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Purpose: Frailty has increasingly been recognized as a multidimensional

syndrome and is particularly prevalent among older adults with cardiovascular

disease. This study aimed to assess the prevalence of multidimensional frailty

and identify its key determinants in hospitalized elderly patients with coronary

heart disease (CHD), with the goal of informing targeted strategies for early

assessment and intervention.

Patients and methods: A cross-sectional study was conducted involving 508

patients aged 60 years or older who were hospitalized with CHD at a tertiary

hospital in China. Frailty was assessed using the Tilburg Frailty Indicator (TFI).

Variables with statistical significance in univariate analysis were entered into a

Selection Operator (LASSO) regression for selection. Least Absolute Shrinkage

and LASSO regression and multivariate logistic regression analyses were

performed to identify significant predictors.

Results: A total of 508 elderly patients with coronary heart disease who were

hospitalized were included in the study, of whom 270 patients developed

multidimensional frailty, resulting in an incidence rate of 53.15%. Variables with

statistical significance in univariate analysis were entered into a LASSO

regression for selection. Those retained by LASSO were then included in a

multivariate logistic regression model. Multivariate analysis identified the

following independent risk factors for multidimensional frailty: Age≥ 75 years

(OR = 2.821; 95% CI: 1.671–4.761); female (OR= 2.279; 95% CI: 1.426–3.643);

insomnia (OR= 2.147; 95% CI: 1.374–3.354); depressive symptoms

(OR = 4.233; 95% CI: 2.629–6.816). Conversely, higher scores on activities of

daily living (ADL) (OR = 0.952; 95% CI: 0.921–0.984) and greater social

support (OR = 0.935; 95% CI: 0.901–0.971) were protective against

multidimensional frailty.

Conclusion: Multidimensional frailty is highly prevalent in hospitalized CHD

patients and independently associated with psychosocial and functional

factors. Early screening and integrated interventions targeting these

determinants are essential to improve clinical outcomes.
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1 Introduction

The global aging population has led to a marked increase in the

morbidity and mortality associated with cardiovascular diseases,

which are now the leading cause of death worldwide.

Cardiovascular diseases are responsible for approximately 32% of

all global deaths, with heart disease and stroke accounting for

85% of these fatalities. Among these, coronary heart disease

(CHD) remains the most common cause of death related to

heart disease (1). According to the latest cardiovascular health

report from China, an estimated 330 million people are affected

by cardiovascular conditions, including 11.40 million individuals

diagnosed with CHD. This high prevalence imposes a substantial

disease burden and significant economic strain on both patients

and the healthcare system (2).

In recent years, frailty has emerged as a common geriatric

syndrome, characterized by a decline in physiological reserve (3),

and is associated with adverse outcomes such as disability and

mortality (4). Among elderly patients with coronary heart disease

(CHD), the prevalence of frailty is estimated to be approximately

30% (5), Previous studies have demonstrated that frail

hospitalized elderly patients with CHD experience higher rates of

unplanned hospital visits and all-cause mortality compared to

their non-frail counterparts, with incidence rates of 36.1% and

11.4%, respectively (6). Moreover, frailty has been identified as a

significant predictor of clinical prognosis. These findings

underscore the urgent need for effective frailty management

strategies in hospitalized elderly patients with CHD.

Traditionally, frailty has been viewed as a physical condition;

however, Gobbens (7) et al. have proposed an integrated model

of frailty from the perspective of the life course, arguing that

Multidimensional frailty is a dynamic state that arises from a

range of factors, including age, education, income, sex, ethnicity,

life circumstances, life events, genetics, and disease, affecting one

or more functional domains—physical, psychological, or social—

and increasing the risk of adverse health outcomes. Furthermore,

the integrated model of frailty is more in line with the concepts

of the modern biopsychosocial medical model and the health

concept of healthy aging (8), where studies have demonstrated

that multidimensional frailty increases the risk of cardiovascular

disease in older adults (9). However, most of the current studies

have focused on older patients with CHD and somatic frailty,

ignoring other dimensions of frailty. It has been shown that

habit formation interventions can slow the progression of frailty

(10). Therefore, timely assessment of frailty and intervention

measures can slow or reverse the development of frailty-related

adverse outcomes.

Building on previous research that highlights the significant

impact of frailty on outcomes in elderly patients with coronary

artery disease, this study aims to assess the level of

multidimensional frailty in hospitalized elderly patients.

Additionally, it seeks to explore the factors influencing

multidimensional frailty in these patients. The findings will

provide a scientific basis for clinical practice and inform

intervention strategies.

2 Material and methods

2.1 Study participants

Older patients with CHD were selected from the Department

of Cardiology of the Affiliated Hospital of Jiangnan University

between September 2023 and June 2024 using a convenience

sampling method. Based on the required observational sample

size, the total sample size was at least 5–10 times the number of

independent variables (11). A total of independent variables were

included in this study (note that ethnicity was not included as an

independent variable, since all selected patients were Han

Chinese), and taking into account a 10% loss-to-follow-up rate,

the required sample size was at least 117 cases, and 508 cases

were initially included in this study. Inclusion criteria: (1) had a

confirmed clinical diagnosis of coronary heart disease:

angiographically confirmed stenosis of ≥50% in ≥1 major

coronary heart or previous revascularisation (according to ESC

guidelines) (12); (2) age≥ 60 years; (3) Voluntarily enrolled

patients and signed an informed consent form and can express

themselves. Exclusion criteria: (1) Patients with tuberculosis,

advanced malignant tumors, HIV infection, severe chronic

gastrointestinal diseases, or psychiatric disorders such as

schizophrenia or depression; severe chronic gastrointestinal

diseases, or psychiatric disorders such as schizophrenia or

depression; (2) people who have participated in a clinical drug

trial within 3 months; and (3) patients with NYHA Cardiac

Function Class IV. This study was approved by the Ethics

Committee of the Affiliated Hospital of Jiangnan University

(approval number: LS2023085).

2.2 Research methods

2.2.1 General information questionnaire
A general information questionnaire was designed by the

researchers, the patient’s age, sex, BMI, education level, mode of

residence, mode of medical treatment, history of smoking,

history of alcohol consumption, Insomnia, sports and exercise,

cardiac function grading, multimorbidity coexisting condition

(combining≥ two chronic diseases), and history of medication

taking were extracted from the cases.

2.2.2 Tilburg frailty indicator (TFI)

TFI was developed by Gobbens et al. (7) in 2010 to assess

multidimensional frailty in patients. The scale includes 15 items

across three domains: physical, psychological, and social frailty.

The total score ranges from 0 to 15, with each item scored as

either “0” or “1” (13). In 2013, Xi Xing and colleagues (14)

translated the scale into Chinese and validated it in elderly

patients with chronic diseases. The Chinese version showed good

reliability with a Cronbach’s α coefficient of 0.686, making it a

valid tool for assessing multidimensional frailty in elderly

patients with chronic conditions in China.
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2.2.3 S-item geriatric depression scale (GDS-5)

GDS-5 simplified by Holy and colleagues (15), is used to assess

depression in the elderly. The scale consists of five items, each

scored as either “0” or “1.” The total score ranges from 0 to 5,

with higher scores indicating more severe depression. A score of

≥2 indicates the presence of depressive symptoms. The scale has

a Cronbach’s α coefficient of 0.613, demonstrating its validity for

depression screening in older adults.

2.2.4 The activities of daily living (ADL) scale

The ADL scale, consisting of 10 items, is widely used in the

Chinese elderly population (16). Higher total scores indicate

better functional independence in daily living activities. The

Cronbach’s α coefficient for this scale is 0.88, showing good

internal consistency.

2.2.5 Social support rating scale (SSRS)
The SSRS, developed by Xiao et al. (17), contains 10 items and

evaluates three dimensions of social support: objective support,

subjective support, and support utilization. Each item is scored

on a 1–5 scale, with higher total scores indicating more adequate

social support. The internal consistency of the scale, measured by

Cronbach’s α coefficients, ranges from 0.825 to 0.896.

2.2.6 Survey and quality control methods

Data for this study were collected using paper questionnaires

administered to hospitalized elderly patients with coronary artery

disease. Prior to the survey, the head nurse of the department

provided training to ensure proper data collection. The

researcher introduced the purpose and significance of the study,

obtained their informed consent, and then conducted the survey.

The completed questionnaires were retrieved on-site, and any

omissions were identified and corrected immediately. Missing or

incomplete questionnaires were excluded, and the data were

double-checked before being entered into the database.

2.2.7 Statistical methods
Data were analysed using SPSS 27.0, R 4.4.2 and R studio

software. Quantitative data with a normal distribution were

expressed as mean ± standard deviation, while data with a skewed

distribution were presented as median (Q1, Q3). Qualitative data

were reported as frequency and percentage. One-way analyses

were performed using t-tests, chi-square tests, or Fisher’s exact

test as appropriate. Variables with a p < 0.05 in univariate

analysis were entered into a LASSO regression model for variable

selection. LASSO was implemented using the “glmnet” package

in R, with 10-fold cross-validation employed to determine the

optimal value of the penalty parameter lambda that minimized

the mean cross-validated error. Variables with non-zero

coefficients at the optimal lambda were retained for subsequent

analysis. The selected variables were then entered into a

multivariable logistic regression model to identify independent

predictors. Prior to inclusion in the logistic regression model,

multicollinearity among candidate predictors was assessed using

the Variance Inflation Factor (VIF); all included variables had

VIF values < 5, indicating no significant multicollinearity.

Statistical significance was set at a two-sided p < 0.05.

3 Results

3.1 Comparison of general information
between multidimensional frailty patients
and non-frailty patients

A total of 508 older patients with CHD were enrolled in this

study, with a mean age of 69 years. Among them, 350 were men

and 158 were women. Based on the presence or absence of

multidimensional frailty, 270 patients were assigned to the frail

group and 238 to the non-frail group, corresponding to a frailty

prevalence of 53.15%.

Univariate analysis was conducted using multidimensional

frailty as the dependent variable. Statistically significant

differences (p < 0.05) were observed between the two groups in

terms of age, sex, body mass index (BMI), education level,

marital status, smoking history, exercise habits, insomnia, cardiac

function class, number of percutaneous coronary interventions

(PCIs), grip strength, Activities of Daily LivinADL) score, Social

Support Rating Scale (SSRS) score, and presence of depressive

symptoms. A detailed comparison of baseline characteristics

between the frail and non-frail groups is provided in Table 1.

3.2 LASSO regression-based screening of
multidimensional frailty influencing factors
in elderly CHD patients

The 15 variables with one-factor significance (p < 0.05) were

selected for LASSO regression analysis. Figure 1 illustrates the

convergence of regression coefficients as the log(λ) parameter

increases, with the coefficients approaching 0 (18); Figure 2

shows the relationship between the log(λ) values of the penalty

coefficients on the X-axis and the likelihood bias on the Y-axis.

A smaller Y-axis value indicates a better fit of the model (18).

The dotted line on the left indicates the lowest MSE

corresponding to the optimal tuning parameter λ (λ.min = 0.009),

while the dashed line on the right represents the MSE within one

standard error of λ (λ.1se = 0.042).

The model selected a λ value of 0.042 (λ.1se), which retained

eight predictive variables: age, sex, cardiac function class,

insomnia, grip strength, ADL score, SSRS score, and depressive

symptoms. The coefficient estimates are presented in Table 2.

3.3 Multivariate logistic regression analysis
of factors influencing multidimensional
frailty in elderly patients with CHD

Multidimensional frailty was set as the dependent variable, and

the eight variables identified through LASSO regression were

included in the binary logistic regression model. Stepwise
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TABLE 1 Comparison of general information between multidimensional frailty patients and non-frailty patients (n = 508).

Variable Frailty Group (n = 270) Non-Frailty Group (n= 238) Test statistic p-value

Age, years χ² = 33.82 <0.001

60–74 176 (65.19%) 208 (87.39%)

≥75 94 (34.81%) 30 (12.61%)

Sex χ² = 12.49 <0.001

Male 110 (40.74%) 48 (20.17%)

Female 160 (59.26%) 190 (79.83%)

BMI χ² = 8.35 <0.001

<18.5 4 (1.48%) 8 (3.36%)

18.5–24 162 (60.00%) 114 (47.90%)

≥24 104 (38.52%) 116 (48.74%)

Education χ² = 26.88 <0.001

Uneducated 28 (10.37%) 4 (1.68%)

Primary 72 (26.67%) 40 (16.81%)

Middle 110 (40.74%) 128 (53.78%)

High school and above 60 (22.22%) 66 (27.73%)

Marital status Fisher = 10.48 0.003

Unmarried 2 (0.74%) 2 (0.84%)

Married 216 (80.00%) 214 (89.92%)

Divorced or widowed 52 (19.26%) 22 (9.24%)

Medical insurance Fisher = 9.60 0.015

Countryside 28 (10.37%) 14 (5.88%)

Urban residents 238 (88.15%) 212 (89.08%)

Employee 2 (0.74%) 10 (4.20%)

Other 2 (0.74%) 2 (0.84%)

Falling χ² = 0.08 0.776

No 236 (87.41%) 210 (88.24%)

Yes 34 (12.59%) 28 (11.76%)

Smoking χ² = 19.41 <0.001

Never 140 (51.85%) 80 (33.61%)

Smoking 76 (28.15%) 106 (44.54%)

Quit smoking 54 (20.00%) 52 (21.85%)

Drinking χ² = 7.68 0.022

Never 152 (56.30%) 106 (44.54%)

Drinking 58 (21.48%) 58 (24.37%)

Quit drinking 60 (22.22%) 74 (31.09%)

Exercise χ² = 17.96 <0.001

Never 60 (22.22%) 38 (15.97%)

Occasionally 128 (47.41%) 84 (35.29%)

Often 82 (30.37%) 116 (48.74%)

Insomnia χ² = 29.45 <0.001

No 144 (53.33%) 182 (76.47%)

Yes 126 (46.67%) 56 (23.53%)

Cardiac Function Class χ² = 22.61 <0.001

I 114 (42.22%) 144 (60.50%)

II 120 (44.44%) 84 (35.29%)

III 36 (13.33%) 10 (4.20%)

PCIs χ² = 15.86 0.001

0 188 (69.63%) 172 (72.27%)

1 70 (25.93%) 38 (15.97%)

2 10 (3.70%) 18 (7.56%)

3 2 (0.74%) 10 (4.20%)

Multimorbidity χ² = 0.16 0.689

No 120 (44.44%) 110 (46.22%)

Yes 150 (55.56%) 128 (53.78%)

(Continued)
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forward regression analysis was then conducted. The results

revealed that age≥ 75 years (OR = 2.354, 95% CI: 1.201–4.615),

female (OR = 2.200, 95% CI: 1.137–4.255), insomnia (OR = 2.189,

95% CI: 1.167–4.105), ADL score (OR = 0.951, 95% CI: 0.907–

0.998), social support score (OR = 0.932, 95% CI: 0.884–0.983),

and depressive symptoms (OR = 4.324, 95% CI: 2.203–8.486)

were independent risk factors for multidimensional frailty in

hospitalized older adults with CHD (p < 0.05), as shown in Table 3.

4 Discussion

This cross-sectional study aimed to assess the prevalence of

multidimensional frailty among hospitalized elderly patients with

CHD and to identify the key factors associated with frailty in

this population. A total of 508 elderly inpatients with CHD were

evaluated. The study revealed a high prevalence of

multidimensional frailty, with age, sex, insomnia, ADL,

depressive symptoms, and social support identified as significant

influencing factors.

The prevalence of multidimensional frailty in this cohort was

found to be 53.15%, which is significantly higher than the 30.9%

reported by Liu et al. (53.15% vs. 30.9%) (19). Testa et al.

emphasized the significance of incorporating psychological and

TABLE 1 Continued

Variable Frailty Group (n = 270) Non-Frailty Group (n= 238) Test statistic p-value

Number of medications Fisher = 4.12 0.078

0 0 (0.00) 2 (0.84%)

1–4 34 (12.59%) 20 (8.40%)

≥5 236 (87.41%) 216 (90.76%)

Grip strength, kg (mean ± SD) 19.46 ± 8.93 23.80 ± 10.08 Z = 5.15 <0.001

ADL score (mean ± SD) 89.85 ± 8.45 93.41 ± 7.46 Z = 5.00 <0.001

SSRS score (mean ± SD) 39.39 ± 6.55 43.37 ± 5.13 Z = 7.66 <0.001

Depressive symptoms χ² = 86.25 <0.001

No 122 (45.19%) 202 (84.87%)

Yes 148 (54.81%) 36 (15.13%)

Data are presented as mean ± SD or n (%), as appropriate. p-values were calculated using t-tests, Mann–Whitney U-tests, chi-square tests, or Fisher’s exact tests. ADL, activities of daily living;

SSRS, social support rating scale; BMI, body mass index; PCI, percutaneous coronary intervention.

FIGURE 1

Path diagram of the coefficients of the independent variable for

LASSO regression screening.

FIGURE 2

Cross-validation curve based on LASSO regression.

TABLE 2 Coefficients for categorical independent variables selected by
lasso regression (n = 508).

Variables Coefficient (lambda.1se = 0.042)

Age 0.039221339

Sex 0.291387173

Cardiac Function 0.101452631

Insomnia −0.367448614

Grip strength −0.006515809

ADL score −0.013686798

SSRS −0.037546747

Depressive symptoms 1.12489766

ADL, activities of daily living; SSRS, social support rating scale.
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social factors into frailty assessments, an approach that aligns

closely with the multidimensional methodology employed in our

study. Furthermore, they documented a substantial burden of

frailty-related factors among patients with heart failure. This

finding may potentially account for the high prevalence of

multidimensional frailty observed within our cohort (20).This

discrepancy may be attributed to differences in the assessment

tools used. Specifically, the TFI employed in this study offers a

more comprehensive evaluation of frailty by encompassing

multiple dimensions, including physical, psychological, and social

aspects (21). In addition, the increasing aging population and the

rising incidence of CHD, particularly among hospitalized

patients, likely contribute to this higher prevalence. Frailty,

psychological conditions, and poor family adaptation have been

identified as independent risk factors for hospital readmission in

elderly patients with CHD (22). Moreover, previous studies have

demonstrated a bidirectional relationship between CHD and

frailty. Frailty is approximately 30% more prevalent among

elderly individuals with CHD compared to the general

population. On one hand, frailty can exacerbate cardiac

dysfunction due to diminished physical resilience. On the other

hand, CHD-related hypoxia and systemic inflammation may

accelerate sarcopenia and cognitive decline, further intensifying

frailty severity in hospitalized patients (9, 23). These findings

may help explain the high incidence of multidimensional frailty

observed in this cohort. Therefore, it is essential to conduct

comprehensive frailty assessments during the diagnosis and

treatment of elderly CHD patients to facilitate timely

management and potentially delay frailty progression, ultimately

reducing the risk of adverse outcomes.

The Least Absolute Shrinkage and LASSO regression

significantly enhanced our analysis by addressing key challenges

associated with multicollinearity and overfitting in high-

dimensional datasets. Traditional regression techniques, such as

stepwise selection, often struggle with multicollinearity when

managing a large number of covariates. In contrast, LASSO

applies a penalty to the absolute magnitude of regression

coefficients (L1 regularization), effectively shrinking less relevant

variables to zero while retaining the most predictive factors (24).

In this study, the tuning parameter λ was set to 0.042, selected

through 10-fold cross-validation to achieve an optimal balance

between model simplicity and predictive accuracy. This approach

allowed us to reduce the initial 15 candidate variables with

p-values < 0.05 from the univariable analysis to 8 key predictors.

LASSO regression not only enhances model robustness but also

minimizes bias, which is particularly important in gerontological

research where variables such as social support and depression

often demonstrate complex interdependencies (23).

In this study, age was identified as a significant factor

influencing multidimensional frailty in hospitalized elderly

patients with CHD (OR = 2.821, 95% CI: 1.671–4.761). The

prevalence of multidimensional frailty was 2.354 times higher

among patients aged 75 years or older compared to those under

75 years, consistent with previous findings on frailty in older

adults (25, 26). Aging is associated with chronic inflammation,

immune system activation, and cellular changes such as

mitochondrial dysfunction, epigenetic modifications, and

genomic instability—all of which contribute to the development

of both CHD and physiological frailty (27). Additionally,

dysregulation of the hypothalamic-pituitary-adrenal axis, along

with social isolation and loneliness, frequently experienced by

older adults, plays a critical role in the onset of psychosocial

frailty (28). Although aging is a non-modifiable risk factor,

targeted interventions that address disease management, provide

psychological support, and promote social engagement can help

slow the progression of multidimensional frailty and improve

overall health outcomes.

Female sex was also identified as a significant factor, with older

women being 2.200 times more likely to develop multidimensional

frailty compared to older men (OR = 2.279, 95% CI: 1.426–3.643).

A meta-analysis by Qiu et al. (29) reported a higher pooled

prevalence of frailty in older women (45%, 95% CI: 39%–51%)

than in older men (33%, 95% CI: 28%–39%). Several factors may

contribute to this disparity. First, neuroendocrine differences,

such as lower levels of insulin-like growth factor-1 and

testosterone in older women, may predispose them to frailty

(28). Second, immune-related variations, including higher

monocyte counts and lower levels of CD56+ T cells, have been

observed in women (30). Third, age-related genetic and

hormonal changes, such as the decline in bone density and

muscle mass, may increase susceptibility to frailty among older

women (31). Finally, psychosocial influences also play a role, as

women are more likely to experience chronic stress from

caregiving responsibilities and are more vulnerable to gender-

based violence (32). Given these factors, the prevalence of

multidimensional frailty in older women warrants close

monitoring. Tailored interventions should be implemented to

address their specific physiological and psychosocial needs in

order to mitigate frailty progression and improve health outcomes.

Insomnia was found to be an influential factor in

multidimensional frailty (OR = 2.147, 95% CI = 1.374–3.354).

Previous research by Fan et al. (33) demonstrated that insomnia

is an independent predictor of frailty in older adults. Sleep

disturbances—including difficulty initiating and maintaining

sleep, early morning awakening, and daytime fatigue—are

particularly prevalent in elderly individuals and are known to

impair their ability to engage in physical activity and maintain

TABLE 3 Multivariate logistic regression analysis of influencing factors of
multidimensional frailty in elderly patients with CHD (n = 508).

Variable β SE Wald p-value OR 95% CI

Age ≥75 vs. <75 1.037 0.267 15.073 <0.001 2.821 1.671–4.761

Female vs. Male 0.824 0.239 11.848 <0.001 2.279 1.426–3.643

Insomnia (Yes

vs. No)

0.764 0.228 11.254 <0.001 2.147 1.374–3.354

ADL score –

0.049

0.017 8.648 0.003 0.952 0.921–0.984

SSRS score –

0.067

0.019 12.230 <0.001 0.935 0.901–0.971

Depressive

symptoms

1.443 0.243 35.258 <0.001 4.233 2.629–6.816

OR, odds ratio; CI, confidence interval; ADL, activities of daily living; SSRS, social support

rating scale.
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social participation. These behavioral changes contribute directly to

functional decline, muscle weakness, and decreased mobility, all of

which are components of multidimensional frailty (34, 35).

From a pathophysiological standpoint, insomnia activates the

hypothalamic-pituitary-adrenal (HPA) axis and disrupts circadian

cortisol rhythms, thereby increasing systemic inflammation

through elevated levels of cytokines such as IL-6 and TNF-α (36).

These pro-inflammatory processes accelerate muscle catabolism,

endothelial dysfunction, and neurodegeneration—mechanisms

that are tightly linked to both cardiovascular disease and

multidimensional frailty (35, 37). Moreover, insomnia often

coexists with depression and anxiety, which act synergistically to

exacerbate frailty in older adults (38). Thus, early screening and

non-pharmacological management of insomnia—such as cognitive

behavioral therapy for insomnia (CBT-I)—should be integrated

into frailty prevention strategies, particularly for older patients

with CHD.

This study also found that ADL score was a protective factor

for multidimensional frailty (OR = 0.952, 95% CI = 0.921–0.984),

consistent with earlier research (19). ADL assessments are crucial

in evaluating the functional independence of older adults, and

impaired ADL performance is often linked to frailty. Older

adults with frailty are at higher risk of disability, making early

identification and intervention essential to prevent disability and

other adverse outcomes (39, 40).

In addition, social support was found to be a protective factor

against multidimensional frailty (OR = 0.935, 95% CI = 0.901–

0.971). This finding is consistent with earlier research, which

suggests that sufficient social support may protect older adults

from developing multidimensional frailty (41). As older adults

age, their functional capacity declines, and they experience

changes in family structure and social relationships, leading to

reduced social interactions and lower participation in social

activities (42). Moreover, limited social support can lead to

anxiety and depression, further exacerbating frailty (43). From a

lifespan perspective, social support has been demonstrated to

mitigate the adverse effects of stressors on physiological systems

(e.g., the autonomic nervous system and the HPA axis) (44).

Furthermore, it has been shown to reduce inflammatory markers

(e.g., IL-6 and CRP) (44), we believe that social support prevents

or delays the onset and progression of debilitation by reducing

the burden of illness and symptoms such as anxiety and

depression In addition, high levels of perceived support have

been found to reduce the risk of cardiovascular disease,

depression, and even all-cause mortality in older adults (44), we

believe that social support prevents or delays the onset and

progression of frailty by reducing the burden of illness and

symptoms such as anxiety and depression (41). Thus,

strengthening community-based programs, family involvement,

and peer support networks may help buffer the negative effects

of social isolation on health outcomes.

Finally, depressive symptoms was identified as a significant

factor influencing multidimensional frailty (OR = 4.233, 95%

CI = 2.629–6.816). Previous studies have shown that depression

significantly increases the risk of frailty in older adults with

cardiovascular disease (45). Depressive symptoms, such as low

mood, cognitive decline, and social with drawal, can lead to

reduced physical activity, sarcopenia, and ultimately, frailty. The

shared pathophysiology between frailty and depression includes

inflammation, metabolic dysregulation, and mitochondrial

dysfunction, which are common in older CHD patients (46).

Depressed CHD patients exhibit elevated CRP levels, reduced

heart rate variability and increased oxidative stress, all of which

exacerbate frailty and cardiovascular outcomes (47, 48).

Therefore, comprehensive mental health screening and

antidepressant therapies (e.g., SSRIs with anti-inflammatory

effects) can address these common pathways and improve

patient prognosis.

In summary, comprehensive frailty assessment should be an

integral part of the diagnostic and therapeutic management of

patients with CHD to facilitate the older identification of high-

risk individuals. Multidimensional and personalized interventions

are essential and should address the physiological, psychological,

and social domains. Physiological Domain: Targeted strategies

such as resistance and functional training can improve physical

capacity and reduce age-related disability. Psychological Domain:

Interventions including cognitive-behavioral therapy and

individualized pharmacological treatments may help alleviate

sleep disturbances and negative emotional states. Social Domain:

Patients should be encouraged to participate in social activities,

adopt proactive disease management behaviors, alleviate familial

caregiving burdens, and promote harmonious family

relationships. Furthermore, targeting chronic inflammation

through the use of anti-inflammatory agents may slow the

progression of frailty by modulating inflammatory pathways.

These measures highlight the importance of adopting a holistic,

interdisciplinary approach to frailty management in older

patients with CHD (49).

However, this study has some limitations. Firstly, this cross-

sectional study does not explain the causal relationship.

Subsequent longitudinal studies can be conducted to discover the

developmental pattern and provide a scientific basis for long-

term care. Secondly, this study only included patients with

coronary artery disease in the cardiology department of a tertiary

hospital, which may need to be more representative of the wider

population and may affect the accuracy of our data. In addition,

a more extensive and diverse sample would increase the validity

and generalisability of the findings.

5 Conclusion

Multidimensional frailty is a significant issue in hospitalized

elderly patients with CHD. The main influencing factors identified

in this study include age, gender, insomnia, ADL, depressive

symptoms, and social support. These findings underscore the

importance of healthcare professionals recognizing and addressing

multidimensional frailty in this population.

Given the complex nature of frailty, it is crucial to shift from a

singular assessment of physical frailty to a more comprehensive,

multidimensional evaluation. Clinicians should adopt a holistic

approach, considering not only the physical but also the
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psychological and social aspects of frailty. Comprehensive frailty

management strategies are essential to delaying or even reversing

the progression of multidimensional frailty, thereby improving

both the prognosis and quality of life for hospitalized elderly

patients with CHD.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by The study was

conducted according to the guidelines of the Declaration of

Helsinki and approved by Affiliated Hospital of Jiangnan

University, Wuxi (LS2023085). The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.

Author contributions

PZ: Conceptualization, Methodology, Validation, Visualization,

Writing – review & editing. DoM: Data curation, Investigation,

Methodology, Software, Writing – original draft. YY:

Conceptualization, Data curation, Investigation, Methodology,

Writing – original draft. DeM: Conceptualization, Data curation,

Investigation, Methodology, Writing – original draft. YH: Formal

analysis, Validation, Visualization, Writing – review & editing.

XW: Funding acquisition, Project administration, Resources,

Writing – review & editing.

Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.

Acknowledgments

The authors would like to thank the faculty of JNU and the

JNU Hospital for their help.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. World Health O. WHO methods and Data Sources for Country-level causes of
Death 2000–2019. Geneva: World Health Organization (2020). p. 2020. Contract
No.: WHO/DDI/DNA/GHE/2020.2.

2. Diseases NCfC, Health TWCotRoC, China Di. Summary of China cardiovascular
health and disease report 2023. Chin Circ Mag. (2024) 39(07):625–60.

3. Nguyen DD, Arnold SV. Impact of frailty on disease-specific health status in
cardiovascular disease. Heart. (2023) 109(13):977–83. doi: 10.1136/heartjnl-2022-
321631

4. Yamada M, Arai H. Social frailty predicts incident disability and mortality among
community-dwelling Japanese older adults. J Am Med Dir Assoc. (2018)
19(12):1099–103. doi: 10.1016/j.jamda.2018.09.013

5. Xiamin P, Feng L, Yaxi T, Houqiang H, Yongli H, Shengmin G. Meta-analysis of
the incidence of debility and factors affecting it in elderly patients with coronary heart
disease. J Contin Nurs Educ. (2023) 38(11):1012–6+42. doi: 10.16821/j.cnki.hsjx.2023.
25.009

6. Zhang N, Zhu W, Liu X, Chen W, Kang J, ZHu M, et al. The effect of
debility on the short-term prognosis of hospitalized elderly patients with
coronary heart disease: a prospective cohort study. Concordia Med J. (2021)
12(01):59–66.

7. Gobbens RJ, Krans A, van Assen MA. Validation of an integral conceptual model
of frailty in older residents of assisted living facilities. Arch Gerontol Geriatr. (2015)
61(3):400–10. doi: 10.1016/j.archger.2015.06.001

8. Chen Y, Liu Q, Wang M, Xiong M. Current status of the development and
application of a conceptual framework-based debilitation assessment tool. J Contin
Nurs Educ. (2024) 39(10):1113–7. doi: 10.16821/j.cnki.hsjx.2024.10.019

9. Veronese N, Koyanagi A, Smith L, Musacchio C, Cammalleri L, Barbagallo M,
et al. Multidimensional frailty increases cardiovascular risk in older people: an
8-year longitudinal cohort study in the osteoarthritis initiative. Exp Gerontol. (2021)
147:111265. doi: 10.1016/j.exger.2021.111265

10. Fritz H, Hu YL, Tarraf W, Patel P. Feasibility of a habit formation intervention to
delay frailty progression among older African Americans: a pilot study. Gerontologist.
(2020) 60(7):1353–63. doi: 10.1093/geront/gnz143

11. Chen B. Estimation of sample case sizes for multifactorial analytical designs in
medicine—a comprehensive method for estimating sample case sizes for multifactorial
analytical designs. Injury Med (Electron Ver). (2012) 1(04):58–60.

12. Byrne RA, Rossello X, Coughlan JJ, Barbato E, Berry C, Chieffo A, et al. 2023
ESC guidelines for the management of acute coronary syndromes. Eur Heart J.
(2023) 44(38):3720–826. doi: 10.1093/eurheartj/ehad191

13. Gobbens RJJ, van Assen M, Augustijn H, Goumans M, van der Ploeg T.
Prediction of mortality by the tilburg frailty indicator (TFI). J Am Med Dir Assoc.
(2021) 22(3):6. doi: 10.1016/j.jamda.2020.07.033

14. Xing X, Guifang G, Jing S. A reliability study of the Chinese version of the tilburg
frailty assessment scale (TFAS). J Nurs. (2013) 20(16):1–5. doi: 10.16460/j.issn1008-
9969.2013.16.006

Zhu et al. 10.3389/fcvm.2025.1588288

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.1136/heartjnl-2022-321631
https://doi.org/10.1136/heartjnl-2022-321631
https://doi.org/10.1016/j.jamda.2018.09.013
https://doi.org/10.16821/j.cnki.hsjx.2023.25.009
https://doi.org/10.16821/j.cnki.hsjx.2023.25.009
https://doi.org/10.1016/j.archger.2015.06.001
https://doi.org/10.16821/j.cnki.hsjx.2024.10.019
https://doi.org/10.1016/j.exger.2021.111265
https://doi.org/10.1093/geront/gnz143
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.1016/j.jamda.2020.07.033
https://doi.org/10.16460/j.issn1008-9969.2013.16.006
https://doi.org/10.16460/j.issn1008-9969.2013.16.006
https://doi.org/10.3389/fcvm.2025.1588288
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


15. Hoyl MT, Alessi CA, Harker JO, Josephson KR, Pietruszka FM, Koelfgen M,
et al. Development and testing of a five-item version of the geriatric
depression scale. J Am Geriatr Soc. (1999) 47(7):873–8. doi: 10.1111/j.1532-5415.
1999.tb03848.x

16. Leung SO, Chan CC, Shah S. Development of a Chinese version of the modified
barthel index– validity and reliability. Clin Rehabil. (2007) 21(10):912–22. doi: 10.
1177/0269215507077286

17. Xiao S. Theoretical basis and research applications of the social support rating
scale (SSRS). J Clin Psychiatry. (1994) 4:98–100.

18. Liu Q, Li J, Liu F, Yang W, Ding J, Chen W, et al. A radiomics nomogram for the
prediction of overall survival in patients with hepatocellular carcinoma after
hepatectomy. Cancer Imaging. (2020) 20(1):82. doi: 10.1186/s40644-020-00360-9

19. Liu SQ, Yuan XL, Liang HT, Jiang ZX, Yang XL, Gao HM. Development and
validation of frailty risk prediction model for elderly patients with coronary heart
disease. BMC Geriatr. (2024) 24(1):742. doi: 10.1186/s12877-024-05320-7

20. Testa G, Curcio F, Liguori I, Basile C, Papillo M, Tocchetti CG, et al. Physical vs.
multidimensional frailty in older adults with and without heart failure. ESC Heart Fail.
(2020) 7(3):1371–80. doi: 10.1002/ehf2.12688

21. Xie J, Yu Q, Yang L, Chen J, Sun Y. A preliminary study of the effectiveness of
the tilburg frailty scale and the frailty scale in the assessment of frailty in hospitalised
elderly patients. Chin J Health Care Med. (2020) 22(04):369–71.

22. Li Y-L, Qi X-H, Wang Y-L, Jiao J, Li J, Meng J, et al. A readmission risk
prediction model for elderly patients with coronary heart disease. J Clin Nurs Res.
(2022) 6:126–33. doi: 10.26689/jcnr.v6i2.3672

23. James K, Jamil Y, Kumar M, Kwak MJ, Nanna MG, Qazi S, et al. Frailty and
cardiovascular health. J Am Heart Assoc. (2024) 13(15):e031736. doi: doi: 10.1161/
JAHA.123.031736

24. Tibshirani R. Regression shrinkage and selection via the lasso. J R Stat Soc B
(Methodol). (2018) 58(1):267–88. doi: 10.1111/j.2517-6161.1996.tb02080.x

25. Nguyen HT, Do HT, Nguyen HVB, Nguyen TV. Fried frailty phenotype in
elderly patients with chronic coronary syndrome: prevalence, associated factors, and
impact on hospitalization. J Multidiscip Healthc. (2024.) 17:1265–74. doi: 10.2147/
jmdh.s452462

26. Mak JKL, Kuja-Halkola R, Bai G, Hassing LB, Pedersen NL, Hägg S, et al.
Genetic and environmental influences on longitudinal frailty trajectories from
adulthood into old age. J Gerontol A Biol Sci Med Sci. (2023) 78(2):333–41. doi: 10.
1093/gerona/glac197

27. Lewis ED, Wu D, Meydani SN. Age-associated alterations in immune function
and inflammation. Prog Neuropsychopharmacol Biol Psychiatry. (2022) 118:110576.
doi: 10.1016/j.pnpbp.2022.110576

28. Panza F, Solfrizzi V, Sardone R, Dibello V, Castellana F, Zupo R, et al. Depressive
and biopsychosocial frailty phenotypes: impact on late-life cognitive disorders.
J Alzheimer’s Dis. (2023) 94:879–98. doi: 10.3233/JAD-230312

29. Qiu Y, Li G, Wang X, Liu W, Li X, Yang Y, et al. Prevalence of multidimensional
frailty among community-dwelling older adults: a systematic review and meta-
analysis. Int J Nurs Stud. (2024) 154:104755. doi: 10.1016/j.ijnurstu.2024.104755

30. Samson LD, H Boots AM, Ferreira JA, J Picavet HS, de Rond LGH, de Zeeuw-
Brouwer M-L, et al. In-depth immune cellular profiling reveals sex-specific
associations with frailty. Immun Ageing. (2020) 17:20. doi: 10.1186/s12979-020-
00191-z

31. Zeidan RS, McElroy T, Rathor L, Martenson MS, Lin Y, Mankowski RT. Sex
differences in frailty among older adults. Exp Gerontol. (2023) 184:112333. doi: 10.
1016/j.exger.2023.112333

32. SteelFisher GK, Findling MG, Bleich SN, Casey LS, Blendon RJ, Benson JM, et al.
Gender discrimination in the United States: experiences of women. Health Serv Res.
(2019) 54 Suppl 2(2):1442–53. doi: 10.1111/1475-6773.13217

33. Fan JY, Liu YT, Wang Q, Zhao HM, Kong LL, Li J. Association of insomnia and
multidimensional frailty in community-dwelling older adults: a cross-sectional survey.
J Clin Nurs. (2022) 31(1-2):167–73. doi: 10.1111/jocn.15893

34. Taddei-Allen P. Economic burden and managed care considerations for the
treatment of insomnia. Am J Manag Care. (2020) 26(4):S91–S6. doi: 10.37765/ajmc.
2020.43008

35. Qi X, Kong H, Li J, Chen C. The relationship between insomnia and
multidimensional frailty in community-dwelling older adults: a systematic review.
Arch Gerontol Geriatr. (2025) 129:105661. doi: 10.1016/j.archger.2024.105661

36. Irwin MR. Sleep and inflammation: partners in sickness and in health. Nat Rev
Immunol. (2019) 19(11):702–15. doi: 10.1038/s41577-019-0190-z

37. Javaheri S, Redline S. Insomnia and risk of cardiovascular disease. Chest. (2017)
152(2):435–44. doi: 10.1016/j.chest.2017.01.026

38. Lai HC, Hsu NW, Chou P, Chen HC. The associations between various sleep-wake
disturbances and depression in community-dwelling older adults- the Yilan study,
Taiwan. Aging Ment Health. (2020) 24(5):717–24. doi: 10.1080/13607863.2019.1582006

39. Zijlstra GAR, van der Vorst A, Op het Veld LPM, Witte ND, Schols JMGA,
Kempen G. Dependency in activities of daily living: the role of multidimensional frailty
and protective factors. Innov Aging. (2019) 3(1):S635–S6. doi: 10.1093/geroni/igz038.2367

40. Dzien C, Unterberger P, Hofmarcher P, Winner H, Lechleitner M. Detecting
disabilities in everyday life: evidence from a geriatric assessment. BMC Geriatr.
(2022) 22(1):717. doi: 10.1186/s12877-022-03368-x

41. Barghouth MH, Klein J, Bothe T, Ebert N, Schaeffner E, Mielke N. Social
support and frailty progression in community-dwelling older adults. Front Public
Health. (2024) 12:1408641. doi: 10.3389/fpubh.2024.1408641

42. An S, Ouyang WW, Wang SS, Yuan J, Zhen XM. Marital transitions and frailty
among middle-aged and older adults in China: the roles of social support. SSM Popul
Health. (2023) 24:8. doi: 10.1016/j.ssmph.2023.101497

43. Wang L, Li N, Mo W, CHen L, Guan H. Current status and related factors of
self-management behaviour and social support in patients hospitalised with
coronary heart disease. Chin J Gerontol. (2020) 40(20):4451–5.

44. Uchino BN. Understanding the links between social support and physical health: a
life-span perspective with emphasis on the separability of perceived and received support.
Perspect Psychol Sci. (2009) 4(3):236–55. doi: 10.1111/j.1745-6924.2009.01122.x

45. Oeberg S, Sandlund C, Westerlind B, Finkel D, Johansson L. The existing state of
knowledge about sleep health in community-dwelling older persons—a scoping
review. Ann Med. (2024) 56(1):10. doi: 10.1080/07853890.2024.2353377

46. Aihti N, Shi F, Xu M, Chen S, Kuribanjiang K, Yang L. Progress in the study of
the correlation between debility and depression in elderly patients with cardiovascular
disease. Nurs Res. (2023) 37(19):3487–91.

47. Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, et al.
Relationship between depression and frailty in older adults: a systematic review and
meta-analysis. Ageing Res Rev. (2017) 36:78–87. doi: doi: 10.1016/j.arr.2017.03.005

48. Kemp AH, Quintana DS, Gray MA, Felmingham KL, Brown K, Gatt JM. Impact
of depression and antidepressant treatment on heart rate variability: a review and
meta-analysis. Biol Psychiatry. (2010) 67(11):1067–74. doi: 10.1016/j.biopsych.2009.
12.012

49. Bangalore S, Maron DJ, O’Brien SM, Fleg JL, Kretov EI, Briguori C, et al.
Management of coronary disease in patients with advanced kidney disease. N Engl J
Med. (2020) 382(17):1608–18. doi: doi: 10.1056/NEJMoa1915925

Zhu et al. 10.3389/fcvm.2025.1588288

Frontiers in Cardiovascular Medicine 09 frontiersin.org

https://doi.org/10.1111/j.1532-5415.1999.tb03848.x
https://doi.org/10.1111/j.1532-5415.1999.tb03848.x
https://doi.org/10.1177/0269215507077286
https://doi.org/10.1177/0269215507077286
https://doi.org/10.1186/s40644-020-00360-9
https://doi.org/10.1186/s12877-024-05320-7
https://doi.org/10.1002/ehf2.12688
https://doi.org/10.26689/jcnr.v6i2.3672
https://doi.org/doi: 10.1161/JAHA.123.031736
https://doi.org/doi: 10.1161/JAHA.123.031736
https://doi.org/10.1111/j.2517-6161.1996.tb02080.x
https://doi.org/10.2147/jmdh.s452462
https://doi.org/10.2147/jmdh.s452462
https://doi.org/10.1093/gerona/glac197
https://doi.org/10.1093/gerona/glac197
https://doi.org/10.1016/j.pnpbp.2022.110576
https://doi.org/10.3233/JAD-230312
https://doi.org/10.1016/j.ijnurstu.2024.104755
https://doi.org/10.1186/s12979-020-00191-z
https://doi.org/10.1186/s12979-020-00191-z
https://doi.org/10.1016/j.exger.2023.112333
https://doi.org/10.1016/j.exger.2023.112333
https://doi.org/10.1111/1475-6773.13217
https://doi.org/10.1111/jocn.15893
https://doi.org/10.37765/ajmc.2020.43008
https://doi.org/10.37765/ajmc.2020.43008
https://doi.org/10.1016/j.archger.2024.105661
https://doi.org/10.1038/s41577-019-0190-z
https://doi.org/10.1016/j.chest.2017.01.026
https://doi.org/10.1080/13607863.2019.1582006
https://doi.org/10.1093/geroni/igz038.2367
https://doi.org/10.1186/s12877-022-03368-x
https://doi.org/10.3389/fpubh.2024.1408641
https://doi.org/10.1016/j.ssmph.2023.101497
https://doi.org/10.1111/j.1745-6924.2009.01122.x
https://doi.org/10.1080/07853890.2024.2353377
https://doi.org/doi: 10.1016/j.arr.2017.03.005
https://doi.org/10.1016/j.biopsych.2009.12.012
https://doi.org/10.1016/j.biopsych.2009.12.012
https://doi.org/doi: 10.1056/NEJMoa1915925
https://doi.org/10.3389/fcvm.2025.1588288
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Prevalence and determinants of multidimensional frailty in hospitalized older adults with coronary heart disease: a LASSO regression analysis
	Introduction
	Material and methods
	Study participants
	Research methods
	General information questionnaire
	Tilburg frailty indicator (TFI)
	S-item geriatric depression scale (GDS-5)
	The activities of daily living (ADL) scale
	Social support rating scale (SSRS)
	Survey and quality control methods
	Statistical methods


	Results
	Comparison of general information between multidimensional frailty patients and non-frailty patients
	LASSO regression-based screening of multidimensional frailty influencing factors in elderly CHD patients
	Multivariate logistic regression analysis of factors influencing multidimensional frailty in elderly patients with CHD

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


