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Abstract: Chronic Obstructive Pulmonary Disease (COPD) is a progressive respiratory disorder frequently observed in older adults
and is often accompanied by aging-related conditions such as sarcopenia, cognitive impairment, and immune dysfunction. Malnutrition
is a major yet underrecognized contributor to poor outcomes in this population, accelerating disease progression and functional
decline. This integrative review critically examines the clinical value of three widely used nutritional assessment tools—the Mini
Nutritional Assessment (MNA), the Patient-Generated Subjective Global Assessment (PG-SGA), and the Nutritional Risk Screening
2002 (NRS-2002)—in identifying malnutrition and guiding targeted interventions for older adults with COPD. A systematic literature
search was conducted in PubMed, Embase, and Web of Science databases for studies published between 2010 and 2025, using
combinations of the keywords COPD, older adults, malnutrition, and nutritional assessment tools. Studies addressing both nutritional
screening (risk detection) and nutritional assessment (comprehensive evaluation) were included to clarify their conceptual and
practical distinctions. Findings indicate that while all three tools are useful for detecting nutritional risk, their sensitivity, specificity,
and clinical applicability differ across settings. The MNA is most suitable for community and outpatient populations, the PG-SGA
offers comprehensive evaluation for hospitalized or comorbid patients, and the NRS-2002 is effective for early inpatient screening and
prognosis prediction. Integrating these tools into multidisciplinary COPD management enables early identification of malnutrition,
sarcopenia, and immune dysfunction, supporting timely, personalized nutrition interventions. Future research should focus on
standardizing tool selection, incorporating biomarkers and digital health technologies, and exploring Al-assisted assessments to
enhance precision and applicability in diverse clinical contexts. This review underscores that routine nutritional assessment is not
merely supportive care but an essential component of precision management for older adults with COPD.
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Introduction
COPD is one of the leading causes of morbidity and mortality globally, with an increasing prevalence in the older adult
population. COPD is characterized by persistent airflow limitation, which is typically progressive and results from an
abnormal inflammatory response of the lungs to harmful particles or gases. The older adult population is particularly
vulnerable to COPD, as they often experience comorbid conditions, including sarcopenia, cognitive decline, and immune
dysfunction, which can complicate the management and prognosis of the disease.'> These aging-related diseases are not
only common in COPD patients but also exacerbate disease outcomes, leading to poorer health and quality of life.?
Aging itself is associated with several physiological changes that increase the risk of multiple diseases, including
those affecting the musculoskeletal, cognitive, and immune systems. Sarcopenia, defined as the progressive loss of
skeletal muscle mass and strength, is highly prevalent in older adult COPD patients, impairing their ability to perform
daily activities and leading to worse clinical outcomes.*> Similarly, cognitive decline, which includes both mild cognitive
impairment and more severe forms such as dementia, is frequently observed in this patient group and is associated with
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higher mortality and increased hospitalization.®” Additionally, immune aging, which manifests as a decline in immune
function, significantly increases the vulnerability of older adult COPD patients to infections and delays their recovery
from exacerbations.®” The role of nutrition in aging is critical, influencing both the progression of age-related diseases
and the severity of COPD. Malnutrition, which is particularly common in older adult COPD patients, has been associated
with worsened disease outcomes, including more frequent exacerbations, longer hospital stays, and increased
mortality.'®'! Moreover, malnutrition can accelerate the aging process itself, exacerbating muscle wasting and immune
dysfunction, and leading to a vicious cycle that worsens both aging and COPD progression.'> Hence, it is crucial to
assess and monitor the nutritional status of older adult COPD patients to prevent further deterioration and optimize
treatment outcomes.'>

Despite extensive evidence linking malnutrition to poor COPD outcomes, the distinction between nutritional screen-
ing and nutritional assessment is often overlooked in the literature. Nutritional screening tools aim for rapid identification
of patients at risk of malnutrition, whereas nutritional assessment tools provide a more comprehensive evaluation of
nutritional status, etiology, and intervention needs.'*' Failure to distinguish between these approaches may obscure their
respective clinical roles and limit the precision of nutritional care in COPD management.

In clinical practice and research, several validated instruments are commonly used to evaluate nutrition in COPD,
including the Mini Nutritional Assessment (MNA), the Patient-Generated Subjective Global Assessment (PG-SGA), and
the Nutritional Risk Screening 2002 (NRS-2002).'°"'® Each of these tools differs in structure, scoring system, and
clinical applicability. For instance, the MNA is widely used in community-dwelling older adults; the PG-SGA offers
a multidimensional clinical assessment suitable for hospitalized or multimorbid patients; and the NRS-2002 provides
a standardized approach to identifying nutritional risk in acute care settings.’>>> However, previous reviews have
primarily described the general relationship between COPD and nutrition, rather than comparing the diagnostic accuracy,
strengths, and limitations of these tools in older adults.*> >

Therefore, this paper aims to conduct an integrative review of recent evidence to: (1) clarify the conceptual distinction
between nutritional screening and assessment; (2) compare the clinical value, sensitivity, specificity, and limitations of
major nutritional assessment tools (MNA, PG-SGA, NRS-2002) in COPD; and (3) explore how integrating these tools
into multidisciplinary care can improve early detection, guide personalized nutrition interventions, and enhance outcomes
for older adults with COPD.?**® By synthesizing updated research, this review provides a structured framework for
selecting appropriate nutritional tools and highlights their essential role in precision management of COPD in aging
populations.

The Relationship Between COPD and Aging

COPD is a progressive respiratory disorder that not only affects lung function but also accelerates the aging process in
various physiological systems. Aging and COPD share multiple overlapping mechanisms, including chronic inflamma-
tion, oxidative stress, and cellular senescence, which together amplify systemic deterioration in older adults.'®*° This
section discusses the specific aging features observed in older COPD patients, outlines the biological mechanisms of
aging, and explores the bidirectional interaction between aging and COPD, demonstrating how aging exacerbates COPD
and how COPD, in turn, accelerates aging.

Aging Features in COPD

Older adults with COPD exhibit several aging-related characteristics that contribute to the complexity of disease
management. Sarcopenia—the age-related loss of muscle mass and function—is highly prevalent in COPD patients
and significantly worsens outcomes. Studies have shown that sarcopenia is more severe in COPD than in age-matched
healthy populations, largely due to systemic inflammation, hypoxia, and reduced physical activity induced by the
disease.'”'*** Sarcopenia not only impairs physical endurance but also weakens respiratory muscles, thereby intensify-
ing dyspnea and functional decline. It is associated with reduced muscle strength, lower physical activity levels, and
increased frailty, leading to poorer quality of life and greater mortality risk.*'

In addition to musculoskeletal decline, cognitive dysfunction is another hallmark of aging in COPD. Cognitive
impairment—including both mild cognitive impairment (MCI) and dementia—is more pronounced in COPD patients

2672  es Clinical Interventions in Aging 2025:20



Hao and Bu

compared with individuals of similar age without pulmonary disease. Chronic hypoxemia, systemic inflammation, and
cerebral microvascular injury have been identified as key contributors to this decline.”> >* As a result, cognitive deficits
can interfere with treatment adherence and self-management, further worsening clinical prognosis.

Immune aging, or immunosenescence, is another crucial dimension of the aging phenotype in COPD. The combined
effect of COPD-related inflammation and age-induced immune dysregulation increases susceptibility to infections, delays
recovery from exacerbations, and contributes to chronic comorbidities. Impaired T-cell function, reduced B-cell respon-
siveness, and altered cytokine signaling all play roles in the heightened infection risk and delayed wound healing

observed in older adults COPD populations.?>**7=!

Biological Mechanisms of Aging

The biological mechanisms underlying the relationship between COPD and aging are multifactorial. Both conditions are
characterized by sustained oxidative stress, mitochondrial dysfunction, and low-grade systemic inflammation, collec-
tively known as “inflammaging”.****** In COPD, chronic exposure to cigarette smoke, pollutants, and inflammatory
mediators leads to increased production of reactive oxygen species (ROS). These molecules damage lipids, proteins, and
DNA, thereby accelerating cellular senescence and impairing tissue regeneration.>*

Chronic inflammation serves as a central pathogenic bridge between COPD and aging. Proinflammatory cytokines
such as IL-6, TNF-a, and CRP are persistently elevated in COPD and also represent key biomarkers of biological
aging.> " This systemic inflammation extends beyond the lungs to affect skeletal muscle, cardiovascular, and neural
tissues, thereby promoting sarcopenia, frailty, and neurodegeneration.®® *°

Cellular senescence—the permanent arrest of cell division—further exacerbates tissue dysfunction in both COPD and
aging. Senescent cells accumulate in the lungs and other organs, secreting proinflammatory and matrix-degrading factors
known as the senescence-associated secretory phenotype (SASP). This creates a self-perpetuating cycle of inflammation,
impaired repair capacity, and structural decline.*'** The accumulation of senescent alveolar and epithelial cells also
disrupts tissue homeostasis, accelerating lung remodeling and functional deterioration.

The Bidirectional Relationship Between Aging and COPD

The relationship between aging and COPD is bidirectional and synergistic. Aging accelerates COPD progression through
cumulative exposure to environmental stressors, immune exhaustion, and diminished regenerative capacity. Age-related
structural changes—such as loss of lung elastic recoil, decreased alveolar surface area, and impaired mucociliary
clearance—reduce pulmonary resilience and predispose individuals to chronic airflow limitation.*>**

Conversely, COPD acts as a model of accelerated aging, as the chronic inflammatory burden and oxidative stress
associated with the disease induce premature aging in multiple organ systems. COPD-related systemic inflammation
increases circulating inflammatory mediators, which in turn amplify aging hallmarks in skeletal muscles, cardiovascular
tissues, and the central nervous system.*>*” Additionally, physical inactivity caused by dyspnea and fatigue reinforces
sarcopenia and frailty, perpetuating a vicious cycle of decline.*®*

This mutual reinforcement between aging and COPD highlights the need for comprehensive management strategies
that integrate nutritional assessment, physical rehabilitation, and anti-inflammatory interventions. Understanding the
shared biological mechanisms provides the foundation for targeted therapies that address both pulmonary dysfunction

and systemic aging processes in older adults with COPD.

Nutritional Assessment Tools and Their Application in Aging-Related

Diseases

Nutritional assessment tools play a pivotal role in identifying malnutrition and nutritional risks, particularly in older
adults with chronic diseases such as COPD. These instruments are essential for detecting early signs of aging-related
diseases, including sarcopenia, cognitive decline, and immune system deterioration. However, a clear conceptual

distinction must be made between nutritional screening and nutritional assessment. Screening tools such as the NRS-
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2002 are used to rapidly detect individuals at risk of malnutrition, while assessment tools such as the MNA and PG-SGA
provide a more comprehensive evaluation of nutritional status, etiology, and intervention needs.*>°

Accurate classification of these instruments is critical for clinical decision-making. Misuse or interchange of screen-
ing and assessment tools, as often seen in COPD studies, can lead to misinterpretation of patient needs and inappropriate
nutritional interventions.*®*' Therefore, understanding the structure, scoring principles, and limitations of each tool is

essential to optimize patient outcomes.

Major Nutritional Assessment Tools

Several standardized tools have been developed to assess the nutritional status of older adults. Among the most widely
used are the Mini Nutritional Assessment (MNA), the Patient-Generated Subjective Global Assessment (PG-SGA), and
the Nutritional Risk Screening 2002 (NRS-2002).

The MNA is one of the most widely applied and validated nutritional assessment instruments for older populations. It
consists of 18 items evaluating BMI, recent weight loss, dietary intake, and functional capacity. The inclusion of
psychosocial and mobility factors provides an advantage in identifying frail community-dwelling older adults with
early signs of nutritional risk.>>*® However, it may overestimate malnutrition risk in acutely ill or hospitalized patients
because it does not sufficiently account for disease-related metabolic stress.”

The PG-SGA offers a more comprehensive evaluation by combining subjective and objective parameters, including
patient-reported weight loss, appetite, functional status, and clinical findings. Originally designed for oncology patients, it
has since been validated in COPD and other chronic diseases.’’*® The PG-SGA provides greater clinical flexibility and
can capture disease-specific metabolic alterations, but its complexity requires trained professionals and may limit use in
high-volume clinical settings.

The NRS-2002 is primarily a nutritional screening tool, developed for hospitalized patients. It assesses nutritional risk
by integrating BMI, recent weight loss, and disease severity.”> NRS-2002 is particularly effective in identifying patients
who would benefit from early nutritional support, especially during acute COPD exacerbations. Nonetheless, it focuses
mainly on short-term risk detection rather than comprehensive nutritional evaluation, and its use in long-term care
remains limited.*°

In clinical research and practice, the combined application of screening and assessment instruments—using NRS-
2002 for initial risk identification followed by MNA or PG-SGA for detailed assessment—provides a balanced strategy
for both early detection and comprehensive evaluation.

Nutritional Assessment and Its Association with Aging-Related Diseases

Malnutrition and nutritional risk are closely associated with the development and progression of aging-related diseases,
especially in older adults with COPD. As summarized in Table 1, nutritional assessment—guided interventions targeting
sarcopenia, cognitive decline, and immune dysfunction are associated with distinct mechanistic pathways and clinically
meaningful outcomes in older adults with COPD. As illustrated in Figure 1, malnutrition acts as a central driver linking
sarcopenia, cognitive impairment, and immune dysfunction in older adults with COPD, while targeted nutritional
interventions can interrupt these interconnected pathological pathways. Accurate nutritional assessment can predict the
onset and severity of sarcopenia, cognitive impairment, and immune dysfunction.***

Sarcopenia represents one of the most clinically significant manifestations of nutritional deterioration. Nutritional
deficiencies—particularly low protein and vitamin D intake—accelerate muscle loss in older adults. MNA and PG-SGA
scores correlate strongly with muscle mass and grip strength, serving as early indicators of sarcopenia.**>® In COPD,
sarcopenia worsens respiratory muscle weakness and exercise intolerance, underscoring the importance of integrating
nutrition-focused physical assessments into standard care.

Cognitive decline in older COPD patients is influenced by both hypoxia and nutritional insufficiency. Deficiencies in
B vitamins and omega-3 fatty acids contribute to neuronal damage and cognitive impairment. MNA and PG-SGA can
indirectly capture this risk through appetite, dietary intake, and weight change indicators.**’ Malnourished COPD
patients show a higher prevalence of cognitive dysfunction, suggesting that timely nutritional assessment may also serve
as a preventive approach against neurodegeneration.*®
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Table I Summary of Research Aims, Nutritional Interventions, Assessments, and Key Findings in Older Adults COPD Patients

Feature/ Assessment Tool(s) Key Nutritional Mechanistic Target(s) Expected Clinical Outcome(s)
Condition Intervention(s)
Sarcopenia MNA, PG-SGA, NRS-2002; High-quality protein; leucine-rich 1 mTOR signaling activation; 1 Muscle mass and strength;
muscle mass by DXA; hand-grip BCAA:s; vitamin 1 muscle protein synthesis; | physical frailty; improved exercise
strength D supplementation | muscle catabolism tolerance
Cognitive MNA, PG-SGA; MMSE or -3 PUFAs (EPA/DHA); | Neuroinflammation; 1 Cognitive performance;
Decline MoCA B vitamins (B¢, B3, folate) | homocysteine levels; | biomarkers of inflammation;
1 neuronal membrane stability improved mental function
Immune MNA, NRS-2002; total Protein and amino acid 1 Innate and adaptive immunity; | Infection rate; faster recovery from
Dysfunction lymphocyte count; cytokine supplementation; vitamins C & D; 1 antioxidant capacity; exacerbations; improved overall
panel zinc | inflammatory cytokines immunity
Overall COPD NRS-2002; pulmonary function Multi-nutrient formula (protein + Combined anabolic, anti- Slower FEV, decline;
Pathophysiology | (FEV,/FVC); 6-minute walk test ®-3 + micronutrients); balanced inflammatory, and 1 exercise tolerance; improved quality
diet immunomodulatory effects of life (QOL)

Notes: Arrows (1 = increase/improvement; | = decrease/reduction) denote direction of observed or expected effects.
Abbreviations: MNA, Mini Nutritional Assessment; PG-SGA, Patient-Generated Subjective Global Assessment; NRS-2002, Nutritional Risk Screening 2002; BCAA,
Branched-Chain Amino Acids; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; PUFA, Polyunsaturated Fatty Acid.

Immune dysfunction is another critical concern. Aging and COPD both impair immune response, a process exacer-
bated by micronutrient deficiencies such as zinc, vitamin D, and antioxidants. Nutritional assessment tools enable
clinicians to detect these deficiencies early and introduce targeted supplementation, thereby reducing infection risk and
COPD exacerbations.*’

Clinical Implications and Future Perspectives

The choice of nutritional assessment tool should depend on the clinical context and patient condition. For community or
outpatient settings, the MNA offers a holistic and practical approach. For hospitalized or multimorbid patients, the PG-
SGA provides a detailed evaluation that integrates disease-specific parameters. In acute or short-stay units, the NRS-2002
allows rapid identification of patients requiring early nutritional support.

Incorporating structured nutritional assessment into multidisciplinary COPD care—alongside pulmonary rehabilita-
tion, exercise therapy, and pharmacological management—can substantially improve patient survival, physical perfor-
mance, and quality of life.*%4!48

Despite these advantages, several limitations remain. The predictive accuracy of existing tools varies across popula-
tions, comorbidities, and cultural dietary patterns. Most tools were developed and validated in Western settings, limiting
their cross-cultural applicability.”' Moreover, inconsistent administration and subjective scoring can lead to variability
among assessors, particularly with the PG-SGA. The absence of standardized guidelines specifying when and how to use
these instruments in COPD pathways also restricts their integration into routine practice.

Future studies should aim to validate these tools in diverse clinical and demographic settings and incorporate
emerging technologies for precision assessment. Biomarker-based and imaging-supported indicators such as inflamma-
tory profiles and muscle mass scanning could enhance diagnostic accuracy.’® The integration of artificial intelligence (AI)
and electronic health records (EHRs) offers promising opportunities for automated nutritional screening, personalized
interventions, and continuous monitoring.>® Establishing standardized clinical protocols that link nutritional assessment
outcomes with actionable treatment pathways will help ensure the full clinical utility of these tools.

By combining evidence-based nutritional evaluation with technological innovation, clinicians can move toward more
personalized, preventive, and effective COPD management for older adults.

The Impact of Nutritional Intervention on Aging in Older Adults COPD

Patients
Nutritional interventions are increasingly recognized for their potential to mitigate the effects of aging-related diseases in
older adults with COPD. Because malnutrition and nutritional deficiencies are highly prevalent in this population, timely
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Figure | Schematic of the interactions between malnutrition and age-related conditions in older adults with COPD, and the mechanisms of nutritional interventions.
Malnutrition exacerbates sarcopenia, cognitive decline, and immune dysfunction. Supplementation with dietary protein, ®-3 fatty acids, and essential vitamins and minerals
can improve muscle mass, enhance cognitive performance, and optimize immune responses, thereby mitigating COPD-related pathology.

and targeted interventions can significantly improve outcomes and slow the progression of sarcopenia, cognitive decline,
and immune dysfunction. Importantly, these interventions should be guided by validated nutritional assessment tools (eg:
MNA, PG-SGA, NRS-2002), rather than simple screening checklists, to ensure precise identification of patients’ needs

and to individualize treatment plans.*”>*

Nutritional Intervention and Sarcopenia
Sarcopenia, characterized by progressive loss of muscle mass and function, is one of the most debilitating age-related
conditions among older COPD patients. It leads to frailty, decreased physical performance, and higher mortality rates.
Nutritional interventions—especially high-protein diets and vitamin D supplementation—have demonstrated strong
benefits in alleviating sarcopenia symptoms in this group. High-protein intake supports muscle protein synthesis and
enhances respiratory muscle strength, which is often compromised in COPD.**> Combined with resistance training,
protein supplementation helps preserve lean body mass and improve exercise capacity.*”>°

Vitamin D supplementation also plays a critical role by improving calcium metabolism, reducing inflammatory
cytokine expression, and enhancing muscle contractility.*’ Studies have shown that restoring vitamin D levels improves
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muscle strength and physical performance, while simultaneously mitigating the chronic inflammation associated with
COPD.?%*

Nutritional Intervention and Cognitive Function
Cognitive decline is a common comorbidity in older COPD patients, leading to poor treatment adherence and diminished
quality of life. Specific nutrients such as omega-3 fatty acids and B vitamins have been shown to improve or preserve
cognitive performance. Omega-3 polyunsaturated fatty acids (PUFAs) exert anti-inflammatory and neuroprotective
effects, which help reduce systemic and neural inflammation in COPD.’®*” Clinical studies indicate that omega-3
supplementation enhances brain function and mood while slowing cognitive deterioration.’®

Similarly, B-vitamin supplementation—particularly folate, B6, and B12—has been found to reduce homocysteine
levels, a key biomarker linked to cognitive impairment and dementia.*’-*%® Maintaining adequate B-vitamin levels in
older adults with COPD may therefore help attenuate cognitive decline and improve daily functioning.®’

Nutritional Intervention and Immune Aging

Immune dysfunction, or immune senescence, is another hallmark of aging that is particularly prominent in COPD.
Nutritional deficiencies weaken immune responses and increase vulnerability to infections. Protein and amino acid
supplementation—especially arginine, glutamine, and branched-chain amino acids (BCAAs)—enhances immune cell
activity and promotes recovery from infection. ®-%!

Micronutrients such as vitamins A, C, D, and zinc are also crucial for maintaining innate and adaptive immunity.
Vitamin D modulates immune signaling pathways, while zinc supports cytokine production and antioxidant defense
mechanisms.**>* Recent studies have confirmed that optimizing micronutrient intake improves immune resilience,
reduces infection rates, and shortens hospitalization among older adults with COPD.***2

Furthermore, emerging evidence supports the use of probiotics and prebiotics to regulate gut microbiota, thereby
improving systemic immunity and reducing COPD-related inflammation. These findings collectively highlight that
effective nutritional interventions—guided by structured assessment tools—can substantially reduce the burden of aging-

related complications in COPD.

Emerging Research and Clinical Applications of Nutritional Assessment

Tools

Nutritional assessment tools have gained increasing attention for their ability to improve health outcomes in older adults
with COPD. These tools provide a systematic approach to identifying malnutrition and its associated risks, including
aging-related complications such as sarcopenia, cognitive decline, and immune dysfunction. Importantly, recent evidence
emphasizes that effective nutritional intervention depends not only on screening for risk but also on conducting

comprehensive nutritional assessments to guide individualized treatment plans.>>-"-°

Recent Research Findings

Several recent studies have underscored the importance of nutritional assessment in the management of older COPD
patients. Early identification of malnutrition using validated instruments—such as the MNA, the PG-SGA, and the NRS-
2002—can substantially enhance patient outcomes by allowing for early, targeted interventions.

For example, Kaiser et al demonstrated that MNA scores are closely correlated with the risk of hospitalization,
exacerbations, and mortality among older adults with COPD.?>> The PG-SGA, combining subjective symptoms with
objective anthropometric and clinical data, has proven especially valuable for detecting malnutrition in patients with
multiple chronic conditions, including COPD.®* Meanwhile, the NRS-2002 effectively predicts poor outcomes and
prolonged hospital stays by integrating disease severity and nutritional risk.

Beyond these traditional measures, recent studies advocate for a comparative use of multiple assessment tools to
improve accuracy and clinical applicability. For instance, integrating NRS-2002 with biomarkers such as C-reactive
protein (CRP) enhances predictive capacity for systemic inflammation—a major driver of both COPD progression and

Clinical Interventions in Aging 2025:20 hetps: 2677



Hao and Bu

aging-related comorbidities.* This aligns with the view that malnutrition, inflammation, and aging are interdependent
processes requiring multidimensional diagnostic frameworks.>*

Clinical Application and Challenges

Despite the strong evidence supporting these tools, their implementation in everyday clinical practice remains incon-
sistent. Common barriers include limited clinician training, time constraints, and the absence of standardized protocols
across healthcare systems.”’®> The PG-SGA, for example, requires professional judgment to interpret subjective
components, which may lead to inter-observer variability. Similarly, while the MNA is simple to administer, it may
not capture disease-specific risks relevant to COPD populations.®’

To address these issues, recent guidelines encourage interdisciplinary integration, bringing together dietitians,
pulmonologists, and geriatricians to ensure consistent nutritional evaluation and intervention.>”*® Digital innovations
are also reshaping clinical applications: embedding nutritional assessment modules into electronic health records (EHRs)
or mobile platforms has been shown to improve accessibility and reduce time burden for clinicians.”**” Such digitaliza-
tion not only facilitates real-time data monitoring but also supports longitudinal tracking of patient outcomes.

Discussion and Future Directions

Nutritional assessment tools have become an integral component of managing older adults with COPD. They provide
valuable insights into nutritional risks and aging-related comorbidities, such as sarcopenia, cognitive impairment, and
immune dysfunction. However, despite growing recognition of their value, several conceptual and practical limitations
persist, constraining their clinical utility. This section outlines current challenges, proposes targeted improvements, and
highlights future research directions aimed at enhancing the precision, applicability, and technological integration of
these tools.

Limitations and Challenges of Nutritional Assessment Tools

Current nutritional assessment tools—such as MNA, PG-SGA, and NRS-2002—were primarily developed for general
older adults or hospitalized populations rather than disease-specific cohorts. Consequently, their cultural adaptability and
disease specificity remain limited.”'% For example, dietary patterns in Eastern populations, which often emphasize
plant-based or herbal diets, are not fully reflected in Western-developed instruments. This may lead to misclassification of
nutritional risk in older adults with COPD from non-Western contexts.®

In addition, individual variability complicates interpretation. COPD patients commonly present with multiple
comorbidities (eg, diabetes, cardiovascular disease) that alter nutritional requirements and metabolism.'*®” Existing
tools do not account for such dynamic, disease-specific needs, nor for the interactions between malnutrition, systemic
inflammation, and physical deconditioning.***> Moreover, many assessment instruments rely on subjective measures (eg,
appetite, weight change), which are susceptible to recall bias or inconsistent reporting by patients.>’"-%

Practical barriers also hinder implementation. Some tools, such as the PG-SGA, demand trained personnel for
accurate scoring and interpretation—resources not always available in high-volume clinical settings.®® Furthermore,
absence of standardized clinical pathways leads to inconsistent usage across institutions, undermining comparability and
reproducibility of results.®®

Future Research Directions
To overcome these limitations, technological innovation and personalized medicine approaches represent key avenues for
advancement.

First, Al and machine learning (ML) offer promising solutions for automating nutritional risk prediction. By
integrating large-scale datasets—spanning demographics, comorbidities, biomarker profiles, and lifestyle factors—AI
systems can identify subtle patterns not captured by conventional assessment methods.”*®” These predictive algorithms
could generate personalized nutrition risk scores, providing clinicians with real-time, evidence-based decision support.

Second, future research should focus on integrating multiple complementary tools into unified diagnostic frameworks.
Combining subjective assessments (eg, MNA, PG-SGA) with objective indicators such as bioelectrical impedance
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analysis (BIA) or computed tomography-based muscle quantification can improve the sensitivity and specificity of
malnutrition and sarcopenia detection.'®>® This multimodal approach will provide a more holistic picture of nutritional
health, capturing both biological and behavioral dimensions.

Third, digital health platforms hold great potential for enhancing accessibility and adherence. Embedding assessment
tools into electronic health records (EHRs) or mobile applications allows longitudinal monitoring of patient nutrition
status, dietary adherence, and treatment outcomes. Remote tracking through wearable devices may further support early
intervention, especially for patients with limited mobility or those in long-term home care.

Finally, the integration of nutritional assessment into multidisciplinary care teams—including dietitians, pulmonol-
ogists, geriatricians, and rehabilitation specialists—will be crucial for ensuring continuity of care. Such models enable
coordinated interventions that address both physiological and psychosocial aspects of malnutrition, thereby improving
clinical outcomes and quality of life for older COPD patients.®°

Clinical Significance and Intervention Strategies

In clinical practice, comprehensive nutritional assessment provides more than diagnostic information—it serves as
a strategic intervention point for personalized care. Identifying patients at early risk of malnutrition allows clinicians
to initiate targeted therapies, such as high-protein supplementation, micronutrient replacement, and anti-inflammatory
dietary interventions.****”** These strategies can delay disease progression, reduce exacerbation frequency, and enhance
independence and daily functioning.

Future development should prioritize standardization, personalization, and integration. Establishing COPD-specific
nutritional assessment criteria based on international consensus>> will enhance diagnostic consistency. Personalized
intervention algorithms that leverage Al-driven insights could then translate these assessments into adaptive treatment
plans.

Ultimately, advancing the field requires bridging the gap between nutritional science, gerontology, and digital health.
By uniting these domains, clinicians will be better equipped to deliver precision nutrition care that mitigates the dual

burden of COPD and aging, promoting longevity and functional resilience in older adults.'**’

Conclusion

The significance of nutritional assessment tools in the management of older adults with COPD is increasingly recognized
in both clinical research and practice. These tools provide valuable insights into the nutritional status of patients, offering
an effective means of identifying those at risk of malnutrition and aging-related diseases, such as sarcopenia, cognitive
decline, and immune dysfunction. Importantly, a clear distinction should be maintained between nutritional screening—a
rapid identification of risk—and nutritional assessment, which provides a comprehensive evaluation of nutritional status
and guides intervention planning. As highlighted throughout this paper, early detection and timely intervention, driven by
accurate nutritional assessments, can profoundly improve outcomes for older COPD patients by addressing both disease
progression and aging-related comorbidities.

Summary of Findings

This review has highlighted the critical role of nutritional assessment tools in managing the health of older COPD
patients. Tools such as the MNA, PG-SGA, and NRS-2002 provide reliable means of detecting malnutrition, sarcopenia,
and other aging-related conditions, allowing for early intervention. Current evidence indicates that these instruments—
when applied appropriately—can guide personalized nutritional interventions that mitigate the impact of aging-related
diseases. Specifically, interventions such as high-protein diets, vitamin D supplementation, omega-3 fatty acids, and
B vitamins have been shown to improve muscle strength, cognitive function, and immune health, thereby enhancing
overall quality of life and reducing the burden of COPD exacerbations. Furthermore, integrating these tools into clinical
practice, especially when combined with biomarkers and functional indicators, enhances their predictive accuracy and

clinical utility.'®-¢¢-¢7
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Clinical Implications

The practical implications of these findings are significant for clinical care. Incorporating nutritional screening and
assessment tools into routine COPD management allows healthcare providers to detect nutritional deficiencies and aging-
related risks that may not be apparent through standard clinical evaluation. Early identification enables targeted and
evidence-based nutritional interventions that address both malnutrition and the underlying aging mechanisms contribut-
ing to disease progression. This approach improves patient outcomes by not only enhancing nutritional status but also
slowing the progression of sarcopenia, cognitive decline, and immune dysfunction.

Moreover, personalized, tool-guided interventions enable clinicians to tailor treatment plans to the specific needs of
each patient. This personalized care approach is particularly important in older COPD patients with complex comorbid-
ities. The integration of multidisciplinary care teams—including dietitians, pulmonologists, and geriatricians—ensures
that nutritional assessments lead to actionable interventions. In practice, this can help reduce hospitalization rates,

improve functional independence, and enhance overall patient satisfaction.*'*%®

Future Outlook

Looking ahead, the future development of nutritional assessment tools and personalized interventions in aging and COPD
management holds significant promise. One of the most exciting prospects is the integration of Al and machine learning
into nutritional assessment tools. Al has the potential to analyze vast amounts of patient data, such as demographics,
clinical history, and biomarkers, to predict individualized nutritional risks with greater precision. This would enable
healthcare providers to deliver even more personalized and effective interventions, particularly for older adults COPD
patients who may be at risk for multiple comorbidities and aging-related diseases.®’

Furthermore, there is potential for digital health technologies to enhance the implementation and accessibility of
nutritional assessments. Mobile health applications and wearable devices could be used to track patients’ nutritional
intake, physical activity, and other relevant metrics in real time. These technologies can provide both patients and
healthcare providers with continuous feedback, improving patient engagement and adherence to nutritional
interventions.””

In addition to technological advancements, future research should focus on multi-dimensional approaches that
integrate several assessment tools, biomarkers, and imaging techniques. This would create a more comprehensive picture
of a patient’s nutritional status and aging-related diseases, allowing for even earlier and more accurate interventions.
Moreover, the inclusion of patient-reported outcomes and subjective measures alongside objective data can improve the
overall effectiveness of these assessments, leading to better clinical decision-making.>

Overall, the future of nutritional assessment tools in older adults COPD management looks promising. By advancing
these tools and integrating them with personalized and technology-driven approaches, healthcare providers will be better
equipped to manage the complex needs of older adults patients, improving both their longevity and quality of life.
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