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        Abstract



        
          

          Introduction


          To explore latent classes and developmental trajectories of fear of falling (FOF) within 1 to 6 months after stroke onset and to examine factors associated with latent class membership.

        


        
          

          Methods


          Through convenience sampling, 203 stroke patients receiving rehabilitation treatment at the Neurology Department in Hebei Province were recruited between May 2023 and December 2023. Data were collected at 1, 2, 3, 4, and 6 months after stroke onset using a general questionnaire and the Falls Efficacy Scale International (FES-I). Growth Mixture Modeling (GMM) was used to explore the latent classes and corresponding development trajectories of FOF. Univariate analysis and logistic regression were used to examine factors associated with latent class membership.

        


        
          

          Results


          The model fit results showed that a two-class latent-basis growth mixture model (allowing non-linear change over time) was the optimal model. The Class 1 (60.0%) was characterized by a higher initial level of FOF followed by a gradual decline over time, whereas the Class 2 (40.0%) showed a relatively lower initial level of FOF with a gradual increase over time. The logistic regression analysis indicated that education level, fall history, type of stroke, and any chronic illness were independently associated with latent class membership.

        


        
          

          Discussion


          The two distinct trajectories of FOF suggest that FOF changes dynamically among stroke patients during recovery. Patients with elementary school education or below, prior falls, hemorrhagic stroke, and three or more chronic illnesses were more likely to belong to the lower-FOF increasing group, comprising 40% of the sample.

        


        
          

          Conclusion


          These findings highlight the importance of early recognition of patients who may be more likely to follow an increasing FOF trajectory and may inform more attentive and individualized rehabilitation planning.
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      1. INTRODUCTION


      Stroke is a neurological disorder caused by interruption of cerebral blood supply due to ischemic or hemorrhagic events, resulting in acute neurological dysfunction [1]. According to the Global Burden of Disease Study 2021, stroke remains a major global health concern and was the second leading cause of death worldwide in 2021, accounting for approximately 7.3 million deaths and more than 160 million disability-adjusted life years. The global burden of stroke has increased substantially since 1990, with a disproportionate impact on low- and middle-income countries [2]. In these settings, stroke often occurs at a younger age, contributing to productivity loss and increased healthcare costs. One survey reported that 25% of previously employed stroke survivors left work or reduced workload after stroke [3]. With advances in acute stroke care and rehabilitation, the number of stroke survivors has increased in recent years.


      Stroke often results in weakness on one side of the body, making stroke survivors feel uncoordinated and unsteady. Thus, falling is a common issue among stroke survivors. Based on research studies, stroke survivors have 14% risk of falling in the first month and over 30% risk of falling within ten years [4]. Falls can result in physical injury, emotional distress, activity restriction, and greater dependence [5], which may further contribute to social isolation and poorer quality of life. Thus, many survivors have “fear of falling (FOF)”, defined as concern about falling during daily activities [6]. According to a survey, about half of stroke survivors have FOF, which may further restrict activity participation and social engagement [7].


      Most research on FOF in stroke has used cross-sectional designs, and longitudinal evidence remains limited. Previous studies suggest that FOF is dynamic and may vary across stages of recovery [8, 9]. In some individuals, FOF may fluctuate early and then stabilize or improve during rehabilitation [10, 11]. Given substantial heterogeneity in functional recovery, impairment severity, comorbidity burden, and social support, stroke survivors may follow distinct patterns of change in FOF over time. Some individuals may regain mobility and confidence, whereas others may experience persistent or increasing concern about falling. These considerations support the existence of clinically meaningful subgroups with distinct developmental trajectories of FOF. Traditional growth models estimate an average trajectory and assume population homogeneity [12], which may obscure important subgroup differences. Growth mixture modeling (GMM) can identify latent classes characterized by distinct longitudinal trajectories [13]. Therefore, this study applied GMM to identify latent classes of FOF within 1 to 6 months after stroke onset and to examine factors associated with latent class membership.

    


    
      

      2. METHODS


      
        

        2.1. Participants and Sample


        Using convenience sampling, stroke patients receiving rehabilitation treatment at the Neurology Department of Chengde Central Hospital in Hebei Province were recruited between May 2023 and December 2023. Inclusion criteria were a confirmed diagnosis of stroke by CT or MRI, first-ever stroke, ability to communicate verbally, and provision of informed consent. Exclusion criteria were concurrent severe diseases, diagnosed mental disorders, and participation in other studies. Methodological literature indicates that sample size requirements for GMM depend on model complexity and class separation, and that samples of approximately 200 or more have been reported to be adequate under certain conditions. Allowing for an anticipated 15% attrition and non-response rate, the target sample size was set at 235. Of 235 eligible patients approached, 20 declined participation, and 12 withdrew during follow-up. Ultimately, 203 participants completed all scheduled assessments and were included in the final analysis. Among completers, no missing data were observed for baseline variables or repeated FES-I measurements. Therefore, trajectory analyses and subsequent regression analyses were performed using complete cases.

      


      
        

        2.2. Measurements


        The general questionnaire was developed by the research team. The contents included gender, age, education level, marital status, fall history, type of stroke, paralysis side, and the number of physician-diagnosed chronic illnesses documented in patients’ medical records. The comorbidity variable was categorized as ≤2 versus ≥3, as previous literature suggests that three chronic illnesses represent a meaningful threshold [14]. The selection of these variables was informed by prior literature and was considered in relation to the fear-avoidance framework described by Hadjistavropoulos et al. (2011), which conceptualizes FOF as a multidimensional construct involving cognitive, behavioral, and physiological components [15]. In this study, analyses were limited to demographic and clinical factors, and the central psychological constructs proposed in the fear-avoidance framework were not measured. Demographic factors (e.g., gender, age, education level, and marital status) and clinical factors (e.g., fall history, stroke type, paralysis side, and chronic illnesses) have been reported to be associated with FOF in previous studies.


        The Falls Efficacy Scale International (FES-I) is one of the most widely used instruments for assessing FOF. Developed as a revision of the original Falls Efficacy Scale in 2005, the FES-I has demonstrated validity and applicability in people with stroke [16]. The scale comprises 16 items that assess the level of concern about falling across a range of activities, from basic daily tasks to more demanding activities requiring physical or social engagement. Each item is rated on a 4-point Likert scale (“not at all concerned”, “somewhat concerned”, “fairly concerned”, and “very concerned”), with scores ranging from 1 to 4. Total scores range from 16 to 64, with higher scores indicating greater FOF. The FES-I has demonstrated high internal consistency, with a Cronbach’s alpha coefficient of 0.905, indicating excellent reliability [17]. Test-retest reliability was also high, with an intraclass correlation coefficient (ICC) of 0.99, indicating stability over time [17].


        This study was approved by the Ethics Committee of Chengde Central Hospital, Hebei Province, China (Approval No. CDCHLL2024-403). All procedures were conducted in accordance with the Declaration of Helsinki. Before enrollment, physicians assessed each participant’s capacity to provide informed consent, and participants were enrolled based on their own agreement. Each participant was assigned a unique study ID. Names and phone numbers were stored separately from the research data. Baseline and follow-up data were recorded using study IDs. All files were password-protected and accessible only to the research team.

      


      
        

        2.3. Data Collection


        Participants completed face-to-face questionnaire surveys in a quiet setting at 1, 2, 3, 4, and 6 months after stroke onset. Data were collected by trained researchers who received standardized training in study procedures, questionnaire administration, and neutral communication techniques to avoid leading or suggestive prompts. Before administration, participants were informed about the purpose, content, and significance of the survey, and written informed consent was obtained. The questionnaires required approximately 8-15 minutes to complete. After completion, questionnaires were checked for missing responses, and participants were asked to complete any missing items. To minimize loss to follow-up, small tokens of appreciation were provided after each assessment. Data were entered into SPSS 27.0 by two independent operators, and a double-entry verification procedure was used to ensure data accuracy.

      


      
        

        2.4. Data Analysis


        GMM was performed using Mplus 8.2. The GMM included intercept and slope factors, with each factor having two parameters, a mean and a variance. The parameter interpretations are as follows: the mean of the intercept and slope represents the average initial level of FOF and the average rate of change, respectively; the variances of the intercept and slope represent individual differences in initial levels and rates of change, respectively. Factor variances were constrained to be equal across classes. Models were estimated using maximum likelihood estimation with robust standard errors (MLR). To reduce the likelihood of local maxima, 200 random sets of starting values with 10 final-stage optimizations were used. Convergence was confirmed when the best log-likelihood value was replicated. In addition to linear and quadratic models, a latent-basis growth mixture model was examined. In this model, time scores for the slope factor were estimated using a latent-basis specification, with intermediate factor loadings freely estimated to accommodate nonlinear patterns of change.


        Model fit indices included the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and the sample size-adjusted BIC (aBIC), with smaller values indicating better model fit. Model classification precision was assessed using entropy, which ranges from 0 to 1, with values closer to 1 indicating higher accuracy. An entropy value of 0.80 suggests that the classification accuracy rate exceeds 90%. Differences between k-1 and k classes were compared using the Lo-Mendell-Rubin Likelihood Ratio Test (LMR) and the Bootstrapped Likelihood Ratio Test (BLRT), with p<0.05 denoting that the k-class model is superior to the (k−1)-class model. A minimum class size of 5% was required. Model selection was guided by statistical fit indices in conjunction with substantive and clinical interpretability.


        Descriptive and inferential statistical analyses were performed using SPSS 27.0. Nominal/ordinal data were described using frequencies. Logistic regression analysis was conducted using the latent class membership as the dependent variable and demographic and clinical variables as independent variables. A two-tailed p<0.05 was considered statistically significant.


        The Sex and Gender Equity in Research (SAGER) Guidelines were followed by the authors.

      

    


    
      

      3. RESULTS


      
        

        3.1. Latent Classes and Corresponding Development Trajectories of FOF


        In the study, FOF scores at 1, 2, 3, 4, and 6 months post-stroke onset were used as repeated measures. The model was specified as a GMM, and 1- to 4-class models were estimated for the linear growth model, the latent-basis growth mixture model, and the quadratic function model. For the linear growth model, the LMR test was not statistically significant for the 3-class and 4-class models but was statistically significant for the 2-class model. For the latent-basis growth mixture model, the LMR test was not statistically significant for the 3-class and 4-class models but was statistically significant for the 2-class model. For the quadratic function model, the LMR test was not statistically significant for the 2-class, 3-class, or 4-class models. In both the linear growth model and the latent-basis growth mixture model, the AIC, BIC, and aBIC values for the 2-class model were lower than those for the 1-class model. When comparing the 2-class linear growth model with the 2-class latent-basis growth mixture model, the two models had the same entropy value of 0.996, and both the LMR and BLRT tests were statistically significant. The AIC, BIC, and aBIC values for the 2-class latent-basis growth mixture model were lower than those for the 2-class linear growth model; therefore, the 2-class latent-basis growth mixture model was selected as the optimal model. The model fit results for each model are presented in Table 1.


        
          Table 1 The model fit results of growth mixture modeling (GMM).


          
            
              
                	Model

                	AIC

                	BIC

                	aBIC

                	Entropy

                	LMR

                	BLRT
              

            

            
              
                	Linear growth model

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	1-class

                	5135.824

                	5168.956

                	5137.273

                	-

                	-

                	-
              


              
                	2-class

                	4941.794

                	4984.866

                	4943.679

                	0.996

                	0.0031

                	<0.0001
              


              
                	3-class

                	4891.802

                	4944.813

                	4894.121

                	0.938

                	0.4722

                	<0.0001
              


              
                	4-class

                	4855.448

                	4918.399

                	4858.202

                	0.963

                	0.0926

                	<0.0001
              


              
                	Latent-basis growth mixture model

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	1-class

                	5103.126

                	5146.198

                	5105.010

                	-

                	-

                	-
              


              
                	2-class

                	4904.826

                	4957.837

                	4907.145

                	0.996

                	0.0001

                	<0.0001
              


              
                	3-class

                	4857.406

                	4920.357

                	4860.160

                	0.935

                	0.4862

                	<0.0001
              


              
                	4-class

                	4821.438

                	4894.328

                	4824.627

                	0.962

                	0.0740

                	<0.0001
              


              
                	Quadratic function model

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	1-class

                	5074.337

                	5120.722

                	5076.366

                	-

                	-

                	-
              


              
                	2-class

                	4881.616

                	4941.253

                	4884.225

                	0.996

                	0.0596

                	<0.0001
              


              
                	3-class

                	4834.003

                	4906.893

                	4837.192

                	0.934

                	0.5740

                	<0.0001
              


              
                	4-class

                	4767.710

                	4853.854

                	4771.479

                	0.963

                	0.3769

                	<0.0001
              

            
          


        


        Based on the optimal model, two latent classes were identified. In Class 1, the estimated intercept mean was 59.97 (p < 0.001), and the slope mean was -2.61 (p < 0.001), indicating a higher initial FOF level followed by a gradual decline over time. This class was labeled the “higher-FOF declining group” and accounted for 60.0% of participants. In Class 2, the estimated intercept mean was 48.95 (p < 0.001), and the slope mean was 1.74 (p < 0.001), indicating a relatively low initial FOF with a gradual increase over time. This class was labeled the “lower-FOF increasing group” and comprised 40.0% of the sample. Previous research has estimated the minimal clinically important difference (MCID) for the FES-I to be approximately 5.5 points using distribution-based methods [18]. In the present study, the baseline difference between the two classes was approximately 11 points, nearly twice the reported MCID. This difference is likely to be clinically meaningful rather than a minor statistical variation. The variances of the intercept and slope factors were constrained to be equal across classes to ensure model stability and parsimony. The developmental trajectories of FOF are presented in Fig. (1), and parameter estimates are reported in Table 2.


        [image: ]
Fig. (1)


        Development trajectories of fear of falling based on the 2-class latent-basis growth mixture model.


        Note: FES-I refers to the falls efficacy scale international, and the x-axis represents months after stroke onset (1, 2, 3, 4, and 6 months). Solid lines indicate the class means trajectories, and shaded areas represent 95% confidence intervals. Individual trajectories were removed.


        
          Table 2 The results of parameter estimation based on the 2-class latent-basis growth mixture model.


          
            
              
                	Parameter

                	Estimate

                	SE

                	t

                	p

                	95%CI Lower

                	95%CI Upper
              

            

            
              
                	Latent Class 1

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Mean

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Intercept

                	59.966

                	0.229

                	261.399

                	<0.0001

                	59.516

                	60.416
              


              
                	Slope

                	-2.607

                	0.265

                	-9.852

                	<0.0001

                	-3.126

                	-2.088
              


              
                	Variance

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Intercept

                	2.896

                	0.411

                	7.055

                	<0.0001

                	2.092

                	3.701
              


              
                	Slope

                	1.540

                	0.363

                	4.242

                	<0.0001

                	0.828

                	2.251
              


              
                	Latent Class 2

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Mean

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Intercept

                	48.949

                	0.243

                	201.718

                	<0.0001

                	48.473

                	49.424
              


              
                	Slope

                	1.742

                	0.232

                	7.520

                	<0.0001

                	1.288

                	2.196
              


              
                	Variance

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Intercept

                	2.896

                	0.411

                	7.055

                	<0.0001

                	2.092

                	3.701
              


              
                	Slope

                	1.540

                	0.363

                	4.242

                	<0.0001

                	0.828

                	2.251
              

            
          


          
            Note: In the model, the variances of the intercept and slope were constrained to be equal across latent classes. Therefore, identical variance estimates across classes are reported.

          


        

      


      
        

        3.2. Comparison of Completers and Non-completers


        Available baseline characteristics were compared between completers and non-completers to assess potential attrition bias. No statistically significant differences were observed between the two groups. Detailed results are presented in Table 3.


        
          Table 3 Comparison of characteristics between completers and non-completers.


          
            
              
                	Variable

                	Completers (n = 203)

                	Non-completers (n = 32)

                	Test Statistic

                	p-value
              

            

            
              
                	Gender

                	-

                	-

                	1.182a

                	0.277
              


              
                	Female

                	84 (41.4)

                	10 (31.2)

                	-

                	-
              


              
                	Male

                	119 (58.6)

                	22 (68.8)

                	-

                	-
              


              
                	Age

                	64.69 ± 6.73

                	65.53 ± 5.61

                	-0.671b

                	0.503
              


              
                	Education level

                	-

                	-

                	0.334a

                	0.846
              


              
                	Elementary school or less

                	78 (38.4)

                	11 (34.4)

                	-

                	-
              


              
                	Middle school

                	94 (46.3)

                	15 (46.9)

                	-

                	-
              


              
                	Junior college and above

                	31 (15.3)

                	6 (18.7)

                	-

                	-
              


              
                	Marital status

                	-

                	-

                	1.295a

                	0.523
              


              
                	Married

                	135 (66.5)

                	18 (56.2)

                	-

                	-
              


              
                	Divorced

                	28 (13.8)

                	6 (18.8)

                	-

                	-
              


              
                	Widowed

                	40 (19.7)

                	8 (25.0)

                	-

                	-
              


              
                	Fall history

                	-

                	-

                	2.718a

                	0.099
              


              
                	Yes

                	43 (21.2)

                	11 (34.4)

                	-

                	-
              


              
                	No

                	160 (78.8)

                	21 (65.6)

                	-

                	-
              


              
                	Type of stroke

                	-

                	-

                	0.554a

                	0.457
              


              
                	Ischemic

                	139 (68.5)

                	24 (75.0)

                	-

                	-
              


              
                	Hemorrhagic

                	64 (31.5)

                	8 (25.0)

                	-

                	-
              


              
                	Paralysis side

                	-

                	-

                	0.180a

                	0.671
              


              
                	Left

                	97 (47.8)

                	14 (43.8)

                	-

                	-
              


              
                	Right

                	106 (52.2)

                	18 (56.2)

                	-

                	-
              


              
                	Any chronic illness

                	-

                	-

                	0.300a

                	0.584
              


              
                	≤2

                	110 (54.2)

                	19 (59.4)

                	-

                	-
              


              
                	≥3

                	93 (45.8)

                	13 (40.6)

                	-

                	-
              

            
          


          
            Note: Categorical variables are presented as n (%), and continuous variables are presented as mean±standard deviation (SD). a indicates the chi-squared test, and b indicates the independent-samples t-test.

          


        

      


      
        

        3.3. Factors Associated with Latent Class Membership


        The results of the univariate analysis indicated statistically significant differences between the “higher-FOF declining group” and the “lower-FOF increasing group” in terms of education level, fall history, type of stroke, and any chronic illness (p < 0.05), as shown in Table 4. For the logistic regression analysis, latent class membership of FOF was the dependent variable. Covariates were selected based on both univariate findings and prior literature. Age, gender, and paralysis side were retained as potential confounders regardless of univariate statistical significance. The higher-FOF declining group was coded as 0, and the lower-FOF increasing group was coded as 1, with the first category used as the reference for each independent variable. The Hosmer-Lemeshow goodness-of-fit test was not significant (χ2 = 10.425, df = 8, p = 0.236), indicating an adequate model fit. It is generally accepted that a tolerance value below 0.1 or a variance inflation factor (VIF) greater than 10 indicates multicollinearity [19]. The tolerance values ranged from 0.409 to 0.699, and the VIF values ranged from 1.431 to 2.447, indicating no evidence of multicollinearity.


        
          Table 4 Comparison of sociodemographic characteristics between the two groups.


          
            
              
                	Variable

                	Higher-FOF

                Declining Group

                n (%)/Mean±SD

                	Lower-FOF

                Increasing Group

                n (%)/Mean±SD

                	Test Statistic

                	p-value
              

            

            
              
                	Gender

                	-

                	-

                	0.537a

                	0.464
              


              
                	Female

                	53 (43.4)

                	31 (38.3)

                	-

                	-
              


              
                	Male

                	69 (56.6)

                	50 (61.7)

                	-

                	-
              


              
                	Age

                	64.07 ± 5.36

                	65.62 ± 8.33

                	-1.477b

                	0.142
              


              
                	Education level

                	-

                	-

                	21.638a

                	<0.0001
              


              
                	Elementary school or less

                	32 (26.2)

                	46 (56.8)

                	-

                	-
              


              
                	Middle school

                	64 (52.5)

                	30 (37.0)

                	-

                	-
              


              
                	Junior college and above

                	26 (21.3)

                	5 (6.2)

                	-

                	-
              


              
                	Marital status

                	-

                	-

                	5.555a

                	0.062
              


              
                	Married

                	84 (68.9)

                	51 (63.0)

                	-

                	-
              


              
                	Divorced

                	20 (16.4)

                	8 (9.9)

                	-

                	-
              


              
                	Widowed

                	18 (14.8)

                	22 (27.2)

                	-

                	-
              


              
                	Fall history

                	-

                	-

                	14.464a

                	<0.0001
              


              
                	Yes

                	15 (12.3)

                	28 (34.6)

                	-

                	-
              


              
                	No

                	107 (87.7)

                	53 (65.4)

                	-

                	-
              


              
                	Type of stroke

                	-

                	-

                	29.019a

                	<0.0001
              


              
                	Ischemic

                	101 (82.8)

                	38 (46.9)

                	-

                	-
              


              
                	Hemorrhagic

                	21 (17.2)

                	43 (53.1)

                	-

                	-
              


              
                	Paralysis side

                	-

                	-

                	0.434a

                	0.510
              


              
                	Left

                	56 (45.9)

                	41 (50.6)

                	-

                	-
              


              
                	Right

                	66 (54.1)

                	40 (49.4)

                	-

                	-
              


              
                	Any chronic illness

                	-

                	-

                	32.742a

                	<0.0001
              


              
                	≤2

                	86 (70.5)

                	24 (29.6)

                	-

                	-
              


              
                	≥3

                	36 (29.5)

                	57 (70.4)

                	-

                	-
              

            
          


          
            Note: Categorical variables are presented as n (%), and continuous variables are presented as mean±standard deviation (SD). a indicates the chi-squared test, and b indicates the independent-samples t-test.

          


        


        The logistic regression analysis showed that education level, fall history, type of stroke, and any chronic illness were independently associated with the latent class membership. Compared with elementary school education or less, participants with a middle school education had lower odds of belonging to the increasing group (OR = 0.126, p = 0.029), whereas junior college education and above was not significant (p = 0.209). Compared with participants with a fall history, those without a fall history had lower odds of belonging to the increasing group (OR = 0.037, 95% CI: 0.007 - 0.201, p < 0.001). Given the large effect size and narrow confidence interval, we further examined whether this finding might be a consequence of near-perfect separation in the logistic regression model. No quasi-complete separation was observed. Participants with hemorrhagic stroke had higher odds of belonging to the increasing group than those with ischemic stroke (OR = 3.171, p = 0.048), and participants with three or more chronic illnesses had higher odds of belonging to the increasing group than those with two or fewer (OR = 2.988, p = 0.016). Detailed results are presented in Table 5.


        
          Table 5 Logistic regression of latent class membership of FOF.


          
            
              
                	Variable

                	B

                	SE

                	Wald χ2

                	p

                	OR

                	95%CI Lower

                	95%CI Upper
              

            

            
              
                	Constant

                	5.288

                	3.078

                	2.951

                	0.086

                	-

                	-

                	-
              


              
                	Gender

                	0.492

                	0.695

                	0.501

                	0.479

                	1.636

                	0.419

                	6.392
              


              
                	Age

                	-0.017

                	0.034

                	0.265

                	0.607

                	0.983

                	0.919

                	1.050
              


              
                	Education level

                	-

                	-

                	-

                	-

                	-

                	-

                	-
              


              
                	Middle school

                	-2.075

                	0.948

                	4.789

                	0.029

                	0.126

                	0.020

                	0.805
              


              
                	Junior college and above

                	-1.011

                	0.805

                	1.578

                	0.209

                	0.364

                	0.075

                	1.762
              


              
                	Fall history

                	-3.298

                	0.864

                	14.559

                	<0.001

                	0.037

                	0.007

                	0.201
              


              
                	Type of stroke

                	1.154

                	0.584

                	3.900

                	0.048

                	3.171

                	1.009

                	9.967
              


              
                	Paralysis side

                	-1.199

                	0.664

                	3.256

                	0.071

                	0.302

                	0.082

                	1.109
              


              
                	Any chronic illness

                	1.095

                	0.455

                	5.776

                	0.016

                	2.988

                	1.224

                	7.296
              

            
          


        

      

    


    
      

      4. DISCUSSION


      The dynamic nature of FOF has been discussed, describing it as a process that may fluctuate across different stages of recovery [20]. The present study supports this view by identifying two distinct developmental trajectories: the “higher-FOF declining group” and the “lower-FOF increasing group.” The “higher-FOF declining group” showed a gradual reduction in FOF over time. One study reported that the proportion of patients with FOF was lower at six months post-stroke (42%) than during the acute phase (51%) [21]. Improvements in physical function, mobility, and balance during rehabilitation may increase confidence in daily activities and may be associated with reduced FOF [22]. Higher FOF in the acute phase may also relate to uncertainty about recovery [23]. Clinically, this pattern may reflect heightened perceived threat early after stroke, followed by attenuation as recovery progresses. Management for this subgroup may emphasize early risk control and support, including safety education, graded balance and gait training, confidence-building practice for transfers and walking, and brief cognitive-behavioral components to address catastrophic beliefs and reduce avoidance.


      In contrast, the “lower-FOF increasing group” exhibited a progressive rise in FOF. Prior studies have linked FOF to reduced social interaction and physical activity [15, 24, 25]. Although short-term activity restriction can reduce fall exposure, persistent avoidance may contribute to deconditioning [26], which could be associated with higher fall risk and greater FOF. FOF is associated with psychological stress, anxiety, and depression [27], which may reduce engagement in rehabilitation [28]. Clinically, this trajectory may indicate an emerging subgroup in which FOF increases over time despite a relatively low initial level of FOF and may reflect challenges encountered during later rehabilitation or after discharge. For this subgroup, post-discharge screening should be used to detect early worsening of FOF, and an upward trajectory should prompt more frequent reassessment. When escalation is observed, interventions can focus on psychoeducation, graded exposure in a controlled setting, home-environment risk assessment and modification, and structured caregiver guidance. The aim is to address rising FOF early, before it is accompanied by sustained avoidance, reduced participation, and functional decline [29].


      Compared with participants with elementary school education or less, those with a middle school education were less likely to belong to the increasing group. One potential explanation is that lower educational attainment is often linked to poorer health literacy, which can limit the ability to obtain, understand, and use rehabilitation information. This, in turn, may reduce adherence to recommended mobility practice and coping strategies [30]. Among stroke survivors, higher health literacy has been related to greater self-efficacy, suggesting that limited health literacy may undermine confidence in managing post-stroke challenges and weaken self-management behaviors [31]. In fall-prevention research, inadequate health literacy has been noted to hinder understanding of educational materials and participation in interventions, which may contribute to a gradual increase in concerns about falling [32]. Consistently, adequate health literacy has been associated with a lower prevalence of falls in community-dwelling older adults, which may result in lower fall exposure and less escalation of FOF [33]. Because only the middle school category reached statistical significance, it should be interpreted cautiously and replicated in larger samples. One possible explanation for this non-linearity is that, although the odds ratio for junior college and above remained in the protective direction, it did not reach statistical significance. This estimate may have been underpowered, as only a small number of participants in this category were observed in the lower-FOF increasing group, potentially resulting in unstable estimates and reduced statistical power. Therefore, the lack of statistical significance should not be interpreted as evidence of no association. In addition, broad educational categories may not fully reflect differences in health literacy, engagement in rehabilitation, or coping capacity.


      Participants without a fall history had lower odds of belonging to the increasing group than those with a fall history. This pattern is consistent with evidence in stroke populations, including a meta-analysis identifying fall history as a significant correlate of higher FOF after stroke [34]. Another meta-analysis also reported a significant association between falls and FOF in both acute and chronic stroke cohorts, suggesting that individuals who have fallen tend to report greater FOF [35]. Falls can be important events that make people judge their fall risk as higher and feel less confident about their balance, which may lead to avoiding activities. Reduced activity and less walking practice can then cause loss of strength and balance, which increases the chance of another fall and strengthens the fear. This cycle has been described in stroke-related models of FOF and fall risk [36]. Longitudinal studies also show that early fall experiences are linked to later FOF, highlighting the need for early screening and timely interventions to prevent worsening over time [37].


      Participants with hemorrhagic stroke had higher odds of belonging to the increasing group than those with ischemic stroke. This finding is consistent with reports that hemorrhagic stroke is often accompanied by greater initial neurological impairment and a slower or delayed recovery, which may prolong feelings of instability during mobility and increase concerns about falling over time [38, 39]. Differences across studies in case severity, rehabilitation intensity, and the timing of assessment may partly explain variation in the strength of this association. Similar associations between stroke type and FOF have also been reported [40]. In addition, participants with three or more chronic illnesses had higher odds of belonging to the increasing group than those with two or fewer chronic illnesses. This aligns with evidence linking multimorbidity to poorer physical reserve and a higher risk of falls and FOF [41, 42]. A higher comorbidity burden may increase functional limitations, fatigue, and medication use, which can reduce gait stability and balance confidence and thereby contribute to worsening FOF [41].


      Clinically, patients with a fall history, hemorrhagic stroke, or three or more chronic illnesses may warrant proactive monitoring and tailored support. Targeted strategies such as accessible health education, fall-prevention and confidence-building interventions, and coordinated chronic disease management may help mitigate the progression of FOF.

    


    
      

      5. LIMITATIONS


      This study has several limitations. Convenience sampling from a single region limits generalizability. Requiring verbal communication excluded participants with aphasia or cognitive impairment, potentially affecting the identified trajectories. The first assessment was conducted one month after stroke onset, so an acute-phase baseline was unavailable, and early rapid changes were missed. FOF was self-reported and collected through repeated face-to-face interviews, which can be influenced by misunderstanding, social desirability, and interviewer effects. Inter-rater reliability and standardization checks were not reported. The two-stage variable selection strategy may introduce instability. Although some confounders were retained a priori, the selection of the remaining variables still depended on univariate significance, which may have missed confounders that were not significant in the univariate analysis but modified the relationship. Key psychological factors such as anxiety, catastrophizing, and activity avoidance were not assessed, limiting mechanistic interpretation. Rehabilitation exposure, including therapy type and intensity, was not measured, so its impact on FOF trajectories could not be evaluated. Finally, GMM involves iterative estimation and is susceptible to local maxima and model instability, which can affect class solutions and the reliability of trajectory classification.

    


    
      

      CONCLUSION


      The FES-I can be administered at 1, 2, 3, 4, and 6 months after stroke onset to monitor FOF. An upward trend, defined as two consecutive increases, may indicate worsening FOF over time. Routine assessments typically focus on physical function, such as mobility and balance. Monitoring of FES-I adds fall-related psychological and behavioral information. These findings highlight the importance of early recognition of patients who may be more likely to follow an increasing FOF trajectory, particularly those with an elementary school education or below, prior falls, hemorrhagic stroke, and three or more chronic illnesses.

    

  


  
    
      

      AUTHORS’ CONTRIBUTIONS


      The authors confirm contribution to the paper as follows: W.D., F.K.H.: Study conception and design; W.D.: Data collection; W.D., F.K.H., K.L.S.: Analysis and interpretation of results; W.D.: Draft manuscript; K.L.S.: Manuscript review and editing; F.K.H., K.L.S.: Supervision. All authors reviewed the results and approved the final version of the manuscript.

    


    
      LIST OF ABBREVIATIONS


      
        
          
            	

            	
          


          
            	FOF

            	= Fear Of Falling
          


          
            	GMM

            	= Growth Mixture Modeling
          


          
            	FES-I

            	= Falls Efficacy Scale International
          


          
            	AIC

            	= Akaike Information Criterion
          


          
            	LMR

            	= Lo-Mendell-Rubin Likelihood Ratio Test
          


          
            	BLRT

            	= Bootstrapped Likelihood Ratio Test
          

        
      

    


    
      

      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      This study was approved by the Ethics Committee of Chengde Central Hospital, Hebei Province, China. The approval number is CDCHLL2024-403.

    


    
      

      HUMAN AND ANIMAL RIGHTS


      All human research procedures followed were in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013.

    


    
      

      CONSENT FOR PUBLICATION


      Informed consent was obtained from the participants.

    


    
      

      STANDARDS OF REPORTING


      STROBE guidelines were followed.

    


    
      

      AVAILABILITY OF DATA AND MATERIALS


      The data supporting the findings of this article are available from the corresponding author [K.L.S] upon reasonable request.

    


    
      

      FUNDING


      None.

    


    
      

      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    The authors sincerely thank the nurses who volunteered for this study, as well as the nursing managers and hospital administration for their assistance and cooperation throughout the study.


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Owolabi M.O., Akarolo-Anthony S., Akinyemi R., Arnett D., Gebregziabher M., Jenkins C., Tiwari H., Arulogun O., Akpalu A., Sarfo F.S., Obiako R., Owolabi L., Sagoe K., Melikam S., Adeoye A.M., Lackland D., Ovbiagele B.. The burden of stroke in Africa: A glance at the present and a glimpse into the future: Review article., Cardiovasc. J. Afr.. 2015; 26(2 Suppl. 1): S27-S38.

          [CrossRef] [PubMed]
        


        
          	[2]

          	Feigin V.L., Abate M.D., Abate Y.H., Abd ElHafeez S., Abd-Allah F., Abdelalim A., Abdelkader A., Abdelmasseh M., Abd-Elsalam S., Abdi P., Abdollahi A., Abdoun M., Abd-Rabu R., Abdulah D.M., Abdullahi A., Abebe M., Abeldaño Zuñiga R.A., Abhilash E.S., Abiodun O.O., Abiodun O., Abo Kasem R., Aboagye R.G., Abouzid M., Abreu L.G., Abrha W.A., Abtahi D., Abu Rumeileh S., Abualhasan A., Abualruz H., Abu-Gharbieh E., Abukhadijah H.J., Abu-Rmeileh N.M.E., Aburuz S., Abu-Zaid A., Acuna J.M., Adane D.E., Adane M.M., Addo I.Y., Adedoyin R.A., Adegboye O.A., Adekanmbi V., Adhikari K., Adnani Q.E.S., Adra S., Adzigbli L.A., Afify A.Y., Afolabi A.A., Afrashteh F., Afzal M.S., Afzal S., Aghamiri S., Agyemang-Duah W., Ahinkorah B.O., Ahmad A., Ahmad M.M., Ahmad S., Ahmad S., Ahmad T., Ahmadzade A.M., Ahmed A., Ahmed A., Ahmed H., Ahmed S.A., Ajami M., Aji B., Akara E.M., Akinyemi R.O., Akkaif M.A., Akrami A.E., Al Awaidy S., Al Hamad H., Al Hasan S.M., Al Qadire M., Al Ta’ani O., Al-Ajlouni Y., Alalalmeh S.O., Alalwan T.A., Al-Aly Z., Al-amer R.M., Aldhaleei W.A., Aldossary M.S., Alemohammad S.Y., Al-Fatly B., Al-Gheethi A.A.S., Alhalaiqa F.N., Alharrasi M., Ali A., Ali M.U., Ali R., Ali S.S., Ali W., Al-Ibraheem A., Alif S.M., Aljunid S.M., Almahmeed W., Al-Marwani S., Alomari M.A., Alonso J., Alqahtani J.S., Al-Raddadi R.M.M., Alrawashdeh A., Alsabri M.A., Alshahrani N.Z., Altaany Z., Altaf A., Al-Tammemi A.B., Altwalbeh D., Alvis-Guzman N., Alwafi H., Al-Wardat M., Al-Worafi Y.M., Aly H., Aly S., Alyahya M.S.I., Alzoubi K.H., Al-Zyoud W.A., Amani R., Amegbor P.M., Amera T.G., Amin T.T., Amindarolzarbi A., Amiri S., Amu H., Amugsi D.A., Amusa G.A., Ancuceanu R., Anderlini D., Angappan D., Anil A., Ansari M.T.T., Ansari-Moghaddam A., Ansong R., Anvari S., Anwar S., Anwar S.L., Anyabolo E.E., Anyasodor A.E., Apostol G.L.C., Appiah F., Aqeel M., Arabloo J., Arabzadeh Bahri R., Arafat M., Aravkin A.Y., Ardekani A., Areda D., Aregawi B.B., Aregu G.M., Aremu O., Arifin H., Ärnlöv J., Artamonov A.A., Arulappan J., Aryal U.R., Aryan Z., Asbeutah A.M., Asemahagn M.A., Asemu M.T., Asghari-Jafarabadi M., Ashemo M.Y., Ashraf T., Aslani A., Asmerom H.A., Astell-Burt T., Athari S.S., Atorkey P., Atout M.M.W., Atreya A., Aujayeb A., Ausloos M., Avan A., Awad H., Awotidebe A.W., Ayana L.A.A., Aychiluhm S.B., Aynalem A.A., Aynalem Z.B., Azadnajafabad S., Azami H., Aziz S., Azzam A.Y., Babu A.S., Babu G.R., Badar M., Badiye A.D., Bahrami Taghanaki P., Bahramian S., Bai R., Baig A.A., Bakkannavar S.M., Bako A.T., Baltatu O.C., Bam K., Banach M., Banakar M., Bandyopadhyay S., Banik P.C., Bansal K., Bao Y., Barboza M.A., Bardhan M., Barengo N.C., Barker-Collo S.L., Bärnighausen T.W., Barqawi H.J., Barrow A., Barua L., Bashiri A., Bashiru H.A., Basiru A., Bastan M-M., Basu S., Basu S., Batra K., Begde A., Behnam B., Behnoush A.H., Belayneh M.B.Y., Belingheri M., Bello U.M., Bennett D.A., Bensenor I.M., Berhe F.T., Bermudez A.N.C., Beyene H.B.B., Beyene K.A., Bhagat D.S., Bhagavathula A.S., Bhala N., Bhalla A., Bhardwaj N., Bhardwaj P., Bhaskar S., Bhat A.N., Bhat V., Bhatti G.K., Bhatti J.S.S., Bhuiyan M.A., Bhusal S., Bikbov B., Bilgin C., Biondi A., Bishaw K.A., Biswas A., Biswas B., Bodhare T., Bogale E.K., Boloor A., Bonakdar Hashemi M., Bonny A., Bora Basara B., Borhany H., Bosoka S.A., Bouaoud S., Bouyahya A., Boyko E.J., Bozic M.M., Braithwaite D., Breitner S., Brenner H., Britton G., Brunoni A.R., Bryazka D., Bugiardini R., Bulto L.N., Burkart K., Bustanji Y., Butt Z.A., Caetano dos Santos F.L., Cámera L.A., Campos L.A., Campos-Nonato I.R., Cao F., Capodici A., Cárdenas R., Carr S., Carreras G., Carvalho A.F., Carvalho F., Castaldelli-Maia J.M., Castañeda-Orjuela C.A., Castelpietra G., Catapano A.L., Cattaruzza M.S., Cegolon L., Cembranel F., Cenko E., Cerin E., Chadwick J., Chakraborty C., Chakraborty S., Chan J.S.K., Chandika R.M., Chandrasekar E.K., Chanie G.S., Chattu V.K., Chaudhary A.A., Chaurasia A., Chen H., Chen M., Chen S., Chi G., Chichagi F., Chimoriya R., Ching P.R., Chitheer A., Cho S.M.J., Choi D-W., Chong B., Chong C.L., Chopra H., Choudhari S.G., Choudhary R., Chu D-T., Chukwu I.S., Chung S-C., Cindi Z., Cioffi I., Cogen R.M., Columbus A., Costanzo S., Couto R.A.S., Criqui M.H., Cruz-Martins N., Cuadra-Hernández S.M., da Silva A.G., Dadana S., Dadras O., Dai X., Dalal K., Dalli L.L., Damiani G., D’Amico E., Dandona L., Dandona R., Darwish A.H., Das S., Dashti M., Dashtkoohi M., Dashtkoohi M., Dastmardi M., Davletov K., De la Cruz-Góngora V., DeAngelo S., Debele A.T., Debopadhaya S., Delgado-Enciso I., Demessa B.H., Demetriades A.K., Denova-Gutiérrez E., Dervišević E., Desai H.D., Desale A.T., Desta F., Devanbu V.G.C., Devegowda D., Dewan S.M.R., Dhane A.S., Dhimal M., Dhulipala V.R., Diaz M.J., Diress M., Dodangeh M., Doegah P.T., Dohare S., Doheim M.F., Dokova K.G., Dongarwar D., D’Oria M., Doshi O.P., Doshi R.P., Douiri A., Dowou R.K., Dsouza A.C., Dsouza H.L., Dsouza V.S., Duncan B.B., Duraes A.R., Dziedzic A.M., Ekholuenetale M., El Bayoumy I.F., El Sayed Zaki M., Elbarazi I., El-Dahiyat F., Elgendy I.Y., Elhadi M., El-Huneidi W., Elmonem M.A., Elmoselhi A.B., Eltaha C., Emeto T.I., Esezobor C.I., Esfandiari N., Esmaeili Z., Esposito F., Etoom M., Fabin N., Fadhil I., Fagbamigbe A.F., Fagbule O.F., Faghani S., Fahim A., Fakhradiyev I.R., Falzone L., Fareed M., Fares J., Farinha C.S.S., Faris M.A.I.E.M., Faris P.S., Farjoud Kouhanjani M., Faro A., Farrokhpour H., Fasanmi A.O., Fauk N.K., Fazeli P., Fazylov T., Feizkhah A., Fekadu G., Feng X., Fereshtehnejad S-M., Ferrara P., Ferreira N., Fetensa G., Feyisa B.R., Fischer F., Flor L.S., Foley K.M., Fonseca A.C., Foroumadi R., Foroutan B., Fortuna D., Foschi M., Franklin R.C., Fridayani N.K.Y., G S., Gaal P.A., Gaidhane A.M., Gaipov A., Galali Y., Gallus S., Gandhi A.P., Ganesan B., Gasevic D., Gautam P., Gautam R.K., Gebregergis M.W., Gebrehiwot M., Gebrekidan K.G., Getacher L., Getahun G.K., Getie M., Ghadimi D.J., Ghadirian F., Ghaffari Jolfayi A., Ghafourifard M., Ghasemi M-R., Ghasemzadeh A., Ghazy R.M., Gholami E., Gholami Z., Ghozy S., Giannoni Luza S., Gilani J.A., Gill T.K., Gillum R.F., Gindaba E.Z., Gnedovskaya E.V., Goel A., Goldust M., Golechha M., Goleij P., Golinelli D., Gona P.N., Gorini G., Goulart A.C., Goulart B.N.G., Gouravani M., Grivna M., Grosso G., Grover A., Guan S-Y., Guarducci G., Guha A., Guicciardi S., Gulati S., Gunawardane D.A., Guo C., Guo Z., Gupta A.K., Gupta B., Gupta M., Gupta R., Gupta R.D., Gupta R., Gupta S., Habibzadeh F., Hadi N.R., Haghani Dogahe M., Haghi-Aminjan H., Haghmorad D., Haj-Mirzaian A., Halimi A., Hamdy N.M., Hamidi S., Hamilton E.B., Hanif A., Hanifi N., Hankey G.J., Hannan M.A., Haq Z.A., Hargono A., Harlianto N.I., Haro J.M., Has E.M.M., Hasaballah A.I., Hasan I., Hasnain M.S., Hassan I., Hassan Zadeh Tabatabaei M.S., Haubold J., Havmoeller R.J., Hay S.I., Hbid Y., Hebert J.J., Hegazi O.E., Heidari M., Hemmati M., Heyi D.Z., Hezam K., Hiraike Y., Hoan N.Q., Holla R., Horita N., Hossain M.M., Hosseinzadeh H., Hosseinzadeh M., Hosseinzadeh Adli A., Hostiuc M., Hostiuc S., Hu B., Hu C., Huang J., Humayun A., Hussain S., Huy L.D., Huynh H-H., Hwang B-F., Ibitoye S.E., Ikeda N., Ikiroma A., Ilesanmi O.S., Ilic I.M., Ilic M.D., Imam M.T., Immurana M., Inbaraj L.R., Iqhrammullah M., Iradukunda A., Irham L.M., Islam M.R., Ismail F., Ismail N.E., Iso H., Isola G., Itumalla R., Iwagami M., Iwu C.D.C.D., J V., Jaafari J., Jacob L., Jafarzadeh A., Jahrami H., Jain A., Jain N., Jairoun A.A., Jaiswal A., Jakovljevic M., Jalilzadeh Yengejeh R., Janakiraman B., Jatau A.I., Jayapal S.K., Jayaram S., Jee S.H., Jeganathan J., Jegnie M., Jema A.T., Jeswani B.M., Jeyakumar A., Jha A.K., Jha R.P., Ji Z., Jiang H., Jin S., Jin Y., Jokar M., Jonas J.B., Joo T., Jose J., Joseph N., Joshua C.E., Joukar F., Jozwiak J.J., Jürisson M., Kabir A., Kabir M.A., Kabir Z., Kadashetti V., Kalani R., Kalra S., Kamal V.K., Kamireddy A., Kan H., Kanaan M., Kandel H., Kanmodi K.K., Kantar R.S., Kapoor N., Karakasis P., Karaye I.M., Karch A., Karimi H., Karimi S.E., Karimi Y., Karimi Behnagh A., Karki P., Kasraei H., Kauppila J.H., Kaur H., Kaydi N., Kayode G.A., Kazemi F., Kazemian S., Kesse-Guyot E., Khader Y.S., Khafaie M.A., Khaing I.K., Khajuria H., Khalaji A., Khalid N., Khalil A.A., Khan A., Khan F., Khan M.N., Khan M., Khan M.J., Khan M.A.B., Khan Y.H., Khanmohammadi S., Khatab K., Khatatbeh H., Khatatbeh M.M., Khateri S., Khatib M.N., Khayamzadeh M., Khayat Kashani H.R., Khidri F.F., Khokhar M., Khosla A.A., Khosravi M., Khubchandani J., Kian S., Kim K., Kim M.S., Kim Y.J., Kimokoti R.W., Kisa A., Kisa S., Kolahi A-A., Koly K.N., Kompani F., Kondlahalli S.K.M.M., Korja M., Korshunov V.A., Korzh O., Kosen S., Kostev K., Kothari N., Kotnis A.L., Koulmane Laxminarayana S.L., Krishan K., Krishna V., Krishnamoorthy V., Krishnan B., Kruja J., Kuate Defo B., Kucuk Bicer B., Kuddus M.A., Kuddus M., Kugbey N., Kulimbet M., Kulkarni V., Kumar A., Kumar A., Kumar D., Kumar G.A., Kumar N., Kumar R., Kumaran D S., Kundu A., Kundu S., Kunutsor S.K., Kurmi O.P., Kusuma D., Kutikuppala L.V.S., Kuttikkattu A., Kytö V., La Vecchia C., Lacey B., Lahariya C., Lal D.K., Lallukka T., Lám J., Landires I., Larsson A.O., Lasrado S., Latifinaibin K., Lauriola P., Lavados P.M., Lawal B.K., Le L.K.D., Le N.H.H., Le T.T.T., Le T.D.T., Lee P.H., Lee S.W., Lee W-C., Lee Y.H., Li M-C., Li W., Li X., Li Y., Lim L-L., Lim S.S., Lin J.C., Lindholm D., Linn S., Liu G., Liu R., Liu S., Liu X., Liu X., Llanaj E., Lo C-H., Lo W.D., Lohner V., López-Gil J.F., Lorenzovici L., Lorkowski S., Lotufo P.A., Lucchetti G., Luo L., Lusk J.B., Ma Z.F., Machoy M., Madadizadeh F., Maddison R., Mahmoudi E., Mahmoudvand G., Makram O.M., Malakan Rad E., Malhotra K., Malik A.A., Malik I., Mallhi T.H., Malta D.C., Mamun A.A., Manla Y., Mansouri M.H., Mansouri P., Mansouri V., Mansournia M.A., Mantovani L.G., Manu E., Marateb H.R., Marjani A., Martini D., Martini S., Martorell M., Maryam S., Marzo R.R., Masrie A., Mathangasinghe Y., Maulik P.K., Mayeli M., Mazidi M., McKee M., McPhail S.M., Mechili E.A., Mehmood A., Mehrabani-Zeinabad K., Mekene Meto T., Meles H.N., Mendoza W., Menezes R.G., Mensah G.A., Meo S.A., Meretoja A., Meretoja T.J., Mestrovic T., Mettananda C.D.K., Miazgowski T., Michalek I.M., Micheletti Gomide Nogueira de Sá A.C., Minervini G., Minh L.H.N., Mini G.K., Mirghafourvand M., Mirica A., Mirrakhimov E.M., Mirza-Aghazadeh-Attari M., Mishra M., Misra S., Mithra P., Mohamed A.I., Mohamed J., Mohamed N.S., Mohammad A.M., Mohammadi E., Mohammadi S., Mohammadi S., Mohammadian-Hafshejani A., Mohammadzadeh I., Mohammed H., Mohammed M., Mohammed S., Mohammed S., Mokdad A.H., Molavi Vardanjani H., Molokhia M., Momani S., Monasta L., Moni M.A., Montazeri F., Moodi Ghalibaf A.A., Moosazadeh M., Moradi M., Moradi Y., Moraga P., Morawska L., Moreira R.S., Morrison S.D., Mosaddeghi Heris R., Mossialos E., Mousavi P., Msherghi A., Mubarik S., Muccioli L., Mulita A., Muniyandi M., Munjal K., Murillo-Zamora E., Muthu S., Myung W., Nabavi A., Nabhan A.F., Nafei A., Nagarajan A.J., Naghavi P., Naik G.R., Naik G., Naimzada M.D., Nair S., Nair T.S., Najdaghi S., Najmuldeen H.H.R., Nakhostin Ansari N., Nangia V., Narasimha Swamy S., Nargus S., Narimani Davani D., Nascimento B.R., Nascimento G.G., Nasrollahizadeh A., Nasrollahizadeh A., Natto Z.S., Nauman J., Navaratna S.N.K., Nayak B.P., Nayak V.C., Nazri-Panjaki A., Ndejjo R., Negoi I., Negoi R.I., Nejadghaderi S.A., Nejjari C., Nematollahi M.H., Nepal S., Newton C.R.J., Nguyen D.H., Nguyen D.H., Nguyen H.T.H., Nguyen H.Q., Nguyen N.N.Y., Nguyen P.T., Nguyen V.T., Niazi R.K., Nigatu Y.T., Nikravangolsefid N., Ningrum D.N.A., Nnaji C.A., Nnyanzi L.A., Nomura S., Noor S.T.A., Norrving B., Nawsherwan N., Noubiap J.J., Nri-Ezedi C.A., Ntaios G., Ntsekhe M., Nugen F., Nurchis M.C., Nurrika D., Nzoputam C.I., Nzoputam O.J., Oancea B., Obamiro K.O., Odetokun I.A., O’Donnell M.J., Oguta J.O., Oh I-H., Ojo-Akosile T.R., Okati-Aliabad H., Okeke S.R., Okekunle A.P., Okidi L., Okonji O.C., Oladnabi M., Olagunju A.T., Olaiya M.T., Olalusi O.V., Olasehinde T.A., Olasupo O.O., Olatubi M.I., Oliveira A.B., Oliveira G.M.M., Olorukooba A.A., Olufadewa I.I., Oluwafemi Y.D.D., Oluwatunase G.O., Omar H.A., Omar Bali A., O’Neil A.E., Ong S.K., Onwujekwe O.E., Opejin A.O., Ordak M., Ornello R., Ortega-Altamirano D.V., Ortiz A., Ortiz-Prado E., Osman W.M.S., Osuagwu U.L., Otstavnov S.S., Owolabi M.O., Oyeyemi I.T., Ozair A., P A M.P., Pacheco-Barrios K., Padron-Monedero A., Padubidri J.R., Palicz T., Palma-Alvarez R.F., Pan F., Panda-Jonas S., Pande Katare D., Pandey A., Pandey A., Pandi-Perumal S.R., Panos L.D., Pantazopoulos I., Papadopoulou P., Pardhan S., Parija P.P., Parikh R.R., Parsons N., Passera R., Patoulias D., Paudel U., Pawar S., Peden A.E., Pedersini P., Peprah P., Pereira M.O., Peres M.F.P., Perianayagam A., Perico N., Perna S., Pestell R.G., Petcu I-R., Petermann-Rocha F.E., Pham H.N., Pham H.T., Phillips M.R., Pilgrim T., Piradov M.A., Pirouzpanah S., Plotnikov E., Poddighe D., Poluru R., Popovic D.S., Postma M.J., Pourshams A., Pourtaheri N., Pradhan J., Pradhan P.M.S., Prakash V., Prasad M., Prates E.J.S., Pribadi D.R.A., Puvvula J., Qattea I., Qian G., Qiao Y., Raggi A., Raghav P.R., Raghuveer P., Rahim F., Rahim M.J., Rahimifard M., Rahimi-Movaghar V., Rahman M.M., Rahman M.H.U., Rahman M., Rahman M.A., Rahmani A.M., Rahmanian M., Rahmanian N., Rahmanian V., Rahmati R., Rahmawaty S., Raj G.M., Rajaa S., Rajendran V., Rajpoot P.L., Rajput P., Ram P., Ramadan M.M., Ramadan M., Ramanarayanan V., Ramasamy S.K., Ramazanu S., Rana J., Rana K., Rana R.K., Ranabhat C.L., Rancic N., Rane A., Ranta A., Rao M., Rao S.J., Rashedi S., Rashidi M-M., Rasouli-Saravani A., Rathish D., Rauniyar S.K., Rawaf S., Razo C., Reddy M.M.R.K., Redwan E.M.M., Rehman I.U., Remuzzi G., Rezaei N., Rezaeian M., Rezazadeh H., Rhee T.G., Riaz M.A., Ribeiro A.L.P., Rodrigues M., Rodrigues da Silva T.P.R., Rodriguez J.A.B., Roever L., Romadlon D.S., Ross A.G., Rout H.S., Roy B., Roy P., Roy S., Ruela G.A., Russo M., Rwegerera G.M., S N C., Saad A.M.A., Saber K., Saber-Ayad M.M., Sabet C.J., Sabour S., Sacco S., Saddik B.A., Sadeghi E., Saeb M.R., Saeed U., Safi S.Z.Z., Sagar R., Saghafi A., Sagoe D., Saheb Sharif-Askari F., Sahebkar A., Sahoo P.M., Sahoo S.S., Sajid M.R., Salami A.A., Salaroli L.B., Saleh M.A., Salem M.Z.Y., Salum G.A., Samadzadeh S., Samargandy S., Samodra Y.L., Samuel V.P., Samy A.M., Sanabria J., Santos I.S., Santric-Milicevic M.M., Sarasmita M.A., Saravanan A., Sarikhani Y., Sarode G.S., Sarode S.C., Satpathy M., Sattouf Z., Saya G.K., Sayeed M.A., Sayyah M., Scarmeas N., Schaarschmidt B.M., Schlaich M.P., Schmidt M.I., Schneider I.J.C., Schuermans A., Schumacher A.E., Schutte A.E., Schwebel D.C., Selvaraj S., Sen P., Senapati S., Senthilkumaran S., Sergindo M.T., Sethi Y., Seylani A., Shafie M., Shah P.A., Shahabi S., Shahbandi A., Shahid S., Shahsavari H.R., Shahwan M.J., Shaikh M.A., Shalash A.S., Shamim M.A., Shams-Beyranvand M., Shamsi A., Shamsutdinova A., Shanawaz M., Shannawaz M., Sharath M., Sharifan A., Sharifi A., Sharifi-Rad J., Sharma A., Sharma M., Sharma S., Sharma U., Sharma V., Sheikhi R.A., Shetty A., Shetty M., Shetty P.K., Shiferaw D., Shigematsu M., Shimels T., Shin M-J., Shiri R., Shittu A., Shitu A.O., Shiue I., Shorofi S.A., Shrestha S., Shuval K., Si Y., Siddig E.E., Sikdar M., Silva J.P., Silva L.M.L.R., Singh A., Singh B., Singh G., Singh H., Singh J.A., Singh K., Singh N.P., Singh P., Singh P., Sipilä J.O.T., Sivakumar S., Skryabin V.Y., Skryabina A.A., Sleet D.A., Sobia F., Socea B., Sohag A.A.M., Solanki R., Solanki S., Solomon Y., Song Y., Soraneh S., Sorensen R.J.D., Sotoudeh H., Soyiri I.N., Spartalis M., Sreeramareddy C.T., Srinivasamurthy S.K., Stachteas P., Stafford L.K., Stark B.A., Starodubova A.V., Subedi N., Subramaniyan V., Suleman M., Sultana A., Sun Z., Sundström J., Suresh V., Susanty S., Swain C.K., Szarpak L., T y S.S., Tabaee Damavandi P., Tabarés-Seisdedos R., Tabatabaei S.M., Tabatabai S., Tabche C., Tabish M., Tadakamadla J., Tadakamadla S.K., Taheri A., Taiba J., Talaat I.M., Talukder A., Tampa M., Tamuzi J.L., Tan K-K., Tang H., Tanwar M., Tarigan I.U., Tarkang E.E., Tat N.Y., Tavangar S.M., Tehrani-Banihashemi A., Teimoori M., Temsah M-H., Temsah R.M.H., Teramoto M., Tesfamariam W.B., Tesfaye Gta E.G., Thakur R., Thangaraju P., Thapa R., Thapar R., Thayakaran R., Thirunavukkarasu S., Thomas J., Thomas N.K.K., Thrift A.G., Tian J., Tichopad A., Ticoalu J.H.V., Tiruneh C., Tiwari K., Tiyuri A., Tonelli M., Topor-Madry R., Tovani-Palone M.R., Trabelsi K., Tran N.H., Tran T.H., Tran Minh Duc N., Trico D., Tromans S.J., Truyen T.T.T.T., Tsai D.H-T., Tsatsakis A., Tsermpini E.E., Turuse E.A.A., Tyrovolas S., Udoakang A.J., Udoh A., Ullah A., Ullah S., Umair M., Umar M., Unim B., Unnikrishnan B., Urso D., Usman J.S., Vacante M., Vahabi S.M., Vahdati S., Vaithinathan A.G., Vakili O., Valizadeh R., Van den Eynde J., Varga O., Varthya S.B., Vasankari T.J., Vellingiri B., Venketasubramanian N., Verma M., Veroux M., Verras G-I., Vervoort D., Villafañe J.H., Villani S., Vinayak M., Viskadourou M., Volovat S.R., Volovici V., Wafa H.A., Waheed Y., Wahood W., Wang C., Wang F., Wang S., Wang S., Wang Y., Wang Y-P., Wanjau M.N., Waqas M., Wassie E.G., Wassie G.T., Wei Z., Weintraub R.G., Weldetinsaa H.L., Wickramasinghe D.P., Wickramasinghe N.D., Wijeratne T., Willeit P., Wolfe C.D.A., Wong Y.J., Wongsin U., Wu C., Wu F., Wu Y.J., Wu Z., Xiao H., Xu S., Xu X., Yamagishi K., Yang D., Yano Y., Yarahmadi A., Yaribeygi H., Yasufuku Y., Yatsuya H., Yazdanpanah F., Yazdanpanah M.H., Ye P., Yesodharan R., Yezli S., Yi S., Yi X., Yin D., Yon D.K., Yonemoto N., Yu C., Yu E.A., Yun K., Yusuf H., Zadey S., Zafari N., Zaman B.A., Zaman S.B., Zanghì A., Zare I., Zarimeidani F., Zarrintan A., Zastrozhin M., Zemedikun D., Zeng Y., Zhang B., Zhang H., Zhang L., Zhang Y., Zhang Z., Zhao H., Zhong C.C., Zhou S.C., Zhu B., Zhu L., Zhumagaliuly A., Ziafati M., Zielińska M., Zikarg Y.T., Zoghi G., Zyoud S.H., Zyoud S.H., Johnson C.O., Roth G.A., Nair B.S., Rautalin I., Bhati A., Bisignano C., Vos T., Murray C.J.L.. Global, regional, and national burden of stroke and its risk factors, 1990–2021: A systematic analysis for the Global Burden of Disease Study 2021., Lancet Neurol.. 2024; 23(10): 973-1003.

          [CrossRef] [PubMed]
        


        
          	[3]

          	Vyas M.V., Hackam D.G., Silver F.L., Laporte A., Kapral M.K.. Lost productivity in stroke survivors: An econometrics analysis., Neuroepidemiology. 2016; 47(3-4): 164-170.

          [CrossRef] [PubMed]
        


        
          	[4]

          	Wagner L.M., Phillips V.L., Hunsaker A.E., Forducey P.G.. Falls among community-residing stroke survivors following inpatient rehabilitation: A descriptive analysis of longitudinal data., BMC Geriatr.. 2009; 9(1): 46.

          [CrossRef] [PubMed]
        


        
          	[5]

          	Schmid A.A., Rittman M.. Consequences of poststroke falls: Activity limitation, increased dependence, and the development of fear of falling., Am. J. Occup. Ther.. 2009; 63(3): 310-316.

          [CrossRef] [PubMed]
        


        
          	[6]

          	Liu T.W., Ng G.Y.F., Chung R.C.K., Ng S.S.M.. Decreasing fear of falling in chronic stroke survivors through cognitive behavior therapy and task-oriented training., Stroke. 2019; 50(1): 148-154.

          [CrossRef] [PubMed]
        


        
          	[7]

          	Ng S.S.M.. Contribution of subjective balance confidence on functional mobility in subjects with chronic stroke., Disabil. Rehabil.. 2011; 33(22-23): 2291-2298.

          [CrossRef] [PubMed]
        


        
          	[8]

          	Dolan H.R., Pool N.. Overcoming waves of helplessness: The meaning of experiencing fear of falling., Geriatr. Nurs.. 2023; 52: 40-47.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Lenouvel E., Ullrich P., Siemens W., Dallmeier D., Denkinger M., Kienle G., Zijlstra G.A.R., Hauer K., Klöppel S.. Cognitive behavioural therapy (CBT) with and without exercise to reduce fear of falling in older people living in the community., Cochrane Libr.. 2023; 2023(11): CD014666.

          [CrossRef] [PubMed]
        


        
          	[10]

          	Tian X., Mai Y.H., Guo Z.J., Chen J.W., Zhou L.J.. Contributing factors and interventions for fear of falling in stroke survivors: A systematic review., Top. Stroke Rehabil.. 2024; 31(8): 772-787.

          [CrossRef] [PubMed]
        


        
          	[11]

          	Schmid A.A., Van Puymbroeck M., Knies K., Spangler-Morris C., Watts K., Damush T., Williams L.S.. Fear of falling among people who have sustained a stroke: A 6-month longitudinal pilot study., Am. J. Occup. Ther.. 2011; 65(2): 125-132.

          [CrossRef] [PubMed]
        


        
          	[12]

          	Liu X., Ji X., Zhang Y.. Trajectories of college students’ general self-efficacy, the related predictors, and depression: A piecewise growth mixture modeling approach., Heliyon. 2023; 9(5): e15750.

          [CrossRef] [PubMed]
        


        
          	[13]

          	Zhou S., Jin L., Liu X., Ding X., Zhu X.. Developmental trajectory of depressive symptoms in chinese college students: Latent classes and gender effect., Int. J. Environ. Res. Public Health. 2022; 19(6): 3508.

          [CrossRef] [PubMed]
        


        
          	[14]

          	Lee E.S., Lee P.S.S., Xie Y., Ryan B.L., Fortin M., Stewart M.. The prevalence of multimorbidity in primary care: A comparison of two definitions of multimorbidity with two different lists of chronic conditions in Singapore., BMC Public Health. 2021; 21(1): 1409.

          [CrossRef] [PubMed]
        


        
          	[15]

          	Hadjistavropoulos T., Delbaere K., Fitzgerald T.D.. Reconceptualizing the role of fear of falling and balance confidence in fall risk., J. Aging Health. 2011; 23(1): 3-23.

          [CrossRef] [PubMed]
        


        
          	[16]

          	Chen I.H., Lin L.F., Lin C.J., Wang C.Y., Hu C.C., Lee S.C.. Effect of fear of falling on turning performance among patients with chronic stroke., Gait Posture. 2024; 113: 145-150.

          [CrossRef] [PubMed]
        


        
          	[17]

          	Tan M.P., Nalathamby N., Mat S., Tan P.J., Kamaruzzaman S.B., Morgan K.. Reliability and validity of the short falls efficacy scale international in English, Mandarin, and Bahasa Malaysia in Malaysia., Int. J. Aging Hum. Dev.. 2018; 87(4): 415-428.

          [CrossRef] [PubMed]
        


        
          	[18]

          	Otani T., Tamura S., Miyata K., Shioura K., Ando T., Yoshida A., Yokoyama D., Usuda S.. Minimal clinically important differences in values on the Falls Efficacy Scale-International and Brief-Balance Evaluation Systems Test for outpatients with lower extremity fractures., Rigakuryoho Kagaku. 2024; 39(3): 112-118.

          [CrossRef]
        


        
          	[19]

          	Kim J.H.. Multicollinearity and misleading statistical results., Korean J. Anesthesiol.. 2019; 72(6): 558-569.

          [CrossRef] [PubMed]
        


        
          	[20]

          	Oh-Park M., Xue X., Holtzer R., Verghese J.. Transient versus persistent fear of falling in community-dwelling older adults: Incidence and risk factors., J. Am. Geriatr. Soc.. 2011; 59(7): 1225-1231.

          [CrossRef] [PubMed]
        


        
          	[21]

          	Torkia C., Best K.L., Miller W.C., Eng J.J.. Balance confidence: A predictor of perceived physical function, perceived mobility, and perceived recovery 1 year after inpatient stroke rehabilitation., Arch. Phys. Med. Rehabil.. 2016; 97(7): 1064-1071.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Mavaddat N., Ross S., Dobbin A., Williams K., Graffy J., Mant J.. Training in positivity for stroke? A qualitative study of acceptability of use of Positive Mental Training (PosMT) as a tool to assist stroke survivors with post-stroke psychological problems and in coping with rehabilitation., NeuroRehabilitation. 2017; 40(2): 259-270.

          [CrossRef] [PubMed]
        


        
          	[23]

          	Winstein C.J., Stein J., Arena R., Bates B., Cherney L.R., Cramer S.C., Deruyter F., Eng J.J., Fisher B., Harvey R.L., Lang C.E., MacKay-Lyons M., Ottenbacher K.J., Pugh S., Reeves M.J., Richards L.G., Stiers W., Zorowitz R.D.. Guidelines for adult stroke rehabilitation and recovery., Stroke. 2016; 47(6): e98-e169.

          [CrossRef] [PubMed]
        


        
          	[24]

          	Kim E.J., Kim D.Y., Kim W.H., Lee K.L., Yoon Y.H., Park J.M., Shin J.I., Kim S.K., Kim D.G.. Fear of falling in subacute hemiplegic stroke patients: Associating factors and correlations with quality of life., Ann. Rehabil. Med.. 2012; 36(6): 797-803.

          [CrossRef] [PubMed]
        


        
          	[25]

          	Martin F.C., Hart D., Spector T., Doyle D.V., Harari D.. Fear of falling limiting activity in young-old women is associated with reduced functional mobility rather than psychological factors., Age Ageing. 2005; 34(3): 281-287.

          [CrossRef] [PubMed]
        


        
          	[26]

          	Schoene D., Heller C., Aung Y.N., Sieber C.C., Kemmler W., Freiberger E.. A systematic review on the influence of fear of falling on quality of life in older people: Is there a role for falls?, Clin. Interv. Aging. 2019; 14: 701-719.

          [CrossRef] [PubMed]
        


        
          	[27]

          	Andersson Å.G., Kamwendo K., Appelros P.. Fear of falling in stroke patients: Relationship with previous falls and functional characteristics., Int. J. Rehabil. Res.. 2008; 31(3): 261-264.

          [CrossRef] [PubMed]
        


        
          	[28]

          	Guan Q., Jin L., Li Y., Han H., Zheng Y., Nie Z.. Multifactor analysis for risk factors involved in the fear of falling in patients with chronic stroke from mainland China., Top. Stroke Rehabil.. 2015; 22(5): 368-373.

          [CrossRef] [PubMed]
        


        
          	[29]

          	Kempen G.I.J.M., van Haastregt J.C.M., McKee K.J., Delbaere K., Zijlstra G.A.R.. Socio-demographic, health-related and psychosocial correlates of fear of falling and avoidance of activity in community-living older persons who avoid activity due to fear of falling., BMC Public Health. 2009; 9(1): 170.

          [CrossRef] [PubMed]
        


        
          	[30]

          	Kim Y.E., Han O., Moon C.S.. Factors associated with health literacy in older adults aged 65 and over: A secondary data analysis of the 2021 Korea Health Panel applying the Andersen behavioural model., BMJ Open. 2025; 15(3): e085696.

          [CrossRef] [PubMed]
        


        
          	[31]

          	Hess Engström A., Flink M., Lindblom S., von Koch L., Ytterberg C.. Association between general self-efficacy and health literacy among stroke survivors 1-year post-discharge: A cross-sectional study., Sci. Rep.. 2024; 14(1): 7308.

          [CrossRef] [PubMed]
        


        
          	[32]

          	Park Y., Kim S.R., Seo H.J., Cho J.. Health literacy in fall-prevention strategy: A scoping review., Asian Nurs. Res.. 2024; 18(5): 532-544.

          [CrossRef] [PubMed]
        


        
          	[33]

          	Li S., Wang J., Ren L., Ye P., Niu W., Yu M., Hu Y., Jiang Y., Wu Y., Tian M., Zhao Y., Yao Y.. Health literacy and falls among community-dwelling older people in China: Is there a sex difference?, Aging Clin. Exp. Res.. 2024; 36(1): 148.

          [CrossRef] [PubMed]
        


        
          	[34]

          	Xie Q., Pei J., Gou L., Zhang Y., Zhong J., Su Y., Wang X., Ma L., Dou X.. Risk factors for fear of falling in stroke patients: A systematic review and meta-analysis., BMJ Open. 2022; 12(6): e056340.

          [CrossRef] [PubMed]
        


        
          	[35]

          	Pin T.W., Winser S.J., Chan W.L.S., Chau B., Ng S., Wong T., Mak M., Pang M.. Association between fear of falling and falls following acute and chronic stroke: A systematic review with meta-analysis., J. Rehabil. Med.. 2024; 56: jrm18650.

          [CrossRef] [PubMed]
        


        
          	[36]

          	Chen Y., Du H., Song M., Liu T., Ge P., Xu Y., Pi H.. Relationship between fear of falling and fall risk among older patients with stroke: A structural equation modeling., BMC Geriatr.. 2023; 23(1): 647.

          [CrossRef] [PubMed]
        


        
          	[37]

          	Hussain N., Hansson P.O., Persson C.U.. Prediction of fear of falling at 6 months after stroke based on 279 individuals from the Fall Study of Gothenburg., Sci. Rep.. 2021; 11(1): 13503.

          [CrossRef] [PubMed]
        


        
          	[38]

          	Hammerbeck U., Balancy P., Gittins M., Parry-Jones A.. Differences in subacute motor recovery after intracerebral haemorrhage and ischaemic stroke: Analysis using the VISTA database cohort., J. Stroke Cerebrovasc. Dis.. 2025; 34(5): 108266.

          [CrossRef] [PubMed]
        


        
          	[39]

          	Girgenti S., Lu J., Marsh E.. Longitudinal outcomes of ischemic versus hemorrhagic stroke: Differences may impact future trial design., J. Stroke Cerebrovasc. Dis.. 2024; 33(11): 107952.

          [CrossRef] [PubMed]
        


        
          	[40]

          	Yang Y., Li M., Ding X., Zhang L., Jin M., Jin Y.. Classification and influencing factors of fear of falling in elderly stroke patients: A latent profile analysis., Aging Clin. Exp. Res.. 2025; 37(1): 329.

          [CrossRef] [PubMed]
        


        
          	[41]

          	Arias-Fernández L., Caballero F.F., Yévenes-Briones H., Rodríguez-Artalejo F., Lopez-Garcia E., Lana A.. Association between multimorbidity and risk of falls and fear of falling among older adults: The mediation effect of physical function, use of sleeping pills, and pain relievers., J. Am. Med. Dir. Assoc.. 2024; 25(10): 105201.

          [CrossRef] [PubMed]
        


        
          	[42]

          	You L., Guo L., Li N., Zhong J., Er Y., Zhao M.. Association between multimorbidity and falls and fear of falling among older adults in eastern China: A cross-sectional study., Front. Public Health. 2023; 11: 1146899.

          [CrossRef] [PubMed]
        

      
    

  


  

OEBPS/Images/e18744346464359_F1.jpg
FES-I score

|| Class 1 || Class 2

1 2 3 4 5 6
Months after stroke onset





OEBPS/Images/cover.jpg
ISSN: 1874-4346

The
Open Nursing
Journal

Trajectories of Fear of Falling and Associated Factors
among Stroke Patients

BENTHAM . *
OPEN_©






OEBPS/Images/orcid.png





