\jf Journal of Humanistic approach to sport and exercise studies (HASES)

Volume 3 Number 3 Summer 2023 (512-522)

Contents lists available at HASES

Journal homepage: http://hasesjournal.com/

Fatigue in Aging: The Influence of Serotonin and Potential Therapeutic

Strategies

Alireza Babaei Mazreno '*, Farzaneh Taghian 2

1,2 Department of Physical Education and Sport Sciences, Khorasgan Branch, Islamic Azad University, Isfahan, Iran

* Correspondence: Alireza.babaei.m@gmail.com

Citation:
Taghian, F. (2023). Fatigue in Aging:
The
Potential

Babaei Mazreno, A

Influence of Serotonin and
Therapeutic  Strategies.
Journal of Humanistic approach to sport
and exercise studies (HASES), 3(3),

512-522.

Received: 31 July 2023
Accepted: 20 August 2023
Published: 31 August 2023

Publisher’s Note: HASES stays
neutral with regard to jurisdictional
published

institutional affiliations.

claims in maps and

Copyright: © 2021 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative
Commons Attribution (CC BY)
license.

Abstract: Fatigue is a common and debilitating symptom among older adults,
significantly impacting their quality of life and functional capacity. The
relationship between serotonin and fatigue in aging is complex, involving
multiple neurobiological pathways that influence sleep, mood, cognitive
function, and energy metabolism. Understanding these mechanisms is crucial

for developing effective management strategies.
This review aims to elucidate the role of serotonin in the development of

fatigue in elderly individuals and evaluate potential therapeutic strategies to
mitigate this condition.

A comprehensive review of recent literature was conducted, focusing on the
neurobiological mechanisms linking serotonin to fatigue, the efficacy of
pharmacological and non-pharmacological interventions, and future research
directions. Studies were selected based on their relevance to serotonin’s role in
aging and fatigue management.

Serotonin plays a critical role in regulating various physiological and
psychological functions that impact fatigue. Age-related declines in serotonin
synthesis, receptor sensitivity, and transporter function contribute to increased
fatigue through disrupted sleep, mood disorders, cognitive decline, and altered
energy metabolism. Pharmacological treatments, including selective serotonin
reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors
(SNRISs), have shown efficacy in alleviating fatigue related to depression and
chronic pain. Non-pharmacological interventions, such as cognitive behavioral
therapy (CBT), exercise, sleep hygiene, and dietary modifications, are also
effective in managing fatigue. Combining these approaches may offer the best
outcomes for elderly patients.

Addressing fatigue in older adults requires a multifaceted approach that
integrates both pharmacological and non-pharmacological strategies.
Personalized treatment plans considering individual patient profiles and
preferences can enhance therapeutic efficacy. Future research should focus on
exploring novel therapeutic targets within the serotonergic system, developing
personalized medicine approaches, and evaluating the long-term impact of
combined therapies.

Keywords: Fatigue, aging, serotonin, pharmacological interventions, non-
pharmacological interventions, cognitive behavioral therapy, exercise, sleep
hygiene.
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1. Introduction

Aging is a complex biological process characterized
by gradual physiological, cognitive, and
psychological changes. One prevalent and
debilitating symptom among older adults is fatigue,
which is often described as an overwhelming sense
of tiredness that is not easily relieved by rest. Unlike
transient fatigue seen in younger populations, fatigue
in the elderly is frequently chronic, multifaceted, and
associated with significant reductions in quality of
life [1,2].

Fatigue in older adults can stem from a combination
of factors including decreased physical activity,
comorbid health conditions, and psychological
stressors. However, recent research has increasingly
pointed to neurochemical changes as a significant
contributor to fatigue. Among these, serotonin (5-
hydroxytryptamine, 5-HT) has emerged as a key
neurotransmitter of interest due to its extensive role
in modulating mood, sleep, cognition, and energy
levels [3,4].

Serotonin is synthesized primarily in the central
nervous system and the gastrointestinal tract, where
it exerts effects on a wide range of physiological
functions. In the brain, serotonin is involved in
regulating mood and emotional stability, while in the
peripheral ~ nervous  system, it influences
gastrointestinal motility and cardiovascular function
[5]. The intricate role of serotonin in maintaining
homeostasis and its involvement in various
biological systems underscore its potential impact on
fatigue.

One of the primary functions of serotonin is its
involvement in sleep regulation. Serotonin’s role in
modulating sleep-wake cycles is critical, as adequate
and restorative sleep is essential for mitigating
fatigue. Disruptions in serotonin signaling can lead
to altered sleep patterns, including difficulties in
falling asleep, frequent awakenings, and reduced
sleep quality—all of which contribute to heightened
fatigue in the elderly [6,7]. The interaction between
serotonin and melatonin, a hormone that regulates
circadian rhythms, further highlights the importance
of serotonin in maintaining proper sleep architecture

[8].

In addition to its role in sleep, serotonin is closely
linked to mood regulation. Deficiencies in serotonin

levels have been associated with mood disorders
such as depression, which is prevalent among older
adults experiencing fatigue [9,10]. Depression itself
can exacerbate feelings of tiredness and lack of
motivation, creating a vicious cycle where reduced
serotonin function contributes to both depressive
symptoms and increased fatigue [11]. Understanding
the bidirectional relationship between serotonin and
mood is crucial for developing effective
interventions to alleviate fatigue in the elderly.

Cognitive decline, another common issue in aging, is
also influenced by serotonin. Serotonin is involved
in cognitive functions such as memory, attention,
and executive function. Age-related declines in
serotonin levels have been linked to impaired
cognitive performance and increased vulnerability to
neurodegenerative diseases [12,13]. The decline in
cognitive function associated with reduced serotonin
activity further contributes to the perception of
fatigue and decreased mental alertness in older
adults [14].

Serotonin's impact on energy metabolism is another
important factor. It regulates appetite and energy
expenditure through its effects on brain regions
involved in metabolic control [15]. Disruptions in
serotonin signaling can lead to alterations in appetite
and energy balance, potentially exacerbating fatigue
[16]. The interplay between serotonin and metabolic
processes underscores the need for maintaining
balanced serotonergic function to manage fatigue
effectively.

Given the significant role of serotonin in these
critical areas, targeting the serotonergic system
offers potential therapeutic strategies for managing
fatigue in  older adults. Pharmacological
interventions such as selective serotonin reuptake
inhibitors (SSRIs) and other serotonin-modulating
agents have been investigated for their ability to
improve symptoms of fatigue by enhancing
serotonergic activity [17,18]. These therapies may
provide relief by addressing underlying serotonin
deficiencies and improving overall well-being.

This review aims to provide a comprehensive
analysis of how serotonin influences fatigue in
aging. It will explore the neurobiological
mechanisms through which serotonin affects sleep,
mood, cognitive function, and energy metabolism.
Additionally, the review will evaluate current
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therapeutic approaches targeting the serotonergic
system and discuss future research directions aimed
at mitigating fatigue in the elderly.

Mechanisms of Serotonin Influence on Fatigue in
Aging

Neurobiological Mechanisms

The influence of serotonin (5-HT) on fatigue in
aging is complex, involving several neurobiological
mechanisms. Serotonin affects various physiological
and psychological processes that are crucial for
maintaining energy levels and reducing fatigue. This
section delves into the key mechanisms through
which serotonin impacts fatigue, including its role in
sleep regulation, mood stability, cognitive function,
and energy metabolism.

1. Serotonin and Sleep Regulation

Serotonin plays a pivotal role in the regulation of
sleep-wake cycles, which is closely linked to fatigue.
In the brain, serotonin modulates various sleep
stages by interacting with specific receptors such as
5-HT_1A and 5-HT_2A receptors [19]. During the
aging process, alterations in serotonin synthesis,
receptor sensitivity, and its interaction with other
neurotransmitters like melatonin can lead to sleep
disturbances. These disturbances include difficulty
falling asleep, frequent awakenings, and reduced
sleep quality, which contribute to increased daytime
fatigue [20,21].
Research has shown that aging is associated with a
decline in serotonin-producing neurons and a
decrease in serotonin receptor density [22]. These
changes can disrupt the normal sleep architecture,
leading to fragmented sleep and insufficient
restorative sleep. For instance, studies have
demonstrated that older adults with lower serotonin
levels often experience increased sleep latency and
decreased slow-wave sleep, both of which are crucial
for reducing fatigue [23,24].

2. Serotonin and Mood Regulation
Serotonin is critical for mood regulation, and
deficiencies in serotonin are strongly associated with
mood disorders such as depression. Depression is a
common condition among older adults and is often
linked with fatigue [25]. Low serotonin levels can
impair the regulation of mood, leading to symptoms
such as persistent sadness, lack of interest, and
reduced motivation [26]. These symptoms can
exacerbate feelings of fatigue, creating a feedback
loop where fatigue and depressive symptoms
mutually reinforce each other.

The efficacy of serotonin-targeted antidepressants,
such as selective serotonin reuptake inhibitors
(SSRIs), in alleviating depressive symptoms and
fatigue further underscores the role of serotonin in
mood regulation. SSRIs work by increasing

serotonin availability in the brain, which can
improve mood and reduce fatigue associated with
depression [27,28].

3. Serotonin and Cognitive Function
Cognitive decline is another significant issue in
aging, and serotonin plays a crucial role in cognitive
functions including memory, attention, and
executive function. Age-related reductions in
serotonin levels can impair cognitive performance
and increase vulnerability to neurodegenerative
diseases [29]. Serotonin is involved in modulating
neurotransmission and synaptic plasticity, both of
which are essential for cognitive processes [30].
Studies have shown that serotonin deficits are linked
to cognitive impairments observed in conditions
such as Alzheimer's disease and mild cognitive
impairment [31]. The decline in cognitive function
associated with reduced serotonin activity can
contribute to feelings of fatigue, as cognitive efforts
become more taxing and less efficient [32].

4. Serotonin and Energy Metabolism
Serotonin also influences energy metabolism, which
is closely tied to feelings of fatigue. It regulates
appetite, energy expenditure, and metabolic rate
through its action on various brain regions involved
in metabolic control [33]. Disruptions in serotonin
signaling can lead to alterations in appetite and
energy balance, potentially contributing to fatigue
[34].

For instance, serotonin's role in appetite regulation
affects energy intake and expenditure. Reduced
serotonin levels can lead to changes in eating
behavior, such as increased appetite and weight gain,
which can further impact energy levels and
contribute to fatigue [35]. Additionally, serotonin's
effect on metabolic processes highlights the need for
maintaining balanced serotonergic function to
manage fatigue effectively.

Changes in Serotonin System with Aging

The serotonergic system undergoes significant
changes with aging, which can contribute to
increased fatigue. These changes include:

1. Decreased Serotonin Synthesis and

Release

Aging is associated with a decline in serotonin
synthesis and release, partly due to decreased
activity of tryptophan hydroxylase, the enzyme
responsible  for  serotonin  production  [36].
Additionally, structural changes in serotonin neurons
can impair serotonin release and availability, leading
to reduced serotonergic signaling [37].

2. Altered Serotonin Receptor Function
Serotonin receptors also undergo changes with
aging. Research has demonstrated alterations in the
density and sensitivity of serotonin receptors, such
as5-HT_1Aand 5-HT_2A receptors, in the brains of
elderly individuals [38]. These changes can impact
the effectiveness of serotonergic signaling, affecting
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mood, sleep, and cognitive functions, and
contributing to fatigue [39].

3. Serotonin Transporter Changes
The serotonin transporter (SERT) is responsible for
the reuptake of serotonin from the synaptic cleft.
Aging can lead to changes in SERT function,
potentially affecting serotonin availability and
signaling [40]. Altered SERT function may
contribute to dysregulation of serotonin pathways,
influencing fatigue levels in older adults [41].
Therapeutic Strategies for Managing Fatigue in
Aging
Pharmacological Interventions
Pharmacological  treatments  targeting  the
serotonergic  system have been extensively
researched for their potential to alleviate fatigue in
elderly individuals. These treatments primarily aim
to enhance serotonin availability and receptor
activity, thereby addressing deficiencies and
improving overall quality of life.

1. Selective Serotonin Reuptake Inhibitors
(SSRIs)

Selective Serotonin Reuptake Inhibitors (SSRIs) are
a class of antidepressants that increase serotonin
levels in the brain by inhibiting its reuptake into
presynaptic neurons. This leads to increased
serotonin availability in the synaptic cleft, which can
improve mood and reduce symptoms of fatigue [42].

e Mechanism of Action: SSRIs selectively
block the serotonin transporter (SERT),
preventing the reabsorption of serotonin
from the synaptic cleft. This prolongs
serotonin's  action on  post-synaptic
receptors, enhancing its mood-stabilizing
effects [58].

o Efficacy: Clinical studies have
demonstrated the effectiveness of SSRIs in
alleviating  fatigue  associated  with
depression. For instance, a meta-analysis
by [43] reported that SSRIs like sertraline
and fluoxetine significantly reduced fatigue
in older adults with major depressive
disorder. These medications are often
chosen for their favorable side effect
profiles compared to other antidepressants.

e Examples: Commonly prescribed SSRIs
include  sertraline,  fluoxetine, and
escitalopram. Each has been shown to
improve symptoms of depression and
fatigue, though individual responses may
vary [59,60].

2. Serotonin-Norepinephrine Reuptake
Inhibitors (SNRIs)
Serotonin-Norepinephrine  Reuptake Inhibitors

(SNRIs) are another class of antidepressants that
increase levels of both serotonin and norepinephrine
by inhibiting their reuptake. This dual action can be
beneficial for managing fatigue, particularly in cases

where depression is accompanied by chronic pain or
other symptoms [45].

e Mechanism of Action: SNRIs block the
reuptake  of both  serotonin  and
norepinephrine by inhibiting  their
respective transporters (SERT and NET).
This results in increased neurotransmitter
levels in the synaptic cleft and enhanced
stimulation of post-synaptic receptors [61].

e Efficacy: Research has shown that SNRIs
can effectively reduce fatigue in patients
with comorbid conditions. For example,
duloxetine has been demonstrated to
alleviate fatigue in individuals with chronic
pain conditions and fibromyalgia, which
are often associated with serotonergic
dysregulation [46,62].

e Examples: Venlafaxine and duloxetine are
widely used SNRIs. Clinical trials have
highlighted their efficacy in managing
fatigue and improving overall quality of life
[63,64].

3. Serotonin Receptor Agonists

Serotonin receptor agonists directly stimulate
specific serotonin receptors, offering a targeted
approach to modulate serotonin pathways. These
agents can selectively activate certain receptor
subtypes, potentially providing more precise
therapeutic effects.

e Mechanism of Action: These drugs act as
agonists at various serotonin receptor
subtypes, such as 5-HT_1A, 5-HT_2A, and
5-HT_3. By activating these receptors, they
can influence mood, anxiety, and fatigue
[65].

o Efficacy: Buspirone, a partial agonist of the
5-HT_1A receptor, has been shown to
reduce anxiety and fatigue. Although it is
primarily used for anxiety disorders, its
impact on serotonin receptors may also
contribute to improvements in fatigue
[49,66].

e Examples: Buspirone is a notable example,
though research into other serotonin
receptor agonists is ongoing. The
effectiveness and safety of these agents for
managing fatigue in elderly populations
require further investigation [67].

Non-Pharmacological Interventions

In addition to pharmacological treatments, non-
pharmacological interventions can complement and
enhance the management of fatigue in older adults.
These approaches focus on lifestyle changes and
behavioral therapies that address various aspects of
fatigue.

1. Cognitive Behavioral Therapy (CBT)

Cognitive Behavioral Therapy (CBT) is a well-
established psychotherapeutic approach that targets
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negative thought patterns and behaviors contributing
to fatigue and related symptoms.

2.

Mechanism of Action: CBT helps patients
identify and modify maladaptive thoughts
and behaviors that exacerbate fatigue. It
includes techniques such as cognitive
restructuring, behavioral activation, and
problem-solving [68].

Efficacy: Numerous studies have shown
that CBT can significantly reduce fatigue,
particularly in individuals with chronic
illness or depression. For example, a study
by [50] demonstrated that CBT effectively
improved fatigue levels and quality of life

in older adults with chronic fatigue
syndrome.
Applications: CBT can be tailored to

address specific issues related to fatigue,
such as coping strategies for managing
chronic pain or improving sleep hygiene. It
can be delivered individually or in group
settings [69].

Exercise and Physical Activity

Regular physical activity is crucial for managing
fatigue and promoting overall health. Exercise

enhances physical fitness,

improves mood, and

promotes better sleep, all of which contribute to
reduced fatigue.

3.

Mechanism of Action: Exercise increases
the release of endorphins and other
neurochemicals that improve mood and
reduce pain perception. It also promotes
better sleep quality and helps maintain a
healthy weight, which can alleviate fatigue
[52].

Efficacy: Research has consistently shown
that exercise is effective in reducing fatigue
among older adults. Tailored exercise
programs, including aerobic exercise,
resistance  training, and flexibility
exercises, have been found to improve
fatigue levels and functional outcomes [70].
Examples: Programs such as walking,
swimming, and strength training can be
customized based on individual capabilities
and health conditions. Supervised exercise
interventions have shown particularly
positive outcomes [71].

Sleep Hygiene and Management

Improving sleep quality through better sleep hygiene
practices is essential for managing fatigue. Proper
sleep management can address underlying sleep
disorders and improve overall sleep quality.

Mechanism of Action: Sleep hygiene
practices aim to create an optimal sleep
environment and routine. This includes
maintaining a regular sleep schedule,
creating a comfortable sleep environment,

4.

Dietary modifications

and addressing factors that disrupt sleep
[54].

Efficacy: Studies have demonstrated that
interventions targeting sleep hygiene can
improve sleep quality and reduce fatigue.
Behavioral therapies and cognitive
interventions focusing on sleep have also
been shown to be effective [55].
Applications:  Techniques such as
cognitive-behavioral therapy for insomnia
(CBT-1) can help individuals develop
healthier sleep habits and manage sleep
disorders, thereby reducing fatigue [72].
Dietary Interventions
can

support  serotonin

production and overall energy balance, potentially
alleviating fatigue.

Mechanism of Action: Nutrient-rich diets
that include tryptophan, the precursor to
serotonin, can enhance serotonin synthesis.
Balanced diets also help maintain energy
levels and metabolic health [56].

Efficacy: Research supports the role of
dietary interventions in managing fatigue.
Diets rich in fruits, vegetables, whole
grains, and lean proteins, along with
adequate hydration, can contribute to
improved energy levels and reduced fatigue
[57].

Applications: Nutritional counseling and
dietary adjustments can be tailored to
individual needs, considering factors such
as chronic conditions and personal
preferences.

Future Directions

Ongoing research should focus on refining and
expanding therapeutic approaches for managing
fatigue in aging. Key areas for future investigation

include:

1.

Novel Therapeutic Targets: Exploring
new targets within the serotonergic system,
such as specific serotonin receptor subtypes
or alternative neurotransmitter systems,
could provide new avenues for treatment
[73].

Personalized  Medicine:  Developing
personalized treatment strategies based on
individual genetic, physiological, and
psychological profiles may enhance the
effectiveness of interventions [74].
Combination Therapies: Investigating the
synergistic  effects of  combining
pharmacological treatments with non-
pharmacological interventions, such as
exercise and cognitive therapy, may yield
improved outcomes [75].

Long-Term Studies: Conducting long-
term studies to assess the efficacy and
safety of new treatments, as well as their
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5. impact on quality of life, is essential for
advancing clinical practice [76].

Discussion and Conclusion
Fatigue in aging represents a significant clinical

challenge, impacting the quality of life and
functional capacity of older adults. The interplay
between serotonin and fatigue is intricate and
involves multiple neurobiological pathways. This
review highlights the critical role of serotonin in
regulating sleep, mood, cognitive function, and
energy metabolism, and examines the effectiveness
of various therapeutic strategies in managing fatigue
among the elderly.

Summary of Key Findings

1. Neurobiological Mechanisms:

o Sleep Regulation: Serotonin's
role in regulating sleep-wake
cycles is  fundamental to
understanding fatigue.
Disruptions in serotonin signaling
can lead to poor sleep quality,
including increased sleep latency
and fragmented sleep, which
significantly contribute to daytime
fatigue [19,20]. The decline in
serotonin levels and receptor
sensitivity with aging exacerbates
these sleep disturbances.

o Mood Regulation: Serotonin's
impact on mood is closely linked
to fatigue. Deficiencies in
serotonin are associated with
mood  disorders  such  as
depression, which can further
intensify feelings of tiredness and
reduce motivation [25]. SSRIs and
SNRIs, by enhancing serotonin
levels, can help alleviate
depressive symptoms and,
consequently, reduce fatigue.

o Cognitive Function: Cognitive
decline, influenced by serotonin
deficits, contributes to fatigue
through  impaired  cognitive
performance and increased effort
required for mental tasks [29].
This  cognitive  fatigue s
compounded by  age-related
changes in serotonin systems and
their impact on neurodegenerative
processes.

o Energy Metabolism: Serotonin’s
role in regulating appetite and
energy expenditure underscores
its significance in managing
fatigue. Alterations in serotonin

signaling can lead to changes in
appetite and energy balance,
further impacting fatigue levels
[33].

2. Pharmacological Interventions:

o

SSRIs: These medications are
effective in managing fatigue
associated with depression by
increasing serotonin availability in
the brain. Evidence supports their
use in improving fatigue
symptoms in elderly patients with
major depressive disorder [42,43].
SSRIs  like sertraline and
fluoxetine have demonstrated
efficacy, though response rates
and side effects can vary.

SNRIs: By targeting both
serotonin and norepinephrine,
SNRIs provide a broader approach
to managing fatigue, particularly
in individuals with comorbid
chronic pain or depression [45].
Duloxetine and venlafaxine have
shown positive outcomes in
reducing fatigue, highlighting the
benefit of dual neurotransmitter
modulation [46,62].

Serotonin Receptor Agonists:
These agents offer a targeted
approach by selectively
stimulating serotonin receptors.
Although medications like
buspirone have shown promise in
reducing anxiety and fatigue, their
role in  managing fatigue
specifically in older adults
requires  further  exploration
[65,66].

3. Non-Pharmacological Interventions:

o

Cognitive Behavioral Therapy
(CBT): CBT effectively addresses
fatigue by targeting maladaptive
thoughts and behaviors. It has
been shown to improve fatigue
and overall quality of life in older
adults, particularly those with
chronic illness or depression
[50,51]. CBT can be adapted to
address specific issues such as
sleep disturbances and coping
strategies.

Exercise and Physical Activity:
Regular physical activity
improves fatigue by enhancing
physical fitness, mood, and sleep
quality. Exercise ~ programs
tailored to older adults can
significantly reduce fatigue and
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o improve functional outcomes
[52,70]. Evidence supports the
benefits of aerobic, resistance, and
flexibility exercises.

o Sleep Hygiene and
Management:  Proper  sleep
hygiene is essential for managing
fatigue. Interventions to improve
sleep quality, such as cognitive-
behavioral therapy for insomnia
(CBT-I), have proven effective in
reducing fatigue by addressing
sleep disorders and promoting
healthy sleep practices [54,55,72].

o Dietary Interventions:
Nutritional ~ adjustments  can
support serotonin production and
overall energy balance. Diets rich
in tryptophan and balanced with
essential nutrients can help
manage  fatigue.  Nutritional
counseling can be an important
component of a comprehensive
fatigue management plan [56,57].

Implications for Practice

The multifactorial nature of fatigue in aging
necessitates a holistic approach to treatment.
Clinicians should consider both pharmacological
and non-pharmacological strategies to address the
various contributors to fatigue. Personalized
treatment plans that incorporate a combination of
medications, behavioral therapies, physical activity,
and dietary adjustments can enhance treatment
efficacy and improve patient outcomes.

Challenges and Considerations
Despite advances in understanding and treating
fatigue, several challenges remain:

e Individual Variability: Responses to
treatments can vary widely among
individuals. Personalized approaches that
consider genetic, physiological, and
psychological factors are essential for
optimizing treatment efficacy [74].

e Adherence and Implementation:
Ensuring  adherence to  prescribed
treatments and behavioral interventions can
be challenging, particularly among older
adults with multiple health conditions.
Strategies to improve adherence and
engage patients in their care are crucial
[75].

e Side Effects and Safety: Pharmacological
treatments, particularly SSRIs and SNRIs,
can have side effects that may impact older
adults differently. Careful monitoring and
adjustment of treatments are necessary to

minimize adverse effects and optimize
therapeutic outcomes [76].
Future Research Directions
Future research should focus on the following areas
to advance the management of fatigue in aging:

1. Novel Therapeutic Targets: Investigating
new targets within the serotonergic system
and other neurotransmitter systems may
provide new opportunities for treatment
[73].

2. Personalized Medicine:  Developing
personalized treatment strategies based on
individual profiles can enhance the
effectiveness of interventions and improve
patient outcomes [74].

3. Combination Therapies: Exploring the
synergistic  effects of  combining
pharmacological and non-pharmacological
treatments could lead to more effective
management of fatigue [75].

4. Long-Term Studies: Conducting long-
term studies to assess the impact of new
treatments on fatigue and overall well-
being is essential for advancing clinical
practice and ensuring sustained efficacy
[76].

Final Thoughts

Addressing fatigue in older adults requires a
comprehensive understanding of the underlying
neurobiological mechanisms and an integrated
approach to treatment. By leveraging insights into
serotonin's role and applying a multifaceted
treatment approach, healthcare providers can better
support the well-being of elderly individuals and
enhance their quality of life.
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