Intersection of Sarcopenia and cognitive decline: An umbrella
review using HOMA-IR and NIRS

Mukesh Kumar G!,Daniel Raj D?, Rishi Panday®, Abdul Samad Hashmi*, Lucky Patidar®

'M.Sc. Nursing, Department of Psychiatry, College of Nursing, AIIMS Bhopal
’M.Sc. MLT Microbiology, Department of Microbiology, AIIMS Bhopal
3Psychiatric Social Worker, Department of Psychiatry, AIIMS Bhopal

‘Health Educator (Social Psychologist), Department of Psychiatry, AIIMS Bhopal
SMD Psychiatry, Department of Psychiatry, AIIMS Bhopal.

ABSTRACT

Sarcopenia and cognitive decline frequently co-occur in ageing populations and share overlapping biological
pathways, including physical inactivity, insulin resistance, mitochondrial dysfunction, inflammation, and altered
muscle-brain signalling. Skeletal muscles, as a key insulin-sensitive and endocrine organ, may play a central role
in linking metabolic dysfunction to neurocognitive impairment. However, the mechanistic integration of systemic
metabolic markers and muscle-specific physiological measures remains insufficiently synthesized. Objective: To
synthesize existing evidence on the interrelationships between sarcopenia, insulin resistance and cognitive decline
with a specific focus on the roles of the homeostatic model assessment of insulin resistance (HOMA-IR) and near-
infrared spectroscopy (NIRS) as complementary metabolic and physiological assessment tools. Methods: A
comprehensive umbrella review was conducted, including narrative reviews, systematic reviews, scoping review,
methodological reviews and observational studies published between January 2000 and January 2026. Studies
examining associations between physical inactivity or sarcopenia, insulin resistance, muscle or cerebral
oxygenation and cognitive outcomes were included. Findings were synthesised qualitatively due to heterogeneity
in study design and outcome measures. Results: Population-based studies consistently demonstrated strong
associations between sarcopenia and elevated HOMA-IR, independent of obesity. Mechanistic and methodological
reviews highlighted impaired muscle oxidative capacity and mitochondrial dysfunction as early features of
inactivity and metabolic decline, reliably assessed using NIRS. Preclinical and integrative human evidence
supported a muscle-brain axis mediated by insulin resistance, myokine dysregulation and neurotropic signalling,
contributing to cognitive impairment. Conclusion: Sarcopenia represents a metabolically active contributor to
cognitive decline rather than a passive consequence of ageing. Integrating HOMA-IR and NIRS provides a
multidimensional framework for identifying high-risk individuals, monitoring intervention responses and
advancing understanding of the muscle-brain axis across the lifespan.
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The global COVID-19 pandemic profoundly altered Psychiatric  Social Worker, Department of
Sarcopenia, characterised by progressive loss of Psychiatry, AIIMS Bhopal

skeletal muscle mass, strength, and function, is a major
contributor to frailty, metabolic disease, and reduced
quality of life in ageing populations.(Cruz-Jentoft et How to cite: Kumar M., Raj D., Panday R., Hashmi
al., 2019) It has been recognised as a significant public AS., Patidar L. (2026). Intersection of Sarcopenia and
health concern by the World Health Organization due cognitive decline: An umbrella review using HOMA -
to its association with disability, falls, and increased IR and NIRS Pandemic. Journal of Psychosocial
mortality among older adults.(World Report on Ageing Wellbeing 7(1):87-95

and Health, n.d.) In parallel, cognitive decline and _
dementia represent growing global public health DOI: https://doi.org/10.55242/JPSW.2026.7111

challenges, with the global burden of dementia rising Received: 14.03.2026 Revised: 08.04.2026

rapidly as populations age worldwide.(Dementia, n.d.) Accepted: 11.05.2026 Published: 14.06.2026
Increasing evidence indicates that sarcopenia and
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scognitive impairment frequently co-exist and share
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common biological pathways, particularly those
related to physical inactivity, insulin resistance,
chronic inflammation, and mitochondrial
dysfunction.(Barstow, 2019; Grassi & Quaresima,
2016; Li et al., 2024; Srikanthan et al., 2010)

Skeletal muscle is the largest insulin-sensitive organ
in the human body, accounting for the majority of
postprandial glucose uptake. Impairment in muscle
mass and function, therefore, plays a central role in the
development of insulin resistance and metabolic
dysregulation.(Kullmann et al., 2015) Beyond its
metabolic role, skeletal muscle functions as an
endocrine organ by secreting myokines that exert
autocrine, paracrine, and endocrine effects on distant
organs, including the brain. These myokines are
involved in neurogenesis, synaptic plasticity, and
neuroinflammation, suggesting a mechanistic link
between muscle health and cognitive function.
Consequently, loss of muscle mass and function due
to inactivity or sarcopenia may have systemic
consequences that extend to brain health.(Adami &
Rossiter, 2018; Sendra-Pérez et al., 2025; Tuesta et al.,
2022)

The interaction between skeletal muscle, insulin
resistance, and cognition has been increasingly
explored using systemic metabolic indices, such as the
Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR), which provides an estimate of peripheral
insulin resistance, and muscle-focused physiological
tools, including near-infrared spectroscopy (NIRS),
which enables non-invasive assessment of muscle
oxygenation and mitochondrial function.
(Homeostasis Model
Resistance in a General Adult Population in Korea:

Additive Association of Sarcopenia and Obesity with

Assessment of Insulin

Insulin Resistance - Kwon - 2017 - Clinical
Endocrinology - Wiley Online Library, n.d.)
Integrating  these  approaches  provides a
multidimensional perspective on the pathophysiology
linking skeletal metabolic
dysfunction, and cognitive decline.(Liu et al., 2023;
Nagase & Tohda, 2021; Park et al., 2022; Sui et al.,
2020)

inactive muscle,

METHODS

Study Design

This study was conducted as an umbrella review to

synthesise and interpret existing evidence on the
interrelationships  between  muscle  inactivity,
sarcopenia, insulin resistance, and cognitive decline,
with a particular focus on metabolic and
neurophysiological markers such as the Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR)
and near-infrared (NIR) spectroscopy. An umbrella
review methodology was chosen as the available
literature is heterogeneous with respect to study design,
population characteristics, assessment tools, and
outcome measures, making formal quantitative
synthesis inappropriate. This approach enables a
comprehensive, contextually grounded, and theory-
driven integration of findings across disciplines,
including geriatrics, endocrinology, neuroscience, and
rehabilitation science.

Conceptual Framework and Research
Questions

The review was guided by a structured framework
integrating physical inactivity, muscle mass and
function, metabolic dysregulation, and cognitive
outcomes. A modified PICO framework was applied
during the planning phase to refine the research
questions:[I] Population (P): Adults and older adults,
including healthy individuals and those with metabolic,
neuromuscular, or cognitive impairments.[II] Exposure
(I):  Physical inactivity, muscle disuse, or
sarcopenia.[IlI] Comparison (C): Physically active
individuals or those without sarcopenia or insulin
resistance (where applicable)[IV] Outcomes (O):
Insulin resistance (measured using HOMA-IR),
cognitive decline, brain function, and cerebral or
muscular oxygenation assessed by NIR spectroscopy.

The primary research questions were:[I] How do
physical inactivity and sarcopenia contribute to insulin
resistance and cognitive decline?[II] What evidence
supports the use of HOMA-IR as a metabolic marker
linking muscle dysfunction and brain health?[III] How
has near-infrared spectroscopy been used to assess
muscle and cerebral oxygenation in relation to
metabolic and cognitive outcomes?

Search Strategy

A comprehensive literature search was conducted
across multiple electronic databases, including
PubMed, ONOS, Google Scholar, and freely available
online articles. The search covered studies published
from January 2000 to January 2026, without restrictions
on geographical location. Only studies published in
English were considered. Search terms were developed
from the research questions and included combinations
of keywords and controlled vocabulary terms such as
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physical inactivity, muscle disuse, sarcopenia, insulin
resistance, HOMA-IR, cognitive decline, dementia,
brain metabolism, and near-infrared spectroscopy.
Search strategies were adapted to each database's
indexing system. In addition, reference lists of
relevant articles were manually screened to identify
further eligible studies.

Eligibility Criteria

Studies were selected using predefined inclusion and
exclusion criteria to ensure relevance and consistency.

Inclusion criteria

comprised scoping review, systematic review,
narrative review, methodological review, critical
narrative review, mechanistic narrative review, cross-
sectional studies, and longitudinal observational
studies that examined at least one of the following
relationships: (1) physical inactivity or sarcopenia and
insulin resistance, (2) insulin resistance and cognitive
decline, or (3) muscle or cerebral oxygenation
assessed using near-infrared spectroscopy in relation
to metabolic or cognitive outcomes.

Exclusion criteria

included editorials, letters to the editor, case reports
and studies lacking relevant metabolic or cognitive
outcome measures.

Study Selection and Data Extraction

Study selection was conducted in a multistep process
involving title screening, abstract review, and full-text
assessment. Relevant data were extracted and
organised using reference management software to
remove  duplicates and ensure  systematic
documentation. Extracted information included
publication  details, study design, sample
characteristics, assessment methods for sarcopenia,
insulin resistance and cognition, use of HOMA-IR and
NIR spectroscopy, and key findings.

Data Synthesis

Given the heterogeneity of the included studies,
findings were synthesised qualitatively. Studies were
grouped thematically according to (1) physical
inactivity and sarcopenia, (2) insulin resistance and
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metabolic dysfunction, (3) cognitive decline and brain
health, and (4) applications of HOMA-IR and near-
infrared spectroscopy. Patterns, consistencies, and
gaps in the literature were identified and discussed
narratively. Formal risk-of-bias assessment tools were
not applied, consistent with umbrella review
methodology.

RESULTS

This umbrella review synthesised evidence from
twelve eligible studies published between 2010 and
2025, encompassing a broad range of study designs,
populations and methodological approaches (Table 1).
The included literature comprised three large
population-based  cross-sectional  studies  with
medication analysis, one systematic review, five
narrative reviews, one methodological review, one
animal experiment, and one scoping review.
Collectively, these studies integrated evidence from
nationally representative human cohorts, clinical adult
populations, and animal models, providing a
comprehensive perspective on the interrelationships
among sarcopenia, insulin resistance, muscle
physiology, and cognitive outcomes. Across
population-based studies, sample sizes ranged from
5,574 to 15,779 adults, primarily derived from the
National Health and Nutrition Examination Survey
(NHANES), enabling robust examination of
associations among sarcopenia, obesity, and insulin
resistance using the Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR).(Kuo et al., 2007)
Mechanistic and methodological reviews
predominantly focused on muscle oxidative capacity
and oxygen utilization, assessed using near-infrared
spectroscopy (NIRS), while preclinical studies
explored muscle inactivity, insulin resistance and
myokine-mediated muscle-brain signalling in relation
to cognitive decline.

Given the heterogeneity in study designs, outcome
measures and assessment tools, a qualitative synthesis
of results was undertaken. Evidence was organised
thematically into major themes such as Sarcopenia
and insulin resistance, Muscle Oxidative Capacity,
Physical Inactivity, and Metabolic Decline, Near-
Infrared Spectroscopy as a Tool to Assess Inactive and
Sarcopenic Muscle, and The Muscle-Brain Axis:
Mechanistic Evidence Linking Sarcopenia to
Cognition. This approach enabled integration of
epidemiological, physiological and mechanistic
findings to elucidate shared pathways underpinning
the muscle-metabolism-brain axis.
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Table 1: Characteristics of included studies

Author Study Type Populati | Muscle/ Insulin NIRS / | Cognitive /
(Year) on / | Inactivity Resistance Muscle Brain
Model Variable (HOMA-IR /| oxygenation | Qutcome
Metabolic
Marker)
Zhang et | Cross- 5,574 Sarcopenic HOMA-IR 1; | Not used Not assessed
al., 2024 sectional adults obesity strong
(NHANES) association with
SO
Srikantha | Cross- 14,528 Sarcopenia = | HOMA-IR 1 in | Not used Not assessed
n et al., | sectional adults obesity sarcopenic
2010 (NHANES III) individuals
Li et al., | Cross- 15,779 Sarcopenia HOMA-IR Not used Not assessed
2024 sectional + | adults mediates MetS-
mediation sarcopenia link
analysis (30-79%)
Grassi & | Narrative Humans | Muscle Indirect Yes — NIRS | Exercise
Quaresima | review & patients | oxidative (mitochondrial (02 tolerance
,2016 metabolism dysfunction) extraction, (indirect brain
oxidative relevance)
capacity)
Adami & | Methodologic | Humans | Muscle Metabolic Yes — NIRS | Not assessed
Rossiter, al review oxidative dysfunction (mVO:
2017 capacity context recovery
kinetics)
Barstow, Review Humans Muscle Insulin Yes — NIRS | Cerebral
2019 (CORP) oxygen resistance is implications
delivery/utilis | discussed discussed
ation mechanistically
Sendra- Critical Athletes | Muscle Not directly | Yes — NIRS | Not assessed
Pérez et | narrative & clinical | oxygenation | measured (SmOs,
al., 2025 review O:Hb, HHb)
Tuesta et | Systematic Clinical | Exercise- Metabolic Yes — NIRS | Functional
al., 2022 | review adults induced disease outcomes
muscle populations
adaptation
Park et Animal Mice Muscle Indirect (irisin | Not used Cognitive
al., 2022 | experiment (physical | inactivity 1) decline,
nactivit |BDNF
y model)
Liu et al., | Scoping Rodents | Muscle Muscle insulin | Not used Memory
2023 review (pre- atrophy, resistance decline,
clinical) insulin model lneurogenesi
resistance S
Sui et al., | Narrative Human | Sarcopenia | IR discussed Not used Cognitive
2021 review studies components | mechanisticall impairment,
y dementia
Oudbier | Mechanistic | Humans | Low muscle | Insulin Mitochondr | Cognitive
et al., narrative & mass metabolism, IR | ial impairment,
2022 review animals oxidative dementia
capacity
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FOOTNOTE
NHANES -~ National Health and Nutrition
Examination Survey; HOMA-IR — Homeostatic

Model Assessment of Insulin Resistance; IR — Insulin
Resistance; MetS — Metabolic Syndrome; SO —
Sarcopenic  Obesity; NIRS Near-Infrared
Spectroscopy; SmO: — Muscle Oxygen Saturation;

O:Hb - Oxygenated Haemoglobin, HHb —
Deoxygenated Haemoglobin; mVO. — Muscle
Oxygen Consumption, BDNF — Brain-Derived

Neurotrophic Factor; CORP — Control of Oxygenation
and Respiration in Peripheral tissues.

Sarcopenia and Insulin Resistance: Evidence
from Population Studies

Robust epidemiological evidence demonstrates that
sarcopenia is strongly associated with insulin
resistance, independent of obesity. Using data from
the National Health and Nutrition Examination Survey
(NHANES III), Srikanthan, Hevener, and Karlamang
la (2010) showed that sarcopenia was associated with
significantly higher HOMA-IR values in both obese
and non-obese adults.(Srikanthan et al., 2010) Import
antly, the association was strongest in individuals
younger than 60 years, suggesting that low muscle
mass may be an early predictor of metabolic dysfuncti
on rather than a consequence of ageing alone.
(NotebookLLM, n.d.)

Breaking the Cycle: How Resistance Training Combats Metabolic Syndrome and Muscle Loss

The Problem:
A Dangerous Duo

What is Metabolic

What is Sarcopenia?

°
@
° o

of Link N

The Core Mechanism:
Insulin Resistance

Insulin Resistance (IR) is the critical link.
IRis a core pethological mechanism of MetS and also
contributes to muscle atrophy by dierupting protein
synthesis and signaling pathways.

The Solution:
Moderate-Frequency
Resistance Training

Moderate-Frequency

Resistance Training (RT)

An accessible exercise strategy involving
2-3 sessions per week, aligning with
global physical activity guidelines.

Insulin

RT significantly improves
insulin sensitivity

Syndrome (MetS)?

A cluster of metabolic issues including

A progressive decline in muscle mass,
strength, and physical function,
often associated with aging but

central obesity, jood pressure
exscerbated by metabolic disease.

gl
(hypenenslon) high blood sugar
ix), and abborni
cholcsteml/tnglycende Ievels

MetS nearly doubles the pi of

Having Metabolic Syndrome is associated with a1.96-fold
increase in the prevalence of sarcopenia.

Hypertension:

® o

W%

Men are at higher risk
Yhe asso iation bemneen Melabol lic

3.80-fold
higher odds

The more MetS components,

IR is a major mediator in the
MetS-Sarcopenia connection.

It's a two-way street: Sarcopenia
also worsens Insulin Resistance

d by IR RT significantly lowers fasting nsulinlevels and
improves HOMA-IR by -
f7 % RT effectively lowers
Hyperglycemia: . blood pressure
791% RT leads to significant reductions
in systolic blood pressure (-4.66
mmHg) and mean orta
, / pressure (-6.. lammﬂg)ln adults
with overweight and obesity.
Central Obesity:

( Combining RT with diet control
yields greater benefits

Improvements in HOMAR,tota cholestero, and
HDL cholesterol were more pronounced wl
resistance training was paired with cietary control

A powerful non-pharmacological

strategy
Modcrau-frewency RT is a safe and e«ecﬂve

the higher the risk.
MetS Components

i gnlﬁmnﬂy stronger in males
than in females.

Extending these findings, Li, Ji, Liu, and Wu (2024)
analysed NHANES data from 1999-2006 and 2011—
2018 and reported that metabolic syndrome nearly
doubled the prevalence of sarcopenia.(Li et al., 2024)
Their mediation analysis revealed that HOMA-IR
accounted for 30-80% of the association between
central obesity, hypertension, hyperglycemia, and
sarcopenia, indicating that insulin resistance is a
central mechanistic pathway linking metabolic
syndrome to muscle loss. Collectively, these studies
establish insulin resistance, quantified by HOMA-IR,
as a key systemic marker of sarcopenic risk and
highlight the bidirectional relationship between
metabolic  dysfunction and skeletal —muscle
deterioration.

Muscle Oxidative Capacity, Physical Inactivity,
and Metabolic Decline

Beyond muscle mass, skeletal muscle oxidative
capacity is a critical determinant of metabolic health
and physical function.(Pedersen, 2019) Loss of
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of obesity, s associated with
increased Insulin resistance, as muscle Is the primary
tissue for insulin-mediated glocose disposal.

mprovin sk factors
n adults with overwaight and obestty.

A NotebookLM

oxidative capacity is consistently observed in
association with ageing, physical inactivity, and
chronic disease.(NotebookLM, n.d.)

Grassi and Quaresima (2016) described skeletal
muscle oxidative metabolism as highly plastic and
sensitive to physical activity status, noting that
declines in oxidative capacity often precede overt
functional impairment.(Grassi & Quaresima, 2016)
Reduced oxidative capacity limits exercise tolerance,
reinforcing sedentary behaviour and exacerbating
insulin resistance and metabolic inflexibility

In a comprehensive methodological review, Barstow
(2019) outlined the physiological basis for how near-
infrared spectroscopy captures the balance between
oxygen delivery and utilisation in skeletal
muscle.(Barstow, 2019) He emphasised that
impaired muscle oxygen extraction and utilisation
reflect mitochondrial dysfunction and reduced
metabolic flexibility—hallmarks of inactive and
sarcopenic muscle.
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Why We Get Tired: Uncovering the Root Causes of Exercise Intolerance

What is Exercise Intolerance?

Exercise intolerance is a reduced
capacity for physical exertion.

1 @EEE

Clinically measured as diminished
b’ peak oxygen consumption
/ (Peak VO,) during a
The Two Key Limiting Factors
1. Central Limitation: Cardiac Performance

cardiopulmonary exercise test.

2. Peripheral Limitation: Muscle Oxygen
Extraction

The heart's ability to
pump oxygenated blood
to the muscles, measured
by Cardias Output (CO).
Allow CO means poor
oxygen delivery.

of variance in exercise intolerance
explained by low cardiac output.

The skeletal muscles’

ability to pull oxygen out of

the blood for use, measured

by the Arterial-' Venous

0, Difference (a-vO0, diff).
Alow a- v0, diff means

muscles are inefficient at

using the oxygen supplied

to them.

7

6

Clinical Implications: Why This Matters
Tailored therapies are needed
for different conditions.

All patient groups showed significantly lower
exercise tolerance than healthy controls.

Heart Failure
(with Reduced Ejection Fraction)

The primary problem is CENTRAL (the heart).

Treatment for heart failure should target cardiac
function. Interventions aiming to improve the
heart's pumping capacity are most likely to
improve exercise tolerance.

Stroke
patients

-39%

Peak VO,

-33%

Peak VO,

The Verdict: Comparing Root Causes Across Diseases

Type 2 Diabetes & Stroke

The primary problem is PERIPHERAL (the muscles).

\9%

Significantly reduced ability for skeletal muscles
to

Severely diminished ability
to increase cardiac output
during exercise.

extract and utilize oxygen.

of variance in exercise
9% 65% | intolerance explained
etes) (Stroke) by pnor muscle oxygen
xtracti

Muscies try to compensate
for poor blood fl

Muscle oxygen extraction
(a-vO, diff) was 21% higher
then in healthy controls.

Heart performance during
exercise was not significantly
impaired compared to controls.

Mitochondrial
disease patients

Heart failure &
Diabetes patients

-33% I -33%
Peak VO, Ml Peak VO,

Mitochondrial Disease

The problem is MIXED (both central and peripheral).

- 5

Systemic disorder affects both the heart's ability to
pump blood and the muscles’ ability to use oxygen.

48° Both factors
contributed
?,!2,? and o almost equally to
e exercise intolerance.

@ Patients had the lowest

muscle oxygen extraction

of all groups.
Treatment for diabetes and stroke should target
skeletal muscle health.
Interventions focused on improving the muscles’ ability
to extract and use oxygen may be more beneficial than

those solely focused on the heart.
A\ NotebookL!

Near-Infrared Spectroscopy as a Tool to Assess Inactive and Sarcopenic Muscle

Near-infrared spectroscopy (NIRS) enables non-invasive, real-time assessment of muscle oxygenation,
perfusion, and oxidative metabolism by tracking changes in oxyhaemoglobin, deoxyhaemoglobin, and tissue
oxygen saturation. Unlike systemic metabolic markers, NIRS provides localised functional information about
skeletal muscle health.(NotebookLM, n.d.)

Sarcopenia: Reclaiming Muscle Health in Aging

THE CHALLENGE:
UNDERSTANDING SARCOPENIA

KEY FINDING:
Sarcopenic muscles show

This impairment is detectable after meals and
during both aerobic and anaerobic exercise.

COMPARISON:
Healthy vs. Sarcopenic Muscle

HEALTHY
Non-sarcopenic
adults have superior
muscle mass, grip
strength, blood flow,
and oxygenation.

DEFINITION:

Sarcopenia is the age-related
loss of muscle mass, strength,
and function.

SUPPORTING DETAIL:

decreased blood flow and oxygen utilization.

o

THE SOLUTION:
EXERCISE AND MEASUREMENT

KEY FINDING: Wearable-assisted walking
programs effectively combat sarcopenia.

Itincreases the risk of falls, +5.5% y +1 3.1 %
fractures, hospitalization, SKELETAL HANDGRIP
and mortality. MUSCLE MASS STRENGTH

12 weeks 12 weeks

A 12-week program increased skeletal muscle mass

by 5.5% and handagrip strength by 13.1%.

SUPPORTING FACT:
NIRS is a reliable and reproducible
method for clinical use.

It offers a cost-effective way to track the
positive effects of exercise interventions.

DEFINITION:
Near-Infrared Spectroscopy (NIRS) is
akey non-invasive assessment tool.

It messures

muscle oxygenation,
hemodynamics, and
metabolism without
invasive procedures.

A NotebookLM

Adami and Rossiter (2018) demonstrated that NIRS-derived post-exercise recovery kinetics of muscle oxygen
consumption closely reflect intrinsic mitochondrial oxidative capacity and correlate with gold-standard
techniques such as *'P magnetic resonance spectroscopy. (Adami & Rossiter, 2018). They highlighted the
feasibility and tolerability of NIRS in frail and clinically compromised populations, making it particularly

suitable for sarcopenic individuals

A systematic review by Tuesta and colleagues (2022) confirmed that NIRS reliably detects exercise-induced
adaptations in muscle oxvgenation and metabolism across diverse clinical populations.(Tuesta et al.. 2022) Their

Journal of Psychosocial Wellbeing, Volume 7 Issue 1 (2026)
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findings support NIRS as a sensitive tool for monitoring rehabilitation and therapeutic exercise interventions in
inactive and metabolically impaired individuals

The Muscle—Brain Axis: Mechanistic Evidence Linking Sarcopenia to Cognition

Muscle Atrophy and Cognitive Impairment

Direct mechanistic evidence linking skeletal muscle loss to cognitive decline has emerged from preclinical
studies. Nagase and Tohda (2021) demonstrated that experimentally induced muscle atrophy accelerated
cognitive impairment in Alzheimer’s disease model mice.(Nagase & Tohda, 2021) They identified hemopexin,
a muscle-derived protein, as a key mediator linking muscle atrophy to hippocampal neuroinflammation and
memory deficits, providing causal evidence for muscle-to-brain signalling.(NotebookLM, n.d.)

How Exercise Builds a Better Brain:
The Muscle-Brain Connection

A biological pathway linking physical activity to improved
cognitive health through molecular signaling.

BLOOD-BRAIN
BARRIER

SEVs
(small extracellular
esicles]

The result is enhanced synaptic

" Myokines cross the plasticity and cognitive protection
e : l miR-17/20a-5p blood-brain barrier
ontracting muscles Molecules like irisin and i >
release "Myokines"” Myokines are pack d in 8 directly enter :ey|p:thways_for b‘;am & % ﬁ
Signaling molecules that and transported :R:i?:g‘s;:::"“’ Msgkitnesa:(::tt::iagt;ﬁng Q @
orchestrate communication Travel in carriers like small . i
between different organs. extracellular vesicles (SEVs) ruutes like the mTOR Improves Enhances Helps prevent

pathway and boost levels memory brain cell age-related
of BDNF

containing crucial cargo connections  cognitive decline

A NotebookLM

Protective Role of Exercise-Induced Myokines

Conversely, exercise-induced myokines exert neuroprotective effects. Park, Kim, and Mikami (2022) showed
that physical inactivity reduced circulating irisin levels, leading to anxiety-like behaviour, depressive states, and
working memory impairment in mice.(Park et al., 2022) Restoration of exercise increased skeletal muscle
FNDC5/irisin expression, enhanced hippocampal brain-derived neurotrophic factor (BDNF), and reversed
cognitive decline. Neutralisation of irisin abolished these benefits, confirming its causal role in maintaining
cognitive function.(NotebookLM, n.d.)

How Exercise Builds a Better Brain:
The Muscle-Brain Connection

Contracting les rel “My > SES S
These are signaling /! les that orct
communication between different organs.

Exercise is the catalyst. Physical activity, i i and
training, the ion of these il

Key pathways for

— brain health are The result is enhanced
Blood-Brain Barrier tivated. M; ynapt and
| activate signaling routes cognitive protection.
N Myokines cross 'She like the mTCR This process improves
Myokines are packaged and blood-brain barrier. pathway and boost levels memory, enhances brain cell
transported. They travel in These molecules, like irisin of BDNF (Brain-Derived connections, and helps
carriers like small extracellular and cathepsin B, directly Neurotrophic Factor). prevent age-related cognitive
vesicles (sEVs) containing crucial enter the brain to deliver decline.
cargo (e.g., miR-17/20a-Sp). their message.
A NotebookLM
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Integrative Reviews of Sarcopenia and Cognitive
Decline

A scoping review by Liu, Wong, Chow, Cheung, and
Wong (2023) synthesised preclinical evidence
demonstrating that muscle atrophy, muscle insulin
resistance, and altered myokine secretion impair
hippocampal neurogenesis and synaptic plasticity.(Liu
et al.,, 2023) Their findings support the view that
skeletal muscle is an active mediator of cognitive
function rather than a passive target of
neurodegeneration.

Similarly, Sui, Williams, Holloway-Kew, Hyde, and
Pasco (2021) highlighted shared biological pathways
linking sarcopenia and cognitive decline, including
inflammation, oxidative stress, mitochondrial
dysfunction, and impaired myokine signalling.(Sui et
al., 2020) Physical inactivity emerged as a key
modifiable risk factor common to both conditions.
Building on these findings, Oudbier and colleagues
(2022) proposed a unifying pathophysiological model
in which dysfunctional myokine secretion, insulin
resistance, impaired protein metabolism, and
mitochondrial ~dysfunction jointly explain the
association between low skeletal muscle mass and
cognitive impairment.(Oudbier et al., 2022) They
emphasised restoration of muscle activity as a
potential therapeutic strategy to preserve cognitive
health in ageing populations

Integrating HOMA-IR and NIRS: Clinical and
Research Implications

The evidence synthesised in this review supports a
complementary biomarker framework:[I] HOMA-IR
captures systemic insulin resistance, a central driver of
sarcopenia and metabolic dysfunction (Srikanthan et
al.; Li et al.).(Srikanthan et al., 2010).[lI] NIRS
provides localised, functional assessment of muscle
oxidative health and inactivity-related decline
(Barstow, Adami & Rossiter, Tuesta et al.).(Barstow,
2019)[1lI]Muscle-derived  signalling  molecules
directly influence brain inflammation, neurotrophin
expression, and cognition (Nagase & Tohda; Park et
al.).(Nagase & Tohda, 2021).

Integrating HOMA-IR and NIRS may enable the early
identification of high-risk individuals, improve
monitoring  of exercise and  rehabilitation
interventions, and provide a deeper mechanistic
understanding of the muscle—brain axis.

CONCLUSION

Inactive and sarcopenic muscle is strongly linked to
insulin resistance and cognitive decline through
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interconnected pathways involving impaired insulin
signalling, mitochondrial dysfunction, inflammation,
and altered myokine secretion. HOMA-IR provides a
robust systemic marker of metabolic dysfunction,
while near-infrared spectroscopy offers a non-invasive
window into local muscle metabolic health. Together,
these tools provide a powerful framework for
advancing research and clinical strategies to preserve
metabolic and cognitive health throughout the lifespan.
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