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Loss of perceived social role, an index of social frailty, is an independent predictor of future adverse events in hospitalized patients with heart failure
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Aims: Although the impact of physical frailty on prognosis and the effect of cardiac rehabilitation in HF patients has been well established, data for the prognostic impact of social frailty (SF) in HF patients are limited. In addition, the relative importance of each SF domain in clinical outcomes remains unclear. We aimed to get a new insight into the associations of SF with clinical outcomes in elderly hospitalized HF patients.

Methods: A single-center, retrospective cohort study was conducted using data from 310 in-hospital HF patients aged ≥ 65 years (mean age of 78 ± 8 years; 49% women). Makizako’s five questions, a self-reported questionnaire, were used to define SF. The primary outcome was composite events defined by all-cause death and cardiovascular events.

Results: Of the 310 elderly HF patients, 188 patients (61%) had SF. Seventy-five patients (24%) had composite events during a mean follow-up period of 1.93 ± 0.91 years. Kaplan-Meier curves showed that patients with SF had a significantly higher composite event rate than patients without SF. In multivariate Cox regression analyses, SF was independently associated with a higher composite event rate after adjusting for prognostic markers [adjusted hazard ratio (HR), 2.01; 95% confidence interval (CI), 1.07–3.78; p = 0.04]. Of the 5 questions for defining SF, an answer of yes to the question about not feeling helpful toward friends or family, which indicates loss of perceived social role, was an independent predictor of composite events (adjusted HR, 2.28; 95% CI, 1.36–3.82; p < 0.01). Inclusion of loss of perceived social role into the baseline prognostic model improved both the continuous net reclassification improvement (0.562; 95% CI, 0.298–0.827; p < 0.01) and integrated discrimination improvement (0.031; 95% CI, 0.006–0.056; p = 0.02).

Conclusion: Loss of perceived social role is associated with increased adverse event risk and provides additive prognostic information in elderly HF patients.
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Introduction

Heart failure (HF) is a serious public health problem affecting about 26 million people worldwide and with substantial medical costs (1, 2). The prevalence of HF increases with advance of age: more than 80% of patients diagnosed with HF are over 65 years of age, and the prevalence of HF in older people has been rapidly increasing in most countries throughout the world (1). Despite significant advances in medical therapies and prevention strategies, readmission rates remain high, particularly for older HF patients (3). As a result, their overall functionality deteriorates over time (4), leading to a high level of functional dependence, poor quality of life, and high rate of mortality and morbidity (5). Importantly, cardiac dysfunction is not a sole mechanism of functional dependence and poor quality of life in older HF patient: Extra-cardiac factors such as chronic kidney disease (CKD), anemia, malnutrition, and cachexia are involved in the mechanism (6, 7). Thus, a better understanding of the multidimensional features is required to establish appropriate preventive and management programs for older HF patients.

Frailty is a clinical syndrome characterized by an age-dependent increase in vulnerability to physiological/psychological stresses, leading to an increased likelihood of adverse clinical outcomes such as disability, hospitalization, and mortality (8, 9). Frailty has been recognized as a multidimensional concept that includes physical, psychological, and social domains, which are intertwined with each other. Although it is difficult to unveil the complex relationships among these domains, the results of an observational study in community-dwelling older people showed that the presence of social frailty (SF), a concept encompassing loss of social roles, social networks, and social activity, may be an antecedent event of physical and psychological frailty (10). Physical frailty frequently coexists with HF, the presence of which has been shown to be associated with worse prognosis, increased rehospitalization rate, and poor response to comprehensive cardiac rehabilitation (11, 12), but available data on the prevalence of SF and its prognostic impact in HF patients have been limited. To our knowledge, there has been only one study showing the prognostic impact of SF in hospitalized older HF patients: the presence of SF was shown to be independently associated with increased occurrence of all-cause death and HF hospitalization after discharge in a multicenter prospective cohort study (13). However, the mechanisms of the close associations between SF and clinical outcomes remain unclear. This is a critical issue for establishing an SF-targeted management strategy in older HF patients.

In the present study, we used Makizako’s five questions, a well-established questionnaire for defining SF, and examined the prognostic impact of SF and which domains of SF are associated with poor clinical outcome in older hospitalized HF patients.



Materials and methods


Study design and study subjects

This study was a single-center, retrospective cohort study. We reviewed data for a cohort of consecutive HF patients admitted to our institute for HF treatment between March 1, 2015 and December 31, 2020 since routine assessment of SF was commenced from March 1, 2015. HF was diagnosed according to the Japanese Circulation Society/Japanese HF Society Guidelines for HF. The inclusion criteria were (1) patients who were aged ≥ 65 years and (2) patients who underwent cardiac rehabilitation programs and multidisciplinary intervention, including education on self-monitoring and medications as well as nutritional guidance by a HF team consisting of cardiologists, nurses, physical therapists, pharmacists, dietitians, and social workers. The cardiac rehabilitation program was performed as described previously (6). Patients who were lost to follow-up within 6 months after discharge were excluded from the analyses.

This study was conducted in strict adherence to the principles of the Declaration of Helsinki and was approved by the Clinical Investigation Ethics Committee of Sapporo Medical University Hospital (Number 302–243).



Assessment of social frailty

Trained personnel assessed SF using Makizako’s five questions, which have been validated by Makizako et al. (14) This questionnaire was originally derived from community-dwelling older adults and is associated with muscle weakness (15) and new onset of physical frailty (16) and disability (14) involving the following five items: (1) “Do you go out less frequently compared with last year?” (2) “Do you sometimes visit your friends?” (3) “Do you feel you are helpful to friends or family?” (4) “Do you live alone?” and (5) “Do you talk with someone every day?”. Answers of “yes” to the questions 1 and 4 and “no” to the questions 2, 3, and 5 were considered negative responses (Supplementary Table 1). SF was defined as two or more negative responses to the above questions. (14)



Collection of data for other clinical parameters

All data for variables, including demographic data, medications, laboratory data, echocardiographic data, physical performance and functional status, nutritional status, comorbidities, and physical frailty, were collected from the patients’ medical records.

Laboratory data for N-terminal pro-brain natriuretic peptide (NT-proBNP), serum albumin, hemoglobin, cystatin C, and cystatin C-based glomerular filtration rate (eGFRcys) were obtained within 7 days before discharge. eGFRcys was calculated using an equation developed for Japanese individuals (17). CKD was defined as eGFRcys < 60 mL/min/1.73 m2. Transthoracic echocardiography was performed by the standard protocol, and left ventricular ejection fraction (LVEF) was measured by the modified Simpson method. Heart failure with reduced ejection fraction (HFrEF) and heart failure with preserved ejection fraction (HFpEF) were defined as LVEF of < 40 and ≥ 50%, respectively.

The 10-m gait speed and handgrip strength were used to measure physical performance. In measuring the usual 10-m gait speed, the patients were asked to walk at their usual speed over the middle 10 m of a 16-m walkway as previously described (18). Patients were allowed to use canes or other walking aids during the test. Handgrip strength was measured with a Smedley spring-type digital dynamometer (TKK 5401 GRIP-D, TAKEI, Niigata, Japan): patients stood with their upper limbs along the sides of their trunk and performed the test alternately with their right and left hands. The absolute value of the maximum reading of the two trials using both hands was calculated (kg). As previously described (6, 19), functional status for performing basic activities of daily living (ADL) was assessed using the Barthel Index by trained physical therapists over a period of 3 days before discharge. Complete dependence and complete independence are indicated by Barthel Index scores of 0 and 100, respectively.

As described previously, nutritional status was assessed before discharge by a mini nutritional assessment short form (MNA-SF) (6, 20, 21). The MNA-SF consists of 6 questions about reducing food intake over the past 3 months, weight loss during the past 3 months, mobility, psychological stress or acute disease in the past 3 months, neuropsychological problems, and BMI, and it is scored 0–14.

The existence of comorbidities was assessed on the basis of medical information, including the patient’s history, data for parameters in clinical examinations, and prescribed drugs. As described previously, comorbidities were assessed using the Charlson comorbidity index (CCI) (20, 22). Cognitive function was evaluated using the Mini-Cog (23), a composite of a 3-item recall test and a clock-drawing test, by trained personnel. The Mini-Cog was scored on a 5-point scale (1 point for each correct word recalled and 2 points for correct clock drawing), and a score ≤ 2 was considered as indicating cognitive impairment.

Physical frailty was measured using the revised Japanese version of the Cardiovascular Health Study (CHS) criteria (24) by a trained physical therapist. Patients with physical frailty were defined as patients who had at least three of the following characteristics: weakness (handgrip strength ≤ 28 kg in men or ≤ 18 kg in women), shrinking (unintentional loss of two or more kg in the past 6 months), exhaustion (feeling tired without reason in the past 2 weeks), slowness (gait speed < 1.0 m/s), and low activity (no engagement in moderate levels of physical exercise or sports aimed at health or no engagement in a low level of physical exercise aimed at health).



Clinical endpoints

The clinical endpoint in this study was the first adverse event defined as a composite of all-cause death and unscheduled readmission due to worsening HF. An episode of worsening HF was defined as either an unplanned scheduled hospitalization for HF or an urgent visit due to worsening HF symptoms. Data for clinical endpoints in the patients were obtained for up to 3 years after enrollment of the first patient and 1 year after enrollment of the last patient.



Statistical analysis

Data are presented as means ± standard deviation or medians [interquartile range (IQR): 25th—75th percentiles] depending on the results of the Shapiro-Wilk test for normality of data distribution. Categorical data are expressed as numbers with percentages. As appropriate, the baseline characteristics were compared by Welch’s t-test, the Mann-Whitney U test, or the chi-square test. Survival curves were calculated by the Kaplan-Meier method, and the statistical significance of differences between the curves was assessed by log-rank statistics. Univariate and multivariate Cox proportional hazards analyses were used to evaluate prognostic predictive ability. Multivariate Cox proportional hazard model was adjusted for age, sex, logarithmic NT-proBNP (log NT-proBNP), eGFRcys, HFrEF, prior hospital admission due to HF, and CCI. Then, NYHA functional class 3, physical frailty, physical function (10-m gait speed and hand grip strength), cognitive function (Mini-cog), or nutritional status indicator (BMI, MNA-SF score ≤ 7, serum albumin concentration, and hemoglobin levels) were further added into the multivariate model, respectively. To examine whether information on SF or each item in the questionnaire provides a significant incremental prognostic value over that for the pre-existing risk factors, we constructed several models: a baseline model including the variables used for the adjustment in the abovementioned Cox proportional hazard models and expanded models including the variables in the baseline model plus the presence/absence of SF or negative/positive response to each item in the questionnaire. The continuous net reclassification improvement (cNRI) and integrated discrimination improvement (IDI)—sensitive statistical methods to quantify improvement of a model when a new variable is added—were used to calculate the increase in information by SF and response to each item in the questionnaire compared to a baseline model (25, 26). Missing data were imputed using a multiple imputation analysis. The imputation model included the outcome and all exposures and adjustment variables. Assuming missing at random, multiple imputations were performed using chained equations with M = 100 imputations to construct the multivariate Cox proportional hazard model in each imputed dataset and the estimates were pooled to obtain HR s adjusted for covariates following Rubin’s rule (27). Similarly, we computed cNRI and IDI in each imputed dataset and pooled them. For sensitivity analysis, univariate and multivariate Cox proportional hazard analyses were performed for patients with a complete dataset. A two-tailed p-value < 0.05 was considered statistically significant. Statistical analyses were performed using JMP Pro version 15.2.1 (SAS Institute Inc., Cary, NC, USA) and R version 4.1.2 R Foundation for Statistical Computing, Vienna.1




Results

Of 362 patients initially screened, 53 were excluded by the exclusion criteria. Thus, data for 310 patients were used for analyses (Figure 1).
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FIGURE 1
Flow chart of the inclusion of study subjects. HF, heart failure; SF, social frailty.



Baseline characteristics and prevalence of social frailty

As shown in Table 1, the median age of the patients was 79 years (IQR, 72, 84 years), and 46% of the patients were women. Thirty-six percent of the patients were classified as NYHA functional class III. The median LVEF was 51.1% (IQR, 35.1, 63.5%), and 30 and 54% of the patients had HFrEF and HFpEF, respectively. Forty-two percent of the patients had a history of HF hospitalization. The most frequent etiology of HF was valvular heart disease (42%), followed by cardiomyopathy (25%) and ischemic heart disease (16%).


TABLE 1    Baseline characteristics.
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Among the enrolled patients, 188 (61%) had SF. Patients with SF were significantly older than patients without SF and had lower BMI, slower gait speed, and weaker hand grip strength than did patients without SF. Barthel Index score, MNA-SF score, serum albumin concentrations, hemoglobin levels, and eGFRcys were significantly lower and serum cystatin C levels and percentage of patients with physical frailty and cognitive impairment were higher in patients with SF than in patients without SF.



Differences between characteristics of patients with complete data and those of patients with missing data

Missing values across the seven variables varied between 2 and 9%. Fifty-nine of 310 records (19%) were incomplete. Patients with missing data had a significantly lower systolic blood pressure, LVEF, and Barthel Index score, slower gait speed, higher frequency of HFrEF, and higher frequency of history of HF hospitalization (Supplementary Table 2). Therefore, we used multiple imputations using chained equations to create and analyze 100 multiply imputed datasets, and we combined estimates and standard errors using Rubin’s rules in the next section.



Associations of social frailty and each item of Makizako’s 5 questions with prognosis

During the mean follow-up period of 1.93 ± 0.91 years, 64 patients (21%) experienced composite events. Kaplan-Meier survival curves showed a significantly higher cumulative composite event rate in patients with SF than in patients without SF (log-rank test, p < 0.01, Figure 2). Furthermore, univariate Cox proportional hazard analysis showed a significantly higher HR for the composite events in patients with SF than in patients without SF (HR, 2.84; 95% CI, 1.55–5.23; p < 0.01). The prognostic effect of SF remained even after adjusting for the established prognostic markers of HF in a multivariate model after multiple imputations (Table 2).
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FIGURE 2
Kaplan-Meier curve showing the impact of social frailty on the composite event in older HF patients.



TABLE 2    Univariate and multivariate Cox proportional hazard analysis for composite event according to the presence/absence of social frailty.
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To get insights into the mechanism by which the presence of SF is associated with poor clinical outcomes, we further analyzed the impact of responses to the items in Makizako’s 5 questions on the composite events. As shown in Figure 3, higher cumulative composite event rates were found in patients who had negative responses to the questions regarding “Do you sometimes visit your friends?” and “Do you feel you are helpful toward friends or family?” than in patients who had positive responses no to those questions, respectively. Multivariate Cox proportional hazard analysis after multiple imputations showed that an answer of no to the question, “Do you feel you are helpful toward friends or family?”, which indicates loss of perceived social role, is associated with increased HR for the composite events (adjusted HR, 2.23; 95% CI, 1.33–3.75; p < 0.01; Figure 4). An independent association between loss of perceived social role and higher cumulative composite event rates was confirmed by sensitivity analyses in the patients with complete data (Table 2 and Supplementary Table 3).
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FIGURE 3
Kaplan-Meier curve for the composite event in negative/positive response to each of Makizako’s 5 questions.
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FIGURE 4
Cox proportional hazard analyses for the composite event according to the presence/absence of social frailty and the negative/positive response to each Makizako’s 5 questions in older HF patients. The model was adjusted for age, sex, prior hospital admission due to HF, HFrEF, Log NT-proBNP, eGFRcys, and Charlson comorbidity index. HR, hazard ratio; CI, confidence interval; HFrEF, heart failure with reduced ejection fraction; Log NT-proBNP, logarithmic N-terminal pro B-type natriuretic peptide; eGFRcys, cystatin C-based estimated glomerular filtration rate.




Incremental prognostic values of social frailty and each item of Makizako’s 5 questions

The addition of SF to the baseline model improved only cNRI (0.480; 95% CI, 0.247–0.713; p < 0.01), whereas inclusion of loss of perceived social role to the baseline model significantly improved both cNRI and IDI (Table 3). Among Makizako’s 5 questions, only loss of perceived social role was associated with all indexes of physical and psychological frailty, i.e., Barthel index score, gait speed, handgrip strength, and Mini-cog score, in the present study (Supplementary Table 4).


TABLE 3    Predictive ability for the composite event.
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Discussion

In the present study, the prevalence of SF was 61% in hospitalized older HF patients. The composite event rates after discharge were higher in patients with SF than in patients without SF and the presence of SF was an independent predictor of the composite event rate. These findings were consistent with the results of an earlier study (13). Additionally, among five questions, loss of perceived social role was the sole predictor of composite events and gave an additive impact to future event prediction by established markers. This is the first study showing a close association between loss of perceived social role and poor clinical outcome in older HF patients.


Association between social frailty and clinical outcome in older heart failure patients

Social determinants of health (SDoH), including economic, social, environmental, and psychosocial factors that influence health, have been shown to play a significant role in morbidity and mortality of various diseases including cardiovascular disease (CVD) (28). The importance of SDoH in the field of medical care has been re-recognized: SDoH have considerable effects on novel coronavirus disease 2019 (COVID-19) mortality and morbidity (29). Several factors of SDoH such as self-reported perceived stress, subjective social status, job strain, perceived discrimination, and loneliness have been shown to be implicated in increased mortality and morbidity (28), one of which is SF. Evidence has shown that presence of frailty evaluated by checklists including social aspects, e.g., the Kihon Checklist and the Kaigo-Yobo Checklist, predicts morbidity and mortality in community-dwelling older people (30). Although there is no standardized method for evaluating SF specifically, a candidate method is Makizako’s 5 questions (14). Five questions for defining SF were selected on the basis of the associations between questions regarding social issues and incident disability during a 2-year follow-up period in community-dwelling older people (14). When people with negative responses to 2 or more questions were considered to have SF, the presence of SF predicted the development of disability independently of multiple risk factors of disability. In addition, results of two studies including this study indicated that SF is an independent predictor of mortality and HF hospitalization in older hospitalized HF patients (13). Thus, although the usefulness of SF assessed by Makizako’s 5 questions for prediction of clinical outcomes has been validated by two studies, further analyses are needed to determine the best SF definition for predicting future decline in ADL, HF rehospitalization, and mortality in older HF patients.

Previous research has shown that SF status, including low social activity, low social role, and poor social relationships, causes the onset and progression of physical frailty (16), poor physical performance (31), and malnutrition (32), resulting in disabilities (14, 33, 34), and mortality (32, 33) in community-dwelling older adults. Close relationships between SF and physical frailty, physical performance, dietary condition, and cognitive function can all exacerbate poor health state and lead to unfavorable consequences. Even after adjusting for age and gender, our cross-sectional analyses revealed that HF patients in the SF group had a significantly higher prevalence of physical frailty and lower status of physical function, nutrition, and cognitive performance than those in the non-SF group (Supplementary Table 4), which are consistent with earlier findings in community-dwelling older adults (10, 35). However, the cause-and-effect relationship among the frailty syndrome remains to be elucidated. HF causes exercise intolerance, contributing to development of SF through social isolation and perceived social roles due to fewer opportunities to engage with people. Loss of social activity can lead to exaggeration of poor physical and mental status. Indeed, the results of a previous study in community-dwelling older people showed that the presence of SF may be an antecedent event of physical and psychological frailty. This hypothesis was supported by a close association between SF and poor clinical outcome in HF patients: SF was linked with the occurrence of composite events in HF patients independent of physical and psychological factors (Table 2). Taken together, development of SF may be a primary mechanism in the progression of frailty syndrome in HF patients. Nevertheless, more research is needed to unveil the complex relationship between frailty syndrome and adverse outcomes in HF patients.



Perceived social role and clinical outcome in heart failure patients: Clinical implications

On the other hand, which questions for defining SF have an untoward impact on prognosis have not been elucidated. There are several factors included in SF, i.e., social isolation, loneliness, low level of social activity, lack of social support, and loss of perceived social role, which are intertwined with each other and are not easily discriminated. However, among Makizako’s 5 questions, loss of perceived social role had the greatest impact on future adverse events and had additive predictive value when added to the model including pre-existing prognostic markers in the present study. In community-dwelling older people, such relationships between low perceived usefulness and unfavorable clinical outcomes such as disability, progression of organic diseases, and mortality have been shown (14, 36, 37). Those who believe themselves not to be helpful have less social connections, worse self-efficacy and control, less social support, and lower resilience than those who believe themselves to be useful (36, 37). Furthermore, a poor sense of usefulness has been shown to lead to fewer social activities and health-seeking behaviors, contributing to the development or exaggeration of health problems including disability (14, 38–40). Although there were no data focusing on the role of a low social role in older HF patients, results of previous studies in HF patients showed that social isolation—defined as an objective lack of or disengagement from social ties, institutional connections, or community participation (41)—is associated with adverse outcomes (42–46). Importantly, social isolation was shown to be associated with a 55% greater risk of hospital readmission for HF in a recent meta-analysis in which 42% Asian data out of the whole sample were included. In addition, only loss of perceived social role was associated with all indexes of physical and psychological frailty, i.e., Barthel index score, gait speed, handgrip strength, and Mini-cog score, in the present study (Supplementary Table 4). Importantly, having a greater number of valued social roles is associated with less prevalence of depression (47), which is frequently found in HF patients (48). Taken together, loss of perceived social role is a critical component of SF in treatment of older patients with HF. Nevertheless, prospective interventional studies such as participation in domestic tasks and social activities such as engagement in meaningful volunteer activities are needed to demonstrate whether loss of perceived social role is an antecedent event of frailty syndrome and adverse events in older HF patients.



Study strengths and limitations

This study has several strengths. First, there were no missing data for assessment of SF by using Makizako’s five questions in the entire cohort, and that helped us to analyze the relative importance of each question in prediction of clinical outcome in HF patients. Second, the post-discharge follow-up period in this study was longer (up to 3 years) than the periods in the previous studies (from 90 days to 1 year). (13, 44) This enabled us to examine the long-term impact of SF on adverse clinical outcomes in elderly HF patients. Finally, we performed multiple imputations by a chained equation to account for potential selection bias and inefficient analysis due to missing data.

It is also important to note that this study has several limitations. First, because this study was a retrospective observational study with a small number of patients and patients with missing data in a single center, there could have been selection bias in study subjects even after multiple imputation techniques. Furthermore, our findings may not be applicable to patients who cannot walk even with assistive aids. Second, while there were no differences in the severity of NYHA functional class, frequency of HF phenotype based on LVEF, and medication use between SF and non-SF groups (Table 1), the post hoc analyses were performed to demonstrate the prognostic impact of SF among subgroups of patients. As shown in Supplementary Figure 1, prognostic impacts of SF were consistent across subgroups except for HF phenotype (i.e., HFrEF vs. non-HFrEF), indicating prognostic impacts of SF are independent of HF severity and therapies. Although the prognostic impact of SF was independent of HFrEF in the fully adjusted multivariate Cox proportional hazard models (Table 2), it may be prominent in the non-HFrEF group. Future studies with a large sample size are needed to demonstrate the mechanism of prognostic significance of SF in the non-HFrEF patients. Third, the instrument utilized in this study has not been validated in HF patients. However, since the test items used in this study are not costly or time-consuming and are helpful in determining prognosis, future studies should seek validation from an outside institution. Furthermore, we acknowledge that perceived usefulness was assessed using only a single question, which may have resulted in measurement bias. Therefore, we recommend more research to back up these findings with more sophisticated and multidomain measures that better capture the complex nature of self-perceptions of usefulness. Fourth, changes the status of SF and feelings of the social role changed over time were not examined in this study. Previous studies showed that a decrease in feelings of usefulness over time was associated with a higher risk for mortality in older adults (36, 49, 50). Further research is needed to determine the prognostic significance of changes in the severity of SF and the feelings of usefulness in HF patients over time. Finally, only Japanese patients were included in this study. Considering the racial, regional and age differences in cardiovascular outcomes and the etiology of HF, this study’s findings may not be applicable to HF patients in other countries. Importantly, the most frequent etiology of HF was VHD in the present study. The impacts of HF etiology on the significance of SF in the occurrence of adverse events in HF patients were separately analyzed in the future study.




Conclusion

In addition to SF, perceived social role was associated with increased composite event risk in older HF patients and provided further predictive information in older HF patients, suggesting the importance of the social role in the management of older HF patients.
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