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Abstract: Frailty syndrome is a complex and multifaceted condition that significantly impacts the health and
well-being of older adults. This article provides a comprehensive overview of frailty syndrome, including its
definitions, evolution, and the rising role of biomarkers and electroencephalography (EEG) in its diagnosis.
The discussion explores the reasons behind the rise of frailty syndrome, the difficulties in managing it, and the
global research efforts aimed at understanding and addressing this condition. The economic costs associated
with frailty syndrome are highlighted, along with the countries that are currently and will be more affected in
the near future. Strategies to postpone or avoid frailty syndrome are discussed, with an emphasis on the
importance of muscle strength exercises over aerobic exercises to combat sarcopenia. The article concludes by
emphasizing the need for a multidisciplinary approach to frailty management and the importance of social
support and engagement in preventing and managing frailty.
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1. Introduction to Frailty Syndrome

Frailty syndrome is a complex and multifaceted condition that has gained significant attention
in the field of geriatric medicine over the past few decades. It is characterized by a state of increased
vulnerability to adverse health outcomes, including falls, disability, hospitalization, and mortality
(Fried et al., 2001). This syndrome is not merely a consequence of aging but rather a distinct clinical
entity that can significantly impact the quality of life and healthcare utilization among older adults.
The recognition of frailty syndrome has led to the development of various definitions, assessment
tools, and interventions aimed at improving the care of frail individuals.

The concept of frailty has evolved over time, and various definitions have been proposed to
capture its multidimensional nature. One of the most widely accepted definitions is the phenotype model
proposed by Fried et al. (2001). According to this model, frailty is defined by the presence of three or
more of the following criteria: unintentional weight loss, self-reported exhaustion, weakness (grip
strength), slow walking speed, and low physical activity. This model emphasizes the physical aspects
of frailty and has been extensively used in research and clinical practice.

Another prominent definition is the deficit accumulation model, also known as the frailty index,
proposed by Rockwood et al. (2005). This model considers frailty as a cumulative decline in multiple
physiological systems, measured by the accumulation of health deficits. The frailty index is calculated
based on the presence or absence of various health-related deficits, such as diseases, symptoms, and
functional impairments. This approach provides a more comprehensive assessment of frailty by
incorporating both physical and cognitive aspects, but is clinically difficult to apply (Montgomery,
R. M.; Aprahamian I. 2018)
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1.1. Evolution of Frailty Syndrome

The concept of frailty syndrome has evolved significantly since its initial recognition in the late
20th century. Early studies focused primarily on the physical manifestations of frailty, such as muscle
weakness and slow gait speed (Campbell & Buchner, 1997). However, as research progressed, it
became apparent that frailty is a complex syndrome that encompasses multiple domains, including
physical, cognitive, and social aspects (Rockwood et al., 2005).

The phenotype model proposed by Fried et al. (2001) marked a significant milestone in the
evolution of frailty syndrome. This model provided a standardized approach to identifying frail
individuals based on specific physical criteria. It also highlighted the importance of early detection
and intervention to prevent adverse health outcomes associated with frailty.

The deficit accumulation model further expanded the understanding of frailty by incorporating
a broader range of health-related deficits (Rockwood et al.,, 2005). This model emphasized the
cumulative nature of frailty and the importance of considering multiple domains in its assessment. It
also introduced the concept of a “frailty index,” which allows for a more nuanced and individualized
approach to measuring frailty.

1.2 Biomarkers and the Role of EEG in Frailty Syndrome

In recent years, there has been a growing interest in identifying biomarkers that can aid in the
diagnosis and management of frailty syndrome. Biomarkers are objective measures that can indicate
the presence or progression of a disease or condition. In the context of frailty, various biomarkers
have been explored, including inflammatory markers, hormonal levels, and genetic factors (Cesari et
al., 2012). These biomarkers can provide valuable insights into the underlying mechanisms of frailty
and help guide clinical decision-making.

One emerging area of research in frailty syndrome is the use of electroencephalography (EEG)
and brain dynamics to diagnose and monitor the condition. EEG is a non-invasive technique that
measures the electrical activity of the brain. Recent studies have shown that EEG can detect changes
in brain dynamics that are associated with frailty, such as altered connectivity and reduced
complexity (Kim et al., 2019). These findings suggest that EEG could be a useful tool for identifying
frail individuals and tracking the progression of frailty over time.

The use of EEG in frailty syndrome is particularly promising because it can provide objective
and quantitative measures of brain function that are not captured by traditional assessment tools.
Moreover, EEG is a relatively inexpensive and widely available technique that can be easily
integrated into clinical practice. As such, the rising role of EEG and brain dynamics in the diagnosis
of frailty syndrome has the potential to revolutionize the care of older adults.

1.3 Spread of Frailty Syndrome in Geriatric Medicine

The recognition of frailty syndrome has had a profound impact on the field of geriatric medicine.
As the global population ages, the prevalence of frailty has increased, making it a major public health
concern (Clegg et al., 2013). Frailty is now recognized as a key determinant of health outcomes in
older adults and a significant predictor of adverse events such as falls, disability, and mortality.

The widespread adoption of frailty assessment tools, such as the phenotype model and the
frailty index, has facilitated the identification and management of frail individuals in clinical practice.
These tools have been incorporated into various healthcare settings, including primary care,
hospitals, and long-term care facilities, to improve the care of older adults (Clegg et al., 2013).

Frailty syndrome has also become a focus of research in geriatric medicine. Numerous studies
have been conducted to investigate the underlying mechanisms of frailty, its risk factors, and
potential interventions. This research has led to the development of evidence-based guidelines for
the management of frailty, including exercise programs, nutritional interventions, and
pharmacological treatments (Clegg et al., 2013).

Moreover, the recognition of frailty syndrome has highlighted the importance of a
multidisciplinary approach to geriatric care. Frailty is a complex condition that requires input from
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various healthcare professionals, including geriatricians, nurses, physiotherapists, occupational
therapists, and social workers. This multidisciplinary approach ensures that all aspects of frailty are
addressed, from physical health to cognitive and social well-being (Clegg et al., 2013).

2. Discussion

Frailty syndrome is a complex and multifaceted condition that has gained significant attention
in the field of geriatric medicine over the past few decades. It is characterized by a state of increased
vulnerability to adverse health outcomes, including falls, disability, hospitalization, and mortality
(Fried et al., 2001). As the global population ages, the prevalence of frailty has increased, making it a
major public health concern. This discussion will explore the reasons behind the rise of frailty
syndrome, its difficulties, research around the world, associated costs, countries that are and will be
more affected, and strategies to postpone or avoid it, with an emphasis on muscle strength exercises
to combat sarcopenia (Montgomery, 2024).

2.1 Reasons Behind the Rise of Frailty Syndrome

The rise of frailty syndrome can be attributed to several factors, including demographic changes,
lifestyle factors, and advances in medical care. One of the primary drivers of the increase in frailty is
the aging of the global population. As life expectancy continues to rise, the number of older adults is
growing rapidly. According to the United Nations, the global population aged 65 and over is
projected to increase from 703 million in 2019 to 1.5 billion by 2050 (United Nations, 2019). This
demographic shift is leading to a higher prevalence of age-related conditions, including frailty.

Lifestyle factors also play a significant role in the rise of frailty syndrome. Sedentary behavior,
poor nutrition, and smoking are all associated with an increased risk of frailty (Clegg et al., 2013).
These lifestyle factors contribute to the development of chronic diseases, such as cardiovascular
disease, diabetes, and osteoporosis, which in turn increase the risk of frailty. Additionally, social
isolation and loneliness have been linked to frailty, highlighting the importance of social support and
engagement in maintaining health and well-being in older age (Steptoe et al., 2013).

Advances in medical care have also contributed to the better definition of frailty syndrome.
While improvements in healthcare have led to increased life expectancy, they have also resulted in a
higher prevalence of chronic conditions and multimorbidity among older adults (Barnett et al., 2012).
The management of multiple chronic conditions can be challenging and may lead to polypharmacy,
which can exacerbate frailty (Gnjidic et al., 2012). Moreover, the focus on disease-specific treatments
rather than holistic care can overlook the complex needs of frail individuals, further contributing to
the rise of frailty syndrome.

2.2 Difficulties in Managing Frailty Syndrome

Managing frailty syndrome presents several challenges, both for healthcare professionals and
for frail individuals themselves. One of the main difficulties is the lack of a universally accepted
definition and diagnostic criteria for frailty. While various models and assessment tools have been
developed, there is no consensus on the best approach to diagnosing frailty (Clegg et al., 2013). This
lack of standardization can lead to inconsistencies in the identification and management of frail
individuals, as well as difficulties in comparing research findings across studies.

Another challenge in managing frailty syndrome is the multifaceted nature of the condition.
Frailty encompasses multiple domains, including physical, cognitive, and social aspects, and requires
a comprehensive and multidisciplinary approach to care (Rockwood et al., 2005). This can be
challenging to implement in practice, as it requires coordination and collaboration among various
healthcare professionals, as well as the integration of different interventions and support services.

The progressive nature of frailty also poses difficulties in its management. Frailty is a dynamic
condition that can worsen over time, leading to a decline in functional ability and an increased risk
of adverse health outcomes (Gill et al., 2006). This progression can be difficult to predict and manage,
as it may be influenced by a range of factors, including acute illnesses, hospitalizations, and changes


https://doi.org/10.20944/preprints202409.1249.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2024

in living circumstances. As such, managing frailty requires ongoing monitoring and adaptation of
care plans to meet the evolving needs of frail individuals.

2.3 Research Around the World

Research on frailty syndrome has been conducted in various countries around the world,
reflecting the global significance of this condition. In the United States, the Cardiovascular Health
Study (CHS) played a pivotal role in the development of the phenotype model of frailty (Fried et al.,
2001). This longitudinal study of older adults provided valuable insights into the physical
manifestations of frailty and its association with adverse health outcomes. Subsequent research in the
US has focused on the identification of biomarkers, the development of interventions, and the
evaluation of healthcare models for managing frailty (Cesari et al., 2012; Kim et al., 2019).

In Canada, the Canadian Study of Health and Aging (CSHA) contributed to the development of
the deficit accumulation model of frailty (Rockwood et al., 2005). This model has been widely adopted
in research and clinical practice, and has been used to investigate the underlying mechanisms of
frailty, its risk factors, and potential interventions. Canadian researchers have also been at the
forefront of exploring the role of EEG and brain dynamics in the diagnosis of frailty syndrome (Kim
et al,, 2019).

In Europe, the Survey of Health, Ageing and Retirement in Europe (SHARE) has provided
valuable data on the prevalence and determinants of frailty across different countries (Santos-
Eggimann et al, 2009). This large-scale study has highlighted the importance of social and
environmental factors in the development of frailty, as well as the need for cross-national
comparisons to inform policy and practice. European research has also focused on the development
of frailty assessment tools, such as the Frailty Trait Scale (FTS) and the Clinical Frailty Scale (CES),
which have been widely adopted in clinical practice (Rodriguez-Mafias et al., 2013; Rockwood et al.,
2005).

In Asia, research on frailty syndrome has been conducted in countries such as Japan, China, and
South Korea. The Japanese Study of Aging and Retirement (JSTAR) has provided insights into the
prevalence and determinants of frailty in the Japanese population, as well as the impact of frailty on
healthcare utilization and costs (Kanamori et al., 2014). Chinese researchers have focused on the
development of culturally appropriate frailty assessment tools and interventions, as well as the
exploration of traditional medicine approaches to managing frailty (Chen et al., 2014). In South Korea,
research has highlighted the importance of social support and community-based interventions in
preventing and managing frailty (Kim et al., 2017).

2.4 Costs Associated with Frailty Syndrome

Frailty syndrome is associated with significant healthcare costs, both for individuals and for
healthcare systems. Frail individuals are at a higher risk of adverse health outcomes, including falls,
disability, hospitalization, and mortality, which can lead to increased healthcare utilization and costs
(Clegg et al., 2013). For example, frail individuals are more likely to require emergency department
visits, hospital admissions, and long-term care services, all of which are costly (Gill et al., 2006).

The costs associated with frailty syndrome can be direct, such as those related to healthcare
services, or indirect, such as those related to lost productivity and informal caregiving (Clegg et al.,
2013). In the United States, the estimated annual healthcare costs for frail individuals are significantly
higher than for non-frail individuals, with a difference of over $15,000 per person (Bandeen-Roche et
al., 2015). In Europe, the costs of frailty are also substantial, with estimates ranging from €2,000 to
€10,000 per person per year, depending on the country and the severity of frailty (Lehnert et al., 2011).

The economic burden of frailty syndrome is expected to increase as the global population ages
and the prevalence of frailty rises. This poses a significant challenge for healthcare systems, which
are already facing pressures related to the aging population and the increasing prevalence of chronic
diseases. As such, there is a growing need for cost-effective interventions and healthcare models that
can prevent and manage frailty, while also reducing healthcare costs.
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2.4 Countries More Affected by Frailty Syndrome

The prevalence of frailty syndrome varies across countries, reflecting differences in
demographic, socioeconomic, and healthcare factors. Countries with aging populations, such as
Japan, Italy, and Germany, are particularly affected by frailty syndrome due to the high proportion
of older adults in their populations (United Nations, 2019). In Japan, for example, the proportion of
the population aged 65 and over is expected to reach 38% by 2050, making it one of the most rapidly
aging countries in the world (United Nations, 2019). This demographic shift is leading to a higher
prevalence of frailty and related healthcare challenges.

Countries with lower socioeconomic status and limited healthcare resources are also more
affected by frailty syndrome. In these settings, frailty may be exacerbated by factors such as poverty,
malnutrition, and limited access to healthcare services (Clegg et al., 2013). For example, in sub-
Saharan Africa, the prevalence of frailty is higher among older adults living in rural areas and those
with lower socioeconomic status (Gomez-Olivé et al., 2017). Similarly, in Latin America, frailty is
more prevalent among older adults with lower education levels and those living in poverty
(Alvarado et al., 2008).

Countries with high levels of social isolation and loneliness among older adults are also more
affected by frailty syndrome. Social isolation and loneliness have been linked to an increased risk of
frailty, as well as poorer health outcomes and higher healthcare utilization (Steptoe et al., 2013). In
the United Kingdom, for example, loneliness is a significant public health concern, with estimates
suggesting that up to one-third of older adults experience loneliness (Age UK, 2018). This highlights
the need for interventions that address the social and emotional well-being of older adults, in addition
to their physical health.

2.5 Strategies to Postpone or Avoid Frailty Syndrome

Given the significant health and economic burden of frailty syndrome, there is a growing need
for strategies to postpone or avoid its onset. One of the most effective strategies is the promotion of
physical activity, particularly muscle strength exercises, to combat sarcopenia. Sarcopenia is the age-
related loss of muscle mass and strength and is a key component of frailty syndrome (Cruz-Jentoft et
al., 2010). Muscle strength exercises, such as resistance training, have been shown to be effective in
preventing and reversing sarcopenia, as well as improving functional ability and reducing the risk of
falls and disability (Liu & Latham, 2009).

Resistance training involves the use of weights or other forms of resistance to strengthen
muscles. This type of exercise has been shown to increase muscle mass, strength, and power, as well
as improve balance and mobility (Liu & Latham, 2009). Resistance training can be performed using a
variety of equipment, such as free weights, resistance bands, or body weight exercises, and can be
tailored to the individual’s abilities and preferences. It is recommended that older adults engage in
resistance training at least two days per week, with a focus on major muscle groups (Nelson et al.,
2007).

While aerobic exercise, such as walking or cycling, is also important for overall health and
fitness, it may not be as effective as resistance training in preventing and reversing sarcopenia (Liu &
Latham, 2009). Aerobic exercise primarily improves cardiovascular fitness and endurance but does
not specifically target muscle strength and power. As such, a combination of resistance training and
aerobic exercise is recommended for optimal health benefits in older adults (Nelson et al., 2007).

In addition to physical activity, nutritional interventions can also play a role in preventing and
managing frailty syndrome. Adequate protein intake is essential for maintaining muscle mass and
strength and has been shown to be effective in preventing and reversing sarcopenia (Volkert et al.,
2010). Older adults are recommended to consume at least 1.0-1.2 grams of protein per kilogram of
body weight per day, with a focus on high-quality protein sources such as lean meats, fish, eggs,
dairy, and plant-based proteins (Volkert et al., 2010).

Vitamin D and calcium supplementation can also be beneficial in preventing and managing
frailty syndrome, particularly in older adults with low vitamin D levels or inadequate calcium intake
(Bischoff-Ferrari et al., 2009). Vitamin D plays a crucial role in muscle function and bone health, while
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calcium is essential for maintaining bone density and preventing osteoporosis. Supplementation with
vitamin D and calcium has been shown to reduce the risk of falls and fractures in older adults, as well
as improve muscle strength and function (Bischoff-Ferrari et al., 2009).

Social support and engagement are also important strategies for preventing and managing
frailty syndrome. Social isolation and loneliness have been linked to an increased risk of frailty, as
well as poorer health outcomes and higher healthcare utilization (Steptoe et al., 2013). As such,
interventions that promote social support and engagement, such as community-based programs,
volunteer activities, and peer support groups, can be beneficial in preventing and managing frailty.
These interventions can provide opportunities for social interaction, emotional support, and
meaningful activities, which can enhance overall well-being and quality of life in older adults.

Multidisciplinary care models, such as comprehensive geriatric assessment (CGA), can also be
effective in preventing and managing frailty syndrome. CGA involves a holistic assessment of the
individual’s physical, cognitive, and social needs, followed by the development of a personalized
care plan (Ellis et al., 2011). This approach recognizes the multifaceted nature of frailty and the
importance of addressing all aspects of the individual’s health and well-being. CGA has been shown
to be effective in improving functional ability, reducing hospital admissions, and enhancing quality
of life in frail older adults (Ellis et al., 2011).

3. Conclusions

Frailty syndrome is a complex and multifaceted condition that has gained significant attention
in the field of geriatric medicine. Its rise can be attributed to demographic changes, lifestyle factors,
and advances in medical care. Managing frailty syndrome presents several challenges, including the
lack of a universally accepted definition, the multifaceted nature of the condition, and its progressive
nature. Research on frailty syndrome has been conducted around the world, reflecting the global
significance of this condition. The costs associated with frailty syndrome are substantial, both for
individuals and for healthcare systems. Countries with aging populations, lower socioeconomic
status, and high levels of social isolation are particularly affected by frailty syndrome.

Strategies to postpone or avoid frailty syndrome include the promotion of physical activity,
particularly muscle strength exercises, to combat sarcopenia. Resistance training has been shown to be
effective in preventing and reversing sarcopenia, as well as improving functional ability and reducing the
risk of falls and disability. Nutritional interventions, such as adequate protein intake and vitamin D
and calcium supplementation, can also play a role in preventing and managing frailty syndrome.
Social support and engagement, as well as multidisciplinary care models, are also important
strategies for preventing and managing frailty.

As the global population ages, the importance of frailty syndrome in geriatric medicine will
continue to grow. There is a growing need for cost-effective interventions and healthcare models that
can prevent and manage frailty, while also reducing healthcare costs. By promoting physical activity,
nutritional interventions, social support, and multidisciplinary care, we can help to postpone or avoid
the onset of frailty syndrome and improve the quality of life for older adults.

*The author has no conflicts of interest.
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