental factors, including residential context and living space, may further shape opportunities for social participation.
Based on this evidence, this study included demographic characteristics (age and education), behavioral factors (exercise
frequency), psychosocial factors (depression and family function), and environmental conditions (residential area and living
space) as candidate variables.

Despite growing interest in frailty among patients with prostate cancer, most studies have focused on physical or psycho-
logical frailty, while social frailty has received far less attention.'” In particular, limited evidence exists regarding its risk and
protective factors, and little is known about how multiple factors interact to shape social frailty in this population.
Methodologically, previous studies have mainly relied on regression analysis or structural equation modeling, which may not
fully capture the complex interactions among multiple conditions. Fuzzy Set Qualitative Comparative Analysis (fsQCA)
provides a useful complement because it can identify configurational pathways through which multiple factors jointly contribute
to an outcome.

This study hypothesized that social frailty among patients with prostate cancer is not attributable to a single factor but
rather reflects the combined influence of demographic characteristics, disease-related conditions, and psychosocial
resources. Different combinations of these conditions may be associated with a high risk of social frailty. Identifying
these configurations may provide evidence for developing targeted social rehabilitation interventions in clinical practice.

Theoretical Framework

To better understand the mechanisms underlying social frailty among patients with prostate cancer, this study adopted the Health
Ecology Model as the theoretical framework. The model proposed by McLeroy et al*’ emphasizes that health outcomes are
shaped by multiple ecological levels, including individual characteristics, interpersonal relationships, and broader environmental
contexts. Guided by this framework, the variables in this study were classified into three ecological levels: (1) the micro level
(individual and behavioral factors), including age, education, depression, and exercise frequency; (2) the meso level (inter-
personal relationships), represented by family function; and (3) the macro level (environmental context), including residential
area and living space. Applying this model allows examination of how factors across ecological levels interact to form
configurational pathways leading to social frailty.

Methods
Study Design, Setting, and Sample

A cross-sectional study design was adopted, and self-reported data were collected through both online and paper-based
questionnaires. Participants were recruited using a consecutive sampling method from patients with prostate cancer who
attended the Department of Urology at Shanghai East Hospital. The inclusion criteria were: (1) a confirmed diagnosis of
prostate cancer based on the 2020 European Association of Urology (EAU) Guidelines; (2) adequate comprehension and
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communication abilities; and (3) awareness of their condition and voluntary participation. The exclusion criteria were:
(1) concurrent malignant tumors or severe organic diseases; and (2) severe cognitive impairment or psychiatric disorders
that hindered understanding or cooperation.

Measurement

Demographic Information

To summarize participants’ characteristics, the research team developed a questionnaire that included sociodemographic
variables such as age, educational level, residential area, and exercise frequency. Residential area was classified as urban
or rural according to participants’ self-reported current place of residence based on the Chinese administrative division
system. Exercise frequency referred to the number of aerobic exercise sessions per week. Participants were informed that
aerobic exercise included activities such as walking, brisk walking, jogging, and square dancing. One exercise session
was defined as aerobic physical activity lasting at least 30 minutes.

Social Frailty

Social frailty was assessed using the HALFT (Help, Participation, Loneliness, Financial, and Talk) scale. The scale was
developed by Ma et al*! using data from a longitudinal study of older adults in Chinese communities and has been widely
used in China. The HALFT scale includes five dimensions with one item in each, assessing help to others, social
participation, loneliness, financial sufficiency, and daily communication with family or friends. For scoring, one point
was assigned for a “yes” response to item 3 (Loneliness) and zero for “no”. For the remaining items, a “no” response was
assigned one point and a “yes” response was assigned zero. The total score ranged from 1 to 5, with a score of 3 or higher
indicating the presence of social frailty. In this study, the Cronbach’s a coefficient for the scale was 0.788.

Life Space

The Life Space Assessment (LSA) was used to evaluate participants’ mobility range and level of independence. The
scale was developed by Baker et al*® and translated into Chinese by Ji et al*® It consists of five levels representing
progressively wider geographic areas, from within the home to the broader community. The total LSA score is calculated
as the sum of the product of life-space level, independence, and frequency scores, yielding a range from 1 to 120, with
higher scores indicating greater mobility. Scores below 60 suggest restricted life space. In this study, the LSA
demonstrated good reliability (Cronbach’s o = 0.772).

Family Function

Family function was assessed using the Adaptability, Partnership, Growth, Affection, and Resolve (APGAR) scale. The
scale was developed by Smilkstein at the University of Washington in 1978%* to comprehensively evaluate individuals’
subjective satisfaction with family functioning across five dimensions. The APGAR scale consists of five items and
adopts a three-point Likert scoring system. Each item is rated as “almost always” (2 points), “sometimes” (1 point), or
“hardly ever” (0 points). All items are negatively scored, and the total score ranges from 0 to 10, with higher scores
indicating better family function. Specifically, total scores of 0-3 indicate severe family dysfunction, 4-6 indicate
moderate dysfunction, and 7-10 represent good family function. The scale has demonstrated good reliability and validity,
with a Cronbach’s a coefficient of 0.803 in this study.

Depression

Depressive symptoms were measured using the Hospital Depression Scale (HDS), which was developed by Zigmond and
Snaith in 1983.%° The scale consists of seven items that assess how frequently patients experienced depressive feelings
over the past month. Each item is rated on a four-point scale ranging from 0 to 3, with the total score being the sum of all
item scores. The total score ranges from 0 to 21, with higher scores indicating more severe depressive symptoms.
According to the total score, depression severity was categorized into four levels: 0—7 as normal, 810 as mild, 11-14 as
moderate, and 15-21 as severe. In this study, the scale demonstrated satisfactory reliability, with a Cronbach’s a
coefficient of 0.840.
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Data Collection

Before the investigation, all members involved in data collection received standardized training. For patients who met the
inclusion criteria, data were collected within 24 hours after hospital admission. The survey was conducted using
a combination of offline paper questionnaires and online electronic forms. Prior to questionnaire distribution, the
researchers explained the study objectives, content, estimated completion time, and data confidentiality principles to
all participants. The survey was administered only after obtaining informed consent. For any items that patients did not
understand, standardized terminology was used to provide clarification. During the online survey, clear instructions were
included in the questionnaire. The researchers’ contact information was also provided so that participants could seek
assistance when needed. After completion, all questionnaires were immediately checked by the research team to ensure
data completeness and reliability.

Statistical Analysis

Descriptive and regression analyses of all variables were conducted using IBM SPSS version 25. Fuzzy-set qualitative
comparative analysis (fsSQCA) was performed with fsSQCA software version 3.0 to identify the necessary and sufficient
conditions leading to specific outcomes. Before the analysis, raw data were converted into fuzzy-set membership scores
to reflect the degree to which each individual belonged to a given condition set. Following the recommendations of
Ragin,?® three calibration thresholds were selected: full membership (1.0), full non-membership (0.0), and a crossover
point (0.5). All scale scores were calibrated accordingly. A necessity analysis was first conducted. A condition with
a consistency score greater than 0.90 was considered a necessary condition for the occurrence of the outcome.
Subsequently, a truth table was constructed, and the thresholds for consistency and coverage were set to generate all
possible combinations of conditions. Based on these results, the complex, parsimonious, and intermediate solutions were
obtained. Raw coverage was used to evaluate the proportion of cases explained by each configuration, unique coverage
represented the extent to which a specific configuration uniquely explained the outcome, and consistency indicated the
reliability and goodness of fit of each configuration in explaining the outcome.

Results

Sample Characteristics

The study was initiated in April 2025, and data collection lasted for approximately six months. A total of 211 valid
samples were obtained. Participants ranged in age from 62 to 87 years, with a mean age of (69.20 £ 5.63) years. In terms
of educational background, most participants had a middle school education (54.5%). Urban residents accounted for
60.19% of the total sample, and the average exercise frequency was (4.05 + 1.65) times per week. The mean social frailty
score among participants was (2.11 + 0.88), and 39.81% met the criteria for social frailty. Detailed characteristics of the
participants are presented in Table 1.

Hierarchical Regression Models

A hierarchical regression analysis was conducted to examine the predictive effects of individual and behavioral variables,
interpersonal relationship variables, and environmental variables on social frailty. As shown in Table 2, after entering
individual and behavioral variables (age, education level, exercise frequency, and depression) into the first model, the R*
value was 0.735 (F=113.517, P<0.001). Among these, exercise frequency (f =0.522, P<0.001) and depression (=0.448,
P<0.001) were significant predictors. When the interpersonal relationship variable (family function) was added to
the second model, the R? value increased to 0.771 (F=114.151, P<0.001), with a AR of 0.036. Family function was
identified as a significant negative predictor (f=0.257, P<0.001). In the third model, the environmental variables
(residence and living space) were included, and the R’ value further increased to 0.801 (F=101.374, P<0.001), with
a AR of 0.030. Both living space and residence had significant effects on social frailty (5 =—0.237, P<0.01; 5=0.075,
P<0.05, respectively). Multicollinearity diagnostics for the final model indicated no evidence of serious collinearity
among the predictors (tolerance = 0.440~0.977; VIF = 1.021~2.273).
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Table | Descriptive Statistics of Participants’s Characteristics (n=211)

Characteristic Category n (%)/MxSD Characteristic Category n (%)/MxSD
Age Continuous data 69.20 + 5.63 Time since diagnosis (years) <2 104
Education level Elementary school 50 (23.7) 2~5 82
Secondary school 115 (54.5) 25 25
University and above 46 (21.8) Chemotherapy Yes 170
Residential area Rural 84 (39.81) No 41
Urban 127 (60.19) Radiotherapy Yes 177
Exercise frequency (times/week) Continuous data 4.05 + 1.65 No 34
Family function Continuous data 5.60 £ 2.15 Tumor stage I~1I 142
Depression Continuous data 10.28 + 5.05 111 69
Life space Continuous data 60.38 + 9.15 Pathological type Acinar adenocarcinoma 186
Social frailty Continuous data 2.11 £0.88 Other 25
Gleason scores <6 58 Multimorbidity Yes 138
>7 153 No 73

Table 2 Hierarchical Regression Results for Predictors of Social Frailty (n=211)

Predictor Variable | Step | (Individual and Behavioral | Step 2 (+ Interpersonal Variable) Step 3 (+ Environmental
Variables) Variables)

s t 95% ClI s t 95% CI g t 95% CI
Depression 0.448° 10.316 [0.063, 0.093] 0.305° 6.395 [0.037, 0.069] 0.22° 4.643 [0.022, 0.055]
Age —0.018 | —0.499 | [-0.014,0.008] | —0.028 | -0.827 | [-0.015,0.006] | —0.028 | —0.869 | [-0.014, 0.005]
Exercise frequency —0.522° | —12.057 | [-0.324,-0.233] | —0.473° | —11.455 | [-0.296,-0.209] | —0.402° | —9.875 | [-0.258, —0.172]
Secondary school 0.060 1.345 [-0.049, 0.260] 0.066 1.585 [-0.028, 0.260] 0.055 1.397 [-0.040, 0.233]
University and above | 0.033 0.732 [-0.117, 0.255] 0.032 0.761 [-0.107, 0.241] 0.049 1.249 [-0.06, 0.267]
Family function —0.257° | —5.645 | [-0.142,-0.069] | —0.199° | —4.495 | [-0.117, —0.046]
Life space —0.237° | —5.139 | [-0.032, —0.014]
Residential area 0.075% 2.349 [0.022, 0.249]
Constant 2560° | 6.125 3.401° | 8153 4560° | 9.822
F 113.517 114.151 101.374
R? 0.735 0.771 0.801
AR? 0.735 0.036 0.030

Notes: *P<0.05, °P<0.001.

FsQCA

Calibration

Calibration converts raw data into set membership scores ranging from 0 to 1. For continuous variables, we used
a percentile-based calibration approach. Full membership was set at the 75th percentile. The crossover point was set at

the 50th percentile, and full non-membership at the 25th percentile. Dichotomous variables were coded as 0 or 1. A small

constant (0.001) was added to avoid excluding cases with a membership score of exactly 0.

presents the calibration thresholds for all conditions and the outcome.

Necessary Analysis

527

Supplementary Materials 1

Before performing fsQCA, each condition was examined to determine whether it constituted a necessary condition.”® As
shown in Table 3, for the outcome variable of social frailty, the consistency values of all conditions were below 0.9.
Based on this result, it was concluded that none of the individual conditions served as a necessary condition influencing

social frailty.
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Table 3 Univariate Necessity Analysis

SF ~SF
Consistency | Coverage | Consistency | Coverage
EL 0.214 0.391 0.220 0.609
~EL 0.786 0.400 0.780 0.600
RA 0.726 0.480 0.520 0.520
~RA 0.274 0.274 0.480 0.726
FC 0.160 0.140 0.652 0.860
~FC 0.840 0.615 0.348 0.385
Depression 0.851 0.657 0.294 0.343
~Depression 0.149 0.122 0.706 0.878
LS 0.160 0.129 0.712 0.871
~LS 0.840 0.659 0.288 0.341
Age 0.495 0.384 0.525 0.616
~Age 0.505 0413 0.475 0.587
EF 0.174 0.137 0.725 0.863
~EF 0.826 0.665 0.275 0.335
Note: “~” indicates the absence of a condition.

Abbreviations: EF, exercise frequency; EL, education level; FF, family function; LS, life
space; RA, residential area; SF, social frailty.

Sufficiency Analysis
A truth table was constructed to identify configurations associated with high social frailty. Following Fiss’s

2930 we set the frequency threshold at 3 based on the sample size. The consistency and Proportional

recommendations,
Reduction in Inconsistency (PRI) thresholds were set at 0.8 and 0.7, respectively. The Quine-McCluskey algorithm was
then applied to generate three types of solutions. We selected the intermediate solution for interpreting the final
configurations. Core conditions were those that appeared in both the intermediate and parsimonious solutions.
Peripheral conditions appeared only in the intermediate solution.?*-'

The fsSQCA results yielded four configurations associated with high social frailty (overall solution coverage = 0.468,
consistency = 0.899). These configurations together explained nearly half of the cases with high social frailty. Table 4

presents the core and peripheral conditions for each configuration, following Pappas and Woodside’s recommendation.>®

Table 4 Configurations for High Social Frailty

Condition Variable Configuration | | Configuration 2 | Configuration 3 | Configuration 4
Age . . ©
Education level ©) © .
Residence area . . . ©
Exercise frequency @ ©) ©
Family function ©) ©) © ©
Depression [ ] [ ] [ J .
Life space ©) @ @ ©
Raw Coverage 0.324 0.233 0.206 0.036
Unique Coverage 0.159 0.067 0.041 0.036
Consistency 0.873 0.892 0.883 0.947
Overall Solution Coverage 0.468

Overall Solution Consistency 0.899

Notes: Frequency threshold = 3; consistency threshold = 0.80. , = core condition present; ® = peripheral condition present; @ = core
condition absence; © = peripheral condition absence; blank = irrelevant.
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Configuration 1 was the most common pathway (raw coverage = 32.4%). It captured urban patients with lower
education who faced multiple concurrent challenges: lack of exercise, insufficient family support, high depression, and
restricted living space.

Configuration 2 described a similar urban profile but highlighted older age as an additional factor, alongside the same
combination of insufficient exercise, poor family support, high depression, and restricted living space.

Configuration 3 also pertained to urban patients, combining older age, lower education, insufficient family care,
depression, and restricted living space.

Configuration 4 showed that even younger, rural, and higher-educated patients could develop high social frailty when
they lacked exercise, had inadequate family support, experienced high depression, and faced restricted living space.

Robustness Test
To test the robustness of the fSQCA results, the consistency threshold was increased from 0.8 to 0.85 and the analysis was
repeated. As shown in Supplementary Materials 2, three configurations were repeated across both analyses. These

findings indicate that the initially configurational model demonstrated acceptable robustness.

Discussion

Main Findings

Guided by the Health Ecology Model, this study examined influencing factors influencing social frailty among prostate
cancer patients across individual, interpersonal, and environmental levels. Using hierarchical regression and fSQCA, we
identified both independent effects and multiple pathways leading to high social frailty.

Both hierarchical regression and fsQCA analyses identified high depression and limited living space as key risk
factors for social frailty in prostate cancer patients. Limited living space is likely multifactorial. Physical limitations may
stem from the disease itself or its treatment, including urinary dysfunction, fatigue, and chronic pain. These limitations
are linked to reduced participation in daily activities and social interactions.>? Psychological stress related to illness may
further reduce patients’ willingness to engage with the outside world.*> Confinement to closed environments limits
opportunities for social interaction and emotional support, which is associated with higher depression and greater social
frailty.>* Depressive symptoms such as low mood and fatigue may reduce motivation to go outdoors. This can lead to
a cycle where reduced mobility and limited social engagement reinforce each other.>” Interventions aimed at expanding
patients’ accessible environment could help restore their sense of agency. Such interventions may include home
modifications or mobility support. Sustained psychological care should also be provided to slow this decline.

The regression model indicated that better family function and more frequent exercise were associated with lower levels of
social frailty. These factors may partially mitigate the adverse effects of depression and restricted living space. This finding
provides a potential direction for intervention. In the Chinese cultural context, the family represents the primary source of
support for many patients with chronic diseases.>® It often serves as an important social resource that helps maintain social
connectedness when external engagement declines.®” Concurrently, exercise has well documented physiological and psycho-
logical benefits. It can improve physical function and has been associated with reduced depressive symptoms through
mechanisms such as endorphin release.’® Family support and regular exercise may work together to help maintain social
engagement among prostate cancer patients. Family encouragement may facilitate adherence to physical activity, while
improved physical capacity may help patients sustain participation in social life. These observations suggest that interventions
addressing social frailty may benefit from integrating family support, physical activity promotion, and psychological care. For
example, family-based empowerment programs or co-exercise activities could be considered to support social functioning in
this population.

Notably, the fsSQCA results revealed a more nuanced picture of urban—rural differences than previously reported. Earlier
studies have suggested that urban residents generally exhibit lower levels of social frailty due to greater social opportunities
and access to resources.'> However, our findings suggest that urban residence also be associated with social frailty when
combined with insufficient family support, restricted living space, and high depression. This pattern indicates that social frailty
is not determined by urban—rural status alone. Rather, it appears to reflect the interaction between environmental conditions
and individual vulnerability factors. In urban contexts, limited family support, constrained living environments, and

Risk Management and Healthcare Policy 2026:19 https: 7


https://www.dovepress.com/article/supplementary_file/597629/597629_supplementary%20files%20CLEAN.docx

Wan et al

psychological distress may jointly shape the experience of social disconnection.>*** By contrast, rural areas often have fewer
institutional resources. However, stronger family ties and closer neighborhood relationships may provide everyday forms of
support that help maintain social connectedness. This perspective draws attention to the possibility of “hidden social frailty”
among urban patients, a phenomenon that may be overlooked in resource-rich environments. Future studies could further
examine how processes of urbanization reshape social support structures and how these changes relate to patterns of social
connectedness and vulnerability.

Through fsQCA, two configurations leading to social frailty were identified among prostate cancer patients living in
urban areas. Although these configurations shared common features such as insufficient family support, prominent
depressive symptoms, and restricted living space, they differed in their dominant conditions. One configuration was
characterized by reduced exercise frequency and was referred to as the “behaviorally constrained type” (Configuration 2).
The other was associated with lower educational attainment and was termed the “low cognitive resource type”
(Configuration 3). These findings suggest that social frailty among prostate cancer patients may arise through different
pathways shaped by behavioral and cognitive constraints. From a practical perspective, patients in the behaviorally
constrained group may benefit from rehabilitation programs that emphasize safety, feasibility, and privacy. For patients in
the cognitively constrained group, clear and accessible educational materials may help improve understanding and
engagement with available social resources.

Strengths and Limitations

Guided by the Health Ecology Model, we systematically integrated multilevel factors including individual characteristics
and behaviors, interpersonal support, and living environment. This framework enabled us to explore the formation
mechanisms of social frailty among patients with prostate cancer from a multidimensional perspective. Hierarchical
regression was applied to estimate individual predictors of social frailty, and fSQCA was used to capture complex causal
configurations. Together, these approaches address the constraints of linear analysis.

Despite these strengths, several limitations should be acknowledged. First, the cross-sectional design, single-center
sampling, and self-reported data may limit the generalizability of the findings. Second, clinical variables were not
included in the analytical model. Finally, although no evidence of multicollinearity was detected, the relatively high
explanatory power of the regression model may be partly attributable to the theory-driven selection of variables and the
relatively homogeneous sample. Therefore, the findings should be interpreted with caution. Future studies should adopt
longitudinal, multicenter designs, incorporate clinical indicators, and aim to provide more comprehensive evidence on

factors associated with social frailty in prostate cancer patients.

Conclusion

Based on the Health Ecology Model, this study identified multiple factors associated with social frailty among patients
with prostate cancer. Depression, restricted living space, and urban residence were positively associated with social
frailty, whereas better family functioning and regular exercise were negatively associated with social frailty. The fsQCA
findings further suggested that social frailty may reflect the combined influence of multiple conditions, particularly the
co-occurrence of high depression, low family functioning, and restricted living space. Overall, these findings highlight
the multifactorial nature of social frailty and may inform the development of tailored interventions. Further longitudinal

studies are needed to confirm these associations.
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