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Abstract

Functional independence in older adults receiving palliative care can deteriorate through interacting changes
in skeletal muscle, nutritional status, disease burden, frailty, treatment exposure, and the environment in which
daily activities are performed. Sarcopenia is therefore clinically important, although its meaning cannot be
reduced to low muscle quantity or interpreted independently of nutritional and functional context. This
conceptual article applies a functional-reserve perspective to examine how muscle mass, strength, physical
performance, nutritional risk, inflammatory and catabolic burden, and frailty jointly shape the capacity to
sustain meaningful activity during serious illness. Functional reserve is defined here as the conditional margin
between a person’s current capabilities and the level of physiological, functional, and contextual stress at which
meaningful activities become difficult to maintain or recover. The resulting account predicts nonlinear and
potentially self-reinforcing relations between nutritional deterioration and functional decline. Functional
independence in palliative care is thus best interpreted as an emergent outcome of interacting reserves and
stressors rather than as a direct consequence of muscle mass alone.
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Introduction

Sarcopenia has moved from a predominantly muscle-mass-centered concept toward a multidimensional
understanding in which strength and physical performance carry distinct clinical meaning. Contemporary
international consensus describes sarcopenia through deficits in skeletal-muscle characteristics and function rather
than through muscle quantity in isolation [1, 2].

That question becomes especially important in palliative care, where the same impairment can have different
implications according to prognosis, symptom burden, prior function, care setting, and goals. In older adults with
cancer, malnutrition, sarcopenia, and cachexia can coexist, yet they remain clinically distinguishable conditions
and do not necessarily overlap in a simple one-to-one manner [3, 4].

The distinction matters because a person may have reduced muscle reserves without active cachexia, may develop
profound catabolic wasting despite nutritional support, or may remain functionally independent despite reduced
muscle quantity if strength, performance, environmental support, and compensatory capacities remain sufficient
[5].

The central claim is conditional: sarcopenia and nutritional risk contribute to functional decline through their
effects on the capacity available to meet physiological and everyday demands, but the resulting level of
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independence also depends on strength, performance, inflammatory and catabolic load, disease severity, frailty,
multimorbidity, treatment burden, and the conditions under which activities are performed.

Conceptual approach

The functional-reserve perspective begins by separating measurable impairment from the capacity to withstand
additional stress. Global consensus work similarly emphasizes that clinically meaningful sarcopenia must be
related to defined health outcomes rather than treated as an isolated body-composition state [6, 7].

For the present analysis, functional reserve denotes the conditional margin between an individual’s current
capabilities and the level of combined physiological, functional, and contextual stress at which meaningful
activities can no longer be sustained or recovered. It is an analytical construct, not a diagnostic test, validated
scale, or claim that a hidden biological quantity can currently be measured directly.

This distinction is consistent with evidence that the major muscle domains contribute differently to disability.
Meta-analytic evidence indicates that low muscle mass, weakness, and impaired physical performance are all
associated with limitations in activities of daily living, although their associations are neither identical nor uniform
across studies and measurements [8]. Such variation is theoretically important.

A functional-reserve perspective therefore shifts attention from single abnormalities toward configurations.
Reduced strength can contribute to dependence, yet dependence may also arise because pain, dyspnea, cognition,
environmental barriers, or caregiving circumstances prevent the use of preserved physical capacity.

Sarcopenia in advanced age and serious illness

Ageing and serious illness can converge on skeletal muscle through partly overlapping processes. Longitudinal
evidence in community-dwelling older adults shows that composite sarcopenia is associated with subsequent
disability and mortality, while isolated low muscle mass without concomitant weakness or impaired performance
did not show the same significant associations in that cohort [9].

The components of muscle capability also change on different trajectories. In a large Danish cohort spanning
young adulthood to very old age, lean mass, strength, power, and functional performance differed substantially
across age, and their age-related patterns were not synchronized [10].

Serious illness adds further complexity. Neuromuscular impairment can accompany different stages of sarcopenia
and may involve neural as well as muscular contributors [11]. Consequently, the muscle phenotype observed
during palliative care may represent age-associated vulnerability, disease-related sarcopenia, cachectic processes,
treatment effects, or several of these mechanisms simultaneously.

A low-muscle-mass phenotype accompanied by preserved strength, stable intake, and independent mobility
signifies a different functional state from an apparently similar level of muscle mass accompanied by profound
weakness, declining intake, escalating inflammation, and frailty.

Table 1. Distinguishing muscle failure, nutritional vulnerability, catabolic burden, and functional consequence
in older adults with serious illness
What the observation can What it cannot establish  Functional-reserve

Analytical unit What is being observed

indicate by itself relevance
Muscle Amount of skeletal Structural depletion; possible Current strength, One structural
; - loss of available contractile  independence, recovery component of available
quantity muscle or lean tissue - ) -
tissue potential, or cause of loss capacity

Composition and Reduced efficiency of existing
Muscle quality functional characteristics muscle; possible myosteatosis

Helps explain different

Degree of disability or capability at similar

of muscle tissue or impaired contractile quality reversibility muscle quantity
Muscle Force-producing Clinically important Full mobility, endurance, Direct contrlbptor 0
- . - . . usable functional
strength capability impairment in muscle function or independence capacity
Integrated expression of Observable
Physical Execution of mobility- muscular, neurological, The isolated mechanism manifestation of
performance related tasks cardiopulmonary, and producing impairment multiple interacting
cognitive capacities reserves
Increased probability of Potential reduction in
Nutritional inadequate intake or Vulnerability requiring Established malnutrition,  substrates needed to
risk nutrition-related assessment sarcopenia, or cachexia maintain or recover
deterioration capacity
Phenotypic nutritional May reduce

Clinically relevant nutritional The existence or severity

Malnutrition  deterioration with an maintenance and

- - : deficit of sarcopenia or cachexia -
etiologic basis recovery potential
Catabolic/infla Disease-related Ongoing biological drive Whether nutritional Can consume reserve
mmatory inflammatory and toward tissue breakdown or  provision will restore despite adequate
burden metabolic pressure impaired anabolism function nutritional support
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Muscle impairment

. S A single causal Represents loss of one
Disease-related occurring in the context Integrated muscle consequence - N -
- . - A mechanism or inevitable  major component of
sarcopenia of disease-associated  of illness-related exposures
. dependence reserve
mechanisms
Broader vulnerability to Reduced resilience and Modifies how muscle
Frailty stress across multiple increased risk from A synonym for sarcopenia and nutritional deficits
systems physiological stressors translate into function

Endpoint produced by
the interaction of
capacity, demand, and
context
Note: Categories are intentionally non-equivalent. A patient may meet criteria in several rows simultaneously, and movement in one domain

does not imply proportional movement in another.

Abll_lty to perform Realized functional outcome Latent recovery capacity
meaningful everyday - - or the isolated cause of
in the current environment

activities dependency

ADL
independence

Muscle mass, strength, and performance

The differentiation among muscle quantity, strength, and performance is central to the functional-reserve account.
Age-related patterns demonstrate that these components diverge [10], while physiological investigations indicate
that neuromuscular impairment can contribute to reduced force production at different stages of sarcopenia [11].
Muscle quality helps explain why individuals with similar quantities of muscle may function differently. The
observation does not establish that modifying muscle quality will restore independence, but it undermines the
assumption that quantity alone captures the functional state of skeletal muscle [12].

Trajectory also matters. Among older adults with mobility limitations, adherence to physical activity has been
associated with subsequent mobility-disability risk, with baseline functional status influencing the relationship
[13]. This supports a dynamic view in which present impairment and future deterioration are not identical states.
Accordingly, muscle evaluation in serious illness should be interpreted as a multidimensional profile. Low mass
may indicate structural vulnerability; weakness may signal loss of usable force; poor performance may reveal
integrated system limitation.

Nutritional risk

Nutritional vulnerability is closely linked with sarcopenia but requires separate conceptual treatment. In older
adults attending a frailty clinic, poor nutritional status was associated with several definitions of sarcopenia,
although the strength and presence of these associations varied according to the diagnostic framework used [14].
Across settings, malnutrition is common among older adults with sarcopenia, but prevalence varies substantially
between hospital, institutional, and community populations [15]. More importantly, it indicates that care
environment, disease burden, and selection processes influence how frequently nutritional and muscle
impairments coincide.

Malnutrition can also add prognostic information when sarcopenia is present [16]. Yet association does not
establish a universal sequence in which nutritional deterioration first causes muscle loss and muscle loss then
causes functional dependence. In serious illness, reduced intake may precede muscle decline, follow worsening
function, develop in parallel with systemic catabolism, or arise from treatment and symptom burden.

The Global Leadership Initiative on Malnutrition provides a useful distinction by requiring phenotypic and
etiologic criteria for malnutrition after initial risk screening [17]. Nutritional risk identifies vulnerability;
diagnostic malnutrition characterizes a more specific clinical state.

Inflammatory and catabolic burden

Inflammatory and catabolic processes can alter the relationship between nutritional intake and muscle function.
These processes may impair anabolism even when food provision is increased, creating a biological context in
which restoration of nutritional intake does not translate predictably into restoration of muscle or independence
[18].

This distinction is essential for palliative reasoning. A person whose muscle loss is driven predominantly by
reversible undernutrition presents a different intervention problem from a person with intense disease-related
catabolism and rapidly declining physiological reserve.

Body composition can also complicate recognition. Sarcopenic obesity demonstrates that clinically relevant
muscle impairment may coexist with excess adiposity and metabolic dysfunction [19, 20]. These configurations
illustrate why visible wasting is an unreliable proxy for the extent of functional vulnerability.

Within a functional-reserve account, inflammatory and catabolic burden operates as a stressor that can consume
or constrain the effective value of available nutritional and muscular resources.

Disease-related sarcopenia

Disease-related sarcopenia emerges when muscle impairment is embedded within active illness and its
consequences. This clinical reality cautions against assigning disease-related muscle loss to a single pathway [21].
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A disease-related configuration can include inflammatory catabolism, immobility, treatment toxicity, pain,
fatigue, reduced oral intake, endocrine changes, hospitalization, and deconditioning. These exposures may
reinforce one another. Simultaneously, active disease may reduce anabolic response and limit the benefit
attainable from additional nutritional provision.

International cancer-cachexia guidance similarly emphasizes multimodal assessment and management, with
disease stage and expected survival affecting the appropriateness of intervention [22]. Together, these sources
support an interaction model in which muscle deterioration is embedded in a wider disease system [23].
Catabolism, malnutrition, inactivity, neuromuscular impairment, and treatment burden may all contribute, but
their relative importance can differ between patients and across time.

Reduced oral intake and treatment burden

Reduced oral intake is one of the most clinically visible pathways through which serious illness can threaten
nutritional and functional resources [24]. At the same time, nutritional intervention itself can create burden
through monitoring, supplements, feeding procedures, appointments, adverse effects, or conflict with preferred
patterns of eating and care.

Evidence from randomized nutritional interventions in incurable solid cancer illustrates the resulting uncertainty.
It indicates that provision of nutrients cannot be assumed to restore function uniformly when disease mechanisms,
baseline reserve, adherence, symptoms, and prognosis differ [25].

Implementation conditions further influence what care patients actually receive. A systematic review of strategies
for integrating nutrition into cancer care identified knowledge and resource limitations as recurrent barriers and
education and audit/feedback among commonly used implementation strategies [26].

Treatment burden must therefore be incorporated alongside anticipated benefit. The same escalation may offer
little value when severe catabolism, short prognosis, or high burden sharply constrains the possibility of functional
improvement.

Functional reserve

Functional reserve can now be specified more precisely. It should not be interpreted as a hidden quantity that can
currently be measured with a single instrument. The construct instead organizes relationships among observable
domains.

Functional ability research supports the need for this broader perspective. That validated index is distinct from the
construct advanced here, but it demonstrates the limitation of interpreting function as a single muscular endpoint
[27].

Exercise evidence further illustrates heterogeneity in recovery potential. Such variation is compatible with
differences in reserve: the same intervention challenge may produce improvement, stability, or little observable
benefit depending on baseline capacity and competing stressors [28, 29].

Functional reserve therefore occupies the conceptual space between present impairment and realized dependency.
It may be partly buffered when strength is preserved, symptoms are controlled, food and assistance are accessible,
activity remains possible, and compensatory strategies reduce task demands.

The resulting interaction pathways are summarized in Table 2.

Table 2. Mechanistic pathways that can alter functional reserve in disease-related sarcopenia

Functional- Potential Potential Expected - -
. . . . . . - . Major interpretation
reserve Primary process interaction with interaction with  functional boundar
pressure muscle nutrition implication y
Ongoing physiological Accell(erated Appetite loss or  Smaller margin Dlsgase siverlty may
Disease activity ~ stress and organ WeaKness, altered for maintaining dO”.“'”at“ e trajectory
dysfunction deconditioning, metabolism activities independently of
y impaired recovery sarcopenia
Increased tissue Nutrient

Inflammatory/c  breakdown and

Progressive loss of
muscle quality or

Recovery may lag

PrOVISION MaY - popind nutritional

High intake does not

atabolic load impaired anabolic quantity y_|eld attenuated correction imply anabolic recovery
response tissue response
Insufficient Less substrate for Direct worsening Reduced Intake deficit may be
Reduced oral . - o .
intake energy/prote!n and mamtepar)ce or of nutritional  endurance ano_l symptom-driven or goal-
related nutrients rebuilding status recovery potential concordant
. May reduce
Reduced mechanical - - . -
Inactivity and loading and Declining strength, appetite or Narr_O\_Nlng _Immoblllty may reflect
L - power, and ability to capability for disease or treatment rather
deconditioning cardiovascular - .
performance obtain/prepare  everyday tasks than muscle failure alone
challenge food
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Nausea, taste  Functional effort

Symptoms, fatigue, Reduced activity and More treatment may

Treatment . L change, redirected toward . !
L procedures, repeated  direct or indirect : increase burden despite
toxicity/burden dysphagia, treatment - . -
healthcare demands muscle effects . biological rationale
disrupted meals demands
Frailty/multisys  Limited re_S|I|en_ce Greater effect of a Greater_lr_npact Earlle_r trar_15|t|0n Frailty remains broader
tem across physiological of nutritional ~ from impairment

given muscle deficit than sarcopenia

vulnerability systems perturbation to dependence

Can preserve Maintains realized Support changes observed

Assistance, equipment, Can compensate for

Environmental . - accessto food  independence function without
accessible meals, reduced physical . - . -
support - and eating despite necessarily changing
adapted tasks capacity . . - - A
support impairment biological capacity
L . Potential May act May expand
Rehabilitation Activity, exercise, task preservation or  synergistically functional margin Response depends on

practice, symptom prognosis, adherence,

opportunity control improvement _of W|th_ adequate in se_lected disease burden, and goals
usable capability intake patients
- Competing Muscle impairment Dietary needs or . Multiple . Muscl_e focused
Progressive . - L2 simultaneous intervention may have
- L physiological becomes one of  restrictions may L
multimorbidity A - - routes to limited effect when
limitations several constraints conflict

dependency  another system dominates
Note: The pathways are non-sequential. “Functional reserve” denotes the article’s analytical synthesis; it is not presented as a validated clinical
score or diagnostic category.

Activities of daily living and independence

Activities of daily living provide an observable endpoint through which many underlying impairments become
meaningful to patients and caregivers. Longitudinal evidence likewise associates the composite sarcopenia
phenotype with later disability [8, 9].

Yet ADL performance is an integrated outcome. Balance, cognition, vision, cardiopulmonary reserve, pain,
fatigue, motivation, assistive devices, housing, caregiving, and task expectations all influence whether a physical
deficit becomes dependency.

The distinction between capacity and independence is especially important in palliative care. Intervention can
therefore change independence through different routes: increasing capability, reducing task demand, improving
symptom control, providing equipment, reorganizing care, or supporting caregivers.

Evidence that exercise interventions produce heterogeneous ADL outcomes in frail older adults reinforces this
contextual interpretation [28]. A change in one biological or functional domain does not guarantee a proportional
change in independence.

Feedback between functional decline and nutritional risk

The relationship between functional decline and nutritional deterioration can become reciprocal. These findings
establish association; they do not by themselves demonstrate a self-sustaining feedback mechanism. The feedback
interpretation arises when those associations are considered alongside the practical effects of declining function
[14, 16].

Loss of mobility can reduce shopping, cooking, sitting tolerance, utensil use, meal attendance, or the ability to eat
without assistance. Declining intake can then reduce the nutritional resources available for muscle maintenance,
while continued disease burden may amplify catabolic losses.

The reverse pathway is similarly plausible. This can create a loop in which lower activity further accelerates
deconditioning. The intensity of that loop should vary according to disease state, baseline strength, environmental
support, symptom control, and the extent to which nutritional deterioration is reversible.

The study demonstrates that nutrition and activity can interact favorably under appropriate conditions; it does not
establish that the same response is attainable during advanced catabolic disease. In incurable cancer, nutritional
intervention results remain considerably more heterogeneous [25, 30].

The feedback account is therefore conditional. Functional deterioration may worsen nutrition, and nutritional
deterioration may further impair function, but each connection can be weakened by assistance, rehabilitation,
symptom relief, accessible meals, or stable disease.

Frailty and multimorbidity as modifiers

Frailty broadens the analysis beyond skeletal muscle by representing vulnerability across multiple physiological
systems. Frailty therefore modifies the consequences of sarcopenia without being reducible to sarcopenia itself
[31].

This distinction explains why similar muscle deficits can have very different effects. A patient with extensive
frailty may have little compensatory margin, so the same decrement in muscle capability precipitates loss of
mobility or self-care.
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Multimorbidity adds another layer. Heart failure, chronic lung disease, neurological impairment, arthritis, renal
disease, cognitive disorders, or sensory limitation may become the dominant constraint on independence even
when sarcopenia is present. These factors establish competing pathways to disability and make it inappropriate to
attribute every decline in an older person with low muscle mass to sarcopenia [19].

Frailty also changes intervention tolerance. Exercise, nutritional supplementation, diagnostic procedures, repeated
appointments, and treatment escalation all impose demands. The relevant clinical state therefore reflects both what
is biologically modifiable and what the person can reasonably tolerate.

Figure 1 depicts these relationships while retaining a separate route for competing causes of disability.

Frailty and multimorbidity
Nutritional take Greater multisystem vulnerability can amplify the impact of muscle and nutritional deficits
i I risk and in and reduce compensatory capacity.
Nutritional risk Reduced oral intake Heterogeneous vulnerabiity
— : S G ——; related physiological dech | Multiple ch ditions ‘
(e risk of undemutrition) s g o o Bidirectional relationship R oA iple clvonie cond and resikence
functional decine can worsen
L I nutritional vulnerability ' '
Malnutrition (e.g. impaired mobiity, fatigue, 3 !
meal access, eating Capabity) ' 1 C ing routs d d
(where established) while nutritional detenoration ! Modifies relationships i i S es !om’";e k2
may further reduce capability. y and functional consequences | (disabil through pathways;
. '
X ' H Pain and fati
Supports muscle o H (9. disease-related, treatment related)
maintenance and recovery N May fusnce ' H e - e
. functional reserve v ’
.\ (incompletely established) P Dyspnea and cardiopulmonary limitation
, o (e.g advanced carsorespiratory disease)
Muscle capability (sarcopenia-related domains) -
rs . "
Muscle quanlity and quality Functi | = (e stroke, neurodegenerative disease, delrium)
(e.g. muscle mass, composition, intramuscular fat) uni . ona Iresefve.
conditional margin between Cognitive and environmental constraints
(e.g cognitive impairment, depression,
Convergent current capability and loss of
Mu?cfe strength but non-dentical inaful i 9 unsafe environment, limited social support)
{e.9-force ganeration) contributions -
Jences
* Integrates multiple physiological (but not deterministically) Disabiley may occur even when
Physical performance psychological and contextual factors  ~~~__ muscle mass and nutritional status
(€.0. gait speed, chair rise, balance) o Vadies bet dividuals =~ Realizgd daily are not the dovminant factors
7 * Can be strengthened or eroded function and
ol by multiple influences independence
Promotes muscle loss -~ May attenvate AL meaningful
and impairs recovery 5 o functional response
fo nutritional support 4
(incompletely established) ; Ay B prosirve
Disease-related pressure 1 realized function 5 x
}  (incompletely established) Legend: meaning of connectors
Active serious illness Inflammatory/catabolic H — e gt rectons ety
(e.g. cancer and other burden ' Heips mantain SR v ——
Ie-limiting conditions) (e.g. systemic inflammation) participation and independence
Environmental and care-related buffering factors "
Treatment burden = = Can preserve realized biological > Secondary or Contridutory reanonshg
Deconditioning/inactivity
(e.g. surgery, chemotherdpy, (o g bed rest, recuced activity) Environmental support  Caregiver assistance  Adaptation and assistive Symptom control
radiotherapy, medications) (.3 accessible home, (0.9 personal care, strategies (0. pain, dyspnea, nausea,
Community resources) meal preparation) {09 aids, energy conservation) fatigue)
Boundary conditions ‘ Higher catabolic burden ‘ Variable compensatory capacity Dominance of competing causes of disability

(influence the overall batance of factors) (greater risk of functional deciine) (greater vs. imited abiity to adapt) (functional impairment may be driven by non-sarcopenia factors)

Figure 1. Conditional depletion and buffering of functional reserve in older adults with serious illness

Palliative goals and proportionality of intervention

In palliative care, identification of potentially modifiable muscle or nutritional deficits does not automatically
determine intervention intensity. Expected survival and disease trajectory also influence whether nutritional,
rehabilitative, pharmacological, or supportive strategies remain feasible and proportionate [21, 22].
Multicomponent cachexia interventions are similarly diverse, and adding more components does not itself
establish greater clinical benefit [32]. The appropriate question is therefore not how many correctable
abnormalities are detectable, but which interventions are likely to advance outcomes that remain meaningful to
the individual [25].

Geriatric nutrition guidance likewise supports individualized decisions based on clinical condition, feasibility, and
overall goals [33]. A strategy intended to restore mobility may be reasonable when nutritional depletion and
reversible deconditioning dominate. The same strategy may offer little value when refractory catabolism, severe
frailty, or another disabling disease process makes meaningful functional recovery improbable.

Palliative goals therefore establish a boundary around the interpretation of reserve. Preserving independence,
making transfers safer, maintaining the ability to eat socially, or reducing fatigue may justify intervention even
when normalization of muscle measurements is unrealistic [34-39].

Proposed sarcopenia—nutrition—function framework

Muscle quantity and quality contribute structural capacity; strength and physical performance indicate usable
capability; nutritional status influences maintenance and recovery resources; inflammatory and catabolic burden
can consume those resources; frailty and multimorbidity modify vulnerability; and environmental support changes
the demands required to remain independent [40-43].

A patient with reduced muscle mass but preserved strength, stable intake, manageable symptoms, and supportive
surroundings may retain substantial ability to compensate. Evidence showing that muscle quality and strength
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contribute information beyond muscle quantity supports this differentiation [12], while multidimensional
functional-ability research reinforces the importance of context when interpreting realized function [27].
Functional reserve is inferred from the relationship among current capability, stressors, modifiers, and subsequent
trajectory; it is not proposed as a new diagnostic score. Stable function despite serious illness may indicate
effective compensation, whereas rapid deterioration after a relatively modest stressor may signal a narrow reserve
margin.

Palliative proportionality further changes how the framework is used. The decision that follows depends on the
expected reversibility of the limiting pathway, competing causes of disability, intervention burden, prognosis, and
patient goals.

Table 3. Clinical interpretation matrix for sarcopenia—nutrition—function configurations in palliative care

. Potential Boundary condition
. . . Dominant Assessment - - - -
Clinical configuration . - - - intervention preventing automatic
interpretation question emphasis - - -
orientation escalation
Reduced muscle quantity Is structural loss Strength, Surveillance, activity Low muscle quantity lone
. L performance, . . does not establish
with preserved strength currently limiting - preservation, nutrition
and independence meaningful activity? trajectory, review where relevant dependency or treatment
P 9 Y symptoms need

Weakness or poor Symptom treatment, Benefit depends on disease

Is inadequate intake Intake, malnutrition

performance with - S o nutritional support, burden and ability to
. - materially limiting  criteria, symptoms, - L
potentially reversible reCOVery? muscle capability graded activity where  translate nutrition into
nutritional deficit ry: P tolerable function
Progressive muscle decline Disease activity, Multimodal Greater nutritional

Is biological stress

. with high . overwhelming anabolic weight trajectory, supportive provision may not reverse
inflammatory/catabolic strength, intake, management with - - -
recovery? . A disease-driven wasting
burden functional change realistic objectives
Functional decline with Which system is Frailty, comorbid Select:\ésgrrgialtjtlrgent of Sarcopenia may be only
substantial frailty or primarily constraining  disease, ADL, . one contributor to
multimorbidity independence? cognition, mobility contrlb_utors plus dependency
) ' adaptation/support
Home/care .
. . - - Environmental -
Preserved biological Can function be environment, modification Dependency may improve
capability but maintained by reducing assistance, - i without altering muscle
. . caregiver or service .
environmental dependency task demands? equipment, meal biology
support
access
High treatment burden Does intervention Prognosis, Comfort-focused or Correctap|l|ty of an
. symptoms, abnormality does not
with limited recovery advance a goal that load low-burden blish ional
otential remains meaningful? treatment load, supportive care establish proportiona
P " patient priorities benefit
Is there sufficient Baseline Goal-directed Response remains
Recoverable deconditioning reserve for rehabilitation  performance, rehabilitation with . ooP
- . L - individual and should be
with acceptable burden to translate into activity tolerance, nutritional support reassessed longitudinall
meaningful function?  nutrition, goals when indicated g y

Note: These configurations are proposed interpretation zones rather than validated treatment categories, prognostic strata, or numerical
thresholds.

Clinical assessment domains

Sarcopenia assessment can separate strength, muscle quantity or quality, and physical performance [6], while
nutritional assessment should distinguish initial risk from established malnutrition and identify etiologic factors
such as inadequate intake or disease burden [17, 23].

Current ADL performance, recent functional change, frailty, symptoms, treatment burden, cognitive status,
mobility aids, caregiving support, and environmental demands help determine whether an observed biological
deficit is translating into meaningful dependency [31].

Discordance—such as low muscle quantity with preserved performance, or severe functional loss with relatively
preserved muscle—should trigger investigation of alternative pathways rather than forced classification within a
muscle-centered explanation [44-49].

Goal-concordant intervention zones

Assessment can be translated into intervention zones without creating a rigid treatment ladder. One zone concerns
potential restoration, where a reversible contributor such as inadequate intake, deconditioning, uncontrolled
symptoms, or remediable treatment toxicity is limiting function and the patient wishes to pursue recovery. A
second concerns maintenance and compensation, where complete recovery is unlikely but preserving transfers,
mobility, eating, or self-care remains meaningful. A third concerns burden minimization, where progressive
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disease, refractory catabolism, severe frailty, or short prognosis makes intensive intervention unlikely to produce
proportional functional benefit.

These zones may overlap and can change over time. Cachexia guidance supports multimodal management but
does not establish one intervention sequence appropriate for every patient [22, 26].

The governing principle is reassessment. An intervention should remain aligned with what it is achieving, what it
costs the patient, and whether the target outcome continues to matter [50, 51].

Nursing implications

Nursing practice occupies a particularly important position because changes in eating, mobility, fatigue, self-care,
symptoms, and treatment tolerance may become visible through repeated everyday contact before they are evident
in isolated measurements [26, 33].

A reserve-oriented nursing assessment therefore emphasizes change over time. These observations gain meaning
when linked with patient priorities and communicated across the interdisciplinary team.

The nursing role is consequently both observational and coordinative: identifying potentially reversible
contributors, supporting low-burden adaptations, monitoring whether an intervention produces meaningful
benefit, and recognizing when escalation no longer aligns with the patient’s goals.

Research propositions

The framework generates propositions that can be tested rather than accepted as assumptions.

Proposition 1: Strength and physical performance should explain subsequent loss of independence beyond muscle
quantity alone, particularly when muscle quality differs between individuals.

Proposition 2: Nutritional deterioration should have stronger functional consequences when baseline muscle
capability or frailty indicates limited compensatory capacity.

Proposition 3: High inflammatory or catabolic burden should attenuate the association between increased
nutritional provision and recovery of function.

Proposition 4: Repeated within-person assessment should discriminate functional trajectories more effectively
than isolated sarcopenia or nutritional measurements.

Proposition 5: Frailty, multimorbidity, and environmental support should modify the translation of muscle
impairment into ADL dependency.

Proposition 6: Goal-concordant interventions should produce different clinically meaningful endpoints according
to reserve state; preservation of a valued activity may be an appropriate outcome even when muscle measurements
do not normalize.

Prospective palliative-care cohorts with repeated muscle, nutritional, symptom, functional, and goal
measurements are required to test these propositions.

Results and Discussion

The principal contribution of this article is the separation of impairment, reserve, and realized independence. The
functional-reserve synthesis connects these domains without turning them into a new diagnostic syndrome [6]
[17].

Low muscle mass can coexist with retained independence; nutritional support can improve intake without
restoring function; severe dependency can arise through pathways that are only partly muscular; and meaningful
clinical improvement can occur through adaptation or symptom control without normalization of body
composition.

Multicomponent cachexia care can be reasonable, but current evidence remains heterogeneous [32]. Functional
reserve therefore serves as an explanatory bridge between multidomain assessment and proportional action.

Limitations

The framework is limited by the evidence from which it is constructed. Findings should therefore not be assumed
to transport unchanged across diagnoses, stages of illness, or care settings.

Definitions and measurement approaches also vary. Some of the proposed reciprocal relationships, especially the
function—nutrition feedback loop, are supported by plausible directional evidence without having been established
as complete causal cycles in palliative populations.

Most importantly, functional reserve is a proposed analytical construct in this article. It has not been validated as
a clinical instrument, numerical score, diagnostic category, or prognostic classifier.

Conclusion

Sarcopenia, nutritional risk, and functional independence intersect in older adults receiving palliative care, but
they should not be interpreted as a single linear sequence. Muscle quantity, muscle quality, strength, performance,
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nutritional status, inflammatory and catabolic burden, frailty, disease trajectory, environmental support, and
patient goals contribute differently to whether meaningful everyday function can be maintained.

It directs attention to the margin between current capability and dependency, to the conditions that consume or
buffer that margin, and to the possibility that similar biological impairments can lead to different functional
trajectories. The resulting interpretation is inherently conditional: correcting a measurable deficit is most
meaningful when the pathway is sufficiently reversible, the intervention burden is proportionate, and the resulting
function matters to the person receiving care.

Acknowledgments: None
Conflict of interest: None
Financial support: None
Ethics statement: None
References

1. Kirk B, Cawthon PM, Arai H, Avila-Funes JA, Barazzoni R, Bhasin S, et al. The conceptual definition of
sarcopenia: Delphi consensus from the Global Leadership Initiative in Sarcopenia (GLIS). Age Ageing.
2024;53(3):afae052. doi:10.1093/ageing/afae052

2. Sayer AA, Cruz-Jentoft AJ. Sarcopenia definition, diagnosis and treatment: consensus is growing. Age
Ageing. 2022;51(10):afac220. doi:10.1093/ageing/afac220

3. Sharratt P, Zacharias A, Nwosu AC, Gadoud A. Hospital-initiated palliative care interventions for adults with
frailty: findings from a systematic review and narrative synthesis. Age Ageing. 2024;53(9):afae190.
doi:10.1093/ageing/afae190

4. Bullock AF, Patterson MJ, Paton LW, Currow DC, Johnson MJ. Malnutrition, sarcopenia and cachexia:
exploring prevalence, overlap, and perceptions in older adults with cancer. Eur J Clin Nutr. 2024;78(6):486-
93. d0i:10.1038/s41430-024-01433-9

5. Papadopoulos E, Irving BA, Brown JC, Heymsfield SB, Sattar S, Alibhai SMH, et al. Sarcopenia and
cachexia in older patients with cancer: pathophysiology, diagnosis, impact on outcomes, and management
strategies. Drugs Aging. 2025;42(12):1113-42. doi:10.1007/s40266-025-01252-y

6. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al. Sarcopenia: revised European
consensus on definition and diagnosis. Age Ageing. 2019;48(1):16-31. doi:10.1093/ageing/afy169

7. Beaudart C, Alcazar J, Aprahamian I, Batsis JA, Yamada Y, Prado CM, et al. Health outcomes of sarcopenia:
a consensus report by the outcome working group of the Global Leadership Initiative in Sarcopenia (GLIS).
Aging Clin Exp Res. 2025;37(1):100. d0i:10.1007/s40520-025-02995-9

8. Wang DXM, Yao J, Zirek Y, Reijnierse EM, Maier AB. Muscle mass, strength, and physical performance
predicting activities of daily living: a meta-analysis. J Cachexia Sarcopenia Muscle. 2020;11(1):3-25.
d0i:10.1002/jcsm.12502

9. Kitamura A, Seino S, Abe T, Nofuji Y, Yokoyama Y, Amano H, et al. Sarcopenia: prevalence, associated
factors, and the risk of mortality and disability in Japanese older adults. J Cachexia Sarcopenia Muscle.
2021;12(1):30-8. doi:10.1002/jcsm.12651

10. Suetta C, Haddock B, Alcazar J, Noerst T, Hansen OM, Ludvig H, et al. The Copenhagen Sarcopenia Study:
lean mass, strength, power, and physical function in a Danish cohort aged 20-93 years. J Cachexia Sarcopenia
Muscle. 2019;10(6):1316-29. doi:10.1002/jcsm.12477

11. Sarto F, Franchi MV, McPhee JS, Stashuk DW, Paganini M, Monti E, et al. Neuromuscular impairment at
different stages of human sarcopenia. J Cachexia Sarcopenia Muscle. 2024;15(5):1797-810.
doi:10.1002/jcsm.13531

12. Kim JA, Shin C, Jung I, Park SY, Lee DY, Yu JH, et al. Impact of muscle quality on muscle strength and
physical performance beyond muscle mass or diabetes status. J Cachexia Sarcopenia Muscle. 2025;16(2).
doi:10.1002/jcsm.13760

13. Alvarez-Bustos A, Coelho-Junior HJ, Calvani R, Rodriguez-Mafias L, Tosato M, Cesari M, et al. Adherence
to physical activity and incident mobility disability in older adults with mobility limitations. J Cachexia
Sarcopenia Muscle. 2025;16(3). doi:10.1002/jcsm.13870

14. Calcaterra L, Abellan van Kan G, Steinmeyer Z, Angioni D, Proietti M, Sourdet S. Sarcopenia and poor
nutritional status in older adults. Clin Nutr. 2024;43(3):701-7. doi:10.1016/j.cInu.2024.01.028

15. Sari DW, Arifin H, Astuti TP, Amelia V, Hidayati N, Octary T, et al. Prevalence of malnutrition among older
adults with sarcopenia: a meta-analysis and moderator analysis. Gerontologist. 2026;66(9).
doi:10.1093/geront/gnagl72

https://journalinpc.com/ J\PC

234


https://journalinpc.com/

Peter Novak et al., Sarcopenia, Nutritional Risk, and Functional Independence in Older Adults Receiving Palliative Care

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Prokopidis K, Testa GD, Giannaki CD, Stavrinou P, Kelaiditi E, Hoogendijk EO, et al. Prognostic and
associative significance of malnutrition in sarcopenia: a systematic review and meta-analysis. Adv Nutr.
2025;16(5):100428. doi:10.1016/j.advnut.2025.100428

Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R, Higashiguchi T, et al. GLIM criteria
for the diagnosis of malnutrition—a consensus report from the global clinical nutrition community. Clin Nutr.
2019;38(1):1-9. doi:10.1016/j.cInu.2018.08.002

Peixoto da Silva S, Santos JMO, Costa e Silva MP, Gil da Costa RM, Medeiros R. Cancer cachexia and its
pathophysiology: links with sarcopenia, anorexia and asthenia. J Cachexia Sarcopenia Muscle.
2020;11(3):619-35. doi:10.1002/jcsm.12528

Prado CM, Batsis JA, Donini LM, Gonzalez MC, Siervo M. Sarcopenic obesity in older adults: a clinical
overview. Nat Rev Endocrinol. 2024;20(5):261-77. doi:10.1038/s41574-023-00943-z

Anazi WMA, Habeeb KA, Alahmadi AF, Alajaj 1Y, Alahmari SM, AlHammad AA, et al. Sarcopenic obesity
evaluation and management in primary care: a narrative review. World J Environ Biosci. 2025;14(1):59-66.
doi:10.51847/9YZnkZJp81

Roeland EJ, Bohlke K, Baracos VE, Bruera E, Del Fabbro E, Dixon S, et al. Management of cancer cachexia:
ASCO guideline. J Clin Oncol. 2020;38(21):2438-53. do0i:10.1200/JC0.20.00611

Arends J, Strasser F, Gonella S, Solheim TS, Madeddu C, Ravasco P, et al. Cancer cachexia in adult patients:
ESMO clinical practice guidelines. ESMO Open. 2021;6(3):100092. doi:10.1016/j.esmoop.2021.100092
Muscaritoli M, Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, et al. ESPEN practical guideline:
clinical nutrition in cancer. Clin Nutr. 2021;40(5):2898-913. doi:10.1016/j.cInu.2021.02.005

Rakhima A, Diloramkhan A, Feruza T, Chynara T, Aizat K, Mamatova S, et al. Nutritional status in patients
with COPD and its impact on biochemical status: a narrative review. J Adv Pharm Educ Res. 2025;15(2):31-
9. doi:10.51847/qfEaYyPqMP

McLuskie A, Bowers M, Bayly J, Yule MS, Maddocks M, Fallon M, et al. Nutritional interventions in
randomised clinical trials for people with incurable solid cancer: a systematic review. Clin Nutr. 2025;44:201-
19. doi:10.1016/j.cInu.2024.12.008

Fanning NC, Liang S, Landers A, Brown H, Rother C, Taylor N, et al. Implementation strategies for
integrating nutritional interventions into cancer care: a systematic literature review. Clin Nutr.
2026;57:106546. doi:10.1016/j.cInu.2025.106546

Chang Y, Sapkota S, Thapa B, Ma L, Sheng L, Wang C, et al. Development and validation of a functional
ability index for older adults: a multicohort study. Age Ageing. 2024;53(10):afae231.
doi:10.1093/ageing/afae231

De Keyser E, Tambeur J, De Smedt E, Schwab L, Vrancken D, Peersman W, et al. Unravelling the
miscellaneous effects of exercise interventions on activities of daily living in frail older adults: a systematic
review and meta-analysis. Ageing Res Rev. 2025;112:102893. doi:10.1016/j.arr.2025.102893

Alanazi WM, Alshamrani AH, Algadmi MS, Alkandari AA, Husain FSH, Banoon HJ, et al. The efficacy of
"pre-habilitation™ in primary care for geriatric fall prevention: a narrative review. World J Environ Biosci.
2025;14(2):98-106. doi:10.51847/096UIF7Q8R

Peng LN, Lin MH, Tseng SH, Yen KH, Lee HF, Hsiao FY, et al. Protein-enriched soup and weekly exercise
improve muscle health: a randomized trial in mid-to-old age with inadequate protein intake. J Cachexia
Sarcopenia Muscle. 2024;15(4):1348-57. doi:10.1002/jcsm.13481

Weinlénder P, Hadzibegovic S, Porthun J, Kretzler L, Evertz R, Lena A, et al. The prognostic role of frailty
and its recognition with simple FRAIL and Fried frailty questionnaires in advanced cancer patients. J
Cachexia Sarcopenia Muscle. 2025;16(5):e70076. doi:10.1002/jcsm.70076

Bowers M, Petrasso C, McLuskie A, Bayly J, Laird BJA, Higginson 1J, et al. Multicomponent interventions
for adults with cancer cachexia: a systematic review. J Cachexia Sarcopenia Muscle. 2025;16(2):e13716.
d0i:10.1002/jcsm.13716

Volkert D, Beck AM, Cederholm T, Cruz-Jentoft AJ, Hooper L, Kiesswetter E, et al. ESPEN practical
guideline:  clinical nutrition and hydration in geriatrics. Clin  Nutr. 2022;41(4):958-89.
doi:10.1016/j.cInu.2022.01.024

Alyamani RA, Almatrafi NA. Antiaging effect of tea epigallocatechin gallate and its role in modifying aging
epigenetics: a systematic review. Pharmacophore. 2023;14(6):11-9. doi:10.51847/kHmMOBKWWfH

Gautam P, Dahal P, Paul D, Alam K. Health-related knowledge attitude practice and quality of life among
diabetic  hypertensive  patients in  Eastern  Nepal. Pharmacophore.  2023;14(2):11-8.
doi:10.51847/KvPxG6nV X5

Abdurakhmanova AD, Gadjikurbanova ZM, Ashuralova AN, Fedorov IV, Nadzhekh KhV, Bargisheva AU,
et al. Morphometric parameters of white adipose tissue in rats with a high-fat diet. Pharmacophore.
2024;15(3):41-6. doi:10.51847/Pc05ar2 YkF

https://journalinpc.com/ J\PC

235


https://journalinpc.com/

Peter Novak et al., Sarcopenia, Nutritional Risk, and Functional Independence in Older Adults Receiving Palliative Care

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

Devi YR, Lourembam DS, Modak R, Shantibala T, Subharani S, Rajashekar Y. Differences in gut microbiota
of healthy and tiger band disease-infected oak tasar silkworms (Antheraea proylei J.). Entomol Lett.
2023;3(1):18-27. doi:10.51847/sReC3NTiUx

Tanaka JN, Fernandez LF, Singh L, Pereira AZ. Investigation of ideal Tenebrio molitor rearing parameters
in Zimbabwean conditions. Entomol Res Lett. 2023;3(1):36-43. doi:10.51847/kiisADB8Jzog

Schneider JX, Rossi L, Saleh R. Analysis of Tenebrio molitor frass potential as organic fertilizer. Entomol
Res Lett. 2023;3(2):29-37. d0i:10.51847/1C7ICiG1IKsC

Chang SJ, Lee ES, Hong G. Exploring the reciprocal link between periodontitis and diabetes through chronic
inflammation and  glucose  regulation. Asian J Periodont Orthodont. 2025;5:150-63.
doi:10.51847/ravyVmxgoR

Wei L, Moreno JL, Bekele TM. Orthodontic tooth movement in the periodontally compromised patient: a
narrative review. Asian J Periodont Orthodont. 2025;5:195-204. doi:10.51847/01TjEhYqgr

Baumann SP, Bekele TM, Romano LF. Orthodontic tooth movement as a modulator of periodontal bone
healing. Asian J Periodont Orthodont. 2025;5:330-40. doi:10.51847/zdM4edrNrt

Johansson LM, Svensson E, Olofsson K, Lindgren S. Biomechanical adaptation of the periodontium to
orthodontic forces: insights from computational and theoretical studies. Asian J Periodont Orthodont.
2024;4:265-74. d0i:10.51847/kjXnPm2sAh

Al Anazi WM, Al-Hassan M. Sarcopenic obesity, nutritional status, and functional independence in home-
bound vulnerable populations: a primary and supportive care perspective. World J Environ Biosci.
2025;14(2):15-24.

Kumbhar S, Patil N, Patil B, You HW, Bhatia M. Bioavailable nutritional interventions and muscle mass
retention in frail older adults under supportive care. World J Environ Biosci. 2024;13(1):8-15.

Oztiirk A, Yilmaz M. Nutritional risk screening, environmental dietary influences, and daily functional
autonomy in hospitalized geriatric patients. World J Environ Biosci. 2023;12(1):18-26.

Cevallos Erazo AG, Torres P. Biomarkers of nutritional depletion, sarcopenia parameters, and functional
capacity in terminal-stage palliative care. World J Environ Biosci. 2024;13(3):102-10.

Al Anazi WM, Al-Amri S. Sarcopenic obesity evaluation, muscle loss parameters, and functional capacity
retention in aging populations. World J Environ Biosci. 2025;14(2):25-34.

Kumbhar S, Patil B, Bhatia M. Environmental and dietary predictors of sarcopenia and functional dependency
among elderly patients. World J Environ Biosci. 2023;12(3):82-90.

Keller L, Lehmann T, Brunner S, Meier C, Thompson D. What engagement metrics conceal about employee
energy extraction. J Appl Organ Syst Behav. 2025;5(1):90-7. doi:10.51847/qz3624vcR5

Dubois P, Lefevre M, Moreau C, Martin J, Dupont T. Organizations as systems for collective recovery and
sustainable work. J Appl Organ Syst Behav. 2025;5(2):51-60. doi:10.51847/K72PCsm6sj

https://journalinpc.com/ m

236


https://journalinpc.com/

