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Abstract:

 Advanced Therapies has been held in high regard in geriatric care, especially as the world 
population continues to age and the question of management of diseases that are multi-morbid and 
chronic becomes more pronounced. Personalized medicine attempts to quantify this complexity by 
customizing medical intervention based on the individual specifics in order to maximize treatment 
efficacy and reduce side effects.
This review examines the recent growth of personalized medicine in the management of ageing 
populations and highlights the importance of patient individualized education plans to take into 
consideration age-associated physiological modifications, such as modified pharmacokinetics, 
diminished organ functioning, senescence of the immune system, as well as having transformed body 
composition. The impact of both genetic predispositions and the environment and lifestyle exposures 
on the course and response to treatment is also discussed.
In addition to pharmacological options, this review emphasizes the increasing role of modern 
therapies that include a new field of gene therapy and cell-based therapies, targeted biologics, and 
RNA-based therapeutics, which may be tailored with high specificity and minimal systemic side 
effects. These frontier treatments frequently informed by molecular and genomic profiling have the 
potential to revolutionize chronic-illness care in the elderly. Naturally, the review also describes major 
ethical, financial, and logistical impediments to implementation, data privacy, access, and monetary 
accessibility. Lastly, it gives recommendations on how to break these hindrances and ensure there is 
equitable delivery of personalized and advanced therapies in geriatric medicine.

Keywords: elderly care, pharmacogenomics, geriatric healthcare, individualized therapy, age-related 
diseases

Introduction
The scene of global demographics is changing 

dramatically as the percentage of people 65 years of 
age and above rises at unheard-of rates (1). Particularly 
as aging is strongly associated with an increased 

burden of chronic, non-communicative diseases, 
including cardiovascular diseases, type 2 diabetes, 
neurodegenerative conditions like Alzheimer’s and 
Parkinson’s disease, osteoporosis, and many types 
of cancer, this demographic change presents major 
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public health challenges. Many times requiring 
advanced, long-term medical management, these 
chronic diseases demand more exact, individualized 
treatment plans than one-size-fits-all solutions (2). 

Sometimes referred to as precision medicine, 
personalized medicine (PM) uses a paradigm 
change in healthcare to try to fit medical treatment 
to the unique traits of every patient (3). Personalized 
medicine can deal with issues related to do with 
genetic makeup, epigenetic changes, metabolomic 
changes, environmental exposures, and lifestyle, 
including diet, exercise, and social determinants of 
health. It is expected that by overcoming general 
therapeutic strategies, PM will help to enhance the 
effectiveness of treatment, reduce side effects, and 
ultimately improve clinical outcomes (4).

The use of personalized medicine has been shown to 
yield some considerable positive effects in oncology 
and with rare genetic conditions in young patients; 
however, its use has not been fully exploited yet 
among older patients (5). The issue with old patients 
is that they pose specific challenges that make the 
adoption of individualized medicine difficult. These 
include age-related physiological changes such 
as reduced renal and hepatic functioning, altered 
pharmacokinetics and pharmacodynamics, being 
more prone to adverse drug reactions, frequent 
polypharmacy and multimorbidity (6). Additionally, 
the processes of providing tailored care among this 
group are complicated by the following factors: 
social and functional determinants, such as frailty, 
cognitive decline, inaccessibility of healthcare 
technologies, and the question of digital literacy (7).

Given these complications, it is imperative to 
assess how tailored personalized medicine can 
be to satisfy the particular needs of the aging 
population. Regarding geriatric care, this review 
aims to present a whole picture of the present state 
of tailored medicine. In this paper, we will review 
current strategies, innovations, and the most critical 
impediments-scientific, clinical, and ethical-that 
need to be overcome to best implement PM in older 
adults (8). This paper also seeks to highlight chances 
for advancing inclusive and efficient precision health 
interventions that fit an aging society by pointing out 
gaps in research and clinical practice.

Physiological Changes in Aging and Their Impact on 
Medical Care
Changes in Organ Function

Aside from a spectrum of physiological changes, 
aging affects the pharmacokinetics (absorption, 
distribution, metabolism, and excretion) and 
pharmacodynamics (drug action and efficacy) of 
drugs. Considering tailored medicine for senior 
citizens, these developments demand careful 
thought. Two of the most important organs in drug 

metabolism and clearance the kidneys and the 
liver—undergo functional decline with aging (9).  
Renal blood flow, lower glomerular filtration rate 
(GFR), and tubular function all help to progressively 
lower renal function. Among the drugs mostly 
eliminated by the kidneys whose excretion can be 
greatly lowered by these changes are digoxin, some 
antidiabetic medications, and aminoglycosides. 
In polypharmacy or dehydration, especially, poor 
renal clearance can lead to drug accumulation and 
increased nephrotoxicity risk (10).  While less so than 
in renal function, hepatic function changes with age. 
Reduced liver mass, hepatic blood flow, and activity 
of metabolic enzymes especially those involved in 
phase I reactions e.g., cytochrome P450 enzymes 
can all lower lipophilic drug metabolic clearance. 
Extending the half-life of drugs and raising plasma 
drug concentrations will help to reduce toxicity 
and the risk of adverse drug reactions (ADRs) (11). 
Apart from pharmacokinetic considerations, aging 
changes pharmacodynamic reactions as well. Older 
people may show increased sensitivity to some 
drugs (e.g., benzodiazepines and opioids) while 
showing decreased responsiveness to some others 
(e.g., beta-adrenergic agonists). In order to be as safe 
and efficacious as possible, therapy should therefore 
be personalized to include personalized dosing, 
frequent evaluation, and consideration of age-related 
pharmacological parameters (12). 

Beyond metabolism, aging produces 
immunosenescence a process whereby the immune 
system loses integrity. Taken together, these include 
compromised function of B cells, decreased 
production of naive T cells, and chronic low-grade 
inflammation (inflammaging), impairing the body’s 
capacity to mount strong immune responses (13). 
The implications of these immune changes on the 
progression of infectious disease, the efficacy of 
vaccines and elderly control of chronic inflammatory 
disease are indeed strong. Personalized immunity 
may also be required by providing predesigned 
immunomodulators, adjuvanted vaccines, and 
personalized immunization schedules to enhance 
immunization protection to this vulnerable 
population (14).

Cognitive Decline
Another age-related determinant making the 

delivery of medical care to elderly people or sick 
individuals very difficult is cognitive deterioration. 
Older people are more prone to acquiring diseases, 
including mild cognitive impairment (MCI), 
Alzheimer’s disease, and other dementias. The 
diseases are capable of significantly distorting the 
understanding, memory, and adherence capacity of 
a patient to complicated medical prescriptions (15).  
The ideas of personalized medicine hold that 
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cognitive decline calls for the application of 
unique treatments different from pharmacological 
drugs. Medication schedules could have to be 
streamlined to lower the cognitive load and the 
possibility of non-adherence. Care plans ask 
family members or caregivers to be involved in the 
decision-making process and incorporate digital 
health tools, pill organizers, or reminders (16). 
Furthermore affected by cognitive impairment 
could be a person’s capacity to provide informed 
permission or to properly express symptoms. This 
presents major ethical questions regarding the 
autonomy and decisions taken by groups. Clinicians 
have to apply sensitive communication techniques; 
cognitive capacity has to be routinely assessed 
using reliable tools. By including neurocognitive 
profiles in tailored treatment plans, people 
can recognize those who are at risk and direct 
treatments meant to maintain cognitive capacity 
and improve general quality of life conditions (17).  
When all the elements are taken into account, 
cognitive and physiological changes experienced 
by senior citizens underline the need to customize 
medical treatment to the reality of the biological 
process of aging. A one-size-fits-all approach is 
inadequate to guarantee that treatments for the 
elderly population are both safe and effective. 
Functional assessments, geriatric syndromes, and 
comprehensive care planning have to be part of 
customized medicine (18).

Multi-Morbidity and Polypharmacy in Aging
Challenges of Multi-Morbidity

When people age, they often have Multi-morbidity, 
i.e. two or more chronic diseases, which complicates 
clinical care and increases the likelihood of poor 
outcomes. Older patients are more likely to have 
multimorbid conditions that include cardiovascular 
disease, diabetes, arthritis, neurodegenerative 
disease and chronic kidney disease, which adds 
to a more complex treatment situation (19). The 
complex management of these diseases often leads to 
polypharmacy, or taking multiple medications, which 
may lead to an increased rate of drug-drug/drug-
disease interactions and adverse drug reactions and 
struggles with medication adherence. These risks are 
further increased by age, consisting of physiological 
changes such as impaired renal and hepatic function, 
changes therein affecting drug metabolism, and 
the residual physical reserve, all of which affect 
the responsiveness of the body to pharmacologic 
treatment (20). Guidelines of conventional treatment 
tend to be disease-specific and are usually based on 
the studies of younger or 1-disease patients, and they 
can be ineffective in older adults with multimorbidity. 
Personalized medicine brings a more appropriate 
or adapted solution in this regard. Personalized 

medicine overcomes these shortcomings of 
standardized care by designing treatment approaches 
on an individual basis, according to a person’s 
genetic, clinical, and psychosocial characteristics 
(21). In personalized medicine, pharmacogenomics 
is a tool that helps clinicians select and dose drugs 
optimally using the genomic profile of a patient to 
achieve better therapeutic outcomes and minimize 
adverse effects. As an example, drug metabolism 
typically varies in individuals with genetic variants 
in cytochrome P450 genes or other drug transporters, 
and the identification of these variants can guide 
personalization of therapy and help inform the 
need to prescribe a drug. In addition, the ability to 
incorporate real world data, clinical decision support 
tools, and electronic health records enables active, 
patient-specific care planning where comorbidities 
and historic responses to treatment are considered 
(22). Despite these promising developments, barriers 
such as limited access to genetic testing, insufficient 
provider education, and ethical concerns regarding 
data privacy must be addressed to fully realize the 
benefits of personalized medicine in older adults. 
Finally, the fifth step of treatment multi-morbidity in 
elderly patients should be based on the removal of 
the disease-based model in favor of the patient-based 
model of precision medicine that can provide a better 
therapeutic outcome and patient well-being (23).

Pharmacogenomics and Aging
Included in the personalised medicine is 

pharmacogenomics, which deals with studying how 
genes interact with drugs to have a response in a 
person. In the elderly, pharmacogenomic data can be 
utilized to deduce how a patient is likely to catabolize 
particular medicines and limit the chances of adverse 
effects (24). As an example, genetic differences in 
other enzymes, such as cytochrome P450 (CYP450), 
can affect the way some medications, such as 
anticlotting medications and antidiabetic drugs, are 
broken down. Introduction of pharmacogenomic 
testing in clinical practice can enable healthcare 
providers to develop safer and more effective 
treatment regimens, which have many benefits for 
older adults (25).

Genomic and Environmental Factors in Aging
Genetic Influences on Aging and Disease

Genetic factors have a key role in the biological 
process of aging and also age-related diseases, and 
are involved in population variability in both health 
trajectories and longevity. Many genes have been 
discovered to regulate longevity, cellular senescence, 
and the predisposition to age-dependent diseases 
like cardiovascular, cancer, and neurodegenerative 
diseases (26). The recent developments in genomics 
have helped scientists to identify the genetic 
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variations that moderate inflammation, oxidative 
stress response, and DNA repair pathways, which 
have been consistently tied to changes in the age of 
physiological decline. In the midst of personalized 
medicine, these findings have a significant implication 
on the care of the elderly (27). Genetic screening is 
becoming more common to distinguish high-risk 
patients with a given disease in order to effectively find 
more personalized prevention methods. The example 
of the APOE ε4 single-nucleotide polymorphism is a 
well-described genetic risk factor in the development 
of Alzheimer’s disease, and those who possess 
this particular variant are potential candidates to 
benefit through early cognitive screening, lifestyle 
changes and possible participation in clinical trials 
as subject to receive disease-modifying treatment 
(28). Similarly, hereditary cancer-related genes, 
e.g. BRCA1 and BRCA2, can considerably elevate 
the risk of breast, ovarian and other cancers over 
a lifetime, which necessitates genetic testing to 
inform decisions regarding following up the disease 
(increased surveillance), prophylactic surgery, 
or chemoprevention. Along with risk prediction, 
genetic data can enhance treatment personalization; 
polymorphisms in drug-metabolizing enzymes, so 
common in older individuals, can alter a person’s 
response to common drugs used in older age groups, 
thereby personalizing drug selection and dosing 
(29). Ethical considerations, the psychological 
burden of genetic risk disclosure, and patient access 
disparities are some of the concerns that are relevant 
to genetic information implementation in clinical 
practice, although they are still considered to be great 
promises. Nonetheless, the trend towards the uses of 
genomic technologies in geriatrics will presumably 
lead to an increasingly preventive and remedial 
approach to the healthy aging process and increasing 
the healthy years of life (30).

Environmental and Lifestyle Factors
Environmental and lifestyle factors have a 

significant negative effect on the aging process 
and the condition of the development of chronic 
morbidity, which has a complementary relationship 
with genetic determinants. The factors that have a 
large influence on health and the pathway towards 
longevity include diet, physical activity, smoking, 
and alcohol consumption, sleep quality, as well as 
long-term exposure to environmental toxins (e.g. 
air pollution, heavy metals and endocrine-disrupting 
chemicals). The aggregate effects of these external 
influences are magnified as people age, resulting in 
oxidative stress, chronic inflammation, cell injury 
and accelerated aging (31).

Genetically personalized medicine will use 
individualized care approaches by incorporating 
these potentially variable factors, including lifestyle 

and the environment, that can interact with genetic 
susceptibilities in ways that can increase or 
eliminate disease risks (32). Another example is the 
individual with a genetic tendency to type 2 diabetes 
who can be helped by intense, individualized 
nutrition, coupled with routine workouts and 
weight control, and so prevent or at least postpone a 
disease development. Similarly, patients who have 
cardiovascular risk factors may be advised to make 
lifestyle modifications that would be tailored to 
their clinical phenotypes but also to their genomes, 
once personalized to interventions that relate to the 
reduction of sodium or increasing physical activity 
and smoking cessation (33).

With the rise of wearables, mobile healthcare 
software, and various forms of digital biomarkers, the 
real-time tracking of lifestyle-related factors is made 
possible, and the adaptation of health plans can be 
adjusted in real-time. Furthermore, the epigenetics 
studies have shown that the effects of environmental 
as well as behavioral factors can also manipulate 
the gene expression through the influencing of both 
methylation and modifications of histones and have 
proved that the aging process is not irreversible, but 
depending on the available interventions, the aging 
process can also be suspended or at least stopped 
partly by the effect of the interventions (34). The 
development of such things as wearable devices, 
mobile health applications, and digital biomarkers 
helps to introduce real-time tracking of lifestyle 
parameters, providing an opportunity to alter health 
plans, based on instant feedback (35). Epigenetic 
studies have been found to demonstrate that 
behavior and environmental factors can affect gene 
expression via processes like DNA methylation 
and histone regulation, and have also indicated that 
the aging process is not irreversible and could be 
reversed or at least slowed down through a series of 
interventions (36).

Integrating the role of the environment and lifestyle 
into the concept of personalized medicine, clinicians 
can create a more wholesome, preventive, and 
therapeutic strategy of care that would not be limited 
to symptom management by actively enhancing the 
resilience, functional independence, and overall 
well-being of aging people. Such a strategy not only 
results in a longer lifespan but also a healthier life, in 
the number of years free of disability and illness (37).

Emerging Technologies in Personalized Medicine for 
Older Adults
Artificial Intelligence and Machine Learning

Artificial intelligence (AI) and machine learning 
(ML) have now become revolutionary in the field 
of personalized medicine as they provide sources 
to tackle the complexity of healthcare in aging 
populations (38). Since older adults typically have 
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a complex mixture of concerns (chronic conditions, 
cognitive decline, and functional limitations), AI-
enabled tools can be indispensable in using a variety 
of data (genomic, clinical, imaging, behavioral and 
environmental data) and translating this information 
into useful feedback. Big and complicated data can 
be processed by these technologies, and correlations, 
patterns, and trends are detected that cannot be 
cognitively perceived by a human (39).

In geriatric practice, AI-driven algorithms are being 
used to assist in making more accurate diagnoses, 
making therapy choices, and keeping track of 
disease. As an example, the use of machine learning 
models has demonstrated potential in forecasting the 
onset and progression of diseases like Alzheimer’s 
and Parkinson’s based on longitudinal changes in 
biomarkers (e.g., in imaging, genetic risk factors, 
such as the APOE variants), cognitive tests, and 
potentially lifestyle behaviors (40). Such predictive 
models can also be used to help select interventions 
and the timing of those interventions to maximize the 
benefits and prolong the maintenance of cognitive 
function (41).

The use of IA also enables risk stratification 
of the older population to assess individuals 
who are susceptible to adverse drug reactions, 
readmission and functional decay. The integration 
of pharmacogenomic information would allow AI to 
guide clinicians in optimizing drug regimens in order 
to avoid complications related to polypharmacy, 
commonly faced by geriatric patients (42). Further, 
NLP tools can draw meaningful insights that might 
have otherwise been identified by aggregating 
unstructured EHRs to help healthcare providers 
develop comprehensive and personalized care plans. 
In addition to diagnostics and treatment planning, AI-
assisted wearable devices and intelligent appliances 
provide 24/7 monitoring of vital signs, mobility 
trackers, sleep quality and drug compliance status 
(43). By allowing health deterioration to be identified 
early to assist in aging in place, these tools can help 
prevent hospitalizations. The use of AI enhances 
the decision support systems, which also empowers 
clinicians and caregivers who, through evidence-
based recommendations, receive advice that 
considers the specific physiological and psychosocial 
situation of a patient among the elderly (44).

Nevertheless, the ethical, privacy, and equity 
consequences are issues of concern to the widespread 
use of AI and ML in geriatric personalized medicine, 
since even the most optimistic scenarios (45). 
Algorithmic transparency, overcoming biases in 
training data, and data security are crucial to prevent 
the absence of trust and promote fair and equitable 
provision of care. Even so, these technologies have 
the potential to transform the process of aging care 
by making personalized medicine more proactive, 

precise, and patient-centered as they continue to 
evolve (46).

Biomarkers and Personalized Diagnostics
Personalized diagnostics hinges on biomarkers as 

measurable indicators of bio-status or pathological 
processes, especially with age-related dimensions. 
With the swelling population of the aging people, 
there is a need for early, accurate and more 
individualized forms of disease detection and 
management. In geriatric medicine, biomarkers 
provide an effective means of predicting the onset 
of disease, tracking disease progression and even 
evaluating the effectiveness of treatment in many 
cases before the clinical pathology is noticed (47).

Age-related alterations at the molecular and cellular 
levels (e.g., chronic, low-grade inflammation, or 
inflammagin, oxidative stress, or cell senescence) 
are often mirrored by certain biomarker patterns. 
Discovering and confirming these biomarkers can 
be used in early diagnosis of disease conditions, 
especially cardiovascular disease, chronic kidney 
disease, diabetes type two, Osteoporosis and diseases 
of the nerve like Alzheimer’s and Parkinson among 
others (48). As an example, cardiac biomarkers, e.g. 
high-sensitivity troponin and natriuretic peptides 
(e.g. NT-proBNP) can provide helpful information 
regarding the subclinical heart failure or strain 
in elderly individuals. Equally, biomarkers such 
as serum creatinine, cystatin C, and albumin-to-
creatinine ratio kidney data allow clinicians to 
identify and treat early renal impairment that is 
prevalent in older individuals (49).

In the neurodegenerative disease field, the existing 
activity of the measurement of neural biological 
fluids (cerebral spinal fluid (CSF) and plasma) 
biomarkers has transformed early diagnosis of 
Alzheimer’s disease, which includes measurements 
of 8-amyloid protein, frontotemporal dementia, 
total tau, and phosphorylated tau proteins. Such 
biomarkers can be used to stratify which individuals 
at risk of dementia can be treated years or even 
decades before their clinical onset, to the benefit of 
effective interventions to prevent the disease or even 
cure it (50).

Tailoring of diagnostics and interventions to 
the disease, as well as to the biological age of the 
patient (which often significantly differs from 
chronological age), is enabled by the personalization 
of diagnostics on the basis of a biomarker profile. 
This differentiation is vital because some people will 
undergo a faster rate of biological aging because of 
genetic tendencies, environmental exposures or 
lifestyle behaviors. Biomarker-aided interventions 
have the potential to tailor choices on whether, when, 
and how aggressively therapeutic interventions are 
initiated, and what the interventions should be in 
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patients with multimorbidity and many medications 
(51).

Additionally, personalized diagnostics can further 
be enhanced by incorporating biomarker evidence 
along with the evidence of genomic, proteomic, 
metabolomic, and microbiomic data sources, so-
called multimics. This kind of merger makes it 
possible to understand the health status and disease 
development of an individual in its whole dimension, 
and it creates opportunities regarding the provision of 
preventive geriatric health care (52).

Nevertheless, there are still issues with validation 
and standardization of discovery and routine use of 
biomarkers in older adults. Too much variability due 
to comorbidities, use of medication, and other age-
related physiological changes makes interpretation 
difficult. Hence, further research, universal 
longitudinal studies and age-specific reference ranges 
are mandatory to leverage the clinical usefulness of 
biomarkers in geriatric personalized medicine (53).

Barriers to Implementing Personalized Medicine in 
Geriatric Care
Economic Barriers

Besides financial barriers, economic barriers 
are also a major threat to the wider adoption of 
personalized medicine, especially in the care of 
the aged. Personalized medicine may run on very 
advanced technology, including genetic/genomic 
testing, enhanced biomarker analysis and high-
resolution imaging systems, and tailored medication 
- all of which can advance much too costly to be 
affordable (54). A substantial financial burden can be 
imposed on healthcare systems by the costs of such 
relative diagnostic tools and individual treatment 
options, especially when budgets are already strained 
or costs are not covered in low- and middle-income 
countries (55).

In case of older adults, who more often than not 
need complex, long-term medical treatment of 
their chronic conditions and multimorbidity, the 
personalized interventions increase the cost of care 
even more (56). Genetic testing or precision therapies 
may be beyond the current means of many elderly 
patients, who base their income on fixed payments, 
pensions, or coverage with limited insurance plans. 
Such an economic inequality generates health 
inequalities in access to personalized medicine, 
constituting a possible way of worsening the current 
health inequalities in older populations (57).

Personalized medicine is variably covered by 
insurance across the world. Genetic screening, 
pharmacogenomic testing, and novel genetically 
targeted treatment have also not seen full recognition 
or reimbursement by health insurance policies or 
governmental health programs in many regions, 
with a resulting lack of access to individuals who 

could benefit the most. Without universal coverage, 
financial burdens are placed on patients and families, 
discouraging usage and reducing the potential value 
of personalized medicine to geriatrics in general (58).

Also, the support structure that would enable 
the implementation of personalized medicine (i.e., 
trained workforce, bioinformatics support, and 
genetic counseling services) would add further costs 
to the existing infrastructures that are not ready to 
take the load. The economic limitations can also act 
as a restrictive factor, leading to slower adoption of 
new innovative technologies into the mainstream of 
clinical practice, increasing the time lag between the 
technology options and their positive impact on older 
adults (59).

To overcome these economic impediments, it is 
important that policy makers, medical professionals, 
insurance companies and industry stakeholders act 
in sync with each other. Some of the most critical 
strategies that should be implemented are the 
development of cost-effectiveness analyses, support 
of policy changes to increase insurance coverage, 
investment in scalable and affordable diagnostic 
technology, and investment in resource distribution 
on an equal basis (60). Moreover, creative 
approaches such as public-private partnerships 
and novel funding mechanisms can be valuable in 
minimizing the cost of personalized medicine and 
thereby improving equitable accessibility so that the 
benefits of personalized medicine are available to 
all older adults, irrespective of their socioeconomic 
status (61).

Ethical and Social Considerations
The use of personalized medicine in aging 

populations has many ethical and social implications 
that are complex and must be carefully considered 
because the proper interpretations of the process 
must pursue fairness and responsible healthcare 
service. Among the central ethical issues, there is 
the concern over privacy and confidentiality of the 
genetic information (62). Genetic data is also very 
sensitive in nature as it holds deep personal and 
possibly predictive information concerning the health 
risks and predispositions in an individual. In the case 
of older adults, the security of this data being stored 
properly, where no one other than the owner can 
access it, is a key to the trust of healthcare systems. 
The disclosures of genetic privacy may give rise to 
stigmatization or abuse of the information, which 
presents patients with worries about who gets to see 
their record and can do with it (63).

The other major ethical concern is the prospect 
of genetic discrimination, especially in matters of 
insurance coverage, workplaces, and social relations. 
Older people may even be subject to prejudices or to 
being denied services if their genetic predisposition 
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towards specific diseases is revealed, irrespective 
of legislation in some nations intended to stop 
this form of discrimination. There are dangers that 
individuals fear discrimination due to the results 
of genetic tests, which makes them avoid genetic 
testing and the implementation of personalized 
medicine altogether (64).

Informed consent is another issue that is related 
to geriatric care, especially when the patient has 
cognitive decline or dementia. The correct procedure 
of consenting to genetic testing and other complex 
personalized interventions should be sensitively 
explained, and discussion with custodians or legal 
guardians should be conducted in order to make valid 
and informed consent. It is crucial that older adults be 
aware of the consequences, risks, and benefits of the 
testing to stay as autonomous and free citizens (65).

Personalization medicine in the older populations is 
significantly affected by social determinants of health 
as well. Genetic information can increase confusion 
around the mechanisms of health literacy, and some 
older adults have low health literacy due to a lack 
of access or ability to navigate the healthcare system 
and make informed health choices. Personalized 
medicine demands the absence of unclear education 
and support sensitivity to the level of understanding 
of the individual person to prevent the enhancement 
of the health disparities (66).

Another burning issue is accessibility. The 
socioeconomic status, the geographical location 
and the culture of an older person have been seen as 
having some role to play in terms of the accessibility 
of the older person to the customized diagnostic, 
treatments and post-testing measures. There also 
may be additional barriers to genetic counseling or 
new medical treatments among rural populations 
or marginalized groups, further widening health 
disparities (67).

To mitigate these ethical and social issues, the 
policies and healthcare practitioners should employ 
inclusive approaches that encourage transparency, 
education and equality. This encompasses drafting 
the laws of the genetic data protection, laws of anti-
discrimination, culturally competent communication, 
health literacy programs in older aging, among others 
(68). Moreover, it is important to promote community 
involvement and help older adults make decisions to 
make this group of patients more empowered and 
able to enjoy personalized medicine delivered to 
them (69).

In short, ethical stewardship and social sensitivity 
should also become essential to realize the full promise 
of personalized medicine in aging populations by 
ensuring it adds value to each person, is reached in 
equitable and ethical ways, and addresses all in a 
way that respects their dignity, rights, and diverse 
backgrounds (70).

Logistical Challenges
The barriers that present challenges to older adults 

are usually in the form of dire logistical problems to 
access personalized medicine. Their lack of mobility, 
such as the ability to drive or indeed rely on others 
to take them to their medical appointments, as well 
as to specialized testing to receive specialized care, 
usually becomes their disability to attend regular 
medical care or indeed, testing so that they can 
receive specialized care (71). Cognitive dysfunctions 
that are common in an aging-growth community, like 
memory loss and impaired executive functioning, 
have the potential to make interaction with medical 
institutions, reading complex medical information, 
and adhering to medical prescriptions much more 
difficult. Communication barriers that can be 
augmented are sensory deprivation, such as loss 
of sight or hearing ability. Healthcare systems and 
providers must develop more adaptable models that 
are more patient-centric to deal with such issues (72). 
This can be in terms of offering transport assistance, 
application of telemedicine and home-based care 
comparisons, simplification of language usage or 
reducing the complexity of the language, and the 
involvement of caregivers in treatment modality. It 
can address these logistical challenges keenly, and 
by default, personalized medicine would become 
effective for older adults and ultimately give them 
good positive results in their health and other aspects 
of life (73).

Future Directions in Personalized Medicine for Aging 
Populations

The future of health is personalized medicine, 
and this has a fascinating potential for bettering the 
lives and the outcome in older adults. The future 
research directions in genomic medicine, AI, and 
even more personal approaches to diagnostics are 
predicted to enable us to predict, prevent, and treat 
age-related diseases and individualize the process 
(74). However, navigating the economic, ethical, and 
practical challenges would require the interaction 
of the healthcare providers with the researchers, 
policymakers, and above all, the aging population. 
It is necessary to incorporate personalized medicine 
into the everyday life of geriatrics in order to provide 
the elderly with the most beneficial level of care by 
taking into consideration their own needs (75).

DISCUSSION
This review emphasis the fact that although the 

conceptual requirement of personalized medicine has 
grown considerably during the last two decades, it 
is still in a nascent and fragmented stage as applied 
intermittently to geriatric medicine (76). The gap 
is not only technical but also epistemological: 
most studies on pharmacogenomic finding and 
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biomarker validation were studied in a younger or 
disease-specific group with limited extension into 
the physiological complexity of elderly populations 
(77). As such, there is a danger in overpromising the 
benefits, without providing adequate consideration 
to the altered pharmacokinetics, multimorbidity, and 
frailty for which this group is characterized (78).

One principal constraint from the current pool 
of evidence is a lack of robust, large, age-stratified 
clinical trials. Although a number of genetic variants 
and biomarkers have been associated with drug 
response in elderly subpopulations, reproducibility 
across different populations is inconsistent (79). The 
fact that surrogate endpoints are relied on instead of 
patient hard clinical outcomes, further undermines 
their immediate applicability in clinical decision-
making. This underpins a critical need to refocus 
research priorities, past descriptive studies and 
towards pragmatic, geriatric-focused trials that can 
assess efficacy and tolerability in a real world multi-
morbid context (80).

Technological innovations - especially artificial 
intelligence, machine learning and monitoring using 
wearable technology - have been touted as the solution 
to geriatric care’s complexities (81). However, these 
approaches can hauntingly increase health inequities 
if digital literacy, socioeconomic disparities and 
cognitive decline are not explicitly considered in 
designing and implementing strategies. Algorithmic 
transparency and the removal of bias in training 
datasets are other imperatives if these toolsets are to 
be trusted by clinicians and patients (82).

Advanced therapies like gene and cell-based therapy 
mark the cutting edge of individualized treatment 
but have enormous translational hurdles. The high 
financial investment, the logistic challenges and 
inferentiability of ancillary clinical studies within the 
elderly population preclude, at this time, their general 
incorporation in routine practice (83). In contrast, 
strategies that are more immediately actionable-ones 
that can singly be described as pharmacogenomic-
guided prescribing, dose optimization based on 
renal and hepatic function, and risk stratification 
by polypharmacy-found realistic opportunities for 
near-term impact (84). Policymakers and healthcare 
systems should therefore try to focus on scalable 
and cost-effective ways to take advantage of 
personalization while ensuring at the same time that 
regulatory and ethical structures are prepared to cope 
with the next-generation therapeutics (85).

In conclusion, the promise of personalized and 
advanced therapies for older adults is undeniable, 
but their successful implementation requires a 
paradigm shift in research, practice, and policy. 
Establishing geriatric centered clinical evidence, 
equitable access to digital and molecular innovations 
andcrafting the divide between technological 

enthusiasm and pragmatic delivery of health care will 
determine whether precision medicine will become a 
transformational tool or just an aspirational dream for 
aging societies at risk.

CONCLUSION
Personalized medicine is an innovative strategy in 

healthcare that can be used to change the way age-
related conditions are treated in a far better way. 
Based on the individual physiological, genetic, and 
environmental conditions that age-related changes 
affect health in later years, personalized medicine 
would assist in streamlining the approach to 
treatment, minimizing adverse effects, and increasing 
the quality of life in general. The introduction of PM 
to geriatric care offers a variety of obstacles that 
need to be resolved to ensure a positive outcome, 
including economic, moral, and logistical challenges. 
Personalized medicine has a chance to become a 
landmark in the realm of aging-related healthcare 
with constant research and innovation to help people 
and provide them with what they need.
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