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Preface

Understandably, conscious beings desire a long life. Throughout known human history, 
up to the present day, humankind has always sought long life, even immortality. At this 
stage, although more pronounced in developed countries, life expectancy at birth is 
increasing rapidly worldwide.

With the extension of life expectancy, the increase in aging and age-related health 
problems is inevitable. Aging is the primary risk factor for chronic diseases.

Age-related tissue and organ failure are among the most challenging issues facing 
modern medicine. This condition not only reduces an individual’s quality of life and 
productivity but also accounts for a significant portion of healthcare expenditures. 
For this reason, healthcare policies are now focusing more on health span rather than 
lifespan. Health span, which refers to the practices aimed at living a healthy life, falls 
within the scope of longevity.

Longevity is a person-centered, holistic medical approach that aims to keep individuals 
healthy, productive, and disease-free throughout their lives by maintaining a youthful 
biological age. It seeks to protect and improve health by being proactive rather than 
reactive. To this end, it aims to prevent aging and chronic diseases by correcting many 
factors that are the root causes of aging and have been proven today (cellular, genetic, 
epigenetic, circadian rhythm, telomere loss, mitochondrial dysfunction, inflammation, 
dysbiosis, senescent cells, etc.).

The health problems experienced by geriatric individuals today, unfortunately, stem 
from the fact that innovations in the field of longevity have not been applied to these 
individuals.

When life spans are examined by country, it is evident that social determinants of 
health, such as socioeconomic status, education, a healthy environment, access to clean 
drinking water, and availability of healthy food, significantly impact life expectancy at 
birth. Therefore, regulating the social determinants of health is much more important 
than applying cellular and genetic interventions for longevity on an individual basis.

While presenting developments and applications in the field of longevity to the reader, 
this book also provides detailed information on the health problems faced by geriatric 
individuals and their solutions.

Hülya Çakmur
Kafkas University,

Turkey
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Chapter 1

Community-Based Preventive Care 
in Japan: The Role of “Kayoi-no-ba” 
for Healthy Longevity among Older 
Adults
Seungwon Jeong and Yusuke Inoue

Abstract

Japan is the world’s longest living country, yet the gap between life expectancy and 
healthy life expectancy remains approximately 10 years. This means that a substantial 
portion of older adults live with some degree of care dependency. While Japan’s universal 
long-term care system provides comprehensive support for older adults, the increasing 
aging population and shrinking workforce pose serious challenges to the sustainability 
of this system. In response, many local governments have launched community-based 
preventive care programs aiming to extend healthy life expectancy and reduce the 
future burden of care. This chapter focuses on the local government-led preventive care 
initiative known as “Kayoi-no-ba,” which provides older adults with regular opportuni-
ties for social participation and physical activity in community settings. Drawing on 
recent policy documents and empirical research, the chapter outlines the background, 
structure, and national promotion of “Kayoi-no-ba” programs. It also introduces key 
findings from studies evaluating their effectiveness in improving physical and mental 
health outcomes and preventing the progression of care needs among older adults. 
Through this analysis, the chapter sheds light on the practical potential and challenges of 
implementing community-based preventive strategies in an aging society like Japan.

Keywords: healthy aging, long-term care, long-term care prevention, “Kayoi-no-ba”, 
older adults, Japan

1.  Introduction

As of 2023, the number of older adults aged 65 and over in Japan was approximately 
36.23 million, accounting for 29.1% of the total population. Among them, the population 
aged 65–74 comprised 13.0%, and those aged 75 and over comprised 16.1%. The aging 
rate varies across Japan’s 47 prefectures, ranging approximately from 23 to 40% [1].

Japan is one of the countries with the highest life expectancy in the world. As of 
2021, the average life expectancy was 81.7 years for men and 87.2 years for women, 
ranking among the highest globally. However, there is a significant gap between 
life expectancy and healthy life expectancy (i.e., years lived without limitations in 
daily activities or the need for long-term care). For both men and women, this gap is 
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estimated to be around 10–12 years. As a result, many older adults spend their final 
years in a condition requiring some forms of assistance (Figure 1) [2].

This situation highlights the growing importance not only of living longer but also 
of maintaining physical and mental health, independence, and social engagement. 
Supporting older adults to live healthily and autonomously has become a key chal-
lenge for public policy and local communities in aging societies.

Since 2000, the population of older adults aged 75 and over in Japan has been 
steadily increasing (Figure 2). In particular, a sharp rise has been observed between 

Figure 2. 
Population data for 2000–2020 are based on the Population Census; data for 2023 and 2024 are based on 
Population Estimates; and projections from 2025 onward are based on the Population Projections for Japan: 2023 
Estimates [3].

Figure 1. 
Life expectancy and healthy life expectancy at birth. Data: OECD [2].
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2010 and 2030 [3]. This period coincides with the aging of the baby boomer genera-
tion—those born between 1947 and 1949—into the 75+ age group, raising concerns 
about a rapid surge in demand for medical and long-term care services.

The population aged 85 and over is expected to more than double, from approxi-
mately 3.8 million in 2010 to 8.3 million in 2030. This demographic shift underscores 
the critical importance of addressing the needs of the oldest-old in future policy 
planning. To meet these demands, continuous development of community-based 
support systems for older adults and the establishment of a sustainable healthcare and 
long-term care system are urgently required.

2.  Long-term care insurance system and strategies for preventing 
dependency

Japan’s social security system is a comprehensive framework composed of several 
pillars: the public pension system, health insurance system, long-term care insurance 
system, and employment insurance system. Collectively, these programs provide the 
foundational support for citizens’ daily lives.

In response to the country’s rapidly aging population, the Japanese government has 
identified the extension of healthy life expectancy among older adults as a key policy 
priority. Through initiatives such as Health Japan 21 (Second Term)—a national 
health promotion campaign—the government has aimed to strengthen community-
based preventive health efforts. This includes disease prevention, the promotion of 
healthy lifestyles, and encouraging residents to take proactive roles in managing their 
own health.

Although Japan’s healthcare and long-term care systems are internationally 
regarded as high-performing, demographic trends such as population aging, the 
shrinking working-age population, and rising costs of medical and long-term 
care services are placing increasing financial pressure on both national and local 
governments.

In this context, promoting “preventive care” for older adults—supporting them to 
remain healthy and independent for as long as possible—has become as important as 
the provision of medical and long-term care services themselves.

2.1 Long-term care insurance system

In response to the increasing number of older adults requiring care and the grow-
ing burden on families—such as due to the rise in elder-to-elder caregiving, where 
older individuals care for their elderly spouses or parents—Japan introduced the 
Long-Term Care Insurance (LTCI) system in 2000.

This system was established as a social mechanism to support care for older adults 
needs collectively across society.

The LTCI system rests on three core principles [4]:
First is “support for independence”—rather than simply providing care, the aim is 

to help older adults maintain as much independence as possible in their daily lives.
Second is “user-oriented service delivery,” meaning that beneficiaries can choose 

from a range of services offered by various providers based on their own preferences 
and needs.

Third is the “social insurance model,” wherein benefits and contributions are 
clearly linked under an insurance framework.
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The system is funded equally by insurance premiums and public funds. Half of the 
financial resources come from insurance premiums paid by people aged 40 and older, 
and the other half from taxes contributed by the national, prefectural, and municipal 
governments.

Insured persons are divided into two categories:

• Category I (ages 65 and over): Premiums are generally deducted from pensions 
and collected by municipal governments.

• Category II (ages 40–64): Premiums are paid together with health insurance 
contributions and collected by health insurers.

When using LTCI services, users pay a copayment of 10% in principle, with 
higher-income individuals paying 20 or 30% depending on their income level [5].

2.2 Growth in the number of certified long-term care recipients

Since the implementation of the Long-Term Care Insurance system in 2000, the 
number of individuals certified as requiring long-term care has steadily increased in 
Japan. In FY2022, the total number of certified individuals reached approximately 
6.94 million, which is about 3.2 times higher than in FY2000, when the system began 
with approximately 2.18 million (Figure 3) [6].

Among the certified, those categorized as “Care Level 1(the lowest level of formal 
care needs)” make up the largest share, followed by “Care Level 2”, and then those in 
“Support Levels (mild level of need) 1 and 2.“ This trend indicates that a significant 
proportion of the certified population requires relatively mild-to-moderate assistance.

According to the data from FY2022, Support Levels 1 and 2 together account for 
about 20% of the total, while Care Levels 1 and 2 account for approximately 45%. 
These groups are therefore considered key targets for the long-term care prevention 
policies aimed at slowing the progression of care needs [6].

Figure 3. 
Number of certified long-term care recipients. Source: Ministry of Health, Labour and Welfare (MHLW) [6].



5

Community-Based Preventive Care in Japan: The Role of “Kayoi-no-ba” for Healthy Longevity…
DOI: http://dx.doi.org/10.5772/intechopen.1011740

2.3 Long-term care prevention

In rapidly aging Japan, long-term care prevention has become an urgent policy 
priority. The Ministry of Health, Labour and Welfare (MHLW) defines long-term 
care prevention not merely as improving physical functions such as mobility and 
nutrition, but as a broader concept:

“The goal is to enhance daily activity, encourage participation in family and social 
life, support individuals’ sense of purpose and self-fulfillment, and thereby improve 
their quality of life” [7].

Effective long-term care prevention requires not only individual-level interven-
tions such as physical rehabilitation, but also community-level approaches that 
improve the social and environmental contexts surrounding older adults. Based 
on this perspective, the Japanese government has promoted the development of 
community-based activities, particularly the establishment and expansion of “Kayoi-
no-ba” (community gathering places), which are designed to be inclusive regardless 
of participants’ age or physical condition [7].

Through these initiatives, the MHLW aims to build communities where social 
connections are strengthened and participation is encouraged, allowing these places 
and their users to grow and evolve together over time. In some municipalities, the 
positive outcomes of these efforts have begun to emerge, and expectations for local 
governments are increasing in terms of promoting long-term care prevention and 
community development.

To further support social participation, health maintenance, and prevention of 
care dependency among older adults, the MHLW promotes the development and 
utilization of “Kayoi-no-ba,” where older adults can regularly engage in community 
activities in their daily lives.

In particular, providing spaces for relatively healthy older people to participate 
continuously in community-based activities is considered an effective means of delay-
ing the onset of functional decline and reducing the risk of becoming dependent on 
long-term care.

3.  Kayoi-no-ba (community gathering places)

3.1  The necessity of Kayoi-no-ba: From high-risk approach to population 
approach

In Japan, before the amendment of the Long-Term Care Insurance Act in 2014, 
preventive care programs were provided individually to older adults identified as 
being at high risk of needing long-term care [8]. This strategy was based on the 
high-risk approach. However, several issues became apparent, such as difficulties in 
identifying eligible individuals, low participation rates, and the inability of programs 
to meet the diverse needs of the target population [9].

In response to these limitations, Japan introduced a new policy direction in 2014 by 
establishing general preventive care services, including “Kayoi-no-ba.” These services 
adopted a population approach, aiming to reach a broader segment of the older popu-
lation through community-based comprehensive preventive strategies. This approach 
not only focuses on individual support but also emphasizes interventions that address 
the social and physical environments surrounding older adults.
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3.2 What is Kayoi-no-ba and what activities are conducted?

“Kayoi-no-ba” refers to community-based gathering places where older adults can 
participate freely, regardless of their age or physical and mental conditions. These venues 
serve as hubs for a wide range of activities aimed at long-term care prevention and daily 
life support. Through local interactions in familiar settings, “Kayoi-no-ba” helps reduce 
social isolation and loneliness among older people, while also enhancing community 
safety, such as mutual aid during disasters and increased awareness of crime prevention.

The activities conducted at “Kayoi-no-ba” are diverse. They include physical exer-
cises and fitness programs, hobby activities such as cooking classes and ground golf, 
agricultural work utilizing abandoned farmland, lifelong learning such as smartphone 
workshops, intergenerational exchanges in cooperation with children’s cafeterias (com-
munity-based meal programs for children), and even employment-related programs. 
These activities are tailored to local characteristics and participant needs, providing 
participants with a sense of purpose and opportunities for self-fulfillment [10].

In recent years, efforts have been made to strengthen the functions of “Kayoi-
no-ba” and ensure sustainable support. This includes the integration of health 
services and long-term care prevention, as well as the use of the Community 
Rehabilitation Activity Support Project which is a government initiative aimed at 
promoting rehabilitation and preventive care for older adults in community settings. 
Under these frameworks, professionals such as public health nurses, dietitians, and 
dental hygienists visit the venues to offer services like dementia prevention, nutri-
tional counseling, and oral care.

3.3 Who operates Kayoi-no-ba, where, and how?

“Kayoi-no-ba” is a community-based initiative designed to promote daily inter-
action and health among older adults, based on their voluntary participation. Its 
management structures, locations, and activities vary widely [7].

The managing bodies include local residents themselves (volunteers or informal 
groups), neighborhood associations, non-profit organizations, municipal govern-
ments (especially long-term care prevention divisions), social welfare councils, 
healthcare institutions, care facilities, and private companies. Resident-led partici-
pation is regarded as essential, and professionals often support these activities in a 
supplementary role.

These gatherings are held in a wide range of locations. They include private homes, 
vacant houses, public community centers, school buildings, libraries, parks, unused 
spaces within hospitals or care facilities, and vacant commercial units in shopping 
streets. These venues are flexibly chosen by utilizing available local resources.

The activities themselves are also diverse, typically centered around physical 
exercises. Other examples include communal meals, tea gatherings, dementia preven-
tion programs, farming, lifelong learning, volunteering, work-oriented programs, 
and intergenerational exchanges. These activities contribute not only to maintaining 
or improving physical function, but also to enhancing social connections and a sense 
of purpose in life [10].

All of these efforts align with the general requirements for “Kayoi-no-ba,” such as 
holding activities at least once per week, ensuring resident-led management, allowing 
open participation, and maintaining records at the municipal level. A wide variety of 
stakeholders work in coordination to operate these initiatives as part of a comprehen-
sive community effort.
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3.4 Current status and activities of Kayoi-no-ba

The number of “Kayoi-no-ba” and their participation rates temporarily declined in 
2020 due to the impact of COVID-19, but has since shown signs of recovery (Figure 4).

The main activities of “Kayoi-no-ba” vary in frequency. Approximately 40% are held 
once a week or more, around 20% are held two to three times per month, and about 30% 
are held only once a month. In terms of content, physical exercise programs (such as 
group gymnastics) are the most common, accounting for more than half of all activities. 
These are followed by hobby-related activities and social gatherings such as tea parties. 
In addition, some sites also conduct volunteer work and dementia prevention programs.

Participation rates in “Kayoi-no-ba” differ considerably across prefectures, rang-
ing from 15.2% in the highest to 2.8% in the lowest, showing a regional variation of 
approximately 5.4 times.

As for participant demographics, women make up about 80% of all participants. 
Moreover, the proportion of participants aged 75 years and older has been increasing 
year by year, exceeding 70% of the total as of FY2022 [9].

3.5 Examples of Kayoi-no-ba implementation

“Kayoi-no-ba” programs aimed at preventing the need for long-term care are not 
simply spaces for social interaction. Rather, they have a clear objective: to help older 
adults maintain or improve their health and to delay the onset of functional decline 
that may lead to long-term care needs. Local governments across Japan have devel-
oped “Kayoi-no-ba” in diverse formats tailored to the characteristics and needs of 
each community (Figure 5).

For example, in one community, a resident-led “Kayoi-no-ba” is held weekly at the 
local community center. This program functions as a place for group exercise, cogni-
tive training, and casual tea gatherings. The operation is mainly handled by com-
munity volunteers, while the municipal Community Comprehensive Support Center 
provides assistance and guidance.

In another case, a municipality has utilized vacant spaces in commercial facilities 
to offer preventive care classes, nutrition counseling, and health check-ups. These 

Figure 4. 
Trends in the number of community gathering places and their participation rate. Source: Ministry of Health, 
Labour and Welfare, Manual for Addressing Issues in Community Gathering Places (Kayoi-no-ba), Ver.1, 2024.
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efforts are often developed in partnership with private companies. Participants value 
the convenience and informal atmosphere, and such programs have become well-
established as opportunities for regular social engagement.

Although the structure and content of “Kayoi-no-ba” differ from region to region, 
they consistently share three key features: (1) active participation by community resi-
dents, (2) utilization of local resources, and (3) ongoing support for sustainable opera-
tion. As such, “Kayoi-no-ba” are considered essential community strategies for extending 
healthy life expectancy and improving the quality of life (QOL) of older adults.

4.  Evaluation of the effectiveness of Kayoi-no-ba

4.1 Why is it important to evaluate the effectiveness of preventive care?

The Ministry of Health, Labour and Welfare of Japan, in its report “Summary 
of Measures for Promoting General Preventive Care Services” [11], emphasizes the 
importance of measuring the effectiveness of preventive care as a part of the PDCA 
(Plan-Do-Check-Act) cycle for continuous program improvement.

In addition to its role in program management, effectiveness data can be used for 
multiple purposes.

• To visualize and confirm the outcomes of preventive care programs by local 
program managers.

• To ensure accountability when explaining results to local governments, assem-
blies, and community residents.

• To provide an evidence base for formulating future health and welfare plans.

• To support promotion efforts aimed at increasing program participation.

• To enhance participants’ motivation for continued engagement.

Previous research suggests that if this cycle of planning, implementation, evalu-
ation, and improvement functions well, it may lead to reduced growth in healthcare 
and long-term care expenditures in the medium to long term.

Figure 5. 
Activities in Kayoi-no-ba.
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However, a prerequisite for this outcome is the systematic measurement and 
visualization of the program’s effectiveness.

4.2 How are the effects evaluated?

The following datasets were collected from participating municipalities for 
analysis [12].

• Data from the Needs Survey in Daily Life Areas. This dataset includes informa-
tion not only from older adults who participated in “Kayoi-no-ba” but also from 
non-participants. It provides comprehensive data on lifestyle habits, health-
related indicators, social participation, and daily functioning. These variables are 
essential for assessing the differences between participants and non-participants 
and for conducting robust comparative analyses to evaluate the effectiveness of 
Kayoi-no-ba programs.

• Attendance records of participants in “Kayoi-no-ba” (at least two time periods)

• Long-term care certification records

• Mortality records

• Migration records (for residents who moved out)

Depending on the objective of the analysis, the following additional data may be 
integrated:

• Medical expenses data

• Long-term care expenditures

• Basic Checklist data (used for frailty and functional assessments in local 
governments)

• Other municipality-specific survey data

To rigorously examine the effects of preventive care programs, data are needed for 
both participants (intervention group) and non-participants (control group).

The outcome depends on several factors, including the magnitude of the program 
effect, the type of outcome variables used, and the length of follow-up. Thus, these 
figures should be regarded as general reference values [12, 13].

4.3 Methods

In the context of long-term care prevention programs, scientifically verifying 
the effects of interventions is critically important for ensuring policy validity and 
improving program quality. For “Kayoi-no-ba,” a widely used evaluation method in 
existing research involves analyzing changes before and after program participation, 
targeting the participants themselves [8]. For example, changes in health-related 
indicators such as physical functioning, self-rated health, depressive symptoms, and 
nutritional status are typically assessed using descriptive approaches [13].
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However, this before-and-after approach alone makes it difficult to determine 
whether the observed improvements are truly attributable to participation in “Kayoi-
no-ba.” This is because even older adults who do not participate may maintain or 
improve their health through other forms of community engagement or daily social 
activities. Therefore, to rigorously examine program effectiveness, it is necessary to 
compare outcomes between participants and non-participants [8, 12, 14].

Yet, a simple comparison between these two groups may introduce selection bias. 
Individuals who choose to participate in preventive care programs tend to be more 
health-conscious and socially active to begin with. As a result, comparisons with non-
participants can create a false appearance of effectiveness that is actually due to these 
pre-existing differences.

The most scientifically valid approach to evaluate causality is the Randomized 
Controlled Trial (RCT), which randomly assigns individuals to intervention or 
control groups. However, in real-world community care settings, conducting RCTs is 
often difficult due to ethical and practical constraints.

To address this limitation, Propensity Score Matching (PSM) is commonly 
employed [15]. PSM is a statistical technique that matches individuals in the interven-
tion and control groups based on background characteristics such as age, sex, medical 
history, and lifestyle. By comparing individuals with similar attributes, PSM helps 
reduce bias and allows for a more causal interpretation of program effects.

In observational studies of community programs like “Kayoi-no-ba,” PSM has 
emerged as a practical and realistic method for evaluating effectiveness when ran-
domized trials are not feasible.

4.4  Does “Kayoi-no-ba” effectively prevent care dependency?

A variety of indicators have been used to evaluate the effectiveness of community-
based programs. Among them, physical functioning indicators such as walking speed, 
one-leg standing time, and physical fitness tests are the most frequently used. Other 
commonly used indicators include self-rated health, depressive tendencies (e.g., K6 
scale), nutritional status, and levels of social participation. These are typically assessed 
using questionnaires, physical performance measurements, or validated screening tools.

Several types of programs have been reported to be associated with the positive 
outcomes in long-term care prevention, including the following (Table 1).

1. Health education programs focused on long-term care prevention and indepen-
dence support, combined with professional counseling (e.g., by care managers), 
have shown improvements in mental health indicators such as the K6 score.

2. Fall prevention and dementia prevention programs have been associated with re-
ductions in medical and long-term care costs, or the suppression of their growth.

3. Programs involving physical exercise, recreation, and handicrafts have been 
reported to contribute to the reduction of medical expenses.

4. Activities such as exercise, games, and intergenerational exchanges with pre-
school children have shown to reduce the risk of developing dementia and 
receiving long-term care certification.

5. Singing, playing musical instruments, and writing haiku poetry have contrib-
uted to improved self-rated health.
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Reference Sample size (n) Observation 
period

Program 
contents

Main outcome 
indicators

Key findings

Yoshida 
et al. [16]

992 (Intervention 
group: 146, 
Control group: 
846)

3 years Fall prevention, 
dementia 
prevention

Medical and 
long-term care 
expenditures

In the intervention 
group, average 
monthly medical 
costs per person 
decreased, and 
long-term care costs 
slightly increased. In 
the control group, 
both medical and 
long-term care costs 
increased.

Ichida 
et al. [17]

1549 
(Intervention 
group: 158, 
Control group: 
1391)

8 months Singing, musical 
instrument 
playing, haiku

Self-rated 
health

Participants in the 
intervention group 
were 2.52 times more 
likely to report better 
self-rated health 
compared to the 
control group.

Hikichi 
et al. [18]

2421 
(Intervention 
group: 246, 
Control group: 
2175)

5 years Exercise, 
chatting, games, 
intergenerational 
exchange with 
preschoolers

Certification 
of need for 
long-term care

Intervention group 
showed a lower risk 
of receiving long-
term care certification 
(7.7%) compared to 
the control group 
(14.0%).

Imahorii 
et al. [19]

409 (Intervention 
group: 157, 
Control group: 
252)

1 year Classes on 
prevention and 
independence 
support; 
consultations 
with professionals 
(care managers, 
public health 
nurses, dental 
hygienists)

Self-rated 
health, TMIG 
Index of 
Competence, 
K6 
(psychological 
distress), 
outpatient 
visit status

Improvement in 
K6 scores in the 
intervention group.

Hikichi, 
et al. [20]

2007: 2593 
(Intervention: 99, 
Control: 2494)
2010: 1769 
(Intervention: 
162, Control: 
1607)
2013: 1352 
(Intervention: 
158, Control: 
1194)

7 years Exercise, 
chatting, games, 
interaction 
with preschool 
children

Incidence 
of dementia 
(Dementia 
Independence 
Level I)

Participation in 
“Kayoi-no-ba” 
(4+ times/year) 
reduced the risk of 
developing dementia 
to 0.7 times that of 
non-participants.

Ohtsuki 
[21]

1845 
(Intervention: 
721, Control: 
1124)

2 years Exercise, 
recreation, 
handicrafts, 
music, traditional 
cultural activities, 
interaction with 
children

Medical 
expenditure

Annual medical 
expenses per 
participant were 
¥82,000 to ¥111,000 
lower in the 
intervention group 
than in the control 
group.
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6. Participation in sports, hobbies, and tea gatherings has been shown to help 
maintain or improve functional capacity, including instrumental activities of 
daily living (IADL) and intellectual vitality.

7. Community-led activities have been associated with a lower risk of receiving 
certification for needing long-term care or support.

As a whole, many studies have reported improvements in physical function and sub-
jective health as a result of these programs. However, findings regarding nutritional status 
are mixed; while some studies show improvement, others report no clear effect. These 
inconsistencies may reflect the diversity in program content, participant characteristics, 
and the lack of standardization in evaluation metrics and methodologies [12, 16–26].

Moreover, it is necessary to further examine how the frequency and intensity 
of program participation influence health outcomes. This remains a critical issue 
for future research to ensure the effectiveness and sustainability of long-term care 
prevention strategies.

5.  Conclusions

This chapter has provided an overview of the role of “Kayoi-no-ba” in Japan’s long-
term care system and its potential for preventive care, especially in the context of an 
aging society.

Reference Sample size (n) Observation 
period

Program 
contents

Main outcome 
indicators

Key findings

Hosokawa 
et al. [22]

72 (Intervention: 
16, Control: 56)

1 year Sports activities, 
hobby activities, 
social tea 
gatherings

Functional 
ability 
(IADL and 
intellectual 
vitality)

Intervention group 
showed 1.2 times 
greater maintenance/
improvement in 
IADL and 1.3 times 
greater maintenance/
improvement in 
intellectual vitality 
compared to control 
group.

Tajika 
et al. [23]

3520 
(Intervention: 
472, Control: 
3048)

3 years Salon activities 
run by local 
governments or 
social welfare 
councils

Risk of 
requiring 
long-term care 
(Tsuji et al., 
2018 scale) 
[24]

In the intervention 
group, the worsening 
of care-need risk 
score (≥5 points) 
was reduced by 46% 
among the oldest-old.

Abe et al. 
[25]

1239 
(Intervention: 
158, Control: 
1081)

1 year Genki Ouen Club 
(community-
based activities: 
exercise, hobbies)

Risk of 
requiring 
long-term care 
(Tsuji et al., 
2018 scale) 
[24]

Intervention group 
showed 28% lower 
risk deterioration 
after 1 year compared 
to control group.

Sources: Inoue et al. [12, 26].

Table 1. 
Studies evaluating the preventive care effects of participation in “Kayoi-no-ba”.
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Due to rapid population aging, extending healthy life expectancy has become 
a critical policy challenge in Japan. Since the 2014 revision of the Long-Term Care 
Insurance Act, a shift has been made from a high-risk approach to a population-based 
approach. As a result, “Kayoi-no-ba”—community-based gathering spaces—have 
been introduced and expanded nationwide.

“Kayoi-no-ba” serves as a hub for physical, psychological, and social well-being 
of older adults, offering programs such as exercise classes, hobby groups, and other 
social activities. These gatherings are primarily community-driven, utilizing local 
resources and tailored to the specific needs and characteristics of each area.

In evaluating the effects of “Kayoi-no-ba,” it is not sufficient to rely solely on 
pre- and post-intervention comparisons among participants. More rigorous evalua-
tions involving comparisons with non-participant groups are needed. Observational 
studies using techniques like propensity score matching have attempted to minimize 
bias and enable more causal interpretation. Research has also indicated that participa-
tion in “Kayoi-no-ba” may help suppress medical and long-term care expenditures 
and reduce the incidence of disability.

To improve the quality and sustainability of “Kayoi-no-ba,” implementing the 
PDCA (Plan-Do-Check-Act) cycle is essential. Furthermore, the standardization and 
refinement of evaluation methods are important for evidence-based policymaking. 
The outcomes from such evaluations can also be used to:

• help local government officials monitor program effectiveness,

• fulfill accountability to the community,

• inform planning documents,

• promote program participation, and

• encourage continued engagement among participants.

6.  Challenges of Kayoi-no-ba

Despite its benefits, “Kayoi-no-ba” still faces multiple challenges. These include a 
shortage of community leaders and supporters, difficulty in maintaining the continu-
ity and quality of activities, and problems in attracting new and diverse participants.

At the administrative level, many municipalities lack adequate analysis of local 
needs and priorities, and there is limited understanding of effective strategies for 
operating “Kayoi-no-ba.” Addressing these issues requires data-driven local assess-
ments, strategic implementation planning, improved evaluation frameworks, stron-
ger collaboration among stakeholders, and clear communication with residents.

In summary, for “Kayoi-no-ba” to continue serving as a central component of 
Japan’s community-based integrated care system, it is vital to align data-based strate-
gies at the policy level with flexible, community-led implementation on the ground.

Acknowledgements

This work was supported by the Japan Society for the Promotion of Science (JSPS) 
KAKENHI Grants-in-Aid for Scientific Research [Grant Numbers: 23K20654 and 
22K02069].



Longevity and Geriatrics

14

Author details

Seungwon Jeong1, 2* and Yusuke Inoue1

1 Niimi University, Okayama, Japan

2 National Center for Geriatrics and Gerontology, Aichi, Japan

*Address all correspondence to: k-jeong@niimi-u.ac.jp

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Community-Based Preventive Care in Japan: The Role of “Kayoi-no-ba” for Healthy Longevity…
DOI: http://dx.doi.org/10.5772/intechopen.1011740

15

References

[1] Statistics Bureau, Ministry of Internal 
Affairs and Communications. Tokyo: 
Population Census; 2025. Available from: 
https://www.stat.go.jp/english/data/
kokusei/index.html

[2] OECD. Life Expectancy at Birth 
(Indicator). OECD Health Statistics; 2023

[3] Statistics Bureau, Ministry of Internal 
Affairs and Communications. Elderly in 
Japan from the Viewpoint of Statistics. 
Tokyo: Statistics Bureau; 2024

[4] Ministry of Health, Labour and 
Welfare. Overview of the Long-Term 
Care Insurance System. 2021. Available 
from: https://www.mhlw.go.jp/
content/001512842.pdf

[5] Ministry of Health, Labour and 
Welfare. Long-Term Care Insurance 
Business Report 2023. 2024. Available 
from: https://www.kaigokensaku.mhlw.
go.jp/commentary/fee.html

[6] Ministry of Health. Labour and 
welfare. In: Annual Report on the Status 
of the Long-Term Care Insurance Project 
Report FY2022. Tokyo: MHLW; 2023. 
Available from: https://www.mhlw.go.jp/
topics/kaigo/osirase/jigyo/22/index.html

[7] Ministry of Health, Labour and 
Welfare. Manual for Addressing 
Challenges in Kayoi-no-ba. Version 1. 
2024. Available from: https://www.mhlw.
go.jp/content/001244024.pdf

[8] Ministry of Health, Labour and 
Welfare. Guidelines for the Promotion 
of Integrated Community-Based 
Support Services for Preventive Care 
and Daily Life Support. 2nd ed. 2021. 
Available from: https://www.mhlw.
go.jp/stf/seisakunitsuite/bunya/
hukushi_kaigo/kaigo_koureisha/chiiki-
houkatsu/index.html

[9] Ministry of Health, Labour and 
Welfare. Survey on the Progress of the 
Integrated Implementation of Health 
Projects and Preventive Long-Term Care 
Services for the Elderly. 2023. Available 
from: https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/hukushi_kaigo/
kaigo_koureisha/yobou/index.html

[10] Ministry of Health, Labour 
and Welfare. Survey Results on the 
Implementation of Comprehensive 
Community-Based Support Projects 
for Preventive Care and Daily Life 
Support (FY2022). Tokyo: MHLW; 2023. 
Available from: https://www.mhlw.go.jp/
content/12300000/001417710.pdf

[11] Ministry of Health, Labour and 
Welfare. Summary of Measures for 
Promoting General Preventive Care 
Services. 2024. Available from: https://
www.mhlw.go.jp/stf/seisakunitsuite/
bunya/0000141576_00011.html

[12] Inoue Y, Jeong S, Ide K, Kondo K. 
Effects of “Kayoi-no-ba” for community-
dwelling older adults: A systematic 
review. Chiiki Hoken. 2022;53(3):72-75 
(in Japanese)

[13] Shinkai S et al. Public health 
approach to preventing frailty in the 
community: The Kihon checklist. 
Geriatrics & Gerontology International. 
2016;16(Suppl 1):87-93. DOI: 10.1111/
ggi.12701

[14] Takashima N et al. Impact of a 
population-based preventive home 
visit program on health-related quality 
of life among older adults. BMC 
Geriatrics. 2020;20(1):222. DOI: 10.1186/
s12877-020-01613-2

[15] Rubin DB. Using propensity scores 
to help design observational studies: 



Longevity and Geriatrics

16

Application to the tobacco litigation. 
Health Services & Outcomes Research 
Methodology. 2001;2(3-4):169-188. 
DOI: 10.1023/A:1020363010465

[16] Yoshida H, Fujiwara Y, Amano H, 
Kumagai O, Watanabe N, Lee SR, et al. 
Economic evaluation of preventive 
care programs: A comparative analysis 
of healthcare and long-term care 
costs between participants and non-
participants. Japanese Journal of Public 
Health. 2007;54(3):156-167

[17] Ichida Y, Hirai H, Kondo K, 
Kawachi I, Takeda T, Endo H. Does 
social participation improve self-rated 
health in the older population? A quasi-
experimental intervention study. Social 
Science & Medicine. 2013;94:83-90. 
DOI: 10.1016/j.socscimed.2013.06.006

[18] Hikichi H, Kondo N, Kondo K, 
Aida J, Takeda T, Kawachi I. Effect of 
a community intervention programme 
promoting social interactions on 
functional disability prevention for older 
adults: Propensity score matching and 
instrumental variable analyses, JAGES 
Taketoyo study. Journal of Epidemiology 
and Community Health. 2015;69(9):905-
910. DOI: 10.1136/jech-2014-205345

[19] Imahori M, Izumita N, Shirase Y, 
Noguchi H. Empirical analysis of the 
effects of preventive care programs 
on physical and mental health: A case 
study of elderly salon in Abashiri City. 
Japanese Journal of Public Health. 
2016;63(11):675-681

[20] Hikichi H, Kondo K, Takeda T, 
Kawachi I. Social interaction and 
cognitive decline: Results of a 7-year 
community intervention. Alzheimer’s 
& Dementia: Translational Research & 
Clinical Interventions. 2017;3(1):23-32. 
DOI: 10.1016/j.trci.2017.01.002

[21] Ohtsuki T. Older community 
residents who participate in group 

activities have higher daily physical 
activity levels and lower medical 
costs. Asia-Pacific Journal of 
Public Health. 2018;30(7):629-634. 
DOI: 10.1177/1010539518805249

[22] Hosokawa R, Kondo K, Ito M, 
Miyaguni Y, Mizutani S, Goto F, 
et al. The effectiveness of Japan’s 
community centers in facilitating social 
participation and maintaining the 
functional capacity of older people. 
Research on Aging. 2019;41(4):315-335. 
DOI: 10.1177/0164027519828066

[23] Tajika A, Ide K, Iizuka H, Tsuji T, 
Yokoyama M, Ojima T, et al. Does 
participation in “Kayoi-no-ba” suppress 
deterioration in long-term care needs? 
Longitudinal evidence from the JAGES 
2013-2016 study. Japanese Journal of 
Public Health. 2022;69(2):136-145

[24] Tsuji T et al. Development of a risk 
assessment scale predicting incident 
functional disability among older people: 
Japan gerontological evaluation study. 
2018. DOI: 10.1111/ggi.13503

[25] Abe N, Ide K, Tsuji T, Miyaguni Y, 
Sakuraba S, Kondo K. One-year effects 
of participation in community salons 
on long-term care needs: Longitudinal 
results from the JAGES Matsudo project. 
Sogo Rehabilitation. 2022;50(1):61-67

[26] Inoue Y, Jeong S, Ide K. 
Recommended sample size and 
observation period for evaluation. In: 
Kondo K, editor. The Development 
of “Kayoi-no-ba” in the Post-COVID 
Era. Tokyo: Japan Nursing Association 
Publishing Company; 2022. pp. 133-139 
(in Japanese)



17

Chapter 2

Topical Therapies for Dry 
Age-Related Macular Degeneration 
on the Horizon
Li Zeng, Kepeng Ou, Yanhong Fang and Jian Liu

Abstract

With rising life expectancy, age-related diseases such as age-related macular 
degeneration (AMD) increasingly threaten the quality of life in older adults. This 
chapter contributes to the discourse on longevity and geriatrics by focusing on 
strategies to preserve vision, a key determinant of independence in aging populations. 
AMD, a progressive neurodegenerative retinal disease, is a leading cause of vision loss 
in the elderly. The dry form (dAMD), which accounts for 85–90% of cases, is marked 
by drusen accumulation beneath the retinal pigment epithelium (RPE), leading to 
RPE and photoreceptor degeneration. Its pathogenesis involves a multifactorial inter-
play of aging, genetic predisposition, oxidative stress, and immune dysregulation. 
Currently, there are no effective treatments for dAMD; anti-complement therapies 
for geographic atrophy (GA), the late stage of dAMD, have shown limited functional 
benefit in patients. Topical therapies offer promising advantages, including non-inva-
siveness, localized action, reduced systemic toxicity, and potential for cost-effective, 
patient-friendly interventions. However, developing effective eye drop formulations 
for dAMD remains a significant challenge, largely due to limited drug penetration to 
the posterior segment of the eye. Advances in understanding dAMD pathophysiology, 
coupled with novel delivery platforms, are essential to circumventing these barri-
ers. A growing pipeline of small molecules and peptides targeting inflammation, 
autophagy, mitochondrial dysfunction, amyloid-beta toxicity, and choroidal circula-
tion is currently under preclinical and clinical investigation. This chapter reviews 
the evolving therapeutic landscape for dAMD, emphasizing the potential of topical 
treatments to enhance patient care and support healthy aging.

Keywords: age-related macular degeneration, aging, neurodegeneration, 
retinal pigment epithelium, senescence, autophagy, inflammation, topical therapy, 
small molecules

1.  Introduction

The ravages of aging without mitigation are embodied by the hapless mythical 
Greek prince Tithonus, who was loved by Eos, the goddess of the dawn. Driven by her 
desire to be with him forever, Eos asked Zeus to grant Tithonus eternal life, which was 
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granted. To Tithonus’s dismay, however, Eos forgot to ask for eternal youth. As time 
passed, he lived on and on but continued to age, eventually becoming so frail and 
incapacitated that he could no longer see, move, or speak.

Like Tithonus, people living longer today often face the burden of aging without 
preserving key functions such as vision. One of the clearest examples of this is vision 
loss due to age-related macular degeneration (AMD). AMD is a progressive and 
irreversible neurodegenerative disorder that has daunted many long before eternity, 
and it is the leading cause of vision loss in adults aged 50 and older. With increasing 
life expectancy, urbanization, and lifestyle changes, the global prevalence of AMD 
is projected to rise from the current 196 million to 288 million by 2040. This poses a 
growing burden on patients, healthcare systems, and society as a whole [1].

In 2020, the percentage contribution of AMD to all causes of blindness in indi-
viduals aged 50 and older ranged from 1.95% in Latin America and the Caribbean to 
19.82% in high-income countries. Notably, while the estimated crude prevalence of 
AMD-related blindness globally decreased by 19.29% from 2000 to 2020, the preva-
lence of moderate and severe vision impairment (MSVI) increased by 10.08% [2]. 
This shift in the AMD severity profile may reflect advancements in diagnostic meth-
ods and anti-VEGF treatments for advanced neovascular AMD while simultaneously 
underscoring the lack of effective preventive and therapeutic options for early-stage 
AMD [3].

The landscape of topical therapies for retinal degenerations, including agents 
targeting AMD’s pathogenic pathways and advances in ocular drug delivery, has been 
comprehensively reviewed elsewhere [4–7]. In this chapter, we focus specifically on 
dry AMD (dAMD), which accounts for 85–90% of all AMD cases, highlighting recent 
clinical trial outcomes and promising preclinical developments in topical treatment 
approaches.

2.  Pathophysiology, challenges, and unmet needs in dAMD

AMD manifests in two main forms: dry (dAMD, also known as non-exudative or 
atrophic AMD) and wet AMD (exudative or neovascular AMD). dAMD is character-
ized by the accumulation of drusen, dysfunction of the retinal pigment epithelium 
(RPE), and loss of photoreceptors [1, 8]. A preclinical stage of AMD is defined by 
impaired dark adaptation in patients who present either no drusen or only small 
drusen and no pigmentary abnormalities. As dAMD progresses, it is further classified 
into early, intermediate, and advanced stages, with the latter known as geographic 
atrophy (GA) marked by outer retinal atrophic scars and photoreceptor cell loss. 
Sometimes, GA and neovascular AMD are jointly referred to as advanced AMD, as 
both represent late-stage disease associated with significant retinal damage, a high 
risk of central vision loss, MSVI, and legal blindness [9].

To understand how AMD undermines vision in aging individuals, it is essential 
to examine the cellular and molecular events that drive its progression. Genetic, 
metabolic, microvascular, inflammatory, and environmental factors all contribute 
to the complex mechanisms underlying AMD development. However, RPE cellular 
senescence and disrupted immune homeostasis are common threads that interconnect 
these critical biological processes [10, 11]. Aging, impaired autophagy, mitochon-
drial dysfunction, and recurrent or persistent oxidative stress can stimulate cellular 
senescence and promote the accumulation of senescent cells, which directly contrib-
ute to the formation of drusen and lipofuscin [12–15]. A subset of self-renewing RPE 



19

Topical Therapies for Dry Age-Related Macular Degeneration on the Horizon
DOI: http://dx.doi.org/10.5772/intechopen.1011400

stem-like cells derived from human donors has been shown to acquire replicative 
senescence and a senescence-associated secretory phenotype (SASP). Higher levels 
of cellular senescence have been observed in AMD patients compared to healthy 
individuals [16]. The composition of drusen, including various lipids, proteins, and 
cellular debris, activates immune pathways of chronic inflammation and exacerbates 
oxidative stress. Meanwhile, a variety of molecules released via paracrine or autocrine 
SASP, such as proinflammatory cytokines, chemokines, growth factors, proteases, 
and extracellular vesicles, create a proinflammatory environment. This milieu fosters 
abnormal immune responses from microglia and promotes epithelial-mesenchymal 
transition (EMT) in RPE cells, ultimately leading to damage of the RPE and retinal 
tissue [17–19].

Current treatments for AMD are often plagued by high costs, injection-related 
risks, limited efficacy, and, in particular, a lack of strategies for early-stage interven-
tion to prevent disease progression. Over the past two decades, a broad array of 
therapeutic regimens for wAMD has been developed, refined, and standardized. 
These include anti-VEGF agents to reduce abnormal vessel growth and leakage, as 
well as emerging therapies targeting alternative mechanisms, such as the anti-FGF2 
agent umedaptanib pegol and gene therapies aimed at restoring the expression of 
endostatin and angiostatin [8]. In contrast, no definitive treatment currently exists 
for dAMD. Management strategies remain largely limited to general health promo-
tion and nutritional supplementation, such as the Age-Related Eye Disease Study 2 
(AREDS2) formula. While significant resources are being directed toward innova-
tive strategies like gene and cell therapies, these treatments are unlikely to become 
mainstream in the near future due to their cost, invasiveness, and limited practicality 
for early intervention.

Topical drug delivery holds promise for dAMD because it enables targeted local 
treatment, reduced systemic toxicity, improved patient convenience, and compat-
ibility with combination therapies. However, this route has been limited by low 
penetrability and absorption rate, largely owing to the eye’s unique anatomical 
and physiological complexity. A deeper understanding of dAMD pathophysiology, 
coupled with advancements in drug delivery systems targeting the posterior seg-
ment, may pave the way for more effective treatments. Several small molecules and 
peptides are currently in preclinical or clinical trials, targeting interconnected aspects 
of dAMD progression, such as inflammation, autophagy dysfunction, and toxic 
amyloid-beta (Aβ) aggregates.

3.  Therapeutic landscape and challenges in dAMD: Why do topical 
treatments matter?

Patients with dAMD often receive only nutritional supplementation from their 
physicians. The antioxidant vitamin formulations in the AREDS supplements and 
their modified extension, AREDS2, were developed to reduce the risk of AMD 
progression, particularly in patients with intermediate dAMD. The original AREDS 
formulation included vitamins C and E, copper, zinc, and beta-carotene. AREDS2 
replaced beta-carotene with lutein and zeaxanthin, added omega-3 fatty acids (DHA 
and EPA), and reduced zinc content.

However, evidence regarding the efficacy of these supplements remains mixed, 
and the impact of targeted micronutrition may be confounded by overall dietary pat-
terns. A recent study found that adherence to a Mediterranean-type diet (aMedi) was 
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associated with a foveal-sparing effect and protection against proximity-based GA 
progression. Specifically, higher intake of vegetables and components of the aMedi 
diet was correlated with slower GA expansion and delayed central macular involve-
ment in the AREDS or AREDS2 cohorts [20]. Conversely, a retrospective analysis of 
dAMD eyes without GA found that AREDS2 use was associated with an increased 
likelihood of incident GA, possibly reflecting confounding due to the strong cor-
relation between intermediate AMD stage and AREDS2 usage [21]. Overall, neither 
AREDS nor AREDS2 has demonstrated confirmed efficacy in treating dAMD or 
significantly slowing GA progression. To further explore nutritional supplementation 
beyond AREDS2, a randomized phase 2 clinical trial (NCT05170048) is scheduled 
to begin in June 2025, evaluating AREDS2 plus the oral antioxidant EG-EPMP-01 
(150 mg daily) in patients with non-foveal GA.

Beyond nutrition, pharmacological approaches, particularly anti-complement 
therapies, have shown limited success. Recent clinical trials have targeted the 
complement cascade, a key pathway in AMD pathogenesis. In 2023, pegcetacoplan 
(SYFOVRE) became the first Food and Drug Administration (FDA)-approved drug 
for GA treatment, followed by avacincaptad pegol (Izervay). These agents inhibit C3 
or C5 proteins, preventing complement activation. While they reduced GA progres-
sion by approximately 20%, they did not improve visual acuity and may increase the 
risk of neovascular AMD [22]. Consequently, these therapies have not been approved 
by the European Medicines Agency (EMA) or the UK’s Medicines and Healthcare 
Products Regulatory Agency (MHRA).

Other non-topical treatment strategies for dAMD include cell-based and gene 
therapies. In advanced dAMD, characterized by significant loss of RPE and pho-
toreceptors, stem cell-derived retinal cell replacement has emerged as a potential 
approach. Various cell types, such as human embryonic stem cells (hESCs), induced 
pluripotent stem cells (iPSCs), and umbilical tissue-derived cells (hUTCs), have been 
studied for their ability to restore retinal structure and function. These differentiated 
retinal cells may be either delivered in suspension or seeded onto thin scaffolds to 
replace damaged tissue. Luxa Biotechnology recently reported preliminary results 
from a phase 1/2a clinical trial (NCT04627428) evaluating submacular transplanta-
tion of RPE stem cell-derived RPE cells (RPESC-RPE-4 W) in dAMD patients. 
Among six treated individuals, modest to substantial improvements in best-corrected 
visual acuity (BCVA)  were observed, particularly in those with moderate to severe 
baseline vision impairment [23]. A meta-analysis of 12 cell therapy studies showed 
visual acuity improvements in both wAMD and dAMD; however, statistically sig-
nificant reduction in logarithmic minimum angle of resolution (LogMAR) score was 
observed only in wAMD cases [24].

Gene therapy trials targeting multiple pathogenic mechanisms in dAMD are also 
underway. For example, a phase 3 trial (NCT06373731) is evaluating the subcutane-
ous injection of the mitochondria-targeted peptide Elamipretide, and the results are 
awaited. Additionally, a phase 2 trial (NCT05481827) and several phase 1/2 trials 
are investigating subretinal gene therapy approaches aimed at pathways involved in 
dAMD pathogenesis, including lipid metabolism, inflammation, oxidative stress, and 
complement activation [25]. Due to their complexity, invasiveness, and early devel-
opment stage, these therapies are unlikely to be widely accessible to patients with 
early-stage dAMD in the near future.

Drugs for dAMD can be delivered via various routes: topical (eye drops), 
systemic (oral), intravitreal, subretinal, or suprachoroidal injections, as well as 
periocular methods such as subconjunctival, posterior juxtascleral, and transscleral 



21

Topical Therapies for Dry Age-Related Macular Degeneration on the Horizon
DOI: http://dx.doi.org/10.5772/intechopen.1011400

delivery [26, 27]. Each method has distinct advantages and limitations. Among these, 
topical medications [28] are the most economical, convenient, non-invasive, and 
localized option, though they face challenges, primarily related to limited bioavail-
ability in the posterior segment of the eye.

Ophthalmic topical treatments, primarily eye drops, are effective mainly for 
anterior segment diseases affecting the cornea, conjunctiva, iris, or ciliary body but 
are significantly limited in delivering therapeutic concentrations to the RPE and pho-
toreceptors, the primary targets in dAMD [29]. Drug penetration is impeded by the 
long diffusion distance and multiple anatomical, physiological, and metabolic ocular 
barriers [30, 31]. To protect retinal integrity, the eye has evolved several anatomical 
barriers including the cornea, conjunctiva, and sclera, while the blood-aqueous bar-
rier (BAB) and blood-retina barrier (BRB) further restrict molecular diffusion into 
retinal tissue [32].

Depending on a drug’s lipophilicity and formulation, topically administered 
agents can reach the posterior tissues via three main routes: (1) transvitreal—
through the cornea and aqueous chamber, penetrating the lens to reach the vitre-
ous humor and retina; (2) conjunctival/scleral—diffusing across the conjunctiva, 
sclera, and choroid; and (3) cornea/scleral—diffusing laterally from the cornea to 
the conjunctiva [32, 33].

Although topical drugs can be absorbed at the ocular surface, only a small fraction 
(0.07–4.3% of the active pharmaceutical ingredient) reaches the aqueous humor, 
with even smaller amounts reaching the posterior segment where AMD pathology 
develops [30, 34]. Drug retention (residence time) in the eye is further compromised 
by protective mechanisms such as reflex blinking, nasolacrimal drainage, episcleral 
blood flow, and rapid intraocular convection from the ciliary body to Schlemm’s canal 
[31, 35]. Despite these challenges, topical therapies for dAMD are under active inves-
tigation and development, with multiple approaches in early clinical or preclinical 
stages, as outlined below and in Table 1. Overcoming these barriers could establish 

Primary target Agent Trial ID*/Model Study Phase Key Findings

Choriocapillaris 
atrophy

MC-1101 NCT01013376 Phase 1 
(Completed)

No ocular or systemic 
adverse effects reported

NCT01922128 Phase 1 
(Completed)

No adverse effects

NCT01601483 Phase 2/3 
(Terminated)

No adverse effects; 
efficacy data not 
available

NCT02127463 Phase 2/3 
(Completed)

Outcomes pending

Isopropyl 
Unoprostone

NCT01379560 Phase 2 
(Completed)

Outcomes pending

Mitochondrial 
dysfunction

Elamipretide NCT02314299 Phase 1/2 
(Completed)

Data not available

Oxidative stress / 
Inflammation

OT-551 NCT00306488 Phase 2 
(Completed)

Modest visual benefit; 
no significant structural 
change

NCT00485394 Phase 2 
(Completed)

No significant effect in 
GA progression
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topical therapies as a viable and scalable solution to the unmet needs of early-stage 
AMD, providing a non-invasive approach to preserving vision in aging populations.

4.  Topical agents for treating dAMD in clinical studies

Emerging topical therapies for dAMD target diverse pathogenic mechanisms, 
including choroidal blood flow (ChBF) enhancement, neuroprotection, anti-
inflammation, mitochondrial support, Aβ clearance, oxidative stress mitigation, 
autophagy enhancement, and inhibition of cell death. While clinical studies in topical 
senotherapeutics, such as senolytics or senomorphics, remain limited in dAMD [18], 
approaches that improve mitochondrial function and decrease oxidative stress may 
indirectly influence senescence-related pathways.

4.1 Improving choroidal circulation via MC-1101 and isopropyl unoprostone

Age-related decrease in choriocapillaris density and ChBF have been implicated 
in AMD, though whether these are causal or secondary to RPE and photoreceptor 
degeneration remains debated. Nevertheless, ChBF decline correlates with increasing 
AMD severity and drusen localization [39].

MC-1101, a topical hydralazine-based formulation, utilizes nitric oxide-mediated 
vasodilation to increase ocular perfusion. Originally FDA-approved for hyperten-
sion in 1997, it is now patented for ChBF enhancement in ocular conditions [6, 7]. 

Primary target Agent Trial ID*/Model Study Phase Key Findings

Amyloid-b 
aggregation

MRZ-99030 NCT06659549 Phase 2 
(Ongoing)

Study enrolling; results 
expected in 2027

5-HT1A Receptor Tandospirone NCT00890097 Phase 3 
(Terminated)

No benefit over placebo

Autophagy 
activation

Trehalose Mouse model Preclinical Protected RPE and 
photoreceptors 
from light-induced 
damage [12]

Apoptosis / 
Inflammation

6R-FBP Mouse & rabbit 
models

Preclinical Ameliorated NaIO3-
induced retinal 
degeneration [36]

Necroptosis RIPK1 
inhibitor

Rat, rabbit, & 
pig models

Preclinical Preserved retinal 
function post-NaIO3 
insult [37]

TLR signaling TDIP Mouse model Preclinical Reduced photoreceptor 
loss and TLR-mediated 
inflammation [38]

Cell death CK41016 Rat & rabbit 
models

Preclinical Effective retinal 
distribution; 
interspecies variability 
noted [33]

*Detailed information on clinical trials is available at https://clinicaltrials.gov.

Table 1. 
Summary of Topical Treatments for Dry AMD in Clinical and Preclinical Studies.
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Early-phase clinical trials (NCT01013376, NCT01922128) established safety and toler-
ability in both healthy individuals and patients with early dAMD, showing transient 
ChBF elevation without significant adverse effects [6, 40]. Phase 2/3 studies were 
performed in patients with mild to moderate dAMD (NCT01601483) and early to 
intermediate dAMD (NCT02127463); results show favorable tolerability with variable 
hemodynamic response.

Isopropyl unoprostone (IU), a synthetic prostaglandin analog, improves ChBF 
through multiple vasodilatory mechanisms: (a) activation of the Big Potassium (BK) 
channel leading to hyperpolarization of vascular smooth muscle cells; (b) dilation of 
choroidal vessels to improve microcirculation; and (c) inhibition of endothelin-1 (ET-1)-
mediated vasoconstriction [41, 42]. Initially developed for intraocular pressure reduc-
tion, IU was evaluated in a 54-week pilot study for wAMD in Japan (UMIN000007881) 
and is currently under investigation for dAMD in a phase 2 trial (NCT01379560).

While retinal and choroidal vasoconstriction have been hypothesized to contrib-
ute to AMD pathogenesis, systemic vasodilators show inconsistent epidemiological 
associations with AMD. Notably, the Beaver Dam Eye Study, a 20-year longitudinal 
study involving 5924 adults, found that the use of vasodilator or antihypertensive 
medications, particularly oral nitroglycerin, was associated with a 72% increased risk 
of early AMD. No significant link between these medications and GA progression was 
observed [43].

4.2 Supporting mitochondrial function via Elamipretide

The retina’s energy demands are among the highest in the body, rendering mito-
chondrial dysfunction a central feature of AMD pathogenesis [44]. Strategies such as 
photobiomodulation (PBM) and mitochondrial transplantation have shown preclini-
cal efficacy in restoring mitochondrial activity, reducing inflammation, and clearing 
Aβ deposits [45–47].

Elamipretide (or MTP-131), a synthetic, cell-permeable tetrapeptide, targets 
cardiolipin in the inner mitochondrial membrane to stabilize electron transport and 
enhance bioenergetics. Despite its hydrophilicity, elamipretide can penetrate cell 
membranes and translocate into mitochondria due to its small size, aromatic chain, 
and catatonic nature. In dAMD murine models, systemic Elamipretide reduced oxida-
tive stress and subretinal deposits [48].

A phase 2 trial (NCT03891875) in noncentral GA reported preserved ellipsoid 
zone (EZ) integrity after 48 weeks of subcutaneous dosing (40 mg daily) but did 
not meet primary endpoints for visual acuity or GA area change [49]. A phase 3 trial 
(NCT06373731) is currently evaluating efficacy over 96 weeks.

Topically, Elamipretide has shown visual function restoration in diabetic retinopathy 
mouse models. In mice with streptozotocin (STZ)-induced diabetic retinopathy, both 
topical ophthalmic-formulated solution (30 mg/ml) and subcutaneous injection of 
Elamipretide (1 mg/kg) significantly restored visual function, without systemic meta-
bolic effects [50]. A phase 1/2 trial (NCT02314299) tested the safety and efficacy of low- 
and high-dose forms of topical Elamipretide, administered twice a day in subjects with 
diabetic macular edema (DME) and intermediate dAMD; results are pending.

4.3 Reducing oxidative stress and inflammation via OT-551

OT-551, a hydroxylamine prodrug, converts to TEMPOL, a stable nitroxide 
free radical, within the eye. This redox system provides catalytic antioxidant and 
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anti-inflammatory activity. Intraperitoneal injection of OT-551 has been shown to 
protect RPE cells from acute light damage in a rat model [51].

Studies have shown that OT-551 eye drops rapidly penetrate the cornea and 
subsequently diffuse through the aqueous and vitreous humors or take the scleral 
route to reach the retina. The drug’s tolerability was confirmed in a single-center, 
open-label phase 2 trial (NCT00306488) in which ten patients with GA received 
topical 0.45% OT-551 three times daily. Though a small improvement in BCVA was 
noted (+0.2 vs. -11.3 letters over 2 years), other functional and structural endpoints, 
including contrast sensitivity and GA progression, showed no significant difference 
[52]. A larger multicenter phase 2 study (NCT00485394) with 137 patients also failed 
to demonstrate efficacy in slowing GA progression, despite good tolerability [6, 53]. 
These findings highlight the need for further studies to conclusively determine the 
therapeutic efficacy of OT-551 in slowing GA progression.

4.4 Inhibiting integrin via Risuteganib

Risuteganib (ALG-1001) is a synthetic oligopeptide targeting integrin receptors 
implicated in angiogenesis, inflammation, and neurodegeneration [54–56]. In mouse 
models of dry eye disease (DED), topical Risuteganib reduced ocular surface inflam-
mation by downregulating the expression of integrin αM and ß2 subunits, key media-
tors in C3-mediated inflammatory pathways. In clinical trials, topical Risuteganib 
was evaluated in DED patients using concentrations ranging from low (0.125%) to 
high (0.6%), administered as one drop twice daily for 12 weeks. All treatment groups 
demonstrated improvement, including increased TBUT (tear film breakup time), 
decreased SICCA dryness score, and improved VAS symptom index [55].

In a phase 2 trial (NCT03626636) involving patients with intermediate dAMD, 
intravitreal Risuteganib demonstrated encouraging results, with a significantly greater 
proportion of treated patients gaining ≥8 Early Treatment Diabetic Retinopathy Study 
(ETDRS) letters in best-corrected visual acuity (BCVA) compared to the sham group [57]. 
The FDA has granted Special Protocol Assessment (SPA) status for its phase 2b/3 develop-
ment, which also includes evaluation of a topical formulation [58].

4.5 Inhibiting amyloid-beta aggregates via MRZ-99030

Multiple large-scale epidemiological studies have suggested a potential bilateral 
association between AMD and cognitive decline. Aβ accumulation, a hallmark of both 
AMD and Alzheimer’s disease (AD), contributes to drusen formation and retinal neu-
rodegeneration [59–64]. Experimental studies have shown that subretinal injection of 
Aβ peptide directly induces RPE senescence, secretion of SASP factors, and AMD-like 
retinal degeneration in mice [64].

MRZ-99030 is a dipeptide that reduces Aβ1-42 oligomers by triggering a non-
amyloidogenic pathway, forming benign, amorphous Aβ1-42 assemblies [65]. It has 
also demonstrated the ability to reduce toxic Aβ species in the hippocampus, thereby 
reversing the synaptotoxic effects of Aβ oligomers in rat models [66]. MRZ-99030 
operates via a unique self-propagating mechanism, whereby the administrated 
compound continues to gather and sequester misfolded Aβ monomers.

An MRZ-99030-derived ophthalmic solution named GAL-101 (2%) is currently 
in a phase 2 trial, eDREAM (NCT06659549), aiming to slow GA lesion expansion and 
photoreceptor degeneration over 12–24 months. The trial is estimated to enroll 110 
participants and is expected to conclude in 2027.
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4.6 Modulating serotonin receptors via Tandospirone

As a member of the G protein-coupled receptor family that binds the endogenous neu-
rotransmitter serotonin (5-hydroxytryptamine, 5-HT), the 5-HT1A receptor is expressed 
in retinal tissues. 5-HT1A receptor has shown antioxidant and neuroprotective effects in 
oxidative stress models [67, 68]. In superoxide dismutase 2 (SOD2) knockout mice, which 
exhibit exaggerated oxidative stress and an AMD-like phenotype, daily subcutaneous 
5-HT1A agonist, 8-OH-DPAT, exhibited antioxidant and neuroprotective effects, reduc-
ing lipofuscin accumulation and increasing photoreceptor survival.

Tandospirone, a selective 5-HT1A agonist primarily used as an antidepressant, 
exerts neuroprotective effects through 5-HT1A activation. Its topical formula-
tion, AL-8309B (1% or 1.75% tandospirone), was developed for patients with GA 
(NCT00890097). Unfortunately, although no ocular adverse events were identified, 
GA lesion growth and mean visual acuity did not significantly differ between treat-
ment and control groups [69], suggesting that broad serotonergic modulation may be 
insufficient to halt retinal neurodegeneration.

5.  Topical agents for treating retinal degeneration in preclinical studies

Various synthetic or repurposed therapeutic agents have been evaluated as eye 
drops in preclinical models of dAMD (Table 1). Although these early efforts have not 
yet been brought under the scrutiny of clinical studies, their demonstrated efficacy in 
animal studies suggests promising avenues for future therapeutic development.

5.1 Inducing autophagy via trehalose

Autophagy is an essential catabolic process that mediates the degradation and 
recycling of damaged proteins, lipids, and organelles through lysosomal pathways. It 
plays a pivotal role in cellular homeostasis, especially in post-mitotic cells such as the 
RPE and photoreceptors. Disruption of autophagy contributes to dAMD pathogen-
esis through the accumulation of intracellular lipofuscin and extracellular drusen, 
mitochondrial dysfunction, and increased oxidative stress [70–73].

Trehalose, a naturally occurring nonreducing disaccharide of D-glucose, pene-
trates cells through fluid-phase endocytosis and can reach intracellular concentrations 
in the millimolar range despite its hydrophilicity [30, 74]. It is a potent mTOR-
independent activator of autophagy, exerting neuroprotective effects in mouse 
models of lysosomal storage diseases and other neurodegenerative conditions [75]. 
Mechanistically, trehalose enhances transcription factor EB (TFEB), a master regula-
tor of lysosomal biogenesis, thereby restoring lysosomal function independently of 
mTORC1 inhibition [76]. Since TFEB activation also helps inhibit oxidative stress-
induced senescence and the SASP in auditory cells [77], it is plausible that trehalose 
may exert similar protective effects against premature senescence in RPE cells.

In apolipoprotein E (APOE)-deficient mice, a model of early AMD, oral trehalose 
treatment ameliorated retinal functional loss and reduced Bruch’s membrane thicken-
ing [78]. Clinically, trehalose-containing eye drops (3% w/v), often combined with 
carboxymethylcellulose or sodium hyaluronate, are widely used in DED for their anti-
inflammatory and osmoprotective properties [79–81]. Trehalose has demonstrated 
excellent safety even at concentrations up to 30% [82], highlighting its potential for 
high-dose or long-term ophthalmic use.
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Our recent study demonstrated that topical application of 9% trehalose twice 
daily for 2 weeks protected against light-induced RPE and photoreceptor damage in 
mice, preserving outer nuclear layer thickness and junctional F-actin organization. 
Raman spectroscopy confirmed trehalose penetration into the posterior segment [12]. 
While lipophilic drugs typically cross the corneal epithelium barrier via the transcel-
lular route, hydrophilic drugs, including trehalose, more plausibly reach posterior 
ocular tissues through lateral diffusion across conjunctival and sclera, followed by 
penetration through Bruch’s membrane and RPE [31, 83]. These findings support the 
therapeutic potential of topical trehalose for addressing early autophagy dysfunction 
in dAMD.

5.2  Inhibiting apoptosis and inflammation via 6R-conjugated Fas-blocking 
peptide

The transmembrane glycoprotein Fas (CD95), a member of the tumor necrosis 
factor (TNF) receptor superfamily, is a key mediator of apoptosis and inflammation 
in various retinal diseases, including AMD. Fas activation triggers the extrinsic apop-
totic pathway via caspase-8 and engages mitochondrial cell death via truncated BID 
(tBID), often accompanied by the release of inflammatory cytokines such as TNF-α 
and IFN-γ through NF-κB pathways. Oxidative stress and p53 activation further 
upregulate Fas in RPE cells, potentiating their sensitivity to apoptosis [36, 84].

A Fas-blocking peptide (FBP) conjugated with a cell-penetrating hexa-arginine 
(6R) sequence demonstrated robust retinal protection when administered topi-
cally in NaIO3-induced dAMD models in mice and rabbits. The 6R-FBP reduced Fas 
expression, pro-inflammatory cytokine production, and macrophage infiltration 
while enhancing M2 macrophage polarization. Retinal integrity was preserved, as 
confirmed by optical coherence tomography (OCT) and fundus imaging [36]. These 
findings underscore the potential of 6R-FBP eye drops in modulating Fas-mediated 
apoptosis and inflammation in dAMD.

5.3 Inhibiting necroptosis via RIPK1-inhibitory compound

Necroptosis, a regulated form of necrotic cell death, is orchestrated by receptor-
interacting protein kinase 1 (RIPK1), which interacts with RIPK3 and mixed-lineage 
kinase-like domain (MLKL) to execute inflammatory cell death. This pathway is acti-
vated in response to oxidative stress, inflammatory cytokines, and damage-associated 
molecular patterns (DAMPs), all of which are elevated in AMD [85, 86]. dsDNA, a drusen 
component, can trigger necroptosis via RIPK1-RIPK3-MLKL, and RIPK3 knockout mice 
are protected against AMD-like retinal degeneration and neuroinflammation [87].

In other animal species, including rats, rabbits, and pigs, NaIO3 injection induced 
RIPK1-mediated necroptosis in RPE cells, recapitulating features of human dAMD. 
Treatment with a synthetic RIPK1-inhibitory compound (RIC) via eye drops potently 
suppressed catalytic activity of RIPK1, preventing RPE cell loss and maintaining retinal 
function, as demonstrated by fundoscopy and electroretinogram analyses. The study also 
confirmed excellent retinal penetration without evident retinal toxicity [37].

5.4 Attenuating inflammation via TIR-derived immunomodulatory peptides

Toll-like receptor (TLR) signaling, mediated by Toll/interleukin-1 recep-
tor (TIR) domains, plays a critical role in the immune response by recognizing 
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pathogen-associated molecular patterns (PAMPs) and DAMPs, which underpin the 
host defense against both external pathogens and endogenous cellular damage. Upon 
ligand binding, TLRs undergo oligomerization, leading to the recruitment of adap-
tor proteins such as MyD88 and TRIF through TIR-TIR domain interactions. These 
interactions trigger a signaling cascade involving pathways such as NF-κB, MAPK, 
and IRF, ultimately inducing the production of cytokines, interferons, and inflam-
matory mediators [13, 88, 89]. To modulate TLR signaling in chronic immune-related 
disorders, TIR-derived immunomodulatory peptides (TDIPs) have been developed to 
block TIR-TIR interactions.

In a NaIO3-induced retinal degeneration model, topical administration of TDIP1 
and TDIP5 preserved the integrity of photoreceptor segments and reduced ONL thin-
ning. Photoreceptor cell death was significantly attenuated. The TDIPs demonstrated 
favorable pharmacokinetics, with half-lives of 6–48 hours, and effectively suppressed 
TLR-driven complement C3 upregulation [38]. These findings support the develop-
ment of TDIPs as anti-inflammatory eye drops for retinal degeneration.

5.5 Inhibiting retinal cell death via CK41016 and SBL03

CK41016 is a small-molecule antioxidant with demonstrated protective effects in 
RPE cells under oxidative stress. While its mechanism of action is not fully elucidated, 
pharmacokinetic studies in rats and rabbits indicate selective distribution to the retina 
and choroid following topical administration, with retinal drug levels maintained for 
several hours post-dosing [33]. However, lower retinal delivery in rabbits than in rats 
suggests interspecies variability that warrants further investigation prior to human 
application.

SBL03, developed by SeaBeLife Biotech, is a topical ophthalmic gel targeting 
both necroptosis and ferroptosis. In animal models replicating key features of GA, 
repeated topical administration of SBL03 demonstrated significant protection of 
retinal structure and function. Assessments using electroretinography, OCT, and 
fundus autofluorescence indicated that SBL03 effectively reached retinal tissue 
and preserved visual function. A clinical trial for SBL03 is anticipated in 2026, 
marking it as one of the most advanced necrosis-inhibiting eye drop candidates in 
dAMD therapeutics [90].

6.  Overcoming barriers in topical drug delivery

One of the most critical obstacles in the development of topical agents for dAMD 
is achieving effective drug delivery to the posterior segment of the eye. Conventional 
eye drops often fail to reach the intended target tissues, such as the RPE, lack sus-
tained action, and do not provide sufficient therapeutic duration to halt the progres-
sion of AMD.

To address these limitations, a variety of advanced topical formulations 
and sustained-release delivery systems have been developed to enhance drug 
penetration into and retention within posterior ocular tissues. These include 
nanoparticle-based delivery platforms, emulsions, nanostructured lipid carriers, 
liposomes, niosomes, cyclodextrins, in-situ gels, and contact lens-based drug 
delivery technologies [27, 31, 32].

For instance, a hydrogel ring designed for topical delivery of ofloxacin signifi-
cantly increased therapeutically relevant concentrations in the retina and choroid in 
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rabbits [91]. A dexamethasone delivery system (Dex-DS) employing a drug-eluting 
contact lens achieved controlled and enhanced drug delivery to the retina, with the 
retinal drug concentrations 200 times higher than those achieved with hourly dexa-
methasone drops in rabbits [92].

Although aqueous vehicles are commonly used for eye drop formulations, novel 
lipid-based nanocarriers have gained attention due to their ability to enhance drug 
diffusion and bioavailability in preclinical studies [93]. Examples include annexin 
A5-associated liposomes [94], submicron-sized (100 nm) lipid emulsions [95, 96], 
nanoemulsified fingolimod [97], and polyethyleneglycolylated microemulsion [98].

In a phase 1/2 prospective interventional clinical trial, high-dose oral admin-
istration of lipophilic statin atorvastatin (80 mg daily) in 23 patients with dAMD 
characterized by soft, lipid-rich drusen led to regression of lipid deposits, with some 
patients experiencing mild improvements in visual acuity [99]. However, systemic 
drug delivery is often limited by the restrictive nature of the blood-retinal barrier 
(BRB), reducing therapeutic efficacy.

Given these limitations of systemic delivery, researchers engineered a novel eye 
drop formulation using atorvastatin-loaded solid lipid nanoparticles. This formula-
tion significantly improved corneal penetration and drug stability, enabled successful 
delivery to the posterior eye, and demonstrated ocular safety across multiple animal 
models, including rats, rabbits, and pigs [100]. Ongoing innovations in the pharma-
ceutical design of eye drops are expected to yield more effective drug delivery systems 
capable of treating posterior segment diseases such as dAMD.

7.  The importance of disease stage and drug specificity

Due to the dynamic nature of pathological mechanisms in AMD, it is essential to 
optimize therapeutic timing and target specificity for treatment success. Data from our 
research and other studies emphasize the critical importance of aligning drug administra-
tion with disease stage to maximize efficacy while minimizing side effects [12, 101].

For example, transcriptomic analyses of autophagy-lysosome pathway genes in the 
RPE/choroid across aging and AMD progression reveal distinct regulatory patterns 
[12]. While aging is associated with a predominant downregulation of autophagy-
lysosome gene expression, AMD introduces additional complexity, exhibiting 
stage-dependent dysregulation. In early AMD, age-related autophagy decline is not 
adequately compensated under oxidative or metabolic stress, leading to impaired 
waste clearance and cellular dysfunction. As the disease progresses to the intermedi-
ate stage, marked by increasing RPE and photoreceptor cell death, the remaining 
viable cells may mount a compensatory upregulation of autophagy and lysosomal 
pathways in an effort to manage accumulated damage. However, this compensatory 
mechanism appears to deteriorate with further progression. Ultimately, in late-stage 
AMD (GA or wAMD), autophagy and lysosome pathways become bidirectionally 
dysregulated, accompanied by extensive and irreversible cell loss [12].

This progression underscores the therapeutic challenge: because photoreceptor 
degeneration is largely irreversible, interventions applied during the advanced stages 
of AMD are less likely to restore retinal architecture or function effectively. Hence, 
initiating treatments, particularly autophagy-enhancing therapies, during early 
disease stages may be crucial. Delayed intervention may not only be ineffective but 
also could potentially exacerbate degeneration or interfere with maladaptive cellular 
responses [101–103].
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Moreover, drug responses can be highly dose- and context-dependent. Trehalose, 
for instance, promotes autophagy and may delay the onset of cellular senescence in 
RPE cells under oxidative stress. However, at higher concentrations, trehalose has 
been shown to induce a transient, reparative senescence-like phenotype in fibro-
blasts—potentially aiding tissue repair rather than merely preventing degeneration 
[104]. These findings highlight a possible dual function of trehalose, with its effects 
varying by both concentration and cell type. Whether trehalose exhibits similar dose-
dependent effects in retinal tissues at therapeutic concentrations remains uncertain 
and requires further investigation.

8.  Combination therapy

Given that AMD involves both localized retinal pathology and systemic factors, 
an integrated treatment strategy targeting both domains may be essential [14, 105, 
106]. One notion is that AMD represents an ocular manifestation of systemic condi-
tions, with progression exacerbated by factors such as obesity, metabolic syndrome, 
and aging. Although current evidence remains limited, emerging studies suggest that 
combining local and systemic therapeutic approaches could yield synergistic effects, 
offering a promising avenue for future treatment strategies.

For instance, a recent case report described significant improvements in a 73-year-
old patient with dAMD following daily home-based PBM alongside consistent intake 
of AREDS-2 supplements [107]. PBM is a low-energy light therapy that meets the 
metabolic demands of RPE and photoreceptors by activating mitochondrial function 
and enhancing ATP production. Over an eight-month period, the patient experi-
enced enhanced visual acuity from 20/30 to 20/20 in one eye, while the other eye 
stabilized at 20/25. Furthermore, a notable reduction in drusen volume and number 
was observed in both eyes, suggesting potential synergistic effects of combining light 
therapy with systemic antioxidants.

Both topical and oral administration routes are non-invasive and offer optimal 
patient adherence. For patients with comorbidities such as obesity or metabolic 
or cardiovascular conditions, combination therapies that address both ocular and 
systemic components may be beneficial. One such candidate is metformin, which 
exerts cytoprotective effects primarily by activating the AMP-activated protein kinase 
(AMPK) pathway, a key regulator in aging, as well as through AMPK-independent 
mechanisms that regulate autophagy, apoptosis, and cellular senescence [108].

Preclinical studies have shown that metformin directly inhibits angiogenesis 
in human retinal vascular endothelial cells and suppresses neovascularization and 
diabetes-induced retinal leukostasis in STZ mice [109]. Epidemiological evidence 
further supports its protective role: a meta-analysis of retrospective data indicated 
a reduced risk of AMD in individuals with diabetes who used oral metformin [110]. 
A more recent meta-analysis of 18 observational studies, including over 2.6 million 
individuals, reported a significant reduction in AMD risk among metformin users, 
with observed benefit in both diabetic and non-diabetic populations, despite substan-
tial heterogeneity across studies (I2 = 90%) [111].

These findings support the hypothesis that combining oral metformin with topical 
therapies in early dAMD may enhance therapeutic outcomes through additive or 
synergistic mechanisms. To validate this strategy, rigorous randomized controlled tri-
als are needed to assess efficacy, optimal dosing, and potential interactions in diverse 
patient populations.
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9.  Conclusions

Topical treatments that are both safe and effective remain the “holy grail” for 
managing early-stage AMD, a condition that leaves many patients living in fear of its 
progression to irreversible, vision-threatening forms. Among therapeutic candidates 
investigated in clinical and preclinical settings, repurposed compounds are particu-
larly compelling due to their established safety profiles, affordability, and potential 
for expedited regulatory approval. As our understanding of disease mechanisms 
deepens, an increasing number of eye drop-based therapies, either as monotherapy 
or in conjunction with systemic treatments, are expected to emerge in the near 
future. Nonetheless, the complexity of dAMD pathophysiology and the difficulty of 
achieving sufficient drug bioavailability at the site of retinal degeneration continue to 
pose significant challenges. In dAMD, the retina endures a slow but relentless dete-
rioration, reminiscent of the myth of Tithonus, a figure granted eternal life without 
eternal youth, condemned to a state of perpetual decline. Our quest for effective, 
localized, and non-invasive treatments seeks to rewrite that fate, aiming to slow or 
even halt retinal degeneration while preserving function. By intervening early and 
delivering therapies directly to the eye, we aspire not only to protect vision but also to 
support healthy aging.
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and Reducing Ageism
Karen Samvelovich Bagdasaryan, 
Larisa Viktorovna Girko, Svetlana Girshevna Gorelik, 
Alexandra Anatolyevna Melnichenko  
and Natalya Aleksandrovna Mokicheva

Abstract

In modern society, the demographic process has changed, and the average age of 
the population is increasing every year. This means that issues related to the viabil-
ity and quality of life of older people are becoming more relevant. Ageism, which 
manifests itself in age discrimination, negatively affects the quality of life of older 
people, their social activity and self-esteem. In addition, in recent decades, intergen-
erational interaction has become the subject of active research in various fields of 
knowledge. Research in the field of intergenerational relations and their impact on 
the viability of older people shows that intergenerational relationships and interaction 
with other generations contribute to increased self-esteem, the development of life 
goals and self-realization. Interpersonal relationships, especially within the fam-
ily, have a significant impact on the viability of older people. Interaction within the 
family ensures the transfer of experience and values from one generation to another, 
promotes psychological support and the creation of a positive atmosphere. It is known 
that a negative view of old age, perception and attitude towards the elderly is formed 
at an early age, which is reflected in surveys demonstrating ageist stereotypes among 
the younger generation. Meanwhile, no research has been conducted in Russia on the 
prevalence of ageism among different age groups, and no attempts have been made to 
reduce ageism and increase the viability of the older generation by building an active 
intergenerational dialog and organizing joint events. This “gap” served as the basis for 
the decision to conduct a study on the impact of intergenerational ties.

Keywords: intergenerational ties, elderly people, vitality, ageism, children

1.  Introduction

The problem of social discrimination is a serious and urgent problem of modern soci-
ety, which is increasingly attracting the attention of researchers. Social discrimination is 
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understood as the restriction of certain human rights on the basis of signs that objectively 
do not affect their ability to exercise these rights. Age discrimination (ageism) is a type 
of social discrimination that includes negative attitudes towards people of a certain age 
group, depriving them of equal rights, etc. It is based on age stereotypes. The term ageism 
was first used in 1969 by the director of the US National Institute of Aging, Butler. The 
author understood ageism as negative stereotypes, according to which older people are 
characterized by senile dementia, rigid attitudes, psychological and social dependence [1]. 
Let us look at the relationship between age discrimination and psychological well-being 
in the elderly. The authors Kang and Kim reviewed 13 articles that empirically confirm 
the negative impact of age discrimination on the psychological well-being of older people 
[2]. The results of the study showed that an increase in the level of age discrimination is 
statistically significantly associated with a decrease in psychological well-being among the 
elderly. In 62% (8 out of 13) of the studies studied, age discrimination was considered as a 
predictor affecting the psychological well-being of older people using regression analysis. 
All regressions included control variables such as sociodemographic, socioeconomic, and 
physical health.

Depression was one of the assessed indicators in 54% (7 out of 13) of the stud-
ies. Increased perception or experience of age discrimination was associated with 
increased symptoms of depression, both stress and anxiety. One study showed that 
the experience of age discrimination is significantly associated with the prevalence of 
stress, anxiety disorders, and depression ([3], p. 1458). In another study, it was found 
that ageism directly affects stress and has an indirect effect on depression through 
stress [4]. Another author points out that negative age stereotypes are associated 
with higher levels of depression and loneliness, and low morale. Life satisfaction was 
assessed in 38% (5 out of 13) of the studies. The results of these studies have shown 
that perceived ageism and the experience of discrimination are associated with low 
life satisfaction in the elderly. For example, a study showed that age-based discrimina-
tion predicts low life satisfaction among older adults. This corresponds to the results 
of the study by Ayalon and Ts. There are researchers who have found a negative 
relationship between perceived discrimination and life satisfaction ([4], p. 156).

Older people face many changes and difficulties that can cause stress and worsen 
mental health. But there are psychological resources and adaptation strategies that 
can help older people cope with these problems.

The purpose of our work is to study the level of age discrimination among rep-
resentatives of different age groups; identification of the role of intergenerational 
connections in improving the quality of life of the elderly.

2.  Research objectives

1. To study the level of knowledge in the field of aging and attitudes towards the 
older generation in a group of subjects of different ages.

2. To improve the age viability of the older generation through the development of 
intergenerational ties. We aim to determine how interaction with representatives 
of other generations affects the emotional well-being, cognitive functions and 
general perception of the lives of older people.

To achieve this goal, a study was conducted aimed at determining the 
level of subjectively experienced discrimination by subjects from several age 
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groups—representatives of a group of younger schoolchildren, older schoolchildren 
and representatives of a group of adults (students of medical universities). The 
study was conducted over several years (from 2019 to 2023) on the basis of MBOU 
Gymnasium No. 5 in Belgorod (junior schoolchildren), Bolshetroitskaya Secondary 
School (high school students), NRU BelSU Medical College (medical students), and 
the Belgorod Department of Social Protection of the Population, and included three 
consecutive stages, which were in the nature of a prospective cohort study. A total of 
286 people aged 7–19 participated in the study (146 of them were representatives of 
different age groups to assess the level of intergenerational interaction, 46 younger 
schoolchildren, 52 elementary school students, 58 students) and the elderly.

Original questionnaires were developed for schoolchildren. The main research 
method among medical students was the scale of attitudes towards the older genera-
tion, developed by Kolpina (a modification of the Kogan scale). These questionnaires 
and scales were designed to determine the level of subjectively experienced discrimi-
nation by subjects representing discriminated groups.

For representatives of the older generation, the research used the method of question-
ing and interviewing older people. To assess the emotional state, the level of loneliness, 
and the quality of life of the older generation, standardized questionnaires were used, 
such as the Psychological General Well–Being Index [5] and the Brief Resilience Scale 
(BRS). In addition, focus groups were organized for a deeper study of the perception and 
values of intergenerational relations. The total number of elderly people surveyed was 130 
people who were in social institutions and were served at home, as well as elderly people 
who lead an active social life “Silver Volunteers” aged from 63 to 72 years, of whom 46 
received social services in stationary and semi-stationary forms, 84 were pensioners who 
continue to work. A study was conducted.

At the first stage, the level of knowledge in the field of aging and attitudes towards the 
older generation were studied (the level of ageism was determined, Figure 1) in different 
age groups using interview methods and questionnaires using original questionnaires.

The first stage was attended by: elementary school students (6–8 years old)—46 
people; high school students (15–17 years old)—52 people; Total—98 people [6, 7].

We also decided to assess the level of ageism among medical students (nurses 
caring for patients); 1st year students (18–19 years old)—58 people;

At the first stage of the study, the viability and quality of life of older age groups 
were also studied. The study involved: elderly people who are in social service centres, 
46 of whom received inpatient and semi-inpatient social services, 84 were pensioners 
who continue to work.

The following geriatric tools were used: a scale for assessing the Index of General 
Psychological Well-being; a short scale of age-related vitality; a short questionnaire of 
quality of life SF-36 (Medical Outcomes Study-Short Form—MOS SF-36, John E. Ware).

Based on the data obtained from the first stages of the study, we have developed a 
program to increase the age viability of the elderly. The main goal of our program was 
to reduce the degree of ageism among the younger generation by improving intergen-
erational ties, as well as increasing the vitality and quality of life of the elderly people 
participating in the study.

At the second stage of our study, we suggested the following hypothesis: the 
level of subjectively experienced age discrimination in the group of adolescents and 
children is at a higher level than in the group of adults. The manifestation of ageism 
was noted in 76.8% of primary school students.

The manifestation of ageism was detected in 73.7% of high school students (Graph 
No. 2). Students have a 71.1% level of household ageism (Graph No. 1).
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Figure 2. 
Schedule No. 2.

Thus, our hypothesis was confirmed. The level of subjective discrimination 
in the group of teenagers was higher than in the group of adults. According to the 
U-Mann–Whitney criterion, differences in the level of discrimination are in the zone 
of significance (Uemp =41, with p < 0.01); therefore, these differences are recognized 
as statistically significant. The problem of age discrimination, as our research has 
shown, is relevant, in particular, for adolescents and children (Figure 2).

Figure 1. 
Schedule No. 1.
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At the third stage, we developed and implemented the project “Gerontological 
education of schoolchildren”, which included separate blocks:

1. Project block: Working with younger schoolchildren to develop a program 
(Tables 1–4) for extracurricular activities of younger schoolchildren working with 
parents and the older generation of younger schoolchildren.

Block 2 of the project is the creation of a volunteer group of different ages and 
joining the ranks of the “Silver Volunteers of Belgorod region”, in which children, 
together with their parents and older family members, participated in joint activities. 
The proposed project has been put into practice with an assessment of effective-
ness. The effectiveness was determined by: reducing the degree of ageism among 
schoolchildren and students, improving good manners, improving psychological 
well-being, vitality and quality of life of the elderly people participating in the project 
using questionnaires and questionnaires used at the first stage of the study. A total of 
300 people aged 7 to 19 took part in the third stage (166 of them were representatives 
of different age groups, 46 younger schoolchildren, 52 elementary school students, 68 
students) and the elderly (134 people) to assess the level of interaction between gen-
erations. We conducted a survey of people of different age categories using original 
questionnaires aimed at determining the level of knowledge in the field of gerontol-
ogy and geriatrics, the degree of ageism, criteria for the level of education of students 
and the impact of changing attitudes towards the elderly on the viability of the elderly 
population after 4 years.

Statistical data processing was carried out using the application software packages 
Statistica 10 and SAS JMP 11. The statistical significance of the group differences for 
binary and nominal indicators was determined using the Pearson Chi-square test. The 
level of statistical significance was fixed at 0.05.

№ Topic Content Methods and forms

1 What is age? The concepts of childhood, 
adulthood and old age.

Interactive conversation, working with a 
calendar of ages, a person’s life line.

2 How does a person 
change with age?

Physical and emotional 
changes.

The game “Portrait at different ages”.

3 Who are the elderly? A conversation about 
grandparents and their roles.

Painting
“My grandmother/grandfather.”

4 An elderly man is 
interesting!

Stories and hobbies of the 
elderly, their grandparents.

A story or a meeting with elderly volunteers. 
Holiday Fair.

5 Stereotypes about old 
age.

What is bias, and why old 
age is not scary.

Comparative analysis of images/persistent 
stereotypes about old age in children, the game 
“Myth and Truth”.

6 How are older people 
like children?

Emotions, needs, care. Game
“Guess by the expression on his face.”
Drawings, stories, stories: how children 
resemble their grandparents.

7 Why respect the elderly? Family values, traditions. Creative task
“Tree of respect”.

8 The result of the module: 
“Me and my elders”

An exhibition of drawings, 
mini-stories.

Project format, presentation, creation of a 
“Family tree”

Table 1. 
Objective: To form children’s understanding of old age as a natural and respected stage of life.
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№ Topic Content Methods and forms

9 What is health? Introduction to the concept of 
physical and psycho-emotional 
health.

“Health portfolio” (modeling, 
application).

10 Why does health begin in 
childhood?

Principles of a healthy lifestyle. Group work: we collect the “right day”, an 
analysis of mandatory routine actions to 
preserve health.

11 Healthy lifestyle and aging. How what we do today affects 
the future.

Cartoons with discussion.

12 Move like a grandmother! Exercises that are useful for 
all ages.

Joint charging
(video or live example), filling out 
checklists for a month/3/9 about joint 
exercise with elderly relatives.

13 Nutrition and age. Healthy food for children and 
the elderly.

The game “Collect a plate of health”.

14 Sleep, water, sun—health is 
all around.

Habits that promote health. Quest is a healthy lifestyle game.

15 Emotions and health. How mood affects well-being. Exercise “Mood color”. Filling out a 
checklist for a month/3/9 about your 
mood (in class, at home)

16 Illness and care. Why do the elderly get sick 
more often and how can we 
help them.

Role-playing game: “I’m an assistant.”

17 Memory, attention, and 
brain training.

Development of cognitive 
functions.

Memory and attention games.

18 The result of the module: 
“How to be healthy all your 
life”

Presentation of the book
“How to become a healthy old 
man.”

Teamwork.

Table 2. 
Objective: To form the belief that one’s own health since childhood influences active and successful aging in the 
future.

№ Topic Content Methods and forms

19 What is friendship 
between generations?

Different interests, but common 
communication.

Reading works about the importance 
of passing on the experience of the 
older generation to the younger.

20 What do our elders 
teach us?

Wisdom, experience, traditions. Interactive:
“Advice from Grandma.” Children 
collect advice from their older 
relatives and read it to the class.

21 Visiting my 
grandmother.

Ethics of behaviour, help. Creating a memo
“How to be a kind grandson.”

22 Good deeds for the 
elders.

Real ways to help. Project: "I help my grandmother 
around the house.”

23 Joint holidays Why it’s important to celebrate holidays 
together.

Preparation of congratulations.

24 In the world of hobbies Hobbies of the older and younger ones. A master class from grandma/
grandpa.

25 A letter to the grandson 
of the future

Wishes for yourself in old age. A personality-oriented task.
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3.  Conclusions

Ageism is defined as negative stereotypes about older people that lead to discrimi-
nation, segregation, and neglect [8]. For example, older people who adhere to and 
internalize negative age stereotypes and attitudes decrease cognitive and physical 
activity. There is general agreement in our rapidly aging societies that ageism should 
be combated in order to promote healthier aging and better integration of older 
people into social activities. Generational Engagement Programs (PVP) are an effec-
tive tool for combating ageism, contributing to the mutual enrichment of experience 
and knowledge between different age groups, as well as these programs improve the 
viability of older people, and reduce depression.

Negative views and attitudes towards the elderly can begin at an early age. When 
school-age children are asked what they think about the elderly, they often reveal 
negative views and ageist stereotypes [6, 7].

№ Topic Content Methods and forms

26 A small volunteer A conversation about help and support. The game situation is “I am a 
volunteer”.

27 The result of the 
module: “Me and my 
older friends”

A flash mob, a social day, a celebration 
for their grandparents, a guest visit with 
a festive concert at a nursing home, etc.

Table 3. 
Objective: To develop children’s intergenerational skills and an understanding of the importance of communicating 
with elders.

№ Topic Content Methods and forms

28 Old age is about the future We think: “What will I be like 
in my old age?”

Drawings of “Me at 80”.

29 I choose to be healthy. We model our lives: food, 
movement, good deeds.

The game “The Way of health”.

30 What would a world like where 
elders are respected be like?

The values of kindness and 
mutual assistance.

Group fairy tale, performance, 
creation of a plasticine city

31 Everyone ages differently. The diversity of old age. Comparative analysis
“Who ages how?” using the example 
of people, animals, and plants.

32 What can I do for the elders? Reflection. Circle of care:
a practical task. A record of good 
deeds and help for older people.

33 Me and my health The results of personal growth. Self-assessment of habits.

34 A gift for an elderly friend Preparation of a collective 
gift / postcard.

Creative workshop.

35 The Feast of Goodness A joint event with the 
invitation of the elderly.

Concert, exhibition of works, fair.

36 Bottom line: “I am a friend of the 
elders, I am a friend of myself in 
the future”

Summing up, discussions. A solemn lesson.

Table 4. 
Goal: To create an image of the future in children, in which active aging is possible due to the efforts already being 
made.
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The study confirmed the high prevalence of ageism and gerontological stereotypes 
among schoolchildren, mostly in the lower grades 76.8%. When studying the attitude 
of younger schoolchildren to old age, the following data were obtained: that slightly 
less than half (44.0%) believe that living in old age is hard, difficult and the life of an 
elderly person is very bad. A total of 39.2% of children believe that life is sad in old 
age; 22.4% of children think the life of an elderly person is interesting and fun; 9.6% 
think it is respected. Perhaps such answers are related to children’s feelings that during 
this period of life people only relax and do what they love.

When the children were asked to write five words about how they perceive the 
elderly, it turned out that 21.1% consider them wise, 12.3% kind. But 17.5% believe 
that older people constantly need help, 9.6% believe that older people are constantly 
sick. A total of 15.8% of younger students noted that it is very difficult for them to 
communicate with older people and older people, including their grandparents, do 
not understand them. The connection of ageist attitudes with a number of factors has 
been revealed. Firstly, the lack of live communication with the elderly contributes to 
the persistence of prejudice. Respondents who do not live with older relatives are less 
aware of their health status and are less likely to participate in helping them, which 
indicates a more pronounced disregard for the needs of the elderly. On the contrary, 
permanent cohabitation with elderly relatives turns out to be a factor that reduces 
the tendency to ageism: there is a more positive perception of the older generation. 
Secondly, there are psychological reasons: the respondents themselves.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 4

Water-Based Wellness: Unlocking 
Physical Resilience and Functional 
Longevity in Ageing Population
Aryan Shukla

Abstract

As the global population ages, a pressing gap emerges between lifespan and 
health span marked by chronic degeneration, immobility, and psychosocial decline. 
Traditional geriatric care often fails to address the complex interplay of physical, 
emotional, and cognitive wellness. This chapter explores hydrotherapy as a trans-
formative, science-backed intervention in geriatric care. Drawing from physiology, 
neuroscience, and rehabilitation medicine, it outlines how water-based therapy 
supports function preservation, joint health, balance, and cardiovascular safety 
while also reducing anxiety, isolation, and fear of falls. With principles grounded in 
buoyancy, thermodynamics, and hydrostatic pressure, hydrotherapy creates a joint-
friendly environment that fosters movement without strain. The chapter also reviews 
various modalities including warm water therapy, aquatic tai chi, contrast baths, and 
underwater treadmill training, comparing their outcomes with land-based therapies. 
Practical models for integrating hydrotherapy into elderly routines are also presented, 
along with strategies to overcome barriers like infrastructure, cost, and profes-
sional availability. By linking clinical evidence with real-world applications, this text 
presents hydrotherapy not just as a rehabilitative tool but as an essential component 
of preventive strategy that enhances autonomy, dignity, and long-term well-being in 
older adults.

Keywords: geriatric wellness, low-impact exercises, hydrotherapy, healthy ageing, 
fall prevention

1.  Introduction

The world is undergoing a demographic shift, with people over 60 years expected 
to outnumber those under 15 for the first time in history by 2050 [1]. This transition 
brings with it an urgent concern: how do we ensure quality of life, not just longevity? 
Ageing is inherently accompanied by chronic degenerative processes like decreased 
joint flexibility, reduced vascularity, generalised sarcopenia and neurological decline 
[2]. These factors contribute to disability associated with falls, reduced functional 
independence, and increased healthcare dependency among the elderly. Amidst 
this, we face a pressing “wellness gap,” the growing division between lifespan and 
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health-span. While advances in medicine have extended human life expectancy, 
they have not proportionately improved the years lived in good health. This paradox 
presents both a clinical challenge and an opportunity for how we maintain function, 
mobility, and dignity as people age. Hydrotherapy, a therapeutic approach involving 
the use of water for pain relief and treatment, is emerging as a promising solution. By 
harnessing the principles of buoyancy, resistance, hydrostatic pressure, and tempera-
ture, hydrotherapy allows ageing individuals to engage in functional activity without 
the strain imposed by gravity [3]. The buoyancy of water reduces joint load, enabling 
movement even in individuals with osteoarthritis or frailty. Hydrostatic pressure 
improves venous return and circulation, while warm water supports muscle relax-
ation and pain modulation [4]. Multiple randomised controlled trials and meta-anal-
yses support the effectiveness of hydrotherapy, like Vivas et al. [5] found that aquatic 
therapy significantly improved balance and reduced the fear of falling in community-
dwelling older adults. Another study by Noh et al. [6] highlighted improved gait 
patterns and confidence among stroke patients receiving aquatic therapy, illustrating 
its neurological benefits. Psychologically, hydrotherapy has also been shown to reduce 
symptoms of anxiety and depression and to increase motivation for physical activ-
ity among the elderly [7]. These findings align with the biopsychosocial model of 
ageing, emphasising the interdependence of mind and body in therapeutic outcomes. 
Incorporating hydrotherapy into ageing care offers a regenerative model—one that 
not only rehabilitates but revitalises. It bridges the gap between ageing and wellness 
by restoring function, dignity, and autonomy. As healthcare systems grapple with 
ageing populations, hydrotherapy represents an integrative, evidence-based tool for 
future-ready rehabilitation.

A compelling example of this integrative potential can be found in the National 
Health Service (NHS) in the United Kingdom, where community hydrotherapy pro-
grammes are being implemented for elderly patients with osteoarthritis, Parkinson’s 
disease, and post-stroke impairments. In these programmes, patients report not only 
improvements in functional independence and balance but also reductions in pain 
perception and fear of falling [5, 7]. This model reflects the evolving approach in 
geriatric rehabilitation, which increasingly prioritises holistic, person-centred care. 
It emphasises functional improvement rather than merely managing symptoms and 
promotes proactive maintenance instead of reactive crisis intervention. However, 
the development and implementation of such comprehensive care systems remain 
limited. These progressive shifts are primarily observed in well-developed regions 
and advanced healthcare settings. The true challenge lies in underserved and under-
resourced areas, where ageing populations continue to struggle for basic functional 
mobility and pain-free quality of life.

2.  Geriatric wellness: The emerging crisis

The emerging crisis is not merely about longevity but the capacity to live well in 
advanced age. Ageing populations are exerting tremendous pressure on healthcare 
systems worldwide. While life expectancy has increased substantially, this has 
not been matched by a proportional rise in “Health-Adjusted Life Expectancy” 
(HALE)—a metric that quantifies years lived without disability [8]. In many coun-
tries, particularly those with ageing societies like Japan, Italy, and Germany, the 
final decades of life are increasingly characterised by comorbidities, frailty, cogni-
tive decline, and loss of autonomy. This rising burden is especially challenging for 
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healthcare economies. For instance, in the United States, over 80% of older adults live 
with at least one chronic condition, such as arthritis, hypertension, diabetes, or heart 
disease, and more than 60% live with two or more [9]. The financial cost of treating 
chronic illnesses in the elderly consumes a significant share of national healthcare 
budgets. Moreover, these “Geriatric syndromes” often lead to repeated hospitalisa-
tions, long-term medication use and a growing dependence on social and caregiver 
support systems, thereby intensifying economic and societal strain. The concept of 
these syndromes captures a set of multifactorial conditions that are not tied to a single 
disease process but have shared risk factors and significant impacts on functionality 
and quality of life. These include frailty, falls, urinary incontinence, cognitive impair-
ment, pressure ulcers, and delirium [10]. Such syndromes often interact in complex 
ways, leading to a cascade of functional deterioration and reduced resilience in older 
adults. For example, frailty, a clinical syndrome characterised by unintentional 
weight loss, weakness, exhaustion, slow walking speed, and low physical activity, 
affects approximately 10–15% of community-dwelling older adults [11]. Frail individ-
uals are more susceptible to hospitalisation, disability, and mortality, even after minor 
stressors like a cold or a brief period of immobility. Similarly, sarcopenia and osteo-
porosis lead to impaired mobility and an increased risk of falls, which are the leading 
cause of injury-related deaths in adults over 65 [12]. These physical declines are often 
compounded by cognitive syndromes such as mild cognitive impairment or dementia, 
creating a multidimensional burden on the individual and their support systems.

One of the central paradoxes in modern ageing is the widening gap between lon-
gevity and quality of life. Medical advancements have significantly prolonged human 
lifespan, but these extra years are frequently accompanied by a progressive decline in 
autonomy, purpose, and engagement. This paradox is stark: while people are living 
longer, they are not necessarily living better. The concept of “compression of morbid-
ity,” proposed by Fries [13], suggests that with effective preventive strategies, the 
period of disability and illness before death can be shortened, thereby enhancing the 
quality of life even as people live longer. However, in reality, many older adults experi-
ence an “expansion of morbidity,” where chronic diseases and disabilities extend over 

Figure 1. 
The above data illustrates the rising global burden of ageing, chronic disease prevalence and functional decline in 
older adults from 2000 to projected levels in 2050 [1, 15–17].
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many years. The misalignment between years lived and years lived well is not only a 
medical concern but a philosophical and ethical one. Increasing evidence shows that 
psychosocial factors—such as loneliness, loss of purpose, and social isolation—have 
a measurable impact on health outcomes, often equating in significance to traditional 
risk factors like smoking and obesity [14]. Thus, the solution lies not merely in adding 
years to life but in adding life to years. A function-oriented model of ageing must 
prioritise mobility, independence, cognitive vitality, and social participation. The 
WHO’s Decade of Healthy Ageing (2021–2030) [1] emphasises intrinsic capacity: the 
composite of all the physical and mental capacities an individual can draw on and 
functional ability as central goals for health systems (Figure 1).

As the geriatric wellness crisis looms larger, it is no longer sufficient to view 
ageing as a medical condition. It is a complex life stage requiring a multidisciplinary 
approach that spans biology, behaviour, environment, and policy. The goal should 
not be simply to extend life but to ensure that those additional years are meaningful, 
active, and dignified.

3.  Functional ageing under pressure: Systemic and psychosocial barriers

Ageing is intrinsically associated with a progressive deterioration of musculoskel-
etal integrity, which critically undermines functional independence in the elderly. 
Among the most prominent manifestations of this decline is sarcopenia, a condition 
marked by the gradual and debilitating loss of skeletal muscle mass, strength, and 
endurance. This multifactorial syndrome arises through complex physiological pro-
cesses that converge to weaken the neuromuscular system. The primary physiological 
precursor responsible for initiating the cascade is neuromuscular degradation, where 
ageing-associated functional decline and reduced muscle force output lead to a marked 
reduction in both the quantity and functionality of α-motor neurons. This decline 
impairs motor unit recruitment and induces muscle fibre denervation and subsequent 
atrophy, particularly of fast-twitch fibres, resulting in diminished coordination, 
slower reflexes, and increased susceptibility to falls [18]. Additionally, age-related 
hormonal alterations further exacerbate sarcopenia. A decline in anabolic hormones 
such as testosterone, growth hormone (GH), and insulin-like growth factor-1 (IGF-1) 
impairs protein synthesis pathways that are essential for muscle hypertrophy and 
regeneration. The reduction in IGF-1 in particular limits the activation of satellite 
cells which are crucial for muscle repair, thus weakening the body’s adaptive response 
to muscular stress or injury [19]. Simultaneously, mitochondrial dysfunction plays a 
pivotal role in accelerating muscular degradation. With ageing, mitochondria exhibit 
decreased oxidative phosphorylation efficiency and increased production of reactive 
oxygen species (ROS), leading to ATP insufficiency and elevated oxidative dam-
age within muscle fibres. This imbalance disrupts cellular homeostasis and induces 
apoptotic signalling, which promotes muscle cell death and further amplifies sarco-
penic progression [20]. Together, these interlinked mechanisms create a physiological 
cascade that not only erodes muscle performance but also compromises mobility, 
resilience to stress, and quality of life in ageing individuals (Figure 2). Understanding 
these mechanisms underscores the importance of early intervention strategies target-
ing neuromuscular health, hormonal balance, and mitochondrial function in order to 
preserve functional longevity and reduce dependency in the elderly.

In parallel with muscular decline, ageing also brings about progressive joint 
dysfunction, with osteoarthritis (OA) emerging as one of the most common and 
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debilitating conditions affecting older adults. The pathogenesis of OA is primarily 
driven by the degradation of articular cartilage, which serves as a shock-absorbing 
surface within joints. With advancing age, chondrocytes, the specialised cells that 
maintain the volume of cartilage, exhibit reduced autophagic activity, impairing 
their ability to clear damaged cellular components. Simultaneously, these ageing cells 
up-regulate the production of matrix metalloproteinases (MMPs) and other catabolic 
enzymes, leading to accelerated extracellular matrix breakdown and a consequent 
loss of chondral integrity. These changes result in a narrowing of the intra-articular 
space with extra-articular irritation and pain, leading to a decreased range of motion 
[21]. Beyond the cartilage, subchondral bone - the layer of bone just beneath the 
cartilage, also undergoes age-related remodelling impairments. Ageing disturbs the 
balance between bone resorption and formation, leading to increased bone fragility, 
microfractures, and structural instability across load-bearing articular surfaces of 
the major joints such as hips and knees. This compromised support accelerates the 
degenerative cycle, further weakening joint mechanics and function. The combined 
effects of musculoskeletal decline and age-associated sensory deterioration including 
reduced visual acuity, impaired proprioception, and progressive vestibular dysfunc-
tion substantially heighten the risk of falls in older adults. These deficits compromise 
spatial awareness and dynamic balance, making individuals more prone to tripping, 
misstepping, or experiencing disorientation, all of which directly impair postural sta-
bility and coordination. As a result, comprehensive fall prevention strategies become 
a necessity in geriatric care.

While physical deterioration is a hallmark of ageing, the psychosocial challenges 
that accompany later life stages often remain un recognised and untreated, despite 

Figure 2. 
The sarcopenic cascade—a progressive degeneration leading to muscle weakness and impaired functional capacity 
[18, 20].
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their profound impact on overall health and functional independence. Social isolation 
is common among older adults due to retirement, bereavement, reduced mobility, 
or institutionalisation, which is more than a social concern with deep physiological 
and neurological repercussions. Studies demonstrate that social disconnectedness is 
associated with accelerated cognitive decline, particularly due to the lack of mental 
and emotional stimulation, which reduces synaptic activity and neuroplasticity, thus 
increasing the risk of dementia [22]. Moreover, loneliness has been correlated with 
elevated levels of cortisol and inflammatory cytokines such as interleukin-6 (IL-6) 
and C-reactive protein (CRP), contributing to hypertension and cardiovascular 
morbidity. In parallel, depression and anxiety are prevalent yet frequently underdi-
agnosed in elderly populations. This under-diagnosis often results from overlapping 
symptoms with other medical conditions and the false assumption that low mood 
is a normal aspect of ageing. Biologically, ageing affects neurotransmitter systems, 
notably serotonin and dopamine, making older individuals more susceptible to mood 
disorders. Additionally, life transitions such as loss of social roles, economic insecu-
rity, and chronic illness further amplify psychological distress. According to a recent 
meta-analysis, global prevalence rates of depression and anxiety in older adults are 
approximately 19.2% and 16.5%, respectively [23], highlighting the urgent need for 
systematic screening and early psychological intervention.

3.1 The invisible burden of systemic barriers undermining geriatric health

The healthcare system often struggles to accommodate the layered, multidi-
mensional needs of the ageing population. A key issue is the underdiagnosis and 
under-treatment of serious conditions due to atypical presentations. For instance, 
myocardial infarction in the elderly may occur without chest pain, and infections 
may present without classic febrile responses due to blunted immune reactivity [24]. 
Ageism in clinical decision-making leads to the erroneous belief that symptoms are 
part of “natural ageing,” resulting in therapeutic nihilism and delayed interventions. 
Furthermore, communication gaps arising from sensory deficits such as hearing 
loss or cognitive impairments hinder proper history-taking, treatment adherence, 
and follow-up care. Compounding this, caregiver strain is a critical but frequently 
neglected domain. Caregivers, particularly family members, face intense emotional 
and psychological burdens, including guilt, anxiety, and burnout, especially when 
caring for individuals with dementia or complex disabilities [25]. The physical 
demands of caregiving can result in musculoskeletal injuries, while financial stress 
arises from reduced employment opportunities, lack of insurance support, and 
minimal access to respite care. In low- and middle-income regions, where geriatric 
infrastructure is sparse, these challenges are significantly magnified. Fragmented 
healthcare systems, insufficient training for home-based care, and limited access to 
mental health services create a persistent cycle of unmet needs, accelerating func-
tional decline and leading to caregiver exhaustion. As a result, the combined impact 
of physiological, psychosocial, and systemic challenges significantly undermines 
geriatric care and functional longevity across multiple domains, particularly beyond 
the early stages of ageing (Table 1). Another critical and often underestimated con-
tributor is polypharmacy, commonly defined as the use of five or more medications. It 
is a growing concern in geriatric care, with prevalence rates exceeding 40%, as older 
adults are frequently prescribed multiple medications for chronic conditions [26]. 
Many of these drugs, including antihypertensives, sedatives, and antidepressants, 
are associated with side effects like dizziness, orthostatic hypotension, and delayed 
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reaction time, which directly impair balance and coordination. While necessary for 
managing multiple chronic conditions, polypharmacy increases the risk of adverse 
drug events (ADEs) that directly impair physical and cognitive function. Medications 
such as antihypertensives can cause orthostatic hypotension, sedatives can lead to 
drowsiness and impaired motor coordination, and antidepressants may provoke diz-
ziness and delayed reaction times—all of which elevate the likelihood of falls [27, 28]. 
Furthermore, drug-drug interactions (DDI) and age-related changes in pharmacoki-
netics and pharmacodynamics compound these risks. Therefore, regular medication 
reviews and deprescribing protocols should be integral to holistic fall prevention 
strategies in geriatric rehabilitation.

4.  Models and strategies for promoting geriatric wellness

Promoting geriatric wellness is a multifaceted endeavour that necessitates a 
comprehensive understanding of ageing processes and the implementation of holistic 
strategies. This discussion delves into three pivotal components: the World Health 
Organisation’s (WHO) frameworks for healthy ageing, multidimensional and biopsy-
chosocial models, and the integral roles of exercise, socialisation, and engagement.

4.1 WHO frameworks for healthy ageing

The WHO has been at the forefront of advocating for healthy ageing, emphasising 
the importance of maintaining the functional ability to ensure well-being in older 
age. Their approach is encapsulated in the “Decade of Healthy Ageing (2021–2030),” a 
global initiative aimed at improving the lives of older people, their families, and com-
munities [1]. Central to this framework is the concept of “functional ability,” which 
refers to the health-related attributes that enable people to be and do what they value. 
This encompasses the capacity to meet basic needs, learn and make decisions, be 
mobile, build and maintain relationships, and contribute to society [15]. The WHO’s 

Sr. no. Domain Challenges

(1) Physical decline Sarcopenia

Joint dysfunction and osteoarthritis

Increased risk of falls

(2) Neuromuscular function Mitochondrial dysfunction

Motor neuron loss and denervation

Central motor control deficits

(3) Psychosocial limitations Social isolation

Depression and anxiety

(4) Systemic healthcare issues Under-diagnosis of conditions

Under-treatment and delayed interventions

Caregiver but put and strain

Table 1. 
Key physiological, psychosocial, and systemic challenges affecting geriatric care and functional longevity [18, 21, 
23, 25].
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approach underscores the need for action across multiple sectors, including health, 
education, labour, and social protection, to create environments that support healthy 
ageing. This holistic perspective recognises that ageing is not solely a health issue but 
is influenced by a myriad of social and environmental factors.

4.2 Multidimensional and biopsychosocial models

Understanding ageing through a multidimensional and biopsychosocial lens is 
essential for constructing comprehensive strategies that truly promote geriatric well-
ness. These models help us move beyond a disease-centric perspective to one that 
acknowledges the complexity and diversity of ageing experiences across individuals. 
The biopsychosocial model, first introduced by George Engel in 1977, emphasises 
that health outcomes are shaped not solely by biological mechanisms but also by 
psychological states (such as cognition, emotion, and motivation) and social environ-
ments (including relationships, support systems, and socioeconomic status) [29]. 
In geriatric care, this model provides a valuable framework for addressing both the 
visible and hidden aspects of ageing. For example, an elderly patient with osteoarthritis 
may also be experiencing depression, loneliness, and financial strain—factors that 
amplify pain perception, reduce adherence to treatment and compromise quality of 
life. Complementing this, the multidimensional model of ageing outlines key domains 
influencing overall well-being: physical function, cognitive health, emotional status, 
social engagement, functional independence, and environmental conditions [30]. This 
model is widely used in geriatric assessments such as the Comprehensive Geriatric 
Assessment (CGA), which helps clinicians evaluate older adults beyond their primary 
diagnosis, incorporating aspects like nutrition, mental status, mobility, and living situ-
ation to form personalised interventions [31]. These frameworks collectively challenge 
the reductionist notion that successful ageing is merely the absence of disease. Instead, 
they propose that optimal ageing includes maintaining autonomy, participating in 
meaningful social roles, and adapting positively to age-related changes. This aligns with 
Rowe and Kahn’s model of successful ageing, which identifies three main components: a 
low probability of disease, high physical and cognitive functioning, and active engage-
ment with life [32]. Empirical support for the biopsychosocial model continues to grow. 
A study comparing older adults in Pakistan and Canada found that variables such as 
health status, self-efficacy, social support, and self-esteem significantly influenced 
perceived quality of life, regardless of geographical or cultural differences [33]. These 
findings underscore that biopsychosocial factors are universally relevant and can guide 
ageing-related policy and care planning globally. Importantly, the models also acknowl-
edge the reciprocal nature of these domains. Social isolation, for example, may reduce 
motivation for self-care, which in turn exacerbates health decline and increases depen-
dency. Conversely, strong social ties and a sense of purpose can improve adherence to 
medical treatments, boost immune function, and mitigate stress-related damage [34]. 
Furthermore, incorporating psychological resilience—defined as the capacity to recover 
from stress or adversity—has shown protective effects in geriatric populations.

Older adults with higher resilience tend to exhibit better emotional regulation, 
reduced frailty, and improved cognitive outcomes, even when facing chronic illness or 
disability [35]. Together, the biopsychosocial and multidimensional models serve as 
indispensable tools for ageing research and practice. They support the idea that effec-
tive geriatric care must not only address medical issues but also nurture psychological 
health and create supportive environments that empower the elderly to live with 
dignity, purpose, and independence.
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4.3 Role of exercise, socialisation, and engagement in geriatric wellness

Physical activity is widely recognised as a foundational component of healthy 
ageing, offering profound physiological, cognitive, and psychosocial benefits. 
Regular physical exercise contributes to the preservation of skeletal muscle mass, 
enhances neuromuscular coordination, and maintains cardiovascular efficiency—
factors that are critical for mobility, fall prevention, and independence in older 
adults [36, 37]. Resistance and balance training, in particular, have been shown 
to reduce the risk of sarcopenia and frailty, conditions commonly associated with 
ageing and linked to increased morbidity and mortality [2]. Aerobic activities, 
such as walking, cycling, and swimming, have consistently been associated with 
reduced incidence of non-communicable diseases including type 2 diabetes, 
hypertension, stroke, and cardiovascular disease [38]. Exercise is also neuropro-
tective as physical activity stimulates the release of neurotrophic factors such as 
brain-derived neurotrophic factor (BDNF), which supports neurogenesis, synaptic 
plasticity, and cognitive preservation in ageing populations [39]. Beyond these 
physiological benefits, exercise plays a central role in enhancing psychological 
health. Regular movement has been shown to reduce symptoms of depression and 
anxiety by modulating neurotransmitter function and improving sleep qual-
ity [40]. Critically, many forms of physical activity—particularly group-based 
programmes—naturally foster social interaction, which is equally important for 
geriatric wellness. Engaging in activities like community walking groups, yoga 
classes, or recreational sports provides not only motivation for sustained participa-
tion but also strengthens a sense of belonging, combats loneliness, and improves 
emotional well-being [41, 42].

Socialisation, as a determinant of healthy ageing, extends beyond exercise. 
According to the activity theory of ageing, older adults achieve greater life satisfac-
tion and better functional outcomes when they remain socially engaged in roles 
that provide meaning and stimulation [43]. Active participation in social activities 
such as religious gatherings, hobby clubs, or cultural events contributes to enhanced 
mood, cognitive resilience, and even decreased mortality risk [14, 44]. Community 
engagement further amplifies these benefits by offering older adults a sense of agency 
and purpose. Volunteering, participating in civic activities, or mentoring younger 
generations allows individuals to maintain a meaningful identity and remain inte-
grated in societal structures. Data from the National Health and Aging Trends Study 
(NHATS) demonstrate that older adults who regularly engage in physical and social 
activities report higher levels of psychological well-being, reduced functional decline, 
and slower cognitive deterioration [45]. In sum, integrating physical activity with 
meaningful social interaction and community participation is essential for promoting 
holistic wellness among older adults. These lifestyle behaviours not only mitigate the 
risks associated with physiological ageing but also foster emotional resilience, cogni-
tive health, and a sense of purpose, all of which are crucial for maintaining the quality 
of life in later years.

5.  Principles of hydrotherapy: Scientific basis and application in  
geriatric care

Hydrotherapy is known as a form of therapy which refers to the clinical applica-
tion of water in various temperatures, states (liquid, steam, or ice), and delivery 
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methods (immersion, compresses, jets, etc.) to treat a range of pathological 
conditions by utilising its mechanical and thermal effects. It has become increas-
ingly recognised in modern rehabilitation settings for its diverse, evidence-backed 
physiological and psychological benefits. Particularly in geriatric populations, 
hydrotherapy represents a multidimensional therapeutic tool that not only targets 
biomechanical impairments but also addresses underlying circulatory, neurological, 
and psychosocial deficits often neglected in conventional land-based rehabilitation 
approaches. As individuals age, they encounter a progressive decline across various 
physiological systems. In such cases, hydrotherapy provides a safe, supportive, and 
low-impact environment that mitigates these limitations while maximising func-
tional physiological gains (Table 2).

Sr. no. Physiological system Adaptation Clinical outcome

(1) Musculoskeletal 
system

Improved density of 
type 2a muscle fibres

Enhanced response ability of the soft 
tissues under load resulting in better 
movement quality.Enhanced 

mitochondrial volume

Improved joint play

(2) Neuromuscular system Enhanced firing of 
alpha motor neurons

Improved response time with better sense 
of stability and postural control while in 
motion or change of direction.Improved efferent 

conductivity of neurons

Enhanced excitability of 
the central motor pools

(3) Cardiovascular system Improved cardiac 
dynamics and 
symmetry

Improved coherence between 
physiological load and associated cardiac 
changes.

Improved coronary 
circulatory efficiency

(4) Pulmonary system Improved alveolar 
sensitivity

Improved pulmonary endurance and 
functional capacity resulting in enhanced 
locomotory abilityImproved parenchymal 

micro circulation

(5) Endocrine system Improved insulin 
sensitivity

Improved glycemic control with reduction 
in cardiovascular risk.

Improved hormonal 
associated mechanical 
gains

(6) Immune system Improved lymphatic 
drainage and circulation

Better chemical response of the body 
towards exercise which enhances exercise 
related sensitivity of the body and long-
term adaptations.Reduction in production 

of inflammatory 
markers

Decreased low grade 
inflammation across 
joints

Table 2. 
System-specific physiological adaptations induced by hydrotherapy in geriatric individuals [3].
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5.1 Thermodynamic effects of hydrotherapy

The thermodynamic properties of water—specifically its temperature regula-
tion capacity—are fundamental to hydrotherapy’s therapeutic value, particularly in 
geriatric populations. Water can be precisely temperature-controlled, making it an 
ideal medium for delivering targeted thermal interventions, whether to relax muscles, 
reduce inflammation, modulate neural activity, or enhance circulation [46].

5.1.1 Warm water immersion (33–36°C)

Warm water therapy is most commonly used in rehabilitation settings for elderly 
patients. Immersion in water at thermoneutral to mildly warm temperatures (33–
36°C) offers several physiological and therapeutic benefits.

5.1.1.1 Vasodilation and improved peripheral circulation

Heat causes vasodilation of cutaneous and muscular blood vessels, increasing blood 
flow to peripheral tissues. This enhances oxygen delivery and waste product removal, 
promoting tissue healing and reducing stiffness in age-compromised musculoskeletal 
structures [47]. This is particularly beneficial in elderly patients with peripheral artery 
disease, diabetes-related microvascular issues, or chronic cold extremities.

5.1.1.2 Reduction in muscle tone and joint stiffness

Warmth helps decrease alpha motor neuron excitability, leading to a reduction in 
muscle tone and spasm—a key benefit for patients suffering from post-stroke spastic-
ity or Parkinsonian rigidity [3]. Moreover, increased elasticity of connective tissue at 
elevated temperatures improves joint mobility and range of motion, which is critical 
in conditions such as osteoarthritis, frozen shoulder, or ankylosing spondylitis com-
mon in older adults.

5.1.1.3 Pain modulation

The application of heat in hydrotherapy activates thermo receptors that override 
nociceptive input via the gate control theory of pain. This results in immediate analgesic 
effects without pharmacological side effects, making it a preferred option in geriatric 
patients who often have polypharmacy concerns or contraindications for NSAIDs.

5.1.1.4 Facilitation of gentle exercise

When combined with the effects of buoyancy and hydrostatic pressure, warm 
water further allows elderly individuals with limited mobility to perform exercises 
that may be too painful or difficult on land. The warmth reduces joint friction, 
promoting safe movement initiation and prolonged activity tolerance, especially in 
frail or deconditioned elderly individuals.

5.1.1.5 Improved sleep and autonomic nervous regulation

Research indicates that warm water immersion has a parasympathetic-dominant 
effect, reducing sympathetic tone and promoting relaxation. This leads to reduced 
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heart rate, improved sleep quality, and lowered cortisol levels. Improved autonomic 
regulation is essential in older adults, many of whom suffer from insomnia, hyper-
tension, or anxiety. Warming the body mildly increases metabolic rate, which can 
enhance tissue oxygenation and enzyme activity during rehabilitation. This promotes 
better cellular repair in aged tissues with slower healing dynamics.

5.1.2 Contrast therapy and cold water applications (10–20°C)

In some cases, cold or alternating hot-cold therapy (contrast hydrotherapy) is used 
for older adults with acute inflammation, swelling, or vascular dysfunction:

• Cold water (10–20°C) induces vasoconstriction, helping reduce inflammation, 
joint effusion, and delayed-onset muscle soreness after physical activity.

• Contrast hydrotherapy (alternating immersion in hot and cold water) triggers a 
vascular pumping effect, which can enhance lymphatic drainage and circulation, 
useful in managing venous insufficiency or chronic oedema.

However, cold therapy should be used cautiously in older individuals due to their 
reduced thermoregulatory capacity and potential for cold intolerance or cardiovascu-
lar instability [48].

5.1.3 Therapeutic customisation based on comorbidity

The choice of hydrotherapy temperature should always be individualised in 
geriatric patients [49]. For example:

• Warmer temperatures (35–36°C) are ideal for those with osteoarthritis, chronic 
back pain, or fibromyalgia to promote muscle relaxation and pain relief.

• Moderate temperatures (31–33°C) are used for cardiopulmonary compromised 
elderly, ensuring safe haemodynamic response during aerobic aquatic activity.

• Cooler ranges (27–29°C) may be utilised in higher-intensity aquatic exercise 
where heat stress or fatigue must be minimised.

The thermodynamic properties of water—particularly warm water—are central to 
hydrotherapy’s clinical utility in geriatric rehabilitation. By harnessing these thermal 
effects, clinicians can address pain, stiffness, circulation, and neuromuscular tone 
holistically. Warm water immersion offers a low-risk, high-benefit intervention for 
ageing populations who often face limitations in conventional physiotherapy. When 
designed with accessibility, individualised protocols, and safety in mind, hydro-
therapy becomes a cornerstone modality for promoting functional independence and 
quality of life in older adults [3, 47, 50].

5.2 The therapeutic triad in aquatic therapy

Aquatic therapy utilises the unique mechanical properties of water—buoyancy, vis-
cosity, and hydrostatic pressure—to create a safe, effective, and therapeutic environ-
ment, especially beneficial for elderly individuals or those with physical impairments.
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5.2.1 Buoyancy: Reducing load, enabling movement

Buoyancy is governed by Archimedes’ principle, which states that any object 
submerged in a fluid is acted upon by an upward force equal to the weight of the fluid 
displaced. In practical terms, this means that the body experiences a reduction in 
gravitational load when immersed in water. According to Becker [3], immersion to the 
level of the xiphoid process (mid-chest) reduces effective body weight by approxi-
mately 60%, while immersion to the neck can reduce it by nearly 90% [3].

This offloading effect significantly decreases joint compression forces, making it 
easier for individuals with arthritis, osteoporosis, or general frailty to perform move-
ments that would otherwise be painful or impossible on land. It encourages mobility, 
improves joint range of motion, and reduces pain without the risk of fall-related 
injuries. Thus, buoyancy allows for safe and supportive rehabilitation, particularly for 
the elderly or those recovering from musculoskeletal injuries.

5.2.2 Viscosity: Natural resistance for strength and control

Viscosity refers to the internal friction within the water that resists the movement 
of objects through it. Unlike static weights or fixed resistance machines on land, water 
provides constant, multidirectional, and self-adjusting resistance. The faster or larger 
the movement, the greater the resistance encountered. This unique property allows 
individuals to tailor the intensity of exercise subconsciously based on their capabilities.

A research article highlighted that this natural resistance helps improve muscle 
strength, coordination, and balance, all within a safe, low-impact environment. 
Importantly, it also promotes motor learning and neuromuscular control, which are 
essential for elderly individuals with impaired proprioception, sarcopenia, or balance 
disorders [51]. Furthermore, resistance training in water helps to preserve lean muscle 
mass and functionality, which is crucial for improving balance responses during unex-
pected movements or falls, ultimately supporting independence in older adults [52].

5.2.3 Hydrostatic pressure: Enhancing circulation and stability

Hydrostatic pressure is the uniform force exerted by water on the body’s surface, 
increasing with depth. This pressure acts as a gentle compression garment, aiding 
in venous return, reducing limb oedema, and stabilising joints during movement. 
It provides a key circulatory benefit for elderly individuals suffering from chronic 
venous insufficiency, varicose veins, or orthostatic intolerance.

The hydrostatic pressure supports haemodynamic stability, improves cardiovas-
cular efficiency, and reduces the orthostatic load, making it easier for individuals 
to exercise without dizziness or fatigue [53]. Additionally, the pressure stimulates 
cutaneous and proprioceptive receptors, enhancing sensory feedback. This is particu-
larly beneficial for individuals with diabetic neuropathy, vestibular dysfunction, or 
impaired motor control, as their reduced sensory integration makes improvements in 
balance, walking efficiency, and overall independence especially impactful [54].

6.  Therapeutic water-based interventions for the elderly

As ageing populations grow worldwide, so does the need for safe, effective, and 
adaptable rehabilitation methods. Hydrotherapy—the use of water for therapeutic 
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purposes—has emerged as a powerful intervention for older adults, especially those 
facing chronic pain, reduced mobility, cardiovascular limitations, or musculoskeletal 
degeneration. Various types of hydrotherapy offer targeted physiological and psy-
chological benefits by leveraging water’s inherent mechanical and thermal properties 
such as buoyancy, viscosity, hydrostatic pressure, and thermal conductivity [3]. This 
chapter outlines five evidence-supported hydrotherapy modalities that are particu-
larly suitable for elderly individuals.

6.1 Warm water pool therapy

Warm water pool therapy, also referred to as aquatic physical therapy or balneo-
therapy, involves performing therapeutic exercises in a temperature-controlled pool, 
typically maintained between 32°C and 34°C (89.6–93.2°F). This modality utilises 
buoyancy to reduce joint loading, viscosity for gentle resistance, and warmth to relax 
muscles and increase blood flow [7]. For older adults with osteoarthritis, rheumatoid 
arthritis, osteoporosis, or generalised frailty, warm water immersion significantly 
reduces pain and stiffness, enhancing joint mobility and functional independence 
[55]. The thermal effect also stimulates parasympathetic activity, aiding in stress 
relief and improved sleep quality. According to Becker [3], immersion to chest depth 
reduces weight bearing by up to 60%, allowing elderly individuals to perform move-
ment without the fear of falling or pain-induced hesitation. Additionally, warm 
water therapy enhances cardiovascular function without the overexertion commonly 
associated with land-based aerobic exercises, making it a safe choice for individuals 
with mild to moderate cardiac conditions.

6.2 Aquatic Tai Chi or Ai Chi

Aquatic Tai Chi and water-based yoga combine the benefits of slow, mind-
ful movement with the therapeutic environment of warm water. These practices 
emphasise balance, breath control, flexibility, and mental focus, making them ideal 
for elderly individuals with postural instability, cognitive decline, or chronic stress. 
The buoyancy of water supports slow, fluid movements, allowing older adults with 
joint limitations, Parkinson’s disease, or post-stroke conditions to participate without 
overexertion. According to Tsang and Hui-Chan [56], aquatic Tai Chi significantly 
improved balance control and reduced the risk of falls in older individuals. Moreover, 
the meditative aspect of aquatic yoga or Tai Chi enhances mind-body awareness, 
promoting parasympathetic dominance, reducing anxiety, and improving mood [57]. 
Such interventions are especially valuable in combating social isolation and depres-
sion, common challenges in ageing populations.

6.3 Deep water walking/treadmill and resistance therapy

Technological advancements in hydrotherapy have introduced the use of under-
water treadmills and adjustable resistance jets, allowing precise control of exercise 
intensity in a safe, supportive medium. Walking or jogging on a submerged treadmill 
reduces the impact on joints while still providing cardiovascular and musculoskeletal 
benefits (Figure 3) [58]. This form of therapy is highly suitable for elderly patients 
recovering from hip or knee replacements or those with sarcopenia and gait abnor-
malities. The water’s resistance challenges multiple muscle groups while simultane-
ously enhancing proprioception and balance control. Resistance jets can be adjusted 
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to create tailored strength-building regimens, encouraging neuromuscular coordina-
tion and endurance [59]. In studies involving geriatric patients with chronic mobility 
impairments, regular underwater treadmill sessions were shown to improve stride 
length, walking speed, and muscle activation patterns, which are vital indicators for 
fall risk reduction [60].

6.4 Immersion therapy for lymphatic and venous return

Static immersion therapy, where an individual remains passively submerged 
in warm water up to neck or chest level, leverages hydrostatic pressure to promote 
venous return, reduce oedema, and support lymphatic flow. This is especially ben-
eficial for elderly patients with congestive heart failure, lymphedema, or chronic leg 
swelling [61]. Hydrostatic pressure, which increases with depth, compresses the limbs 
uniformly and enhances the movement of extracellular fluids, effectively reducing 
swelling and aiding circulation. This results in decreased discomfort, improved lower 
limb mobility, and prevention of venous pooling, a common issue in sedentary or 
immobile seniors [62]. Additionally, static immersion contributes to deep relaxation, 
lowering blood pressure and heart rate, while supporting cognitive clarity and 

Figure 3. 
The benefits of deep-water walking on an aqua treadmill for the elderly [58, 59].
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emotional well-being. When used regularly, it becomes a valuable tool in the manage-
ment of vascular conditions and stress-related physiological strain.

6.5 Hydrogymnastics

Hydrogymnastics encompasses a range of water-based therapeutic exercises 
designed to improve cardiovascular fitness, strength, balance, and mobility. This 
modality is adaptable to various age groups, including the elderly, and can be tailored 
to individual needs. A study by Lima et al. [63] found that hydrogymnastics pro-
moted an increase in agility and leg muscle strength in elderly women despite the low 
evidence level. Techniques such as the Bad Ragaz Ring Method (BRRM) and Watsu 
are integral components of hydrogymnastics.

• Bad Ragaz Ring Method (BRRM): Originating from Switzerland, BRRM involves 
therapist-assisted exercises performed while the patient is supported by flotation 
rings. This method utilises proprioceptive neuromuscular facilitation (PNF) 
patterns to enhance neuromuscular function, making it particularly beneficial 
for individuals with musculoskeletal and neurological conditions.

• Watsu: A combination of water-based Shiatsu massage and passive stretching. 
Watsu is performed in warm water, promoting deep relaxation, pain relief, and 
improved range of motion. It is especially useful for elderly individuals experi-
encing stress, anxiety, or chronic pain.

6.6 AquaStretch

AquaStretch is a relatively new technique that involves guided stretching and myo-
fascial release in warm water. A study comparing AquaStretch with supervised land-
based stretching found that AquaStretch was beneficial in reducing pain and disability 
[64]. The process includes four steps: play (exploring movements), freeze (identifying 
areas of restriction), pressure (applying manual pressure), and move (performing 
movements to release tension). This method has shown promise in reducing pain and 
improving flexibility among older adults with musculoskeletal issues.

6.7 Hydromassage

Hydromassage utilises water jets to deliver targeted massage therapy, promoting 
relaxation, pain relief, and improved circulation. This non-invasive technique is 
particularly beneficial for seniors, as it alleviates muscle tension and enhances mobil-
ity without placing additional strain on the body. The warmth of the water further 
contributes to muscle relaxation and stress reduction. HydroWorx highlights that 
hydromassage can enhance mobility and flexibility in ageing adults, contributing to 
overall wellness [65].

The evolution of hydrotherapy has introduced a variety of innovative techniques 
that cater to the unique needs of the ageing population. From traditional methods 
like hydrogymnastics and immersion therapy to cutting-edge technologies such as 
VR integration and smart monitoring devices, these modalities offer comprehensive 
benefits that address both physical and psychological aspects of health [66, 67]. 
Incorporating these therapies into geriatric care can significantly enhance mobility, 
reduce pain, and improve the overall quality of life for older adults.
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7.  Hydrotherapy: A scientific pillar in the prevention and regeneration of 
age-associated decline

The global ageing population is experiencing an increase in chronic, degenera-
tive, and lifestyle-related diseases. Conditions such as cardiovascular disease, type 
2 diabetes, osteoporosis, arthritis, neurodegenerative disorders, and respiratory 
illnesses are common among the elderly and contribute to reduced quality of life and 
increased healthcare burden. Preventing the onset or progression of these diseases 
through result-driven interventions is a vital public health priority. Ageing is associ-
ated with physiological changes that increase vulnerability to multiple diseases. These 
include reduced muscle mass, diminished immune function, hormonal imbalances, 
decreased mobility, and impaired metabolic function. When combined with seden-
tary lifestyles, poor nutrition, environmental stressors, and social isolation, these 
factors significantly elevate disease risk.

7.1  Global standard preventive strategies for senior citizens: Health education and 
literacy programmes

Educate older adults about ageing-related health risks and prevention strategies. Use 
age-appropriate communication in local languages, visual aids, and interactive sessions. 
Promote self-care practices, medication management, and health-seeking behaviour [68].

7.2 Routine health screening and early detection

Community-based screening for hypertension, diabetes, osteoporosis, vision, 
hearing, and cognitive decline. Integration of mobile clinics and primary health work-
ers for home visits.

7.3 Physical activity and mobility programmes

Promote structured, supervised physical activity programmes such as walking 
clubs, Tai Chi, and chair exercises. Include fall prevention training and balance 
exercises to reduce injury risk.

7.4 Nutritional support and counselling

Facilitate community kitchens and meal delivery with nutrient-dense options. Provide 
individual or group dietary counselling focused on age-appropriate nutrition [69].

7.5 Social engagement and mental health promotion

Foster social participation through community centres, hobby groups, and volun-
teering opportunities. Train peer counsellors and social workers to detect and support 
cases of depression, anxiety, or dementia [70].

7.6 Environmental and safety intervention

Modify public and home environments to reduce fall risk (e.g., handrails, ramps, 
and non-slip flooring). Ensure accessible transportation and safe community spaces 
for the elderly.
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7.7  Concept of bridging the global divide of the prevention and regeneration in 
elderly care

As the global population continues to age, the demand for preventive and 
regenerative healthcare interventions is reaching a critical point. Yet, a significant 
implementation gap exists globally—especially in low- and middle-income coun-
tries—between what is scientifically possible and what is systemically delivered. 
Despite evidence-based interventions available for delaying age-associated decline, 
their integration into mainstream care is far from optimal. Hydrotherapy, the 
therapeutic use of water, has long been recognised for its benefits in rehabilitation 
and wellness. For the elderly, it offers a gentle yet effective means to address vari-
ous physical and mental health challenges. To maximise its potential, a strategic 
approach involving medical education, clinical integration, community awareness, 
and collaborative efforts is essential.

7.8 The prevention gap

Preventive care for older adults remains alarmingly under-addressed on the global 
stage. According to the World Health Organisation, out of 194 member countries, 
only 63% have strategies specifically focused on ageing, and merely 54% have 
national action plans for older adults’ health [71]. Even fewer have policies to address 
ageism or establish long-term care systems, which directly affects the quality of life 
in ageing population [72]. This lack of infrastructure and policy results in a rise in 
avoidable chronic conditions, including sarcopenia, falls, cardiovascular strain, and 
neurocognitive decline. Preventive care models—such as routine movement assess-
ments, nutritional support, and fall prevention strategies—are either inconsistently 
implemented or absent, particularly in resource-limited settings.

7.9 The regeneration shortfall

While regenerative medicine, rehabilitation, and therapies like hydrotherapy, 
neuroplasticity-focused interventions, and resistance-based rehab are advancing, 
access remains uneven. Most older adults in underprivileged family backgrounds 
have limited access to even basic rehabilitation services, let alone advanced regenera-
tive protocols. According to the World Bank, healthcare systems across developing 
countries are “not designed for the complex, long-term needs of aging adults,” often 
citing cost, medication access, and transportation as key barriers [73].

7.10 The policy mandate: WHO’s decade of healthy ageing

The WHO Decade of Healthy Ageing (2021–2030) [74] presents a comprehensive 
framework for action, urging nations to invest in four priority areas:

1. Changing perceptions of ageing,

2. Integrated care for older adults,

3. Age-friendly environments, and

4. Improved access to long-term care.
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Yet, execution remains a bottleneck. Without cross-sectoral collaboration, 
adequate funding, and primary care reform, this ambitious framework may fall short 
of its goals [75].

Hydrotherapy, the therapeutic use of water for physical and psychological healing, 
is an underutilised yet powerful modality in modern medicine. As the global popula-
tion ages and chronic lifestyle diseases become increasingly prevalent, the need for 
non-invasive, cost-effective, and holistic interventions like hydrotherapy is growing. 
Integrating hydrotherapy into clinical prescriptions and expanding its educational, 
infrastructural, and social presence can serve as a pivotal step in bridging the gap 
between prevention and regeneration in healthcare. The first essential step is the 
inclusion of hydrotherapy in medical education. By incorporating the science and 
techniques of hydrotherapy into undergraduate medical and physiotherapy cur-
riculum, we can empower future healthcare professionals with the knowledge to 
prescribe and utilise it effectively. This foundational knowledge not only enhances 
clinical decision-making but also improves the generalisability and consistency of 
hydrotherapy practices across diverse healthcare settings. When doctors, physiothera-
pists, and rehabilitation specialists are uniformly trained in hydrotherapy protocols, 
it reduces variability in care and boosts patient confidence in these non-pharmaco-
logical interventions. Beyond the clinical setting, raising public awareness especially 
among the elderly is equally critical. Many senior citizens suffer from joint pain, 
reduced mobility, anxiety and metabolic conditions, all of which can be positively 
influenced by water-based therapies. However, a significant portion of this popula-
tion remains unaware of hydrotherapy’s benefits. Educational campaigns, workshops, 

Sr. no. Domain Strategy Impact

(1) Medical 
education and 
research

Introduce hydrotherapy in MBBS and 
physiotherapy curricula

Builds foundational knowledge 
and clinical confidence among 
future healthcare providers

(2) Clinical 
prescription

Integrate hydrotherapy protocols into 
routine prescriptions for elderly and 
rehabilitation patients

Enhances outcomes in pain 
management, mobility, and 
mental health

(3) Community 
awareness

Run campaigns and workshops 
for the elderly about hydrotherapy 
benefits

Improves utilisation and self-care 
participation among ageing 
populations

(4) NGO and 
fundraiser

Partner with NGOs and health 
funders to create affordable 
hydrotherapy access in low-resource 
areas

Reduces health inequality; 
reaches underprivileged elderly 
populations

(5) Local facility 
promotion

Establish small-scale local 
hydrotherapy units and hold 
educational camps

Provides practical access and 
knowledge reinforcement within 
communities

(6) Policy level 
advocacy

Advocate for hydrotherapy inclusion 
in public healthcare protocols and 
insurance coverage

Institutionalises hydrotherapy 
in mainstream healthcare 
infrastructure

(7) International 
collaboration

Share data and practices with 
global institutions to standardise 
hydrotherapy across nations

Contributes to a global preventive 
and regenerative care model

Table 3. 
Strategic framework for integrating hydrotherapy in clinical and community health system [76].
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and community programmes can help older adults understand how hydrotherapy 
supports both mental and physical well-being, leading to improved quality of life 
and reduced healthcare dependency. Equity in healthcare access is another important 
pillar. Collaborating with NGOs, charitable trusts, and healthcare fundraisers can 
help bring hydrotherapy to the doorsteps of the underprivileged, particularly through 
government health infrastructure. This approach ensures that the benefits of this 
therapy are not confined to urban elite hospitals but are made available to rural and 
low-income populations who may lack access to advanced medical treatments. For 
example, mobile hydrotherapy units or partnerships with public health centres could 
serve as practical and scalable solutions.

Additionally, promoting hydrotherapy through local facilities, digital media, and 
knowledge camps can further improve community engagement. When people see 
real-life stories, testimonials, and local success models, they are more likely to try 
such therapies themselves. Interactive media campaigns and village or town-level 
hydrotherapy awareness camps can raise the knowledge baseline within a community, 
sparking long-term shifts in health-seeking behaviours. Finally, scaling this move-
ment nationally and internationally will amplify its impact. Through policy support, 
international collaboration, and inclusion in public health initiatives, hydrotherapy 
can evolve from an ancillary therapy to a mainstream pillar of preventive and regen-
erative healthcare. When these strategies converge education, awareness, accessibil-
ity, and policy, hydrotherapy can offer not just relief but resilience, especially for the 
ageing global population. In summary, hydrotherapy is not merely a treatment, and 
it is a potential foundation for a healthcare model rooted in prevention, accessibility, 
and regeneration. With structured integration, we can create a system where healing 
begins before disease even takes hold (Table 3) [76].

8.  Comparative efficacy: Hydrotherapy versus land-based exercise in 
geriatrics

As the global demographic continues to shift towards an older population, preserv-
ing functional independence and reducing fall risk have become critical priorities in 
geriatric healthcare. Both hydrotherapy (water-based therapeutic exercise) and tradi-
tional land-based exercise are commonly employed to improve balance, mobility, and 
overall well-being in older adults. This section explores current research comparing the 
effectiveness of these two approaches, with particular emphasis on functional perfor-
mance, balance enhancement, fall prevention, and patient adherence and satisfaction 
levels. Additionally, it highlights the necessity of individualised, strategic intervention 
planning, acknowledging that no single method is universally superior for all patients.

8.1 Functional outcomes and balance improvement

Recent studies have explored the comparative effects of hydrotherapy and land-
based exercise on functional outcomes in older adults (Table 4). A systematic review 
and meta-analysis by Zhang et al. [80] included 29 randomised controlled trials 
(RCTs) with 1486 older adults. The analysis revealed that aquatic-based exercise (AE) 
significantly improved balance ability, as measured by the Berg Balance Scale (BBS) 
and the 30-second chair stand test.

However, no significant differences were found between AE and LE in terms of the 
6-minute walking test and the Timed Up and Go Test (TUGT), suggesting that both 
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modalities are effective in enhancing certain aspects of balance and mobility. In a 
randomised controlled trial focusing on community-dwelling elderly individuals with 
a history of falling, both water-based and land-based exercise groups showed signifi-
cant improvements in hip abduction and adduction strength. Quality of life (QOL) 
measures also improved in both groups, with no significant differences between 
them, indicating that both exercise modalities are beneficial for physical function and 
psychological well-being [81].

8.2 Fall prevention

Fall prevention is a critical concern in geriatric health. A systematic review by 
Thomas et al. [82] examined various physical activity programmes for balance and 
fall prevention in the elderly. The review concluded that both aquatic and land-based 
exercises effectively reduce fall risk, with no clear superiority of one over the other. 
The choice between modalities should be based on individual preferences, physical 
abilities, and access to facilities.

8.3 Patient adherence and satisfaction

Adherence to exercise programmes is essential for achieving desired health out-
comes. A systematic review and meta-analysis by Osho et al. [83] found that group-
based fall prevention exercise programmes had an average adherence rate of around 

Sr. no Parameter Land-based physiotherapy Water-based physiotherapy

(1) Balance and fall risk Higher fall risk during exercise 
sessions

Lower fall risk due to water support 
and multidirectional resistance

(2) Joint load and 
impact

Higher mechanical load; may 
aggravate joint pain or arthritis 
in some individuals

Reduced load due to buoyancy; 
safer for individuals with joint pain 
or reduced mobility

(3) Muscle strength Effective for weight-bearing and 
resistance training

Effective due to water resistance; 
gentler yet comprehensive 
strengthening

(4) Cardiovascular 
demand

Moderate to high depending 
on intensity; may need careful 
monitoring

Water immersion enhances stroke 
volume with lower heart rate 
during activity

(5) Neurological 
function

Enhances proprioception but 
may cause anxiety in frail 
patients

Water environment stimulates 
sensory feedback and promotes 
psychological comfort

(6) Thermal effects No thermal benefit unless used 
with adjunctive modalities 
(infrared heat panels)

Warm water improves circulation, 
reduces spasticity, and supports 
muscle relaxation

(7) Accessibility and 
infrastructure

Easily available in most 
physiotherapy clinics

Requires access to therapeutic pools 
and specialised staff

(8) Exercise adherence 
and participation

May be lower due to fear of 
falling or joint discomfort

Often higher due to pain reduction, 
sense of confidence and enjoyment 
in aquatic environments

Table 4. 
Comparative analysis of land-based and water-based physiotherapy in older adults, highlighting therapeutic and 
psychosocial benefits supported by systematic review and meta-analysis evidence [77–79].
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66%, with lower adherence observed in programmes that were highly repetitive or 
of long duration. The supportive and enjoyable environment of aquatic exercises 
may enhance adherence, especially among individuals who find land-based exercises 
challenging or monotonous.

8.4 Strategic planning of interventions

The effectiveness of exercise interventions in geriatric populations depends on 
strategic planning tailored to individual needs. Factors such as medical history, 
physical capabilities, psychological readiness, and environmental considerations 
should guide the selection of exercise modalities. By adopting a versatile and flex-
ible approach, healthcare providers can effectively utilise both hydrotherapy and 
land-based exercises to promote active ageing and reduce the risk of falls in the geri-
atric population. For instance, individuals with joint pain or mobility limitations 
may benefit more from the low-impact nature of hydrotherapy, while those aiming 
to improve weight-bearing strength might prefer land-based exercises. Moreover, 
integrating both hydrotherapy and land-based exercises in a complementary 
manner could address a broader range of functional goals. For example, starting 
with hydrotherapy to build confidence and reduce pain, followed by land-based 
exercises to enhance strength and endurance, may offer a balanced approach to 
rehabilitation.

8.4.1  Changing the trend of degeneration and deconditioning through water-based 
practices

Ageing is accompanied by progressive biological shifts leading to physical decline, 
diminished cardiovascular function, and neuroplastic changes. These biological shifts 
are often accelerated by a sedentary lifestyle, resulting in what is termed “physical 
deconditioning,” a reversible decline in physical performance due to inactivity [84]. 
Water-based therapy has shown promise in reversing or slowing these degenerative 
changes. In a systematic review by Barker et al. [85, 86], aquatic exercises were associ-
ated with significant improvements in lower limb strength, endurance, and balance 
in older adults. The resistance provided by water allows for muscle activation compa-
rable to land-based exercise without the mechanical load on joints. Further, aquatic 
training can help preserve bone mineral density, improve gait mechanics, and reduce 
the risk of sarcopenia [87]. These outcomes are crucial in delaying institutionalisation 
and enhancing the quality of independent life in ageing populations.

8.4.2 Promoting neuroplasticity and active ageing

Engaging in novel and multi-sensory environments such as water stimulates the 
brain, supporting cognitive-motor integration and neuroplasticity. Regular aquatic 
exercise has been shown to improve executive function, spatial awareness, and dual-
task processing in the elderly [88]. Water-based therapy requires constant postural 
control and sensory recalibration, stimulating the vestibular and proprioceptive sys-
tems more dynamically than land-based routines. This concept aligns with the “Use it 
or lose it” principle in active ageing, suggesting that consistent engagement in com-
plex, enjoyable tasks like hydrotherapy can slow neurocognitive decline and promote 
emotional well-being [89]. Aquatic exercise has systemic anti-inflammatory effects. 
Chronic inflammation plays a major role in age-related diseases such as cardiovascular 
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disease, diabetes, and neurodegeneration. A study by Nagle et al. [90] found that 
moderate aquatic exercise significantly reduced C-reactive protein (CRP) levels and 
interleukin-6, two markers linked to systemic inflammation. Additionally, aquatic 
therapy improves insulin sensitivity, lipid profiles, and blood pressure, contribut-
ing to metabolic health in elderly individuals with conditions like type 2 diabetes or 
metabolic syndrome [91]. The thermoregulatory environment of warm water further 
enhances circulation and parasympathetic tone, supporting autonomic balance and 
hormonal regulation.

8.4.3 Integrating hydrotherapy into geriatric routines

A well-defined framework is necessary to ensure that hydrotherapy transitions 
from an occasional therapeutic tool to a sustainable and culturally integrated prac-
tice in geriatric care. Creating low-barrier access to hydrotherapy through regular 
sessions embedded into weekly schedules helps build habit formation. A proposed 
routine should include two to three aquatic sessions per week, each 30–45 minutes, 
with an alternating focus on strength, balance, and relaxation, with Post-exercise 
recovery periods emphasising stretching and breathing. For institutionalised or 
home-based elderly individuals, portable pools or shared community spaces can 
serve as intervention points. Hydrotherapy can be adapted for group formats or 
individualised home-based programmes by educating geriatric caregivers and fam-
ily members. Sustaining hydrotherapy benefits requires the education of caregivers 
and family units, especially in cultures where ageing is managed at home. Education 
sessions for caregivers and family members should include signs of mental and 
physical fatigue in the elderly, learning safe aquatic movements and understanding 
contraindications and emergency protocols. Digital toolkits, videos, and on-site 
workshops can equip caregivers with knowledge and confidence. As caregivers 
become facilitators, they help reinforce behavioural continuity, increasing pro-
gramme retention and efficacy [92].

8.4.4 Sustainable long-term adherence strategies

To maintain participation, programmes must prioritise enjoyment, relevance, 
and social engagement. This includes Incorporating music, games, and social 
challenges, Providing progress tracking to celebrate small wins and offering incen-
tives or community recognition. Sustainability also depends on policy support. 
Governments, NGOs, and health organisations should prioritise funding for hydro-
therapy infrastructure and incorporate it into public health models. Additionally, 
tele-hydrotherapy—with virtual coaching and AI monitoring—can expand access 
to remote or mobility-challenged populations. Group-based hydrotherapy sessions 
also promote social inclusion. Elderly individuals, especially those living alone or 
with limited mobility, often face isolation. Structured group hydrotherapy facilitates 
community engagement, social interaction, and psychological upliftment. A study 
by Vivas et al. [93] found that social bonding in aquatic classes enhanced adher-
ence and psychological well-being, contributing to reduced depressive symptoms. 
Furthermore, social inclusion supports active and dignified ageing. Empowering 
elderly individuals to take charge of their own rehabilitation fosters a sense of 
autonomy. The buoyancy of water enables pain-free movement, even in those with 
severe arthritis or neuromuscular conditions, offering a sense of possibility often 
absent in land-based therapy.
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8.4.5 Scope for research, innovation, and policy integration

Future advancements in hydrotherapy depend on robust research, technologi-
cal innovation, and progressive health policies. Smart aquatic technologies, such as 
underwater gait analysis, wearable hydro-stable heart rate monitors, and tempera-
ture-controlled resistance systems, are emerging as tools to enhance precision and 
safety in aquatic therapy. These innovations allow for personalised programming and 
progress monitoring, which is essential for high-risk elderly populations [94]. Virtual 
hydrotherapy through AR/VR is another frontier, especially for individuals without 
access to aquatic centres. Immersive environments can simulate the soothing and 
exercise effects of water through neurofeedback and bio-mimetic interfaces. From 
a policy standpoint, there is an urgent need for guidelines and funding mechanisms 
that prioritise ageing-inclusive wellness infrastructure. Public-private partnerships, 
NGO involvement, and urban planning that incorporates hydrotherapy pools in 
senior living communities are promising steps. Governments can support this by 
integrating hydrotherapy within health insurance reimbursement models, thereby 
increasing uptake across socioeconomic strata. Research-wise, there remains a deficit 
of high-quality randomised controlled trials (RCTs) that compare hydrotherapy with 
other interventions across various ageing-related conditions (e.g., frailty, cognitive 
decline, and post-surgical rehab). Systematic reviews, such as that by Waller et al. 
[95], call for standardisation in outcome measures, dosage, and follow-up duration to 
enhance meta-analytic validity.

9.  The next frontier in elder care and active ageing

True societal advancement is measured not by how long people live but by how 
well they live, maintaining autonomy, functional capacity, and emotional well-
being. To conclude, this chapter has traced the growing concerns in geriatric health, 
unravelling the biological and psychosocial contributors to the decline while offering 
strategic solutions aimed at restoring vitality. Central to this evolving framework is an 
often overlooked yet highly effective therapeutic option: hydrotherapy. Hydrotherapy 
uniquely combines multiple physiological and psychological benefits supporting 
muscle strength, cardiovascular health, sensory integration, and emotional resil-
ience, all within a low-impact, buoyant, and interactive aquatic setting. For older 
adults affected by conditions such as sarcopenia, frailty, fall risk, chronic pain, or 
social disconnection, hydrotherapy is more than an adjunct. It is a regenerative and 
preventive intervention that aligns with the complex needs of ageing individuals. Its 
evidence-based effects on mobility, balance, and psychological well-being make it a 
cornerstone of comprehensive geriatric care.

With intentional, well-structured implementation, hydrotherapy can be seam-
lessly incorporated into daily or weekly regimens, customised for vulnerable or 
high-risk groups, and scaled from specialised clinics to community centres and home-
based models. It allows elderly individuals to engage in physical activity without fear, 
fosters social participation, and rebuilds a sense of bodily trust and mental assurance. 
The water’s ability to reduce systemic inflammation, support neuro-dynamic changes, 
and counteract degenerative processes marks a fundamental shift from reactive 
healthcare to preventive and restorative ageing solutions [96]. In conclusion, hydro-
therapy is not merely a tool; it is a philosophy. A gentle, immersive path that honours 
the ageing body, respects its limitations, and unlocks its potential. Let this chapter 
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not only inform but inspire a paradigm shift: from rigid land-based assumptions to 
fluid, inclusive, and empowering water-based care. With hydrotherapy, we do not just 
extend life; we enrich it, reclaim it, and celebrate it. The time to act is now. The future 
of ageing begins in water.
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Chapter 5

Why Frailty Matters in Older 
People: Frailty Syndrome
Neziha Erken

Abstract

Frailty represents a complex and evolving geriatric syndrome characterized 
by diminished physiological reserves and heightened sensitivity to internal and 
external stressors. It plays a critical role in shaping clinical outcomes in older adults, 
surpassing chronological age as a predictor of adverse events such as hospitalization, 
disability, and premature mortality. This chapter examines the multifaceted contribu-
tors to frailty, including multimorbidity, sarcopenia, inflammaging, polypharmacy, 
and limitations in functional capacity. Particular emphasis is placed on the role of 
comprehensive geriatric assessment (CGA) as a cornerstone for early detection and 
tailored intervention. Core conceptual models—such as the Frailty Phenotype, Frailty 
Index, and Clinical Frailty Scale—are evaluated alongside practical approaches to 
prevention and management. These include structured exercise interventions, dietary 
strategies, deprescribing frameworks, and psychosocial support systems. Ethical 
considerations in treatment planning and the growing influence of artificial intelli-
gence in enhancing personalized care and extending health span are also explored. By 
integrating clinical, biological, and technological perspectives, this chapter advocates 
for a coordinated, multidisciplinary approach to addressing frailty and supporting 
longevity in aging populations. The provided synthesis offers actionable insights for 
healthcare professionals, researchers, and health policy stakeholders.

Keywords: frailty, longevity, multimorbidity, comprehensive geriatric assessment, 
deprescribing

1.  Introduction

Across the globe, populations are aging at an unprecedented rate. Although 
chronological age has long been recognized as a key determinant of health risks asso-
ciated with aging, it is, in isolation, a limited predictor of adverse health outcomes. 
Increasing evidence suggests that biological alterations and the gradual depletion of 
physiological reserves play a more decisive role in shaping vulnerability to disease 
and disability. Within this context, frailty emerges as a central concept—defined as 
heightened susceptibility to stressors resulting from progressive deterioration across 
multiple physiological systems, independent of chronological age.

While it is well-established that advancing age often correlates with greater 
frailty, it is essential to emphasize that aging and frailty are distinct phenomena and 
should not be regarded as synonymous [1]. Recognizing this distinction is pivotal for 
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effective clinical decision-making and for tailoring interventions that seek to optimize 
outcomes for older adults.

1.1  Why frailty matters in older people and the relationship between longevity 
and frailty

As global life expectancy continues to rise, the clinical and societal burden of 
frailty is also increasing, drawing growing attention from researchers and practitio-
ners alike. The conceptualization of frailty has evolved substantially over the past 
decades. Although it is widely classified as a geriatric syndrome due to its multifacto-
rial origins and heterogeneous clinical presentation, frailty does not neatly fit the 
traditional criteria of a classical syndrome. Instead, it can also be regarded as an 
endpoint within the continuum of biological decline [2].

Frailty is now understood as a dynamic and reversible process rather than a static 
or irreversible state. It encompasses a wide range of physiological impairments that 
differentiate it from the normal trajectory of aging. Importantly, transitions between 
different frailty states are influenced by a complex interplay of genetic predisposition, 
lifestyle behaviors, acute illnesses, comorbidities, and environmental exposures [3]. This 
perspective challenges earlier static views of frailty and reinforces the idea that early 
intervention can prevent, delay, or even reverse its progression. Notably, physical activity 
programs and nutritional interventions have demonstrated efficacy in modifying frailty 
trajectories, particularly during the initial phases of functional decline. Moreover, early 
detection of frailty allows clinicians to anticipate adverse health events, enabling proac-
tive monitoring and management strategies that can mitigate negative outcomes.

Two major models have shaped the contemporary understanding of frailty: the 
phenotypic model and the deficit accumulation model (Table 1). The phenotypic 
model, introduced by Fried et al., conceptualizes frailty as a clinical syndrome 
characterized by observable physical manifestations such as weakness, exhaustion, 
reduced walking speed, low physical activity, and unintended weight loss [4]. This 
framework has been extensively validated across diverse populations. By contrast, the 
deficit accumulation model, proposed by Rockwood and colleagues, views frailty as 
the cumulative result of various health deficits, including chronic illnesses, cognitive 

Model Phenotypic model Deficit accumulation model

Proposed by Fried et al. [4] Rockwood et al. [5]

Core concept Frailty as a clinical syndrome Frailty as the accumulation of health deficits

Key 
characteristics

Physical weakness, exhaustion, slow 
walking speed, low physical activity, 
unintended weight loss

Chronic diseases, cognitive impairment, 
functional limitations, psychosocial factors

Approach Physical phenotype-based Multidimensional, deficit-based

Validation Extensively studied and validated in 
various populations

Widely used in clinical and research settings

Frailty trajectory Progresses from robust → pre-frail → frail Exists on a continuum from low to high 
deficit accumulation

Conceptual 
similarity

Both models recognize frailty as dynamic 
and potentially progressive over time

Table 1. 
Comparison of phenotypic and deficit accumulation models of frailty.
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impairments, functional limitations, and psychosocial vulnerabilities [5]. Despite 
their differing approaches, both models converge on the notion that frailty exists on a 
continuum—progressing from robustness to pre-frailty and ultimately to overt frailty.

Importantly, these models offer valuable frameworks for clinical decision-making 
by facilitating risk stratification, guiding treatment planning, and informing resource 
allocation. The phenotypic model lends itself to targeted interventions addressing 
specific physical deficits, whereas the deficit accumulation model supports a broader, 
individualized strategy that encompasses multimorbidity and overall health vulner-
ability. A nuanced understanding of both models is critical to delivering personalized, 
effective interventions for older adults.

From a clinical perspective, the integration of frailty assessments into routine medi-
cal evaluations has become increasingly recognized as a cornerstone of patient-cen-
tered care. Proietti and Cesari argue that frailty should not be viewed as an inevitable 
consequence of aging but rather as a condition arising from cumulative deficits across 
multiple domains—physiological, psychological, and social [6]. Their work highlights 
the modifiable nature of frailty and underscores the need to embed its assessment into 
standard healthcare delivery processes. Early recognition of frailty enhances clinical 
decision-making, helps prevent inappropriate interventions—especially concerning 
polypharmacy and invasive procedures—and promotes better health trajectories. 
Nevertheless, significant challenges remain, particularly with respect to the standard-
ization of frailty assessments across diverse healthcare settings and populations.

Taken together, these insights reinforce the contemporary view that frailty is a 
multidimensional, heterogeneous condition with far-reaching implications for health 
outcomes in older adults. Its close associations with chronic disease, cognitive decline, 
sarcopenia, polypharmacy, and psychosocial vulnerability highlight the necessity of 
adopting a proactive, integrative approach to assessment and management. By focus-
ing on modifiable factors and tailoring care strategies to individual needs, clinicians 
have an opportunity not only to mitigate the adverse impacts of frailty but also to 
strengthen resilience and enhance the quality of life among aging populations.

Understanding the relationship between longevity and frailty is crucial for 
developing strategies that promote healthy aging, reduce disability, and enhance the 
quality of life in older adults. As modern societies witness unprecedented increases in 
life expectancy, geriatric medicine faces both new opportunities and emerging chal-
lenges. While medical advancements and improved living conditions have extended 
lifespan, they have also contributed to a rise in frailty among older individuals. Frailty 
represents a multidimensional construct that impacts health outcomes and intersects 
with chronic disease, cognitive decline, sarcopenia, polypharmacy, and psychosocial 
factors. Its relationship with longevity underscores the importance of early identifica-
tion and proactive intervention strategies. Frailty assessment has become increas-
ingly relevant for clinical decision-making and preventive care approaches aimed at 
maintaining independence and well-being among aging populations.

Research highlights that longevity may follow divergent trajectories. Some indi-
viduals experience healthy aging, characterized by preserved functional capacity and 
independence, while others enter a frailty trajectory, marked by progressive physi-
ological decline and increased vulnerability to stressors. Key determinants—such 
as genetics, lifestyle choices, socioeconomic status, and access to healthcare—play 
pivotal roles in shaping these trajectories. Although frailty becomes more prevalent 
among the oldest old (those aged 85 years and older), it is not an inevitable con-
sequence of aging. Importantly, early detection combined with targeted lifestyle 
modifications can significantly reduce its burden.
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Frailty is closely associated with a shortened health span—the period during 
which individuals live in good health, free from significant disability or disease 
burden. Those who develop frailty often endure prolonged periods of morbidity 
prior to death, contrasting with the concept of “compressed morbidity,” where 
individuals maintain functional independence until the final stages of life [5, 7]. 
This distinction further emphasizes the critical need for strategies aimed at pre-
serving function, preventing decline, and enhancing quality of life throughout the 
aging process.

2.  Geriatric medicine and aging

Frailty stands as a central concept in geriatric medicine, reflecting a decline 
in physiological reserves that leads to heightened vulnerability to stressors. As 
individuals age, their capacity to recover from illness or injury gradually dimin-
ishes. However, frailty is not an inevitable outcome of aging; rather, it represents a 
distinct clinical syndrome with measurable functional and clinical consequences. 
Aging itself is a universal biological process, characterized by progressive, time-
dependent changes across all major organ systems—including the cardiovascular, 
musculoskeletal, endocrine, immune, and nervous systems. These cumulative 
changes result in a gradual loss of homeostatic resilience, adversely affecting 
physical performance, cognition, metabolism, and immunity [8]. While many 
older adults maintain functional independence and age successfully, others experi-
ence accelerated biological aging, manifesting as frailty—a clinical state marked by 
disproportionate vulnerability to even minor stressors due to diminished physi-
ological reserves [1].

The risk of frailty increases with advancing age, particularly among individu-
als burdened by multiple chronic diseases, poor nutrition, sedentary lifestyles, or 
persistent psychosocial stressors [9]. Frailty is associated with significantly higher 
risks of falls, functional decline, hospitalization, institutionalization, and mortal-
ity [4, 5]. Critically, frailty should be viewed not as an inevitable consequence of 
aging but as a modifiable risk state—underscoring the potential for prevention 
and intervention. Recognizing frailty early is fundamental to effective geriatric 
care. Early identification enables clinicians to detect older adults at high risk of 
adverse outcomes and to implement tailored strategies, such as structured exercise 
programs, nutritional optimization, comprehensive geriatric assessments, and 
regular medication reviews [10]. Such proactive approaches have demonstrated 
effectiveness in preserving function and promoting independence among older 
populations.

In clinical practice, the identification of frailty facilitates a critical shift from 
disease-centered to person-centered care—a foundational principle of modern geriat-
ric medicine. This approach accounts for the complex interplay of physical, cognitive, 
psychological, and social factors in the health of older adults. Frailty, as a diagnostic 
and prognostic marker, captures this multidimensional complexity. One of the pivotal 
tools supporting this shift is the Comprehensive Geriatric Assessment (CGA). As a 
multidimensional, interdisciplinary evaluation, CGA encompasses medical, func-
tional, cognitive, and psychosocial domains, enabling a nuanced understanding of 
patient vulnerability. By integrating CGA into routine care, healthcare professionals 
can anticipate risks more accurately, personalize interventions, and strengthen both 
clinical outcomes and systemic responses to the evolving needs of aging populations.
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3.  Inflammaging and multimorbidity

Frailty should not be understood simply as the sum of multiple diseases. While it 
frequently coexists with chronic illnesses, frailty is a distinct clinical entity, intercon-
nected with multimorbidity through shared pathophysiological mechanisms—most 
notably, chronic inflammation. As physiological reserves decline with age, individuals 
become increasingly vulnerable to stressors, often leading to the development of 
conditions such as cardiovascular disease, type 2 diabetes, chronic kidney disease, 
and neurodegenerative disorders.

The aging process itself is closely associated with immune dysregulation, char-
acterized by heightened levels of pro-inflammatory stimuli in circulation. Despite 
extensive research, a definitive list of age-related pro-inflammatory markers remains 
elusive, largely due to the technical challenges of detecting these biomarkers with 
high-sensitivity proteomic techniques [11]. Nonetheless, elevated inflammatory 
profiles have been consistently observed in older adults, even in the absence of overt 
disease or major risk factors. Although acute inflammation is a crucial component of 
the body’s defense mechanisms, chronic low-grade inflammation—termed inflam-
maging—can have deleterious effects on health. Accumulating epidemiological 
evidence has demonstrated that chronic inflammation is a major contributor to the 
pathogenesis of various conditions, including cardiovascular disease, cancer, chronic 
kidney disease, dementia, and depression. Moreover, inflammation correlates strongly 
with indicators of poor general health, such as multimorbidity, functional decline, 
dependency in activities of daily living, sarcopenia, frailty, and premature mortality.

Given these associations, an increasing number of researchers argue that inflam-
maging should be considered not merely as a byproduct of aging but as a hallmark 
of accelerated biological aging [12]. Nevertheless, key questions remain unresolved, 
particularly regarding whether chronic inflammation serves as a direct causal agent in 
disease development or functions primarily as a biomarker of underlying biological 
aging. Emerging hypotheses suggest that the contribution of inflammaging may vary 
depending on factors such as chronological age, the burden of chronic disease, the 
degree of functional impairment, and overall disability status.

Multimorbidity—the presence of two or more chronic conditions in a single 
individual—becomes increasingly prevalent with advancing age. This is partly attrib-
utable to the cumulative burden of age-related diseases, including cardiovascular 
disease, diabetes, and arthritis. Polypharmacy, defined as the use of multiple medi-
cations to manage these conditions, is also common among older adults and often 
exacerbates the risks associated with multimorbidity. Together, these phenomena 
frequently initiate a cycle of functional decline, further compromising resilience and 
quality of life.

Frailty and multimorbidity are closely intertwined. The accumulation of chronic 
diseases can deplete physiological reserves and contribute to the development of 
frailty. In turn, frailty amplifies vulnerability to adverse outcomes associated with 
chronic conditions. Notably, while the majority of individuals with frailty also exhibit 
multimorbidity, not all individuals with multiple diseases meet the criteria for frailty 
[13]. This distinction underscores the need for nuanced assessments that differentiate 
between disease burden and overall physiological vulnerability.

Specific chronic conditions such as diabetes mellitus, cardiovascular disease 
(CVD), and osteoarthritis illustrate the bidirectional relationship between frailty 
and chronic illness. Diabetes, particularly type 2 diabetes, is strongly associated 
with physical frailty through mechanisms such as chronic hyperglycemia, insulin 
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resistance, and complications including neuropathy and nephropathy [14]. Managing 
diabetes in frail older adults requires individualized glycemic targets to minimize the 
risk of hypoglycemia, which can be catastrophic in this population [15]. Similarly, 
cardiovascular disease, encompassing heart failure and ischemic heart disease, 
often coexists with frailty. The reciprocal relationship between frailty and CVD can 
exacerbate clinical outcomes, reduce tolerance to standard therapies, and complicate 
recovery from acute events [16]. Assessment tools such as the Clinical Frailty Scale 
and gait speed measurements are increasingly incorporated into cardiovascular risk 
stratification protocols.

Musculoskeletal conditions, particularly osteoarthritis and rheumatoid arthritis, 
also contribute significantly to frailty by limiting mobility and physical activity, thus 
promoting sarcopenia and functional dependence [17]. Pain management and exer-
cise interventions must therefore be carefully tailored to preserve mobility without 
exacerbating frailty-related vulnerabilities.

Understanding these complex interactions between chronic diseases and frailty 
is essential for developing more effective and patient-centered care strategies. 
Integrated care models—incorporating comprehensive geriatric assessments, routine 
frailty screening, and multidisciplinary interventions—are increasingly advocated to 
improve outcomes for older adults [18]. Regular medication reviews, individualized 
treatment plans, and shared decision-making are critical elements of this approach. 
By proactively addressing multimorbidity, polypharmacy, and frailty together, clini-
cians can help maintain independence, improve quality of life, reduce hospitaliza-
tions, and potentially extend healthy longevity in aging populations.

4.  Multimorbidity and functional limitation in older adults: Implications 
for frailty and longevity

As the global population ages, managing multimorbidity—defined as the pres-
ence of two or more chronic diseases—has become a central issue in geriatric care. 
Multimorbidity is associated not only with increased healthcare demands and costs 
but also with the emergence and progression of frailty and functional limitations, all 
of which can reduce life expectancy.

Functional limitation refers to the reduced ability to perform essential tasks 
required for independent living. It is a key clinical outcome in older adults. Current 
data show that over 60% of individuals aged 65 years and above, and nearly 80% of 
those over 80, live with multimorbidity. In a systematic review and meta-analysis, 
Nunes et al. reported that multimorbidity significantly increases mortality and 
functional decline among older adults [19]. However, disease burden alone does not 
predict outcomes. Individuals with similar numbers of chronic conditions may show 
vastly different degrees of functional capacity, highlighting the interplay between 
multimorbidity and physiological resilience. Calderón-Larrañaga et al. emphasized 
that specific combinations—especially cardiometabolic and neurodegenerative 
diseases—are more detrimental than musculoskeletal pairings [20].

In a prospective cohort study, Lynch et al. demonstrated that chronic disease 
burden predicted mobility loss, disability in activities of daily living (ADLs), and 
institutionalization, independent of demographic or behavioral variables [21]. 
Although frailty and multimorbidity frequently coexist, they are distinct concepts. 
Multimorbidity reflects the accumulation of disease, while frailty denotes a decline in 
homeostatic reserve. However, chronic disease can precipitate frailty by overwhelming 
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adaptive capacity. The biological mechanism of inflammaging—persistent, low-grade 
inflammation linked with aging—connects multimorbidity, frailty, and reduced func-
tion. Ferrucci and Fabbri described this concept in their review, emphasizing its role 
in aging and cardiovascular disease [12]. Other contributors, such as mitochondrial 
dysfunction, hormonal dysregulation, and oxidative stress, further exacerbate vulner-
ability. Fabbri et al. demonstrated associations between inflammatory biomarkers and 
hormonal imbalance in older adults with multiple chronic conditions [22]. Of particu-
lar concern is cognitive multimorbidity—the co-occurrence of dementia and physical 
illnesses—which is linked with a heightened risk of disability, hospitalization, and 
long-term care needs. In a systematic review and meta-analysis, Vetrano et al. found 
that cognitive multimorbidity significantly worsens clinical outcomes [13].

Polypharmacy, often arising from multimorbidity, adds further strain. Dovjak 
noted that the concurrent use of five or more medications is associated with adverse 
outcomes, including falls, delirium, malnutrition, and cognitive decline [23]. The 
anticholinergic burden—stemming from cumulative exposure to drugs with anti-
cholinergic effects—plays a key role in frailty. Multiple tools assist in its evaluation, 
including the Anticholinergic Cognitive Burden Scale, the Drug Burden Index, and 
the Anticholinergic Drug Scale. These instruments were detailed by Boustani et al. 
[24], Hilmer et al. [25], and Carnahan et al. [26].

Beyond medication count, inappropriate prescribing remains a critical issue. Tools 
such as the STOPP/START criteria and the Beers criteria guide deprescribing efforts. 
O’Mahony et al. updated the STOPP/START version to better identify risks in geriat-
ric pharmacotherapy [27]. Similarly, the Beers criteria provide essential guidance for 
reducing potentially harmful prescriptions [28]. Chronic inflammation also marks 
frailty progression. Elevated IL-6, TNF-α, and CRP levels are consistently reported in 
older adults with impaired gait and function, as reviewed by Brognara et al. [29].

From a clinical perspective, early detection is key. CGA remains the gold standard 
for comprehensive frailty evaluation. For rapid assessments, validated tools such as 
the FRAIL Scale and PRISMA-7 have proven useful. Church et al. [30] and Dent et al. 
[9] highlight the utility of these instruments. Multidisciplinary care models incorpo-
rating physicians, pharmacists, nurses, dietitians, and social workers are increasingly 
recommended. Cesari et al. conducted a global expert survey to identify future direc-
tions for healthy aging care, supporting integrated approaches [31].

In conclusion, multimorbidity and functional limitation are not isolated outcomes 
but dynamic reflections of aging biology, chronic disease load, and psychosocial 
context. Shifting from disease-based models to personalized, function-oriented 
strategies offers the most promising path for supporting healthy, autonomous aging.

5.  Frailty, polypharmacy, and deprescribing: Navigating complexity in 
multimorbid older adults

Polypharmacy, typically defined as the concurrent use of five or more medica-
tions, is widespread among older adults, especially those with multimorbidity [32]. 
As chronic diseases accumulate with age and life expectancy increases, the burden of 
multiple medications becomes increasingly common. However, among frail individu-
als—characterized by reduced physiological reserves and heightened vulnerability to 
stressors—polypharmacy introduces substantial clinical risks. These include adverse 
drug reactions, cognitive impairment, falls, hospitalizations, and even increased 
mortality. Age-related changes in pharmacokinetics and pharmacodynamics, such as 
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Condition or Pattern Functional risk Polypharmacy risk Clinical recommendation

Cardiometabolic + 
neurodegenerative

High: Rapid frailty 
progression, impaired 
mobility

High: Multiple drug classes, 
cognitive and cardiovascular 
burden

Close monitoring, early 
intervention

Musculoskeletal 
conditions

Moderate: Pain, 
limited mobility, 
increased fall risk

Moderate: NSAIDs, muscle 
relaxants, potential sedation

Physical therapy, 
rehabilitation

Psychiatric + 
neurological disorders

High: Cognitive 
impairment, loss of 
ADLs

High: Psychotropics, 
anticholinergics, increased 
anticholinergic load

Neuropsychiatric support, 
coordinated care planning

Isolated metabolic 
diseases

Low to moderate: 
Gradual functional 
decline

Moderate: Chronic disease 
management drugs (e.g., 
antihyperglycemics)

Lifestyle modification, 
regular follow-up

Polypharmacy and 
complex prescribing

High: Falls, cognitive 
decline, functional 
deterioration

Intrinsic: ≥5 medications, 
inappropriate prescribing

Comprehensive medication 
review, deprescribing 
strategies

Table 2. 
Functional consequences and polypharmacy risk in common multimorbidity patterns.

reduced hepatic metabolism, impaired renal clearance, and altered receptor sensitiv-
ity, further increase the likelihood of medication-related toxicity.

Inappropriate prescribing is a frequent contributor to polypharmacy, often driven 
by a process known as the prescribing cascade. In such cases, side effects from one 
medication are misinterpreted as new disease symptoms, leading to the initiation of 
additional medications. This cycle of misprescribing and overprescribing accelerates 
functional decline and compromises both healthspan and longevity.

The relationship between frailty and polypharmacy is not merely correlative but 
deeply interwoven and bidirectional [33]. While frailty often necessitates the use of 
multiple medications due to the presence of multiple chronic conditions, many of 
these medications can paradoxically contribute to the worsening of frailty. Drugs 
with sedative, anticholinergic, or hypotensive properties—such as benzodiazepines, 
antipsychotics, opioids, and corticosteroids—have well-documented adverse effects. 
These include impairments in balance, cognition, and muscle strength, which col-
lectively increase the risk of sarcopenia, delirium, falls, and dependency on daily 
activities. Furthermore, certain medications can suppress immune function, increas-
ing susceptibility to infections and contributing to systemic decline.

A key biological framework that helps explain this complex interaction is inflam-
maging, a chronic, low-grade, systemic inflammatory state associated with aging 
[34]. Inflammaging is believed to underlie many of the physiological deteriorations 
seen in older adults, including catabolism, mitochondrial dysfunction, immune 
dysregulation, and endothelial injury. These processes not only predispose individu-
als to chronic diseases but also elevate their vulnerability to complications related to 
pharmacologic treatment. Importantly, several commonly prescribed medications 
may exacerbate pro-inflammatory pathways, further aggravating inflammaging and 
accelerating the trajectory of frailty.

The interplay between frailty, polypharmacy, and inflammaging is both synergistic 
and self-reinforcing [20]. As frailty progresses, patients are often prescribed addi-
tional medications to manage new or worsening symptoms, thereby perpetuating a 
cycle of escalating iatrogenic harm (Table 2). This vicious cycle is further exacerbated 
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by the co-existence of oxidative stress, nutritional deficiencies, and metabolic dis-
turbances—hallmarks shared by both frailty and inflammaging. These overlapping 
mechanisms contribute to functional impairment and limit the capacity for recovery.

5.1 Principles of deprescribing in frailty

Deprescribing is defined as the planned and supervised process of dose reduction 
or discontinuation of medications that may no longer be beneficial or may be causing 
harm. It is increasingly recognized as a core component of safe prescribing practices 
in older adults, particularly those with frailty. Research has shown that deprescrib-
ing can improve a variety of health outcomes, including physical function, cognitive 
capacity, and overall quality of life. It also has the potential to reduce hospitalization 
rates and decrease the overall burden of medication use.

Key principles in deprescribing include:

• Prioritizing high-risk medications: These include medications with high anticho-
linergic burden, sedative properties, or limited clinical benefit in patients with 
reduced life expectancy.

• Gradual tapering: Certain medications, particularly those acting on the central 
nervous system—such as benzodiazepines or opioids—require a gradual, step-
wise tapering to prevent withdrawal symptoms and rebound effects.

• Multidisciplinary collaboration: The deprescribing process should involve input 
from physicians, pharmacists, nurses, and caregivers.

• Patient and caregiver involvement: Educating patients and families about the 
risks and benefits of medications fosters trust and improves adherence.

5.2 Clinical tools supporting deprescription

Several validated clinical tools are available to guide the deprescribing process 
[27, 35–39]:

• STOPP/START criteria: These tools help identify potentially inappropriate medica-
tions and also highlight beneficial treatments that may have been overlooked [27].

• Beers criteria: A widely used reference that flags high-risk medications in older 
adults [35].

• Tool to Reduce Inappropriate Medications (TIME): A regionally adapted depre-
scribing framework useful for clinical decision-making in Turkey [36].

• STOPP-Frail criteria: Specifically designed for patients with advanced frailty or 
limited life expectancy, emphasizing de-implementation of preventive medica-
tions that are unlikely to offer short-term benefit [37].

• Medication Appropriateness Index (MAI): A systematic tool that assesses 
individual medications based on indication, effectiveness, dosage, drugdrug and 
drug-disease interactions, and cost-effectiveness [38].
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Deprescribing must be tailored to the individual’s prognosis, functional capacity, 
comorbidities, and personal care goals. In cases of advanced frailty, clinical priorities 
shift from aggressive disease management to comfort-focused care. Reducing medica-
tions that contribute to systemic inflammation or cognitive impairment aligns better 
with these evolving care goals. Notably, minimizing exposure to pro-inflammatory 
pharmacologic agents may also attenuate the underlying inflammaging process, sup-
porting improved biological resilience [39].

It is crucial to recognize that while deprescribing offers numerous benefits, abrupt 
discontinuation can destabilize chronic conditions or provoke withdrawal symptoms. 
Therefore, any deprescribing initiative must be accompanied by close monitoring 
and structured follow-up to assess tolerance, adjust treatment plans, and reinforce 
therapeutic goals.

The convergence of frailty, polypharmacy, and inflammaging in older adults 
underscores the complexity of medication management in this vulnerable population. 
Polypharmacy remains a modifiable risk factor for adverse health outcomes, while 
frailty amplifies medication sensitivity and the likelihood of harm. In this context, 
deprescribing serves as a powerful, evidence-based intervention to optimize pharma-
cotherapy. When applied judiciously and in alignment with individual goals of care, 
deprescribing can reduce harm, enhance quality of life, and support healthier aging 
in the final stages of life.

6.  Clinical decision-making in geriatrics: Incorporating frailty into 
treatment planning

Frailty is a multidimensional syndrome marked by decreased physiologic reserve 
and increased vulnerability to stressors. It is a dynamic, progressive state that alters 
treatment tolerance, increases the risk of adverse outcomes, and requires individualized 
care strategies in older adults. Clinical decision-making in geriatric medicine is under-
going a paradigm shift—one that moves beyond disease-specific models and empha-
sizes the interplay between biological aging, functional capacity, and overall resilience.

Among the many age-related syndromes influencing this shift, frailty has emerged 
as a critical construct. Defined as a multidimensional syndrome of decreased 
reserve and resistance to stressors, frailty significantly affects prognosis, therapeutic 
response, and recovery trajectories in older adults. It alters how clinicians approach 
diagnostic reasoning, therapeutic aggressiveness, and the prioritization of interven-
tions. Unlike chronological age, frailty provides a dynamic and clinically actionable 
measure of physiological vulnerability—highlighting the need for tailored treatment 
strategies that align with a person’s health status, values, and life goals.

Incorporating frailty into treatment planning allows for more nuanced risk-benefit 
analyses, helping clinicians avoid both undertreatment and overtreatment. It plays 
a key role in identifying individuals who may not tolerate invasive procedures, who 
may experience complications from standard therapies, or who might benefit more 
from supportive or palliative approaches. As our understanding of frailty deepens, 
its integration into everyday geriatric care becomes not only necessary but ethically 
imperative.

Traditional care models that focus primarily on disease-specific guidelines often 
fall short in the geriatric population. A person-centered care approach considers the 
individual’s values, functional status, quality of life, and preferences, particularly in 
the context of frailty. Frailty fundamentally alters the benefit-risk calculus. In a frail 



91

Why Frailty Matters in Older People: Frailty Syndrome
DOI: http://dx.doi.org/10.5772/intechopen.1011028

individual with moderate dementia and advanced heart failure, aggressive treatments 
like device implantation or polypharmacy may yield limited benefit while increasing 
the risk of harm. Thus, shared decision-making becomes essential—enabling patients 
and caregivers to align clinical options with life goals, whether that involves life 
extension, symptom control, or functional preservation.

Recent consensus statements and frameworks strongly advocate integrating frailty 
and functional assessments into individualized care planning [40–42]. Frailty cannot 
be managed in isolation. A multidisciplinary approach—encompassing geriatricians, 
nurses, physiotherapists, pharmacists, social workers, dietitians, and caregivers—is 
vital for effective intervention planning. For example, frailty-associated sarcopenia 
may benefit from tailored physiotherapy and nutritional interventions coordinated by 
physiotherapists and dietitians. Cognitive decline, which often coexists with frailty, 
requires collaborative care involving neuropsychologists, occupational therapists, and 
social services to ensure safe discharge planning and community support.

Recent meta-analyses confirm that Comprehensive Geriatric Assessment (CGA) 
improves functional status and reduces hospital readmissions when systematically 
implemented in frail older adults [43, 44]. CGA is most effective when coupled with 
the implementation of individualized care plans and follow-up coordination across 
care settings.

Polypharmacy—typically defined as the use of five or more medications—is 
common in older adults, but its interaction with frailty is nuanced. Frailty not only 
increases the risk of adverse drug reactions (ADRs) but also alters pharmacokinetics 
and pharmacodynamics, requiring thoughtful prescribing. Rather than a simplistic 
reduction of drug counts, a drug-class-specific analysis is needed. This interdepen-
dence mandates regular medication review not merely for reduction, but for realign-
ment with functional goals and tolerance thresholds. For instance:

• Benzodiazepines and anticholinergics may exacerbate falls and cognitive 
decline.

• Antihypertensives in a frail adult with orthostatic hypotension may increase fall 
risk.

• Intensive glycemic control in frail diabetic patients can raise hypoglycemia risk 
without added benefit.

A frailty-informed medication review involves deprescribing strategies, weigh-
ing the time-to-benefit of preventive medications, and avoiding therapeutic inertia. 
Updated STOPP/START criteria (version 3) and the 2023 European consensus on 
inappropriate medications in frailty provide clinicians with targeted tools for safer 
prescribing [27, 38]. The deprescribing in frail populations leads to improved out-
comes, including fewer hospitalizations, reduced medication burden, and sustained 
functional capacity.

Frailty provides a critical context for risk stratification, helping clinicians estimate 
life expectancy, treatment burden tolerance, and recovery potential. Frailty has been 
incorporated into modern prognostic tools used in surgical, oncologic, and critical 
care settings. In surgery, tools such as the Risk Analysis Index (RAI) and the Modified 
Frailty Index (mFI) are used to predict postoperative outcomes [45]. In oncology, 
the G8 screening tool and Cancer and Aging Research Group (CARG) chemotherapy 
toxicity score assist in treatment planning for older adults [46]. In cardiology, frailty 
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assessment can influence decisions around valve interventions, ICD implantation, 
or aggressive hypertension management. In critical care and cardiology, the Clinical 
Frailty Scale (CFS) and the Essential Frailty Toolset (EFT) help guide triage and 
intervention intensity [47, 48].

Beyond medication considerations, frailty also influences prognostic accuracy in 
surgical and critical care settings. In elective surgery, frailty-informed risk models can 
identify patients unlikely to benefit from interventions and prompt early palliative 
care integration or advanced care planning. Newer artificial intelligence-supported 
tools also incorporate frailty indices to better predict outcomes in real-time clini-
cal settings [49]. Thus, frailty-informed prognostication empowers clinicians and 
patients alike to make informed, individualized choices, fostering both ethical and 
evidence-based care.

Frailty-informed decision-making is not only evidence-based but also ethically 
aligned with the principles of non-maleficence, autonomy, and proportional care. 
Frailty represents more than a diagnostic label—it is a critical axis around which 
modern geriatric decision-making revolves. From individualized care plans to frailty-
sensitive prescribing and risk models, recognizing frailty empowers clinicians to 
provide care that is safer, more efficient, and more aligned with the values and goals 
of older adults. As the global population ages, the integration of frailty into routine 
clinical practice will remain an essential driver of high-quality geriatric care.

Incorporating frailty into clinical decision-making transforms care from reactive 
to anticipatory and from disease-centered to person-centered. It enables clinicians 
to match intervention intensity with physiological resilience, ensuring safer, more 
effective, and ethically grounded geriatric care.

6.1 Health span and longevity: The impact of frailty on quality of life and lifespan

In modern geriatric medicine, the distinction between lifespan—the total number 
of years lived—and health span—the years lived in good health, free from significant 
disability or chronic disease—has become crucial. While lifespan quantifies how long 
we live, health span defines how well we live. In frail individuals, these two timelines 
often diverge dramatically. While global life expectancy has risen over the last cen-
tury, gains in health span have not kept pace. The World Health Organization (2023) 
emphasizes that adding life to years is just as vital as adding years to life [50]. Frailty 
plays a pivotal role in shortening the health span. Characterized by reduced physi-
ological reserves and vulnerability to stressors, frailty leads to a cascade of adverse 
health outcomes: falls, functional decline, hospitalization, institutionalization, and 
death. A recent retrospective cohort study conducted in primary care settings across 
England revealed that frailty in older adults is a dynamic and progressive condition, 
with earlier onset and more rapid progression associated with adverse outcomes—
underscoring the importance of early identification to preserve functional indepen-
dence [51]. These findings highlight frailty not only as a marker of vulnerability but as 
a direct barrier to healthy aging.

Frailty is influenced by a dynamic interplay of genetic, environmental, behavioral, 
social, and biological factors. At the cellular level, biological mechanisms such as 
inflammaging, mitochondrial dysfunction, endocrine dysregulation, and oxida-
tive stress accelerate the aging process and reduce physiological resilience. Chronic 
low-grade inflammation contributes to catabolic processes, muscle degradation, and 
immune system decline—key features underlying frailty. Sarcopenia, defined as 
age-related loss of skeletal muscle mass and strength, further compromises mobility, 
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balance, and independence. These pathophysiological changes not only heighten 
vulnerability to stressors but also directly diminish an individual’s capacity to maintain 
function, withstand illness, and recover from medical interventions. Understanding 
these mechanisms reinforces frailty as a measurable, biologically grounded syndrome 
with modifiable risk factors. While genetic predisposition plays a role in shaping 
lifespan, modifiable lifestyle factors—nutrition, physical activity, cognitive stimula-
tion, and social engagement—are critical in determining health span and frailty risk 
[52–54]. The Mediterranean diet, rich in antioxidants and anti-inflammatory nutrients, 
has been associated with lower frailty prevalence [55]. Similarly, resistance training 
and multicomponent exercise programs significantly reduce the incidence and severity 
of frailty [56, 57]. Crucially, frailty is not an inevitable or irreversible consequence of 
aging. Emerging evidence shows that with targeted interventions—especially in nutri-
tion, exercise, and social support—frailty progression can be slowed or even reversed. 
Moreover, psychosocial well-being—maintained through purpose in life, social net-
works, and resilience—has emerged as a protective factor against frailty progression 
[58, 59]. Environmental factors such as air quality, access to healthcare, green spaces, 
and safe neighborhoods also influence healthy aging trajectories. Frailty is more com-
mon in socioeconomically disadvantaged populations, suggesting that healthy aging is 
not solely an individual responsibility but a societal obligation. Frailty is not merely a 
personal health condition—it is a public health issue that challenges the sustainability 
of long-term care systems, workforce capacity, and age-inclusive urban design.

Frailty is not only a predictor of mortality but also a significant determinant of 
quality of life. As frailty progresses, older adults experience declines in autonomy, 
mobility, and social participation—core domains of healthy aging. Even in the 
absence of terminal illness, frail individuals often endure prolonged periods of 
dependency and institutional care, which may be perceived as a loss of dignity and 
self-worth. A longitudinal analysis from the SHARE study found that social isolation 
and loneliness were significantly associated with frailty progression, underscoring the 
importance of psychosocial well-being in maintaining physical, mental, and social 
health in older adults [60]. The psychological burden of frailty—often manifesting as 
depression, anxiety, and fear of falling—can further accelerate decline and contribute 
to a vicious cycle of isolation and worsening health. In clinical encounters, this means 
frailty should not be viewed merely as a risk factor but as a determinant of lived 
experience. Incorporating frailty assessment into care planning allows clinicians to 
prioritize interventions that maintain function, independence, and social connected-
ness—hallmarks of quality of life.

Elder abuse—often invisible, underreported, and devastating—exacts a dis-
proportionate toll on frail individuals. Frail older adults are disproportionately 
vulnerable to neglect and abuse—whether emotional, physical, financial, or medical. 
Their diminished ability to communicate needs, advocate for themselves, or escape 
harmful environments increases risk. While often underreported, studies suggest that 
up to 1 in 6 individuals over 60 experience some form of elder abuse annually [61]. 
Institutionalized and cognitively impaired individuals—many of whom are frail—
face an even higher risk. Abuse and neglect exacerbate frailty through psychological 
trauma, malnutrition, immobility, and preventable medical complications. Brief yet 
systematic screening for mistreatment, along with community and caregiver support 
systems, is essential. Promoting dignity, autonomy, and safety must be fundamental 
goals in any care model addressing frailty and longevity.

From a patient’s perspective, the priority is often not the extension of life at any cost 
but the preservation of meaning, independence, and comfort. Physicians, however, 
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may default to disease-focused management or aggressive interventions, especially in 
the absence of frailty assessments or advance care planning. This mismatch can lead to 
overtreatment, polypharmacy, and iatrogenic harm in frail patients. Integrating frailty 
into shared decision-making frameworks helps align care with patient goals, focusing 
on what matters most. Tools such as the Clinical Frailty Scale (CFS) and patient-
reported outcome measures can foster dialog and guide nuanced treatment decisions 
[30]. Furthermore, training physicians to recognize frailty, communicate prognostic 
uncertainty, and navigate complex ethical terrain is essential. Extending health span is 
not just a clinical priority but an ethical obligation—ensuring that older adults live not 
only longer lives but also lives of meaning, autonomy, and dignity.

Policymakers have a critical role in fostering environments that extend health 
span and reduce the burden of frailty. Evidence-informed public policies can promote 
age-friendly communities by ensuring access to preventive care, nutrition, mobility 
aids, and social engagement opportunities [62]. Investment in primary care geriatrics, 
routine frailty screening programs, and caregiver support systems can significantly 
mitigate the downstream costs of institutionalization and hospitalization [63]. In 
addition, urban planning that supports walkability, safety, and intergenerational 
integration fosters both physical and mental health in aging populations [64]. 
International frameworks like the WHO’s Decade of Healthy Aging initiative provide 
a global roadmap for embedding frailty prevention into health and social systems 
[65]. Prioritizing frailty within policy agendas is not only cost-effective but essential 
for achieving equity, dignity, and autonomy in later life.

Frailty represents more than physiological decline—it is a central determinant of 
health span, quality of life, and dignity in aging. Recognizing its multidimensional 
impact requires a paradigm shift in how we understand longevity: not just in terms 
of survival, but in the richness and resilience of life experienced. A comprehensive, 
compassionate approach that addresses physical, emotional, and social domains is not 
only ethical but essential in extending health span and mitigating the toll of frailty. 
Integrating frailty into every layer of health care—from preventive screening to 
end-of-life planning—will define whether longevity becomes a triumph of years or of 
humanity.

6.2  Frailty prevention and rehabilitation in aging: Lifestyle, nutrition,  
and AI-supported personalized care

Preventive strategies in aging have become a critical focus of geriatric care, aiming 
to delay or prevent frailty and maintain autonomy in older adults. Frailty, recognized 
as a multidimensional syndrome of decreased physiological reserve and increased 
vulnerability to stressors, is a dynamic process rather than an inevitable consequence 
of aging. Early detection of frailty plays a pivotal role in modifying its trajectory. 
Studies over the past 7 years emphasize the importance of routine screening using 
simple clinical tools, as early identification enables proactive interventions that can 
significantly delay progression [43, 66]. Physical activity, nutritional optimization, 
and social engagement have consistently been shown to strengthen resilience and 
delay the onset of frailty when introduced early.

Preventive interventions targeting lifestyle modifications have demonstrated 
promising outcomes. Regular exercise, particularly multicomponent programs 
incorporating resistance and balance training, has been effective in improving muscle 
strength, mobility, and overall function in older populations [67]. Nutritional strate-
gies, including increased protein intake and Mediterranean diet adherence, have been 
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linked to improved physical performance and reduced frailty risk [68]. Moreover, 
emerging evidence from preclinical studies suggests that dietary restriction, includ-
ing intermittent fasting, may promote metabolic health and reduce systemic inflam-
mation, thereby contributing to frailty prevention and increased health span [69]. 
These interventions are especially effective when personalized according to individual 
health profiles and functional status.

Physical therapy remains a cornerstone in the management of frailty, facilitat-
ing improvements in strength, balance, and mobility. Recent studies highlight that 
tailored physical therapy programs can enhance gait speed, reduce fall risk, and 
restore independence in frail and pre-frail individuals [70–72]. Rehabilitation fol-
lowing musculoskeletal injuries, such as hip fractures, is critical, as frail patients 
experience higher rates of complications and functional decline post-injury. Early and 
intensive rehabilitation programs have been associated with better recovery trajecto-
ries and reduced institutionalization rates among this population [73]. Rehabilitation 
strategies increasingly incorporate interdisciplinary approaches that address physical, 
cognitive, and psychosocial dimensions simultaneously, promoting holistic recovery.

Water-based therapies have gained attention as an alternative rehabilitation 
method for frail older adults. Aquatic exercise programs offer significant benefits 
by reducing joint stress, improving mobility, enhancing cardiovascular fitness, and 
supporting musculoskeletal rehabilitation, particularly for those with arthritis and 
balance impairments [74, 75]. The buoyancy of water provides a safer environment 
for exercise, making it an effective modality to promote physical activity in individu-
als with advanced frailty.

Technological innovations are also shaping preventive strategies. Artificial intelli-
gence (AI) has emerged as a tool to personalize dietary interventions for older adults, 
optimizing nutrition based on individual needs and risk profiles. Machine learning 
algorithms can analyze dietary patterns, metabolic biomarkers, and functional data 
to recommend tailored nutritional plans that promote health span and prevent frailty 
[76]. Early applications of AI in geriatric nutrition show promise in improving adher-
ence to dietary recommendations and enhancing nutritional outcomes.

The personalization of geriatric care, integrating physical, psychological, and 
social factors, has been emphasized as essential for enhancing well-being in frail older 
populations. Individualized care plans that address physical rehabilitation, cognitive 
support, emotional resilience, and social participation are associated with higher 
satisfaction, reduced hospitalization, and better quality-of-life outcomes [77]. This 
holistic approach reflects a shift toward preventive and person-centered models of 
care, aiming not only to extend life but also to ensure that older adults live their later 
years with dignity, independence, and well-being. Table 3 provides a concise sum-
mary of evidence-based interventions targeting frailty prevention and rehabilitation, 
including their benefits, target populations, and key supporting literature.

In conclusion, preventive medicine in aging focuses on delaying frailty and 
enhancing resilience through early detection, lifestyle modification, rehabilitation, 
and personalized interventions. The integration of innovative approaches such as 
AI-driven nutrition planning and water-based therapies, combined with traditional 
strategies like exercise and physical therapy, offers a comprehensive pathway to 
healthier aging. As the global population continues to age, prioritizing preventive 
strategies and individualized care will remain central to improving outcomes for frail 
older adults. Frailty and aging represent complex, multifaceted processes that require 
a comprehensive and integrated approach to care. The key insights emerging from 
recent research emphasize that frailty is not an inevitable consequence of aging but a 
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dynamic and potentially modifiable condition. Improving outcomes for older adults 
demands a holistic perspective that addresses not only physical impairments but 
also cognitive, psychological, social, and environmental factors. Multidisciplinary, 
person-centered care models have been shown to enhance resilience, maintain func-
tional independence, and extend health span, reinforcing the need for coordinated 
strategies across all domains of geriatric care.

Looking ahead, the field of geriatric medicine is undergoing a transformative evolu-
tion. Advances in technology, including artificial intelligence and data-driven predictive 
models, are offering new opportunities for early detection, risk stratification, and 
personalized intervention. Tailored approaches to nutrition, exercise, rehabilitation, 
and social engagement are becoming increasingly feasible and effective through the 
integration of technological tools. Preventive strategies aimed at delaying the onset of 
frailty and promoting healthy longevity will continue to gain prominence, highlighting 
a shift from reactive to proactive care models. As our understanding of aging deepens, 
a future-oriented, multidisciplinary approach that combines medical, technological, 
and social innovations will be essential to meet the complex needs of the growing older 
population and to promote a more resilient and fulfilling aging experience.

Intervention type Evidence-based benefit Target group Key references

Resistance training (Puts 
et al., 2021)

↑ Muscle strength, ↓ 
frailty risk

Pre-frail and frail elderly [67]

Mediterranean diet ↓ Inflammation, ↑ 
physical performance

Older adults at risk of frailty [68]

AI-driven nutrition plans Personalized intake, ↑ 
adherence

Frail elderly with 
multimorbidity

[76]

Aquatic exercise ↓ Joint stress, ↑ balance 
and mobility

Frail elderly with arthritis or 
balance issues

[74, 75]

Multicomponent 
rehabilitation

Improved function, ↓ 
hospitalization risk

Post-fracture or functionally 
declining older adults

[73]

Table 3. 
Frailty intervention summary table.
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Chapter 6

Beyond the Fracture: Mortality 
Risk and Survival after Hip 
Fractures in the Elderly
Eşref Selçuk

Abstract

Hip fractures in geriatric patients represent a critical public health challenge, 
leading to significant short- and long-term mortality and morbidity. As worldwide 
demographics shift toward an older age, the occurrence of hip fractures is expected to 
escalate sharply, placing increasing demands on healthcare systems. This manuscript 
reviews the biological underpinnings of aging, the epidemiology of hip fractures, 
early and late mortality risks, and the key role of frailty and multimorbidity in 
outcomes. Early surgical intervention, preferably within 24 to 48 hours, along with 
comprehensive perioperative and geriatric co-management strategies, is crucial for 
optimizing survival and recovery. Prognostic models can assist in risk stratification. 
Rehabilitation focusing on mobility, cognitive support, nutrition, and multidisci-
plinary collaboration is vital for restoring function and reducing secondary fractures. 
Despite advancements, there remains a need for standardized predictive tools and 
targeted interventions. Future research should prioritize patient-centered outcomes, 
early risk assessment, and real-world rehabilitation strategies to enhance quality of 
life and independence in this vulnerable population.

Keywords: hip fractures, mortality, geriatrics, risk factors, survival rate, frailty

1.  Introduction

1.1 The global aging population

Across the world, populations are shifting dramatically as people live longer and 
birth rates decline. By 2050, the global population is expected to reach 9.7 billion, with 
over 2.1 billion individuals aged 60 and above. Notably, 80% of this population will 
reside in low- and middle-income countries [1]. The proportion of individuals aged 
60 and older will nearly double from 12% in 2015 to 22% by 2050, while the number 
of those aged 80 and above is projected to triple, reaching 426 million.

These demographic changes create new challenges for health systems, elderly 
care, and social services. The rapid pace of population aging, particularly in 
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resource-limited settings, necessitates integrated strategies that promote healthy 
aging, support chronic disease management, and ensure functional independence.

1.2 Biological foundations and heterogeneity of aging

Aging is a complex, multifactorial process characterized by progressive physi-
ological decline. Hallmarks of biological aging include genomic instability, oxidative 
stress, telomere attrition, mitochondrial dysfunction, and cellular senescence [2]. 
These changes disrupt homeostasis and increase vulnerability to chronic disease.

Functional performance in older adults is closely linked to the combined effects 
of biological, behavioral, and social influences. Aging does not proceed in a uniform 
fashion; two individuals of the same age may exhibit markedly different levels of 
independence. Physical inactivity, poor nutrition, multiple medication use, and social 
isolation can speed up functional decline, while staying active, mentally engaged, and 
socially connected helps protect against it.

1.3 The clinical burden of age-related disease

Aging is strongly linked to a rise in noncommunicable diseases that signifi-
cantly affect both physical and cognitive function. Common conditions among 
older adults include sensory impairments such as hearing loss and cataracts, 
which can limit communication and social engagement. Musculoskeletal disorders 
like osteoarthritis and osteoporosis cause chronic pain, decline in motor function, 
and increased tendency to fall [3].

Diseases like COPD make it harder to breathe and decrease how much exercise a 
person can handle. Metabolic disorders such as type 2 diabetes contribute to cardio-
vascular complications, neuropathy, and delayed wound healing. Neurodegenerative 
diseases, most notably Alzheimer’s disease and dementia, gradually erode memory, 
cognition, and autonomy.

While each of these conditions has distinct pathophysiological mechanisms, they 
share a common underlying process: progressive molecular and cellular damage 
associated with aging [2]. Collectively, they increase vulnerability to falls, frac-
tures, and long-term dependency while also prolonging recovery and complicating 
rehabilitation.

Among these complications, osteoporosis stands out as a major contributor to 
fracture risk, particularly hip fractures. Characterized by reduced bone mass and 
microarchitectural deterioration, osteoporosis greatly increases the likelihood of low-
energy fractures in geriatric people. These fractures are especially serious, linked to 
substantial morbidity, diminished self-reliance, and high mortality. In 2019, the global 
incidence of hip fractures in individuals aged 55 and older was estimated at 681.35 
per 100,000 population. One-year mortality following a hip fracture ranges between 
2.4% and 34.8%, with an average of approximately 22%. These results highlight the 
major public health challenges that hip fractures create in geriatric populations [4].

1.4 Hip fracture

Hip fracture is a critical turning point in the health trajectory of older adults, 
often marking the shift from independent living to long-term disability. More than 
90% of hip fractures take place in individuals aged 65 and over, usually after a 
low-energy fall [5]. This type of injury is not only a sign of underlying frailty but also 
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a trigger for further health decline. Many patients lose mobility and are unable to 
regain baseline functional status.

Although the one-year mortality rate after a hip fracture ranges from 20 to 30%, 
this rate is comparable to the one-year mortality observed in several types of cancer. 
For example, early-stage cancers such as breast, thyroid, and prostate have a one-year 
mortality of approximately 1–3%, while colorectal and bladder cancers show rates of 
5–10%. In contrast, more aggressive cancers like pancreatic, lung, and liver cancers 
can reach one-year mortality rates as high as 30–60% [6]. Beyond the immediate 
impact, hip fractures can start a downward spiral: prolonged immobility leads to 
muscle wasting, increased risk of complications like pneumonia or blood clots, and 
further cognitive or nutritional decline [7].

1.5 Comparative mortality: Hip fractures vs. other major diseases

When comparing the one-year mortality rates of hip fractures to other major 
health conditions, the seriousness becomes evident. For instance, the one-year 
mortality rate after an acute myocardial infarction in the elderly has declined during 
the past 15 years. Similarly, certain cancers have varying one-year mortality rates; for 
example, nonmetastatic breast cancer has a one-year mortality rate of approximately 
1%, while metastatic cases can be significantly higher.

Notably, colorectal and stomach cancers exhibit one-year mortality rates that align 
closely with those observed in elderly patients following a hip fracture. According to 
the Surveillance, Epidemiology, and End Results (SEER) Program, colorectal cancer 
has a one-year mortality rate of approximately 20%, while stomach cancer’s one-year 
mortality rate is around 30%.

These comparisons underscore that hip fractures can be as deadly, if not more 
so, than some forms of cancer or heart disease, emphasizing the need for preventive 
measures and effective management strategies.

2.  Epidemiology

2.1 Global trends

Hip fractures represent a significant source of morbidity and mortality in the 
elderly population. Globally, the rate of hip fractures in people aged 55 years and 
above was reported to be 681.35 per 100,000 population in 2019, a figure that 
is projected to rise steadily with global population aging. By the year 2050, it is 
estimated that the annual number of hip fractures worldwide will reach approxi-
mately 6.26 million [5]. These projections underscore the growing burden of hip 
fractures on healthcare systems, particularly as the proportion of older adults 
continues to increase.

In a comprehensive review encompassing data over a 60-year period, Shahnawaz 
Haleem and colleagues observed a progressive increase in the mean age at which hip 
fractures occur, rising by approximately one year every five years [8]. In the 1960s, 
the average age at the time of hip fracture was 73 years, whereas by 2010, it had risen 
to 82 years. Interestingly, during the same period, 30-day mortality rates following 
hip fracture surgery showed a decline, dropping from 27 to 20%. This may reflect 
improvements in perioperative care, surgical techniques, and geriatric co-manage-
ment strategies over the past several decades.
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2.2 Age and gender differences

The hazard of hip fracture varies significantly by age and gender. In general, 
women are at higher risk than men, a disparity that becomes more pronounced after 
the age of 65. The decline in estrogen levels following menopause leads to reduced 
bone mineral density and a greater susceptibility to osteoporosis, thereby increasing 
fracture risk in female. In males, risk of fracture tends to rise at a later age. However, 
men exhibit higher mortality rates following hip fractures compared to women. This 
difference may be attributed to a higher prevalence of comorbid conditions and more 
severe postfracture complications in older men.

3.  Early mortality after hip fracture

3.1 30-day and 90-day mortality

The first 90 days following a hip fracture represent a critical period during which 
the majority of fracture-related deaths occur. Numerous large-scale studies across 
various populations have consistently demonstrated that early mortality, particularly 
within the first month and quarter after injury, is substantial and deserves special 
attention in both clinical care and healthcare policy.

In a comprehensive nationwide study conducted in Sweden between 1998 and 
2017, Nordström et al. reported an increase in one month mortality from 4.3% to 6.2% 
in female patients and from 8.4% to 11.1% among male patients over the study period, 
underscoring the persisting challenge of reducing early deaths after hip fracture 
despite advances in treatment and care.

Among institutionalized elderly individuals, Kilian Rapp and colleagues analyzed 
a cohort of newly admitted nursing home residents in Germany and found that 
30-day mortality following a hip fracture was 16.1% in men and 10.1% in women. By 
comparison, age-, sex-, and care-level–matched controls without hip fracture had 
significantly lower mortality rates of 7.8% in men and 5.3% in women. Thus, hip 
fracture was linked to an absolute increase in 30-day mortality of 8.3% in men and 
4.8% in women, corresponding to relative increases of 104.4% and 90.6%, respec-
tively. At 90 days, mortality reached 34.1% in men and 22.8% in women with a hip 
fracture, compared to 17.9% and 14.0% in the control group, further emphasizing the 
disproportionate early mortality burden in male patients.

A recent systematic review and meta-analysis by Michael Bui et al. synthesizing 
data from over 460,000 patients has identified a median 30-day mortality rate of 
8.0%. This benchmark aligns with data from individual institutional studies. For 
instance, Blanco et al. reported a 30-day mortality rate of 6.0% in a prospectively fol-
lowed group of 923 people treated surgically. Similarly, in a Spanish matched cohort 
study by Gutiérrez-Misis and colleagues, the 30-day mortality rate among elderly 
patients with hip fracture was 6.1%, compared to just 0.3% in community-dwelling 
individuals without fracture. The hip fracture elevates the risk of death within 
30 days by a factor of 8.4 (HR: 8.4, p < 0.001).

In our own retrospective cohort study conducted at Trakya University, we ana-
lyzed data from 356 people with ages of 82.9 ± 8.3 years. The 30-day mortality rate 
was found to be 12.7%, while the 90-day mortality rate reached 32.7%. Notably, 70.1% 
of all deaths occurring within the first year took place during the initial 90 days, 
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reinforcing the concept that the early postoperative phase is the most vulnerable 
period for this patient population.

Shen et al. investigated early outcomes in 1096 patients aged 70 and older who 
underwent hip arthroplasty during the COVID-19 pandemic. Their multicenter retro-
spective study reported a 90-day mortality rate of 5.2%. Although lower than in some 
earlier studies, these reflect a carefully selected surgical population during a period of 
heightened clinical vigilance.

Finally, a large Canadian study by Beaupre and colleagues involving 11,996 
patients reported 30- and 90-day mortality rates of 4.9% and 8.5%, respectively. 
These results further contribute to the body of evidence confirming that hip frac-
ture in geriatric linked to early mortality, which peaks within the first 3 months 
post-injury.

Based on the available data, 30-day mortality following hip fracture ranges from 
a minimum of 4.3% (among female patients in the Swedish nationwide study) to a 
maximum of 16.1% (among male nursing home residents in the study).

Collectively, these results highlight the need for aggressive perioperative optimiza-
tion, early mobilization, and targeted multidisciplinary management strategies to 
reduce early mortality following hip fractures, particularly in vulnerable subgroups 
such as the very elderly, institutionalized individuals, and men.

3.2 Risk factors for early death

Early mortality following hip fracture surgery is most commonly classified as 
death occurring within one month postoperatively. In a comprehensive systematic 
review and meta-analysis conducted by Michael Bui and colleagues, five preopera-
tive risk factors were consistently associated with significantly increased 30-day 
mortality: advanced age (OR: 1.06 per year), ASA score ≥ 3 (OR: 2.69), male sex (OR: 
2.00), institutional residence (OR: 1.81), and presence of metastatic cancer (OR: 
2.83). These variables have been repeatedly validated as critical determinants in early 
postoperative outcomes.

A prospective cohort study by Blanco et al. involving patients over the age of 
65 who underwent hip fracture surgery further highlighted several independent 
predictors of 30-day mortality. Among them, chronic heart failure emerged as the 
strongest factor (OR: 3.560; p < 0.001), followed by elevated ASA classification 
(≥3) (OR: 3.273; p < 0.001) and use of oral anticoagulants (OR: 2.499; p = 0.002). 
Hypoalbuminemia (serum albumin ≤3.5 g/dL) (OR: 2.474) and arrhythmia (OR: 
2.523) were also significantly linked to increased early mortality risk.

In a matched-cohort study conducted in Spain, key predictors of 30-day mortal-
ity included advanced age, high comorbidity burden as measured by a Charlson 
Comorbidity Index ≥3 (HR: 2.59), and functional disability (defined as dependence 
in ≥2 basic activities of daily living; HR: 1.22). Interestingly, cognitive impairment 
was not significantly associated with mortality at 30 days, though it became a relevant 
factor at 3 and 12 months. Although male sex appeared to be linked to short-term 
mortality in univariate analysis, its significance did not persist in multivariate models.

In our own retrospective study conducted at Trakya University, advanced age was 
found to be a statistically significant predictor of 30-day mortality (OR: 1.11) with 
each additional year of age increasing the risk. Male sex also emerged as an inde-
pendent risk factor (OR: 1.87), with men demonstrating a higher mortality risk than 
women. Additional predictors of early mortality included the need for postoperative 
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intensive care (OR: 2.14) and prolonged hospitalization (OR: 1.03). Furthermore, 
comorbid conditions such as malignancy (OR: 3.44), cerebrovascular disease (OR: 
2.07), and chronic respiratory disorders (OR: 3.49) were also strongly associated with 
early postoperative death.

Shen et al., in a multicenter retrospective analysis, examined 1096 elderly patients 
undergoing hip arthroplasty and identified four key preoperative risk factors for 
90-day mortality through multivariate logistic regression: chronic obstructive pul-
monary disease (OR: 2.10), dementia (OR: 3.00), and prolonged time from fracture 
to surgery (OR: 1.11). Their findings underscore the critical need to address both 
medical and procedural delays in surgical planning.

Finally, in a large cohort study of 11,996 patients, Beaupre and colleagues con-
firmed that advanced age (≥85 years), male sex, elevated Charlson Comorbidity 
Index (≥2), and surgical delay were all independently associated with 90-day mortal-
ity. Notably, older patients were found to be more susceptible to the adverse effects of 
delayed surgery, with mortality risk increasing with each hour of delay.

These findings from these diverse studies conducted across multiple healthcare 
systems highlight several consistent preoperative risk factors for early (30- to 
90-day) mortality following operation. Advanced age, male sex, high comorbidity 
burden (often quantified by a Charlson Comorbidity Index ≥2 or 3), and elevated 
ASA scores (≥3) emerge as the most frequently reported and robust predictors. 
Additionally, clinical indicators such as hypoalbuminemia, chronic heart failure, 
arrhythmia, malignancy, and chronic respiratory disease are recurrently linked 
to poorer outcomes. Delays in surgical intervention also appear to significantly 
worsen early prognosis, particularly in the oldest patient groups. These findings 
underscore the importance of a timely, comprehensive preoperative evaluation 
that integrates both functional and clinical risk profiles. Optimizing modifiable 
risk factors and prioritizing early surgical management, especially in high-risk 
patients, may offer a valuable opportunity to reduce early mortality rates follow-
ing hip fractures.

4.  Long-term survival and prognosis

4.1 1-year and 5-year survival

Recent studies have highlighted both improvements and ongoing challenges in hip 
fracture outcomes. Shahnawaz Haleem and colleagues, analyzing data over the past 
six decades, stated that the one year mortality rate decreased from 27% in the 1960s to 
20% in the 2010s, reflecting advances in prevention, medical care, specialized ortho-
geriatric units, and timely surgery [8]. In Taiwan, Kun-Han Lee et al. highlighted that 
1-year mortality rates were 23.3% for collum femoris fracture and 26.6% trochanteric 
fractures, while 10-year mortality outcomes were notably higher, at 69.3% and 74.3%, 
respectively [9, 10]. Similarly, a Spanish study by Olalla Guzon-Illescas et al. involving 
3992 patients showed a 1-year mortality rate of 33%, with higher rates observed in 
men (43.3%) compared to women (30%) [10].

In a population-based register study from Denmark by Michael Houlind Larsen 
et al., using data from the Danish National Patient Registry between 1998 and 2017, 
the 1-year (365-day) mortality rate after surgically treated femoral fractures in 
patients aged 65 and older was 29% overall, with 37% in men and 26% in women [11]. 
Also, the study demonstrated that high mortality rates are not limited to proximal 
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femoral fractures but extend across all femoral fracture locations, including diaphy-
seal and distal femur fractures.

In a retrospective single-center study conducted in China by Pingping Wang and 
Shenghua Guo, elderly patients with femoral neck fractures who underwent joint 
replacement surgery were evaluated to determine the impact of multiple chronic con-
ditions (MCC) on postoperative mortality [12]. The study revealed that patients with 
MCC experienced significantly higher mortality rates compared to those without. 
Specifically, 1-year mortality outcomes among people with MCC were 28.2% (29 out 
of 103), while the 5-year mortality rate reached 40.8% (42 out of 103). These find-
ings underscore the prognostic importance of comorbidity burden in elderly patients 
undergoing surgical treatment for femoral neck fractures.

In an analysis of past clinical data, 766 elderly people who underwent surgical 
treatment for hip fractures between 2007 and 2009 were monitored for at least 
10 years to identify predictors for long-term mortality [13]. The study reported a 
one-year mortality of 12.0%, a 5-year mortality rate of 38.9%, and a 10-year mortality 
rate of 61.6%.

Through a review of cohort from Japan by Kenji Shigemoto et al., 678 geriatric 
people with proximal femur fractures were treated using a multidisciplinary care 
model at Toyama City Hospital between 2014 and 2018 [14]. The 1-year mortality rate 
was reported as 12.6%, with elevated mortality in males (20.7%) compared to females 
(10.5%).

In a retrospective single-center study conducted in Turkey by Olgun Bingöl et al., 
the 1-year mortality outcome among 241 geriatric people with hip fractures was 
stated as 25.3% [15].

In a retrospective cohort study conducted in Türkiye, 346 geriatric patients who 
operated for hip fractures at Trakya University were analyzed to evaluate the COVID-
19 on mortality outcomes [16]. This study found 1-year mortality rate of 49.1% in 
the pre-COVID era and 43.9% during the COVID era, with an overall 1-year mortal-
ity outcome of 46.5%. The findings highlight the persistently high mortality with 
geriatric hip fractures.

4.2 Predictors of long-term outcomes

Hip fractures in the geriatric patients are linked to high mortality rates extending 
well beyond the immediate postoperative period. Numerous studies have sought to 
identify reliable predictors of one-year and longer-term mortality to guide periopera-
tive care and improve outcomes in this vulnerable population [11, 13].

Advanced age consistently emerges as a strong independent predictor of mortality. 
Incremental increases in age are associated with proportionally higher risk of death, 
with some studies reporting hazard ratios exceeding 1.10 per year. Male sex is also 
associated with poorer survival, with men exhibiting significantly higher mortality 
rates than women across multiple national datasets.

Comorbidity burden is another well-established determinant of long-term sur-
vival [9, 10, 12]. Quantitative indices such as the Charlson Comorbidity Index (CCI) 
and age-adjusted CCI (ACCI) demonstrate a clear correlation with mortality. Patients 
with multiple chronic conditions or higher ACCI scores show markedly reduced 
survival, with 10-year mortality rates exceeding 70% in high-risk groups. In addition 
to aggregate indices, specific comorbidities such as chronic pulmonary disease, cere-
brovascular disease, renal insufficiency, and malignancy have been independently 
associated with worse outcomes.
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Recent evidence has also highlighted the prognostic value of inflammatory mark-
ers. Elevated neutrophil-to-lymphocyte ratio (NLR) and monocyte-to-lymphocyte 
ratio (MLR) at admission have been linked to increased mortality risk at both 30 days 
and one year [15]. These markers may reflect underlying systemic inflammation and 
frailty and provide an accessible means of early risk stratification.

Timing of surgery plays a critical role in survival. Delays in operative intervention 
beyond 48 hours are associated with a significant increase in one-year mortality, with 
some studies estimating a 10–15% rise in risk for each additional day [16, 17]. This 
association underscores the importance of expedited surgical care in reducing adverse 
outcomes.

Postoperative intensive care unit (ICU) admission has also been associated with 
increased mortality, suggesting that patients requiring ICU care represent a particu-
larly vulnerable subset. Limited physiological reserve, higher perioperative complica-
tion rates, and delayed mobilization may contribute to this finding.

In conclusion, mortality over time is influenced by age, sex, comorbidities, inflam-
matory status, surgical timing, and postoperative course. Identification of these 
predictors enables early risk stratification and may inform targeted interventions to 
reduce mortality and enhance recovery in older adults undergoing hip fracture surgery.

5.  Frailty and comorbidities

5.1 Frailty indexes and tools

Frailty is increasingly recognized as a critical factor influencing outcomes in 
elderly patients, particularly those undergoing orthopedic procedures such as hip 
fracture surgery. It reflects a decline across multiple physiological systems, resulting 
in reduced resilience to medical and surgical stressors [18]. Frail individuals have 
a greater chance of experiencing complications, longer hospital stays, institution-
alization, functional decline, and mortality, even when receiving standard-of-care 
treatment.

Two primary conceptual models are used to assess frailty [7, 19]. The Fried 
physical phenotype identifies frailty with 5 observable indicators: ınvoluntary 
weight decrease, fatigue, reduced strength, reduced gait speed, and reduced activity 
level. This model classifies patients as robust, pre-frail, or frail, depending on how 
many criteria they meet. Alternatively, the Cumulative Deficit Model, developed 
by Rockwood and colleagues, views frailty as the accumulation of health deficits, 
including comorbidities, symptoms, and functional impairments, and expresses it as 
a Frailty Index (FI). This index enables a graded assessment of frailty severity, which 
is especially useful for risk stratification in heterogeneous elderly populations.

Beyond these models, more comprehensive tools have been developed to reflect 
the multidimensional nature of frailty. One of the most robust and clinically appli-
cable is the Multidimensional Prognostic Index (MPI), obtained from Comprehensive 
Geriatric Assessment (CGA). The MPI contained eight domains: mobility, mental 
performance, comorbidities, nutritional status, multiple medication, risk of pres-
sure ulcers, social support, and cohabitation status. Patients are classified into three 
categories—robust (MPI < 0.33), pre-frail (0.34–0.66), and frail (>0.66)—each with 
clearly defined prognostic implications.

Meta-analyses have demonstrated that MPI-defined frailty is highly prevalent, 
particularly in nursing homes (>50%) and hospitals (~30%) [20, 21]. Crucially, 
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high MPI scores are independently linked to greater frequency of surgical complica-
tions, institutionalization, and one-year mortality in geriatric orthopedic patients. 
Preoperative frailty, regardless of how it is measured, has been shown to significantly 
predict poor postoperative recovery and survival.

In this context, frailty assessment is more than a prognostic exercise; it serves as a 
clinical decision-making tool. In elderly patients who are socially isolated, cognitively 
impaired, or burdened by multiple comorbidities, structured frailty evaluations 
such as the MPI can guide the choice of surgical versus conservative treatment, help 
anticipate perioperative needs, and support discharge planning. Furthermore, frailty 
screening aligns with ethical and patient-centered care principles, helping clinicians 
balance risks and benefits while aligning medical interventions with the patient’s 
goals and values.

Given the rising prevalence of frailty in aging societies and the growing orthope-
dic burden it entails, integrating frailty screening into routine preoperative assess-
ment is not only justified, it is imperative.

5.2 Multiple chronic conditions

Multimorbidity, representing the coexistence of several persistent illnesses, is 
highly prevalent among older adults with hip fractures and exerts a substantial influ-
ence on both short- and long-term outcomes. The presence of multiple comorbidities 
complicates perioperative management and contributes to an elevated risk of compli-
cations, functional decline, and mortality.

In a nationwide Danish registry-based study involving over 92,000 patients, 
Hansen et al. demonstrated a strong interaction between multimorbidity and the 
risk of postoperative infections following hip fracture surgery [22]. Patients with 
high comorbidity burden (Charlson Comorbidity Index ≥3) exhibited a one-month 
infection rate of 302 per 100 person-years, in contrast to only 9 per 100 person-years 
among patients without multimorbidity. Notably, 33% of infections in the severely 
multimorbid group were directly attributable to the combined effect of hip fracture 
surgery and multimorbidity.

Beyond the acute setting, multimorbidity also affects long-term outcomes. In a 
12-year European prospective cohort study, Veronese et al. observed that older adults 
with multimorbidity who engaged in regular physical activity had up to 51% lower 
all-cause mortality compared to sedentary individuals [23]. These findings suggest 
that physical activity may serve as a protective factor capable of mitigating some of 
the excess mortality associated with multimorbidity in hip fracture patients.

In terms of secondary prevention, a Canadian population-based cohort study by Ali 
et al. revealed a paradoxical pattern in osteoporosis care delivery [24]. While patients with 
two comorbidities were more likely to receive osteoporosis treatment following a fragil-
ity fracture, those with three or more comorbid conditions were significantly less likely 
to initiate therapy. This indicates a care gap potentially driven by therapeutic inertia in 
patients perceived as too frail or complex for standard treatment regimens.

Collectively, these findings underscore the multifaceted impact of multimorbid-
ity in the context of geriatric hip fracture care. Not only does it increase biological 
vulnerability, but it also influences infection risk, survival probability, and the likeli-
hood of receiving evidence-based interventions. Addressing these challenges requires 
a multidisciplinary approach that integrates orthopedic, geriatric, and rehabilitative 
expertise and prioritizes individualized, goal-directed care planning for this high-
risk population.
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6.  Timing of surgery and perioperative management

6.1 Early vs. delayed surgery

Timely surgical intervention following hip fracture is widely regarded as a corner-
stone of effective management in elderly patients. Clinical guidelines, including those 
from the American Academy of Orthopedic Surgeons, suggest operation in 48 hours 
from time of patient intake to reduce risk of complications and mortality [25]. Several 
high-quality studies reinforce the clinical value of early surgery compared to delayed 
intervention.

Shen et al. conducted a retrospective analysis in a Taiwanese medical center, 
including 1118 geriatric patients with hip fractures [26]. The authors demonstrated 
that waiting more than 36 hours for surgery significantly increased the incidence of 
pneumonia (4.4% vs. 7.9%), myocardial infarction (3.0% vs. 7.2%), and heart failure 
(15.2% vs. 26.8%) within the first 30 days postoperatively. These complications 
persisted at 90 days, highlighting the time-sensitive nature of surgical care.

Lieten et al. analyzed over 800 cases in Belgium and found that patients under-
going surgery within 24 hours had significantly lower rates of cardiovascular and 
pulmonary complications [27]. Delayed surgery (mean time to surgery: 73 hours) 
was linked to worse long-term outcomes (OR: 2.63, p < 0.001). A delayed surgery was 
associated with a twofold increase in mortality. And survival analysis showed that 
early surgical intervention significantly improved survival outcomes.

Bhatti et al. utilized the National Trauma Data Bank (NTDB) in the United 
States, encompassing 28,031 elderly patients [28]. The authors found that patients 
receiving surgery within 48 hours had a mortality rate of 1.6%, compared to 4.2% in 
the delayed group (p < 0.001). Sociodemographic disparities such as race, hospital 
region, and injury severity were also associated with delays, indicating potential 
systemic factors influencing timeliness of care.

Joseph et al. provided a nuanced perspective by demonstrating that delays beyond 
48 hours were associated with increased cardiology consultations and a higher 
comorbidity burden. However, the 1-year mortality was similar between the early and 
delayed surgery groups in their cohort (p = 0.109) [29]. However, a Cox proportional 
hazards model indicated a small but statistically significant increase in mortality risk 
with each hour of delay (HR: 1.007; p = 0.001), suggesting that even minor surgical 
delays may have cumulative effects.

Collectively, these studies confirm that early surgical intervention, preferably within 
24 to 48 hours, is linked to low rates of cardiopulmonary complications and improved 
survival result in geriatric patients with hip fractures. While individual patient optimiza-
tion remains important, unnecessary surgical delays, particularly due to logistical or 
administrative factors, may result in avoidable harm. A system-wide commitment to pri-
oritizing early surgery can significantly impact outcomes in this vulnerable population.

6.2 Anesthesia considerations

Types of anesthesia in geriatric patients undergoing hip fracture operations 
greatly impact operative results, particularly given the high prevalence of frailty, 
multimorbidity, and cognitive impairment in this population. The most commonly 
used techniques are general anesthesia and spinal anesthesia, each with specific 
advantages and limitations. Additionally, regional nerve blocks and emerging local 
anesthesia protocols such as MAC-STILA (Monitored Anesthesia Care with Soft 
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Tissue Infiltration of Local Anesthetics) are gaining interest for their potential to 
reduce complications in high-risk patients.

General vs. Spinal Anesthesia
General anesthesia provides reliable analgesia and is often necessary for complex 

cases but is associated with risks such as hemodynamic instability, postoperative 
delirium, and respiratory complications. Spinal anesthesia offers hemodynamic 
benefits and eliminates the need for airway instrumentation, and several studies have 
associated it with lower rates of early complications, though recent randomized trials 
such as the REGAIN trial have found no significant difference in 60-day functional 
outcomes or mortality between general and spinal anesthesia [30].

Peripheral Nerve Blocks and Multimodal Analgesia
Contemporary guidelines emphasize the use of regional nerve blocks (e.g., 

femoral, fascia iliaca, PENG block) both as standalone techniques and adjuncts to 
general or spinal anesthesia. These blocks improve preoperative pain control, reduce 
opioid requirements, and may decrease rate of postoperative delirium encourage early 
mobilization [30, 31].

Novel Local Anesthesia Techniques: MAC-STILA
Emerging evidence supports the role of MAC-STILA as an alternative in medically 

fragile patients. This technique combines light intravenous sedation with targeted 
local anesthetic infiltration at key surgical sites. Pilot studies suggest that MAC-
STILA results in improved intraoperative physiological stability, lower postoperative 
pain and delirium rates, and comparable outcomes to spinal and general anesthesia 
without the need for airway manipulation [32].

6.3 Geriatric co-management

Orthogeriatric co-management is a multidisciplinary care model that integrates 
orthopedic surgeons and geriatricians in the joint management of older adults with 
hip fractures across both acute and rehabilitation phases. The rationale stems from the 
recognition that elderly patients with fragility fractures often suffer from multimor-
bidity, frailty, cognitive impairment, and functional decline, factors that increase the 
risk of poor outcomes if managed in a surgery-only framework.

Yee et al. demonstrated that implementing an orthogeriatric collaboration path-
way led to improved patient outcomes [33]. In this model, shared ward rounds were 
conducted, patients were transferred to rehabilitation more quickly, and continuous 
geriatric oversight was provided. As a result, the length of stay was reduced in both 
acute hospitals (median 7 vs. 8 days) and rehabilitation centers (16 vs. 18 days). 
Patients also showed better functional recovery at discharge, measured by the 
Modified Barthel Index, and there was a higher rate of osteoporosis treatment initia-
tion. Importantly, these improvements were achieved without increasing mortality or 
hospital readmission rates.

De Vincentis et al. emphasized through a nationwide Italian consensus that 
 effective co-management requires a multidisciplinary team (MDT) composed of at 
least an orthopedic surgeon, anesthesiologist, and geriatrician, supported by physiat-
rists and physiotherapists [34]. The consensus outlines evidence-based recommenda-
tions covering:

• Preoperative optimization (e.g., comprehensive geriatric assessment),

• Perioperative management (e.g., early surgery, delirium prevention),
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• Postoperative rehabilitation,

• Discharge planning and caregiver involvement.

• Both sources converge on the conclusion that orthogeriatric co-management is 
associated with improved clinical outcomes, greater system efficiency, and more 
personalized, function-oriented care for a growing elderly population.

7.  Prognostic models and scoring systems

7.1 Nottingham hip fracture score

The Nottingham Hip Fracture Score (NHFS) is a validated preoperative hazard 
stratification system developed to estimate the 30-day mortality risk in geriatric 
patients. First introduced in 2007, the NHFS integrates seven objective clinical 
variables routinely available at hospital admission: Age, Sex, Hemoglobin level, 
Mini-Mental Test Score, Presence ≥2 comorbidities, Diagnosis of malignancy, Pre-
admission residence (institutionalized vs. home).

Each variable contributes a defined number of points, and the total score (ranging 
from 0 to 10) corresponds to an estimated mortality percentage. For example, a score 
of 0 corresponds to < 1% mortality, while a score of 10 reflects ~ 45% 30-day mortal-
ity risk [35].

Recent studies have shown that the NHFS also has moderate predictive value for 
1-year mortality and can aid in guiding perioperative decisions, family discussions, 
and resource planning [36]. When compared with the Clinical Frailty Scale (CFS), 
NHFS has slightly better discrimination in predicting mortality, although both tools 
are complementary.

The NHFS is practical, bedside-applicable, and does not rely on intraoperative 
variables, making it particularly valuable for early triage and counseling in emergency 
orthopedic settings.

7.2 Charlson comorbidity index

The Charlson Comorbidity Index (CCI) is commonly employed clinical tool 
designed to quantify the burden of comorbid diseases and estimate a patient’s 1-year 
mortality risk. The index assigns weighted scores to 19 chronic conditions (e.g., 
heart failure, diabetes, and cancer), with additional points for age, creating an Age-
adjusted CCI (ACCI) commonly used in geriatric populations.

Recent findings have extended the application of CCI beyond mortality pre-
diction. A 2022 study by Wong et al. demonstrated that a higher ACCI score is 
significantly associated with early fracture-related complications in elderly patients 
undergoing internal fixation for femoral neck fractures [37].

8.  Preventive strategies and rehabilitation

8.1 Secondary prevention

Secondary prevention refers to healthcare services aimed at identifying a disease at 
an early stage and preventing its progression and complications. In short, the goal is not 
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to completely prevent the disease, but to intervene early to stop it from worsening. For 
example, in orthopedics, systems such as Fracture Liaison Services have been developed. 
These focus on initiating appropriate and adequate treatment for osteoporosis following a 
fracture, ensuring that osteoporosis management is started in a timely manner.

Another cost-effective program microsimulation model for secondary fracture 
prevention was developed by Nayak et al. [38]. This model would prevented approxi-
mately 30,000 fractures per 1 million patients over 5 years, with a cost savings of $418 
per patient.

Effective secondary prevention involves systematic identification of patients, bone 
mineral density measurement, appropriate anti-osteoporotic treatment (bisphospho-
nates, RANKL inhibitor, teriparatide, and sclerastin inhibitor), and multidisciplinary 
follow-up.

Additionally, secondary prevention efforts are more cost-effective when targeted 
to high-risk groups, such as institutionalized elderly individuals, and when using 
low-cost treatments like calcium plus vitamin D or hormonal therapy, as supported by 
long-term economic analyses.

8.2 Fall prevention programs

Falls are the leading cause of hip fractures among older adults; thus, structured 
fall prevention programs are essential in reducing fracture incidence. The multifacto-
rial nature of fall risk—encompassing sarcopenia, visual impairment, polypharmacy, 
balance deficits, and environmental hazards—necessitates a comprehensive, indi-
vidualized approach.

According to a 2023 review by Yu et al., recent evidence has highlighted several 
modifiable fall-related risk factors [39]:

• Neuromuscular impairment,

• Visual dysfunction,

• Use of psychotropic or antihypertensive medications,

• Malnutrition and electrolyte disorders (e.g., hyponatremia),

• Sedation due to opioid or analgesic overuse.

• Recommended strategies include:

• Exercise programs focusing on balance, strength, and gait training.

• Medication review and deprescribing, particularly of high-risk drugs like benzo-
diazepines or opioids.

• Environmental modifications, especially in home settings (e.g., removing loose 
rugs, improving lighting).

• Use of external hip protectors, which have been shown to reduce impact in case 
of falls.

• Vitamin D supplementation, at doses of 800–1000 IU daily, which has been 
associated with fall and fracture risk reduction.
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When implemented within coordinated geriatric care frameworks, these programs 
not only improve quality of life but also reduce healthcare utilization and long-term 
disability. Geriatric rehabilitation following hip fracture is a cornerstone of recovery, 
aiming to reduce mortality, restore function, and prevent subsequent fractures. These 
programs rely on a multidisciplinary approach, early mobilization, individualized 
goal-setting, and seamless care transitions.

8.3 Rehabilitation

The main goals of geriatric rehabilitation programs are to help patients regain as 
much of their pre-fracture functional status as possible [40]. Restoring independence 
in daily activities is a key focus. It is also important to prevent complications such as 
malnutrition, delirium, and immobility syndrome, which are common with pro-
longed inactivity. Rehabilitation aims to reduce the need for long-term institutional 
care and maintain the patient’s quality of life. In addition, targeted interventions are 
used to decline the hazard of secondary fractures by addressing osteoporosis and fall 
prevention.

8.3.1 Multidisciplinary team

Effective rehabilitation requires a coordinated team involving geriatricians, phys-
iotherapists, occupational therapists, nurses, dietitians, social workers, and psycholo-
gists. Each member contributes to a personalized care plan tailored to the patient’s 
physical, cognitive, and social needs [41, 42].

8.3.2 Early initiation of rehabilitation

Evidence-based guidelines recommend that rehabilitation begin within 6 days 
postoperatively. Early intervention is associated with better functional outcomes and 
reduced mortality [42, 43].

8.3.3 Functional and mobility training

Progressive weight-bearing, gait training, balance exercises, and resistance 
therapy are the mainstays. Therapy intensity typically ranges from 120 to 
180 minutes daily [44]. Activities of daily living are integrated as therapeutic 
opportunities.

8.3.4 Cognitive and psychosocial support

Given the high prevalence of delirium, depression, and dementia in this popula-
tion, cognitive screening and psychological support are integral. Patient and caregiver 
education is also emphasized.

8.3.5 Nutritional and comorbidity management

Due to the high risk of malnutrition, tailored dietary interventions by regis-
tered dietitians are essential [45]. Concurrently, medical management of heart 
failure, urinary infections, thromboembolism, and osteoporosis is necessary to 
prevent setbacks.
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8.3.6 Barriers and enablers

In a qualitative study by Backman et al., the most significant barriers to early 
rehabilitation access included limited bed availability, inadequate staffing, and 
care coordination challenges [42]. Key enablers were effective patients and family 
counseling, consciousness of rehabilitation gains, and training in standardized care 
pathways.

8.3.7 Predicting duration and optimizing planning

A 2024 study by Krakers et al. identified several predictors of rehabilita-
tion length of stay in skilled nursing facilities: post-discharge mobility level 
(Functional Ambulation Categories), surgery type, weight-bearing restrictions, 
presence of in-hospital delirium or heart failure, and pre-fracture living situation 
[46]. Anticipating these factors can support realistic goal-setting and efficient 
resource allocation.

9.  Future research

Despite advancements in both surgical techniques and rehabilitation, many 
aspects in the care of elderly patients remain to be clarified. First, standardized 
predictive models should integrate frailty, comorbidity indices, and inflammatory 
markers. There is a need for multicenter, long-term data supported by early surgi-
cal intervention and co-management models. Given the variability in rehabilitation 
resources across different healthcare systems and socioeconomic settings, future 
efforts should focus on identifying optimal rehabilitation strategies. Bridging these 
gaps will be critical in improving long-term outcomes.

Future research should be prospective, multicenter, and randomized controlled. 
These studies should incorporate frailty indices, novel biomarkers, and comorbidity 
scores. New composite prognostic models need to be developed, aligned with real-
world settings. They should focus on patient-centered outcomes, including the ability 
to live independently and overall quality of life, and also aim to identify and address 
caregiver burden.

10.  Conclusion

Geriatric hip fractures are a significant orthopedic public health issue. They 
are associated with high mortality in both the early and late periods. Early surgical 
intervention, a multidisciplinary approach, and geriatric rehabilitation are essential. 
Frailty and multimorbidity remain among the most critical challenges during treat-
ment and rehabilitation. Despite advancements, future research should focus on 
developing standardized, patient-centered models to improve survival, function, and 
quality of life in this growing population.
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Appendices and nomenclature

AAOS   American academy of orthopedic surgeons
ACCI   age-adjusted Charlson comorbidity index
ASA   American society of anesthesiologists (score)
CCI   Charlson comorbidity index
CGA   comprehensive geriatric assessment
COPD   chronic obstructive pulmonary disease
FI   frailty index
HR   hazard ratio
MAC-STILA    monitored anesthesia care with soft tissue infiltra-

tion of local anesthetics
MCC   multiple chronic conditions
MPI   multidimensional prognostic index
MDT   multidisciplinary team
NHFS   Nottingham hip fracture score
NLR   neutrophil-to-lymphocyte ratio
OR   odds ratio
SEER    surveillance, epidemiology, and end results 

program
Hip Fracture   A break occurring in the proximal femur.
Frailty    A multidimensional syndrome characterized by 

decreased physiological reserve and resistance 
to stressors, leading to increased vulnerability to 
adverse health outcomes.

Multimorbidity    The coexistence of two or more chronic health 
conditions in an individual, often complicating 
treatment and prognosis.

Secondary Prevention   Medical interventions aimed at detecting and 
treating a disease early to halt its progression and 
prevent complications.

Early Mortality     Death occurring within 30 to 90 days after an index 
event (e.g., surgery for hip fracture).

Geriatric Co-Management  An interdisciplinary care approach where ortho-
pedic surgeons and geriatricians jointly manage 
elderly patients to optimize perioperative outcomes 
and rehabilitation.

Functional Recovery   The process by which a patient regains physical, 
cognitive, and social abilities after an injury or 
illness to approach their baseline functional status.
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Chapter 7

Making the Patient the Core of 
Nutritional Decision-Making 
(Oral Versus Tube Feeding): 
Surmounting Challenges amid 
Dysphagia and Life-Limiting Illness
Jennifer Hanners Gutierrez

Abstract

Overmedicalization of patients can occur in the context of critical or terminal 
illness. Tube feeding is a common recommendation for patients who desire nutrition 
and are diagnosed with dysphagia and life-limiting illness. Tube feeding has been 
found to cause harm in patients at the end of life without improving longevity. Oral 
feeding, such as careful hand feeding, has been found to better support psychosocial 
and physiological health. Past studies have reported lower incidence of pneumonia, 
depression, and mortality with oral feeding compared to tube feeding in persons 
with dysphagia and advanced dementia, stroke, or chronic obstructive pulmonary 
disease (COPD). Nutritional decision-making is an essential component of pallia-
tive care, and feeding routes must be weighed. Default use of tube feeding when a 
patient demonstrates difficulty swallowing is not supported by evidence. In addition, 
tube feeding should not be used to expedite treatment and transfer from a tertiary 
center to a facility that may potentially reap financial benefit from enteral versus oral 
nutrition. Research supports patient-centered care that focuses on shared decision-
making, compassionate collaboration, skilled communication/documentation, and 
the upholding of a patient’s right to choose a desired feeding route by informed 
autonomous consent.

Keywords: dysphagia, pneumonia, tube feeding, careful hand feeding, nutrition, oral 
versus tube feeding, palliative care, nutritional decision-making, end of life

1.  Introduction

According to science, one’s ability to eat and drink by mouth supports psychologi-
cal [1] and physiological health. From the very beginning, infants bond with parents 
through nourishment and the associated intimacy/closeness that they experience 
during breast or bottle feeding. Throughout life and in elder-aged individuals, food is 
a connection to others and comfort [2]. Anatomical and muscular changes at the end 
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of life combine with health care complications and often contribute to dysphagia (dif-
ficulty swallowing) [3]. Health care providers may react to dysphagia by withdrawing 
the option for oral nutrition due to feared consequences of tracheal and pulmonary 
aspiration (i.e., pathogens entering the airway by way of food or drink, increasing 
likelihood of a lung infection) [4]. It remains a widespread practice to replace oral 
nutrition with tube feeding with counsel that this type of feeding route is “safer.” Past 
studies contradict this as related to dysphagia and terminal illness. In fact, recent 
research reports greater harm (pneumonia, depression, mortality) from use of tube 
feeding versus oral feeding when patients have dysphagia, desire nutrition, and are 
facing life-limiting illness [5, 6].

Moreover, theories have emerged from qualitative data that indicate the greater 
investment by health care providers, the greater chance for closure [7]. Yet, health 
care providers may make nutritional decisions based on their own biases, old 
research, or ease of discharge (e.g., place a tube and get the patient transferred out of 
the facility) [8]. Investment in biomedical ethics, shared decision-making [9], and 
patient-centered care needs further improvement so that patients may be offered 
well-grounded education and sound guidance when they want to eat by mouth with 
risk of aspiration.

As we move forward into an in-depth discussion regarding nutritional decision-
making in the context of critical or life-limiting illness, consider two polar opposite 
case studies. The first patient had advanced-stage Parkinson’s Disease. Due to this 
advanced progressive degenerative process, the patient was having trouble walking 
and intermittent coughing with oral feeding had begun. In addition, the patient began 
experiencing cardiac issues, and the surgeon decided to perform a complex heart sur-
gery which resulted in a prolonged, worsened patient state. A speech-language pathol-
ogist was consulted to complete clinical and instrumental swallow examinations. 
Consistent aspiration was noted on a Modified Barium Swallow Study (videofluoro-
scopic swallow examination); therefore, the surgeon chose to schedule a percutane-
ous endoscopic gastrostomy (PEG) (i.e., placement of a stomach tube). The family 
communicated their disagreement with this procedure amid the patient’s continued 
declining state. The physician team did not acknowledge the family’s wishes, with 
nursing staff reporting that the primary physician “does not believe in palliative care 
or hospice.” Ethical concerns arose and were addressed. The family acquiesced. The 
patient received a stomach tube. The patient did not wake up again for the remainder 
of his stay in the tertiary center, kept alive by chest tubes and supportive, high-volume 
oxygen and eventually transferred from the tertiary center prior to his passing.

In contrast, a patient was admitted to a tertiary center and diagnosed with an 
untreatable, progressive systemic (including throat) cancer with expected rapid 
decline and a terminal prognosis. The patient was unable to comfortably eat by mouth 
within a matter of days. The medical team consulted speech-language pathology to 
complete a clinical swallow examination. It was no longer comfortable for the patient 
to swallow. The patient became depressed and requested to “drink Coca-Cola™” while 
listening to George Strait. Oral swabs dipped in soda were offered to the patient to 
satisfy his craving while he listening to his favorite music artist. When a health care 
provider entered the room and asked what he was doing, he replied, “Drinking Coke 
and listening to George Strait.” It is the first time in days he did not reply, “I’m dying,” 
when asked how or what he was doing. No tube feeding was provided at his request. 
The patient was allowed to choose how he wanted to die.

These two case studies highlight the difference we can make as health care provid-
ers. We must weigh the feeding route and explore options that are evidenced-based 
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and aligned with a patient’s personal health care “story” and the patient’s, or medical 
power of attorney’s (MPOA’s), wishes. It is the patient who governs care and, regard-
less of our years of medical training and good intentions, we are not able to make 
decisions independent of patient input. Patients, in many cases, may not want to 
sacrifice eating by mouth, citing food as: (a) dignity, (b) empowerment, (c) comfort, 
and (d) belonging [10].

2.  Oral feeding versus tube feeding: An essential part of nutritional 
decision-making at the end of life

2.1 Why is food important?

Why is eating by mouth something that people/patients want to preserve? It is 
important, because food and drink are present at almost every momentous event in 
life—weddings, birthdays, celebrations, etc. When memories swell, they are almost 
never void of the laughter or tears that occurred while eating or drinking with loved 
ones. Past studies have revealed that when oral nutrition is withdrawn, psychosocial 
health suffers [1, 10]. Those who are no longer able to enjoy food or drink by mouth, 
but rather, are tube fed for nourishment experience social isolation and resulting 
depression.

Baumeister and Leary reported the innate human need to belong [11]. Our identity 
is a culmination of the groups to which we belong. For example, each of us may belong 
to several groups, such as groups related to church, sports, academia, work, fam-
ily and more. When life events shift one’s ability to stay connected to a group, one’s 
identity may be disrupted. Mental health may suffer. The cessation of oral nutrition, 
replaced by tube feeding, changes the identity of a patient to one who can no longer 
socialize with family or friends through eating together. Friends may be lost, and fam-
ily may no longer feel comfortable eating their food around a loved one who is unable 
to eat and drink by mouth. Meal times become quiet and depressing. Life changes.

Eating “normally” also provides a patient with greater dignity and, for as long as a 
patient can self-serve or eat with intermittent assistance (e.g., elbow support, hand-
over-hand), a sense of empowerment remains. Careful hand oral feeding is an option 
when disease or injury progresses [12] and, although this requires the full assistance 
of the feeder, the meal can still be enjoyable as the feeder compassionately interacts 
with the patient, offering favorite flavors and foods.

Psychological health cannot be dismissed due to its impact on physiological health. 
When medical choices are made or unavoidable life circumstances occur that dimin-
ish psychosocial stability, physiological changes may result. A longitudinal study that 
compared psychological and physical health during pre-confinement and confine-
ment during the Covid-19 pandemic found negative psychological and physical 
changes during the confinement period as compared to pre-pandemic states [13]. 
Lastly, Glannon [14] elucidated how stressful events can change physiology. Thus, 
changing someone’s ability to eat by mouth, especially when a patient pleads for food 
and drink, may have consequences beyond sadness.

2.2 If tube feeding can cause problems, why is it used so often?

Dysphagia (difficulty swallowing) is a common reason that a health care provider 
may recommend that a patient receive nutrition via a tube versus by mouth. Problems 
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with swallowing are the result of age combined with health care complications, such 
as stroke [15]. Dysphagia can also occur in younger patients as a result of disease 
or injury. Oropharyngeal dysphagia can be assessed clinically (e.g., at bedside) or 
instrumentally (e.g., fluoroscopically or endoscopically) and may include one or 
more of the following: (a) anterior loss of food or drink from the mouth (i.e., poor lip 
seal); (b) difficulty chewing; (c) prolonged anterior-to-posterior transport of food 
or drink; (d) oral residue or pocketing of food; (e) delayed pharyngeal engagement 
of swallow; (f) nasal regurgitation/poor velar movement, and (f) weak or deficient 
movement in swallowing musculature (e.g., laryngeal elevation, hyoid excursion, 
epiglottal inversion, pharyngeal and laryngeal constriction, pharyngeal stripping 
and clearance). Problems with swallowing can lead to entry of food or drink into the 
trachea (airway) and lungs. This can cause pneumonia which, in the context of life-
limiting illness, can prompt patient decompensation due to acute respiratory compro-
mise. Therefore, health care providers strive to avoid a climate that may contribute to 
aspiration pneumonia, often overmedicalizing through the use of tube feeding even 
when patients or MPOAs are willing to risk the consequences of eating and drinking 
by mouth amid dysphagia.

What kinds of health care complications worsen dysphagia? There are several 
life-limiting conditions that past studies have shown to be heavily associated with 
incidence of dysphagia. Dysphagia commonly occurs following traumatic brain injury 
(TBI), stroke, or progressive degenerative neural injury or disease process. Research 
has reported dysphagia to be present in over 70% of persons who have suffered a 
stroke, with 15% of patients with stroke and dysphagia having impressive problems 
after 6 months [16]. A separate study reported dysphagia present in 53% of patients 
admitted to a tertiary care center and post stroke [17]. Past studies have also shown 
the negative impact of a subdural hematoma (SDH) on swallowing with 13% of 
patients post SDH experiencing dysphagia [18]. Evidence reports SDH to account 
for over 50% of TBI. El Halabi et al. [19] reported dysphagia present in a vast array 
of neurogenic conditions including Myasthenia Gravis, Parkinson’s Disease, and 
Amyotrophic Lateral Sclerosis (ALS).

Dysphagia is also frequently a complication of respiratory disease or instability. 
Li et al. [20] reported incidence of dysphagia in patients with Chronic Obstructive 
Pulmonary Disease (COPD) at 32.7%. Gastroesophageal Reflux Disease (GERD), dys-
pnea, and sputum bacteria were risk factors. Langmore et al. [21] reported dysphagia 
present in 33% of patients with acute respiratory failure and who required at least 
48 hours of mechanical ventilation. Trauma also raises likelihood of dysphagia with 
research reporting dysphagia in 29% of patients following trauma, such as spinal cord 
injury (SCI) [22]. Mechanical ventilation increases the likelihood of complications 
related to trauma-related dysphagia.

Viral complications such as Human Immunodeficiency Virus (HIV) and Covid-
19 are associated with dysphagia. Nustas et al. [23] reported dysphagia in 4.2% 
(8,699 of 206,332) of hospitalized persons diagnosed with HIV. Dysphagia increased 
length of hospital stay and rate of readmission within a 30-day period. Printza 
et al. [24] reported 63% of hospitalized patients admitted to an intensive care unit 
demonstrated dysphagia in association with Covid-19. Moreover, a 2023 retrospec-
tive analysis reported 55 out of 101 patients diagnosed with sepsis also experienced 
dysphagia [25].

Head and neck cancer has been reported to have a strong relationship to dys-
phagia. Kuhn et al. [26] constructed a consensus statement and reported dysphagia 
detected in 28% of new cancer presentations and in 75% of pharyngeal cancers. 
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Cristofaro et al. [27] reported weight loss and malnourishment as complications of 
patients with cancer and dysphagia, reporting 76% of the population with dysphagia 
presenting with severe malnutrition early in their course of care.

Lastly, kidney disease and liver disease have both been shown to have a relation-
ship to dysphagia. Nativ-Zeltzer et al. [28] found kidney disease to be an independent 
risk factor for pneumonia in 698 patients diagnosed with dysphagia which was 
detected via instrumental testing. Chronic dysphagia (lasting more than 90 days) 
has also been found to be associated with advanced cirrhosis and endoscopic band 
ligation (EBL) [29].

Dysphagia, then, becomes a barrier to patients receiving food and drink due to 
health care providers recognizing the alignment of life-limiting diagnoses with swal-
lowing problems and fearing patient harm from pulmonary aspiration. This presents 
significant challenges to health care providers who want to meet the psychological 
needs of patients while reducing suffering and preserving physiological health and 
comfort at the end of life. There are evidence-based ways to navigate dysphagia and 
feeding route when a patient desires nutrition (and pleads for oral nutrition) amid 
critical or terminal illness. First, let us ensure a full understanding of tube feeding 
(risks and benefits).

2.3 Tube feeding (risks and benefits)

Within the medical arena, there is a pervasive lack of knowledge about different 
enteral (tube) feeding options and why one option might be chosen over another. It is 
necessary to understand the differences between most commonly used enteral feed-
ing methods if one is to be recommended [30]. It is also essential to understand that 
no method of tube feeding is risk free as related to tracheal and pulmonary aspiration.

When patients are diagnosed with dysphagia by the medical team based on clinical 
indicators of a swallowing problem or via analysis by a speech-language pathologist, 
a nasogastric (NG) tube may be recommended for nutrition. The nasogastric tube is 
radio-opaque and ranges from fine-bore (≤ 12 French) to wide-bore (>12 French). 
Larger bore sizes may be chosen for patients receiving medications that may clog 
smaller tubes. The NG tube is placed through the nose, down the esophagus, through 
the lower esophageal sphincter, and into the stomach. This method is often chosen 
when health care providers feel the swallowing problem may be short term. In a 
seminal, multicenter, randomized trial, researchers reported positive patient out-
comes associated with early use of a NG following stroke [31]. There are challenges 
and risks, however. The NG is commonly placed in the patient’s room. Although 
radio-opaque, nurses and health care providers are busy, and the NG is typically not 
placed using x-ray technology. This can result in misplacement (insertion into the 
lungs versus stomach) and can be life-threatening. There is also risk of perforation 
(e.g., esophageal perforation) in patients with fragile tissue and anatomical deviations 
[32]. Lastly, in patients with upper gastrointestinal abnormalities, there is likelihood 
of reflux and retrograde flow of liquid nutrition delivered by tube with increased risk 
of aspiration.

When medication administration via tube is not a concern and gastric decompres-
sion or drainage is not required, a Dobhoff tube may be an option. The Dobhoff tube 
is placed similar to the NG but is a smaller bore size. Due to the smaller French size, 
the Dobhoff tube may be more comfortable and less irritating to the esophagus. The 
Dobhoff tube may be placed into the stomach, and post-pyloric placement into the 
duodenum or jejunum is also possible which lessens risk of aspiration. Liu et al. [33] 
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conducted a meta-analysis, reviewing 41 studies conducted in 10 countries with over 
3000 participants. It was discovered the post-pyloric enteral feeding lessened risk of 
pulmonary aspiration, gastric reflux, and pneumonia. One consideration with post-
pyloric placement of a Dobhoff tube is nutrient absorption, as nutrients bypass the 
stomach’s acidic environment and initial enzymatic activity, including limited gastric 
lipase for fat digestion and pepsin for protein breakdown. Although the majority of 
fat and protein digestion occurs in the small intestine, direct delivery to the jejunum 
may reduce exposure to bile and pancreatic enzymes when the tube is placed distal to 
the duodenum. Nonetheless, with strategic feeding protocols and improved enteral 
formulations, this has become less of a barrier to patient nourishment than it was 
historically.

Some patients are not expected to regain swallow functionality quickly or health 
care providers do not believe the patient can swallow “safe” enough to avoid long-
term enteral feeding. Therefore, a gastrostomy tube (G-tube) is recommended. The 
stomach tube can be placed endoscopically (PEG), fluoroscopically, or surgically 
(open gastrostomy). As mentioned previously, a G-tube is typically viewed as a more 
permanent option; although, it can be removed if a patient’s swallowing functionality 
improves. There is typically less likelihood of reflux with the G-tube, as it does not 
hold the lower esophageal sphincter open. However, reflux and aspiration of tube 
feeding can still occur in patients with GERD, gastroparesis, and alternative gastroin-
testinal abnormalities. Risk of infection, tube dislodgement, and abdominal discom-
fort have a stronger relationship to a G-tube than a NG tube or Dobhoff. Kohli et al. 
[34] used archival data analysis to determine comparative adverse event risk of each 
gastrostomy placement technique. Researchers discovered that there was significantly 
less risk of colon perforation, hemorrhage, or infection with PEG versus fluoroscopic 
or surgical placements.

Similar to a Dobhoff, a jejunostomy tube (J-tube) is an alternative option when 
long-term artificial nutrition and hydration (ANH) may be needed, and gastroin-
testinal concerns heighten risk of aspiration if enteral feeding is delivered to the 
stomach. The J-tube can be placed endoscopically, radiologically, or surgically. The 
J-tube is placed into the jejunum (i.e., the middle section of the small intestine). Risks 
include: (a) dislodgement, (b) infection, (c) bowel perforation, and (d) granulation 
tissue. These risks are similar to a G-tube; therefore, if a patient has increased odds of 
aspirating enteral feeding if delivered by G-tube, a J-tube lessens these odds and may 
be a reasonable choice. Conrad et al. [35] conducted a multi-institutional, retrospec-
tive study to determine patient outcomes as related to J-tube placement following 
diagnosis of esophageal cancer with esophagectomy. Patients who underwent J-tube 
placement had significantly improved nutritional outcomes and reduced 90-day 
mortality and recurrence rates.

Use of tube feeding has been found to improve patient outcomes in certain patient 
populations. Tube feeding may be beneficial in the context of oropharyngeal cancer. 
Anderson et al. [36] investigated tube feeding use and practices from 2015 to 2021 in a 
comprehensive cancer center. It was determined that 27% of patients diagnosed with 
oropharyngeal cancer received G-tubes. Li et al. [37] investigated feeding tube use in 
patients with esophageal cancer. Results revealed 38% (132/350) received a feeding 
tube and 50 out of the 132 had a reactive feeding tube placement due to severe dys-
phagia and a need for chemotherapy. There was greater incidence of complications in 
the group requiring reactive feeding tube placement, suggesting that earlier interven-
tion as related to enteral feeding for patients with degraded swallow functionality and 
an aggressive treatment plan may be fruitful.
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Tube feeding is used consistently to improve patient outcomes amid impressive 
wounds, such as burn injuries. In 2023, researchers reported enteral nutrition to be 
the preferred feeding route for patients following burn injury [38], citing a study by 
Mosier et al. [39] that reported fewer wound infections and shorter lengths of stay in 
the intensive care unit when early intervention with tube feeding was implemented. 
In addition, patients who receive tube feeding following TBI have good outcomes. 
Marshall et al. [40] reported benefits of early tube feeding (i.e., within 48 hours) and 
elucidated advantages, such as reduced inflammation, immunological response, and 
gastrointestinal health.

In contrast, tube feeding has been found to be associated with harm in persons 
with advanced-stage dementia, stroke, and COPD. Gillick [41] reported increased 
pneumonia and mortality in the context of advanced dementia and tube feeding 
in seminal research completed in 2000. Cintra et al. [6] conducted a prospective 
observational research study comparing patient outcomes as related to oral versus 
tube feeding in persons with dementia. Results revealed increased rates of aspiration 
pneumonia and mortality. Hanners Gutierrez et al. [5] completed an archival data 
analysis which analyzed patient outcomes based on feeding route (oral or tube) in 
patients diagnosed with dysphagia and end-stage stroke or end-stage COPD. Through 
propensity score analysis (i.e., in a matched dataset, randomized by algorithm), sig-
nificant results were achieved. Researchers determined pneumonia to be 10.14 times 
more likely to occur amid tube feeding versus oral feeding. Depression was 2.79 times 
more likely to occur with tube feeding, and participants who were tube-fed versus 
oral-fed had 3.02 greater odds of mortality. A review by Elmahdi et al. in 2023 [42] 
listed dysphagia as a risk factor in patients who received tube feeding and suffered 
aspiration pneumonia and mortality. Associations of tube feeding to depression and 
infection in adult patients across diagnoses have been found in both restorative and 
palliative care climates.

3.  Governors of nutritional decision-making: Ethical, legal, and clinical 
underpinnings 

Many patients request to eat by mouth amid life-limiting illness. Evidence largely 
supports oral feeding with risk reduction strategies at the end of life versus enteral 
nutrition. What helps to govern our decisions as health care providers when encounter-
ing the challenge of managing nutrition at the end of life? Biomedical ethics, the World 
Health Organization’s definition of palliative care, and the Patient Self Determination 
Act comprise the umbrella under which nutritional decision-making falls.

Biomedical ethical principles are as follows: (a) respect for patient autonomy, (b) 
beneficence, (c) non-maleficence, and (d) justice [43]. Having respect for patient 
autonomy means listening to your patient. However, it also means providing well-
grounded evidence so that the patient or MPOA can make an informed choice. Health 
care providers must take care to provide information in a manner that excludes bias 
and offers current, sound, peer-reviewed/research-based guidance as to risks and 
benefits of a medical decision. Beneficence means “to do good.” Health care providers 
likely have the best of intentions when recommending medical equipment or proce-
dures; however, the long-term implications of a medical decision may not be consid-
ered when giving advice. For example, a wealth of literature has examined the impact 
of tube feeding amid advanced-stage dementia. At the end of life, patients with 
dementia may cease wanting food or drink. Family members often become distraught 
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when this shift occurs, fearing painful starvation in their loved one. Physicians may 
be tempted to recommend a feeding tube to provide nourishment and calm the emo-
tions of caregivers. Past evidence, however, reports greater harm from tube feeding in 
the context of end-stage dementia and no benefit to longevity [41].

Non-maleficence means “do no harm.” Again, the long-term implications of a medi-
cal decision must be considered prior to implementing a significant change in medical 
equipment or to the plan of care. For example, without vetting social or family support, 
health care providers may recommend a G-tube for a patient with cognitive deficits and 
little assistance. Perhaps this feeding route could be beneficial if the climate in which it 
was recommended was one of ample support and care, including tube feeding admin-
istration and infection control. Without the patient’s comprehensive understanding 
of feeding tube logistics and with no help, this type of patient may become a casualty 
of this decision through frequent hospital readmissions for infection or tube feeding 
aspiration. Finally, justice can be defined as fair and equitable treatment. Careful 
hand/assisted feeding must be offered to all those who need it, including patients with 
little-to-no family or caregiver support. In the current health care infrastructure, when 
staffing shortages plague facilities, problem-solving how to ensure patients who choose 
to eat orally with risk are provided equitable assistance to do so is essential.

Standing hand-in-hand with biomedical ethics is the World Health Organization’s 
definition of palliative care which underscores reduction of suffering as the key 
component [44]. Ethical management of a patient’s expressed desire to eat by mouth 
requires attempting to meet this need. When a patient begins to significantly decom-
pensate and decline, meeting this need becomes even more challenging. Health 
care providers should strive to do “the most.” Sometimes “the most” is a hamburger. 
Sometimes it is carefully hand fed pureed food and single sips of liquid. At the end 
of life, “the most” may be an oral swab laced with a favorite flavor (e.g., root beer) 
and dabbed on the tongue. Feeding strategies at the end of life may not offer ideal 
nutritional support; however, psychological support, such as the comfort of a favorite 
flavor, may be enough. Past research offers data that support voluntary fasting at the 
end of life as a comfortable, pleasant, and peaceful transition [45].

The Patient Self-Determination Act of 1991 gave patients the right to choose their 
medical care and to refuse medical equipment, interventions, or procedures with 
which they disagree. Physicians and alternative health care providers invest years into 
studying what may improve the medical states of their patients – how to heal, how to 
save, and how to positively impact patients’ lives as related to their health. However, 
patients are not required to accept recommendations of health care providers. Patients 
may create an Advanced Directive, a legal document outlining a care plan amid criti-
cal or terminal illness. Even in the absence of an Advanced Directive, a patient has a 
voice and can dictate what happens to their body. There is no medical intervention 
that can be done without a patient’s verbal or written consent. The problem is—most 
patients and many health care providers do not know this. This is why requiring a 
patient to change their code or care status (e.g., do not resuscitate [DNR], do not 
intubate [DNI], allow natural death [AND] and comfort care) to be able to have a sip 
of coffee amid dysphagia and risk of aspiration has not only ethical, but also legal, 
ramifications [46].

3.1 Navigating and surmounting barriers to oral feeding with risk at the end of life

One barrier to a patient being able to eat by mouth with risk is the fear of acute 
patient decline if the patient aspirates and requires cardiopulmonary resuscitation 
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(CPR). Physicians may want to support a patient’s desire to eat and drink by mouth 
with risk, but they fear the outcome. This fear is understandable, and it elevates the 
importance of knowing evidence as related to aspiration risk with tube feeding (i.e., 
not risk free and can cause harm) and what strategies may be helpful as related to risk 
reduction if a patient chooses least risk oral feeding.

The rheology (property) of food can be modified. Different viscosities of food 
and drink pose varied degrees of aspiration risk. There may be benefits to changing 
a patient’s diet in alignment with the International Dysphagia Diet Standardization 
Initiative (IDDSI): (a) liquid diet, (b) pureed, (c) minced and moist, (d) soft and 
bite sized, (e) easy-to-chew, and (f) regular. For example, softer, moldable viscosities 
are typically better tolerated by patients with oral motor weakness and an overall 
declining medical state that affects endurance and respiratory stability/support. 
Positioning is also a key component of eating with least risk. Patients diagnosed with 
dysphagia should eat and drink in an upright position, a side-lying position (to the 
stronger side if possible), or an inclined position/Reverse Trendelenburg as tolerated. 
There are times when a slightly reclined position may improve anterior-to-posterior 
bolus transport when patients with impressive lingual weakness struggle with this 
aspect of swallowing; the benefit of this position is best studied and practiced in the 
context of an instrumental swallow examination (e.g., modified barium swallow 
study [MBSS]).

Lastly oral care is one of best and underutilized techniques to inhibit pulmonary 
infection from aspiration [47]. Eliminating or reducing harmful bacteria in the mouth 
lessens the risk of pulmonary ingestion of oral pathogens (i.e., pathogens delivered 
to the lungs with food and drink that is aspirated). Patients with an elevated risk of 
aspiration should have routine oral care that may include tooth brushing (or denture 
cleaning) in the morning and at night and a gentle swab or swish with an evidenced-
based solution after meals. Past research has reported diluted hydrogen peroxide [48] 
or chlorhexidine to be effective at reduction of harmful oral bacteria and ultimately 
protective of the lungs when pneumonia is a risk.

A second barrier to health care providers supporting least risk oral feeding is 
the fear of legal implications if a patient eats by mouth, aspirates, and experiences 
significant decline as a result. Some facilities require a patient or a MPOA to sign a 
waiver that acknowledges risk of aspiration if a patient chooses to eat by mouth. This 
waiver is used to “protect” the health care providers and the facility; however, there 
are problems with this [49]. A document such as this is only legally enforceable if 
both parties are on equal-ground. When a critically-ill patient is asked to sign a waiver 
by an authority figure, such as their primary physician, there is no equal ground so, 
by law, there is no legal protection offered by the waiver which is ultimately unen-
forceable in court. In addition, to my knowledge, there is no qualitative study that 
has reported a patient’s desire to “choose death.” A patient may choose reduction of 
suffering, perceived increased peace that may come amid the cessation of certain 
medical interventions, to go to Heaven or achieve spiritual closure, etc. Patients do 
not want to sign their name, however, officially stating that they are willing to die for 
food. There are evidence-based and effective strategies to use when discussing risks 
and benefits of medical decisions, such as feeding route. It is essential that health 
care providers do not bring shame to a patient who understands risks of a decision, 
expresses this understanding, but continues to plead for favorite foods. A waiver is 
understandable in theory but, by its very nature, can frighten or shame a patient into 
accepting an alternative feeding route that the patient has the right not to choose. 
How do health care providers surmount this barrier of fearing legal repercussions? 
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Communication and documentation is key to ensure that the patient or MPOA makes 
an informed autonomous choice and that shared decision-making is achieved.

3.2  Informed autonomous consent and the SPIKES protocol to ensure patient 
understanding of swallowing capability or lack thereof and to establish shared 
goals

A patient who wants to eat by mouth with risk of aspiration must choose this 
feeding route by informed autonomous consent [50]. This means that the patient 
(or MPOA) must wholly understand the implications of choosing this feeding route. 
The implications can be kindly discussed versus presenting risks void of compassion 
and understanding of what food means to a given patient. For example, a health care 
provider may say, “Mr. Jones, you have communicated that you are really missing 
your coffee. You and I have frequently discussed how sick you are, and I can see that 
you believe coffee may comfort you. Let’s chat for a bit about what may happen if 
your coffee goes down the wrong way.” Do not forget that beyond elucidating risks of 
oral feeding are the risks of tube feeding if a choice is offered to a patient or MPOA. 
Once sound evidence has been provided and risks and benefits disclosed, assessing 
the patient’s understanding of this information is crucial. The patient or MPOA must 
intend to choose a particular feeding route. The health care provider must perceive 
clarity in whomever is making this choice; there can be no confusion. The patient or 
MPOA must volunteer the choice of feeding route. There can be no coercion. Research 
has shown that when a doctor or alternative health care provider enters the patient’s 
room, that person is automatically seen as authoritative. Patients often do not believe 
they have a voice as related to their medical decisions; therefore, they tend to choose 
what the health care provider is perceived to want. This is why it is important to dis-
connect bias from informative discussions about feeding route. If the patient thinks 
YOU want it, they may choose it…even if it is not what is truly desired.

A physician or alternative health care provider who has fully disclosed what may 
happen as a result of a nutritional decision, confirmed patient or MPOA understand-
ing [51], ensured the patient’s intention to choose a particular feeding route, and 
prevented bias from influencing the patient’s nutritional choice has met criteria for 
informed autonomous consent. The health care provider may document this consent 
as follows: “The patient wishes to eat by mouth with risk. Risks and benefits of alterna-
tive feeding routes were discussed at length, and the patient verbalized comprehensive 
understanding. The patient chooses least risk oral feeding by informed autonomous 
consent: (a) the patient intends to make this choice, (b) volunteers this choice, and 
(c) understands implications of this choice.” Additional details of repeated discussion 
about feeding route(s) should also be included in chart notes/medical records.

The SPIKES Protocol began as a method of delivering bad news to oncology 
patients [52]. It is now being used throughout arenas of medicine as a template for 
hard conversations about health status and to guide both the health care provider and 
the patient in the context of a difficult decision. The first “S” stands for Setting up the 
interview. It is important to allow the patient to agree to a time to discuss a topic that 
may produce strong emotions, sadness, disappointment, etc. The health care provider 
should make a connection to the patient and strive to build rapport. Past evidence has 
reported the benefit of sitting down when holding a conversation with the patient 
[53]. When setting up the interview, strive to show compassion through soft skills 
(e.g., smiling, calm tone of voice) and find an item on which to sit. Make eye contact. 
Listen intently. The patient may agree to hold the conversation immediately, or 
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the health care provider may be asked to return at a later time. The next step in the 
SPIKES Protocol is to assess the patient’s Perception. It is essential that when discuss-
ing why a patient might choose a particular feeding route amid critical or terminal 
illness that the patient actually recognizes the gravity of their medical condition. A 
gentle approach works best. For example, “How do you feel about your current situa-
tion? Tell me your thoughts about how sick you have been recently?” If the oncology 
team has yet to educate the patient as related to the results of the biopsy, it may not 
be the time to directly state, “Your cancer is severe and will affect your ability to eat 
comfortably by mouth.”

Once the patient’s perception of their medical state is clear and accurate, it is 
appropriate to kindly request an Invitation to proceed with dispersion of Knowledge 
to help inform medical, nutrition decision-making. The health care provider should 
review swallow testing results and comprehensively cover risks and benefits of 
feeding route options. This is the stage of the SPIKES Protocol when information 
is outlined thoroughly to meet the criterion of patient understanding related to 
informed autonomous consent. The physician or alternative health care provider 
should show Empathy during the course of this informative conversation. Statements 
such as, “I understand,” are typically not well received, as patients may wonder how 
a doctor can “understand” what it feels like to be dying. Instead, statements like, “I 
can see this is truly upsetting to you, and I am sorry,” convey insight into the patient’s 
current emotional state. Before the health care provider concludes a difficult conver-
sation such as this, care should be taken to ensure a patient’s full understanding of 
knowledge provided. An effective way to do this may be to simply ask, “Tell me your 
understanding of the things that you and I have discussed.” The patient will likely 
have a surface understanding that the physician can improve through repetition of 
information or explaining details in a different manner.

Shared goals can be determined through a conversation led by the SPIKES blue-
print. The health care provider should always know the goals of the patient. It does 
not make sense for the physician to potentially argue the risks of a hamburger when 
all the patient craves is a taste of Dr. Pepper. Once goals are established, the health 
care provider can explain how the plan of care is specifically designed to meet the 
expressed goals of the patient. Shared goals setting also presents an opportunity for 
the physician to express any misalignment between the plan of care and the patient’s 
expressed goals. For example, the patient’s goal may include complete resolution of 
pulmonary instability, but the patient chooses to eat orally with risk (when impressive 
aspiration has been detected on a swallowing examination). This presents a challenge. 
This challenge does not indicate that the patient must change the code status to be 
permitted oral nutrition. It also does not mean that the patient has no right to choose 
to eat by mouth with risk. It does mean, however, that the patient needs to understand 
the consequences of the choice. A situation like this challenges the physician to enact 
repeated, informative, compassionate conversations that encourage goal adjustment 
until a reasonable plan of care that meets the desires of the patient but supports physi-
cian intervention(s) or non-interventions is established.

4. Elevating “seeing” and investing in the patient

In considering palliative care patients’ perspectives regarding plans of care as 
related to the best option for a feeding route (oral or tube), researchers have asked 
questions related to:
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1. What is happening here?

2. What are the participants feeling?

3. What do the actions in this data show?

4. What is meaningful in this data?

5. What do they care about?

6. What explains the behaviors?

Investigations have revealed thematic behaviors patients use to prevent loss of 
control [54]. Resistance, anger, and protesting are common behaviors reported amid 
qualitative data analysis. These behaviors illustrate the painful experience of loss 
and represent struggle for control. Increased struggle for control appears to have a 
relationship to overall preparedness for patient death. When family members or loved 
ones are unprepared for patient death or unwilling to accept possibility of patient 
death, struggle ensues. Greater loss of control is perceived. Past research indicates 
that control, which may be partially defined as personal involvement in care and 
decision-making, is moderated by empowerment [55]. When a patient feels heard and 
decisions are made inclusively, there is a sense of control--even if all expressed desires 
are not met.

There are varying degrees of investment from medical providers. If invest-
ment moderates control, then medical providers must achieve a firm grasp of what 
investment looks like “in action.” Past studies have found that investment includes 
advocacy, education, building relationships, spiritual support, and establishing a 
connection [56]. Effective investment includes application of knowledge and skill and 
“something beyond.” What is “effective investment?” What is “beyond?” Effective 
investment may include: (a) believing in your patient, (b) showing interest, and (c) 
resisting barriers such as judgment or reacting negatively to patient resistance. A rela-
tionship must be built for a patient to trust provider inclusion in their most intimate 
life moments—dying is intimate. Therefore, it can be argued that entering a patient’s 
room and “doing your job” is not enough. Simply asking about the patient’s life can 
create trust needed to proceed with swallow analysis/nutritional decision-making, as 
can showing compassion for the patient’s situation. In this sense, the medical provider 
becomes more than a provider, but rather, a coach and an advocate. Medical providers 
must be willing to speak up and be a “voice” for patients.

With critical illness, especially in Palliative Medicine, closure cannot mean 
“healed.” Closure takes on a different meaning when discussing how a patient wants to 
live while severely-compromised and/or dying. It can be argued that greater clinical 
advocacy, education, relationship building, and investment lead to increased patient 
perception of control and closure evidenced by patient reports of peace and happi-
ness. Field notes indicate several independent instances of a patient’s “world having 
changed” following provision of oral nutrition at their request. Research has also 
revealed a relationship between closure and consensus on the nutritional decision 
amid medical providers, patients, and family members/caregivers. Does closure mean 
that oral nutrition is always the outcome? No, data do not support this; although, 
evidence points to many patients voicing a preference for oral alimentation [57]. 
Overall, successful closure occurs when the patient is able to contribute to or make 
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an informed nutritional decision and is supported in doing so by health care provid-
ers who demonstrate excellent clinical skill, combined with clinical investment and 
patient empowerment. Consider a case study throughout which a patient indicated 
that he was ready to die. He just did not want to die being invisible—or without his 
coffee.

5.  Conclusion

Nutritional decision-making is an essential and inevitable part of critical or termi-
nal illness. Default use of tube feeding when patients have health care complications 
and dysphagia continues to be a common occurrence, even when patients request to 
eat and drink by mouth when dying. As health care providers, we have an obligation 
to use well-grounded evidence to weigh risks and benefits of feeding routes and to 
properly inform patients and caregivers. Health care providers are also obligated 
to listen to patients, to respond professionally and empathetically to their right to 
choose, and to meet criteria for informed autonomous choice of feeding route. Tube 
feeding should never be selected to expedite patient discharge, for perceived ease of 
medical interventions (e.g., bolus tube versus careful hand oral feeding), or for profit 
(e.g., research has reported fiscal incentives for nursing homes if residents are tube-
fed) [58].

Tube feeding has been reported to cause harm to patients at the end of life versus 
providing a safer alternative for nutritional support, the driving force behind its 
frequent historic use and advocacy. In many cases, the harm is accompanied by no 
increase in or benefit to longevity. Therefore, rejecting a palliative care patient’s pleas 
to eat and drink by mouth in the name of “safety” is not supported by evidence. While 
tube feeding has its place and can benefit patients, especially in the context of restor-
ative care, its overuse needs to be curbed and the narrative surrounding its elimina-
tion of aspiration risk needs to stop. Proven methods of communicating risks and 
benefits as related to feeding route should be used and documentation should include 
description of efforts to fully disclose risks and benefits while ensuring the patient’s 
or MPOA’s comprehensive understanding of this information. Physician and health 
care provider alignment related to nutritional decision-making and collective invest-
ment in this aspect of comfort at the end of life is crucial to patients’ psychological 
and physiological care.
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Abstract

The importance of nutrition for a healthy and long life is indisputable. People’s 
nutritional routines are as important as their nutritional content. Instead of eating at 
fixed and unstable hours, eating routines limited to certain hours are a way of eating 
that suits metabolism and the circadian rhythm. Intermittent fasting, whose many 
benefits have been proven by studies, triggers autophagy, which detoxifies damaged 
organelles in cells. It reduces insulin resistance and metabolic syndrome by increas-
ing insulin sensitivity. It has a positive effect on the lipid profile by increasing fatty 
acid oxidation. It reduces inflammation and has a neuroprotective effect that lowers 
the risk of neurodegenerative diseases. Intermittent fasting creates routines that 
restrict eating to varying intervals, such as 12 hours of fasting and 12 hours of eating, 
or 14–10, 16–8 hours, depending on the person and their health condition. Cellular 
detoxification becomes even more important with intermittent feeding due to the 
significant decrease in cellular production and repair in adults and geriatric individu-
als. Aging is inevitable; however, this process can be slowed down by the biochemical 
and visible effects of intermittent fasting on the body. It helps cells stay biologically 
young by providing them with the opportunity to renew themselves regularly. In this 
chapter, the effects of intermittent fasting, which begins in young and adult ages and 
continues into the geriatric period, on body metabolism will be examined.

Keywords: geriatric nutrition, metabolism, intermittent fasting, autophagy, cell 
regeneration

1.  Introduction

The desire for longevity, which has developed around the myth of immortality 
throughout known history, has led to efforts in modern medicine to unravel the 
biology of aging and the mechanism of longevity. The desire for long life, which has 
developed around the myth of immortality throughout known history, has given way 
to efforts to unravel the mechanism of aging biology and longevity in today’s modern 
medicine. The fact that the level of healthy aging has not increased at the same rate 
while life expectancy has been extended has become one of the greatest paradoxes 
of the world of medical science. This process is a complex biological phenomenon 
proven by medical indicators, in which metabolic, environmental, genetic and 
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epigenetic factors play a role. This phenomenon has been tried to be elucidated by 
scientists through many scientific studies. In this study, the pathophysiological 
mechanisms underlying aging, which is not only a chronological event but also the 
sustainable lifestyle patterns that can be modified throughout the aging process, 
especially the time-restricted intermittent fasting (IF) model, which is a nutritional 
model, will be discussed. The IF nutritional model, whose potential benefits in geriat-
ric nutrition are also being understood by gerontologists and can lead to a sustainable 
lifestyle, will be examined in the light of scientific clinical studies regarding its effects 
on many physiological mechanisms, especially autophagy, and its place in the geriat-
ric population.

2.  Physiology and theories of aging

Aging results from structural and functional changes that accumulate cumula-
tively throughout an organism’s life at the cellular, tissue and organ levels. It is a natu-
ral process that cannot be avoided and is characterized by a decrease in the organism’s 
capacity to maintain homeostasis, a decrease in resistance to diseases and an increase 
in the risk of death. Aging is characterized at the cellular level by DNA damage, telo-
mere shortening, slowing cell division and mitochondrial dysfunction. Along with 
these, DNA mutations, free radical damage, lipid and protein oxidation occur in the 
organism. Due to the systemic changes that develop as a result of these, consequences 
such as susceptibility to chronic diseases, cognitive decline and decreased physical 
capacity occur. These systemic changes include impaired hormonal homeostasis, 
weakened immunity and decreased muscle and bone mass. And with these physi-
ological steps, the organism enters the aging process, which is an inevitable end [1, 2].

In recent years, the elderly population around the world has increased signifi-
cantly, and this increase is expected to accelerate in the coming decades. Between 
2015 and 2030, the number of individuals aged 60 and over is projected to increase by 
58%, from 910 million to 1.5 billion. By 2050, the global elderly population is expected 
to more than double, reaching almost 2.2 billion [3].

With the rapid increase in the world population and the significant increase in 
the number of individuals in the geriatric age group, an increase in the average life 
expectancy of people is also observed. The aging process of the world’s population 
is progressing in the same and irreversible way at every point. This condition has 
profound medical and non-medical implications. The proportion of elderly individu-
als has reached its highest level in history and continues to increase worldwide. Since 
it is predicted that this situation will not change in the future, its important effects on 
health need to be addressed in detail [4].

In line with this prediction, health scientists have tried to solve the physiology of 
aging for many years in the light of developing science, and have tried to prevent cel-
lular, metabolic and systemic aging and developed different hypotheses for humanity, 
which expects a long and healthy life.

One of the most notable among these is the free radical hypothesis. According to 
this hypothesis, free radicals, such as reactive oxygen species, formed during meta-
bolic activities cause oxidative damage to macromolecules such as proteins, DNA and 
lipids and the cumulative accumulation of this damage over the years accelerates the 
aging process and leads to the death of the organism [5]. However, studies in recent 
years have suggested alternative approaches to explain the complex biological pro-
cesses underlying aging.
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This theory, called hormesis, is particularly used to explain the longevity effects 
caused by some nutraceutical compounds. Hormesis describes the activation of 
protective defense mechanisms at the cellular level as a result of organisms being 
exposed to low-level environmental stressors. These adaptive responses may provide 
a variety of biological benefits, such as modification of gene expression, regulation 
of metabolic processes and strengthening of antioxidant systems, thus ensuring both 
long and healthy life [5]. Thus, studies carried out to ensure healthy and long aging 
are developing nutrition-based interventions that can regulate metabolic homeostasis 
and stress levels [6].

3.  Metabolic diseases and nutritional patterns in the aging process

Studies emphasizing nutritional interventions show that healthy aging is not a 
process limited to genetic inheritance but is directly related to the individual’s lifestyle 
and nutritional habits. The three main factors contributing to healthy aging can be 
summarized as follows: (1) genetics and family history, (2) lifestyle and physical 
activity level and (3) diet and nutrition. Although genetics and family history cannot 
be changed, health status can be improved by optimizing lifestyle and nutritional 
habits with individual effort [7].

When we look at the diseases and deaths that develop under the influence of these 
basic factors that are essential for a healthy life, it is estimated that approximately 
50 million people lose their lives each year in the world. The leading causes of global 
mortality are ischemic heart diseases (6.3 million deaths), cerebrovascular diseases 
(4.5 million deaths), lower respiratory tract infections (4.3 million deaths) and 
perinatal deaths (2.4 million deaths). In addition, COPD (2.2 million deaths), TB (2.0 
million deaths), childhood rash diseases (1.2 million) and pulmonary CA (1 million 
deaths) are also among the leading causes of death [8]. The incidence and ease of 
these diseases are much higher in the geriatric period.

In addition to these diseases, the impact of nutrition-related diseases on global 
mortality rates in developed and developing countries is remarkable. In this context, 
the main diseases and disorders in which nutrition and lifestyle can play a protective 
role are hypertension and stroke, dyslipidemia and cardiovascular diseases, cancers, 
type 2 diabetes, sedentary life and obesity, musculoskeletal system diseases, osteopo-
rosis, alzheimer’s and other neuronal diseases. Preventive and therapeutic nutritional 
approaches, especially in elderly individuals, are of critical importance for public 
health [8].

It has been proven by many studies that healthy eating habits, which should be 
continued in adolescence and adulthood and into the geriatric period, can provide 
protection against diseases. In this context, many healthy eating patterns and diet 
recommendations covering all age groups have been developed. When geriatric age 
groups are examined; in addition to the requirements for macro and micro nutrients, 
the frequency and timing of meals have a direct effect on blood glycemic control, 
cardiovascular stability, gastrointestinal system functions and neurocognitive 
processes. Particularly in terms of comorbidities frequently seen in the geriatric age 
group, the creation of an individual-specific medical nutrition regimen plays a critical 
role in slowing down the progression of diseases and preventing complications. For 
this reason, nutrition in geriatric individuals should be evaluated not only in terms of 
calories and nutritional value, but also in terms of temporal organization and rhyth-
mic structure.
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When the relationship between healthy living and nutrition is examined in detail 
in the studies conducted, it is noteworthy that the rates of improvement in various 
metabolic diseases are significant. These disorders, grouped under the name of meta-
bolic syndrome, are a clinical condition characterized by the coexistence of metabolic 
risk factors, according to the definition of the International Diabetes Federation, the 
American Heart Association and the National Heart, Lung and Blood Institute. And 
it is defined by the presence of at least three of the components. These are: central 
obesity, dyslipidemia, high blood pressure, impaired glucose metabolism and low 
level of high-density lipoprotein cholesterol (HDL). Metabolic syndrome has reached 
epidemic proportions, with an incidence of up to 25% in the adult population in 
developed countries [9–11]. Metabolic syndrome causes a 2-fold increase in the onset 
of type 2 diabetes and a 5-fold increase in the risk of major cardiovascular events, 
while provoking the development of diseases such as neurodegenerative diseases, 
circulatory disorders and cancer. This is the main problem of the adult population and 
poses a high threat to the health of the geriatric population [11].

The medical world has developed different nutrition and diet models by focusing 
on lifestyle and eating habits that have been proven to be effective in treating meta-
bolic diseases, as they are both the main cause of mortality and morbidity and a major 
economic burden on the health system [9–11]. The main nutritional models whose 
effects and benefits on metabolism have been proven by scientific studies can be listed 
as follows.

Mediterranean diet (MedDiet): A nutritional model consisting mainly of plants, 
using cold-pressed extra virgin olive oil as a source of energy and fat, containing 
mostly vegetables, especially green leafy plants, legumes, fruits, whole grains and 
nuts. In traditional formulations of the diet, sauces called “sofrito” prepared with 
ingredients such as garlic, onion, olive oil and tomatoes have an important place. Such 
components are rich in biologically active phenolic compounds and carotenoids such 
as hydroxytyrosol, lycopene, naringenin and β-carotene, which contribute to the anti-
inflammatory, antioxidant and cardioprotective effects of the diet [12].

Beyond the metabolic benefits provided by unsaturated fatty acids, high consump-
tion of fruits and vegetables, which is one of the basic elements of the Mediterranean 
diet, supports the intake of bioactive components including antioxidant vitamins 
(e.g., vitamin C, vitamin E and β-carotene), phytochemical compounds such as poly-
phenols, folates and various elements. These components may have protective effects 
on various pathophysiological mechanisms such as reducing oxidative stress, modu-
lating inflammation and supporting repair processes at the cellular level [13, 14].

In adults and geriatric individuals with high levels of compliance with the 
Mediterranean diet, a reduced prevalence and mortality of various chronic diseases, 
including cardiovascular diseases, malignant neoplasms and neurodegenerative 
diseases, has been observed [15, 16]. Numerous prospective cohort studies and ran-
domized controlled trials have demonstrated that the MedDiet application provides 
clinically significant risk-reducing effects, particularly on the incidence of cerebro-
vascular events and cardiovascular events [17]. Mediterranean diet significantly 
reduced the severity of disease and complications in individuals diagnosed with 
metabolic diseases [13, 15].

Dietary approaches to stop hypertension (DASH) Diet: This nutritional model is 
designed specifically for blood pressure control in hypertensive individuals. It encour-
ages consumption of mostly vegetables, fruits, whole grains, low-fat and nonfat 
dairy products, legumes and nuts, while limiting consumption of red and processed 
meat products and sugary drinks. The DASH diet has a low-fat content, providing 
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approximately 25% of total energy intake from fat and the proportion of energy 
coming from saturated fat is around 6–7%. Dietary cholesterol is limited to 150 mg 
per day. Additionally, while sodium content is kept in the range of 1500–2250 mg/day, 
it is notable for its higher dietary fiber (>30–35 g/day), potassium, magnesium and 
calcium content compared to other dietary models [18, 19].

A meta-analysis of 31 randomized controlled trials evaluating the effectiveness of 
the DASH diet in the management of hypertension found that the use of this dietary 
pattern in combination with lifestyle changes resulted in significant reductions in 
systolic and diastolic blood pressure levels compared to individuals in the control 
group. In addition, it has been observed that as individual compliance with the DASH 
diet increases, the risk of developing metabolic syndrome decreases by approximately 
50% due to decreases in body mass index (BMI), blood glucose levels and central 
obesity [20].

Low-carbohydrate diet: Low-carbohydrate diets are defined as diet models in 
which less than 50% of daily energy intake is provided by carbohydrates. These 
diets include limiting the consumption of processed foods, foods with added sugars, 
refined grains and starch sources, which are often bulky [21].

It is suggested that very low-carbohydrate ketogenic diets, which are generally less 
than 10% of total daily energy intake provided by carbohydrates (35–45 grams/day), 
may have the potential to improve the management of various chronic diseases such 
as overweight, obesity, cardiovascular diseases (CVD) and metabolic syndrome [22]. 
In this diet model, while the carbohydrate ratio is significantly reduced, fat consump-
tion is significantly increased (fat/carbohydrate and protein ratio 3:1–4:1) [23]. Such 
restrictive dietary protocols have been associated with a decrease in body weight and 
an improvement in lipid profile, thus suggesting that they may have protective effects 
against obesity and CVD [22, 24]. However, it should be taken into consideration that 
the ketogenic diet may be insufficient for the balanced nutrients targeted in geriatric 
nutrition. In addition to the challenges encountered on a ketogenic diet, the potential 
negative effects of limited consumption of foods containing macro and micronutri-
ents, such as fruits, vegetables and whole grain products, should be considered.

Among the nutritional models that can contribute to a long and healthy life, there 
are models that have not been studied sufficiently or that have not been proven to 
have a significant potential to improve metabolic disorders in the geriatric population, 
and whose continued safe use in the geriatric population is debatable. These dietary 
models are based on significant restriction of basic energy sources, especially those 
independent of macro and micronutrient distribution. These are; some plant-based 
diets, low-fat diets, high-protein diets, Nordic diet, etc. Most scientific evidence 
shows that in the management of metabolic diseases, it is the quality of macro and 
micronutrients consumed and the continuity of compliance with the diet rather than 
the quantity of nutrients in the diet that is important [25].

For many years, the importance of eating periods and patterns, as well as nutri-
tional content, has been emphasized in the diet. In recent years, alternative nutrition 
models have come to the fore to slow down the aging process, support healthy aging 
and prevent chronic diseases. Among these models, calorie-restricted nutrition 
(CR) and intermittent fasting (IF) are particularly noteworthy. These approaches 
are widely included in studies due to their metabolic benefits, such as not only 
weight management but also delaying cellular aging, increasing insulin sensitivity 
and reducing inflammation. The evaluation of these nutritional models in terms of 
their applicability and effects on geriatric individuals is currently being researched 
by gerontologists and many scientists. Informing older people about individualized 
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nutritional approaches not only provides a practical and economical solution, but also 
contributes to increasing holistic well-being by supporting physical, cognitive health 
and quality of life [26].

CR: Among the limited number of nonpharmacological therapeutic interventions 
investigated to improve age-related metabolic functions, Calorie restriction (CR) has been 
shown to reduce caloric intake without causing malnutrition, slowing the aging process 
and improving metabolic health. One of the CR studies conducted on humans, the 
Long-Term Effects of Reduced Caloric Intake Evaluation (CALERI-E) study, showed that 
there was limited weight loss, decreased daily energy expenditure and decreased levels 
of inflammation markers (Tumor Necrosis Factor) TNF-α and C-reactive protein (CRP) 
[27]. Many clinical studies have proven the benefits of CR on human health over the years 
and have shown weight loss and metabolic improvement after short- and long-term CR 
diet [28]. However, given the challenges of implementing and maintaining this dietary 
pattern, safe implementation of the calorie restriction (CR) pattern in geriatric adults may 
not be possible. Because anorexia and/or malnutrition tendencies are frequently observed 
in these individuals [29]. In this context, long-term calorie restriction may not be an 
appropriate anti-aging nutritional model for geriatric adults.

Considering this situation, intermittent fasting (IF) has received remarkable 
attention as an alternative dietary pattern as a more feasible and effective dietary 
regimen than continuous calorie restriction, which carries the risk of malnutrition 
[30]. Some individuals, especially older adults, can more easily maintain IF (time-
restricted eating) methods than continuous calorie restriction and single-food-group-
based eating patterns. For example, in a study conducted by Conley and colleagues in 
2018, participants aged 67 and over successfully implemented this diet regimen that 
lasted 6 months [31].

4.  Intermittent fasting, metabolic effects and autophagy

The effects of the intermittent fasting model on human physiology and aging 
mechanisms have attracted much attention from scientists and the media and have 
been the subject of many studies. Intermittent fasting (IF), which is an easier model 
to implement than the classical calorie restriction model, is a model that severely 
restricts calorie intake during part of the day and allows calorie-free nutrition during 
the remaining time of the day (eating window). Taking into account the person’s age, 
health status, metabolism and chronic diseases, personalized meal models can be 
created and fasting hours can start from 12 hours and can be extended up to 14-16-
20 hours (time-restricted IF). Although time-restricted IF is the most common and 
applicable form of IF, it can be divided into four main headings: alternate-day fasting, 
alternate-day modified fasting and 5:2 IF.

Alternate-day fasting (ADF); is a type of IF based on alternating days of free 
calorie intake with days of complete prohibition of calorie intake. Considering the 
difficulties experienced by participants who do not comply with this model, the IF 
model that allows the consumption of some calories (310–380 kcal) during fasting 
periods is called alternate-day modified fasting (ADMF) [32]. Another type of IF, 
the 5:2 IF model, is a model in which eating is allowed for 5 days a week, while severe 
energy restriction or complete fasting is performed on the other 2 days. Since there 
are insufficient studies proving the reliability of long-term fasting in geriatric age 
groups, the model that can be safely sustained compared to these three models is the 
time-restrictive IF model [31].
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Time-restricted feeding (TRF) involves restricting daily calorie intake to a period 
of time, usually between 12 and 4 hours. This protocol involves fasting periods of 
12–20 hours. Because TRF involves eating meals mostly during the day and fasting at 
night, it is more effective at regulating circadian rhythms than other types of inter-
mittent fasting (IF).

The effects of intermittent fasting, which has been the subject of many studies due 
to its proven effects on human physiology and aging, on human metabolism can be 
explained as follows; One of the most important mechanisms of intermittent fasting 
(IF) is to change the metabolic phases of organisms during fasting periods, improving 
metabolic conditions and prolonging the duration of the healthy state. It does this 
by triggering defense mechanisms against oxidative and metabolic stress through 
autophagy and by suppressing inflammation. This effect of IF is similar to the meta-
bolic effect provided by aerobic exercise [33]. In glucose and amino acid deprivation, 
AMP-activated protein kinase (AMPK) activity is stimulated and the mTOR signaling 
pathway is inhibited. These changes induce autophagy and oxidative defense mecha-
nisms by inhibiting FOXO gene transcription [34]. In addition, body rejuvenation and 
repair are activated.

The Nobel Prize in Physiology or Medicine in 2016 was awarded to Yoshinori 
Ohsumi in 1990 for being the first scientist to explain the mechanism of autophagy 
at the morphological and molecular level. Autophagy breaks down macromolecules 
and damaged organelles, increases mitochondrial efficiency and supports the sur-
vival of cells under constant stress [35]. While the basal autophagy rate of normal 
cells continues at low levels under physiological conditions, a high level of basal 
autophagy mechanism operates in some tumoral cells, supporting the pro-survival 
role of autophagy in cancer [36]. Autophagy also acts as a decelerator in the metastasis 
process by intervening in the epithelial-mesenchymal transition (EMT) component 
to slow down the spread of tumoral cells. The fact that fasting periods are one of 
the most important triggers of autophagy and protect against oxidative damage by 
activating antioxidant defenses [37] has enabled the IF nutritional model to take place 
in the treatment of cancer patients.

It is noteworthy that the IF nutritional model can prevent the precursors of aging 
by regulating the basic components of metabolic syndrome, insulin resistance and 
B-oxidation of lipids. When the physiology of diabetes is examined in the studies 
conducted, it is shown that lipid metabolism disorders develop diabetes by disrupt-
ing glucose metabolism through insulin resistance and can cause permanent insulin 
resistance [38].

A clinical study in patients with type 2 diabetes (T2DM) showed that 12 months 
of intermittent fasting (IF) resulted in significant reductions in body weight, glycated 
hemoglobin levels (HgbA1c), fasting glucose and insulin levels [39]. In a different 
clinical study, it was proven that time-restricted IF significantly reduced insulin levels 
and improved insulin sensitivity and pancreatic β-cell sensitivity. It was shown that 
this decrease in insulin was more pronounced with IF compared to the calorie restric-
tion (CR) model [40].

When geriatric metabolism is examined, chronic inflammation, which is one of the 
basic mechanisms of aging, is associated with insulin resistance, high CRP (C-reactive 
protein), decreased adiponectin (Adiponectin is an adipokine derived from fat tissue 
with anti-atherosclerotic and anti-inflammatory properties), low-density lipoprotein 
and the development of coronary artery disease and atherosclerosis [41]. When 
controlled and non-aggressive fasting-eating periods are included in the diet of cardiac 
patients, it has been observed that the basic pathology, insulin resistance, is broken, 
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hepatic fatty acid oxidation is increased and triglyceride accumulation is reduced. 
This, in turn, has been found to reduce hepatic very low density lipoprotein (VLDL) 
production and plasma VLDL levels. And it has been observed that this significantly 
improves cardiac metabolism by improving the lipid profile [42].

If we examine the effect of the IF model on fat metabolism more closely, it is 
aimed to prevent excessive fat storage in geriatric individuals with aging and to have 
the potential to treat lipid-related diseases. Although obesity is not a very common 
problem in the elderly, studies show that the geriatric population is at risk for central 
obesity in the future. According to National Health Insurance Service study data, the 
rate of obesity in adults aged 71–79 was 31% in 2006, increasing to 37% in 2015. In 
individuals aged 80 and over, the rate of obesity was found to have increased from 
22% in 2006 to 28% in 2015 [43]. Geriatric individuals are largely protected from the 
typical central obesity and metabolic syndrome of aging by living an active life and 
preventing excessive fat gain through a consistent diet.

Another metabolic process that is inevitable in the aging process of geriatric 
individuals is the decline in neurocognitive activities. Although it is not possible to 
eliminate this decline, clinical studies have proven that IF has the potential to slow 
down this process. These studies have revealed that IF can support synaptic plasticity, 
neuroprotection processes and neurogenesis, especially by increasing the expression 
of brain-derived neurotrophic factor (BDNF) [44]. Another IF feeding study found 
that the mechanisms of recovery were increased neuronal resistance to excitotoxic 
stress, prevention of learning disorders caused by hippocampal cell death and pro-
motion of neurogenesis [45]. These findings shed light on the potential therapeutic 
effects of IF in preventing neurodegenerative diseases and slowing down age-related 
cognitive decline.

The effects and mechanisms of intermittent fasting (IF) on metabolic and 
physiological processes have been investigated, as proven by many clinical studies 
conducted on young, adult and geriatric individuals. Studies show that the IF nutri-
tional model has significant healing potential in terms of its effects on glucose-insulin 
metabolism, fatty acid metabolism, cellular immunity and inflammation, cardiac and 
neurocognitive health, and is a preferred nutritional model for a long and healthy life. 
The Time-Restricted IF diet, which is more sustainable than other single-type food 
sources or excessive calorie and time-restricted nutrition models, is the diet model 
that has the most successful patient compliance and is most suitable for the circadian 
rhythm. For this reason, studies have shown that the IF nutrition model, which is 
started at a young and adult age and continued under control in the geriatric period, 
can be a beneficial nonpharmacological intervention for long life. This nutritional 
model, which may contribute to the slowing down of aging physiology, has points and 
patient groups that need to be taken into consideration, as in every nutritional and 
therapeutic treatment. An individual-specific approach and planning is an indisput-
able necessity in all pharmacological or nonpharmacological therapeutic approaches.

The IF nutritional model should not be applied to diabetic patients who are using 
glucose-lowering medications, especially those with uncontrolled and irregular fast-
ing, and those with kidney parameters that may lead to hypoglycemia or kidney dam-
age [46]. However, with patient education and ensuring that the drug dosage does not 
cause hypoglycemia or that the IF diet is controlled and the eating window is not too 
short in prediabetic patients who are being followed without medication, it can be 
applied [47]. This model should also not be applied to critically ill or cachectic elderly 
individuals, sick neonates, infants and young children. Clinical studies including this 
critical group have shown that, although it does not cause hypoglycemia in children 
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under 1 year of age, it slightly increases ketosis [48]. In addition, a clinical IF study 
with drugs has shown that it increases the cardiotoxic side effects of doxorubicin in 
animal models that are continuously subjected to a time-restricted feeding model, 
which should be considered first in patients receiving chemotherapy [49].

5.  Conclusion

In this study, physiological and pathophysiological mechanisms of aging were 
discussed and the importance of nonpharmacological approaches that will support 
healthy and long life was emphasized once again. It was explained that with increas-
ing life expectancy, aging, which is an inevitable end, can become a manageable 
clinical picture with correct lifestyle interventions. Intermittent fasting, which has 
been proven by clinical studies to be one of the most suitable nutritional models for 
circadian rhythm and has the potential to improve age-related metabolic changes, has 
been highlighted. This nutritional model, which should be planned specifically for 
each individual, considering the individual’s metabolic and comorbid conditions in 
all age groups, will be a major and critical step in the aging process, with the aim of 
maintaining sustainable geriatric health.

© 2025 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
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Chapter 9

The Contribution of AI to Our
Thinking of the Intersection of
Longevity and Food Habits
Howard R. Moskowitz and Sharon Wingert

Abstract

With AI acting as both a research assistant and co-author, this paper shows how
one can rapidly create a knowledge base about the intersection of AI and food/nutri-
tion as they drive longevity. The paper treats the topic through seven distinct foci, all
involving generative AI. Focus 1 simulates how the general population would feel
when they learn that nutritional science is being integrated into AI to provide action-
able recommendations. Focus 2 simulates how nutrition professionals react when they
learn how nutritional information is combined with AI. Focus 3 uses Mind Genomics
thinking to simulate the four mind-sets in each of two groups (general population
professionals and nutritional professionals) as these minds consider the role of AI in
nutrition. Focus 4 simulates viewpoints regarding incorporating AI in the nutrition-
longevity link. Focus 5 uses AI-based critical thinking to identify themes and perspec-
tives. In Focus 6, AI presents AI-suggested process innovations for nutrition to
increase longevity. Focus 7 uses AI to pose relevant questions and generate answers.
The paper shows the power of AI as a partner in helping to develop insights prior to
empirical research.

Keywords: AI in nutrition, AI in research, generative AI applications, longevity and
diet, mind genomics thinking, personalized nutrition strategies

1. Introduction

AI reveals intricate links among longevity, dietary habits, nutrition, and our per-
ceptions of food. Employing AI to analyze vast amounts of data uncovers complex
patterns and connections and may provide deep insights into how our dietary deci-
sions impact health and longevity [1–4].

Studying the diets of individuals who have thrived throughout history may reveal
foods and nutrients associated with increased longevity. Additionally, AI indicates
how our perspectives on food and eating habits affect our lifespan. By analyzing social
media posts, surveys, and diverse data sources, AI reveals common attitudes and
behaviors surrounding food that may impact longevity, either favorably or unfavor-
ably, respectively [5–8].

AI is useful in developing personalized nutrition plans that take into account
individual factors such as genetics, lifestyle, and health conditions. By analyzing an
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individual’s eating habits and nutritional needs, as well as their views on food, AI
provides tailored recommendations designed to enhance longevity and overall well-
being. Furthermore, AI dispels myths and misconceptions surrounding nutrition and
longevity by providing clear, evidence-based guidance and insights.

Considering the previous points, we now explore various connections between the
capabilities of modern AI and the prospects for longevity. This paper employs AI as its
research and writing assistant. This paper aims to develop a method for exploring the
significant connection between longevity and nutritional attitudes and behaviors, rely-
ing entirely on AI to conduct the analysis. Should the effort prove successful, society will
gain a new instrument to address its challenges with a focus on knowledge [9–11].

2. Focus 1: AI simulates how the general population would feel when they
learn that nutritional science is being integrated into AI to provide
actionable recommendations

In a rapidly evolving world shaped by technological advancements, the fusion of
nutritional science with artificial intelligence emerges as a transformative force,
poised to redefine our approach to health and wellness. With AI configured to deliver
actionable insights rooted in nutritional science, individuals can generate tailored
information, enabling them to make informed choices about their diets and overall
well-being. This integration can enable individuals to seize control of their well-being,
fostering positive changes that enhance their quality of life. AI provides personalized
recommendations that consider individual needs and preferences, resulting in more
effective and sustainable outcomes.

The world will likely respond to this innovation with a blend of excitement,
curiosity, and skepticism as individuals navigate the implications of depending on
technology for nutritional guidance. Some individuals may welcome the concept of a
virtual nutritionist readily available, while others might question the precision and
trustworthiness of AI-generated advice. Yet, the prevailing sentiment is expected to
be one of intrigue and captivation as society embraces this emerging realm of health
technology. Table 1 shows how AI synthesizes the “world of AI + nutrition” into a
capsule discussion of the response to AI [12, 13].

AI Instructed to Write a Composition Focusing on How the World Feels About Knowing that a Lot of
Its Nutritional Science is Being Integrated into AI to Provide Actionable Recommendations

1.Nutritional science is essential for grasping the impact of food on our bodies and overall well-being.
With the progression of technology, AI is progressively employed to sift through extensive data,
delivering tailored recommendations that cater to an individual’s distinct requirements. Integrating
nutritional science with AI allows us to harness the latest research and findings, crafting precise and
dependable recommendations for those looking to enhance their diet and health. This integration
enables AI to decode intricate nutritional data and deliver actionable insights instantly, empowering
users to make well-informed dietary decisions.

2.A major advantage of merging nutritional science with AI lies in its capacity to deliver tailored
recommendations that align with a person’s unique health objectives, dietary choices, and lifestyle
considerations. AI algorithms sift through diverse data, such as personal biometric information,
dietary habits, and medical backgrounds, crafting personalized recommendations that resonate
with each individual. Leveraging AI to merge nutritional science, enabling individuals to seize
control of their health and well-being through informed dietary choices. This integration transforms
our approach to nutrition, offering insights that were once hard to access or required significant
time to uncover.
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3. Focus 2: AI simulates how nutrition professionals react when they learn
how nutrition information is being combined with AI

By understanding the perspectives and concerns of nutrition professionals towards
AI as shown in Table 2, we anticipate potential challenges and opportunities that may
arise. This information can help guide the development and implementation of AI
technology in the field of nutrition, ensuring that it is beneficial and accepted by
professionals in the industry. Further, we may forestall and even nullify any attitude
problems emerging when professionals end up feeling threatened that technology will
replace them [14–17].

3.Additionally, incorporating nutritional science into AI connects scientific research with real-world
applications. It achieves this by transforming intricate data into clear, actionable recommendations
that are straightforward to grasp and apply. AI algorithms scrutinize nutritional data, revealing
trends and patterns that highlight the connections between diet and health outcomes, empowering
individuals to make informed decisions about their food choices. This integration empowers
healthcare professionals to deliver tailored dietary advice to their patients, resulting in enhanced
health outcomes and an improved quality of life.

4. Integrating nutritional science with AI tackles the rising issue of food insecurity by offering
personalized suggestions for those who struggle to access healthy foods. AI algorithms assess food
availability, dietary preferences, and cultural norms, providing tailored suggestions that are
practical and sustainable for individuals across various socioeconomic backgrounds. This
integration highlights food deserts and regions with restricted access to healthy foods, allowing
policymakers to create focused interventions that tackle these inequalities and enhance nutrition
outcomes in underserved communities.

5. Integrating nutritional science with AI facilitates ongoing monitoring and feedback
on dietary habits, empowering individuals to track their progress and make real-time
adjustments. AI algorithms assess food intake, physical activity, sleep patterns, and
various lifestyle factors, crafting personalized recommendations that cater to everyone’s distinct
needs and preferences. This integration aids individuals in recognizing harmful patterns and
behaviors. Integrating AI with nutritional science fosters a proactive and preventive healthcare
strategy.

6. Integrating nutritional science into AI tackles the rising issue of chronic diseases
and health conditions associated with unhealthy eating habits. AI algorithms sift
through extensive data from diverse populations to uncover risk factors and trends linked to diet-
related diseases like diabetes, heart disease, and obesity. Policymakers and healthcare providers
create focused strategies that encourage healthier eating habits, effectively preventing the
emergence of these conditions. The integration offers tailored suggestions that enhance their
treatment plans.

7.Evidence-based recommendations are customized to fit an individual’s specific needs and
preferences. AI algorithms examine dietary patterns, cooking habits, food preferences,
and cultural traditions to provide relevant and practical personalization. This integration
empowers educators and nutrition professionals to create more focused and effective
interventions.

8.AI algorithms examine data related to food sourcing, production techniques, and
transportation trends to evaluate the environmental impact of various foods, providing
recommendations that align with sustainability principles. This integration reveals the links
between our dietary choices and significant global challenges like climate change, deforestation, and
biodiversity loss, enabling individuals to make informed decisions that foster a healthier planet for
generations to come.

Table 1.
The AI synthesis of how the world feels about knowing that a lot of nutritional science is being integrated into AI
to provide actionable recommendations.
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4. Focus 3: Using mind genomics thinking to simulate the four mind-sets
in each of the two groups (general population professionals and
nutritional professionals)

Mind Genomics reveals concealed preferences and biases that shape professionals’
interpretation and application of nutritional information. A deeper understanding
allows us to pinpoint areas of agreement and conflict within the field, paving the way
for more informed and effective strategies to promote healthy eating habits. Combin-
ing AI technology with insights from Mind Genomics thinking produces a deeper and
more detailed understanding of nutrition, benefiting both professionals and

AI Simulates How Nutrition Professionals React When They Learn How Nutrition Information is Being
Combined with AI

1.Experts in nutrition and healthcare might respond differently to the application of AI in suggesting
dietary behaviors aimed at promoting longevity. Their responses can be shaped by numerous factors,
such as personal beliefs and values, professional training and experience, and their attitudes towards
technology and innovation. Some professionals may eagerly anticipate AI’s potential to enhance health
outcomes and optimize their practices, whereas others may harbor concerns regarding the ethical
implications and limitations of AI in healthcare.

2.Many professionals see AI as a powerful tool that tailors recommendations for their clients, leading to
better health outcomes. They might value AI’s capacity to sift through vast data sets, delivering
personalized, evidence-based recommendations that cater to unique needs and preferences. These
professionals are likely thrilled by the prospect of AI elevating their practice, streamlining their work,
and boosting effectiveness.

3.Certain professionals might express reservations regarding the application of AI providing nutrition
advice aimed at enhancing longevity. Concerns arise regarding the accuracy and reliability of AI
algorithms, particularly in relation to intricate and subtle subjects such as nutrition. These professionals
might worry that AI suggestions could lack specificity, resulting in less-than-ideal results for their
clients. Concerns arise regarding AI’s potential to supplant human expertise and empathy in healthcare,
risking the loss of the personal touch and individualized care that clients deeply appreciate.

4. Some professionals express ethical concerns regarding the application of AI providing nutrition
recommendations aimed at enhancing longevity. Concerns may arise regarding data privacy and
security, alongside the risk of bias and discrimination inherent in AI algorithms. These professionals
might be wary of relying on AI for sensitive personal information and decisions concerning health and
well-being. They might experience a duty to maintain ethical standards and safeguard their clients’
interests, even amidst the rise of technological advancements.

5. Professionals who hold an optimistic perspective on AI recognize its potential advantages in providing
nutrition recommendations aimed at enhancing longevity. They might welcome innovative
technologies and methods that could enhance health outcomes and elevate the quality of life for their
clients. These professionals might wonder how AI can elevate their practice and keep them updated on
the newest research and optimal strategies in nutrition and longevity. They are keen to delve into the
potential of AI, weaving it into their work to enrich their expertise and elevate the care they offer to
their clients.

6. Some professionals, taking a more cautious stance on AI, may choose to depend on their own expertise
and experience when offering nutrition advice for longevity. They likely appreciate the human aspect
of healthcare, viewing personalized care and empathy as vital elements of successful treatment. These
professionals might doubt AI’s capacity to effectively evaluate and cater to the distinct needs and
preferences of each client. They might choose a more engaged method for nutrition counseling, valuing
personal interaction and teamwork with their clients rather than relying on automated AI-generated
suggestions.

Table 2.
AI simulations showing how nutrition professionals react when they learn how nutrition information is being
combined with AI.
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consumers alike. This fusion of AI and Mind Genomics could transform our approach
to nutrition and health, paving the way for more effective strategies that enhance
overall well-being. Table 3 shows how AI creates two different groups of four mind-
sets each. The first group comprises the thinking of ordinary people about AI and
nutrition while the second group is for the thinking of professionals about AI and
nutrition [18–22].

GROUP 1: FOUR MIND-SETS OF THE “GENERAL PROFESSIONAL” REGARDING AI IN NUTRITION

NAME: Traditionalists
BELIEVE: Traditionalists believe that AI helps analyze data and make recommendations for nutrition-
driven longevity. They see AI as a tool to gather and interpret large amounts of data more efficiently than
humans could on their own. Traditionalists also believe that AI algorithms identify patterns and
correlations that may not be immediately apparent to human researchers, leading to more personalized
recommendations for individuals.

COUNTERING CRITICS: Traditionalists may defend themselves against critics by highlighting the
potential benefits of AI in improving overall health outcomes and quality of life. They may point to studies
that have shown AI to be an effective tool in predicting and preventing chronic diseases. Traditionalists
may also emphasize the role of human oversight in ensuring that AI recommendations are accurate and
evidence based.

EVOLVING TO 2030: In the year 2030, Traditionalists may evolve their thinking by integrating more
advanced AI technologies, such as machine learning and deep learning, into their analysis and
recommendations. They may also work towards incorporating real-time data and feedback from wearable
devices and smart technology into their algorithms, allowing for even more personalized and precise
nutrition recommendations.

NAME: Skeptics
BELIEVE: Skeptics are cautious about using AI to guide thinking about nutrition-driven longevity. They
believe that AI algorithms may not always be reliable or accurate in their recommendations, especially
when they do not consider individual differences and nuances. Skeptics also worry about the potential for
bias in AI algorithms, which could lead to misleading or harmful recommendations.

COUNTERING CRITICS: Skeptics may defend themselves against critics by emphasizing the importance
of human judgment and critical thinking in interpreting AI recommendations. They may also point to
cases where AI algorithms have made errors or incorrect predictions, highlighting the limitations of
relying solely on AI for nutrition guidance. Skeptics may call for more transparency and oversight in the
development and implementation of AI technology in the field of nutrition.

EVOLVING TO 2030: In the year 2030, Skeptics may evolve their thinking by advocating for more
rigorous validation and testing of AI algorithms used in nutrition recommendations. They may also push
for greater collaboration between AI researchers and nutrition experts to ensure that AI algorithms
consider the latest scientific evidence and best practices in nutrition. Skeptics may work towards
developing more robust safeguards and checks to prevent bias and errors in AI recommendations.
NAME: Optimists

BELIEVE: Optimists are enthusiastic about the potential of AI to revolutionize nutrition-driven longevity.
They believe that AI has the capacity to analyze vast amounts of data, from genetics to lifestyle factors,
and provide personalized recommendations that significantly improve individual health outcomes.
Optimists see AI as a powerful tool that help individuals make more informed decisions about their diets
and lifestyles, leading to longer and healthier lives.

COUNTERING CRITICS: Optimists may defend themselves against critics by highlighting the success
stories of AI in improving health outcomes and extending lifespans. They may point to studies that have
shown AI to be more accurate and reliable than traditional methods in predicting and preventing diseases.
Optimists may also emphasize the need for continuous research and development to further enhance the
capabilities of AI in the field of nutrition.
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EVOLVING TO 2030: In the year 2030, Optimists may continue to advocate for the integration of
advanced AI technologies, such as artificial neural networks and natural language processing, into
nutrition analysis and recommendations. They may also focus on using AI to promote behavioral changes
and adherence to healthy eating habits, through interactive apps and virtual assistants. Optimists may
work towards increasing access to AI-powered nutrition tools for a wider population, through smartphone
apps and online platforms.

NAME: Ethicists
BELIEVE: Ethicists are concerned about the potential ethical implications of using AI to guide thinking
about nutrition-driven longevity. They believe that AI algorithms may perpetuate biases and inequalities
in healthcare, by favoring certain populations or promoting certain dietary trends. Ethicists also worry
about the privacy and security risks associated with collecting and analyzing personal health data using AI
technologies.

COUNTERING CRITICS: Ethicists may defend themselves against critics by emphasizing the importance
of ethical guidelines and principles in the development and implementation of AI in nutrition
recommendations. They may call for greater transparency and accountability in how AI algorithms are
trained and deployed, to ensure fairness and equity in the recommendations provided. Ethicists may also
advocate for the active involvement of diverse stakeholder groups, such as patient advocates and
community organizations, in shaping the ethical framework for AI-driven nutrition interventions.

EVOLVING TO 2030: In the year 2030, Ethicists may evolve their thinking by pushing for the establishment
of clear regulations and standards governing the use of AI in nutrition recommendations. They may also
work towards promoting education and awareness among the public about the ethical considerations related
to AI in healthcare. Ethicists may advocate for the development of AI technologies that prioritize privacy and
data security, while still delivering accurate and personalized nutrition guidance.

GROUP 2: FOURMIND-SETS OF THE “NUTRITION-INVOLVED PROFESSIONAL” REGARDING AI IN
NUTRITION
NAME: Data Scientists
BELIEVE: Data Scientists believe that AI provides personalized nutrition recommendations based on
extensive data analysis, leading to improved health outcomes and increased longevity. AI algorithms analyze
individual biological markers, dietary preferences, and lifestyle habits to tailor nutrition plans for optimal
wellness. They also recognize the potential for AI to revolutionize the healthcare industry by providing real-
time monitoring and feedback on an individual’s nutritional needs.

COUNTERING CRITICS: Data Scientists defend their use of AI in nutrition-driven longevity by highlighting
the rigor and accuracy of data analysis techniques used in their algorithms. They argue that data-driven
recommendations are more precise and effective than traditional one-size-fits-all approaches. Additionally,
they emphasize the importance of ongoing validation and refinement of AI models to ensure reliability and
safety.

EVOLVING TO 2030: In the year 2030, Data Scientists are likely to further refine their AI algorithms to
incorporate a wider range of data sources, including genetic information, microbiome analysis, and
environmental factors. They may also explore the integration of AI technology with wearable devices for
continuous monitoring and feedback on nutritional choices. Data Scientists could lead the development of AI-
powered personalized nutrition platforms that are widely accessible and affordable for individuals seeking to
optimize their longevity.

NAME: Medical Professionals
BELIEVE: Medical Professionals believe that AI enhances the practice of personalized medicine by providing
evidence-based nutritional recommendations tailored to an individual’s unique health profile. They understand
the significance of nutrition in preventing chronic diseases and promoting longevity, and view AI as a valuable
tool in optimizing patient outcomes. Medical Professionals value the ability of AI algorithms to process large
datasets and meta-analyses to generate actionable insights for clinical practice.

COUNTERING CRITICS: Medical Professionals defend their reliance on AI by highlighting the extensive
training and expertise required to interpret and apply nutritional guidelines effectively. They argue that AI
complements rather than replaces human expertise, facilitating more efficient and data-driven decision-
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5. Focus 4: Analysis of viewpoints regarding incorporating AI in the
nutrition-longevity link

The incorporation of AI nutrition and longevity has elicited diverse reactions from
various groups. Experts regard AI as a potent instrument for examining and

making in patient care. Medical Professionals emphasize the importance of continual education and
professional development to stay abreast of technological advancements in healthcare.

EVOLVING TO 2030: By 2030, Medical Professionals may further integrate AI technologies into clinical
practice to support patient engagement and compliance with personalized nutrition plans. They could
collaborate with data scientists and nutritionists to develop comprehensive digital health platforms that
combine medical knowledge with AI-driven insights. Medical Professionals may also explore the potential of
AI in predictive analytics for early detection of nutritional deficiencies and disease risk factors, leading to
proactive interventions for improved longevity.

NAME: Public Health Experts
BELIEVE: Public Health Experts recognize the potential of AI to address population-level challenges in
promoting healthy eating habits and preventing chronic diseases. They believe that AI-powered analytics
inform targeted interventions and policies to improve nutritional outcomes across diverse communities. Public
Health Experts value the scalability and efficiency of AI in processing large datasets to identify trends and
disparities in nutrition-related health outcomes.

COUNTERINGCRITICS: Public Health Experts defend their use of AI by emphasizing the focus on population
health and equity in their approach to nutrition-driven longevity. They argue that AI helps overcome logistical
barriers and resource constraints in public health initiatives, leading to more effective and sustainable
interventions. Public Health Experts stress the importance of community engagement and interdisciplinary
collaboration to ensure that AI strategies are culturally sensitive and contextually relevant.

EVOLVING TO 2030: In the year 2030, Public Health Experts may use AI technologies to develop predictive
models for evaluating the impact of nutrition interventions on population health outcomes. They could harness
machine learning algorithms to customize public health campaigns and initiatives based on demographic and
socioeconomic factors. Public Health Experts may also advocate for the ethical and transparent use of AI in
public health decision-making to uphold principles of social justice and health equity.

NAME: Nutrition Scientists
BELIEVE: Nutrition Scientists view AI as a powerful tool for advancing research in precision nutrition and
personalized dietary recommendations. They believe that AI analyzes complex interactions between nutrients,
genetic factors, and health outcomes to inform evidence-based guidelines for optimal longevity. Nutritional
Scientists recognize the potential of AI to streamline data analysis and hypothesis testing in nutrition research,
accelerating scientific discoveries and breakthroughs.

COUNTERING CRITICS: Nutrition Scientists defend their integration of AI by highlighting the rigorous
validation and peer review processes inherent in their researchmethodologies. They emphasize the importance
of transparency and reproducibility in AI-driven studies to ensure scientific integrity and credibility. Nutrition
Scientists underscore the need for interdisciplinary collaboration and data sharing to maximize the impact of
AI in advancing nutrition science.

EVOLVING TO 2030: By 2030, Nutrition Scientists may adopt cutting-edge AI technologies, such as deep
learning and natural language processing, to extract valuable insights from vast amounts of scientific literature
and clinical data. They could develop AI-powered predictive models for assessing individual dietary responses
and monitoring long-term health outcomes. Nutrition Scientists may also explore the integration of AI with
emerging technologies, such as blockchain and Internet of Things (IoT), to create secure and decentralized
platforms for nutrition research and collaboration.

Table 3.
Two groups of four mind-sets each (general professional, nutrition profession) as simulated by AI.
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enhancing dietary habits aimed at fostering longevity and improving overall health.
Yet, some raise alarms regarding the ethical ramifications of AI influencing dietary
advice. Skeptics express concern that an overreliance on AI algorithms could simplify
the intricate nature of nutritional needs and overlook personal variations. Conversely,
supporters contend that AI can precisely customize dietary plans by considering
genetic factors, lifestyle habits, and disease risks.

Different health organizations, such as the World Health Organization and the
American Heart Association, have expressed varying views on the role of AI in the
connection between nutrition and longevity. Consumer advocacy groups have
expressed concerns regarding the transparency and accountability of AI-driven nutri-
tion products and services. Public sentiment regarding AI in nutrition and longevity is
polarized; some individuals welcome its promising advantages, while others advocate
for increased regulation and oversight. The perspectives of various groups offer
important insights into the changing dynamics of AI, nutrition, and longevity.

Table 4 shows how the AI embedded in the Mind Genomics platform, BimiLeap.
com (Idea Coach feature), provides critical thinking regarding viewpoints about AI in
nutritional science. The Mind Genomics platform is set up to provide various “ana-
lyses” of data simulation. One of these analyses looks at “viewpoints,” including those
who are positive about AI in nutrition, those who oppose AI in nutrition, and “out-
of-the-box thinking” under the rubric of “alternative viewpoints.”

1 INTERESTED AUDIENCES

1.Health and wellness enthusiasts: Individuals who are interested in maintaining a healthy
lifestyle and maximizing their longevity would be keen to learn about how food preferences influence
their lifespan, as well as specific dietary patterns and foods that support longevity. They may also be
interested in personalized recommendations based on genetic factors to optimize their diet for
longevity.

2.Medical professionals: Healthcare providers, nutritionists, and dietitians benefit from understanding the
insights provided by AI on food preferences and longevity outcomes. This knowledge helps them tailor
dietary recommendations for their patients to support overall health and wellness.

3.Researchers and scientists: Professionals in the field of nutrition, longevity research, and artificial
intelligence find value in the topic questions as they explore the intersection of food preferences, genetics,
and health outcomes. AI analysis provides new insights and drives additional research in this area.

4.Public health officials: Policymakers and public health professionals may be interested in understanding
the impact of socioeconomic factors on food preferences and longevity outcomes. This information
informs strategies to address health disparities and promote healthier eating habits among different
populations.

5. Individuals interested in preventive health: Those who prioritize preventive health measures to avoid
chronic diseases and enhance their quality of life would find the insights from AI analysis on longevity
and food preferences, particularly valuable. This information helps them make informed choices to
optimize their diet for longevity and overall wellness.

2 OPPOSING AUDIENCES

1.Traditionalists: Some individuals who adhere to traditional dietary beliefs or cultural practices may be
resistant to incorporating AI recommendations into their lifestyle. They may view AI analysis as
undermining their cultural heritage or personal beliefs about food and longevity.

2.Skeptics of technology: People who are wary of artificial intelligence and its potential impact on
human health and well-being may be hesitant to trust AI recommendations on food preferences and
longevity. They may have concerns about privacy, accuracy, or ethical implications of using AI in this
context.
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6. Focus 5: Critical thinking to identify themes and perspectives

Through the exploration of various themes and viewpoints, AI unveils distinctive
insights into intricate matters. AI sifts through data, extracting insights and making
informed decisions grounded in evidence and logic (see Table 5). This method
enables AI to explore various perspectives and possible solutions to an issue. AI
uncovers patterns and trends often missed by humans, enhancing the efficiency of
problem-solving. AI, through critical thinking, questions established beliefs and
uncovers fresh opportunities. AI adjusts its reasoning in response to new information

3. Industry stakeholders: Companies in the food and beverage industry that produce and market products
that may not align with AI recommendations for longevity may oppose the topic. They may fear that
AI analysis could lead to consumer backlash against certain products or result in changes to industry
regulations.

4. Individuals with conflicting interests: People who have financial interests in promoting certain dietary
products or practices that are not supported by AI analysis may oppose the topic. They may perceive AI
recommendations as a threat to their business or personal agenda.

5.Those resistant to change: Some individuals who are resistant to change or prefer to stick to familiar
habits and routines may resist adopting AI recommendations for optimizing their diet for longevity.
They may be comfortable with their current dietary choices and reluctant to make changes based on AI
insights.

3 ALTERNATIVE (OUT OF THE BOX) VIEWPOINTS

1. Some may argue that genetics play a greater role in longevity than dietary preferences, and that
individuals are predisposed to certain health outcomes regardless of their food choices.

2.There may be skepticism towards AI’s ability to provide accurate recommendations for optimal
longevity, with concerns about the reliability of data and the potential for bias in analysis.

3.Critics may believe that superfoods are overhyped and that a well-rounded diet with moderation is
more important for overall health and longevity than focusing on specific “miracle” foods.

4. Some individuals may prioritize taste and enjoyment in their food preferences over longevity outcomes,
believing that life is meant to be lived to the fullest rather than strictly controlled through diet.

5.Cultural and societal factors may influence food preferences and longevity outcomes in ways that AI
analysis may not fully capture, leading to potential gaps in understanding the complex relationship
between diet and lifespan.

6.There may be disagreement on the role of gut health in promoting longevity, with some questioning
the importance of the microbiome in overall health and wellness.

7. Skeptics may argue that AI’s personalized dietary recommendations based on genetics are overly
simplistic and fail to consider the broader environmental and lifestyle factors that contribute to
longevity.

8.Critics may point out that socioeconomic disparities in access to healthy foods and resources are
deeply entrenched and require systemic change beyond individual dietary choices to address
effectively.

9. Some may question the accuracy and validity of AI predictions on future trends in food preferences
and longevity outcomes, arguing that unforeseen variables could affect the reliability of such
forecasts.

10.Alternative viewpoints may emphasize the importance of balance, variety, and enjoyment in diet
rather than strict adherence to specific recommendations for longevity, highlighting the individual
nature of dietary preferences and choices.

Table 4.
The three types of audiences involved in AI in nutrition: Interested audiences, opposing audiences, and alternative
viewpoints.
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Critical thinking—analysis of themes from different perspective

1. Influence of Food Preferences on Longevity

• The influence of food preferences on longevity outcomes as analyzed by AI

• The impact of superfoods on lifespan based on AI research findings

• Predicting future trends in food preferences and their implications for longevity outcomes using AI

o Plus: AI provides valuable data and insights to help individuals make more informed choices about
their diet and potentially improve their longevity.

o Minus: Potential limitations in the accuracy and reliability of AI predictions regarding the impact
of food preferences on longevity outcomes.

o Interesting: The use of AI technology to analyze large amounts of data and identify patterns that
may not be immediately apparent to humans.

2.Recommended Dietary Patterns for Longevity

• Specific dietary patterns recommended by AI for promoting longevity

• AI recommendations for maintaining a healthy weight to support longevity

• Improving brain health and cognitive function through dietary choices according to AI analysis

o Plus: AI analyzes complex datasets to determine the most effective dietary patterns for promoting
longevity.

o Minus: Limitations in the ability of AI to account for individual variability in response to different
dietary patterns.

o Interesting: The potential for AI to continuously adapt and refine dietary recommendations based
on real-time data and feedback.

3.Personalized Nutrition for Longevity

• Providing personalized dietary recommendations based on an individual’s genetic profile for
optimizing longevity

o Plus: Personalized dietary recommendations based on genetic analysis potentially lead to more
tailored and effective strategies for promoting longevity.

oMinus: Concerns about the privacy and ethical implications of using genetic information to inform
dietary recommendations.

o Interesting: The intersection of AI technology and genetics in optimizing nutrition for longevity.

4.Gut Health and Longevity

• The importance of gut health in promoting longevity as recognized by AI

o Plus: AI helps identify the role of gut health in promoting longevity and suggests dietary strategies
to support a healthy gut microbiome.

o Minus: Challenges in accurately assessing and interpreting the impact of gut health on longevity
outcomes using AI.

o Interesting: The potential for AI to uncover new connections between gut health and longevity
through advanced data analysis.

5. Socioeconomic Factors and Longevity

• Insights from AI research on the impact of socioeconomic factors on food preferences and longevity
outcomes

o Plus: AI research sheds light on the complex relationship between socioeconomic factors, food
preferences, and longevity outcomes.

o Minus: Risks of oversimplifying the influence of socioeconomic factors on longevity outcomes
without considering individual experiences and circumstances.

o Interesting: The potential for AI to uncover hidden disparities and inequalities in access to healthy
food and resources that impact longevity.
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and feedback, enhancing its capacity to analyze problems. The critical thinking skills
of AI allow it to maneuver through ambiguity and uncertainty, establishing it as an
invaluable asset for decision-making across diverse domains.

7. Focus 6: AI-suggested process innovations for nutrition to increase
longevity

AI’s capacity to sift through extensive data and make instantaneous decisions
allows companies to enhance efficiency, cut expenses, and provide healthier food
choices. Innovations in processes that blend AI with nutrition may transform food
production, distribution, and consumption, enhancing manufacturing processes, ele-
vating food quality and safety, and crafting tailored nutrition solutions. These inno-
vations increase efficiency and productivity while prioritizing the health and well-
being of consumers. Table 6 shows five innovations in food and nutrition to enhance
longevity as first suggested by AI and further analyzed by AI.

6. Strategies for Optimizing Diet for Longevity

• Strategies individuals adopt based on AI insights to optimize their diet for longevity and overall
health

o Plus: AI insights empower individuals to make more informed choices about their diet and lifestyle
to support longevity.

o Minus: Potential challenges in implementing and sustaining dietary changes based on AI
recommendations.

o Interesting: The innovative approaches and technologies that are used to support individuals in
optimizing their diet for longevity.

Table 5.
Six “themes” and then perspectives about those themes, suggested by AI regarding nutrition and longevity.

1.Personalized meal delivery services that use AI algorithms to create customized meal plans based on an
individual’s dietary preferences, health goals, and genetic profile for promoting longevity.
SUGGESTION: By tailoring meal plans to each person’s unique needs, this service enhances overall
health and well-being. The incorporation of genetic profiles helps to further individualize the meal
plans, ensuring that individuals receive the nutrients their bodies require. Ultimately, this could lead to
improved longevity and disease prevention, as individuals are provided with precisely what their
bodies need to thrive.
STRATEGY TO GET THE INNOVATION ACCEPTED: Offer a free trial period or discounted
introductory offer. This would allow individuals to experience the convenience and benefits of having
customized meal plans tailored to their specific needs without fully committing them upfront.
Additionally, providing educational resources and support from nutritionists or dietitians to help users
understand the science behind the personalized meal plans and how it benefits their health and
longevity could also incentivize people to invest in the service. Giving users the option to personalize
and adjust their meal plans based on their feedback and results further enhances the value proposition
and makes it more appealing for potential investors.

2.Nutritional supplements designed specifically to target key biomarkers associated with aging and longevity,
based on AI analysis of optimal nutrient intake for longevity.
SUGGESTION: By using AI to analyze optimal nutrient intake for longevity, these supplements could
potentially enhance cellular function, reduce inflammation, and improve overall health markers
associated with aging. This targeted approach may also help individuals prevent age-related diseases
and maintain vitality as they grow older. Ultimately, this innovation could revolutionize the field of
anti-aging and lead to a more personalized and effective approach to promoting longevity.
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STRATEGY TO GET THE INNOVATION ACCEPTED: Offer personalized recommendations based on
individual health assessments. By incorporating AI analysis to determine each person’s unique nutrient
needs, individuals may be more willing to invest in supplements that are tailored to their specific
biomarkers and health goals. Additionally, providing evidence-based research on the effectiveness of
these supplements in extending lifespan and improving overall health may also incentivize individuals
to consider investing in this idea. By showing individuals the personalized benefits and potential
outcomes of these supplements, they may be more inclined to invest in their health and longevity.

3.AI-powered mobile apps which track an individual’s food intake, analyze dietary patterns, and provide real-
time feedback and recommendations for improving longevity through better nutrition.
SUGGESTION: By using AI technology, people receive personalized insights into their food intake and
make more informed decisions about their dietary habits. With real-time feedback and
recommendations, users easily identify areas for improvement and tailor their eating habits to support
longevity and overall health. This innovative approach could empower individuals to take control of
their well-being and make sustainable changes to optimize their nutrition for a longer, healthier life.
STRATEGY TO GET THE INNOVATION ACCEPTED: Offer a free trial period or a discounted
subscription rate for a limited time. This would allow users to try out the app and experience the
benefits firsthand before committing to a full-price subscription. Additionally, offering personalized
discounts or rewards for achieving certain health or nutrition goals through the app could provide
further incentives for users to invest in the technology. By making the app more accessible and
rewarding for users, they are more likely to see the value in investing in their long-term health and
nutrition.

4.Virtual reality experiences that simulate the benefits of a healthy diet for longevity, guiding users through
immersive scenarios that illustrate the impact of food choices on aging and lifespan.
SUGGESTION: By immersing users in virtual reality scenarios that showcase the effects of different
foods on aging and lifespan, they gain a better understanding of the importance of nutrition for
longevity. This hands-on approach may make it easier for individuals to make healthier food choices in
their daily lives, leading to improved overall health and potentially extending their lifespan. Ultimately,
this innovative use of technology could help combat the increasing rates of chronic diseases associated
with poor dietary habits.
STRATEGY TO GET THE INNOVATION ACCEPTED: Offer a free trial or a discounted rate for the
virtual reality experience for a limited time, allowing users to try out the program and see the potential
benefits before committing to a full purchase. Additionally, providing evidence-based research and
testimonials from experts in nutrition and longevity could help convince skeptics of the effectiveness of
the program. A money-back guarantee could also give users peace of mind that they are making a risk-
free investment in their health and longevity. By combining these strategies, more people may be
willing to invest in the virtual reality experience and take control of their dietary choices for a healthier
and longer life.

5.Policy initiatives that utilize AI to analyze population-level data on food preferences, nutritional intake, and
longevity outcomes to inform public health recommendations and interventions aimed at promoting healthier
dietary habits for longevity.
SUGGESTION: Implementing policy initiatives that use AI to analyze population-level data on food
preferences, nutritional intake, and longevity outcomes have implications for public health. By using
AI, policymakers gain valuable insights into the factors that contribute to healthier dietary habits and
longevity, allowing for more targeted and effective interventions. This approach identifies trends and
patterns in dietary choices, allowing for the development of personalized recommendations tailored to
specific demographics. Ultimately, this reduces chronic diseases and an improvement in overall
population health and longevity.
STRATEGY TO GET THE INNOVATION ACCEPTED: Offer incentives or rewards for participating in
data collection and analysis. This could include offering discounts on healthy food options, access to
personalized nutrition plans or consultations, or even monetary rewards for contributing to the
research. Additionally, emphasizing the potential benefits of adopting healthier dietary habits for
longevity, such as improved quality of life, reduced risk of chronic diseases, and increased lifespan,
could motivate individuals to participate in and support these initiatives. Ultimately, by demonstrating
the tangible value and impact of using AI for public health interventions, people may be more willing to
invest in this idea.

Table 6.
Five process innovations suggested by AI for nutrition to increase longevity.
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8. Focus 7: Using AI to pose relevant questions and generate answers

The final focus or topic is the use of AI to teach in the Socratic fashion by posing
questions and providing answers. AI-generated questions and answers support edu-
cation and research. AI’s proficiency in natural language processing and contextual
understanding enables it to deliver answers that are both personalized and relevant to
inquiries. Concerns have emerged regarding the accuracy and bias present in AI-
generated responses. However, as AI evolves, the significance and complexity of AI-
generated questions and answers are likely to become more “correct” and useful, as
the factors leading to the distortion of information are discovered and dealt with
appropriately. Table 7 shows five questions and answers generated by AI, to give a
sense of the type of teaching which can emerge from the creation of a dialog through
questions and answers.

QUESTION 1: How does AI help individuals make more informed choices about their dietary habits to increase
their lifespan?
AI in nutrition empowers individuals to make choices that support longevity and overall wellness. AI helps
individuals make more informed choices about their dietary habits by analyzing personal health data,
nutritional needs, and preferences to provide personalized recommendations. By incorporating machine
learning algorithms, AI tracks and analyzes dietary patterns, metabolism, and genetic information to offer
tailored guidance on what foods to eat or avoid. AI also monitors individuals’ progress, adjusts
recommendations as needed, and provide timely reminders or alerts to promote adherence to healthy
eating habits. Additionally, AI-powered apps and devices offer real-time feedback on food choices,
portion sizes, and nutritional content to help users make better decisions about their diet.

QUESTION 2: What ethical considerations should be considered when using AI to study nutrition and longevity?
When using AI to study nutrition and longevity, several ethical considerations must be addressed to
ensure that data privacy, consent, bias, and accountability are upheld. It is essential to protect individuals’
personal information and ensure that data collected for research purposes is anonymized and securely
stored to prevent unauthorized access or misuse. Additionally, researchers must obtain informed consent
from participants and clearly communicate the goals, risks, and potential benefits of the study involving
AI technology. Moreover, efforts should be made to mitigate bias in AI algorithms by monitoring bias,
ensuring diverse training data sets, and providing transparency in the decision-making process. Lastly,
accountability mechanisms should be put in place to address any unintended consequences or ethical
breaches that may arise from using AI in nutrition and longevity studies.

QUESTION 3: How does AI help healthcare professionals better understand the impact of diets on longevity and
overall health?
AI helps healthcare professionals better understand the impact of diets on longevity and overall health by
processing vast amounts of data, identifying patterns, and generating insights that may not be readily
apparent through traditional methods. By analyzing electronic health records, genetic information,
dietary intake, and clinical outcomes, AI uncovers correlations between diets and health outcomes,
identifies risk factors for certain diseases, and predicts individualized responses to different dietary
interventions. Moreover, AI facilitates large-scale observational studies, clinical trials, and meta-analyses
to advance our understanding of the complex relationships between diet, lifestyle factors, and longevity.
By using AI tools and technologies, healthcare professionals make evidence-based recommendations,
develop personalized treatment plans, and monitor patients’ progress to optimize their overall health and
well-being.

QUESTION 4: How does AI identify potential dietary interventions that may help individuals live longer and
healthier lives?
AI analyzes a wide range of factors, such as genetic predispositions, metabolic profiles, environmental
influences, and lifestyle habits. Through data mining techniques, AI discovers novel correlations between
specific nutrients, foods, or dietary patterns and various health outcomes, such as reduced risk of chronic
diseases, improved metabolic health, and enhanced longevity. By integrating multiple sources of
information, including biological markers, dietary assessments, and clinical data, AI generates
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9. Discussion and conclusions

Artificial intelligence (AI) plays an increasingly important role in the field
of nutrition today by using algorithms to analyze data related to genetic
information, dietary habits, and lifestyle factors. This allows experts to identify pat-
terns and correlations that may impact overall health and lifespan. By providing
personalized nutrition recommendations based on individual needs and goals, AI
helps optimize nutrient intake and minimize deficiencies. AI also assists in
predicting and preventing chronic diseases by analyzing various risk factors and
developing targeted interventions. This technology can aid in meal planning, tracking,
and monitoring to ensure individuals meet their nutritional needs and health goals.
Furthermore, AI contributes to the development of innovative nutritional supple-
ments and functional foods that target specific health concerns and promote longev-
ity. Research in precision nutrition is also advancing thanks to AI, providing real-time
feedback and monitoring of an individual’s nutritional status and health markers.
Overall, the integration of AI in nutrition holds great promise for advancing the
understanding of how nutrition can drive longevity and help individuals live longer,
healthier lives.
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personalized recommendations for dietary changes, supplementation, or behavioral modifications
that align with individuals’ unique needs and goals. Additionally, AI-powered algorithms
continuously learn and adapt based on new data, emerging research, and individual responses to
interventions, allowing for more targeted, effective, and sustainable dietary strategies to support long-
term health and well-being.

QUESTION 5: What advancements in AI technology are needed to further enhance our understanding of the
relationship between longevity and food preferences, nutrition, and attitudes towards food?
To further enhance our understanding of the relationship between longevity and food preferences,
nutrition, and attitudes towards food, advancements in AI technology are needed in several key areas.
First, there is a need for more sophisticated algorithms that analyze complex, multifaceted data sets,
including genomic, microbiome, behavioral, and environmental data, to uncover deeper insights into the
factors influencing dietary choices, metabolic processes, and health outcomes. Second, AI tools that
integrate data from multiple sources, such as wearable devices, food tracking apps, and medical
records, in real-time are essential for capturing dynamic changes in individuals’ dietary patterns and
health status over time. Third, the development of explainable AI models that transparently interpret and
communicate the rationale behind recommendations related to food choices, nutrition, and longevity is
crucial for building trust, fostering engagement, and supporting informed decision-making by users and
healthcare professionals. Lastly, ongoing advancements in AI research, including reinforcement learning,
natural language processing, and causal inference, help address the complexity and uncertainty inherent
in studying the intricate interactions between nutrition, longevity, and human behavior, paving the way
for more personalized, effective, and sustainable strategies for promoting health and well-being
through diet.

Table 7.
Five AI-generated questions and answers dealing with nutrition and longevity.
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Chapter 10

Quality of Life in People Living 
with Dementia: Personalized 
Early Diagnosis, Individual 
Empowerment, and Community 
Inclusion
Francesca Morganti

Abstract

The quality of life for individuals living with dementia appears to be a significant 
challenge. To date, the determinants that play a key role in maximizing their daily life 
have not been highlighted, remaining a widely neglected area of scientific study and 
intervention. This contribution focuses on elements that are most likely to lead people 
who are on the verge of aging toward quality aging despite dementia, considering that 
individuals are capable of shaping, influencing, or regulating their own trajectory 
throughout their lifespan. A fundamental premise of this proposal is the notion that 
an individual’s capacity to regulate their own growth and development over the course 
of their life determines their overall well-being, and that trajectories of dementia 
can be classified as “successful” or “unsuccessful” based on this regulatory process. 
The proposal outlines specific actions aimed at fostering well-being throughout the 
dementia process, including the early diagnosis of dementia, the empowerment of 
individuals during their lifespan, and the creation of a dementia-friendly community 
that ensures full participation in everyday activities. These actions are intended to 
enhance and maximize dementia pathways. The implementation of these strate-
gies necessitates a cultural transformation concerning the perception of dementia. 
Illustrative examples of this cultural shift will be drawn from the recent research 
conducted in the Bergamo region.

Keywords: aging with dementia, quality of life, empowerment, early diagnosis, 
dementia-friendly, ageism

1.  Introduction

While it is not asserted that dementia is an inherent aspect of the aging process, 
it is noteworthy that the prevalence of dementia is notably high among the elderly 
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population. In numerous instances, dementia has been observed to contribute to a 
decline in the quality of life and autonomy of individuals affected by the condition. 
It is, therefore, imperative to recognize that while the third age is characterized as 
the period of life in which individuals are predisposed to developing pathologies that 
lead to states of frailty and dependency, aging can still be seen as a period in the life 
cycle, in which the potential of the individual can be used to ensure that this stage is 
characterized by “quality” in itself. This assertion is substantiated by the observation 
that the older population experiencing frailty is disproportionately susceptible to 
cognitive diseases, such as dementia, compared to their non-frail counterparts [1]. 
Therefore, it is imperative to closely examine frailty and its potential impact on the 
deterioration of cognitive function, especially in the context of its role in increasing 
the risk of developing dementia [2].

Recently, Wallace et al. identified a role for frailty in the association between 
Alzheimer’s disease and related dementias [3]. Although in any case it is still unclear 
whether the association between frailty and Alzheimer’s disease pathophysiology 
is due to direct mechanisms (e.g., amyloid pathology causes frailty) or indirect 
mechanisms (e.g., amyloid pathology and frailty are linked in that they are both age-
related), this study asks us to consider how frailty may represent a potentially modifi-
able focus for early cognitive impairment. This underscores its capacity for early 
and “tailored” clinical intervention. The assessment of frailty in clinical practice has 
become a useful tool for healthcare professionals, such as psychologists, educators, 
and geriatricians. By utilizing this assessment, professionals can personalize interven-
tions to support individuals in maintaining a healthy state of frailty or to provide 
therapeutic interventions in cases of pathological decline. Indeed, the identification 
of frailty should prompt professionals to undertake a more precise investigation of the 
determinants that contribute to an individual’s increased vulnerability and that may 
lead to the development of dementia, given its prevalence in the elderly population. 
This approach enables the adoption of a person-centered treatment strategy aimed 
at mitigating potential adverse outcomes and disrupting the prevailing paradigm of 
aging as synonymous with the accrual of diseases.

As a result, in contemporary discourse, the construct of frailty is increasingly used 
as a measure of an individual’s risk profile, thus it plays a significant role in determin-
ing an individual’s biological aging profile. This is predicated on the premise that 
chronological age may not always correspond to biological progression. Consequently, 
it provides a framework for understanding aging as having infinite trajectories, 
potentially following different profiles of frailty or eventual pathology.

The aforementioned perspective redefines the aged population as extremely 
heterogeneous. Consequently, a comprehensive evaluation of specific aging individu-
als, with the objective of early detection of potential pathological profiles, can only 
be achieved by integrating the construct of frailty with another crucial concept: the 
biological and cognitive reserve accumulated throughout the lifespan [4]. In particu-
lar, the potential countermeasures available to date to mitigate dementia include the 
personalization of empowerment strategies to support the aging individual in their 
future life trajectory. This approach acknowledges the wealth of experiences, skills, 
and relationships accumulated throughout one’s life and seeks to foster a fulfilling 
relationship with the context in which the individual lives, including the trajectory 
of dementia [5]. This approach is essential to ensure a meaningful experience for the 
person and to maximize their quality of life, and to ensure a fruitful relationship with 
the context in which the person operates in any trajectory, including that of dementia 
pathology.
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2.  Reconsidering the neural and cognitive reserve in frailty and dementia

Considering lifespan trajectories, among the theories that highlight neural and 
cognitive reserve as critical determinants of successful aging, the neural mainte-
nance theory posits that older individuals with a well-preserved nervous system are 
also those who demonstrate optimized cognitive functioning as they age [6]. While 
neural maintenance may appear to be an advantageous mechanism, it is important to 
acknowledge that the majority of the elderly population inevitably experiences age-
related brain atrophy [7]. Nevertheless, it is well established that some individuals can 
successfully perform cognitive tasks by engaging in what are referred to as compensa-
tory processes [8].

Emphasizing the complexity of aging, it is crucial to recognize that individuals 
may not only exhibit varying degrees of brain atrophy but also differ in their ability to 
deploy compensatory strategies of varying effectiveness. These strategies are shaped 
by cognitive reserve, which in turn is influenced by an individual’s unique life history 
and experiences.

To theoretically delineate the interplay between frailty, neural reserve, and cogni-
tive reserve, we can argue that even when two older adults exhibit identical neural 
changes, one may demonstrate lower levels of frailty in daily life due to a greater 
cognitive reserve and more effective compensatory mechanisms. Conversely, from 
a speculative standpoint, marked age-related brain atrophy, when coupled with a 
weak compensatory capacity, may be indicative of a trajectory toward pathological 
cognitive decline [9]. Examples of such conditions include mild cognitive impairment 
(MCI) or mild neurocognitive disorder [10], as well as more severe neurodegenerative 
conditions, now classified as major neurocognitive disorders [11].

As in all developmental and learning trajectories, aging involves a synergistic 
interplay between biological factors (e.g., genetic predisposition) and environmental 
influences (e.g., lifestyle). Both factors are presumed to shape cognitive performance 
in aging by influencing the extent of age-related neural changes (such as the main-
tenance or atrophy of the nervous system) and the ability to employ compensatory 
strategies. For instance, being a carrier of a genetic variation, such as the APOE ε4 
allele, has been linked to an increased risk of hippocampal atrophy in aging [12]. At 
the same time, a low level of education has been associated with reduced cognitive 
reserve and diminished compensatory capacity [13, 14].

There is considerable heterogeneity in the structure and function of the nervous 
system among older adults, which contributes to distinct trajectories of cognitive 
decline, frailty, and successful aging. Neuroimaging studies have highlighted signifi-
cant interindividual differences in structural aging, evident in white matter hyperin-
tensities, interhemispheric connectivity, and cortical and subcortical volume changes. 
Such findings have led to the conceptualization of “Δ brain age”—the discrepancy 
between an individual’s chronological age and their brain age [15]. A positive Δ sug-
gests accelerated brain aging, whereas a negative Δ indicates a well-preserved nervous 
system [16].

Given this complexity, frailty is now understood not only as a biological construct 
but also as the outcome of interactions between an individual’s physical and cogni-
tive abilities and their environmental context [17]. Thus, interventions aimed at 
optimizing functional ability in aging, including in pathological conditions, should 
focus on enhancing reserves and mitigating frailty. This necessitates comprehensive 
assessments that extend beyond the individual to their living environment, where 
challenges to frailty or dementia-related conditions may arise.
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A lifespan perspective underscores the need for a dynamic and adaptive approach 
to aging, accommodating diverse trajectories ranging from healthy aging to frailty 
and dementia. Tracking an individual’s life course allows for targeted interventions 
and the implementation of educational programs that foster inclusion within their 
community. Such efforts can support developmental trajectories, either before or 
during the onset of dementia-related symptoms.

As individuals age, their abilities fluctuate, making their interaction with the 
environment increasingly complex. Therefore, person-centered interventions should 
move beyond a compensatory and assistive framework toward empowering older 
adults, particularly those with dementia. Rather than solely mitigating cognitive 
decline, the goal should be to support their independence and enable them to con-
tinue engaging in personal interests and social roles. This approach not only fosters 
active participation in society but also contributes to reversing frailty trajectories over 
the lifespan. By accumulating cognitive and neural reserves, individuals may not nec-
essarily prevent dementia onset but can better cope with its progression, maintaining 
an optimal quality of life.

From a clinical perspective, diagnosis and treatment of dementia should prioritize 
proactive strategies that encourage individuals to take early responsibility for their 
psychophysical well-being across the lifespan. Early identification of cognitive decline 
and dementia risk enables the development of personalized care plans tailored to an 
individual’s values and priorities [18]. The objective is not merely to slow excessive 
cognitive decline but, more importantly, to ensure the highest possible quality of life 
for aging individuals.

3.  Counteracting ageism and on the road toward an early diagnosis: The 
entitlement to quality of life in dementia

The conceptualization of dementia outlined above often encounters significant 
barriers to its practical implementation. One of the foremost challenges lies in 
confronting culturally ingrained perceptions of aging, commonly referred to as 
ageism [19]. This widespread stereotype predominantly portrays older individuals as 
retreating from productive life, experiencing progressive declines in autonomy, and 
requiring increasing levels of support. Such a perspective not only marginalizes older 
adults—especially those who are frail or living with pathological aging—but also 
profoundly impacts their capacity for self-determination and empowerment, thereby 
diminishing their overall quality of life.

A closer examination of older individuals reveals how meanings attributed to 
aging are deeply shaped by cultural contexts, influencing how older people perceive 
themselves. Empirical research consistently demonstrates that individuals, often 
unconsciously, internalize these negative stereotypes. As a result, older adults tend 
to adopt more sedentary lifestyles, underestimate their cognitive abilities, and 
become entangled in a cycle of physical and mental decline. These factors collectively 
contribute to a reduced lifespan [20]. The public health consequences of ageism are 
profound, leading to an increased prevalence of cardiovascular diseases, chronic 
respiratory conditions, and diabetes mellitus, with significant economic burdens on 
healthcare systems [21].

The impact of ageism becomes even more pronounced in the context of dementia. 
Ageism serves as a powerful and detrimental force, as individuals may simultaneously 
be both perpetrators and victims of ageist behaviors. On the one hand, older adults 
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with dementia often face social exclusion, distrust, or patronizing treatment (e.g., 
being perceived as incompetent, forgetful, or burdensome). On the other hand, they 
may internalize these attitudes, accepting a diminished role in society, even when 
their lived experiences contradict such narratives. Statements like “It’s time for me 
to step aside now” or “I can no longer do things as I used to” reflect a resignation that 
reinforces the belief in the inevitability of personal decline. Such self-perceptions not 
only affect the individual but also shape broader societal attitudes, perpetuating the 
notion that aging equates to an irreversible loss of personhood.

Ageist attitudes—whether experienced or enacted—lead to poorer quality of life, 
reduced access to preventive healthcare, and inadequate medical treatment. Older 
individuals may be subjected to dismissive medical practices, including the denial of 
treatment or exclusion from clinical interventions deemed unnecessary due to their 
age. Furthermore, ageist misconceptions often overshadow positive attributes of indi-
viduals with dementia, reinforcing discriminatory practices, sometimes even without 
full awareness [22]. One striking example is therapeutic nihilism—the belief that 
there is little to no benefit in treating aging individuals, particularly those diagnosed 
with dementia. This perspective exacerbates systemic ageist stigma within health-
care and social services, severely limiting access to appropriate care. When aging is 
synonymous with frailty and chronic illness, healthcare professionals and caregivers 
may inadvertently adopt a pessimistic outlook that permeates geriatric facilities, 
particularly those serving individuals with dementia. Consequently, older adults with 
dementia continue to experience profound inequalities in receiving adequate support 
for daily activities compared to younger individuals with similar conditions.

Compounding this issue is the persistent violation of human rights that aged 
individuals—particularly those with dementia—often endure across various levels 
of interaction, from family dynamics to institutional policies. Following a dementia 
diagnosis, individuals are frequently excluded from decision-making processes, 
resulting in their specific needs being overlooked or dismissed. A particularly con-
cerning consequence of this marginalization is the reduction of the person to their 
disease [23]. In such cases, the “demented” label supersedes their personal history, 
identity, and lived experiences. As a result, care systems focus primarily on managing 
the symptoms of dementia rather than addressing the holistic needs of the individual, 
leading to the misinterpretation of behaviors and the administration of inadequate 
interventions.

One of the gravest consequences of ageist stigma is its role in delaying dementia 
diagnosis. The widespread misconception that cognitive decline and loss of autonomy 
are inherent aspects of aging contributes to the significant underdiagnosis of demen-
tia. Estimates suggest that approximately two-thirds of individuals with dementia 
receive a diagnosis only in the later stages of the disease, and as many as half remain 
undiagnosed entirely [24]. The lack of early detection poses a major challenge, par-
ticularly given that an early diagnosis offers substantial benefits—not only in terms 
of quality of life but also in economic and social dimensions, as well as in reducing 
caregiver burden.

Several factors contribute to delays in dementia diagnosis [25–27]. Among the 
primary reasons is a lack of awareness regarding the distinction between normal 
aging and pathological cognitive decline. Additionally, many individuals experiencing 
early symptoms categorically refuse to acknowledge their condition, avoid discuss-
ing concerns with family members, or hesitate to seek specialist consultations due to 
fear, stigma, or denial. The reluctance to pursue a diagnosis is often exacerbated by 
the prevailing societal belief that cognitive and behavioral changes do not constitute 
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a legitimate medical issue. Moreover, doubts about the effectiveness of medical 
interventions and concerns about the social consequences of being diagnosed with 
dementia further discourage individuals from seeking professional evaluation.

While an early diagnosis of dementia does not prevent disease progression, 
it plays a fundamental role in improving an individual’s quality of life. Early 
detection allows for the establishment of supportive environments that foster 
autonomy, self-determination, and dignity throughout the disease trajectory. 
For individuals with dementia, receiving a timely diagnosis means having the 
opportunity to understand and make sense of their condition, engage in advance 
care planning, and explore potential pharmacological and non-pharmacological 
interventions that may slow cognitive decline.

Addressing the complexities of dementia diagnosis requires a comprehensive 
approach that considers individual, interpersonal, and cultural factors. Only by rec-
ognizing these multifaceted challenges can we mitigate the risk of further alienating 
individuals with dementia and ensure that they receive the care and support neces-
sary to maintain their dignity and well-being.

4.  Toward a health-oriented approach to dementia

Luckily, there is growing evidence of a segment of the population that does not 
exhibit significant signs of resignation. Instead, they increasingly reaffirm self-
determination, even after receiving a dementia diagnosis. The approach proposed 
here seeks to move beyond the meanings perpetuated by ageism and its derivatives, 
advocating for the fundamental “right to age.” This right emphasizes the active 
participation of individuals in shaping personal and societal transformations through 
reciprocal relationships and shared commitments. The goal is to foster an inclusive 
environment where everyone, including individuals with dementia, can find the 
necessary conditions to realize their full potential.

A critical aspect of this perspective involves careful attention to the physical, 
cultural, and social contexts in which aging unfolds. Equally important is recognizing 
the opportunities available to each individual, shaped by their unique life history, in 
order to support the fullest expression of their personal identity. The aging process 
comprises a complex interplay between well-being, frailty, and pathology, which 
cannot be reduced to predetermined standards.

Thus, it is crucial to assess from the outset not only the cognitive reserve that a 
given individual possesses but also the environmental and social contexts in which 
they are embedded. This understanding is fundamental for designing psychological 
and educational interventions that promote well-being, facilitate life trajectories, and 
empower the surrounding community. Key elements of this transformative approach 
include, beyond the necessity of early diagnosis, the right to age in place, the oppor-
tunity for individual empowerment, and the presence of caregivers equipped with 
empathetic competencies to ensure meaningful cohabitation and support.

4.1  The exigency of “aging in place” and of a dementia-friendly community 
development

In recent years, the concept of aging in place has gained widespread recognition. 
It refers to the ability to remain in one’s own home, despite an increasing need for 
support due to significant age-related changes that lead to greater frailty [28]. In this 
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context, one strand of urban planning and design that promotes sustainable and par-
ticipatory citizenship focuses on conceptualizing and developing urban infrastructure 
and services that are increasingly accessible and inclusive for individuals with demen-
tia (see Dementia-Friendly Communities [29]).

Dementia-Friendly Communities are designed to ensure active participation 
in society by fostering the inclusion of individuals with dementia through tailored 
educational and training initiatives that engage all community members. These com-
munities go beyond the mere provision of care services; instead, they adopt a holistic 
and proactive approach that sustains meaningful social engagement and empower-
ment for individuals with dementia. By doing so, they create a network of support 
that enables individuals to remain active contributors to their communities, despite 
cognitive decline.

This shift represents a significant advancement in dementia care, and many 
countries are now investing in the development of Dementia-Friendly Communities. 
However, these initiatives risk being insufficient if they remain predominantly 
confined to assistive care models and fail to incorporate a fundamental rethinking 
of dementia itself. Genuine community empowerment—and, consequently, the true 
inclusion of individuals with dementia—requires the implementation of educational 
programs targeted at citizens of all ages. This means not only engaging older adults 
but also integrating science-based dementia education into school curricula and 
public awareness campaigns.

A truly Dementia-Friendly approach must prioritize widespread knowledge 
dissemination to differentiate between dementia and non-pathological aging, thereby 
fostering a more informed and inclusive society.

4.2 The benefits of early and differential diagnosis

For decades, scientific research has emphasized the importance of distinguishing 
aging from disease, highlighting how the irreversible changes associated with advanc-
ing age are not necessarily disabling. Nevertheless, despite growing awareness, many 
individuals continue to conflate cognitive decline with aging, failing to differentiate 
between dementia—certain forms of which result in cognitive impairment—and the 
natural, non-pathological changes in cognitive functioning that occur in later life. 
This misconception, which aligns with the broader issue of ageism, reflects persistent 
societal stigma surrounding aging and cognitive health.

From a biological perspective, the transition from cognitive normality to full-
blown dementia is not demarcated by a clear threshold (see, for example, the chal-
lenges in defining Mild Cognitive Impairment [MCI]). This underscores the need for 
scientifically grounded public education on the complex interplay between aging and 
dementia. Widespread dissemination of accurate information—through educational 
initiatives in public spaces—can foster a shared understanding, serving as the founda-
tion for more inclusive and Dementia-Friendly Communities.

Only in recent decades, due to advances in clinical research and neurodiagnos-
tic techniques, has it become possible to delineate how the aging nervous system 
undergoes structural and functional modifications, ultimately contributing to 
various forms of dementia. Today, the term dementia has taken on a clinically precise 
meaning, referring to a syndrome characterized by a progressive decline in cognitive 
functions severe enough to interfere with social and occupational activities. This dete-
rioration may also affect personality, emotions, and behavior, leading to a gradual loss 
of autonomy [30]. Older adults diagnosed with a form of dementia typically exhibit 
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significantly impaired cognitive and functional abilities, affecting not only their own 
lives but also those of their primary caregivers, whose routines and responsibilities 
undergo profound transformations.

Individuals experiencing significant alterations in cognitive function must be 
able to recognize whether these changes are part of normal aging or indicative of a 
neurodegenerative condition. Consequently, seeking specialized medical consultation 
becomes essential in determining whether cognitive changes are within expected 
age-related variability or are suggestive of an emerging dementia-related pathol-
ogy. An early neuropsychological assessment plays a pivotal role in identifying the 
initial clinical manifestations of cognitive impairment and facilitating differential 
diagnosis, allowing for the distinction between various neurodegenerative disorders. 
Furthermore, clarifying the differences between aging-related cognitive changes 
and dementia syndromes is critical for implementing effective interventions aimed 
at slowing disease progression, alleviating symptoms, and ultimately enhancing the 
quality of life for both individuals with dementia and their caregivers.

For all these reasons, it is imperative that society supports individuals in seeking a 
diagnosis free from stigma, ensuring that early detection becomes a pathway to timely 
intervention and comprehensive care.

4.3 Quality of life and individual empowerment

Ensuring that individuals, even those diagnosed with dementia, experience a 
high-quality aging process requires the promotion of both knowledge and proactive 
actions that empower individuals to take control of their own health trajectories [31, 
32]. This necessitates overcoming ageist stereotypes, which often assume that people 
with dementia are incapable of self-determination. However, just like any other 
individual, a person living with dementia should be encouraged—and supported in 
learning—on how to take responsibility for their own aging journey. They should 
also have the agency to make informed decisions that help them manage their condi-
tion more effectively [33]. In this regard, individuals must have the opportunity to 
develop a comprehensive understanding of dementia, including its characteristics 
and implications for their future [34]. Thus, they should be able to play an active role 
in selecting the most appropriate treatment options [35] and choosing among the care 
services available in their local community [36].

Beyond dementia, research on successful aging suggests that individuals who 
maintain a high quality of life are those who actively empower themselves by adopting 
self-respecting lifestyles. This approach is referred to as empowering aging, which 
emphasizes that individuals, regardless of their health status, should be encouraged to 
seek personal growth, meaningful experiences, and fulfilling relationships, thereby 
exercising self-determination over their aging process. Similarly, when prioritizing 
quality of life despite dementia, the concept of empowerment requires a shift from a 
task-oriented care model, which focuses primarily on disease management, toward 
person-centered care, which places the individual at the core of all interventions. 
Such an approach enables individuals to maintain greater control over their health-
related decisions and actions [37].

Of course, it is essential to recognize that empowerment in dementia differs 
from that of individuals experiencing typical aging. Cognitive, emotional, and 
behavioral changes associated with dementia inevitably affect decision-making 
abilities and motivations for self-determination. However, this does not diminish the 
fundamental importance of empowerment in supporting individuals with dementia 
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to continue playing an active role in their own lives. Unfortunately, the role of first-
person involvement in healthcare decisions is often overlooked in dementia care. 
Yet, research highlights that enabling individuals with dementia to participate in 
decision-making regarding their treatment and care pathways not only helps them 
preserve their sense of autonomy and competence but also serves as a motivational 
factor in maintaining engagement with life [38, 39]. Even when the risk of suboptimal 
decision-making is high and external support is required, fostering opportunities for 
empowerment can still lead to meaningful shared experiences between individuals 
with dementia and their caregivers [40].

In this context, understanding a person’s life history, beliefs, values, preferences, 
and needs becomes crucial in shaping an empowerment-oriented approach. Such 
an approach aligns with the principles of Dementia-Friendly Communities, which 
emphasize inclusivity and social engagement. Creating opportunities for participa-
tion helps combat the social isolation and stigma often associated with dementia. 
Moreover, promoting equal partnerships in decision-making [41] encourages indi-
viduals with dementia to remain socially active and maintain a shared identity with 
others who also value empowerment, despite their condition [42]. The ability to make 
autonomous life choices, even when relying on external support, remains a corner-
stone of empowerment in dementia care. This approach ensures that individuals can 
maximize their life potential while maintaining a sense of dignity and control.

Recent studies have demonstrated that empowerment in dementia leads to positive 
changes in quality of life and well-being, fostering greater self-confidence, self-
esteem, and dignity throughout the progression of the disease [43, 44]. The ability 
to feel respected, valued, and included in decisions regarding one’s care reinforces 
a sense of self [45, 46] and helps individuals maintain their social identity, despite 
cognitive decline [38].

While there may be debate about whether improved quality of life is a direct 
outcome of empowerment, or whether quality of life itself contributes to greater 
autonomy and self-determination, empowerment in aging must remain a central 
objective in dementia care. Ultimately, empowerment is a dynamic process, shaped 
by the interaction between the individual and their environment. Thus, the broader 
social context must acknowledge its role in facilitating true empowerment. This 
can only be achieved through a comprehensive understanding of the real needs of 
individuals with dementia and the development of services and policies that promote 
self-determination, rather than simply offering passive assistance. The principles 
of Dementia-Friendly Communities serve as a powerful framework for fostering 
empowerment, reducing stigma, and transforming societal perceptions of dementia.

4.4 Well-being and empathetic caregiving

The caregiving relationship—whether established through professional figures 
(e.g., healthcare professionals), family caregivers, or the broader social context (e.g., 
the community)—plays a crucial role in influencing the empowerment process of 
individuals living with dementia. In this context, reference is often made to widely 
recognized approaches such as the Gentlecare model [47] and the Validation method 
[48], which provide caregivers with strategies to allocate adequate time for relational 
engagement, offer continuous positive feedback to the needs of individuals with 
dementia, and, ultimately, establish an empathetic connection [49].

More specifically, the ability to adopt another person’s perspective and achieve 
emotional attunement with the care recipient are key components of empowerment. 
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Perspective-taking is broadly defined as the cognitive process through which caregiv-
ers gain insight into how individuals with dementia might perceive and experience the 
world. This form of perspective-taking is often an imaginative exercise, wherein care-
givers symbolically or metaphorically “step into the shoes” of the person with demen-
tia to develop a multidimensional understanding of their thoughts and emotions. This 
competency, known as social perspective-taking (or role-playing), is typically acquired 
during late adolescence and has been associated with altruistic behaviors, increased 
likelihood of providing assistance, and reduced stress levels in observers witnessing 
another person’s suffering.

If the primary objective of a caregiver is to ensure a high quality of life for the 
person being cared for, their efforts can only be deemed effective if they can accu-
rately assess whether the individual has truly achieved a satisfactory level of well-
being. Since caregivers do not personally experience the cognitive changes associated 
with dementia, they must actively engage in an “other-than-self” perspective when 
evaluating the well-being of those they assist. However, this task is inherently chal-
lenging, as it is difficult for caregivers to fully grasp what is essential for individuals 
with dementia to experience a sense of fulfillment.

Notably, research indicates that family caregivers often underestimate the quality 
of life of their relatives with dementia compared to self-assessments provided by the 
individuals themselves. Moreover, informal caregivers who are significantly younger 
than their care recipients tend to exhibit greater discrepancies in their evaluations 
of well-being compared to older caregivers. In contrast, older informal caregivers 
tend to provide more favorable assessments of the quality of life of the person with 
dementia [50]. One possible explanation for this variation is the differing perspectives 
on well-being held by individuals at different stages of life. It is important to note, 
however, that when caregivers are asked to evaluate the quality of life of individuals 
with dementia based on objective experiences and observable health-related symp-
toms—rather than on subjective thoughts or perceptions—their assessments tend to 
align more closely with those of the individuals receiving care. This finding supports 
the notion that perceptions of quality of life are inherently subjective.

Perspective-taking is particularly critical in dementia caregiving because, while 
cognitive decline may reduce situational awareness for the person with dementia, 
the caregiver’s goal remains to provide the highest possible quality of life. However, 
when there is a discrepancy between the perspectives of the caregiver and the care 
recipient, this misalignment may lead to persistent frustration for the caregiver or a 
lack of recognition by the person with dementia that their support needs are being 
met. If caregiving efforts focus primarily (or exclusively) on actions that do not align 
with the individual’s subjective sense of well-being, the person receiving care may not 
experience meaningful improvements in their quality of life.

Thus, for a caregiving relationship in the context of dementia to be truly charac-
terized as “high-quality,” an optimal level of empathy must be achieved. Only through 
this empathetic attunement can the quality of care be enhanced while simultaneously 
promoting the well-being of both caregivers and care recipients [51].

5.  From theory to action: Some ongoing projects to improve caring for 
people with dementia

The purpose of this section is to present as an example some of the most sig-
nificant projects that, through applied research, seek to translate the theoretical 
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framework outlined thus far into practical implementation. Most of these initiatives 
are ongoing and involve scholars and early career researchers affiliated with the 
CHL—Centre for Healthy Longevity at the University of Bergamo. The majority of 
the presented projects interpolate more than one of the dimensions described above, 
but they are described here grouped according to the dimension considered to be their 
primary focus.

5.1 Fostering communities to be dementia friendly

As previously discussed, enhancing the quality of life for individuals living with 
dementia requires the presence of an urban community that is well educated in the 
principles of inclusion. Such a community should actively foster a “friendly” environ-
ment around individuals with dementia, ensuring not only that they are not isolated 
but also that they are fully accepted and able to continue expressing their individual-
ity, despite their condition. The foundational vision behind the development of 
these communities’ centers on the person with dementia as an individual recognized 
for their competencies and capabilities rather than being solely defined by their 
pathology.

A Dementia-Friendly Community (DFC) [52] is an urban environment in which 
every member, in both personal and professional capacities, learns to recognize what 
is expected of them and how they can contribute to supporting individuals who, 
while experiencing cognitive decline, should not be excluded from community life. A 
DFC is not exclusively composed of healthcare professionals and family members of 
individuals with cognitive frailty; rather, it is a community where all members play 
a role in facilitating meaningful life experiences for people with dementia—whether 
they are clients, neighbors, or acquaintances. In such a community, sales personnel are 
trained to assist individuals who may struggle with decision-making while shopping, 
financial and legal advisors take into account the challenges their clients may face in 
evaluating risks, and public transportation operators develop an increased awareness 
of and patience for those who may become spatially or temporally disoriented. More 
broadly, every community member who interacts with a person with dementia does 
not merely perceive them as a “forgetful, non-autonomous individual” but rather as a 
person to be understood and embraced in their entirety.

Thus, a DFC is an urban community that is informed about dementia, unafraid of 
it, and fully aware of how to actively contribute to enabling people with dementia to 
continue leading fulfilling lives. This approach requires a fundamental shift—from a 
welfare-based model to one that places the individual at the center, recognizing and 
valuing their agency. However, this transition is contingent upon one essential factor: 
the ability of the environment, the community, and the broader social context to 
undergo a profound cultural shift.

To facilitate this cultural transformation, the Dementia Friendly Italia project 
was launched in 2016 at the University of Bergamo and has since continued as 
a Public Engagement initiative within the CHL—Centre for Healthy Longevity. 
The project seeks to educate urban communities and foster a shared commitment 
between citizens and individuals with dementia in creating inclusive environments 
that respect and accommodate diverse needs. One of its primary objectives is to 
raise public awareness about dementia, dispelling the misconception that it is an 
inevitable component of aging or that it is exclusively linked to Alzheimer’s disease. 
Furthermore, the project aims to provide the general public with deeper insight into 
the lived experiences of individuals with dementia.
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To this end, educational initiatives have been organized in schools, municipalities, 
religious institutions, and professional associations (e.g., retailers, restaurant and bar 
operators, office employees, etc.). These activities equip various sectors of society 
with the necessary knowledge and tools to initiate a cultural transition, reframing 
cognitive frailty and dementia as conditions that require adaptation and support 
rather than exclusion.

In the projects implemented across Bergamo and surrounding areas, particular 
emphasis has been placed on creating meaning through participation, which is 
considered the cornerstone of building a community that is not only efficient but, 
above all, effective in fostering genuine inclusivity. Instead of merely developing 
“dementia-friendly” facilities, the initiative has aimed to cultivate what philosopher 
Margaret Gilbert [53] describes as a collective subject—a community that acts not as a 
collection of individuals but rather as a unified entity.

Thus, the educational sessions have sought to create a shared commitment, 
fostering a “collective we” rather than enforcing top-down directives. The goal is not 
to impose change through institutional training but rather to facilitate and encourage 
a grassroots transformation, enabling communities to develop authentic and sustain-
able ways of integrating people with dementia into everyday life.

The small Dementia-Friendly Communities that have emerged within schools 
(from preschool to secondary education) and various urban areas have gradually 
become recognized social spaces, where the implications and responsibilities of inclu-
sivity are both acknowledged and acted upon. These communities are now perceived 
as part of a shared social mission, redefining the way dementia is understood within 
the collective mindset.

Moreover, each of these communities has faced the challenge of mobilizing and 
sustaining participation among all members—including people with dementia—who 
are empowered to exercise agency in decision-making processes. The project has thus 
facilitated the development of genuinely inclusive Dementia-Friendly Communities, 
capable of ensuring autonomy in life trajectories and safeguarding the rights of indi-
viduals living with dementia. In doing so, these communities contribute to breaking 
down social stigma while simultaneously reinforcing a sense of personal self-efficacy 
among individuals with dementia.

5.2  Identifying frailty to facilitate early dementia diagnosis: Bergamo and the 
“aged of the future”

To assess the aging potential of Bergamo’s population—currently within the 
old-adult (55–65 years) or early old (65–75 years) age segments—a survey has 
been initiated to detect early psycho-cognitive frailty in these groups. The pri-
mary objective is to direct individuals, where necessary, toward early diagnosis 
programs, as well as to initiate the pre-frail population to psycho-education 
projects. These interventions are informed by recent evidence [54] and aim to 
promote protective lifestyle modifications that may reduce future dementia risk. 
Collectively, these population-based strategies are designed to guide participants 
toward a trajectory of quality aging. Beyond addressing care needs, the study 
identifies the resources and potential of the soon-to-age population through stan-
dardized questionnaires (assessing cognitive, emotional, and relational dimen-
sions) alongside semi-structured interviews exploring subjective perspectives on 
aging and coping strategies for the transition into old age.
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The project’s innovative approach lies in its lifespan-centered assessment of 
individual potential and limitations, moving beyond a narrow focus on old age. This 
broader perspective helps discern how these factors may constrain or facilitate suc-
cessful aging while enabling early dementia detection. By monitoring developmental 
trajectories in adulthood, the intervention supports activities that foster successful 
aging. Recognizing the complexity of lifespan development—where certain trajec-
tories may predispose individuals to future frailty—the project implements psycho-
promotional measures to encourage health-supportive behaviors before clinical 
manifestations emerge.

The intervention’s objectives and methodologies are grounded not only in general 
aging dimensions derived from literature but are also tailored to critical or high-
potential areas identified through local cultural and needs analyses. The methodology 
combines community-based work, alternating between individual and group inter-
ventions. Techniques include psychological empowerment, cognitive training, physi-
cal activity, socialization initiatives, and reinforcement of socio-health networks, all 
selected based on questionnaire and interview analyses.

The project delineates four prospective aging trajectories for enrolled participants 
[55]: (1) Future seniors who can maintain optimal psychophysical functioning, full 
autonomy, and maximized quality of life; (2) Future seniors who can grow old with 
psychophysical health, minor compensable limitations, and good quality of life; (3) 
Future seniors at risk of psychophysical frailty, experiencing substantial limitations 
in daily autonomy and quality of life; (4) Future seniors susceptible to age-related 
psychophysical illnesses (e.g., chronic or neurodegenerative diseases, depression), 
significantly impairing autonomy and quality of life.

Ongoing psycho-educational interventions are customized to each group’s needs. 
The 12-month psycho-promotional program employs hybrid (online/in-person) 
individual and group sessions, informational materials (including multimedia), 
and experiential methods (e.g., role-playing, immersive virtual reality), following 
Bartholomew’s implementation model [56]. Interventions aim to preserve optimal 
aging through healthy longevity strategies; enhance aging trajectories by improving 
autonomy; equip frail individuals with protective and compensatory strategies; and 
support them in pursuing early clinical/diagnostic measures to improve quality of life, 
despite dementia.

By envisioning Bergamo’s aging future, this project seeks to identify individual-
environment dynamics that either foster successful aging or optimize early dementia 
diagnosis through psycho-education—enabling residual function preservation before 
frailty becomes disabling. It advances healthy aging by framing old age as a con-
tinuum shaped by earlier life stages. The dual-purpose interventions aim to enhance 
well-being while educating participants on necessary adjustments for healthier aging. 
In addition, the project intends to empower people in adulthood to become the main 
actors in the design of quality aging (even in dementia), counteracting the stereo-
typical idea that aging is only and exclusively an age of loss, on which improvement 
interventions cannot be implemented.

5.3  Empowerment by the sea: The sailing experience of people living with 
dementia on Nave Italia

Aligned with the principle of centering individuals with dementia and empow-
ering them in their lived experiences with the disease, the project “Psychological 
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Well-being for Elderly People with Dementia through Cruise Therapy” was conducted 
aboard Nave Italia, the world’s largest brigantine. This initiative brought together 
people with dementia, educators and psychologists from the University of Bergamo, 
and the Italian Navy crew, facilitated by the foundation Tender to Nave Italia (TTNI, 
https://www.naveitalia.org/). For years, TTNI has combated prejudice against dis-
ability and social marginalization by promoting empowerment projects for vulnerable 
populations. Annually, it enables diverse groups to embark on weeklong voyages along 
the Mediterranean, living collectively as crew members—sharing cabins, perform-
ing navigation tasks, maintaining the deck, and managing meals—thus reinforcing 
agency in daily life, even within an exceptional context. This approach underscores 
the need to empower people in their everyday life (albeit in an exceptional context) in 
every trajectory of their growing old, including that of growing old with dementia.

During our onboarding as crew of University scholars and aged individuals, 24 people 
(70–90 years old) with moderate cognitive impairment resulting from neurodegenerative 
pathology were involved. The main objective of the cruise was to integrate the experi-
ence of sailing with moments of non-pharmacological interventions aimed at enhancing 
emotional well-being, social engagement, and psychomotor abilities. Additionally, a 
mixed-methods (quantitative-qualitative) design assessed whether the cruise experi-
ence improved psycho-emotional well-being and quality of life (QoL), informing future 
interventions that combine sailing with empowerment through travel [57].

To this end, the weeklong journey on Nave Italia necessitated a planning that 
covered the entire calendar year. In the pre-shipment phase (January–August), the 
methodology and all research materials were predisposed, as well as the quantitative-
qualitative statistical designs for evaluating the effectiveness of the proposed treat-
ments were defined. A training was also provided to educators for the administration of 
non-pharmacological interventions and Nave Italia method during the boarding phase. 
Not least, a recruitment and support action were carried out to accompany elderly per-
sons with dementia and caregivers to the ship travel experience. In the post-boarding 
phase (September–December), data on psychophysical, emotional, autonomy, and 
quality-of-life status, collected before and during the boarding phase, were processed 
and evaluated in relation to the psycho-emotional well-being and quality-of-life status 
assessed immediately after the cruise experience and with a 3-month follow-up. These 
data were also compared with the same evaluations carried out with a control group of 
similar age and socioeconomic status that did not board the brigantine.

About the results achieved by comparing the pre- and post-boarding question-
naires given to our “sailors” versus a control group, we observed a slight improvement 
in cognitive level (assessed by the Mini Mental State Examination scale), an improve-
ment in symptoms of depression (assessed by the Geriatric Depression Scale), and a 
substantial improvement in perceived quality of life (assessed by the World Health 
Organization WHOQOL scale). However, the small, heterogeneous sample (varying 
in age, gender, education, and diagnosis) necessitates cautious interpretation. Despite 
this, observed emotional gains, partially restored autonomy, and heightened self-
determination suggest that the project holds promise as an empowerment strategy for 
people with dementia. Future iterations with larger experimental and control groups 
are planned to further validate these outcomes.

5.4 Virtual reality based first-person perspective on living with dementia

To foster a deeper understanding of the lived experiences of individuals with 
dementia and promote empathic attunement among caregivers, an innovative 
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educational-experiential intervention was developed using immersive virtual reality 
(VR) technology. The ViveDe project (www.vivede.it) employs 360° videos, accessible 
via VR headsets, to simulate first-person perspectives of common daily challenges 
faced by people with dementia—such as shopping, cooking, dining out, or visiting 
a doctor. These videos, available on YouTube with full 360° explorability (x/y axis), 
allow users, including those unfamiliar with dementia, to virtually embody the cogni-
tive and sensory disruptions associated with the condition.

Beyond enhancing caregiver comprehension of their care recipients’ behaviors, 
the project aims to engage a broader audience—including those typically disinterested 
in dementia-related issues—in critical reflection on the motivations behind behaviors 
often perceived as challenging (e.g., wandering, hoarding, or food refusal). To evalu-
ate the efficacy of this immersive experience in cultivating empathy, participants 
were interviewed before and after the VR session regarding their perceptions of 
dementia-related needs and their willingness to adopt a collaborative caregiving role. 
Data indicate that ViveDe significantly influences how both caregivers and non-
professionals perceive dementia and its symptomatic manifestations [58].

In this way, the project seems to succeed in minimizing the idea that assistance 
should be delegated to welfare professionals (such as hospitals or nursing homes). At 
the same time, it also seems to succeed not only to make family members understand 
how to better accommodate their caregiver’s demands, but also to people not directly 
involved (e.g., neighbors, shopkeepers, etc.) on how to include people with dementia 
more effectively within a Dementia Friendly Community. People who benefit from 
the ViveDe experience, in fact, become more aware of how an everyday activity (like 
buying bread and fruit in a neighborhood shop) can be a simple or very complicated 
challenge for a person with dementia strictly depending on the empathetic or not 
empathetic attitude of the others around them (e.g., the shop manager or the other 
customers). It is this shift that enables people with dementia to feel empowered to live 
a part of their lives independently, thereby counteracting part of their cognitive and 
motor decline.

The novelty of ViveDe lies in its integration of transformative VR technology with 
a psychological framework prioritizing quality of life in dementia care. It expands 
conventional educational paradigms by redefining autonomy and emphasizing the 
collective effort required for inclusive urban support systems. Crucially, the project 
underscores that the needs of individuals with dementia extend beyond basic physi-
ological and safety requirements to encompass higher-order needs—social belonging, 
esteem, and self-actualization. By facilitating first-person experiential learning, 
ViveDe advocates for a paradigm shift from a narrow “care-as-custodial” model to one 
that actively upholds the self-determination and dignity of individuals with dementia.

Building on these findings, ViveDe is being adapted into a psycho-educational 
program for family caregivers of newly diagnosed individuals [59]. Through weekly 
VR-assisted training and discussion sessions, caregivers develop cognitive empathy by 
virtually assuming the perspective of the person with dementia. This approach aims 
to enhance caregivers’ role awareness while concurrently improving the quality of life 
for both caregivers and care recipients.
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The physical aging process, which results in the aging of cells, tissues, and organs, varies 
differently in each individual due to the influence of environmental and life factors. 

Medical science has long been working to slow down or even stop and reverse the aging 
process. With the unraveling of the human genetic code, efforts to genetically intervene 

in the aging process have accelerated, and animal experiments have proven that this 
is possible. Today, many molecules have been proven to prolong a healthy life span. 

Despite all these scientific advances, it is a fact of our time that medicine continues to 
grapple with aging and age-related health issues. Therefore, on the one hand, medicine 
is advancing rapidly in the field of longevity and anti-aging, and on the other hand, it 

is advancing in providing optimal care to individuals suffering from age-related health 
problems. This book provides information on the latest advances in longevity, detailing 

the health challenges and solutions facing today’s geriatric population.
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