Prevalence of frailty syndrome among patients with severe aortic stenosis qualified for TAVI
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Abstract
Background. Frailty syndrome is a common comorbidity in elderly patients with severe aortic stenosis (AS), significantly influencing outcomes of transcatheter aortic valve implantation (TAVI). Early identification of frailty and its determinants is essential for optimizing care and improving quality of life.
Methods. This cross-sectional, observational study included 113 Polish patients qualified for TAVI between January and September 2024. Frailty was assessed using the Tilburg Frailty Indicator (TFI). Quality of life, mental health, and social support were evaluated with TASQ, HADS, and MSPSS questionnaires. Logistic regression was used to identify predictors of frailty.
Results. Frailty syndrome was present in 82.3% of patients. Higher frailty levels were associated with worse NYHA class, unhealthy lifestyle, and increased emotional burden. Depression and anxiety were significantly correlated with frailty, especially its psychological domain. Logistic regression revealed that NYHA class, emotional impact (TASQ), and unhealthy lifestyle were independent predictors of frailty. Social support negatively correlated with social frailty scores, suggesting a protective effect.
Conclusions. Frailty is highly prevalent among patients with severe AS undergoing TAVI. Comprehensive preprocedural assessment should include physical, emotional, and social factors. Targeted interventions - particularly prehabilitation and psychosocial support - may help address modifiable components of frailty in this population.
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Background
Aortic stenosis is one of the most commonly diagnosed and treated heart defects among elderly patients. It is characterized by the narrowing of the aortic valve, leading to impaired blood flow from the left ventricle to the aorta and subsequent systemic circulation. Over time, this condition can result in heart failure, reduced exercise tolerance, and increased mortality. Advances in medical technology, particularly the development of transcatheter aortic valve implantation (TAVI) and surgical aortic valve replacement (SAVR), have significantly improved the treatment landscape for AS, offering life-saving interventions to those affected [1–3]. However, the efficacy and outcomes of these procedures can be greatly influenced by the presence of frailty syndrome, a condition that commonly coexists with AS in older adults [4, 5].
Frailty syndrome represents a state of increased vulnerability due to a decline in physiological reserves and resilience against stressors [6]. This multifaceted syndrome manifests through symptoms such as physical slowing, muscular weakness, fatigue, cachexia, malnutrition, reduced endurance, inactivity, and progressive loss of independence. The underlying pathophysiology of frailty is complex, involving interactions between chronic inflammation, sarcopenia, metabolic dysregulation, and psychosocial factors. As a result, frailty cannot be captured by a single diagnostic test and requires a multidimensional approach for assessment, incorporating both clinical and psychosocial evaluations [7].
The implications of frailty syndrome in patients undergoing cardiac procedures are profound. Both frailty and its precursor state, prefrailty, have been linked to worse postoperative outcomes, including prolonged recovery periods, increased risk of complications, and higher mortality rates [4, 8, 9]. These challenges underscore the need for thorough pre-interventional evaluation of frailty in patients with severe AS who are candidates for TAVI or SAVR. Recognizing this, the recently updated European Society of Cardiology (ESC) guidelines have emphasized the integration of frailty assessments into routine preoperative evaluations [4]. Such assessments are instrumental in risk stratification, tailoring perioperative care, and optimizing shared decision-making processes between patients, their families, and healthcare providers.
Despite the existence of multiple tools for measuring frailty, such as the Tilburg Frailty Index (TFI) [10] and Fried's Frailty Phenotype [7], current methodologies often fail to capture all the nuances of this complex condition. There is a growing recognition of the need to identify modifiable factors contributing to frailty, such as physical activity levels, nutritional status, and psychosocial support. By addressing these factors through prehabilitation - targeted interventions to improve patients' physical and psychological resilience - healthcare providers can potentially improve the outcomes of valve replacement procedures.
The primary objective of this study was to explore the prevalence and determinants of frailty syndrome in a cohort of Polish patients with severe AS who were eligible for TAVI. By identifying specific sociodemographic, clinical, and psychosocial factors influencing frailty in this population, the study aims to contribute valuable insights that could inform targeted interventions.

Material and methods
Study design and setting
The current research has a cross-sectional, observational design. The unicenter study was conducted from January 2024 to September 2024. 
Study group
A total of 130 patients with severe AS, diagnosed according to European Society of Cardiology criteria [11], were initially qualified for the study (Supplementary Table S1). Among them, 10 declined to participate. In the first stage of qualification, 120 patients meeting the criteria were included. However, 7 patients withdrew their consent. Ultimately, 113 patients aged 65 to 91 years participated in the study. These patients were referred to the TAVI coordinator after qualification to TAVI by the Heart Team. The study qualification was carried out by a trained team consisting of the TAVI coordinator and an interventional cardiologist. All involved patients assessed their quality of life using the TASQ. Sociodemographic data were obtained from the medical registry. 
Inclusion criteria included: written informed consent to participate in the study, age ≥65 years, diagnosis of severe AS, and cognitive status allowing understanding of the study’s purpose and methods, as well as completion of the questionnaire (MMSE: score ≥18).

Methods
Quality of life, mental health, social support and frailty were assessed using validated, disease-specific and multidimensional questionnaires. Frailty, assessed with the Tilburg Frailty Indicator (TFI), constituted the primary outcome of the study. Quality of life and psychosocial variables were treated as secondary outcomes and potential determinants of frailty.
Two disease-specific questionnaires were used to assess patients’ quality of life, each tailored to the main clinical diagnosis. The Minnesota Living with Heart Failure Questionnaire (MLHFQ) is one of the most widely used instruments for evaluating quality of life in patients with heart failure and other cardiovascular diseases, including atrial fibrillation [12], coronary artery disease [13], myocardial infarction [14], and aortic stenosis [15]. It has been applied to assess treatment outcomes following interventions such as catheter ablation, valve replacement, cardiac surgery, TAVI, and cardiac rehabilitation programmes.
[bookmark: _Hlk181474631]The Toronto Aortic Stenosis Quality of Life Questionnaire (TASQ) is specifically dedicated to patients with aortic stenosis, as it captures disease-specific symptoms and their impact on daily functioning and emotional status. Considering that aortic stenosis frequently coexists with heart failure, both MLHFQ and TASQ were applied to provide a comprehensive assessment of disease-related quality of life.
These two tools were used to assess whether the deterioration in quality of life in specific areas - such as physical symptoms and limitations, emotional state, and limitations in daily functioning - was associated with weakness and a decline in physiological reserves, as assessed using the TFI scale.
· The Toronto Aortic Stenosis Quality of Life Questionnaire (the TASQ) is designed to assess the quality of life  in patients with AS [16]. The TASQ considers specific disease symptoms, emotional state, daily functioning, and overall life satisfaction. It consists of 16 questions grouped into 5 domains: physical symptoms, daily functioning, emotional state, social functioning, and overall quality of life. Each TASQ domain is rated using a Likert scale from 1 to 7, which reflects the severity of symptoms or the accuracy of the statement (1 – not very much, 7 – very much). The scores for each domain are summed to create an overall score for each subscale, as well as an overall TASQ score. Higher scores on TASQ indicate better quality of life, lower symptom severity, and a reduced impact of the disease on daily functioning. Permission to use the questionnaire and conduct a psychometric assessment in a Polish group of AS patients was obtained from the Institute for Pharmacology and Preventive Medicine. The study used the Polish version of the February 27, 2023 questionnaire. The Cronbach's alpha for the entire TASQ was 0.919, for the emotional impact subscale 0.873, and for the physical limitation subscale 0.861 [17].
· Minnesota Living with Heart Failure Questionnaire (MLHFQ) is designed to evaluate the quality of life in patients with heart failure (HF), focusing on how the disease affects their physical, emotional, and social well-being [18]. This tool comprises 21 questions that address specific challenges faced by HF patients, categorized into two primary domains: physical and emotional. The physical domain explores how heart failure impacts daily activities, such as walking, climbing stairs, and self-care, alongside physical symptoms like fatigue, swelling, and breathlessness. The emotional domain, on the other hand, evaluates feelings of frustration, depression, anxiety, and other emotional responses to the limitations imposed by HF. Additionally, the questionnaire includes general items assessing overall quality of life and the broader impact of HF on everyday functioning. Responses to each question are scored on a Likert scale ranging from 0 (no impact) to 5 (maximum impact), yielding a total score between 0 and 105. Higher scores reflect a poorer quality of life. For this study, the Polish adaptation of the MLHFQ was utilized [19].
· Hospital Anxiety and Depression Scale (HADS) is used to assess levels of anxiety and depression. It consists of 14 questions, 7 each for anxiety (HADS-A) and depression (HADS-D). Questions are answered by the respondent on a Likert scale (0 to 3), where 0 indicates no problem and 3 indicates the highest severity. Scores range from 0 to 21, where 0-7 means no symptoms (normal), 8-10: borderline (subclinical) severity, 11-21: clear symptoms (clinical) [20].
· Tilburg Frailty Index (TFI) is used to measure multidimensional frailty in older people [10]. The TFI is based on a holistic concept of frailty, which is defined as a dynamic state resulting from the loss of reserves in the physical, mental, and social spheres. The tool consists of 15 items divided into three domains: physical (8 items), mental (4 items), and social (3 items). Each item is scored dichotomously (0 or 1), resulting in a total score ranging from 0 to 15, with higher scores indicating greater frailty. According to the original validation studies, a total TFI score of ≥5 points was used to define frailty syndrome [10].
· Multidimensional Scale of Perceived Social Support (MSPSS) is used to assess the subjective social support a person feels from their environment [21]. The MSPSS questionnaire consists of 12 questions, divided into three subscales that assess different sources of social support: support from family (4 questions), from friends (4 questions), from significant others (4 questions). Each question is rated on a 7-point Likert scale, where: 1 means ‘strongly disagree’ and 7 means ‘strongly agree’. Scores are summed for each subscale and across the questionnaire. Higher scores indicate higher levels of perceived social support.
All questionnaires (TFI, HADS, TASQ, MSPSS, and MLHFQ) were completed during the pre-procedure assessment, prior to the TAVI procedure. Therefore, all psychometric and impairment measures included in this analysis reflect the baseline status prior to the procedure.

Ethical considerations
[bookmark: _Hlk181471244]The study was approved by the Bioethics Committee of the Lower Silesian Medical Chamber (approval no. 02/BOBD/2024). All participants provided written informed consent to participate after a thorough explanation of the study procedures. The study was conducted in accordance with the principles of the Declaration of Helsinki.

Statistical methods
Mean, standard deviation, median, quartiles and range of quantitative variables were shown. For qualitative variables, absolute and relative frequencies (N and %) were reported. Mann-Whitney test was used for comparisons of quantitative variables between two groups, while Kruskal-Wallis test (followed by post-hoc Dunn test) was used for three or more groups. Spearman’s correlation coefficient was used to assess correlation between two quantitative variables.  Variable distribution normality was verified using the Shapiro-Wilk test. 
Additionally, an exploratory analysis was performed to compare frailty between patients with low-gradient (LFLG and pLFLG) and high-gradient (HGNF, HGHF and LFHG) aortic stenosis. Continuous variables with non-normal distribution and ordinal variables were compared using the Mann-Whitney U test, whereas categorical variables were compared using Fisher’s exact test because of the small sample sizes in the compared subgroups.
Univariate and multivariate logistic regression analysis was used to estimate the probability of frailty syndrome (dichotomous variable). Variables that were significant or close to significance (p<0.2) in univariate analyses were included in multivariate analysis. 
Model parameters were estimated using the maximum likelihood method. The goodness of fit of the model to the observed data was verified using the Hosmer-Lemeshow test, and the statistical significance of individual independent variables was checked using the Wald test. The Box-Tidwell test was used to verify the linear dependence of the logit transformation on continuous independent variables. For statistically significant predictors of frailty, odds ratio values and their 95% confidence intervals were estimated. For continuous variables, the results of ROC curve analysis and Youden index values were used to establish cut-off values for predicting frailty. The area under the ROC curve (AUC) was calculated for each model. Spearman's rank correlation coefficient (rho) was used to determine the strength and direction of the monotonic relationship between the two ordinal variables. Significance level was set to 0.05. 

Results
Socioclinic characteristics of the patients studied
Table 1 presents the sociodemographic and clinical characteristics of the patients studied. A total of 113 patients with an age of 77.3±6.9 took part in the study. The slightly more than half were female (52 %), single (51%) with a secondary education (48%). The most common comorbidities were diabetes (42%) and atrial fibrillation (37%). Patients most frequently presented with NYHA 2 and CCS 2 symptom severity, with a EuroSCORE II of 3.7±3.5 and a Charlson Comorbidity Index of 5.2±1.6.
The predominant aortic stenosis phenotype in the study population was high-gradient normal-flow (HGNF), observed in 76 patients (67.3%). High-gradient high-flow (HGHF) AS was identified in 21 patients (18.6%), low-flow low-gradient (LFLG) AS in 8 patients (7.1%) and paradoxical low-flow low-gradient (pLFLG) AS in 7 patients (6.2%). Low-flow high-gradient (LFHG) AS was rare and observed in only 1 patient (0.9%).

Table 1. Sociodemographic and clinical characteristics of the subjects
	Parameter
	Total (N=113)

	Sex
	Male
	54 (48%)

	
	Female
	59 (52%)

	Age [years]
	Mean (SD)
	77.30 (6.90)

	
	Median (quartiles)
	77 (74–82)

	
	Range
	65-91

	Marital status
	In a relationship/married
	55 (49%)

	
	Unmarried
	9 (8%)

	
	Separated/divorced
	3 (3%)

	
	Widowed
	46 (41.%)

	Education
	None or primary
	29 (26.%)

	
	Secondary
	54 (48.%)

	
	Higher
	30 (26.%)

	BMI [kg/m²]
	Mean (SD)
	28.90 (5.00)

	Comorbidities
	Previous MI
	19 (17%)

	
	AF
	42 (37%)

	
	CAS > 50%
	12 (11%)

	
	DM
	47 (42%)

	
	COPD
	13 (12%)

	
	CKD
	18 (16%)

	
	Present diagnosis of a psychiatric diagnosis, anxiety disorder or depression
	12 (11%)

	Previous PCI
	50 (44%)

	Creatinine [mg/dl]
	Mean (SD)
	1.00 (0.36)

	LVEF [%]
	Mean (SD)
	57.5 (10.8)

	AVA [cm2]
	Median (quartiles)
	0.80 (0.60-0.90)

	Transaortic mean pressure gradient [mmHg]
	Median (quartiles)
	46 (40-55)

	NYHA
	I
	7 (6%)

	
	II
	59 (52%)

	
	III
	41 (36%)

	
	IV
	3 (3%)

	CCS
	1
	15 (13%)

	
	2
	24 (21%)

	
	3
	10 (9%)

	
	4
	2 (12%)




SD: standard deviation; Q1: lower quartile; Q3: upper quartile; CCS: Canadian Cardiovascular Society classification; NYHA: New York Heart Association classification; LVEF: left ventricle ejection fraction; PCI: Percutaneous Coronary Intervention; AVA: aortic valve area; AS: aortic stenosis; HGNF: high gradient normal flow; HGHF: high gradient high flow; LFHG: low flow high gradient; LFLG: low flow low gradient; pLFLG: paradoxical low flow low gradient 

Levels of frailty, anxiety and depression, social support and quality of life
	Table 2 summarises the scores on the scales that assessed frailty (TFI), anxiety and depression (HADS), social support (MSPSS) and quality of life (MLHFQ, TASQ). Among the study participants, 82.3% of patients had frailty syndrome. Prominent symptoms of anxiety were present in 31% of patients and of depression in 36%. Study patients with severe AS presented moderate levels of quality of life (60.7±22.8) and high levels of total perceived social support (70.1± 14.7).
Table 2. Results of the questionnaires
	Scale
	Subscale
	Mean
	SD
	Median
	Min
	Max
	Q1
	Q3

	TFI
	Overall TFI score
	7.1
	2.7
	7
	1
	13
	5
	9

	
	Physical components
	4.0
	1.9
	4
	0
	8
	3
	5

	
	Psychological components
	2.0
	1.1
	2
	0
	4
	1
	3

	
	Social components
	1.2
	0.8
	1
	0
	3
	1
	2

	HADS
	Anxiety
	8.2
	4.3
	8
	2
	19
	5
	11

	
	Depression
	9.1
	3.9
	9
	4
	19
	6
	12

	MSPSS
	Total perceived support
	70.1
	14.7
	73
	12
	84
	62
	84

	
	Perceived support from significant other
	24.5
	5.3
	28
	4
	28
	24
	28

	
	Perceived support from family
	24.5
	5.1
	27
	4
	28
	23
	28

	
	Perceived support from friends
	21.1
	6.8
	23
	4
	28
	16
	28

	MLHFQ
	Total score
	38.0
	25.4
	31
	4
	96
	16
	57

	TASQ
	Total score
	60.7
	22.8
	59
	25
	110
	40.8
	78

	Scale
	Subscale
	Level
	n
	%

	TFI
	Overall TFI score
	No frailty
	20
	17.7%

	
	
	Frailty
	93
	82.3%

	HADS
	Anxiety
	No symptoms
	54
	47.8%

	
	
	Borderline condition
	24
	21.2%

	
	
	Distinct symptoms
	35
	31.0%

	
	Depression
	No symptoms
	50
	44.3%

	
	
	Borderline condition
	22
	19.5%

	
	
	Distinct symptoms
	41
	36.3%


[bookmark: _Hlk216521854]SD - standard deviation, Q1 - lower quartile, Q3 - upper quartile, TASQ - The Toronto Aortic Stenosis Quality of Life Questionnaire, HADS - Hospital Anxiety and Depression Scale, 
MLHFQ - Minnesota Living with Heart Failure Questionnaire, TFI - Tilburg Frailty Index, 
MSPSS -Multidimensional Scale of Perceived Social Support

An exploratory analysis comparing frailty according to haemodynamic AS phenotype was additionally performed. Because of the limited number of patients with low-gradient AS phenotypes, patients were grouped into low-gradient (LFLG and pLFLG) and high-gradient (HGNF, HGHF and LFHG) AS. No statistically significant differences were observed between the groups in the overall TFI score, physical, psychological or social frailty domains, or in the prevalence of frailty (Supplementary Table S5).

Correlation analysis between standardised questionnaires (TFI, MSPSS, HADSM, MLHFQ, TASQ) and socioclinic variables and frailty syndrome (TFI)
The results of the correlation analysis are presented in Fig. 1. The correlation analysis showed that the score on the general frailty scale correlates significantly and positively with the score on the physical components scale (r=0.84, p<0.001), the score on the psychological components scale (r=0.66, p<0. 001), score on the social components scale (r=0.32, p=0.001), score on the anxiety scale (r=0.41, p<0.001), score on the depression scale (r=0.32, p=0.001), score on the physical limitations scale (r=0.19, p=0.044) and score on the TASQ total scale (r=0.22, p=0.02). 
The score on the physical components scale correlates significantly and positively with the score on the general frailty scale (r=0.84, p<0.001), the score on the psychological components scale (r=0.3, p=0.001), the score on the anxiety scale (r=0.26, p=0.005), the score on the depression scale (r=0.2, p=0.033), somatic symptoms scale score (r=0.19, p=0.042), physical limitations scale score (r=0.2, p=0.038), social limitations scale score (r=0.19, p=0.047) and TASQ composite scale score (r=0.21, p=0.027).
The score on the psychological components scale correlates significantly and positively with the score on the general frailty scale (r=0.66, p<0.001), the score on the physical components scale (r=0.3, p=0.001), the score on the anxiety scale (r=0.45, p<0.001), the score on the depression scale (r=0.45, p<0.001) and the score on the emotional affect scale (r=0.25, p=0.008).
The score on the social components scale correlates significantly and positively with the score on the general frailty scale (r=0.32, p=0.001). The score on the social components scale correlates significantly and negatively with the score on the perceived support from significant other scale (r=-0.2, p=0.031) and the score on the perceived support from family scale (r=-0.19, p=0.042).
In addition, statistically significant correlations were observed between the MSPSS, HADSM, MLHF, and TASQ scales (Figure 1; Supplementary Table S2). 

Fig 1. Heat map 
	In the correlation analysis between socioclinical factors and level of frailty, the score on the TFI social components scale was significantly higher among the divorced and widowed than among those in a relationship (1.43 ± 0.91 vs. 1.00 ± 0.67; p = 0.022) (Supplementary Table S3). 
The score on the physical components scale was significantly higher among those with secondary education than among those with primary or no education and among those with NYHA class III or IV (4.48 ± 1.87) and among those with NYHA class II (3.75 ± 1.89) than among those with NYHA class I (2.00 ± 2.45; p = 0.01).
The score on the psychological components scale was significantly higher in the group of patients previously hospitalised for HF exacerbation than in the group of non-hospitalised patients (2.60 ± 1.07 vs. 1.88 ± 1.10; p = 0.05). 
The EuroSCORE II score correlates significantly (p=0.05) and positively (r=0.262) with the score on the physical components scale, meaning that the higher the EuroSCORE score, the higher the scores on the physical components scale. BMI correlates significantly (p=0.05) and positively (r=0.183) with the overall TFI score, meaning that the higher the BMI, the higher the overall frailty syndrome score.

Predictors of frailty syndrome (TFI) 

Logistic regression was used to model the relationship between the explanatory variables (predictors) and the dependent variable (Frail), the results of which are shown in Table 3. Two models were constructed: one without interactions between the predictors and one with interactions. In the model without interactions, the probability of frailty is higher with an unhealthy lifestyle and increases with increasing NYHA Class and TASQ Emotional impact. The HADSM anxiety score was found to be non-significant (p > 0.05) in the multivariate analysis and was excluded from the model.
Table. 3. Results of univariate and multivariate logistic regression analysis
	Predictors of frailty syndrome
	Univariate analysis
	Multivariate analysis

	
	OR
	p
	OR
	p

	[bookmark: _Hlk184557380]Unhealthy lifestyle
	4.76 (1.7-13.3)
	0.003
	3.90 (1.25-12.2)
	0.020

	Serious illness in yourself
	3.31 (1.2-9.1)
	0.020
	3.58 (0.87-14.7)
	0.076

	Age 70 years
	3.62 (0.90-14.5)
	0.069
	3.58 (0.87-14.7)
	0.076

	BMI 29.8 kg/m2
	2.53 (0.77-8.27)
	0.124
	2.50 (0.75-8.32)
	0.133

	EuroSCORE II (score)
	1.14 (0.91-1.42)
	0.247
	1.14 (0.92-1.42)
	0.244

	NYHA Class
	2.74 (1.16-6.44)
	0.021
	3.21 (1.22-8.44)
	0.019

	TASQ (score)
	1.02 (1.00-1.05)
	0.076
	1.02 (0.99-1.04)
	0.073

	TASQ Emotional impact
	1.45 (1.09-1.95)
	0.012
	1.40 (1.00-1.97)
	0.049

	TASQ Social limitations
	1.13 (0.99-1.29)
	0.064
	1.13 (0.99-1.29)
	0.061

	HADS Anxiety (score)
	1.15 (1.01-1.31)
	0.029
	1.13 (0.98-1.31)
	0.095

	HADS Depression (score)
	1.14 (0.98-1.34)
	0.092
	1.14 (0.98-1.33)
	0.090


OR – odds ratio; BMI – Body Mass Index; NYHA- New York Heart Association classification; TASQ - The Toronto Aortic Stenosis Quality of Life Questionnaire, HADS - Hospital Anxiety and Depression Scale

The linear relationship between log-odds (logit) and the explanatory variables (predictors of frailty) takes the form:  logit(p) = -3.96 + 1.12 x (NYHA Class) + 0.34 x (TASQ Emotional impact) +1.52 x (Unhealthy lifestyle)
The fit of the model to the actual values was assessed using the Hosmer-Lemeshow test. The result of the test (HL = 6.61, p = 0.358) means that the model reflects well the relationships between the explanatory variables and the logit function. 
In the model with interactions, the probability of frailty increases with an unhealthy lifestyle and with an increase in NYHA class and but the interaction of the impact of emotions with social constraints was also found to be significant. The model with interaction took the form: logit(p) = -3.28 + 2.01 x (Unhealthy lifestyle) + 1.13 x (NYHA Class) + 0.032 x (TASQ Emotional impact x TASQ Social limitations)
The fit of the model containing the interaction was found to be significantly better. The test result (HL = 3.88, p = 0.793) means that the model reflects the relationship between the explanatory variables and the logit function very well. The model with the interaction also has a larger area under the ROC curve (fig. 2). 
    
Fig. 2. ROC curves for predicting frailty syndrome based on the logit model without interaction (blue line) and with interaction (red line).

The results of assessing the strength and direction of the relationship between variables in the form of Spearman's rank correlation coefficient are shown in Supplementary Table S4. In the analysed group of patients, the TASQ Total cardiac problems score (rho = 0.226) and its domains Physical limitations (rho = 0.199) and Social limitations (rho = 0.185), as well as HADS Anxiety (rho = 0.415) and HADS Depression (rho = 0.317) were positively correlated with the TFI (score). With the physical domain of the TFI, positive correlations were found with EuroSCORE II (rho = 0.258), TASQ Total (rho = 0.204), TASQ Physical impact (rho = 0.203), TASQ Physical limitations (rho = 0.203), TASQ Social limitations (rho = 0.197) and HADS Anxiety (rho = 0.243) and HADS Depression (rho = 0.216). With the mental domain of the TFI, a positive correlation was found with the TASQ Emotional impact and expectations (rho = 0.247) and HADS Anxiety (rho = 0.508) and HADS Depression (rho = 0.419).

Discussion
Our study has provided important information on the frailty syndrome in Polish patients with severe AS qualified for TAVI. These findings highlight key sociodemographic and clinical factors influencing the prevalence of frailty and indicate potential areas for pre- and post-operative interventions. Importantly, the present study was not designed to evaluate prognostic or postprocedural outcomes after TAVI, but rather to characterize baseline multidimensional frailty and its psychosocial correlates in patients referred for intervention.
According to the results of our study, 82.3% of patients showed symptoms of frailty syndrome. This result is consistent with reports by other authors, who indicate that frailty is a common problem in the elderly population of patients with severe AS [4]. Bertschi et al [22] suggest that assessment of frailty can better predict functional deterioration after TAVI than classical risk scales such as EuroSCORE II or STS. Our data support these observations, showing a significant correlation between frailty score and NYHA class and TASQ quality of life indices. Identifying patients with a high frailty score before TAVI may help support individualized multidimensional assessment and peri-procedural planning [4].   
Haemodynamic phenotypes of severe aortic stenosis have been extensively investigated with respect to clinical characteristics and prognosis following TAVI, particularly in patients with low-flow, low-gradient AS [23, 24]. However, to our knowledge, evidence regarding potential differences in baseline multidimensional frailty between these phenotypes remains very limited [8, 25]. In our exploratory analysis, no significant differences were observed between low-gradient and high-gradient AS with respect to frailty. However, the relatively small number of patients with low-gradient AS substantially limited the statistical power of this analysis and precludes definitive conclusions. Further prospective studies involving larger and more balanced cohorts are warranted to determine whether haemodynamic AS phenotype influences baseline frailty or whether haemodynamic AS phenotype modifies the relationship between baseline frailty and post-procedural outcomes.
Results suggest that social status and education may influence frailty levels [26]. Divorced and widowed patients showed higher scores on the social dimension of frailty. Previous research suggests that married people have better cardiac outcomes, which may be due to greater emotional and practical support [27]. Patients with higher education often have stronger social capital - including broader support networks and better ability to navigate the healthcare system - which may indirectly mitigate physical frailty by reducing stress, facilitating earlier intervention, and promoting healthier ageing [28].
The notably higher prevalence of frailty observed in our cohort compared with many previous TAVI studies warrants careful interpretation. In our study, we observed a high percentage of patients with weakness, which may be related to the clinical characteristics of the study population. It should be emphasised that in Poland, during the study period, reimbursement requirements allowed patients with severe clinical profiles who were disqualified for surgical aortic valve replacement (SAVR) to qualify for TAVI (AVR). As a result of these restrictive eligibility criteria, patients awaiting TAVI constituted a group at high surgical risk, with multimorbidity, moderate to advanced heart failure (NYHA class III–IV), sarcopenia, and high risk or confirmed frailty syndrome. A similar patient profile was reported in other Polish studies, in which the mean EuroSCORE was 19, 79% of patients suffered from heart failure (NYHA class III–IV) , and frailty syndrome - assessed using the Tilburg Frailty Indicator (TFI) with a score of ≥5 points - was observed in 94.6% of patients [29]. The definition of frailty used reflects a multidimensional concept and depends on the measurement method used [30]. In this study, frailty was identified based on the Tilburg Frailty Indicator (TFI) score. The TFI is based on the concept of frailty as a dynamic state characterised by a loss of reserves in the physical, mental and social spheres.
Also, higher education was associated with lower levels of physical frailty, which may reflect better access to health information and healthier lifestyles. This can be explained by several plausible mechanisms. Higher levels of education are consistently associated with better health literacy, which facilitates understanding of disease processes, adherence to treatment recommendations, and effective self-management of chronic diseases. These factors contribute to maintaining physical fitness and reducing the risk of frailty in older age [26, 31, 32]. People with higher education are more likely to engage in regular physical activity, follow healthier eating habits, and are less likely to smoke and be obese - behaviours that are well-known determinants of physical frailty and sarcopenia [33–35]. This is consistent with our findings, which indicate that an unhealthy lifestyle was an independent predictor of frailty. Furthermore, educational attainment is a key component of socioeconomic status, influencing access to healthcare resources throughout life, quality of working conditions, and exposure to physical or occupational stressors [36]. These long-term differences accumulate over a lifetime and can shape an individual's physiological reserves, thereby influencing susceptibility to physical decline in later life [28, 37]. All of these findings suggest that the relationship between educational status and physical frailty is multifactorial and involves behavioural, socio-economic, and psychosocial pathways that operate cumulatively throughout the life course.
Depression reduces the quality of life of patients with cardiovascular disease and limits the achievement of the benefits of modern treatment [38, 39]. Mental health, including levels of anxiety and depression, plays an important role in shaping the condition of patients with AS. Depression in patients after TAVI is associated with high mortality five years after the procedure [40]. A reduction in the incidence of depression has also been observed among patients undergoing TAVI, which may be related to the resolution or alleviation of AS symptoms after the intervention [39]. On the other hand, a study by Bäz et al [41]  showed the prognostic importance of anxiety and depression, but only in lower stages of AS. In our study, depression and anxiety were strongly associated with the level of frailty, especially in the mental dimension. The results confirm that mental health plays a key role in the overall condition of patients with heart disease. The reduction in depressive symptoms after TAVI, reported in other studies, indicates the potential benefits of mental health interventions before surgery.
Patients with AS have to face their physical and cognitive limitations on a daily basis due to the progression of their disease, but also some kind of limitations in their social life. Because of these limitations, they may require more assistance from medical staff to understand information about their condition and planned treatment, and to use this information when deciding whether to undergo TAVI. A study by Falk et al [42] confirmed that trust and continuity is important in coping with the stress of chronic heart failure, and that skilled nurses are an important source of support for patients. In our own study, patients with higher levels of perceived social support had better scores on social frailty. The literature emphasised that social support from family and friends can positively influence patients' adaptation to new health conditions and improve quality of life [43]. Social support promotes well-being, helps reduce stress, pain complaints and reduces mortality [44]. A Swedish study highlighted the need for social support for elderly patients offered TAVI [45]. Patients particularly highlighted difficulties in daily social functioning, coping with symptoms of the disease and adjusting to changed health conditions [46].
In recent years, there has been a growing number of studies indicating that individual components of frailty may have separate prognostic significance, regardless of the composite geriatric outcome [47]. However, the available analyses highlight the high heterogeneity of tools and endpoints and the uncertainty regarding the relative prognostic value of individual domains, which justifies the need for studies comparing physical, psychological and social components simultaneously [47]. To date, most studies have focused on single physical-nutritional markers, such as walking speed, grip strength, albumin or sarcopenia [47–49], while significantly fewer studies have assessed all three domains of frailty in parallel using multidimensional tools in a population with severe AS [8, 50, 51]. In this context, our study - which separately analysed the TFI domains in a sequentially recruited cohort of patients eligible for TAVI - complements existing knowledge by showing that the physical component is most strongly associated with overall frailty and clinical parameters. Thus, this analysis makes a new, complementary contribution by enabling a direct comparison of the impact of physical, psychological, and social aspects of frailty within a single multidimensional tool.
The study has several limitations. First of all, the cross-sectional nature and the relatively small size of the study group may affect the generalisability of the results. The overrepresentation of patients with frailty syndrome in the study group is also noteworthy. Another limitation of the study is its single-centre nature. In the future, the study should also be expanded to include other centers performing TAVI and to compare groups of patients by treatment modality used TAVI vs. SAVR. A major limitation of this study is its cross-sectional and preprocedural design. The present analysis was focused exclusively on baseline multidimensional frailty assessment before TAVI qualification and was not designed to evaluate post-procedural outcomes, including mortality, rehospitalisation, functional recovery, or quality-of-life changes after TAVI. Therefore, the findings should be interpreted primarily as exploratory and hypothesis-generating with regard to the relationship between frailty and psychosocial determinants in patients with severe AS referred for TAVI. Follow-up assessments after TAVI, including repeated TFI, HADS, and TASQ measurements, are currently ongoing and were not available at the time of the present analysis. Future longitudinal multicentre studies are needed to determine how multidimensional frailty domains influence clinical and functional outcomes after TAVI.
In conclusion, our results suggest that frailty assessment may complement routine multidimensional evaluation in patients referred for TAVI. Factors such as NYHA class, lifestyle, and quality of life indicators in the emotional domain are key here. Prehabilitation interventions targeting mental health and social support may represent promising complementary strategies in patients with severe AS referred for TAVI. Introducing targeted strategies to optimize physical and mental health before surgery can improve treatment outcomes and quality of life for this group of patients.

Conclusions
1. There were correlations between frailty syndrome and severity of anxiety and depression, quality of life and social support.  
2. Higher Euro SCORE II score increased the risk of frailty syndrome in the physical domain.
3. Predictors increasing frailty syndrome in patients with severe AS were higher NYHA class, unhealthy lifestyle and quality of life in the emotional domain.
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