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Comorbidities

Frailty is a complex syndrome characterised by reduced physiological 
reserve and increased vulnerability to falls, hospitalisation and mortality. 
It is commonly associated with advanced age, but can affect younger 
adults with chronic conditions or iatrogenic complications.1 Unlike other 
medical conditions, frailty is not fully captured by measures of disease 
severity, yet is a critical predictor of poor health outcomes.2 Heart failure 
(HF) affects approximately 64 million people globally, predominantly in 
ageing populations, with prevalence rising to 8.3% in individuals over 50 
years old. Key symptoms include dyspnoea, fatigue and oedema, varying 
in severity with disease progression.3,4 

Frailty often coexists with HF, affecting 30–60% of patients with reduced 
ejection fraction (HFrEF) and manifesting as limitations in physical and 
cognitive function.5 Frailty’s impact on HF outcomes is profound, with frail 
patients experiencing higher rates of hospitalisation and mortality. Gender 
disparities also exist, as women are more frequently frail, but frail men 
exhibit worse outcomes.6 In regions with limited healthcare access, the 
co-occurrence of HF and frailty presents unique challenges, necessitating 
global strategies to address barriers in care delivery and improve 
outcomes.7

In this review, we summarise current knowledge about the mechanisms 
underlying frailty syndrome and its associations with HF. We highlight the 
clinical characteristics of frailty syndrome, its impact on HF treatment and 
challenges associated with frailty in HF patients. We further address 
current approaches to measuring and managing frailty in the HF 
population, based on available studies and recent insights.

Mechanisms of Frailty in Heart Failure
Frailty in HF is underpinned by complex mechanisms involving inflammation, 
oxidative stress and sarcopenia (muscle wasting). Chronic inflammation, 
characterised by elevated levels of markers such as C-reactive protein 
(CRP) and interleukin-6 (IL-6), accelerates the breakdown of muscle fibres 
and reduces the body’s capacity for regeneration.8 Mitochondrial 
dysfunction, seen in both HF and frailty, further diminishes energy 
production, leading to fatigue and reduced physical resilience.9 Marked by 
impaired energy production and increased oxidative stress, mitochondrial 
dysfunction plays a pivotal role in frailty pathogenesis by exacerbating 
muscle wasting and cardiovascular decline.

Sarcopenia, defined as the loss of muscle mass and strength, is a key 
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component of frailty syndrome and is particularly pronounced in patients 
with HF. It results from reduced blood flow and oxygen supply to tissues, 
contributing to diminished physical capacity, insulin resistance and 
inflammation. Changes observed in sarcopenia include weakened muscle 
fibres, a higher proportion of fast-twitch fibres and reduced oxygen usage 
efficiency in energy processes.10,11

Emerging evidence suggests that interactions between neurohormonal 
pathways and chronic inflammation play a critical role in accelerating the 
progression of frailty in HF patients. In particular, cytokines, such as 
tumour necrosis factor-α (TNF-α) and IL-6, which are upregulated in HF, 
have been shown to trigger muscle wasting and increase oxidative stress. 

These inflammatory markers are also linked to cognitive decline, further 
complicating the clinical management of frailty in elderly patients.12 
Cytokine dysregulation, particularly involving interleukin-1β and TNF-α, 
has been identified as a key driver of frailty in HF. This inflammatory 
response not only accelerates muscle wasting but also impairs cardiac 
function, increasing the overall disease burden in frail HF patients.13 

Emerging research also suggests that gut microbiota may play a pivotal 
role in the development of frailty in HF patients. Dysbiosis, or an imbalance 
in gut bacteria, has been linked to increased systemic inflammation, 
which exacerbates both frailty and HF progression. Therapeutic 
approaches aimed at restoring healthy gut microbiota through probiotics 

Figure 1: Clinical Conditions Associated with Frailty
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or dietary interventions are being investigated for their potential to 
mitigate frailty symptoms in HF patients.14

Additionally, neurohormonal dysregulation plays a key role in the onset of 
frailty in HF patients. Elevated levels of cortisol, driven by chronic stress, 
impair the body’s ability to build muscle and respond to physical 
stressors.15 The interplay between sarcopenia, inflammation and 
neurohormonal dysfunction exacerbates frailty, leading to a rapid decline 
in physical and cognitive function as well as increased mortality risk 
(Figure 1).16

Clinical Conditions Correlated with Frailty
While ageing is expected, some HF patients experience an unexpectedly 
rapid decline in their health, a state described as ‘frailty’. The exact 
reasons behind accelerated ageing in HF are still under investigation, but 
scientists suspect several potential mechanisms are at play, including 
imbalances in the immune system and hormones, which lead to 
inflammation, cellular stress and an overactive nervous system. 
Additionally, cells may malfunction and age prematurely, leading to 
sarcopenia and overall wasting. All these processes are present in HF, but 
it seems that frailty somehow fuels their progression.2 The high prevalence 
of frailty in chronic HF patients likely stems from multisystem dysfunction 
such as chronic inflammation, multiple coexisting health conditions, 
advanced age and persistent muscle deficits.10

Frailty is intricately connected with various comorbidities seen in HF 
patients, including diabetes, chronic kidney disease (CKD) and anaemia. 
These conditions further exacerbate the physiological decline seen in 
frailty, leading to worsened outcomes.17 For example, diabetes accelerates 
muscle loss due to insulin resistance, while CKD contributes to malnutrition 
and reduced muscle function through the accumulation of toxins in the 
body. Studies have shown that CKD exacerbates frailty by increasing 
inflammation and contributing to muscle wasting. Moreover, CKD-related 
electrolyte imbalances and toxin buildup further impair physical and 
cognitive function in frail HF patients.18 Chronic obstructive pulmonary 
disease is also a significant HF comorbidity, exacerbating frailty by 
impairing oxygen transport and reducing physical capacity.19

Furthermore, cognitive decline is often seen in frail HF patients. This may 
be related to reduced cerebral perfusion and increased inflammation and 
oxidative stress, which are common in both frailty and HF. Cognitive 
impairment makes it difficult for patients to adhere to treatment plans, 
leading to poorer health outcomes and higher mortality rates.16 
Additionally, depression and anxiety, both prevalent in HF patients, further 
exacerbate frailty by reducing motivation and energy levels needed for 
physical activity and self-care.20 Addressing cognitive impairment in frail 
HF patients is critical for improving adherence to treatment regimens and 
overall quality of life.21

HF creates persistent low-grade inflammation due to excessive nervous 
system activity and elevated stress hormones. This inflammation leads to 
detrimental changes in muscle structure, decreasing both muscle mass 
and strength and ultimately contributing to physical frailty. Additionally, 
inflammation worsens organ damage from fluid buildup and oxygen 
deprivation, both common features of HF. The development of other 
chronic conditions, such as kidney disease, further erodes the body’s 
physiological reserve and increases frailty.5 As ageing and HF progress, 
several biological processes deteriorate, leading to the accumulation of 
DNA damage, impaired cellular waste removal and malfunctioning energy 
production. These changes can disrupt cellular metabolism, lead to 

cellular ageing and ultimately cause cell death. This triggers the body’s 
natural defence system to overreact, releasing inflammatory molecules 
into the bloodstream.22

Adults with HF often exhibit elevated levels of inflammatory markers, such 
as CRP, tumour necrosis factor-α and IL-6. Studies have linked these 
elevated markers to an increased risk of developing HF in elderly patients.23 
IL-6, in particular, is more prevalent in older HF patients with additional 
cardiovascular conditions. Research suggests that higher IL-6 levels are 
associated with an increased risk of mortality in individuals with HF.5

People with HF are more likely to suffer from nutritional deficiencies and 
malnutrition, highlighting the importance of careful dietary planning. 
These nutritional issues can contribute to weight loss, a condition called 
cardiac cachexia and the overall weakening associated with frailty.10 
Dysregulated neurohormonal mechanisms, including impaired cortisol 
regulation and disruptions in the growth hormone/insulin-like growth 
factor-1 signalling axis, can lead to downstream anabolic–catabolic 
uncoupling and subsequent muscle wasting, further exacerbating these 
conditions. Cachexia, one of five key aspects of traditional frailty models, 
also contributes to the muscle wasting and tissue loss commonly seen in 
advanced HF. It is officially defined as the loss of more than 5% of total 
body weight within the previous 6 months. Compared to people without 
HF, those with HF are 20% more likely to experience sarcopenia. This 
muscle loss is independent of age and is linked to poorer health outcomes 
for individuals with HF.5

Socioeconomic Factors Affecting Frailty
A recent study found significant disparities in the management and 
outcomes of frailty in HF patients driven by socioeconomic status. Patients 
in lower-income brackets were 40% more likely to experience advanced 
frailty due to delayed medical interventions, reduced access to quality 
healthcare and malnutrition. These findings underscore the importance of 
policy interventions aimed at reducing these disparities through expanded 
healthcare access and community-based support programs.24

Socioeconomic factors, such as low income, limited access to healthcare 
and poor education, are directly linked to the development and 
progression of frailty in HF patients.25 Patients from lower socioeconomic 
backgrounds often lack access to preventative healthcare and nutritious 
food, contributing to malnutrition, a key driver of frailty.26 Studies have 
shown that nutritional deficiencies, especially in protein and essential 
micronutrients, exacerbate muscle loss and functional decline in frail 
patients.27

Social isolation is another critical factor linked to higher psychological 
stress, which exacerbates frailty. Studies have shown that individuals with 
limited social support are more vulnerable to frailty-related complications 
as they are less likely to engage in physical activity and are more prone to 
depression and anxiety.20 Furthermore, individuals who live alone or lack 
a support network may experience delays in receiving medical care, 
which can worsen their condition and lead to hospitalisation.28 Addressing 
these socioeconomic disparities through policy interventions and support 
programs could mitigate the impact of frailty on HF outcomes.28

Social support networks have been shown to significantly reduce the 
impact of frailty in HF patients. Those with stronger social connections 
exhibit slower progression of frailty symptoms and are more likely to 
adhere to medical and lifestyle interventions.29 Conversely, social isolation 
has been shown to significantly worsen frailty outcomes in HF patients. 
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Individuals who lack social support are more likely to experience rapid 
physical decline and have a higher risk of hospitalisation. Community-
based programs that provide social engagement opportunities for frail HF 
patients are being explored as potential interventions to reduce the 
impact of social isolation.30

Assessment Tools
An important advance in clinical management is the implementation of 
frailty syndrome assessment into routine clinical practice to improve risk 
stratification and treatment targeting. Integrating frailty assessment tools 
into a comprehensive patient evaluation is essential for tailoring 
management strategies to individual needs. Tools such as the Frailty 
Index provide detailed insights into multidimensional frailty, while simpler 
tools such as the Clinical Frailty Scale enable rapid bedside assessments. 

Combining these methods allows for a holistic understanding of frailty in 
diverse clinical settings.31 The following are tools for examining frailty 
syndrome:

•	 Fried Frailty Criteria: this tool assesses frailty based on five 
indicators – unintentional weight loss, exhaustion, low physical 
activity, slowness and weakness. Patients meeting three or more 
criteria are classified as frail. This tool is simple to administer and has 
been widely validated in both research and clinical settings. 
However, its focus on physical aspects of frailty potentially 
underestimates frailty in HF patients experiencing significant 
cognitive and social impairments. Despite this limitation, it remains a 
popular choice for studies emphasising physical function.28,32

•	 Frailty Index (FI): based on the cumulative deficit model, the FI 
assesses a broad range of health deficits. This multidimensional tool 
provides a comprehensive measure of frailty severity, making it 
particularly relevant for HF patients with multiple comorbidities. 
However, its complexity and the time required for assessment can 
hinder its routine use in fast-paced clinical settings. The FI has shown 
strong predictive value for adverse outcomes in older HF 
populations.28,33

•	 Clinical Frailty Scale (CFS): this 9-point scale ranges from 1 (very fit) 
to 9 (terminally ill) and uses clinical judgement to assess frailty 
based on fitness, comorbidities and functional ability. The CFS is 
efficient and correlates well with other frailty tools, making it 
particularly useful in clinical practice for predicting adverse outcomes 
in HF patients. Nevertheless, its reliance on clinician judgement can 
introduce variability, especially when used by less experienced 
providers. Recent reviews advocate for the widespread use of CFS 
due to its practicality and strong predictive validity.28,34

•	 Short Physical Performance Battery (SPPB): this performance-
based tool assesses lower extremity function through balance, gait 
speed and chair stand tests. The SPPB is highly objective and excels 
in tracking functional changes over time, making it valuable for 
evaluating physical performance in HF patients. However, it requires 
equipment and space for administration, which may limit its feasibility 
in certain settings. It has been validated as a predictor of 
hospitalisation risk in HF patients.28,35

•	 Edmonton Frail Scale (EFS): a comprehensive tool for rapid 
screening, covering cognitive function, general health status, 
functional independence, social support, medication use, nutrition, 
mood and continence. The EFS offers a broad perspective on frailty, 
making it suitable for initial screenings where multidimensional 
impairments are suspected. Despite its versatility, it may oversimplify 
severe frailty cases and has limited validation specifically in HF 
populations. EFS remains a useful option for capturing the broader 
impacts of frailty beyond physical symptoms.6,36

Table 1: Comparison of Frailty Assessment Tools in Heart Failure

Assessment Tool Description Assessment Components Advantages Limitations
Fried Frailty Criteria Identifies frailty based on a 

physical phenotype
Unintentional weight loss, exhaustion, low 
physical activity, slowness, weakness

Simple to administer; widely 
used in research

Limited to physical components; may 
not capture full frailty spectrum

Frailty Index Cumulative deficit model 
considering various health deficits

Comprehensive geriatric assessment 
across multiple domains

Comprehensive; includes a 
broad range of health deficits

Time-consuming; requires detailed 
health information

Clinical Frailty Scale 9-point scale assessing overall 
fitness and frailty

Clinical judgement based on fitness, 
comorbidities, functional ability

Quick and easy to use; 
applicable in clinical settings

Subjective; relies on clinical 
judgement

Short Physical 
Performance Battery

Performance-based assessment of 
lower extremity function

Balance tests, gait speed, chair stand Objective, performance-
based measures

May require equipment and space

Table 2: Overview of Multidimensional Management 
Strategies for Frailty in Heart Failure

Strategies Outcomes
Exercise and Rehabilitation
•	 Resistance and aerobics training
•	 Cardiac rehabilitation

•	 Improves muscle strength and endurance
•	 Maximises cardiovascular function and 

exercise tolerance
•	 Reduces inflammation and hospitalisation 

rates

Multidisciplinary Care
•	 Cardiovascular, geriatric and 

social help
•	 Physical therapy
•	 Nutritional support

•	 Improves care coordination, patient 
satisfaction and clinical outcomes

•	 Mitigates the impact of social isolation and 
depression

Nutritional Interventions
•	 Protein, caloric and vitamin D 

supplementation
•	 Rectifying micronutrient and 

omega-3 fatty acid deficiencies
•	 Intravenous iron therapy

•	 Boosts health outcomes, physical function, 
exercise capacity, quality of life, functional 
outcomes and overall prognosis

•	 Enhances muscle repair
•	 Reduces fall risk, frailty severity and 

hospitalisation rates

Pharmacological Interventions
•	 Deprescribing unnecessary 

medications
•	 Targeted pharmacological 

interventions
•	 Regular monitoring of renal 

parameters and potassium levels
•	 Using statins, anti-inflammatory 

agents, SGLT2 inhibitors and IL-1β 
inhibitors

•	 Minimises drug-related risks
•	 Personalises medications to the unique 

needs of frail patients
•	 Reduces inflammation and oxidative stress
•	 Lowers patient hospitalisation rates
•	 Slows the progression of frailty
•	 Enhances quality of life

IL-1β = interleukin-1β; SGLT2 = sodium–glucose cotransporter 2.
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While these tools offer valuable insights into frailty assessment, their 
application in clinical practice is not without challenges. For example, the 
FI, although comprehensive, can be time-consuming and requires 
detailed patient data, making it less feasible in resource-limited or fast-
paced settings.33 In contrast, tools such as the CFS are quick and practical 
but rely on subjective clinician judgement, which may introduce 
variability.34 Similarly, performance-based tools such as the SPPB demand 
specific equipment and adequate space, which might limit their use in 
certain settings.35 Adapting these tools to diverse patient populations and 
healthcare systems remains an ongoing challenge. Future efforts should 
focus on streamlining these assessments while maintaining their accuracy 
and relevance in various clinical contexts.

Recent reviews have compared different frailty assessment tools, 
highlighting the CFS as particularly effective in predicting adverse 
outcomes in HF patients and advocating for its widespread use in clinical 
practice (Table 1).28 Emerging technologies, such as wearable devices and 
biomarker integration, further complement traditional tools by enabling 
real-time monitoring of physical activity, gait speed and inflammatory 
markers such as IL-6 and CRP. These innovations hold promise for 
improving precision in frailty assessment and tailoring interventions for HF 
patients.28

Management Strategies
Managing frailty in HF requires a multidimensional approach incorporating 
medical, nutritional, physical and psychosocial interventions. Recent 
research on frailty emphasised individualised exercise programs, 
nutritional supplementation and careful medication management to 
improve outcomes.28 A comprehensive summary of management 
strategies is presented in Table 2, providing an overview of key 
interventions and their outcomes.

Exercise and Rehabilitation
Recent evidence highlights the effectiveness of exercise-based 
interventions, particularly resistance and aerobic training, in reversing 
frailty in HF patients.37 These programs improve muscle strength, 
endurance and cardiovascular function and reduce inflammation, 
contributing to enhanced physical capacity and quality of life.38 Structured 
exercise training, such as cardiac rehabilitation, significantly improves 
exercise tolerance and reduces hospitalisation rates. The combination of 
aerobic and resistance training is especially effective in improving muscle 
strength and overall outcomes for frail HF patients.39

Nutritional Interventions
Dietary plans that account for the specific nutritional needs of HF patients 
play a crucial role in managing frailty. Nutritional interventions, including 
protein, omega-3 fatty acids and caloric supplementation, help mitigate 
frailty, improve health outcomes and enhance overall quality of life.6,40 
Protein and vitamin D supplementation are essential in frailty management 
to enhance muscle repair, improve physical function and reduce fall risk in 
HF patients.41,42 Addressing micronutrient deficiencies is also essential, 
advocating for tailored nutritional plans to support overall health.28 

Iron Deficiency and Anaemia
Iron deficiency anaemia is a highly prevalent comorbidity in patients with 
HF, particularly among those with frailty and CKD.43 Iron deficiency impairs 
oxygen delivery, worsens fatigue and accelerates physical decline. 
Intravenous iron therapy significantly improves exercise capacity, 
enhances quality of life and reduces hospitalisation rates in this 
population.44,45 Current guidelines recommend routine screening and 

correction of iron deficiency as an integral part of comprehensive care for 
frail HF patients, with targeted interventions designed to improve 
functional outcomes and overall prognosis.46

Pharmacological Interventions
Polypharmacy, defined as the use of multiple medications, is prevalent 
among HF patients and has been linked to increased frailty and adverse 
health outcomes. Frail patients taking multiple medications face a 
heightened risk of adverse drug reactions which can worsen HF 
management and overall prognosis. Strategies to reduce polypharmacy, 
such as deprescribing unnecessary medications, have shown potential in 
improving outcomes by minimising drug-related risks and addressing the 
unique needs of frail patients.47,48 Personalised medicine plays a critical 
role here, focusing on careful medication optimisation to balance efficacy 
and safety while targeting comorbid conditions.6 Targeted pharmacological 
interventions addressing inflammation and oxidative stress offer 
additional avenues for managing frailty.

In frail HF patients with CKD, the use of angiotensin-converting enzyme 
inhibitors can be challenging due to the increased risk of hyperkalaemia 
and worsening renal function. Regular monitoring of renal parameters 
and potassium levels is critical to ensure safety.49 For instance, the use of 
statins and anti-inflammatory agents has demonstrated effectiveness in 
mitigating inflammatory processes linked to frailty.9 Sodium–glucose 
cotransporter 2 inhibitors, initially developed for diabetes management, 
have shown promise in frail HF patients by improving cardiovascular and 
renal outcomes, reducing inflammation and lowering hospitalisation 
rates. Tailored dosing and careful monitoring of hydration and renal 
function are essential, particularly in patients with advanced CKD.50,51 
Emerging therapies focusing on mitochondrial function and oxidative 
stress reduction, such as interleukin-1β inhibitors, are also under 
investigation for their potential to slow the progression of frailty and 
enhance quality of life.52 

Multidisciplinary Care
Effective frailty management in HF requires a multidisciplinary approach 
with input from cardiologists, geriatricians, dietitians, physical therapists 
and social workers. Integrated care models address the complex needs of 
frail HF patients, improving care coordination, patient satisfaction and 
clinical outcomes.28,48 Psychosocial interventions, such as counselling and 
social support, help mitigate the effects of social isolation and depression 
on frailty.16 Multidisciplinary care that combines physical, nutritional and 
psychological support has proven particularly effective in reducing frailty 
in HF patients.50

Future Directions and Research
Emerging research into the genetic underpinnings of frailty in HF patients 
suggests that specific gene variants associated with inflammation, muscle 
metabolism and mitochondrial function may predispose individuals to 
frailty. Understanding these genetic factors could lead to personalised 
treatment strategies that better address the unique needs of frail HF 
patients.20

Telemedicine and digital health technologies show great potential in 
managing frailty in HF, particularly through wearable devices and remote 
monitoring.40 Wearable technologies, such as fitness trackers and 
smartwatches, enable continuous tracking of frailty markers, such as 
physical activity, heart rate variability and sleep patterns. This real-time 
data allows healthcare providers to assess frailty in a timely fashion and 
tailor interventions, which early studies have shown to reduce 
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hospitalisations and improve health outcomes in frail HF patients.53,54 
Moreover, telemedicine allows for early interventions and personalised 
care by enabling remote monitoring of medication adherence.

Further studies are needed to evaluate the effectiveness of integrated 
care models, particularly in diverse healthcare settings. There is also a 
need for longitudinal studies to assess the long-term impacts of 
multifaceted intervention programs on frailty and HF outcomes. 
Understanding the socioeconomic factors that influence frailty and HF 
outcomes is also essential for developing equitable healthcare strategies 
that provide targeted support for vulnerable populations.20 Collaborative 
research across disciplines and countries could lead to the development 
of universal guidelines for managing frailty in HF, ultimately improving 
patient care globally.10

Conclusion
Frailty in heart failure patients is a complex, multifactorial condition 
influenced by physiological, socioeconomic and clinical factors. This 
syndrome, characterised by inflammation, sarcopenia, neurohormonal 

dysfunction and oxidative stress, significantly reduces patients’ 
physiological reserve, making them more susceptible to adverse 
outcomes. Effective management requires a multidisciplinary approach 
that integrates medical, nutritional, physical and psychosocial 
interventions to address the complex needs of frail HF patients.

Key strategies for managing frailty include structured exercise programs, 
tailored nutritional supplementation and careful pharmacological 
management. Personalised medicine focused on reducing polypharmacy 
risks shows promise in improving patient outcomes. Multidisciplinary care 
models are essential for coordinated, holistic care that meets the diverse 
needs of frail HF patients. Future research should focus on developing 
standardised frailty assessment tools specific to heart failure and exploring 
innovative treatments that target core mechanisms, including inflammation 
and mitochondrial dysfunction. Additionally, telemedicine and wearable 
technology offer promising methods for continuous monitoring and timely 
intervention, especially for remote and underserved populations. 
Collaborative international research is crucial to establish universal 
guidelines and improve the quality of care for HF patients globally. 
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