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ABSTRACT 

Background: Chronic obstructive pulmonary disease (COPD) is associated with systemic 

manifestations, among which skeletal muscle atrophy is a major determinant of functional limitation 

and poor quality of life. Identification of muscle depletion using simple, feasible methods is essential, 

particularly in routine clinical practice. 

Objectives: To evaluate the association between anthropometric indices and skeletal muscle atrophy 

in patients with COPD and to assess the utility of these indices as simple screening tools for identifying 

reduced muscle mass. 

Methods: A cross-sectional study was conducted among 121 patients with stable COPD. 

Sociodemographic characteristics, clinical parameters, pulmonary function, symptom scores, 

exacerbation history, oxygen saturation, physical activity status, and treatment details were recorded. 

Anthropometric measurements including body mass index, mid-arm circumference, triceps skinfold 

thickness, calf circumference, mid-arm muscle circumference, and mid-arm muscle area were 

obtained. Skeletal muscle mass was assessed using appendicular skeletal muscle mass, appendicular 

skeletal muscle mass index (ASMI), fat-free mass, and fat-free mass index (FFMI). Statistical analysis 

included group comparisons, correlation analysis, multivariable regression, and receiver operating 

characteristic (ROC) curve analysis. 

Results: A considerable proportion of patients demonstrated reduced ASMI and FFMI despite a near-

normal mean body mass index. Anthropometric measurements showed significant positive correlations 

with skeletal muscle mass indices. Calf circumference and body mass index emerged as independent 

predictors of ASMI and FFMI on multivariable analysis. Lower muscle mass was significantly 

associated with advanced age, higher symptom burden, frequent exacerbations, hypoxemia, reduced 

physical activity, and greater systemic steroid exposure. ROC analysis demonstrated high diagnostic 

accuracy of calf circumference and mid-arm circumference in identifying reduced muscle mass. 

Conclusions: Skeletal muscle atrophy is common in COPD and is inadequately detected by body mass 

index alone. Simple anthropometric measurements, particularly calf circumference and mid-arm 

circumference, provide reliable and practical tools for screening skeletal muscle depletion. 

Incorporation of these measures into routine COPD assessment may facilitate early identification and 

timely intervention to preserve muscle mass and improve clinical outcomes. 
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INTRODUCTION 

 

According to the World Health Organization (WHO), chronic obstructive pulmonary disease 

(COPD) is defined as a common, preventable, and treatable disease characterized by persistent 

respiratory symptoms and airflow limitation due to airway and/or alveolar abnormalities, usually 

caused by significant exposure to noxious particles or gases. “It is a major global health problem and 

one of the leading causes of morbidity and mortality worldwide 1. COPD represents a substantial 

burden on individuals, families, and healthcare systems, with increasing prevalence due to ongoing 

exposure to risk factors such as tobacco smoke, occupational hazards, biomass fuel exposure, and 

environmental pollution. In India, COPD accounts for a significant proportion of noncommunicable 

respiratory diseases, particularly among the aging population 2. 

Beyond its pulmonary manifestations, COPD is increasingly recognized as a systemic disease 

involving extrapulmonary effects that contribute to disease severity and poor outcomes. Among these 

systemic features, skeletal muscle atrophy and dysfunction are particularly important due to their direct 

association with exercise intolerance, reduced quality of life, and increased mortality. Muscle wasting 

in COPD is characterized by a loss of muscle mass, reduced strength, and changes in muscle Fiber 

composition, independent of lung function impairment 3,4. It is now well established that skeletal 

muscle atrophy is not merely a consequence of inactivity but results from complex pathophysiological 

mechanisms involving systemic inflammation, hypoxia, oxidative stress, nutritional imbalance, 

hormonal dysregulation, and mitochondrial dysfunction 5. 

Anthropometric indices are simple, cost-effective, and non-invasive tools that can reflect underlying 

changes in muscle mass and nutritional status 6. Indices such as body mass index (BMI), mid-arm 

circumference (MAC), mid-arm muscle circumference (MAMC), calf circumference (CC), fat-free 

mass index (FFMI), and appendicular skeletal muscle mass index (ASMI) have been studied as 

surrogate markers to assess muscle wasting and sarcopenia in COPD patients 7–9. While BMI provides 

a general estimate of body composition, it fails to differentiate between fat and lean mass, leading to 

an underestimation of muscle depletion in normal-weight individuals. Therefore, more specific indices 

such as MAMC, CC, and FFMI are valuable in detecting muscle atrophy and predicting functional 

outcomes 10. 

• Progressive decline in skeletal muscle mass in COPD results in reduced exercise capacity, 

increased dyspnoea, and early fatigability. 
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• Skeletal muscle dysfunction adversely affects prognosis by increasing hospitalization rates and 

mortality risk. 

• Chronic systemic inflammation promotes muscle catabolism through pro-inflammatory 

cytokines such as TNF-α and IL-6 4,11. 

• Chronic hypoxia induces oxidative stress, leading to apoptosis of skeletal myocytes and further 

muscle loss 4,11. 

• Corticosteroid use, malnutrition, and physical inactivity further exacerbate skeletal muscle 

wasting in COPD. 

• Histopathological studies demonstrate a shift in muscle fiber composition from oxidative type 

I fibers to glycolytic type II fibers in COPD patients 12. 

• This shift in muscle fiber type results in reduced endurance capacity and increased fatigability, 

particularly in severe COPD 12. 

Cachectic patients exhibit more profound muscle loss and metabolic disturbances, whereas non-

cachectic patients may still present with measurable muscle dysfunction. Importantly, skeletal muscle 

atrophy may develop even in the early stages of COPD due to systemic inflammation, physical inactivity, 

nutritional deficiencies, hypoxia, oxidative stress, and corticosteroid exposure, underscoring the need for early 

detection using reliable anthropometric indicators 11. Since advanced imaging methods like dual-energy 

X-ray absorptiometry (DEXA) or computed tomography (CT) for body composition analysis are 

expensive and not always feasible in resource-limited settings, anthropometric indices offer a practical 

alternative for routine clinical use 12. 

Muscle atrophy in COPD is not merely a secondary manifestation but an independent determinant of 

disease progression and poor outcomes. It contributes significantly to reduced exercise tolerance, 

which is a strong predictor of mortality. Moreover, skeletal muscle dysfunction reduces the 

effectiveness of pulmonary rehabilitation programs, limits participation in daily activities, and leads to 

a decline in overall physical performance 13,14. Early identification and management of muscle atrophy 

can therefore improve the clinical trajectory of COPD patients. Exercise training, nutritional 

optimization, and pharmacological therapies targeting inflammation and metabolic pathways have 

shown benefits in preserving or restoring muscle mass 14,15. 

The need to explore the association between anthropometric indices and skeletal muscle atrophy arises 

from the necessity for simple, reproducible, and low-cost assessment tools that can be implemented in 

outpatient settings. In a developing country like India, where advanced diagnostic modalities are not 

always accessible, anthropometric measurements can serve as valuable predictors for early 
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intervention. Furthermore, such indices can help in stratifying patients according to risk and tailoring 

rehabilitation programs accordingly 16. 

The study titled “Association between Anthropometric Indices and Skeletal Muscle Atrophy in Patients 

with COPD over a Period of One Year – A Cross Sectional Study” aims to explore the relationship 

between these easily measurable indices and the degree of skeletal muscle atrophy among COPD 

patients. By establishing reliable associations, this study seeks to validate the use of anthropometric 

indicators such as BMI, MAMC, CC, FFMI, and ASMI as screening tools for skeletal muscle loss in 

clinical practice. Understanding these correlations can also help predict disease severity, guide 

rehabilitation, and improve the long-term outcomes of COPD management. 

COPD is not confined to pulmonary impairment but encompasses systemic consequences that 

substantially influence morbidity and survival. Skeletal muscle atrophy represents one of the most 

debilitating and underrecognized components of the disease 14. Evaluating anthropometric indices 

provides an accessible and efficient means of identifying muscle wasting, thereby facilitating timely 

and cost-effective interventions. Strengthening the evidence linking anthropometric measurements to 

muscle atrophy in COPD enhanced clinical assessment, promote individualized patient care, and 

contribute to reducing the overall disease burden 17. 

Global Epidemiology 

Chronic obstructive pulmonary disease (COPD) is a major global public health challenge, 

ranking as the third leading cause of death worldwide, according to the World Health Organization 

(WHO, 2023). It affects over 390 million individuals globally, with approximately 3.23 million deaths 

recorded annually 18. The disease burden is particularly high in low- and middle-income countries 

(LMICs), where nearly 80–90% of COPD-related deaths occur due to continued exposure to indoor 

and outdoor air pollutants, biomass fuels, and tobacco smoke 19. The Global Burden of Disease (GBD) 

2019 study reported that COPD accounted for 74.4 million disability-adjusted life years (DALYs), 

representing a major contributor to global noncommunicable disease mortality. The prevalence of 

COPD among adults aged 40 years and above ranges between 10% and 14%, with wide regional 

variations highest in South-East Asia and Western Pacific regions. Aging populations, environmental 

exposure, and delayed diagnosis continue to exacerbate the disease prevalence and socioeconomic 

impact globally 20. 
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Indian Epidemiology 

India bears one of the largest COPD burdens in the world, with estimates suggesting over 55 

million cases, contributing to nearly 18% of the global COPD deaths. According to the National 

Burden of Disease Estimates (ICMR, 2020), COPD is responsible for approximately 13% of all deaths 

in India, ranking second only to cardiovascular diseases 21. The INSEARCH (Indian Study on 

Epidemiology of Asthma, Respiratory Symptoms, and Chronic Bronchitis) survey estimated the 

national prevalence of chronic bronchitis at 3.5% in adults aged above 35 years. Urban 

industrialization, vehicular pollution, and tobacco use are major contributors, but in rural India, 

biomass fuel exposure for cooking remains a significant etiological factor, especially among women 

22. There is marked heterogeneity across states, with northern and eastern regions showing higher 

prevalence due to colder climates and higher smoking rates. Despite national initiatives like the 

National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular Diseases and 

Stroke (NPCDCS), underdiagnosis and inadequate access to spirometry hinder effective COPD 

management in India 23. 

Karnataka Epidemiology  

Karnataka, located in southern India, reflects the national trend of rising COPD prevalence, 

driven by both urban pollution and rural biomass exposure. According to the ICMR–India State-Level 

Disease Burden Initiative (2019), chronic respiratory diseases accounted for approximately 10% of 

total DALYs in the state, with COPD being the predominant contributor 2. Population-based studies 

conducted in rural districts such as Kolar, Dharwad, and Belagavi have reported COPD prevalence 

ranging from 5% to 8% among adults over 40 years of age 2. The KLE University Hospital-based 

registry and tertiary care data from Bengaluru and Mysuru indicate an increasing number of hospital 

admissions due to acute exacerbations, especially during winter months. The higher burden among 

males is attributed to smoking and occupational exposure, while in females, biomass smoke from 

traditional cooking methods remains the leading cause. Karnataka’s diverse topography and climatic 

variations contribute to region-specific differences, with northern districts showing relatively higher 

morbidity and mortality rates. 

Prevalence also of muscle atrophy in Chronic Obstructive Pulmonary Disease patients with 

regard to Body Mass Index 

Globally, skeletal muscle atrophy and sarcopenia are common systemic manifestations of COPD, with 

reported prevalence ranging widely from approximately 15% to over 50%, depending on disease 

severity, age, and diagnostic criteria, with pooled estimates from meta-analyses indicating an overall 



17 
 

prevalence of around 22–27% among COPD patients 24. Importantly, muscle wasting is observed not 

only in underweight individuals but also in patients with normal or even elevated body mass index, 

highlighting the limitation of BMI as a sole nutritional marker and the occurrence of sarcopenic obesity 

in COPD. Low BMI is more frequently associated with advanced disease and severe muscle depletion; 

however, several studies demonstrate reduced fat-free mass and skeletal muscle loss even in patients 

with preserved BMI 25. In the Indian context, although COPD prevalence is high, robust large-scale 

data specifically quantifying muscle atrophy or sarcopenia in COPD patients are limited ”. Available 

Indian studies on sarcopenia in general adult and elderly populations report prevalence rates of 

approximately 8–12%, with higher rates in males, older individuals, and those with undernutrition, 

suggesting that the burden of muscle atrophy among Indian COPD patients is likely substantial but 

under-recognized. This underscores the need for early identification using reliable anthropometric and 

body composition indicators beyond BMI, particularly in resource-limited settings 15. 
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AIMS AND OBJECTIVES 

 

OBJECTIVES: 

Primary Objective:  

To explore whether Anthropometric Indices are associated with skeletal muscle atrophy in 

patients with COPD. 

Secondary Objective:  

To know whether these Anthropometric indices can be used as a simple method for assessing 

skeletal muscle atrophy and identifying patients with a noticeable reduction in muscle mass. 
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REVIEW OF LITERATURE 

 

 

 

Chronic Obstructive Pulmonary Disease (COPD) 

Chronic Obstructive Pulmonary Disease (COPD), as defined by the World Health Organization 

(WHO), is a common, preventable, and treatable disease characterized by persistent respiratory 

symptoms and airflow limitation that is not fully reversible 1. The airflow limitation is usually 

progressive and associated with an enhanced chronic inflammatory response in the airways and lungs 

to noxious particles or gases 1. “This definition emphasizes that COPD is not merely a disease of airflow 

obstruction but a systemic condition with multiple components, including inflammation, structural 

lung changes, and extrapulmonary effects. It also underlines the preventable and modifiable nature of 

the disease through early diagnosis, risk factor reduction, and appropriate treatment 26. 

The WHO definition incorporates both pathological and functional elements of COPD, recognizing 

the contribution of chronic bronchitis, emphysema, and small airway disease in its development. It 

also reflects the need for spirometric confirmation for diagnosis, which helps differentiate COPD from 

other respiratory disorders such as asthma or restrictive lung diseases 1. 

• Chronicity and irreversibility of airflow limitation due to airway and alveolar abnormalities. 

• The significant role of environmental and occupational exposures, particularly tobacco smoke 

and biomass fuels. 
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• The presence of systemic inflammation and extrapulmonary manifestations contributing to 

morbidity. 

• The recognition that COPD progression can be slowed or controlled with timely interventions. 

Understanding the WHO definition provides a conceptual base for identifying COPD as a global health 

priority. It guides clinicians toward comprehensive management that extends beyond bronchodilator 

therapy to include lifestyle modification, rehabilitation, and comorbidity management. The disease 

thus represents an integrated model of pulmonary and systemic pathology requiring a multidisciplinary 

approach 1. 

Persistent Airflow Limitation and Chronic Inflammatory Response 

The hallmark feature of COPD is persistent airflow limitation, which develops as a result of 

chronic inflammation and structural remodelling of the airways and lung parenchyma. This airflow 

limitation is largely progressive and irreversible, primarily caused by narrowing of small airways, 

mucus hypersecretion, and loss of alveolar attachments 27. The inflammatory process involves 

infiltration of neutrophils, macrophages, and CD8+ T lymphocytes, which release proteolytic enzymes 

and oxidative mediators that destroy lung tissue and impair elastic recoil 28. 

Chronic inflammation leads to epithelial metaplasia, goblet cell hyperplasia, and fibrosis, all of which 

contribute to airflow obstruction. Over time, emphysematous changes develop, reducing surface area 

for gas exchange and increasing air trapping. The resulting hypoxia and hypercapnia further aggravate 

systemic inflammation and muscle dysfunction 29. 

• Airway narrowing due to wall thickening and mucus plugging. 

• Parenchymal destruction and loss of alveolar interdependence. 

• Vascular remodelling leading to pulmonary hypertension. 

• Inflammatory mediator release sustaining systemic effects. 

Persistent inflammation also extends beyond the lungs, contributing to extrapulmonary manifestations 

such as skeletal muscle atrophy, cardiovascular disease, and metabolic abnormalities. This systemic 

response differentiates COPD from other localized airway disorders. The interplay between local 

pulmonary inflammation and systemic cytokine activity underscores the chronic and progressive 

nature of the disease 30. 
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COPD’s persistent airflow limitation and chronic inflammation form the biological basis for the 

clinical presentation, progression, and therapeutic challenges of the disorder. They also explain why 

strategies that address inflammation and oxidative stress are central to COPD management 31. 

Characteristic Underlying Mechanism Clinical Impact 

Airflow 

limitation 

Small airway fibrosis, mucus 

plugging, alveolar destruction 

Progressive dyspnea and 

exercise intolerance 

Chronic 

inflammation 

Neutrophilic and macrophage-

mediated tissue damage 

Irreversible structural 

airway changes 

Parenchymal 

loss 

Elastin degradation and emphysema 

formation 

Reduced diffusion capacity 

and air trapping 

Systemic 

involvement 

Cytokine release and oxidative 

stress 

Weight loss, muscle 

wasting, and comorbidities 

 

GOLD 2024 Classification and Staging 

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2024 guidelines classify 

COPD based on spirometric findings, symptom burden, and exacerbation risk. This framework 

emphasizes individualized patient assessment for optimizing therapy 32. Spirometric grading remains 

central, defined by a post-bronchodilator FEV₁/FVC ratio of less than 0.70, confirming persistent 

airflow limitation. Severity is then graded according to the percentage of predicted FEV₁ 33. 

GOLD 2024 classification integrates multidimensional evaluation, incorporating symptom assessment 

scales such as the modified Medical Research Council (mMRC) dyspnea scale and COPD Assessment 

Test (CAT), along with exacerbation frequency. The ABCD system categorizes patients into groups A–

E, based on symptoms and exacerbation history, enabling personalized treatment plans 34. 

Main components of GOLD 2024: 

• Spirometric grades: Mild (FEV₁ ≥80%), Moderate (50–79%), Severe (30–49%), Very Severe 

(<30%). 

• Symptom assessment: mMRC and CAT scores for clinical correlation. 

• Exacerbation risk: number and severity of acute events in previous 12 months. 

• Combined grouping (A–E): guides pharmacological and non-pharmacological management. 
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The updated GOLD 2024 framework recognizes COPD as a heterogeneous disorder requiring 

comprehensive evaluation beyond spirometry. It places greater emphasis on treatable traits, 

comorbidities, and patient-centered outcomes. This classification aids in assessing disease burden, 

guiding therapy, and evaluating response to interventions 32. 

GOLD 2024 

Component 
Parameter Clinical Relevance 

Spirometric grading FEV₁ % predicted Objective measure of severity 

Symptom scoring mMRC and CAT Reflects patient quality of life 

Exacerbation history 
≥2/year or ≥1 leading to 

hospitalization 
Determines future risk 

A–E grouping 
Combined symptom and risk 

profile 
Basis for individualized therapy 

Clinical implication 
Integrates symptoms, 

function, and events 

Enhances precision medicine 

approach 

 

Major Clinical Symptoms: Chronic Cough, Sputum Production, and Dyspnea 

COPD presents with characteristic respiratory symptoms that evolve insidiously and 

progressively over years. The most common manifestations are chronic cough, sputum production, 

and exertional dyspnea, reflecting underlying airway inflammation, mucus hypersecretion, and airflow 

obstruction. These symptoms are often underestimated by patients and may precede measurable 

spirometric impairment by several years 35. 

Chronic cough is an early symptom resulting from hyperplasia of mucus-secreting goblet cells and 

airway irritation. Sputum production, typically mucoid or purulent, arises due to chronic bronchitis 

changes and contributes to airway obstruction and infection risk. Dyspnea, the most disabling 

symptom, occurs due to ventilation–perfusion mismatch, air trapping, and reduced elastic recoil, 

leading to dynamic hyperinflation and increased work of breathing 36. 

Characteristic symptom features include: 

• Chronic cough: Persistent, often worse in the morning, may be dry or productive. 

• Sputum production: Daily expectoration for ≥3 months over 2 consecutive years defines 

chronic bronchitis. 

• Dyspnea: Initially on exertion, later at rest; graded by mMRC scale. 
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• Fatigue and exercise limitation: Secondary to hyperinflation and reduced muscle endurance. 

The progression of these symptoms directly correlates with disease severity, reflecting structural and 

physiological impairment. Exacerbations characterized by worsening cough, sputum, or breathlessness 

contribute significantly to morbidity. Recognition of these core symptoms is essential for early 

diagnosis and monitoring disease progression 35. 

Pathophysiology of COPD 

Structural Airway Changes and Alveolar Destruction 

Structural alterations in COPD form the pathological foundation for persistent airflow 

limitation. Chronic exposure to tobacco smoke, environmental pollutants, or biomass fuel initiates an 

inflammatory cascade that damages both central and peripheral airways. The small airways become 

narrowed due to mucosal edema, smooth muscle hypertrophy, and peribronchiolar fibrosis, leading to 

fixed obstruction 35. Simultaneously, destruction of alveolar walls driven by protease activity and 

oxidative stress results in the loss of alveolar attachments and elastic recoil. These changes reduce the 

lung’s mechanical efficiency and gas-exchange surface area, producing hypoxemia and hyperinflation 

37. 

Over time, the coalescence of damaged alveoli leads to emphysematous bullae formation, which 

further compromises ventilation–perfusion matching. The structural transformation from a finely 

branched alveolar network to a coarsely distended parenchyma signifies irreversible tissue loss, 

explaining why airflow limitation in COPD does not normalize with bronchodilator therapy 38. 

• Thickening of airway walls due to smooth muscle hypertrophy and fibrosis. 

• Goblet cell metaplasia and increased mucus gland volume. 

• Destruction of alveolar septa with capillary loss and parenchymal cavitation. 

• Loss of elastic tissue causing air trapping and dynamic hyperinflation. 

These airway and alveolar changes are the principal morphological correlates of chronic respiratory 

symptoms and progressive dyspnea in COPD. 
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Structural Site Pathological Change Functional Consequence 

Bronchi and 

bronchioles 

Wall thickening, goblet cell 

hyperplasia 

Airflow obstruction, mucus 

retention 

Small airways Peribronchiolar fibrosis 
Fixed narrowing and resistance 

increase 

Alveolar tissue 
Septal destruction and elastin 

loss 

Emphysema and gas exchange 

impairment 

Parenchyma Bullae formation Hyperinflation and air trapping 

 

Mechanisms of Airflow Limitation: Small Airway Fibrosis, Mucus Hypersecretion, and Loss of 

Elastic Recoil 

Airflow limitation in COPD arises from a combination of anatomical narrowing and 

mechanical dysfunction. The small airways become fibrosed and thickened due to persistent 

inflammation and deposition of collagen in their walls. This fibrosis, coupled with smooth muscle 

hypertrophy, permanently reduces airway caliber 39. Simultaneously, goblet cell proliferation and 

submucosal gland hypertrophy lead to excessive mucus production, obstructing the lumen and 

reducing airflow. The loss of elastic recoil due to alveolar wall destruction eliminates the tethering 

forces that normally keep small airways open during expiration, causing early airway closure and gas 

trapping 40. 

These processes act synergistically to increase airway resistance, decrease expiratory flow, and 

promote dynamic hyperinflation. The inability to fully exhale leads to an increase in residual lung 

volume, which contributes to dyspnea, exercise intolerance, and impaired ventilation 41. 

Main contributors to airflow limitation include: 

• Small airway fibrosis from chronic inflammation. 

• Excessive mucus secretion with luminal obstruction. 

• Destruction of elastic fibers reducing alveolar traction. 

• Collapsed distal airways during expiration leading to hyperinflation. 

Together, these mechanisms explain the progressive and largely irreversible airflow limitation 

characteristic of COPD, linking histological changes to functional decline. 
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Role of Chronic Inflammation, Oxidative Stress, and Protease–Antiprotease Imbalance 

The central pathogenic mechanism in COPD involves persistent airway inflammation 

accompanied by oxidative injury and an imbalance between proteases and antiproteases. Exposure to 

smoke and pollutants triggers the recruitment of neutrophils, macrophages, and CD8+ T lymphocytes 

42. These cells secrete inflammatory mediators such as tumor necrosis factor-alpha (TNF-α), 

interleukin-8 (IL-8), and transforming growth factor-beta (TGF-β), perpetuating chronic inflammation 

and tissue destruction 43. 

Oxidative stress arises when reactive oxygen species generated by cigarette smoke and activated 

leukocytes overwhelm the antioxidant defence system. This leads to lipid peroxidation, DNA damage, 

and inactivation of protective antiproteases. The loss of α1-antitrypsin activity, combined with 

excessive release of neutrophil elastase and matrix metalloproteinases, accelerates alveolar wall 

destruction and emphysema formation 44. 

• Persistent neutrophilic and macrophage infiltration. 

• Elevated oxidative load impairing tissue repair. 

• Protease dominance causing elastin degradation. 

• Reduced antioxidant capacity enhancing inflammation. 

These interconnected mechanisms explain why COPD persists even after smoking cessation, as the 

self-sustaining inflammatory and proteolytic environment continues to damage lung parenchyma. 

Systemic Spillover of Inflammatory Mediators from Lungs to Circulation 

COPD is increasingly recognized as a systemic inflammatory disease rather than an organ-

limited disorder. The inflammatory mediators generated in the lungs such as C-reactive protein (CRP), 

fibrinogen, IL-6, and TNF-α enter the systemic circulation, producing widespread effects 30. This 

spillover induces a chronic low-grade inflammatory state that affects distant organs and contributes to 

comorbidities including skeletal muscle atrophy, cardiovascular disease, and metabolic disturbances 

45. 

The skeletal muscle, in particular, becomes a target of systemic inflammation. Circulating cytokines 

impair protein synthesis, activate proteolytic pathways, and cause mitochondrial dysfunction, resulting 

in muscle weakness and reduced endurance. Oxidative stress within muscle tissue further aggravates 

these effects, linking pulmonary pathology to peripheral dysfunction 46. 
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Main pathways involved in systemic inflammation: 

• Cytokine diffusion from alveolar-capillary interface to bloodstream. 

• Activation of acute-phase response with elevated CRP and fibrinogen. 

• Endothelial dysfunction and vascular inflammation. 

• Metabolic alterations promoting catabolism and muscle wasting. 

Thus, COPD extends beyond the respiratory system, and the systemic inflammatory component plays 

a pivotal role in worsening patient outcomes, underscoring the need for comprehensive management 

strategies addressing both pulmonary and extrapulmonary effects 4. 

Systemic Manifestations of COPD 

COPD as a Multisystem Disorder 

Chronic Obstructive Pulmonary Disease (COPD) has traditionally been regarded as a disease 

of the lungs characterized by airflow limitation and structural airway damage. However, contemporary 

research recognizes COPD as a multisystem disorder with complex interactions between pulmonary 

and extrapulmonary systems 35. The persistent inflammatory response in the lungs extends beyond the 

respiratory tract, leading to systemic effects that influence other organs. This chronic, low-grade 

systemic inflammation combined with hypoxia, oxidative stress, and neurohumoral activation 

contributes to multiple comorbidities, including muscle atrophy, cardiovascular dysfunction, and 

metabolic abnormalities 47. 

The concept of COPD as a multisystem disease emphasizes that morbidity and mortality often result 

not solely from pulmonary impairment but from systemic consequences. These extrapulmonary 

manifestations significantly determine disease severity, quality of life, and overall prognosis 35. 

• Widespread inflammation involving skeletal muscle, vasculature, and metabolism. 

• Systemic oxidative stress leading to endothelial and mitochondrial injury. 

• Catabolic imbalance resulting in tissue wasting and sarcopenia. 

• Activation of neuroendocrine and autonomic pathways affecting multiple organs. 

Understanding COPD as a systemic illness promotes a holistic approach to diagnosis and management, 

focusing on both lung function and extrapulmonary pathology. This integrated perspective supports 

early detection and targeted interventions aimed at improving long-term outcomes 35. 
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Common Systemic Effects: Weight Loss, Cachexia, Cardiovascular Dysfunction, and Metabolic 

Derangements 

The systemic manifestations of COPD arise from chronic inflammation and persistent hypoxia 

affecting multiple organ systems. One of the most prominent effects is unintentional weight loss and 

cachexia, characterized by loss of muscle and fat mass due to increased energy expenditure and 

catabolic drive. Cachexia correlates with advanced disease and independently predicts poor survival 

48. 

Cardiovascular dysfunction is another major systemic effect, linked to endothelial inflammation, 

oxidative stress, and increased sympathetic tone. These mechanisms contribute to hypertension, 

atherosclerosis, and right heart failure (cor pulmonale). Additionally, metabolic derangements such as 

insulin resistance, dyslipidemia, and reduced bone mineral density are frequently observed, reflecting 

widespread metabolic and hormonal imbalance 49. 

Other systemic effects include skeletal muscle weakness, osteoporosis, and anaemia all of which add 

to morbidity and limit functional capacity. 

Important systemic consequences observed in COPD: 

• Weight loss and muscle wasting due to catabolic dominance. 

• Cardiovascular diseases including ischemic heart disease and pulmonary hypertension. 

• Endocrine and metabolic disorders such as diabetes and osteoporosis. 

• Reduced immunity and increased susceptibility to infections. 

Collectively, these manifestations illustrate that COPD is not confined to the lungs but represents a 

systemic inflammatory and metabolic disorder requiring multidisciplinary management. 

Systemic 

Manifestation 
Underlying Mechanism Clinical Consequence 

Weight loss and 

cachexia 

Catabolic cytokine activity, 

hypoxia, anorexia 

Muscle wasting, weakness, 

poor prognosis 

Cardiovascular 

dysfunction 

Endothelial inflammation 

and oxidative stress 

Pulmonary hypertension, 

heart failure 

Metabolic derangements 
Insulin resistance and 

hormonal imbalance 

Diabetes, dyslipidemia, 

osteoporosis 

Skeletal muscle 

dysfunction 

Mitochondrial damage and 

disuse atrophy 
Reduced endurance, fatigue 
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Risk Factors of COPD 

Chronic Obstructive Pulmonary Disease is a preventable and progressive respiratory disorder 

caused by long-term exposure to noxious particles and gases. The risk factors are multiple and often 

act synergistically. The most important among them are tobacco smoking and exposure to biogas or 

biomass fuel smoke, especially in developing countries. The major risk factors are described below 

under proper headings 35. 

Tobacco Smoking 

Tobacco smoking is the strongest and most well-established risk factor for COPD worldwide. 

It includes cigarette smoking, bidi smoking, cigar and pipe smoking, and exposure to second-hand 

smoke. Cigarette smoke contains numerous toxic chemicals, oxidants, and free radicals that cause 

chronic inflammation of the airways and lung parenchyma. Prolonged smoking leads to structural 

airway changes such as mucous gland enlargement, goblet cell hyperplasia, airway wall thickening, 

and loss of alveolar attachments, resulting in emphysema and chronic bronchitis 50. 

The risk of COPD is directly related to the intensity and duration of smoking, measured in pack-years. 

Early initiation of smoking, deep inhalation, and continued smoking into older age significantly 

accelerate lung function decline. Smoking also impairs mucociliary clearance, suppresses local 

immune defense, and increases susceptibility to repeated respiratory infections, which further worsen 

airway damage 51. Passive smoking, particularly during childhood and among women exposed to 

household smoking, reduces lung growth and increases the risk of developing COPD in adulthood. 

Although smoking cessation slows disease progression, the structural damage caused by long-term 

smoking is largely irreversible 52. 

Biogas and Biomass Fuel Exposure 

Exposure to biogas and biomass fuel smoke is a major risk factor for COPD, especially in rural 

and low-income populations. Biomass fuels such as animal dung, crop residues, firewood, coal, and 

biogas are commonly used for cooking and heating in poorly ventilated households. Combustion of 

these fuels releases high concentrations of harmful pollutants including particulate matter, carbon 

monoxide, nitrogen oxides, sulfur dioxide, and polycyclic aromatic hydrocarbons 53. 

Chronic inhalation of biomass smoke leads to persistent airway inflammation, oxidative stress, and 

remodeling of the bronchial walls, resulting in fixed airflow limitation. Women, who are primarily 

involved in cooking, and children, who spend long hours indoors, are disproportionately exposed 54. 

Exposure beginning in early life impairs lung development, reduces maximal lung function, and 
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predisposes individuals to COPD later in adulthood, even in the absence of smoking. Biomass-related 

COPD often shows predominant airway disease rather than emphysema and is frequently 

underdiagnosed due to limited access to spirometry in rural settings 55. 

Occupational Exposure to Dusts and Chemicals 

Long-term occupational exposure to harmful dusts, fumes, vapors, and chemicals is an 

important risk factor for COPD. Workers in mining, construction, agriculture, textile industries, cement 

factories, and chemical manufacturing are particularly at risk. Inhalation of substances such as silica 

dust, coal dust, cotton dust, and industrial fumes leads to chronic airway inflammation and progressive 

airflow limitation. The risk increases with duration of exposure and inadequate use of protective 

equipment 43. 

Outdoor Air Pollution 

Outdoor air pollution contributes significantly to the development and progression of COPD. 

Pollutants such as particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide, and sulfur dioxide 

from vehicular emissions and industrial activities cause airway irritation and inflammation”. Long-term 

exposure increases the risk of COPD, while short-term exposure precipitates acute exacerbations. 

Urban populations and individuals living near highways or industrial areas are particularly vulnerable 

56. 

Childhood Respiratory Infections 

Severe or recurrent lower respiratory tract infections during childhood adversely affect lung 

growth and development. Infections such as pneumonia, bronchiolitis, and tuberculosis can lead to 

reduced maximal lung function, increasing susceptibility to COPD in adult life. Poor access to 

healthcare and delayed treatment further increases this risk 57. 

Genetic and Host Factors 

Genetic susceptibility plays a contributory role in COPD development. Alpha-1 antitrypsin 

deficiency is a well-recognized genetic cause leading to early-onset emphysema, especially in 

smokers. Other host factors include advancing age, male sex in certain populations, low body mass 

index, poor nutrition, and low socioeconomic status, all of which increase vulnerability to 

environmental exposures 58. 
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Asthma and Airway Hyper-responsiveness 

Long-standing or poorly controlled asthma can lead to airway remodeling and fixed airflow 

obstruction, increasing the risk of developing COPD. Individuals with asthma who are exposed to 

smoking or biomass smoke have a higher likelihood of progression to COPD in adulthood 59. 

Socioeconomic and Environmental Factors 

Low socioeconomic status, poor housing conditions, overcrowding, inadequate ventilation, and 

limited access to healthcare contribute indirectly to COPD risk. These factors increase exposure to 

indoor and outdoor pollutants and delay early diagnosis and management 60. 

Skeletal Muscle Dysfunction in COPD 

Skeletal muscle dysfunction is a prominent extrapulmonary manifestation of Chronic 

Obstructive Pulmonary Disease (COPD). It encompasses a spectrum of abnormalities ranging from 

simple muscle weakness to sarcopenia and, in advanced stages, cachexia 61. Muscle weakness refers 

to a decline in muscle strength and endurance that may occur even in patients with stable lung function. 

Sarcopenia involves loss of skeletal muscle mass and function, typically associated with aging but 

accelerated in COPD due to systemic inflammation and oxidative stress. Cachexia, the most severe 

form, combines muscle wasting with fat loss, anorexia, and metabolic alterations, reflecting a chronic 

catabolic state 62. 

These entities often overlap, sharing common mechanisms such as systemic inflammation, oxidative 

imbalance, and hormonal dysregulation. The reduction in muscle mass and strength occurs 

disproportionately compared to the degree of lung function impairment, emphasizing that skeletal 

muscle dysfunction in COPD is an independent contributor to morbidity and reduced survival 14. 

• Early onset of muscle weakness preceding advanced respiratory limitation. 

• Gradual transition from sarcopenia to cachexia with disease progression. 

• Contribution to exercise intolerance, frailty, and poor rehabilitation outcomes. 

• Strong association with systemic inflammation, hypoxia, and nutritional decline. 

Muscle wasting thus represents a critical systemic marker of disease severity and overall health 

deterioration, significantly influencing prognosis and quality of life in COPD patients. 
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Distribution of Muscle Involvement (Predominantly Lower Limb Muscles) 

The distribution of skeletal muscle involvement in COPD is not uniform. The lower limb 

muscles, particularly the quadriceps femoris and calf muscles, are most severely affected, while upper 

limb and respiratory muscles tend to be relatively preserved until later stages. The selective 

vulnerability of lower limb musculature is attributed to chronic inactivity, reduced perfusion, and 

greater dependence on oxidative metabolism during ambulation 63. 

These muscles undergo atrophy, decreased oxidative enzyme activity, and a shift from fatigue-resistant 

type I fibers to glycolytic type II fibers, resulting in early fatigability and reduced endurance. This 

pattern contributes to exercise limitation, as walking and climbing stairs become increasingly difficult 

for affected individuals 64. 

Main observations regarding distribution of muscle involvement: 

• Marked atrophy and weakness in quadriceps, gluteal, and calf muscles. 

• Reduced endurance capacity of peripheral limb muscles compared to respiratory muscles. 

• Type I (oxidative) to type II (glycolytic) fiber shift in lower limbs. 

• Preservation of upper limb strength until late disease stages. 

This preferential lower limb involvement explains the progressive decline in exercise tolerance and 

underscores the importance of targeted rehabilitation focusing on peripheral muscle conditioning. 

Pathophysiological Mechanisms of Muscle Wasting 

Muscle atrophy in COPD results from a combination of molecular, metabolic, and behavioural 

mechanisms that promote catabolism and inhibit muscle regeneration. The interplay between hypoxia, 

systemic inflammation, inactivity, and nutritional imbalance creates a sustained catabolic environment 

14. 

Hypoxia-Induced Apoptosis and Mitochondrial Dysfunction  

Chronic hypoxemia reduces oxygen delivery to skeletal muscles, impairing oxidative 

phosphorylation and ATP production. 3 

Mitochondrial dysfunction leads to generation of reactive oxygen species (ROS), damaging 

muscle fibers and triggering apoptosis of myocytes. The cumulative loss of muscle fibers reduces 

contractile strength and endurance capacity 65. 
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Cytokine-Mediated Protein Degradation (TNF-α, IL-6)  

Inflammatory cytokines such as TNF-α and IL-6 activate proteolytic pathways including the 

ubiquitin–proteasome system, accelerating muscle protein breakdown. TNF-α also inhibits myogenic 

differentiation and suppresses insulin-like growth factor-1 (IGF-1) signalling, further reducing muscle 

synthesis 66. 

Physical Inactivity and Disuse Atrophy  

Reduced physical activity due to dyspnea and fatigue leads to disuse atrophy, particularly 

affecting type I oxidative fibers. This inactivity-driven muscle loss exacerbates deconditioning, 

forming a vicious cycle of declining mobility and worsening respiratory symptoms 67. 

Nutritional Deficiency and Altered Anabolic Hormones (Testosterone, IGF-1)  

Poor appetite, malabsorption, and increased resting energy expenditure cause nutritional 

deficiencies that limit substrate availability for muscle repair. Hormonal imbalances especially 

decreased testosterone and IGF-1 levels impair anabolic processes, tipping the balance toward protein 

catabolism 68. 

Mechanisms contributing to muscle wasting: 

• Persistent hypoxia causing oxidative damage and apoptosis. 

• Cytokine-induced proteolysis and suppression of anabolic signalling. 

• Sedentary lifestyle leading to disuse-related fiber atrophy. 

• Nutrient and hormonal insufficiency preventing muscle regeneration. 

These mechanisms operate synergistically to create a chronic catabolic state, explaining why muscle 

wasting in COPD persists even with optimal pulmonary management. 
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Mechanism Primary Process Effect on Muscle Tissue 

Hypoxia 
Reduced mitochondrial 

function and ATP depletion 

Myocyte apoptosis and 

fatigue 

Cytokines (TNF-α, 

IL-6) 

Activation of proteasome 

pathway 

Accelerated protein 

breakdown 

Physical inactivity 
Decreased muscle load and 

metabolism 
Disuse atrophy and weakness 

Nutritional and 

hormonal deficit 
Reduced anabolic drive 

Impaired repair and 

regeneration 

 

Consequences: Reduced Exercise Capacity, Increased Dyspnea, Impaired Daily Activity 

The clinical consequences of skeletal muscle atrophy in COPD are profound, extending beyond 

physical weakness to functional disability and diminished survival. Loss of muscle mass and 

contractile function directly reduces exercise tolerance, making simple daily tasks physically 

exhausting. Patients develop early fatigue, dyspnea on exertion, and reduced walking distance, which 

further limit activity levels. This decline perpetuates a cycle of deconditioning and metabolic 

inefficiency 14,63. 

As muscle efficiency deteriorates, oxygen utilization becomes less effective, increasing ventilatory 

demand during exertion. The resulting dyspnea discourages physical activity, intensifying muscle 

atrophy and systemic deterioration. Moreover, muscle loss correlates strongly with lower six-minute 

walk distance (6MWD) and poor response to pulmonary rehabilitation 67. 

• Decline in endurance and physical performance. 

• Exacerbation of dyspnea and functional limitation. 

• Impaired participation in rehabilitation and slower recovery post-exacerbation. 

• Increased hospitalization and mortality risk. 

Thus, skeletal muscle dysfunction is not merely a secondary consequence but a core determinant of 

disease burden in COPD. Its recognition and management are vital components of comprehensive 

respiratory care, aiming to improve quality of life and preserve independence in affected individuals 

63. 
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Cellular and Molecular Mechanisms of Skeletal Muscle Atrophy 

Role of Oxidative Stress and Reactive Oxygen Species 

Oxidative stress plays a central role in the pathogenesis of skeletal muscle dysfunction in 

Chronic Obstructive Pulmonary Disease (COPD). Prolonged exposure to cigarette smoke, biomass 

fuel, and systemic hypoxia generates excessive reactive oxygen species (ROS) within both pulmonary 

and peripheral tissues 69. In skeletal muscle, ROS originate from dysfunctional mitochondria, activated 

inflammatory cells, and xanthine oxidase pathways. When the antioxidant defence system comprising 

enzymes such as superoxide dismutase, catalase, and glutathione peroxidase is overwhelmed, 

oxidative stress ensues, damaging cellular proteins, lipids, and DNA 70. 

The oxidative burden disrupts normal muscle metabolism by impairing calcium homeostasis, 

damaging contractile proteins, and triggering cellular apoptosis. Furthermore, ROS stimulate pro-

inflammatory cytokines such as TNF-α and IL-6, perpetuating a cycle of inflammation and tissue 

degradation. This sustained oxidative insult contributes to muscle fatigue, reduced endurance, and 

increased susceptibility to injury during exertion 50. 

Major consequences of oxidative stress in COPD-associated muscle dysfunction include: 

• Structural injury to myofibrils and contractile proteins. 

• Impaired mitochondrial respiration and ATP production. 

• Activation of proteolytic enzymes leading to muscle breakdown. 

• Amplification of local and systemic inflammatory responses. 

Therefore, oxidative stress represents a key pathogenic mechanism linking chronic inflammation, 

mitochondrial dysfunction, and muscle wasting in COPD, forming the biochemical foundation for 

sarcopenia and cachexia seen in advanced disease 68. 

Muscle Fiber Transition from Oxidative (Type I) to Glycolytic (Type II) Phenotype 

One of the most characteristic findings in COPD-related muscle dysfunction is the shift in 

muscle fiber composition from oxidative (type I) fibers to glycolytic (type II) fibers. Type I fibers are 

rich in mitochondria and oxidative enzymes, supporting endurance and sustained activity. In contrast, 

type II fibers rely on anaerobic metabolism, fatigue quickly, and generate less efficient energy 71. 

Chronic hypoxia, disuse, and reduced physical activity led to selective loss of oxidative fibers, replaced 

by glycolytic fibers. This transition impairs aerobic capacity, increases lactate accumulation during 
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exercise, and reduces fatigue resistance. The fiber-type shift is also associated with decreased capillary 

density, diminished mitochondrial function, and reduced oxidative enzyme expression, all contributing 

to exercise intolerance and muscle weakness 72. 

• Decrease in oxidative type I fibers with endurance capacity. 

• Increase in glycolytic type II fibers with early fatigue. 

• Reduced mitochondrial number and oxidative enzymes. 

• Lowered efficiency of oxygen utilization and ATP generation. 

This fiber remodelling reflects adaptation to chronic inactivity and hypoxia but ultimately worsens 

functional performance and exercise limitation in COPD patients. 

Decreased Oxidative Enzyme Activity and Mitochondrial Density 

The metabolic hallmark of skeletal muscle dysfunction in COPD is reduced oxidative capacity 

resulting from decreased oxidative enzyme activity and mitochondrial density. Enzymes such as citrate 

synthase, succinate dehydrogenase, and cytochrome oxidase, which are essential for oxidative 

phosphorylation, show marked reduction in affected muscle fibers. This enzymatic downregulation 

limits ATP generation and increases reliance on anaerobic glycolysis 73. 

Mitochondrial density and structural integrity are also compromised due to chronic hypoxia, oxidative 

stress, and sustained activation of autophagy. Damaged mitochondria produce excessive ROS, 

perpetuating cellular injury and impairing muscle contractility. The resulting energy deficit contributes 

to early fatigue and diminished endurance during physical exertion 74. 

Major metabolic consequences include: 

• Decreased efficiency of oxidative phosphorylation and ATP yield. 

• Elevated lactate production during mild exertion. 

• Mitochondrial fragmentation and reduced biogenesis. 

• Lowered resistance to fatigue and increased energy cost of movement. 

This reduction in oxidative capacity is a central mechanism linking biochemical, structural, and 

functional decline of skeletal muscles in COPD, explaining the profound exercise intolerance observed 

even in patients with moderate disease severity. 
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Functional Consequences of Muscle Atrophy in COPD 

Relationship Between Muscle Loss and Decreased Exercise Tolerance 

Muscle loss in Chronic Obstructive Pulmonary Disease (COPD) has a direct and profound 

impact on exercise tolerance. The reduction in skeletal muscle mass and strength decreases the ability 

to sustain physical activity, leading to early fatigue and reduced endurance. This limitation is not solely 

dependent on lung function but also reflects peripheral muscle inefficiency caused by atrophy and 

fiber-type alteration. The diminished contractile force of skeletal muscles results in a higher energy 

cost for any given activity, increasing the ventilatory demand and perceived breathlessness13,14,61.  

Patients with muscle wasting demonstrate impaired oxygen extraction and reduced oxidative enzyme 

activity, which leads to faster transition to anaerobic metabolism during exertion. The consequent 

lactate accumulation induces metabolic acidosis, further stimulating ventilation and worsening 

dyspnea 75. 

• Decreased muscle cross-sectional area reducing mechanical power. 

• Loss of oxidative fibers leading to early fatigue and poor endurance. 

• Impaired oxygen utilization and ATP generation. 

• Increased lactate production enhancing ventilatory drive. 

Thus, muscle loss creates a vicious cycle where physical inactivity worsens muscle atrophy, which in 

turn further restricts exercise capacity, contributing significantly to disability and dependence in COPD 

patients 75. 

Contribution to Ventilatory Inefficiency and Early Fatigability 

Ventilatory inefficiency is a hallmark of advanced COPD and is exacerbated by skeletal muscle 

dysfunction. The atrophic muscles exhibit reduced oxidative capacity, requiring higher oxygen 

consumption for the same workload, which increases the ventilatory equivalent for oxygen. This 

inefficiency forces the respiratory system to work harder, causing premature exhaustion of both 

respiratory and peripheral muscles 63,76. 

As muscle fatigue develops earlier, patients experience dyspnea and exercise intolerance even during 

minimal exertion. The impaired oxidative metabolism and elevated carbon dioxide production further 

stimulate ventilation, increasing the work of breathing and worsening hyperinflation. The combined 
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effects of muscle atrophy, decreased strength, and altered metabolic profile amplify ventilatory 

inefficiency and fatigue 77. 

Main contributors to ventilatory inefficiency and fatigue: 

• Reduced oxidative capacity leading to higher oxygen cost of movement. 

• Increased reliance on anaerobic metabolism. 

• Dynamic hyperinflation and greater respiratory effort. 

• Impaired coordination between respiratory and peripheral muscle performance. 

This interplay between muscular and ventilatory systems highlights why pulmonary rehabilitation that 

targets both respiratory and limb muscle conditioning is vital for improving functional outcomes 77. 

Association with Reduced 6-Minute Walk Distance and Quality of Life 

The 6-minute walk distance (6MWD) is a simple and reliable indicator of functional status in 

COPD, reflecting the integrated performance of respiratory, cardiovascular, and musculoskeletal 

systems. Skeletal muscle loss and weakness are strongly correlated with shorter 6MWD, indicating 

reduced endurance and exercise tolerance. Patients with significant muscle atrophy generate lower 

mechanical output, fatigue rapidly, and experience greater dyspnea during walking tests 78. 

Furthermore, muscle dysfunction adversely affects daily activities, independence, and health-related 

quality of life. Limited mobility contributes to social isolation, psychological distress, and reduced 

participation in pulmonary rehabilitation programs 63. These limitations are often reflected in higher 

scores on symptom assessment tools such as the Modified Medical Research Council (mMRC) 

Dyspnea Scale and the COPD Assessment Test (CAT) 79. 

Core associations between muscle loss and functional impairment: 

• Decreased walking distance due to loss of power and endurance. 

• Increased dyspnea perception reducing daily activity. 

• Lower quality of life and self-care ability. 

• Poorer response to rehabilitation and increased fatigue perception. 
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Parameter Effect of Muscle Loss Clinical Implication 

6MWD Significantly reduced Indicator of exercise limitation 

Physical activity Markedly decreased Leads to sedentary behavior 

Quality of life Impaired Correlates with disease severity 

Rehabilitation outcome Diminished Requires individualized training 

 

Muscle preservation and strengthening through nutritional and rehabilitative interventions are 

therefore critical to maintain mobility and improve life quality in COPD. 

Prognostic Implications: Mortality and Frequency of Exacerbations 

Skeletal muscle wasting in COPD is not only a functional impairment but also a strong 

prognostic marker of disease severity and mortality. Several studies have shown that loss of fat-free 

mass (FFM) and reduced muscle strength independently predict increased mortality, even when 

adjusted for FEV₁. The mechanisms underlying this association include reduced physical resilience, 

impaired immune function, and heightened systemic inflammation 80. 

Muscle atrophy also correlates with increased frequency and severity of exacerbations, as 

deconditioned patients have lower exercise thresholds and weaker respiratory reserve. Recurrent 

exacerbations accelerate the decline in lung function, perpetuate systemic inflammation, and aggravate 

muscle wasting, forming a self-reinforcing cycle of deterioration 14 

• Reduced FFM and quadriceps strength linked to higher mortality risk. 

• Frequent exacerbations associated with accelerated functional decline. 

• Cachexia predicting poor response to therapy and prolonged hospitalization. 

• Muscle weakness as a determinant of post-exacerbation recovery time. 

The recognition of muscle mass as an independent prognostic variable underscores its importance in 

risk stratification and long-term management. Early interventions aimed at reversing or stabilizing 

muscle loss can significantly improve survival, reduce exacerbation rates, and enhance overall patient 

outcomes in COPD 80. 
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Assessment of Skeletal Muscle Mass and Function in COPD 

Available Assessment Methods 

Assessment of skeletal muscle mass and function in Chronic Obstructive Pulmonary Disease 

(COPD) is an essential component of evaluating disease severity, exercise capacity, and prognosis. 

Various techniques ranging from sophisticated imaging to simple bedside measurements have been 

developed to quantify muscle quantity and quality. The choice of method depends on available 

resources, clinical context, and the degree of accuracy required 81. 

In clinical research, both direct and indirect methods are used to assess muscle mass. Direct techniques, 

such as dual-energy X-ray absorptiometry (DEXA), computed tomography (CT), and magnetic 

resonance imaging (MRI), offer precise quantification of muscle composition and distribution. Indirect 

measures, including anthropometric indices and bioelectrical impedance analysis (BIA), provide 

practical alternatives suitable for large-scale or outpatient settings 82. 

• Total and regional muscle mass. 

• Fat-free mass (FFM) and appendicular skeletal muscle mass (ASMM). 

• Muscle strength, endurance, and functional capacity. 

• Structural and metabolic characteristics of muscle fibers. 

A comprehensive evaluation often combines a structural assessment (e.g., DEXA or CT) with a 

functional test (e.g., handgrip strength or 6-minute walk distance) to provide an integrated 

understanding of muscle status in COPD patients 83. 

Direct Techniques: DEXA, CT, MRI, and Bioelectrical Impedance 

• Dual-Energy X-ray Absorptiometry (DEXA): DEXA is considered the reference standard 

for body composition analysis. It accurately measures total and regional lean mass, fat mass, 

and bone mineral density. In COPD, DEXA-derived Fat-Free Mass Index (FFMI) is a reliable 

indicator of muscle wasting and correlates with exercise tolerance and mortality 84. 

• Computed Tomography (CT): CT provides cross-sectional imaging of skeletal muscle, 

allowing assessment of muscle area and density. It can detect fat infiltration within muscle 

tissue, reflecting muscle quality. Quantification of thigh or pectoralis muscle area on CT scans 

is commonly used to evaluate sarcopenia in COPD 85. 

• Magnetic Resonance Imaging (MRI): MRI offers high-resolution, radiation-free 

visualization of muscle compartments. It enables differentiation between muscle and adipose 
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tissue and assessment of intramuscular fat content, which is valuable in evaluating cachexia 

and myosteatosis 86. 

• Bioelectrical Impedance Analysis (BIA): BIA is a non-invasive, quick, and inexpensive 

technique that estimates body composition by measuring tissue resistance to electrical currents. 

It provides an estimate of fat-free mass and total body water, though accuracy can be affected 

by hydration status and edema 87. 

Direct measurement techniques: 

• DEXA: precise, reproducible, radiation exposure minimal. 

• CT: accurate muscle density and area measurement, limited by radiation dose. 

• MRI: detailed assessment without radiation but costly and time-intensive. 

• BIA: simple and portable, yet less accurate in clinical illness. 

Method Advantages Limitations 

DEXA 
High accuracy, reliable lean mass 

estimation 
Limited portability, moderate cost 

CT 
Visualizes muscle density and fat 

infiltration 
Radiation exposure, high cost 

MRI 
Excellent soft tissue contrast, no 

radiation 
Time-consuming, expensive 

BIA Quick, bedside applicability 
Accuracy affected by hydration, 

edema 

 

Limitations of Advanced Imaging in Clinical Settings 

Although DEXA, CT, and MRI provide excellent accuracy, their routine use in clinical practice 

is often restricted by several practical barriers. The foremost limitations include cost, accessibility, 

technical expertise, and patient tolerance. These modalities require sophisticated equipment and 

trained personnel, which are not universally available, particularly in resource-limited healthcare 

settings 88. 

CT and MRI, while informative, are time-consuming and expensive, making them impractical for 

serial follow-ups. CT also exposes patients to ionizing radiation, raising safety concerns when repeated 

scans are required. DEXA, though relatively safer, is limited by machine availability and restricted 

scanning capacity in peripheral or rural hospitals. Furthermore, these imaging methods primarily 
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quantify structural loss but may not fully reflect functional impairment or dynamic muscle changes 

associated with rehabilitation or disease progression 89. 

• High financial and infrastructural requirements. 

• Limited accessibility outside tertiary centers. 

• Radiation exposure in CT-based assessments. 

• Poor suitability for repeated bedside monitoring. 

Thus, despite their scientific value, these techniques are more feasible for research or specialized 

evaluation rather than routine clinical screening in COPD patients. 

Need for Simple, Reliable, and Non-Invasive Alternatives 

Given the constraints of advanced imaging, there is a strong clinical need for simple, 

reproducible, and non-invasive alternatives that can be implemented in outpatient and bedside settings. 

Anthropometric measurements such as Body Mass Index (BMI), Mid-Arm Muscle Circumference 

(MAMC), Calf Circumference (CC), Fat-Free Mass Index (FFMI), and Appendicular Skeletal Muscle 

Mass Index (ASMI) have emerged as valuable tools for assessing muscle status in COPD 90. 

These measurements are inexpensive, easily repeatable, and require minimal equipment or technical 

expertise”. They provide a practical means to identify patients at risk of sarcopenia or cachexia early, 

allowing timely intervention with nutritional support and pulmonary rehabilitation. In addition, 

combining anthropometric assessment with functional tests such as handgrip strength or 6-minute walk 

distance enhances diagnostic accuracy and prognostic utility 6. 

Important advantages of simple anthropometric approaches: 

• Non-invasive, low-cost, and suitable for repeated evaluations. 

• Applicable in both hospital and community settings. 

• Reflect overall nutritional and functional status. 

• Useful for risk stratification and monitoring response to therapy. 

Therefore, in the context of COPD, anthropometric indices serve as a clinically viable alternative to 

complex imaging methods, bridging the gap between precision assessment and real-world 

applicability, and are especially beneficial in low-resource healthcare environments 6. 

Role of Anthropometric Indices in COPD Evaluation 
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Importance of Anthropometry in Assessing Nutritional and Muscular Status 

Anthropometry serves as one of the most practical and clinically relevant tools for assessing 

nutritional status and skeletal muscle mass in patients with Chronic Obstructive Pulmonary Disease 

(COPD). It provides a simple, non-invasive, and cost-effective method for evaluating body 

composition, particularly in settings where advanced imaging modalities such as DEXA, CT, or MRI 

are not feasible. In COPD, where systemic inflammation, hypoxia, and malnutrition frequently coexist, 

anthropometric parameters help detect early signs of sarcopenia, cachexia, and overall nutritional 

depletion 17. 

These measurements are valuable in both research and clinical practice because they reflect not only 

the extent of muscle wasting but also the functional status of patients. They can be used serially to 

monitor disease progression, response to rehabilitation, and effectiveness of nutritional interventions. 

Anthropometry also helps in risk stratification patients with lower values in specific indices are more 

likely to experience poor exercise tolerance, increased hospitalization, and higher mortality 17. 

Salient advantages of anthropometric assessment include: 

• Simple, reproducible, and inexpensive bedside technique. 

• Reflects both nutritional reserve and muscular integrity. 

• Useful for early detection of muscle atrophy in resource-limited settings. 

• Aids in tailoring individualized rehabilitation and nutritional programs. 

Through these advantages, anthropometry bridges the gap between complex imaging and practical 

bedside assessment, forming an integral component of COPD management and follow-up. 

Common Indices Used 

• Body Mass Index (BMI): BMI is a widely used screening tool calculated as weight (kg) 

divided by height squared (m²). It provides an overall measure of body composition but does 

not differentiate between fat and lean mass. In COPD, a low BMI (<21 kg/m²) is associated 

with higher mortality, poorer exercise performance, and increased exacerbation risk. However, 

normal or high BMI may mask underlying muscle depletion, highlighting its limitation as a 

sole indicator of muscle atrophy 91. 

• Mid-Arm Circumference (MAC): MAC is measured at the midpoint between the acromion 

and olecranon process using a measuring tape. It reflects combined muscle and subcutaneous 
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fat stores. Decreased MAC indicates nutritional deficiency and possible muscle wasting, 

though it cannot distinguish between fat and lean components independently 92. 

• Mid-Arm Muscle Circumference (MAMC): MAMC is a derived index calculated using the 

formula:  

• MAMC = MAC − (π × Triceps Skinfold Thickness): This adjustment isolates the muscle 

component, providing a more accurate estimate of lean tissue mass in the upper arm. A 

reduction in MAMC strongly correlates with loss of fat-free mass and reduced functional 

capacity in COPD 93. 

• Calf Circumference (CC): CC, measured at the largest part of the calf, serves as a robust 

indicator of peripheral muscle mass, particularly in the lower limbs that are most affected in 

COPD. A CC below 31 cm is generally considered diagnostic of sarcopenia in adults. It 

correlates strongly with exercise endurance, walking distance, and quadriceps strength, making 

it a reliable bedside marker for muscle atrophy 94. 

• Fat-Free Mass Index (FFMI): FFMI is calculated as fat-free mass (kg) divided by height 

squared (m²) and reflects the total body lean mass without fat. FFMI values below 16 kg/m² 

for males and 15 kg/m² for females indicate muscle depletion. “FFMI provides better prognostic 

information than BMI, as patients with preserved BMI but low FFMI still experience high 

mortality and disability 95. 

• Appendicular Skeletal Muscle Mass Index (ASMI): ASMI, derived from appendicular lean 

mass (limb muscle mass) divided by height squared (m²), is considered a specific indicator of 

skeletal muscle mass. It helps in diagnosing sarcopenia according to international consensus 

criteria. The cutoff values for muscle atrophy are typically <7.0 kg/m² in males and <5.7 kg/m² 

in females. ASMI directly correlates with limb muscle strength and walking capacity in COPD 

patients 96. 

Index Measurement Basis Interpretation 
Cutoff for Muscle 

Depletion 

BMI Weight/height² General nutritional status 
<21 kg/m² (COPD-

related risk) 

MAC Arm circumference 
Combined fat and muscle 

mass 

<23 cm suggests 

malnutrition 

MAMC 
MAC – (π × Triceps 

skinfold) 

Muscle-specific arm 

mass 

<19 cm indicates muscle 

loss 

CC Calf circumference 
Peripheral muscle 

indicator 

<31 cm diagnostic of 

sarcopenia 
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FFMI Fat-free mass/height² Overall lean tissue mass 
<16 kg/m² (men), <15 

kg/m² (women) 

ASMI 
Limb muscle 

mass/height² 
Skeletal muscle measure 

<7.0 kg/m² (men), <5.7 

kg/m² (women) 

 

Clinical Interpretation and Cutoff Values for Muscle Atrophy 

Clinical interpretation of anthropometric parameters in COPD involves comparing measured 

values against established reference standards. Each index provides insight into specific aspects of 

body composition BMI for overall nutrition, MAMC for limb muscle mass, and CC or FFMI for global 

lean mass assessment. Cutoff values below normal thresholds indicate significant muscle depletion or 

sarcopenia 17. 

In COPD, these reduced measurements are associated with: 

• Decreased functional performance (e.g., lower 6-minute walk distance). 

• Increased symptom burden, fatigue, and exercise intolerance. 

• Poorer outcomes following pulmonary rehabilitation. 

• Elevated mortality risk and frequent exacerbations. 

Important clinical cutoffs for identifying muscle atrophy: 

• BMI <21 kg/m² – undernutrition and poor prognosis. 

• FFMI <16 kg/m² (males), <15 kg/m² (females) – lean mass depletion. 

• ASMI <7.0 kg/m² (males), <5.7 kg/m² (females) – skeletal muscle atrophy. 

• CC <31 cm – predictor of sarcopenia and impaired mobility. 

Using these cutoffs enables early recognition of muscle loss, guiding nutritional supplementation and 

exercise interventions tailored to disease severity. 

Comparative Value of Each Index in Reflecting Muscle Loss and Function 

Each anthropometric index provides distinct clinical information, and their comparative 

evaluation enhances diagnostic precision. BMI, while easy to calculate, lacks sensitivity to detect 

hidden muscle depletion (sarcopenic obesity). MAC and MAMC offer better discrimination of muscle 

versus fat components, while CC serves as a reliable predictor of peripheral muscle performance and 
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exercise capacity. FFMI and ASMI remain the most comprehensive indicators, integrating body 

composition with functional status 97. 

Relative clinical usefulness of indices: 

• BMI: Global nutritional screening; limited for detecting isolated muscle loss. 

• MAC/MAMC: Effective in evaluating arm muscle mass in outpatient settings. 

• CC: Strongly correlates with lower limb strength and 6MWD. 

• FFMI/ASMI: Most accurate in quantifying lean mass and diagnosing sarcopenia. 

In COPD management, combining FFMI or ASMI with CC and MAMC offers the most reliable 

assessment of muscle atrophy and functional limitation. The use of these indices together provides a 

comprehensive picture of both nutritional and muscular health, ensuring early intervention and better 

patient outcomes 17. 

Anthropometric assessment provides an accessible, reproducible, and clinically meaningful approach 

for evaluating muscle mass and nutritional status in COPD, forming a cornerstone for disease 

monitoring and holistic management 17. 

Anthropometric Indicators and Disease Severity in COPD 

Relationship Between Anthropometric Indices and Spirometric Parameters (FEV₁, FVC, 

FEV₁/FVC Ratio) 

Anthropometric indices provide valuable insight into the systemic impact of Chronic 

Obstructive Pulmonary Disease (COPD) and correlate strongly with spirometric parameters such as 

Forced Expiratory Volume in one second (FEV₁), Forced Vital Capacity (FVC), and the FEV₁/FVC 

ratio. In COPD, progressive airflow limitation is accompanied by metabolic and nutritional 

disturbances that manifest as reduced body mass, muscle wasting, and altered anthropometric 

measures 98. 

Patients with lower Body Mass Index (BMI), Fat-Free Mass Index (FFMI), and Calf Circumference 

(CC) tend to have significantly lower FEV₁ and FVC values, indicating that muscle depletion parallels 

pulmonary decline. A reduction in FEV₁/FVC ratio an indicator of airflow obstruction also reflects 

worsening nutritional and muscular status. This relationship demonstrates the systemic nature of 

COPD, where pulmonary and peripheral deterioration occur concurrently 99. 
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Mechanisms linking anthropometry and spirometry: 

• Muscle atrophy reduces ventilatory muscle strength, limiting expiratory flow. 

• Systemic inflammation and oxidative stress contribute to both lung and muscle damage. 

• Nutritional deficiency diminishes respiratory muscle efficiency. 

• Loss of lean mass correlates with reduced lung elastic recoil and vital capacity. 

Thus, anthropometric measures indirectly reflect pulmonary function, making them valuable adjuncts 

to spirometry for evaluating disease burden and progression. 

Parameter Physiological Correlation Clinical Implication 

BMI ↓ Lower FEV₁ and FVC Indicates systemic catabolic effect 

FFMI ↓ Reduced FEV₁/FVC ratio 
Associated with muscle weakness 

and airflow limitation 

CC ↓ Decline in FEV₁ 
Predicts reduced endurance and 

ventilatory efficiency 

 

Association with GOLD Staging and BODE Index 

Anthropometric indices show a strong association with Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) staging, which classifies COPD severity based on airflow 

limitation, symptoms, and exacerbation risk. As GOLD stage advances from mild to very severe, 

parameters such as BMI, FFMI, and MAMC progressively decline. This pattern signifies worsening 

systemic involvement alongside pulmonary deterioration 100. 

In addition, the BODE index which integrates Body Mass Index (B), Airflow Obstruction (O, measured 

by FEV₁), Dyspnea (D), and Exercise capacity (E, measured by 6MWD) further emphasizes the 

importance of anthropometry in disease evaluation. A low BMI or FFMI contributes to a higher BODE 

score, indicating greater mortality risk. Patients with reduced anthropometric values consistently 

exhibit poorer performance on functional and spirometric measures 101. 

Correlative trends: 

• Decreasing FFMI corresponds with worsening GOLD stage (III–IV). 

• BMI and CC decline with increasing airflow limitation. 

• Low BMI significantly elevates BODE index and mortality risk. 
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• Anthropometric decline parallels increased dyspnea and reduced exercise capacity. 

These associations confirm that anthropometric parameters serve as important systemic markers within 

COPD staging, complementing spirometric classification by integrating nutritional and muscular 

dimensions 100,101. 

Predictive Value of Reduced FFMI or CC in Severe COPD 

Reduced Fat-Free Mass Index (FFMI) and Calf Circumference (CC) are powerful predictors 

of morbidity and mortality in severe COPD. Unlike BMI, which may remain normal despite muscle 

loss, FFMI and CC specifically reflect lean tissue depletion and functional impairment. Patients with 

low FFMI (<16 kg/m² in men, <15 kg/m² in women) show greater exercise intolerance, higher 

exacerbation frequency, and increased hospitalization rates 102. 

Similarly, a CC below 31 cm is an independent predictor of decreased lower-limb strength, poor 6-

minute walk distance, and limited rehabilitation response. Both parameters correlate strongly with 

reduced ventilatory efficiency and higher oxygen demand during exertion, highlighting the link 

between peripheral muscle status and respiratory performance 103. 

Predictive implications of reduced FFMI or CC: 

• Early identification of sarcopenia and physical frailty. 

• Increased likelihood of frequent exacerbations and prolonged recovery. 

• Greater risk of systemic complications and weight loss. 

• Higher mortality independent of FEV₁. 

Therefore, regular monitoring of FFMI and CC enables timely recognition of high-risk patients and 

facilitates early intervention through nutritional supplementation, exercise therapy, and 

pharmacological optimization. 

Physiological Interdependence between Respiratory and Skeletal Muscle Function 

Role of Respiratory Muscle Weakness in COPD Progression 

Respiratory muscle weakness is a critical yet often underappreciated component of Chronic 

Obstructive Pulmonary Disease (COPD) pathophysiology. The diaphragm, intercostal, and accessory 

respiratory muscles are continuously overburdened due to chronic airflow limitation, hyperinflation, 

and increased airway resistance. Over time, this persistent mechanical load leads to muscle fatigue, 
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fiber remodelling, and contractile inefficiency, resulting in progressive respiratory muscle weakness 

104. 

In COPD, lung hyperinflation flattens the diaphragm, reducing its curvature and mechanical 

advantage. This structural distortion increases the effort required for inspiration, further elevating the 

oxygen cost of breathing. Chronic hypoxia, oxidative stress, and systemic inflammation exacerbate 

muscular dysfunction by impairing mitochondrial function and protein turnover 105. 

• Increased mechanical load from airflow obstruction and dynamic hyperinflation. 

• Reduced muscle fiber elasticity and contractile efficiency. 

• Oxidative damage and proteolytic enzyme activation. 

• Nutritional depletion and systemic inflammation leading to muscle catabolism. 

Respiratory muscle weakness perpetuates disease progression by reducing ventilatory efficiency, 

promoting CO₂ retention, and worsening dyspnea. As a result, patients experience earlier onset of 

respiratory failure and greater difficulty recovering from exacerbations, underscoring the vital role of 

respiratory muscle integrity in COPD prognosis 106. 

Shared Mechanisms of Limb and Respiratory Muscle Dysfunction 

The dysfunction observed in limb and respiratory muscles in COPD shares common 

pathophysiological mechanisms, indicating that skeletal muscle impairment is a systemic phenomenon 

rather than a localized process. Both muscle groups are affected by chronic inflammation, oxidative 

stress, hypoxia, and nutritional imbalance, leading to structural and metabolic deterioration 3. 

At the molecular level, activation of catabolic pathways such as the ubiquitin–proteasome system and 

NF-κB signalling causes degradation of contractile proteins in both respiratory and peripheral muscles. 

In addition, mitochondrial dysfunction and impaired calcium homeostasis reduce energy efficiency 

and endurance capacity 107. 

Similar adaptive changes are observed in both muscle types: 

• Shift from oxidative (type I) to glycolytic (type II) fibers, reducing fatigue resistance. 

• Decrease in capillary density and mitochondrial enzyme activity. 

• Elevated reactive oxygen species causing protein oxidation and apoptosis. 

• Suppression of anabolic hormones such as testosterone and IGF-1. 
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While respiratory muscles undergo chronic overuse, leading to fatigue and mechanical inefficiency, 

limb muscles suffer disuse atrophy due to physical inactivity. These parallel yet distinct stressors result 

in a global reduction of muscle performance, contributing to functional decline and reduced quality of 

life 108. 

Impact on Dyspnea, Exercise Intolerance, and Ventilatory Mechanics 

Respiratory muscle weakness plays a direct role in the hallmark symptoms of COPD dyspnea 

and exercise intolerance through its adverse effects on ventilatory mechanics. The weakened 

diaphragm is unable to generate adequate inspiratory pressure, forcing reliance on accessory muscles, 

which are less efficient and fatigue easily. Dynamic hyperinflation further limits tidal volume 

expansion, leading to shallow, rapid breathing that increases the sensation of breathlessness 105. 

During physical exertion, inadequate respiratory muscle function leads to early onset of ventilatory 

failure, higher perceived effort, and premature exercise termination. This not only restricts physical 

activity but also accelerates deconditioning of limb muscles, compounding overall exercise intolerance 

109. 

Physiological consequences of respiratory muscle weakness include: 

• Increased dyspnea: Due to reduced inspiratory capacity and elevated work of breathing. 

• Impaired ventilatory mechanics: Flattened diaphragm and altered chest wall motion. 

• Reduced exercise tolerance: Early fatigue of respiratory and limb muscles. 

• Higher energy cost of breathing: Exacerbating systemic oxygen deficit. 

Pathophysiological Factor Mechanistic Outcome Clinical Manifestation 

Diaphragmatic flattening 
Reduced mechanical 

efficiency 

Increased inspiratory 

effort 

Respiratory muscle fatigue Decreased tidal volume Worsening dyspnea 

Oxidative and inflammatory 

stress 
Impaired contractility Early fatigability 

Nutritional and hormonal 

deficit 
Muscle atrophy 

Reduced exercise 

endurance 

 

Respiratory muscle weakness in COPD represents the intersection between pulmonary pathology and 

systemic dysfunction. It not only amplifies dyspnea and limits exercise capacity but also accelerates 

disease progression. Strengthening respiratory and limb muscles through pulmonary rehabilitation, 
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nutritional optimization, and inspiratory muscle training is therefore essential to break the cycle of 

breathlessness and inactivity, improving both functional capacity and prognosis 110. 

Clinical Consequences of Skeletal Muscle Atrophy 

Reduced Exercise Tolerance and Physical Inactivity 

Reduced exercise tolerance is one of the most significant systemic consequences of Chronic 

Obstructive Pulmonary Disease (COPD). Skeletal muscle wasting, particularly in the lower limbs, 

limits endurance and strength, leading to early fatigue during physical activity. As a result, patients 

become progressively sedentary, creating a vicious cycle where inactivity further aggravates muscle 

atrophy and deconditioning. This reduction in physical capability is not solely a consequence of 

impaired lung mechanics but also stems from peripheral muscle dysfunction, altered energy 

metabolism, and reduced oxidative capacity 111.  

The decline in muscle performance diminishes the ability to perform daily activities such as walking, 

climbing stairs, or self-care tasks. Over time, this reduced physical activity contributes to worsening 

disability and decreased quality of life 111. 

Major contributors to inactivity in COPD: 

• Loss of muscle mass and mitochondrial function causing early fatigue. 

• Increased lactic acid accumulation due to poor oxidative metabolism. 

• Dyspnea limiting exertional effort and discouraging mobility. 

• Psychological factors such as anxiety and depression reducing motivation. 

Therefore, reduced exercise tolerance and inactivity are both cause and consequence of muscle 

dysfunction in COPD, accelerating overall disease progression and physical dependence 111. 

Worsening Dyspnea and Ventilatory Inefficiency 

Dyspnea, or breathlessness, is the cardinal symptom of COPD and is closely linked to 

ventilatory inefficiency resulting from both pulmonary and muscular dysfunction. As skeletal and 

respiratory muscles weaken, their ability to sustain effective ventilation declines, leading to increased 

work of breathing. Hyperinflation and reduced elastic recoil further compromise respiratory 

mechanics, making each breath energetically demanding 112. 

The weakened diaphragm, coupled with diminished peripheral muscle endurance, causes premature 

fatigue during exertion, forcing patients to adopt rapid, shallow breathing patterns. This ventilatory 
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inefficiency not only aggravates dyspnea but also reduces oxygen uptake and increases carbon dioxide 

retention 113. 

Pathophysiological factors contributing to worsening dyspnea include: 

• Respiratory muscle weakness and reduced inspiratory capacity. 

• Air trapping and dynamic hyperinflation during exertion. 

• Impaired oxygen utilization by peripheral muscles. 

• Increased ventilatory drive due to lactic acid accumulation. 

This physiological burden perpetuates avoidance of activity, further reducing exercise capacity and 

enhancing the perception of breathlessness, ultimately worsening functional limitation in COPD 114. 

Poor Response to Pulmonary Rehabilitation and Increased Healthcare Utilization 

Pulmonary rehabilitation is a cornerstone in the management of COPD; however, its 

effectiveness is significantly compromised in patients with severe muscle wasting. Low baseline 

muscle mass and strength limit the ability to perform rehabilitation exercises effectively, reducing 

training intensity and physiological adaptation. Consequently, improvements in exercise tolerance, 

dyspnea scores, and quality of life are markedly less pronounced in patients with sarcopenia or 

cachexia 115. 

Furthermore, muscle depletion contributes to increased frequency of exacerbations and prolonged 

recovery times, resulting in higher healthcare utilization. Such patients often experience frequent 

hospitalizations, longer inpatient stays, and higher dependence on medical support. The poor 

rehabilitative response reflects the systemic and irreversible nature of muscle atrophy in advanced 

disease stages 116. 

• Diminished muscle power limiting exercise participation. 

• Reduced anabolic response to physical training and nutrition. 

• Persistent systemic inflammation impairing tissue recovery. 

• Increased hospitalization and healthcare costs due to frequent exacerbations. 

Thus, addressing nutritional and muscular deficits before and during rehabilitation is essential to 

enhance responsiveness and reduce overall healthcare burden in COPD management. 

 



54 
 

St. George’s Respiratory Questionnaire (SGRQ) & SGRQ-C 

St. George’s Respiratory Questionnaire (SGRQ) 

The St. George’s Respiratory Questionnaire (SGRQ) is a standardized, disease-specific health-

related quality of life (HRQoL) instrument designed to measure the impact of chronic airflow 

limitation on overall health, daily life, and perceived well-being. It is most commonly used in patients 

with Chronic Obstructive Pulmonary Disease (COPD) and asthma and is widely applied in clinical 

trials, epidemiological studies, and routine clinical practice to assess disease burden and response to 

therapy 117. 

The original SGRQ consists of 50 items divided into three domains. The Symptoms domain evaluates 

the frequency and severity of respiratory symptoms such as cough, sputum production, wheeze, 

breathlessness, and episodes of chest illness over a specified recall period. The Activity domain 

assesses activities that cause or are limited by breathlessness, reflecting the functional impact of 

respiratory disease on physical exertion. The Impacts domain measures the broader psychosocial 

effects of the disease, including disturbances in daily activities, social functioning, emotional well-

being, and expectations of health 118. 

Each item in the questionnaire is weighted according to empirically derived values. Responses are 

converted into scores for each domain and a total score using a standardized scoring algorithm. Scores 

range from 0 to 100, where 0 indicates no impairment and 100 indicates maximum impairment of 

health status. Higher scores therefore reflect worse health-related quality of life 119. The SGRQ has 

been extensively validated across different populations and languages and demonstrates high 

reliability, internal consistency, and sensitivity to clinical change. A change of 4 units or more in the 

total score is considered the minimum clinically important difference (MCID), indicating a meaningful 

change in a patient’s health status 120. 

Clinical Applications of SGRQ 

The SGRQ is used to quantify baseline disease severity, compare health status between patient 

groups, and evaluate the effectiveness of pharmacological and non-pharmacological interventions such 

as bronchodilators, inhaled corticosteroids, pulmonary rehabilitation, smoking cessation programs, 

and long-term oxygen therapy. It is particularly useful in longitudinal studies where changes in quality 

of life over time are important endpoints. The questionnaire correlates well with lung function 

parameters such as FEV₁, exercise capacity, and frequency of exacerbations, although it provides 

complementary information that spirometry alone cannot capture 121. 
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Limitations of the Original SGRQ  

Despite its strengths, the original SGRQ has certain limitations. It is relatively lengthy and 

time-consuming, taking approximately 10–15 minutes to complete, which can be challenging in busy 

clinical settings or for elderly patients with severe disease. Some items are more relevant to asthma 

than COPD, and certain questions may show redundancy when applied exclusively to COPD 

populations. These limitations led to the development of a modified version specifically tailored for 

COPD 122. 

St. George’s Respiratory Questionnaire for COPD (SGRQ-C) 

The SGRQ-C is a COPD-specific, shortened version of the original SGRQ, developed to 

improve feasibility while maintaining the psychometric properties of the parent questionnaire. It 

retains the same conceptual framework and scoring methodology but removes items that are less 

relevant or redundant for COPD patients. The SGRQ-C consists of 40 items, reducing respondent 

burden without compromising validity or responsiveness 123. 

Like the original questionnaire, the SGRQ-C is divided into three domains: Symptoms, Activity, and 

Impacts. The Symptoms domain focuses on the frequency and severity of chronic respiratory 

symptoms and exacerbations typical of COPD. The Activity domain evaluates limitations due to 

breathlessness during physical activities such as walking, climbing stairs, or household work. The 

Impacts domain assesses the social and psychological consequences of COPD, including fatigue, 

anxiety related to breathlessness, social isolation, and reduced confidence 123. 

Scoring of the SGRQ-C follows the same weighted system as the original SGRQ, producing domain 

scores and a total score ranging from 0 to 100, with higher scores indicating worse health status. The 

minimum clinically important difference of 4 units also applies to the SGRQ-C, allowing direct 

comparison with studies using the original questionnaire 124. 

Advantages and Use of SGRQ-C 

The SGRQ-C offers several advantages in COPD research and clinical practice. It requires less 

time to administer, improves patient compliance, and is more suitable for large clinical trials and 

routine outpatient assessments. It has been shown to have strong correlation with the original SGRQ, 

high internal consistency, and excellent responsiveness to interventions known to improve COPD 

outcomes, such as bronchodilator therapy and pulmonary rehabilitation 125. 
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The SGRQ-C is particularly useful in COPD-focused studies where quality of life is a key outcome 

measure. It is now commonly used as a primary or secondary endpoint in clinical trials evaluating new 

therapies for COPD and in observational studies assessing disease burden and treatment response 126. 

Higher Morbidity and Mortality in Patients with Low Muscle Mass 

Low skeletal muscle mass is a strong and independent predictor of morbidity and mortality in 

COPD. Even after adjusting for FEV₁ or BMI, patients with reduced Fat-Free Mass Index (FFMI) or 

Calf Circumference (CC) exhibit significantly higher rates of hospitalization, exacerbations, and death. 

The loss of muscle mass reflects systemic disease severity, encompassing chronic inflammation, 

oxidative stress, and metabolic imbalance 127. 

Muscle depletion leads to reduced ventilatory reserve, poor exercise performance, and increased 

vulnerability to infections and acute decompensation. These factors collectively elevate morbidity and 

accelerate disease progression. Moreover, cachexia in COPD represents an advanced catabolic state 

with poor reversibility, often associated with poor nutritional status, persistent hypoxemia, and high 

systemic inflammation 11. 

• Increased risk of respiratory failure and exacerbation-related admissions. 

• Reduced capacity for post-hospital recovery and rehabilitation. 

• Poor tolerance to medical and surgical interventions. 

• Significantly shorter survival, independent of spirometric severity. 

Clinical Parameter Effect of Low Muscle Mass Outcome 

Exercise performance Decreased endurance and 6MWD Functional limitation 

Rehabilitation response Poor adaptation and strength gain Limited improvement 

Exacerbation frequency Increased hospital admissions High healthcare burden 

Mortality Elevated risk despite similar FEV₁ Poor long-term survival 

 

Skeletal muscle loss in COPD has far-reaching clinical consequences beyond physical weakness. It 

amplifies dyspnea, worsens ventilatory efficiency, diminishes rehabilitation outcomes, and elevates 

morbidity and mortality. Early detection through anthropometric and functional assessments, coupled 
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with targeted nutritional and exercise interventions, remains crucial for improving prognosis and 

quality of life in COPD patients 63. 

Rehabilitation and Reversibility of Muscle Dysfunction 

Benefits of Pulmonary Rehabilitation on Muscle Mass and Endurance 

Pulmonary rehabilitation (PR) is one of the most effective non-pharmacological interventions 

for patients with Chronic Obstructive Pulmonary Disease (COPD). Beyond improving respiratory 

symptoms, PR significantly enhances skeletal muscle mass, strength, and endurance, thereby 

improving overall exercise capacity and quality of life. The program integrates exercise training, 

nutritional support, and education, addressing both pulmonary and systemic components of the disease 

128. 

Regular participation in pulmonary rehabilitation reverses part of the physical deconditioning caused 

by inactivity and muscle wasting. Exercise training stimulates muscle hypertrophy, increases capillary 

density, and improves mitochondrial efficiency. As a result, oxygen utilization during physical activity 

becomes more effective, reducing lactic acid accumulation and the perception of dyspnea 129. 

Major benefits of pulmonary rehabilitation include: 

• Increased muscle strength and lean body mass. 

• Improved oxidative enzyme activity and energy metabolism. 

• Enhanced endurance and functional independence. 

• Reduced dyspnea and fatigue during daily activities. 

In addition, rehabilitation has been shown to decrease hospitalization frequency, improve emotional 

well-being, and slow the overall decline in physical performance, making it a cornerstone of COPD 

management 115. 

Mechanisms of Muscle Remodelling and Metabolic Adaptation 

Muscle remodelling during pulmonary rehabilitation occurs through a combination of 

structural, metabolic, and enzymatic adaptations. Regular exercise induces mechanical and metabolic 

stimuli that activate satellite cells and enhance protein synthesis pathways, leading to muscle fiber 

regeneration. The balance between protein synthesis and degradation shifts toward an anabolic state, 

restoring muscle mass 130. 
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Metabolic adaptation involves enhanced mitochondrial biogenesis, increased oxidative enzyme 

activity, and improved capillary perfusion. These changes improve oxygen delivery and utilization, 

delaying the onset of anaerobic metabolism during exertion. Upregulation of peroxisome proliferator-

activated receptor-gamma coactivator 1-alpha (PGC-1α) and AMP-activated protein kinase (AMPK) 

signalling contributes to these beneficial adaptations 131. 

• Activation of myogenic satellite cells for muscle regeneration. 

• Increased synthesis of contractile proteins and reduced proteolysis. 

• Enhanced mitochondrial function improving oxidative metabolism. 

• Improved insulin sensitivity and nutrient utilization. 

Through these remodelling processes, skeletal muscles regain endurance capacity and functional 

efficiency, translating into improved exercise performance and daily activity tolerance. 

Role of Resistance Training and Aerobic Conditioning 

Both resistance training and aerobic conditioning form the core of pulmonary rehabilitation 

programs, each targeting different aspects of muscle dysfunction 132,133. 

Resistance training focuses on increasing muscle strength and hypertrophy by stimulating type II 

fibers, which are particularly affected in COPD. Exercises involving major muscle groups such as 

squats, leg presses, and arm curls are performed with progressive overload to counteract muscle 

atrophy. This approach enhances muscle mass, improves functional mobility, and facilitates activities 

of daily living 134. 

Aerobic conditioning, on the other hand, emphasizes endurance and cardiopulmonary efficiency. 

Activities like walking, cycling, or treadmill training improve cardiovascular fitness, oxidative enzyme 

activity, and muscle capillarization. Aerobic exercise promotes greater oxygen extraction and 

utilization, thereby reducing lactate accumulation and dyspnea during exertion 135. 

• Resistance exercise → improved muscle bulk and strength. 

• Aerobic exercise → enhanced endurance and ventilatory efficiency. 

• Combination → synergistic effect on exercise capacity and fatigue reduction. 

Regular implementation of both modalities leads to measurable improvement in 6-minute walk 

distance (6MWD), VO₂max, and muscle power, reflecting better integration of muscular and 

respiratory function 136. 
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Effect of Nutritional Supplementation and Anti-inflammatory Strategies 

Nutritional and anti-inflammatory interventions complement pulmonary rehabilitation by 

addressing the underlying metabolic and inflammatory disturbances contributing to muscle wasting. 

Adequate protein and caloric supplementation support anabolic recovery, especially when combined 

with exercise. Diets enriched with branched-chain amino acids (BCAAs), omega-3 fatty acids, and 

antioxidants help reduce muscle catabolism, enhance mitochondrial activity, and restore energy 

balance 137,138. 

Vitamin D and micronutrient supplementation (zinc, selenium, magnesium) further improve muscle 

function and immunity. In malnourished patients, high-protein oral supplements administered during 

rehabilitation have been shown to significantly increase Fat-Free Mass Index (FFMI) and improve 

exercise tolerance 139. 

Anti-inflammatory strategies, including the use of pharmacological agents such as statins, 

corticosteroid-sparing regimens, and cytokine-modulating therapies, help control systemic 

inflammation that contributes to muscle proteolysis. Lifestyle measures such as smoking cessation and 

antioxidant-rich diets further reduce oxidative stress and promote muscle recovery 140. 

Essential benefits of nutritional and anti-inflammatory support: 

• Enhanced muscle protein synthesis and recovery. 

• Reduction of systemic inflammation and oxidative damage. 

• Improved tolerance and outcomes from rehabilitation programs. 

• Prevention of recurrent muscle loss during disease exacerbations. 

Intervention Type Mechanism of Action Clinical Outcome 

Nutritional 

supplementation 

Provides essential amino acids 

and energy substrates 

Increases lean body mass and 

strength 

Antioxidant therapy 
Reduces oxidative stress and 

cytokine load 

Improves endurance and 

fatigue resistance 

Anti-inflammatory 

agents 

Attenuates TNF-α and IL-6 

activity 

Limits catabolism and muscle 

apoptosis 

Combined exercise and 

nutrition 

Enhances metabolic recovery and 

adaptation 

Maximizes rehabilitation 

benefits 
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Pulmonary rehabilitation when combined with resistance and aerobic training, nutritional 

optimization, and inflammation control forms a comprehensive therapeutic strategy for reversing 

skeletal muscle dysfunction in COPD. These integrated interventions not only restore muscle strength 

and endurance but also significantly improve functional independence, reduce exacerbation risk, and 

enhance survival and quality of life 141. 

 

Importance of Early Detection of Muscle Atrophy in COPD 

Relevance of Identifying Subclinical Muscle Loss 

Subclinical muscle loss represents an early and often overlooked stage of skeletal muscle 

dysfunction in Chronic Obstructive Pulmonary Disease (COPD). At this stage, muscle mass and 

strength begin to decline even before overt weight loss, visible atrophy, or functional limitation become 

apparent. Identifying this early depletion is crucial because it serves as a predictor of future physical 

decline, poor rehabilitation response, and increased mortality 63. 

The onset of subclinical muscle wasting is driven by systemic inflammation, oxidative stress, hormonal 

imbalance, and reduced physical activity. These changes occur silently, long before spirometric 

parameters or clinical symptoms reveal advanced disease severity. If detected early, targeted 

interventions such as nutritional supplementation, physical training, and anti-inflammatory therapy 

can reverse or halt the progression of muscle loss, preventing transition to overt cachexia or sarcopenia 

142. 

• Early detection allows timely nutritional and exercise-based interventions. 

• Prevents irreversible skeletal muscle damage and functional decline. 

• Serves as a prognostic marker for disease progression and exacerbation risk. 

• Enhances overall quality of life and prolongs survival by maintaining physical independence. 

Thus, recognizing subclinical muscle loss shifts COPD management from reactive to preventive care, 

enabling clinicians to intervene before systemic deterioration becomes irreversible. 

Screening Approaches Using Anthropometric Indices 

Anthropometric screening provides a practical, inexpensive, and non-invasive means to detect 

subclinical muscle loss in COPD. Measurements such as Body Mass Index (BMI), Mid-Arm Muscle 
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Circumference (MAMC), Calf Circumference (CC), and Fat-Free Mass Index (FFMI) serve as reliable 

indicators of early lean tissue depletion. These indices can be easily incorporated into outpatient and 

inpatient evaluations without sophisticated equipment 17. 

BMI, while commonly used, has limited sensitivity because it cannot distinguish between fat and lean 

tissue. Therefore, combining BMI with FFMI or CC provides a more accurate assessment of 

subclinical muscle depletion. FFMI <16 kg/m² in males and <15 kg/m² in females indicates early 

muscle wasting even when BMI remains within normal range. Similarly, a CC <31 cm is a sensitive 

bedside marker of sarcopenia 143.  

Effective anthropometric screening strategy: 

• Measure BMI, MAMC, and CC at baseline and follow-up. 

• Calculate FFMI using body composition scales or predictive equations. 

• Compare values with population-based reference standards. 

• Identify trends of declining indices even in stable clinical states. 

Such systematic anthropometric screening facilitates early detection and monitoring of muscle 

changes, prompting timely initiation of nutritional or rehabilitative interventions. 

Anthropometric 

Parameter 
Screening Threshold Clinical Implication 

BMI <21 kg/m² Suggests risk of undernutrition 

FFMI 
<16 kg/m² (men), <15 

kg/m² (women) 
Indicates early lean mass loss 

CC <31 cm 
Predicts peripheral muscle 

weakness 

MAMC <19 cm 
Reflects early arm muscle 

wasting 

 

Integration of Anthropometric Evaluation into Routine COPD Management 

Integrating anthropometric assessment into routine COPD management offers a holistic 

approach that extends beyond lung function testing to address systemic health. Routine measurement 

of anthropometric indices during clinical visits enables longitudinal tracking of nutritional and 

muscular status, helping clinicians identify early trends toward deterioration 144. 
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Incorporation into routine practice should follow a structured model where anthropometry 

complements spirometry, symptom scoring (mMRC, CAT), and exercise testing (6MWD). Periodic 

evaluation of BMI, FFMI, and CC can be conducted alongside routine vital assessments to provide a 

complete physiological profile. These parameters are particularly valuable in primary and secondary 

care settings, where access to advanced imaging is limited 145. 

Benefits of integrating anthropometry into routine care: 

• Facilitates early diagnosis of sarcopenia and cachexia. 

• Enables tailored interventions combining nutrition, physiotherapy, and pharmacotherapy. 

• Assists in monitoring the impact of pulmonary rehabilitation and nutritional support. 

• Reduces hospitalization and enhances long-term prognosis through preventive action. 

Routine anthropometric evaluation thus serves as a cost-effective and evidence-based strategy for 

comprehensive COPD management. It bridges the gap between pulmonary assessment and systemic 

health monitoring, ensuring that muscle preservation becomes a central goal in the multidisciplinary 

care of COPD patients 17. 

Conceptual Relationship between Anthropometric Indices and Muscle Atrophy 

Anthropometry as a Surrogate Marker of Muscle Wasting 

In patients with Chronic Obstructive Pulmonary Disease (COPD), anthropometry serves as an 

accessible and reliable surrogate marker for skeletal muscle wasting, offering an indirect yet accurate 

assessment of body composition. Since advanced imaging modalities like DEXA or CT are often 

unavailable in routine clinical practice, anthropometric parameters such as Body Mass Index (BMI), 

Fat-Free Mass Index (FFMI), Mid-Arm Muscle Circumference (MAMC), and Calf Circumference 

(CC) provide practical alternatives for identifying lean tissue depletion 17. 

Muscle wasting in COPD is multifactorial, and anthropometric measurements help quantify its 

systemic impact by correlating with physical performance, nutritional status, and disease severity. 

Decline in FFMI and CC particularly mirrors the reduction in peripheral muscle mass, while BMI and 

MAMC reflect overall nutritional reserve. These parameters not only help in detecting early sarcopenia 

but also predict poor exercise capacity, frequent exacerbations, and increased mortality 67. 

Clinical advantages of anthropometric assessment:  

• Provides a reproducible, non-invasive measure of muscle health. 
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• Enables detection of muscle loss even in patients with stable body weight. 

• Strongly correlates with spirometric impairment and exercise tolerance. 

• Useful for longitudinal monitoring of disease progression and therapy response. 

Therefore, anthropometry functions as a clinical biomarker of systemic involvement in COPD, 

bridging the gap between respiratory function and peripheral muscle integrity. Its inclusion in regular 

patient evaluation ensures early recognition of muscle depletion, guiding timely nutritional and 

rehabilitative interventions 17. 

Pathophysiological Model Linking Airflow Limitation to Muscle Dysfunction 

The pathophysiological link between airflow limitation and muscle dysfunction in COPD 

reflects a complex interplay between pulmonary, systemic, and muscular factors. Persistent airflow 

obstruction due to chronic inflammation, mucus plugging, and emphysematous destruction leads to 

hypoxia, hypercapnia, and systemic oxidative stress, which extend their effects beyond the lungs. The 

continuous inflammatory spillover into the circulation triggers cytokine-mediated muscle catabolism 

and mitochondrial dysfunction 39. 

At the same time, increased respiratory workload and dyspnea reduce physical activity, promoting 

disuse atrophy in limb muscles. The resulting energy imbalance, compounded by nutritional deficits 

and hormonal suppression, further accelerates protein breakdown. Consequently, skeletal muscle 

transitions from oxidative (type I) to glycolytic (type II) fibers, impairing endurance and fatigue 

resistance. 

The sequential model can be summarized as follows: 

1. Airflow limitation → Chronic hypoxia and systemic inflammation. 

2. Inflammatory mediator release → Activation of catabolic pathways (NF-κB, ubiquitin–

proteasome). 

3. Nutritional and hormonal deficits → Impaired anabolic recovery. 

4. Muscle atrophy → Reduced oxidative capacity and exercise performance. 

This integrated model highlights COPD as a systemic disorder where pulmonary and extrapulmonary 

pathologies evolve in parallel. Muscle dysfunction is both a consequence of airflow limitation and a 

contributor to functional decline, perpetuating a self-reinforcing cycle of physical impairment, 

decreased exercise tolerance, and worsening respiratory mechanics 3. 
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Understanding this pathophysiological continuum underscores the importance of addressing not only 

pulmonary inflammation but also systemic metabolic and muscular components of COPD to achieve 

comprehensive management and improved patient outcomes. 

 

Research Studies 

Khan MH et al., (2025) explored sarcopenia as a frequent but under-recognized comorbidity 

in COPD. It detailed mechanisms linking chronic inflammation, oxidative stress, and physical 

inactivity to muscle wasting. The article emphasized diagnostic tools such as CT-derived muscle cross-

sectional area, ultrasound, and bioimpedance analysis, alongside functional measures like grip strength 

and 6-minute walk distance. It proposed early screening using simple anthropometric indices in stable 

COPD and outlined interventions including nutritional supplementation, resistance training, and anti-

inflammatory therapy. The authors highlighted the role of anabolic resistance and systemic cytokine 

activation in driving muscle proteolysis. They concluded that sarcopenia substantially increases 

morbidity and mortality, independent of airflow limitation. Recognizing sarcopenia as a treatable trait 

could improve COPD management by integrating exercise and nutritional therapy into standard care, 

potentially slowing disease progression and improving survival outcomes among affected patients 15. 

Matera MG et al., (2025) described sarcopenia as a clinically actionable trait in COPD 

management. It discussed pathophysiological pathways involving myostatin overexpression, hypoxia-

induced muscle atrophy, mitochondrial dysfunction, and systemic inflammation. The paper 

summarized evidence that decreased muscle mass predicts exacerbation frequency, hospitalization, 

and mortality. Diagnostic criteria integrating dual-energy X-ray absorptiometry (DEXA), CT imaging, 

and mid-arm muscle area were analysed. The authors stressed the importance of individualized 

multimodal treatment combining resistance training, protein-rich diet, vitamin D supplementation, and 

pharmacologic agents like testosterone or selective androgen receptor modulators. They advocated 

including muscle assessment in GOLD staging for better prognostic stratification. The article 

concluded that sarcopenia management could be as essential as airflow improvement, serving as a 

modifiable prognostic marker. It called for clinical trials evaluating combined nutritional and exercise-

based interventions to reverse sarcopenia and improve health-related quality of life in COPD patients 

68. 
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De Miguel-Díez J et al., (2025) established standardized recommendations for nutritional 

evaluation and therapy in COPD. It provided diagnostic criteria for undernutrition and muscle wasting 

using BMI, fat-free mass index (FFMI), and anthropometric measures such as mid-arm circumference. 

The panel emphasized periodic nutritional screening during stable and exacerbation phases. Nutritional 

support with high-protein oral supplements and anti-catabolic diets was recommended for cachectic 

patients. The document also highlighted the prognostic relevance of low FFMI in predicting 

hospitalizations and mortality. It advocated multidisciplinary collaboration between pulmonologists, 

dietitians, and physiotherapists for integrated care. Exercise training with nutritional supplementation 

was shown to enhance fat-free mass and exercise tolerance. The authors concluded that early 

identification and management of nutritional abnormalities reduce disease burden and improve 

survival, making body composition monitoring a critical component of comprehensive COPD 

management and rehabilitation programs 145. 

Nowak J et al., (2025) assessed the accuracy of anthropometric indicators for evaluating 

muscle mass in older adults, including those with COPD. It validated calf circumference, mid-arm 

circumference, and the mid-arm muscle area against bioimpedance and DEXA results. The study found 

strong correlations between these simple field measures and objective muscle mass indices, confirming 

their clinical utility in low-resource settings. Calf circumference < 31 cm and mid-arm circumference 

< 26 cm were identified as reliable cut-offs for low muscle mass. The findings supported integrating 

these tools into COPD risk assessment, especially where advanced imaging is unavailable. The authors 

concluded that anthropometric measures are cost-effective and practical alternatives to detect 

sarcopenia, facilitating early nutritional and rehabilitative interventions aimed at improving functional 

capacity and prognosis in chronic respiratory disease populations, particularly among elderly 

individuals vulnerable to muscle loss 6. 

Gómez-Martínez M et al., (2023) investigated the influence of body composition and 

sarcopenia on mortality in COPD. Using bioimpedance and DEXA, the authors measured fat-free 

mass, fat mass, and skeletal muscle index in stable COPD patients followed for five years. Low skeletal 

muscle index and sarcopenic obesity were independently associated with higher mortality after 

adjusting for age, BMI, and GOLD stage. Sarcopenic patients exhibited reduced exercise tolerance 

and greater exacerbation frequency. The study emphasized that BMI alone underestimated risk, while 

FFMI provided superior predictive value for mortality. It concluded that incorporating body 

composition assessment into routine COPD care enables better prognostic stratification and targeted 

interventions. Preventing sarcopenia through exercise and nutritional therapy may significantly reduce 
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hospital admissions and improve overall survival, highlighting the importance of muscle preservation 

in comprehensive COPD management 127. 

Han Y et al., (2022) conducted a large cross-sectional investigation in stable Chinese COPD 

patients to evaluate the clinical significance of simple anthropometric indices as markers of skeletal-

muscle atrophy. Mid-arm circumference, calf circumference, BMI, and waist-to-hip ratio were 

correlated with dual-energy X-ray absorptiometry (DEXA)-derived fat-free mass and with functional 

measures such as the six-minute-walk distance and spirometric indices. Both mid-arm and calf 

circumferences showed the strongest positive correlations with fat-free-mass index, whereas BMI 

correlated only weakly, frequently masking muscle depletion in overweight individuals. The study 

also demonstrated that lower-limb muscle loss was closely linked to reduced exercise performance and 

lower FEV₁, indicating that peripheral muscle wasting contributes to functional decline beyond airflow 

limitation. Sex-specific and population-adjusted cut-off values were generated to identify sarcopenia 

in Chinese adults. The authors concluded that circumference-based anthropometry represents a low-

cost, reproducible, and clinically valid first-line screening approach for skeletal-muscle depletion in 

COPD. Incorporating these measures into outpatient practice could enable early detection of 

sarcopenia, timely nutritional and rehabilitative intervention, and improved prognostic assessment, 

especially where advanced imaging or body-composition technology is unavailable 17. 

Wilson A C et al., (2022) computed-tomography scans to quantify skeletal and bone 

parameters in COPD, thereby repurposing existing imaging for systemic assessment. In this cross-

sectional analysis, pectoralis-muscle cross-sectional area and vertebral trabecular bone density were 

extracted from chest CT datasets of moderate-to-severe COPD patients and correlated with morbidity 

and mortality outcomes. Larger muscle areas were independently associated with better lung function, 

higher six-minute-walk distance, and lower hospitalization and mortality rates. Conversely, reduced 

muscle and bone measures reflected chronic inflammation, physical inactivity, and a cachectic 

phenotype. The investigators emphasized that CT-derived indices provide reproducible quantitative 

biomarkers without additional radiation exposure or patient burden because chest CT is frequently 

performed for pulmonary evaluation. Integrating such morphometric markers with simple 

anthropometric and functional data offers a comprehensive view of disease phenotype, combining 

pulmonary and systemic health indicators. The study concluded that muscle and bone quantification 

on CT can improve prognostic modelling, identify high-risk cachectic patients, and help tailor 

personalized rehabilitation and nutritional strategies to enhance survival and quality of life in COPD 

populations 83. 
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De Brandt J et al., (2022) presented an extensive narrative review summarizing current 

knowledge of COPD-associated cachexia. They described cachexia as a multifactorial syndrome 

driven by hypoxemia, systemic inflammation, neuro-hormonal imbalance, and negative energy 

balance. The review detailed mechanisms including elevated cytokines, mitochondrial dysfunction, 

and increased resting metabolic rate that collectively led to muscle and fat loss. Diagnostic frameworks 

incorporating BMI < 20 kg/m², fat-free-mass index thresholds, and weight-loss percentage were 

discussed. The authors underscored that cachexia portends higher exacerbation frequency, poor 

exercise tolerance, and mortality. Evidence for multimodal management nutritional supplementation 

with high-protein or omega-3–rich diets, structured resistance training, and potential pharmacologic 

interventions such as ghrelin mimetics, anabolic steroids, and anti-inflammatory agents was critically 

appraised. They advocated routine nutritional screening and longitudinal body-composition 

monitoring in all COPD follow-ups to detect early catabolic changes before irreversible muscle loss 

occurs. The review concluded that individualized, multidisciplinary treatment targeting both metabolic 

and mechanical aspects of cachexia can substantially improve outcomes, making systematic evaluation 

of body composition a cornerstone of modern COPD care 48. 

Sami R et al., (2018) investigated the relationship between anthropometric indices and COPD 

severity among Iranian male patients in a hospital-based cross-sectional study. Parameters assessed 

included BMI, mid-arm circumference, triceps skinfold thickness, and waist-to-hip ratio, analysed 

against spirometric measures and dyspnea scores. Results revealed that reduced BMI and smaller arm 

circumference were significantly correlated with advanced airflow limitation (FEV₁ < 50 %) and 

higher Modified Medical Research Council dyspnea grades. A BMI < 21 kg/m² emerged as an 

independent marker of severe disease. Triceps skinfold and arm circumference also reflected 

diminished fat-free mass, reinforcing that malnutrition and muscle wasting accompany COPD 

progression. The investigators highlighted that simple bedside anthropometric measures can reliably 

indicate disease severity and nutritional status without sophisticated equipment. They recommended 

routine nutritional screening using such indices for early identification of at-risk patients, initiation of 

dietary counselling, and incorporation of nutritional rehabilitation into standard COPD management, 

particularly valuable in low-resource health-care environments where body-composition analysis is 

impractical 146. 

Fonseca F R et al., (2018) validated a multifrequency bioelectrical-impedance-analysis (BIA) 

system for assessing body composition in COPD patients and compared it with dual-energy X-ray 

absorptiometry (DEXA). In a sample spanning mild-to-severe disease, fat-free-mass estimates from 
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BIA exhibited strong correlations with DEXA results (r > 0.9) and with functional parameters such as 

quadriceps strength and six-minute-walk distance. The tool identified substantial muscle depletion 

even in individuals with normal BMI, thereby unmasking “hidden sarcopenia.” The authors concluded 

that BIA provides a practical, reproducible, and cost-effective alternative for repeated monitoring of 

muscle mass in both clinical and research settings. They proposed combining BIA data with simple 

anthropometric indicators mid-arm and calf circumference to enhance early detection of sarcopenia 

and nutritional risk. Because of its portability and non-invasive nature, BIA can facilitate large-scale 

community screening, longitudinal follow-up, and assessment of the efficacy of nutritional or 

rehabilitative interventions aimed at preserving lean body mass and functional capacity in COPD 87. 

Gea J et al., (2018) produced a detailed narrative review exploring the interplay between 

nutritional status and muscle dysfunction across chronic respiratory diseases, focusing primarily on 

COPD. They discussed how chronic systemic inflammation, oxidative stress, corticosteroid exposure, 

and inactivity disrupt anabolic-catabolic balance, resulting in skeletal-muscle atrophy and weakness. 

The review highlighted evidence that inadequate caloric and protein intake exacerbates respiratory-

muscle fatigue and impairs immune function, increasing susceptibility to exacerbations. Interventions 

combining optimized nutrition, targeted exercise programs, and pharmacologic support such as 

anabolic agents or anti-inflammatory therapies were reviewed for their synergistic benefits. The 

authors emphasized integrating dietitians into pulmonary-rehabilitation teams to ensure individualized 

nutrient planning. They concluded that routine nutritional assessment is indispensable in COPD 

management because maintenance of adequate fat-free mass substantially enhances exercise tolerance, 

reduces hospitalization, and improves survival. Strengthening both respiratory and peripheral muscles 

through combined nutritional and rehabilitative approaches remains a pivotal goal in comprehensive 

COPD care 116. 

Toppo A et al., (2017) evaluate nutritional status among COPD patients using BMI, mid-arm 

circumference, and triceps skinfold thickness as principal anthropometric indicators. More than fifty 

percent of participants were found to be undernourished, and these patients exhibited markedly higher 

disease severity, frequent exacerbations, and prolonged hospital stays. The study underscored that 

malnutrition aggravates dyspnea, limits exercise tolerance, and contributes to muscle wasting and poor 

recovery. Statistical analysis revealed significant correlations between declining anthropometric 

values and deteriorating spirometric indices. The authors pointed out the inadequacy of BMI alone for 

detecting nutritional deficits and recommended a composite approach that integrates anthropometry 

with biochemical markers such as serum albumin and hemoglobin. They concluded that structured 
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nutritional-support and monitoring programs should be integral to COPD management to prevent 

cachexia, improve quality of life, and enhance outcomes, particularly in developing-country settings 

with high disease burden 16. 

Ardestani M E et al., (2016) explored how different anthropometric indicators relate to 

pulmonary-function parameters in COPD. The study measured BMI, waist circumference, waist-to-

hip ratio, and mid-arm circumference in clinically stable patients and correlated them with spirometric 

indices and symptom scores. BMI and mid-arm circumference showed positive associations with FEV₁ 

and FVC, reflecting the protective influence of preserved muscle mass on ventilatory mechanics. 

Conversely, elevated waist-to-hip ratio indicating central obesity was associated with greater dyspnea 

and poorer functional performance, suggesting that abdominal fat deposition impairs diaphragmatic 

excursion. The coexistence of muscle depletion and central adiposity in many patients revealed the 

complex metabolic phenotype of COPD. The authors concluded that comprehensive anthropometric 

profiling, rather than reliance on BMI alone, provides a more nuanced understanding of body-

composition abnormalities affecting respiratory function. They recommended individualized 

management strategies emphasizing muscle-mass preservation through exercise and dietary 

optimization while addressing central fat reduction to improve pulmonary efficiency 147. 

Ho S C et al., (2016) compared the predictive power of limb-circumference measurements 

with BMI for long-term mortality in COPD. Over 400 patients were followed for five years; mid-arm 

and calf circumferences, fat-free-mass index, BMI, and pulmonary-function data were collected at 

baseline. Multivariate survival analysis revealed that smaller mid-arm and calf circumferences were 

independent predictors of all-cause mortality, even after adjustment for age, smoking history, and 

FEV₁. In contrast, BMI lost significance once muscle measures were included, underscoring that 

peripheral muscle wasting, not overall weight, drives prognosis. Patients in the lowest quartile of limb 

circumference exhibited markedly higher mortality and hospitalization rates. The study concluded that 

simple anthropometric assessments outperform BMI for risk stratification and can be easily 

implemented in routine clinics to identify vulnerable individuals. Early nutritional counselling and 

resistance-exercise rehabilitation targeting limb-muscle preservation may therefore substantially 

improve longevity and functional outcomes in COPD 7. 

Yllmaz D et al., (2015) investigated dietary patterns in moderate-to-severe COPD and their 

relationship with fat-free-mass index. Using detailed food-frequency questionnaires, the researchers 

documented that patients with low FFMI consumed significantly less total energy, protein, calcium, 

and antioxidant micronutrients than those with preserved muscle mass. Correlations between low 
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nutrient intake, reduced hand-grip strength, and impaired exercise capacity confirmed the nutritional 

basis of muscle depletion. The study emphasized that systemic inflammation and poor appetite further 

exacerbate protein-energy malnutrition. Dietary counselling promoting adequate protein (1.2–1.5 

g/kg/day) and antioxidant-rich foods improved biochemical markers of nutrition and subjective well-

being. The authors concluded that individualized nutrition therapy is an essential component of COPD 

management, complementing pharmacologic and rehabilitative measures. Optimizing dietary intake 

not only maintains muscle mass but also enhances immune function and overall disease control, 

thereby reducing exacerbations and improving quality of life 10. 

Cielen N et al., (2014) reviewed the spectrum of musculoskeletal disorders accompanying 

COPD, with special attention to skeletal-muscle dysfunction and osteoporosis. They elucidated how 

chronic inflammation, hypoxemia, corticosteroid use, and physical inactivity induce muscle 

proteolysis and reduce bone-formation signalling, creating a dual burden of sarcopenia and bone loss. 

The review summarized evidence linking decreased muscle strength with impaired ventilatory 

mechanics and greater mortality risk. Interventions such as progressive resistance exercise, vitamin D 

repletion, and nutritional supplementation were highlighted for their capacity to counteract 

musculoskeletal decline. The authors proposed that assessing muscle and bone health should become 

a standard part of COPD evaluation alongside spirometry. They concluded that targeted rehabilitation 

and nutritional therapy addressing both skeletal-muscle and bone pathology can meaningfully improve 

function, reduce falls and fractures, and enhance overall survival in patients with chronic obstructive 

pulmonary disease 148. 

Bolotova E V et al., (2014) examined alterations in body composition among COPD patients 

using bioelectrical impedance analysis. The study documented progressive reductions in fat-free-mass 

index with increasing GOLD stage severity, even in patients maintaining normal BMI values, 

confirming that BMI conceals sarcopenia. Declining fat-free mass was significantly associated with 

higher dyspnea scores, lower six-minute-walk distances, and increased frequency of exacerbations. 

The authors emphasized that monitoring muscle mass offers a sensitive indicator of disease 

progression and therapeutic response. Combining bioimpedance with anthropometric parameters such 

as mid-arm circumference and triceps skinfold thickness provided a comprehensive assessment of 

nutritional and functional status. They concluded that regular body-composition evaluation should be 

incorporated into COPD management protocols to detect early muscle loss, guide dietary and exercise 

interventions, and prevent progression to debilitating cachexia, thereby improving quality of life and 

clinical outcomes 143. 
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Menon M K et al., (2012) conducted an interventional study evaluating the effect of resistance 

training on lower-limb muscle mass in COPD using ultrasound imaging. Over several weeks of 

supervised exercise, participants demonstrated significant increases in quadriceps thickness, muscle-

echo intensity, and functional outcomes including six-minute-walk distance and leg-press strength. 

Ultrasound measurements closely tracked physiologic improvements, validating this modality as a 

convenient, non-ionizing tool for serial muscle assessment. The study provided direct evidence that 

resistance training can reverse disuse-related muscle atrophy and enhance exercise tolerance, even in 

advanced COPD. The authors emphasized integrating structured strength training into pulmonary-

rehabilitation programs and recommended ultrasound monitoring for objective evaluation of progress. 

They concluded that combining imaging-based muscle assessment with individualized exercise 

regimens effectively mitigates sarcopenia, reduces fatigue, and enhances independence, underscoring 

the reversible nature of COPD-related muscular dysfunction when adequately addressed 89. 

Sabino P G et al., (2010) explored relationships between nutritional status, fat-free-mass 

index, inspiratory-muscle strength, and exercise capacity in severe COPD. Using anthropometry and 

bioimpedance, they demonstrated that patients with lower FFMI had substantially reduced maximal 

inspiratory pressure and shorter six-minute-walk distances, indicating compromised ventilatory and 

peripheral-muscle performance. Malnourished individuals also reported greater dyspnea and lower 

quality-of-life scores on the Saint George’s Respiratory Questionnaire. The findings reinforced that 

nutritional depletion directly contributes to functional impairment. The authors recommended routine 

evaluation of body composition to identify candidates for nutritional supplementation and targeted 

rehabilitation. They concluded that maintaining adequate fat-free mass through high-protein diets and 

exercise training can improve respiratory-muscle strength, exercise endurance, and overall prognosis, 

highlighting nutrition as a cornerstone of comprehensive COPD care 149. 

Ischaki E et al., (2007) compared BMI and fat-free-mass index (FFMI) as indicators of disease 

severity in COPD. In this cross-sectional cohort, FFMI showed robust correlations with FEV₁, arterial 

oxygen tension, and six-minute-walk distance, while BMI failed to identify patients with hidden 

muscle loss. Individuals with normal BMI but low FFMI exhibited exercise intolerance and higher 

symptom burden similar to underweight subjects. The authors demonstrated that FFMI, derived from 

bioimpedance analysis, better reflects the metabolic and functional impact of COPD than total body 

weight. They concluded that FFMI should be routinely measured in clinical practice for accurate 

nutritional classification, prognostication, and individualized therapeutic planning. Recognizing and 



72 
 

addressing low FFMI through targeted nutrition and resistance training could mitigate functional 

decline and improve long-term survival 102. 

Soler-Cataluña J et al., (2005) performed a prospective five-year follow-up study establishing 

mid-arm-muscle area (MAMA) as a superior predictor of mortality compared with BMI in COPD. 

Baseline anthropometric data, pulmonary-function tests, and survival outcomes were analysed in a 

large outpatient cohort. Patients with the lowest MAMA had markedly increased mortality independent 

of age, FEV₁, and comorbidities. The study demonstrated that muscle mass, rather than overall body 

weight, determines prognosis, emphasizing the systemic nature of COPD. Incorporating simple 

muscle-area measurement derived from mid-arm circumference and triceps skinfold thickness allows 

clinicians to stratify risk efficiently. The authors concluded that anthropometric evaluation of muscle 

reserves should replace BMI in prognostic assessment, and that early identification of muscular 

depletion should prompt nutritional and rehabilitative interventions aimed at preserving lean mass and 

extending survival 8. 

Schols A M W J et al., (2005) investigated relationships between detailed body composition 

and mortality in COPD using dual-energy X-ray absorptiometry. They found that reduced fat-free-

mass index, independent of BMI, was a powerful predictor of mortality and functional impairment. 

Weight loss primarily reflecting lean-tissue depletion, not fat loss, conferred the greatest risk. The 

study also showed that muscle mass correlated closely with exercise performance and inspiratory-

muscle strength. These findings established the concept of “COPD cachexia” as a systemic wasting 

disorder extending beyond pulmonary pathology. The authors concluded that routine monitoring of 

fat-free mass is essential and that interventions combining nutritional supplementation and exercise 

training can improve survival. Their work shifted clinical focus from BMI to body-composition 

analysis in COPD management, influencing subsequent guideline recommendations 80. 

Need for the Present Study 

Chronic Obstructive Pulmonary Disease (COPD) is no longer considered a disease confined 

solely to the lungs but a systemic disorder with significant extrapulmonary manifestations. Among 

these, skeletal muscle wasting and nutritional depletion have emerged as critical determinants of 

morbidity, functional limitation, and mortality. Despite this, muscle dysfunction in COPD often 

remains underrecognized in routine clinical practice, particularly at its subclinical stage. The subtle 

and progressive decline in muscle mass frequently precedes overt weight loss and advanced functional 

impairment, making early identification and quantification essential for timely intervention. 
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Anthropometric evaluation through indices such as Body Mass Index (BMI), Mid-Arm Muscle 

Circumference (MAMC), Calf Circumference (CC), and Fat-Free Mass Index (FFMI) offers a simple, 

cost-effective, and non-invasive method for assessing body composition and detecting early muscle 

depletion. Unlike sophisticated imaging modalities, these parameters can be routinely measured even 

in resource-limited healthcare facilities. Moreover, emerging evidence suggests a strong correlation 

between these anthropometric markers and spirometric indices (FEV₁, FVC, FEV₁/FVC ratio), as well 

as composite prognostic scores such as the BODE index. Such correlations highlight the potential of 

anthropometry not merely as a nutritional measure but also as a functional and prognostic indicator in 

COPD. 

However, the majority of existing studies exploring the association between anthropometric 

parameters and disease severity have been conducted in Western populations, where the nutritional 

and environmental profiles differ markedly from Indian settings. Regional variations in diet, body 

composition, socioeconomic status, and healthcare accessibility may influence the manifestation and 

progression of muscle wasting in COPD. Hence, extrapolating global findings to the Indian context 

without local validation may lead to inaccurate clinical interpretation. 

Additionally, there is limited regional data, especially from Karnataka and South India, evaluating the 

relationship between anthropometric indices and spirometric severity in stable COPD patients. 

Understanding this relationship within the local population is vital for designing population-specific 

screening strategies and integrating anthropometric evaluation into standard COPD management 

protocols. 

• To evaluate muscle mass depletion and nutritional status using simple anthropometric indices 

in stable COPD patients. 

• To explore the relationship between anthropometric parameters and pulmonary function, 

reflecting the systemic impact of COPD. 

• To identify cost-effective screening methods for early detection of sarcopenia and cachexia in 

routine clinical practice. 

• To establish baseline data specific to the Indian and regional population, aiding in future 

comparative and interventional research. 

• To provide evidence supporting the inclusion of anthropometric evaluation in comprehensive 

COPD assessment and management. 
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The present study is warranted to fill a significant gap in understanding the systemic dimension of 

COPD in Indian patients. By correlating anthropometric parameters with spirometric measures, the 

study aims to identify reliable, accessible, and clinically applicable tools for assessing muscle wasting 

and overall disease burden. Such insights not only enhanced clinical monitoring but also support the 

development of integrated rehabilitation and nutritional interventions, ultimately improving patient 

outcomes and quality of life. 
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MATERIALS AND METHODS 

 

Source of Data: Patients attending KLE’s Dr. Prabhakar Kore Hospital - Respiratory Medicine OPD 

were the source. 

Study Design: A Cross sectional study 

Study Period: April 2024 – April 2025 

Sample Size: 

π =〖[z_(1-α/2)+z_(1-β)]〗^2*([SD_1^2+SD_2^2])/〖((X_1 ) -̅(X_2)) ̅〗^2 

  =〖[1.96+2.326]〗^2*((〖7.32)〗^2+(〖7.32)〗^2)/〖(66.74-62.49)〗^2 

  =108.9 

  =108 or 109 

Approximately =110 

Sampling Technique: Written informed consent was taken from all the participants at the time of 

admission. Data was entered into Microsoft excel data sheet and analysed using Statistical package for 

the Social Sciences (SPSS) software version 22.0 Relevant descriptive and analytical statistical 

techniques were used, p-value of less than 0.05 was considered significant. 

Inclusion Criteria: 

• All clinically confirmed cases of COPD according to GOLD COPD 2024 guidelines. 

• Only patients with age > 40 years were included. 

Exclusion Criteria: 

• Patients with acute exacerbation of COPD. 

• COPD patients admitted in ICU for any complications like congestive heart failure, 

arrhythmias, cardiomyopathy, rheumatic heart disease which could affect their performance of 

physical activity. 

• COPD patients with Pulmonary Tuberculosis. 

Study Protocol: COPD cases at KLE Dr. Prabhakar Kore Hospital and medical research centre, 

Belagavi were screened and those who fulfil the inclusion and exclusion criteria was recruited for the 
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study. With the approval of the ethical committee, written informed consent was taken from all the 

participants enrolled for the study. 

Data Collection Procedure: The present study was conducted among patients diagnosed with Chronic 

Obstructive Pulmonary Disease (COPD) attending the outpatient and inpatient departments of the 

tertiary care hospital after obtaining Institutional Ethics Committee approval and written informed 

consent from all participants. The data collection process was carried out in a systematic, stepwise 

manner, ensuring uniformity, accuracy, and adherence to ethical standards throughout the study period. 

The following procedure was adopted for data collection: 

1. Identification and Recruitment of Study Participants: Eligible participants were identified based 

on predefined inclusion and exclusion criteria. Only stable COPD patients confirmed by spirometry 

according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2024 criteria were 

included. Patients presenting with acute exacerbations, comorbid conditions influencing muscle mass 

(such as malignancy, renal or hepatic failure), or those unwilling to consent were excluded. 

After screening, the purpose and methodology of the study were explained to each participant in their 

local language. Written informed consent was obtained prior to enrolment. A unique identification 

number was assigned to each participant for confidentiality and data management. 

2. Recording of Demographic and Clinical Data: A structured proforma was used to record relevant 

demographic details (age, sex, occupation, socioeconomic status, smoking history, duration of illness) 

and clinical information (symptom severity, frequency of exacerbations, and treatment history). 

Medical records were reviewed to corroborate patient-reported information. 

Smoking index was calculated as:  

Number of cigarettes/bidis smoked per day × Duration of smoking (in years). 

The clinical assessment also included mMRC Dyspnea Scale and COPD Assessment Test (CAT) scores 

to quantify symptom burden. 

3. Anthropometric Measurements: Standardized techniques were employed for anthropometric 

assessment to evaluate nutritional and muscular status. All measurements were taken in the morning, 

with participants in light clothing and without shoes, following standard WHO guidelines. 

Parameters included: 

• Height (cm): Measured using a stadiometer to the nearest 0.1 cm. 
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• Weight (kg): Recorded using a calibrated digital weighing scale. 

• Body Mass Index (BMI): Calculated as weight (kg) / height (m²). 

• Mid-Arm Circumference (MAC): Measured at the midpoint between the acromion and 

olecranon using a non-stretchable measuring tape. 

• Triceps Skinfold Thickness (TSFT): Measured using a Harpenden skinfold caliper to assess 

subcutaneous fat 150. 

 

Figure Harpenden Skinfold Caliper  

• Mid-Arm Muscle Circumference (MAMC): Calculated using the formula: 

MAMC (cm) = MAC (cm) – [0.314 × TSFT (mm)] 151. 

• Mid-Arm Muscle Area (MAMA): Mid-arm muscle area was calculated to provide a more 

accurate estimation of muscle cross-sectional area. It was derived from MAMC using the 

formula: MAMA (cm²) = [MAMC (cm)]² / (4 × π) 152 

• Calf Circumference (CC): Measured at the widest part of the calf while the participant stood 

erect with feet slightly apart 152. 

• ASM (kg) = Lean mass of both arms (kg) + Lean mass of both legs (kg) 152 

• Appendicular Skeletal Muscle Mass Index (ASMI): Appendicular skeletal muscle mass index 

was calculated by normalizing ASM to height squared to adjust for body size variations: ASMI 

(kg/m²) = ASM (kg) / [Height (m)]² 152 
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• Fat-Free Mass Index (FFMI): Determined using bioelectrical impedance analysis (BIA) where 

available, or derived from anthropometric formulas 153.  

Each measurement was taken twice by the same observer, and the mean value was used for analysis to 

minimize intra-observer variation. 

4. Spirometric Evaluation: Pulmonary function was assessed using a computerized spirometer 

according to the American Thoracic Society (ATS) and European Respiratory Society (ERS) 

guidelines. The patients had heard to pre distinct protocols kept NBM avoided strenuvs excrcise refrain 

from beverages, wore no tight clothing. 

The following parameters were recorded: 

• Forced Vital Capacity (FVC) 

• Forced Expiratory Volume in one second (FEV₁) 

• FEV₁/FVC ratio 

Each participant performed three acceptable maneuvers, and the highest value was taken for 

interpretation. COPD severity was categorized based on GOLD 2024 classification, as follows: 

• GOLD I (Mild): FEV₁ ≥ 80% predicted 

• GOLD II (Moderate): FEV₁ 50–79% predicted 

• GOLD III (Severe): FEV₁ 30–49% predicted 

• GOLD IV (Very Severe): FEV₁ < 30% predicted 

5. Correlation of Anthropometric and Spirometric Data: The collected anthropometric indices 

(BMI, MAC, MAMC, CC, and FFMI) were statistically correlated with spirometric parameters (FEV₁, 

FVC, FEV₁/FVC ratio) to evaluate their relationship. This step aimed to determine whether 

anthropometric markers can serve as surrogate indicators of disease severity and systemic involvement 

in COPD. 

6. Quality Control and Data Verification: All instruments were calibrated regularly. Data entry was 

done contemporaneously using double verification to minimize transcription errors. Random cross-

checking of measurements was performed by a second observer to ensure consistency. Missing data 

were identified promptly and rectified through direct patient contact when feasible. 
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7. Data Documentation and Confidentiality: All participant information and measurements were 

documented in a secure database accessible only to the research team. Confidentiality was strictly 

maintained throughout, and all data were anonymized before statistical analysis. Ethical principles as 

per the Declaration of Helsinki (2013 revision) were adhered to during every stage of data collection. 

Data Processing and Analysis/Statistical Analysis:  

Data was entered into a Microsoft Excel spreadsheet and analyzed using Statistical Package for the 

Social Sciences (SPSS) version 22 software. Variables included patient identification number, 

demographic characteristics (age and gender), physician diagnosis, and chest X-ray findings. 

Descriptive statistics were used to summarize the data, and inferential analysis was performed using 

the chi-square test to determine statistical significance”. A p-value of less than 0.05 was considered 

statistically significant. Fat-free mass and appendicular skeletal muscle mass index were used as 

classification variables, as they incorporated all significant independent predictors. Receiver operating 

characteristic curves were constructed, and cut-off values for skeletal muscle atrophy were derived 

from these curves. 
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RESULTS 

I – Descriptive Analysis 

Table 1: Distribution of patients by sociodemographic characteristics 

 n % 

Sex 
Male 73 60.3 

Female 48 39.7 

Age 
≤ 65 64 52.9 

> 65 57 47.1 

Occupation 

Bank 4 3.3 

Businessmen 5 4.1 

Cook 18 14.9 

Engineer (Retd) 1 .8 

Ex Army 9 7.4 

Farmer 28 23.1 

House Wife 27 22.3 

Labourer 22 18.2 

Police 2 1.7 

Stone Cutter 1 .8 

Teacher 1 .8 

Traffic Police 3 2.5 

Smoking 

Current 35 28.9 

Ex Smoker 31 25.6 

No 35 28.9 

Passive Smoker 20 16.5 

Alcohol 
No 78 64.5 

Yes 43 35.5 

Biogas exposure 
No 65 53.7 

Yes 56 46.3 

 

 

 

 

 

 

 

 

COMORBIDITIES 

CVA, HTN 6 5.0 

CVA, IHD, HTN 1 .8 

DM 17 14.0 

DM, CVA 2 1.7 

DM, HTN 2 1.7 

DM, HTN, CVA 2 1.7 

DM, HTN, IHD 3 2.5 

DM, IHD 1 .8 

HTN 25 20.7 

HTN, CVA 2 1.7 

HTN, CVA, IHD 3 2.5 

HTN, DM 12 9.9 

HTN, DM, CVA 4 3.3 

HTN, DM, IHD 4 3.3 

HTN, IHD 5 4.1 

HTN, IHD, CVA 1 .8 

IHD, HTN 4 3.3 
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Graph 1: Distribution of patients by sociodemographic characteristics 
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In this cross-sectional study, out of 121 COPD patients, 60.3% were males (n=73) while 39.7% were 

females (n=48), confirming a male predominance. Age distribution showed that 52.9% (n=64) were 

≤65 years and 47.1% (n=57) were >65 years, indicating that COPD significantly affects individuals in 

both mid-life and older ages. 

Regarding occupation, the highest proportion were farmers (23.1%, n=28) followed closely by 

housewives (22.3%, n=27) and labourers (18.2%, n=22). Other occupations included cooks (14.9%, 

n=18), ex-army personnel (7.4%, n=9), businessmen (4.1%, n=5), traffic police (2.5%, n=3), bank 

employees (3.3%, n=4), engineer (retired), stone cutter, and school teacher each at 0.8% (n=1), and 

police at 1.7% (n=2). “This distribution reflects substantial exposure to dust, physical stress, and indoor 

biomass fuel, commonly associated with COPD progression and reduced muscle health. 

Smoking-related history revealed that current smokers formed 28.9% (n=35), ex-smokers 25.6% 

(n=31), while passive smokers accounted for 16.5% (n=20). Only 28.9% (n=35) had no smoking 

exposure. This shows a very high prevalence of direct or indirect tobacco smoke exposure (71.1%) 

among COPD patients, strongly linked with skeletal muscle atrophy through oxidative stress and 

systemic inflammation. Alcohol consumption was reported by 35.5% (n=43), while 64.5% (n=78) 

denied alcohol use. 

Biomass exposure was also considerable, with 46.3% (n=56) reporting biogas exposure compared to 

53.7% (n=65) without exposure, highlighting environmental contributions to COPD in rural settings 

and among housewives. 

Comorbidity patterns revealed that hypertension was the most prevalent comorbidity either alone 

(20.7%, n=25) or combined with others such as DM, IHD, or CVA. Diabetes mellitus alone accounted 

for 14% (n=17). Rare combinations such as CVA + HTN + IHD and CVA + IHD + HTN each at 0.8% 

(n=1) 

This high burden of cardiometabolic diseases underscores systemic inflammation, reduced physical 

activity, and nutritional decline   all crucial contributors to skeletal muscle wasting in COPD patients. 
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Table 2: Distribution of patients by Pulmonary Function Test (PFT) Variables 

 n % 

Gold class 

Mild 31 25.6 

Moderate 62 51.2 

Severe 22 18.2 

Very Severe 6 5.0 

Exacerbations in last year 

0 39 32.2 

1 37 30.6 

2 25 20.7 

3 17 14.0 

4 3 2.5 

Inhaler 
No 49 40.5 

Yes 72 59.5 

 

Graph 2: Distribution of patients by Pulmonary Function Test (PFT) Variables 

 

Based on GOLD classification, 51.2% (n=62) of the patients had moderate COPD, making it the most 

prevalent severity stage in this study population. This was followed by mild COPD in 25.6% (n=31), 

severe COPD in 18.2% (n=22), and very severe COPD in only 5.0% (n=6). Thus, nearly three-fourths 

of patients (76.8%) were in mild to moderate stages, while 23.2% represented advanced disease. This 

distribution indicates ongoing disease progression in a substantial proportion, which is clinically 

relevant since COPD severity is strongly linked to skeletal muscle wasting. 
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Regarding exacerbation history in the preceding year, 32.2% (n=39) had no exacerbations and 30.6% 

(n=37) experienced one exacerbation. Additionally, 20.7% (n=25) reported two exacerbations, 14.0% 

(n=17) had three, and 2.5% (n=3) had four exacerbations. Collectively, 67.8% experienced ≥1 

exacerbation, indicating considerable instability in disease control, which could negatively influence 

muscle mass due to increased systemic inflammation and reduced physical activity. 

In terms of treatment use, 59.5% (n=72) were on inhaler therapy while 40.5% (n=49) were not. The 

lack of inhaler use in a significant portion of patients suggests underutilization of bronchodilator 

therapy, which may contribute to functional limitation and increases the risk for muscle atrophy due 

to chronic dyspnea-related inactivity. 
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Table 3: Distribution by symptoms score 

 n % 

MMRC Score 

0 20 16.5 

1 36 29.8 

2 38 31.4 

3 27 22.3 

 

Graph 3: Distribution by symptoms score 

 

Dyspnea severity was evaluated using the Modified Medical Research Council (mMRC) dyspnea 

scale. In this study, 31.4% (n=38) of patients had an mMRC score of 2, making it the most common 

functional limitation category. This indicates that individuals walk slower than peers of the same age 

or have to stop to breathe when walking at their own pace   reflecting clinically significant 

breathlessness. 

Furthermore, 29.8% (n=36) were categorized under mMRC grade 1, representing mild dyspnea on 

strenuous exertion. 22.3% (n=27) of patients fell in grade 3, where individuals require frequent pauses 

even after walking about 100 meters or a few minutes, signifying marked functional impairment. 

A smaller subset, 16.5% (n=20), had a grade 0, indicating no breathlessness except with strenuous 

exercise. Importantly, combining grades 2 and 3 shows that 53.7% of COPD patients experience 

moderate to severe breathlessness, limiting physical activity and daily functioning. 
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Table 4: Distribution of SpO₂ Levels, Systemic Steroid Use, and Physical Activity Status Among 

COPD Patients 

 n % 

SPO2 

100% 1 0.8 

88% 2 1.7 

89% 7 5.8 

90% 5 4.1 

91% 3 2.5 

92% 2 1.7 

93% 7 5.8 

94% 8 6.6 

95% 15 12.4 

96% 22 18.2 

97% 32 26.4 

98% 13 10.7 

99% 4 3.3 

Systemic 

Steroid Use 

160 MG 37 30.6 

320 MG 25 20.7 

480 MG 17 14.0 

640 MG 3 2.5 

Nil 39 32.2 

Physical 

Activity 

Immobile 12 9.9 

Limited Mobility 23 19.0 

Mobile 86 71.1 
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Graph 4: Distribution of SpO₂ Levels, Systemic Steroid Use, and Physical Activity Status Among 

COPD Patients 
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while 30.6% received 160 mg, 20.7% received 320 mg, 14.0% received 480 mg, and 2.5% received 

640 mg cumulatively, reflecting variable treatment intensity depending on the severity and 

exacerbation burden. Long-term or frequent steroid use may further potentiate muscle wasting through 

steroid-induced myopathy, particularly in the moderate to high cumulative dose groups. 

A functional assessment of mobility status demonstrated that the majority of patients (71.1%) were 

mobile and independently ambulatory, while 19.0% had limited mobility and 9.9% were immobile. 

The reduced mobility groups represent a high-risk subset for skeletal muscle atrophy due to physical 

inactivity and disuse, leading to accelerated decline in lower limb muscle mass and functional capacity. 

The findings reinforce that hypoxemia, systemic steroid exposure, and reduced physical activity 

contribute synergistically to muscle loss in COPD and highlight the importance of routine assessment 

of functional status alongside anthropometric evaluation to prevent sarcopenia-related disability in this 

population. 
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Table 5: Distribution of Inhaler Use Among COPD Patients 

 n % 

Inhaler 

No 49 40.5 

YES 42 34.7 

Yes (ICS) 30 24.8 

 

Graph 5: Distribution of Inhaler Use Among COPD Patients 

 

In this study, 40.5% (n = 49) of COPD patients were not using any inhaler therapy, whereas 34.7% (n 

= 42) were on inhalers without inhaled corticosteroids (ICS), and 24.8% (n = 30) were receiving ICS-

based inhaler treatment. This distribution indicates that more than half of the study population required 

regular inhaled bronchodilators, reflecting symptomatic disease requiring pharmacological support. 

The subset using ICS therapy represents individuals with greater airway inflammation and higher 

exacerbation risk, typically associated with more advanced disease severity. Conversely, the relatively 

large proportion of patients not using inhalers may suggest either earlier disease stages, limited access 

to healthcare, or treatment non-adherence, each of which may influence disease stability and muscle 

health outcomes. The findings emphasize the heterogeneity in disease management within the COPD 

population and support the relevance of inhaler therapy as an indicator of disease burden and potential 

vulnerability to skeletal muscle atrophy. 
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Table 6: Descriptive statistics of Pulmonary Function Test (PFT) Variables 

 Mean SD Minimum Maximum 

FEV1 62.84 15.93 28.00 85.00 

FVC 96.55 16.48 54.00 120.00 

FEV1/FVC 64.23 7.99 42.35 85.00 

 

The pulmonary function assessment of COPD patients demonstrated a mean FEV1 of 62.84 ± 15.93, 

with values ranging from 28.00 to 85.00. This indicates a moderate reduction in expiratory airflow, 

consistent with obstructive pathology, and suggests varying severity across the cohort. The relatively 

wide range shows inclusion of patients from moderate to severe airflow limitation, based on standard 

GOLD classification. 

The mean FVC was 96.55 ± 16.48 (range: 54.00 to 120.00), showing near-normal lung volumes in a 

majority of patients. This reflects the characteristic air trapping and hyperinflation pattern of COPD, 

where FEV1 reduction is more pronounced than FVC reduction. 

The FEV1/FVC ratio averaged 64.23 ± 7.99, with a minimum of 42.35 and a maximum of 85.00. A 

significant proportion of patients fall below the diagnostic cut-off of <70%, reaffirming persistent 

airflow obstruction   the hallmark of COPD. The minimum ratio value suggests severe obstructive 

impairment in certain individuals. 

 

 

 

 

 

 

 

 

 

 



93 
 

Table 7: Descriptive statistics of symptoms score 

 Mean SD Minimum Maximum 

SGRQ-S 58.04 19.44 21.60 95.60 

SGRQ-A 53.52 17.94 20.30 90.30 

SGRQ-I 51.35 19.18 17.20 92.70 

SGRQ- TOTAL 54.76 18.53 20.30 93.20 

 

The health-related quality of life assessment using SGRQ demonstrated considerable disease burden 

among COPD patients. 

The SGRQ-Symptoms (SGRQ-S) domain showed a mean of 58.04 ± 19.44, with scores ranging from 

21.60 to 95.60. This indicates that most patients experienced frequent and severe respiratory 

symptoms, consistent with chronic cough, sputum, and dyspnea associated with COPD. 

The SGRQ-Activity (SGRQ-A) domain had a mean score of 53.52 ± 17.94 (range: 20.30–90.30), 

suggesting significant limitations in physical activities such as walking and household tasks. This 

reflects functional restriction primarily attributed to breathlessness and fatigue. 

The SGRQ-Impacts (SGRQ-I) score averaged 51.35 ± 19.18 (range: 17.20–92.70), representing 

substantial psycho-social impairment   including anxiety, fear of exertion, reduced self-esteem, and 

dependency associated with COPD. 

SGRQ-Total score was 54.76 ± 18.53, ranging from 20.30 to 93.20, suggesting that a majority of 

patients experienced poor quality of life, as a score above 50 reflects moderate–severe impairment. 
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Table 8: Descriptive statistics of Anthropometric Measurements 

 Mean SD Minimum Maximum 

Height 161.45 6.95 143.00 175.00 

Weight 59.97 9.00 42.00 98.00 

BMI 23.00 3.23 17.70 38.76 

MAC 25.00 3.43 16.80 37.80 

TSF 1.34 .62 .40 3.60 

CC 33.58 3.76 25.30 43.50 

MAMC 20.55 1.97 15.54 27.12 

MAMA 25.35 7.13 12.01 48.52 

 

The mean height of the participants was 161.45 ± 6.95 cm, with a minimum of 143 cm and a maximum 

of 175 cm, showing a typical adult Indian COPD population. The mean body weight was 59.97 ± 9.00 

kg (42.00–98.00 kg), indicating wide variability and suggesting both underweight and overweight 

individuals. 

The mean BMI was 23.00 ± 3.23 kg/m², ranging from 17.70 to 38.76, placing the average participant 

in the normal BMI range. However, the lower end indicates the presence of underweight COPD 

patients, who are at higher risk of muscle wasting and poor outcomes. 

The mid-arm circumference (MAC) averaged 25.00 ± 3.43 cm, with a range of 16.80–37.80 cm, 

demonstrating heterogeneity in nutritional and muscle status. A MAC closer to the lower limit is 

frequently associated with reduced body muscle reserves. 

The triceps skinfold thickness (TSF) had a mean of 1.34 ± 0.62 cm (0.40–3.60 cm). Values near the 

minimum indicate low subcutaneous fat stores, reflecting energy depletion, common in advanced 

COPD. 

Calf circumference (CC) showed a mean of 33.58 ± 3.76 cm, with values between 25.30 and 43.50 

cm. CC is a crucial functional marker: those below <31 cm are typically considered to have low muscle 

mass, suggesting a subset of patients with probable sarcopenia. 

The mid-arm muscle circumference (MAMC) mean was 20.55 ± 1.97 cm (15.54–27.12 cm), and mid-

arm muscle area (MAMA) averaged 25.35 ± 7.13 cm² (12.01–48.52 cm²). These are direct markers of 

skeletal muscle bulk, and lower values indicate significant muscle depletion, especially among more 

symptomatic or severe COPD patients. 
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Table 9: Descriptive statistics of Body Composition (Muscle/Fat Mass) 

 Mean SD Minimum Maximum 

ASM 18.64 3.04 11.77 28.70 

ASMI 7.17 1.13 4.67 10.70 

FFM 44.09 6.75 29.40 68.60 

FFMI 16.94 2.46 12.47 27.22 

 

The Appendicular Skeletal Muscle Mass (ASM) showed a mean of 18.64 ± 3.04 kg, ranging from 

11.77 to 28.70 kg. This indicates a wide variation in limb muscle reserves within the COPD population. 

Values toward the lower end reflect marked skeletal muscle depletion, commonly observed in 

advanced COPD due to inactivity and inflammation. 

The ASM Index (ASMI) averaged 7.17 ± 1.13 kg/m² (range: 4.67–10.70 kg/m²). A cutoff of ASMI 

<7.0 kg/m² in males and <5.7 kg/m² in females is used to classify low muscle mass (sarcopenia). Given 

that the mean value is close to the cut-off for males, a large proportion of this cohort likely exhibits 

low appendicular muscle mass, confirming the presence of skeletal muscle atrophy. 

The Fat-Free Mass (FFM) mean value was 44.09 ± 6.75 kg, with a minimum of 29.40 kg and maximum 

of 68.60 kg. Lower FFM values indicate loss of metabolically active tissue, primarily muscle, which 

plays a key role in exercise tolerance and respiratory effort. 

The Fat-Free Mass Index (FFMI) was found to be 16.94 ± 2.46 kg/m², ranging from 12.47 to 27.22 

kg/m². An FFMI <17 kg/m² in males and <15 kg/m² in females is considered a diagnostic marker of 

muscle depletion in COPD. The mean FFMI falls at the borderline cutoff, strongly indicating that 

muscle wasting is prevalent in this study population. 
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II – Data comparing demographic variables with Body Composition (Muscle/Fat Mass) 

Table 10: Comparison of age by Body Composition (Muscle/Fat Mass) 

Age n Mean SD t p value 

ASM 
≤ 65 48 19.68 2.49 

4.254 <0.05* 
>65 73 17.48 3.19 

ASMI 
≤ 65 48 7.67 0.70 

5.891 <0.05* 
>65 73 6.60 1.26 

FFM 
≤ 65 48 45.27 5.72 

2.072 0.040* 
>65 73 42.76 7.58 

FFMI 
≤ 65 48 17.65 1.60 

3.543 0.001* 
>65 73 16.14 2.96 

 

A statistically significant difference was observed in all muscle mass indicators between the two age 

categories among COPD patients. Individuals aged ≤65 years (n = 48) demonstrated higher mean ASM 

(19.68 ± 2.49 kg) compared to those aged >65 years (n = 73) (17.48 ± 3.19 kg) with t = 4.254, p < 

0.05*, indicating better muscle preservation in younger individuals. Similarly, ASMI values were 

significantly greater in the younger group (7.67 ± 0.70 kg/m²) than in the older group (6.60 ± 1.26 

kg/m²) with t = 5.891, p < 0.05*, suggesting a higher prevalence of sarcopenia among elderly patients. 

Fat-free mass (FFM) was also significantly higher in patients ≤65 years (45.27 ± 5.72 kg) compared 

to those >65 years (42.76 ± 7.58 kg) (t = 2.072, p = 0.040*). Additionally, FFMI showed a notable 

decline in the >65-year group (16.14 ± 2.96 kg/m²) when compared with the younger age group (17.65 

± 1.60 kg/m²) (t = 3.543, p = 0.001*). 
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Table 11: Comparison of gender by Body Composition (Muscle/Fat Mass) 

SEX n Mean SD t p value 

ASM 
Male 73 19.21 3.37 

2.594 0.011* 
Female 48 17.78 2.23 

ASMI 
Male 73 7.03 1.29 

-1.624 0.107 
Female 48 7.37 0.80 

FFM 
Male 73 45.53 6.72 

2.983 0.003* 
Female 48 41.90 6.25 

FFMI 
Male 73 16.66 2.57 

-1.544 0.125 
Female 48 17.36 2.23 

 

Skeletal muscle indices were compared between male (n = 73) and female (n = 48) COPD patients. 

Males showed significantly higher ASM (19.21 ± 3.37 kg) than females (17.78 ± 2.23 kg) (t = 2.594, 

p = 0.011*), indicating greater appendicular muscle reserve in men. Fat-free mass was also 

significantly higher in males (45.53 ± 6.72 kg) compared to females (41.90 ± 6.25 kg) with t = 2.983, 

p = 0.003*, reflecting typically greater lean mass in the male population. 

However, no statistically significant difference was noted in ASMI values between males (7.03 ± 1.29 

kg/m²) and females (7.37 ± 0.80 kg/m²) (t = –1.624, p = 0.107). Similarly, FFMI did not differ 

significantly between sexes (16.66 ± 2.57 kg/m² in males vs 17.36 ± 2.23 kg/m² in females) (t = –

1.544, p = 0.125). 
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Table 12: Comparison of consumption of alcohol by Body Composition (Muscle/Fat Mass) 

ALCOHOL n Mean SD t p value 

ASM 
No 78 17.90 2.33 

-3.807 <0.05* 
Yes 43 19.99 3.68 

ASMI 
No 78 7.05 0.95 

-1.588 0.115 
Yes 43 7.38 1.39 

FFM 
No 78 42.61 5.80 

-3.384 0.001* 
Yes 43 46.77 7.56 

FFMI 
No 78 16.75 2.20 

-1.142 0.256 
Yes 43 17.28 2.85 

 

A comparison of muscle mass indicators between COPD patients who consumed alcohol (n = 43) and 

those who did not (n = 78) showed statistically significant differences in selective domains. Alcohol 

users demonstrated significantly highr mean ASM (19.99 ± 3.68 kg) compared with non-users (17.90 

± 2.33 kg) (t = –3.807, p < 0.05*). Similarly, fat-free mass was greater in the alcohol group (46.77 ± 

7.56 kg) compared to the non-alcohol group (42.61 ± 5.80 kg) with a statistically significant difference 

(t = –3.384, p = 0.001*). 

However, ASMI did not show a significant difference between alcohol consumers (7.38 ± 1.39 kg/m²) 

and non-consumers (7.05 ± 0.95 kg/m²) (t = –1.588, p = 0.115). Likewise, FFMI was similar between 

the two groups (17.28 ± 2.85 kg/m² vs 16.75 ± 2.20 kg/m²) (t = –1.142, p = 0.256), indicating lack of 

statistical association. 
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Table 13: Comparison of Biogas exposure by body mass consumption 

BIOGAS EXPOSURE n Mean SD t p value 

ASM 
No 65 18.91 3.44 

1.032 .304 
Yes 56 18.33 2.49 

ASMI 
No 65 6.89 1.27 

-3.029 0.003* 
Yes 56 7.49 0.86 

FFM 
No 65 45.07 6.99 

1.736 .085 
Yes 56 42.95 6.34 

FFMI 
No 65 16.41 2.56 

-2.589 0.011* 
Yes 56 17.54 2.20 

 

Among COPD patients, muscle mass indicators were compared between individuals with biogas 

exposure (n = 56) and those without exposure (n = 65). The mean ASM was slightly lower in the biogas 

exposure group (18.33 ± 2.49 kg) compared to non-exposed individuals (18.91 ± 3.44 kg), but this 

difference was not statistically significant (t = 1.032, p = 0.304), indicating comparable appendicular 

skeletal muscle values between the groups. Biogas exposure contributes to indoor air pollution and 

systemic inflammation, ASM predominantly depends on overall body size and chronic physical 

activity. The variation between groups was insufficient to establish a meaningful statistical difference. 

In contrast, the ASMI was significantly higher in the biogas exposure group (7.49 ± 0.86 kg/m²) than 

in the non-exposed group (6.89 ± 1.27 kg/m²) (t = -3.029, p = 0.003*). A similar trend was observed 

for FFMI, which was also significantly higher in exposed individuals (17.54 ± 2.20 kg/m²) compared 

to those without exposure (16.41 ± 2.56 kg/m²) (t = -2.589, p = 0.011*). 

Fat-free mass (FFM) was greater in the non-exposed group (45.07 ± 6.99 kg) versus the exposed group 

(42.95 ± 6.34 kg), but the difference did not reach statistical significance (t = 1.736, p = 0.085). 

Although biogas exposure can negatively influence lung function and systemic metabolism, fat-free 

mass (FFM) reflects the total lean tissue across the entire body and is strongly influenced by baseline 

nutrition, body size, and overall health status. In this study, the difference in FFM between exposed 

and non-exposed individuals was small and showed overlapping variability, suggesting that biogas 

exposure alone was not sufficient to produce a statistically meaningful reduction in total lean mass. 
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Table 14: Comparison of smoking status by Body Composition (Muscle/Fat Mass) 

 n Mean 
Std. 

Deviation 
F p-value 

ASM 

Current 35 19.5 3.5 

1.783 0.154 

Ex-smoker 31 18.5 3.4 

No 30 18.5 2.4 

Passive smoker 25 17.7 2.2 

Total 121 18.6 3.0 

ASMI 

Current 35 7.2 1.4 

2.342 0.077 

Ex-smoker 31 6.7 1.2 

No 30 7.3 0.7 

Passive smoker 25 7.5 0.8 

Total 121 7.2 1.1 

FFM 

Current 35 45.7 6.9 

1.974 0.122 

Ex-smoker 31 44.8 7.0 

No 30 43.4 5.9 

Passive smoker 25 41.8 6.7 

Total 121 44.1 6.8 

FFMI 

Current 35 16.8 2.8 

1.387 0.250 

Ex-smoker 31 16.3 2.4 

No 30 17.2 1.8 

Passive smoker 25 17.6 2.5 

Total 121 16.9 2.5 

 

Muscle mass parameters were analyzed among COPD patients categorized as current smokers (n = 

35), ex-smokers (n = 31), non-smokers (n = 30), and passive smokers (n = 25). Although current 

smokers showed the highest mean ASM (19.5 ± 3.5 kg) and passive smokers the lowest (17.7 ± 2.2 

kg), the variation was not statistically significant (F = 1.783, p = 0.154). Similarly, no significant group 

differences were observed in FFM (F = 1.974, p = 0.122) or FFMI (F = 1.387, p = 0.250) across the 

smoking categories. 

ASMI values demonstrated some variation, with passive smokers showing the highest mean (7.5 ± 0.8 

kg/m²) and ex-smokers the lowest (6.7 ± 1.2 kg/m²). However, this difference did not reach statistical 

significance (F = 2.342, p = 0.077). 
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Table 15: Comparison of Gold class by Body Composition 

 n Mean SD F p-value 

ASM 

Mild 31 19.02 2.68 

3.765 0.013* 

Moderate 62 19.19 2.55 

Severe 22 16.96 3.60 

Very severe 6 17.20 5.02 

Total 121 18.64 3.04 

ASMI 

Mild 31 7.39 0.67 

5.688 0.001* 

Moderate 62 7.38 0.90 

Severe 22 6.39 1.54 

Very severe 6 6.59 2.13 

Total 121 7.17 1.13 

FFM 

Mild 31 43.73 5.95 

0.813 0.489 

Moderate 62 44.94 5.62 

Severe 22 42.50 8.35 

Very severe 6 42.98 13.50 

Total 121 44.09 6.75 

FFMI 

Mild 31 16.99 1.22 

1.531 0.210 

Moderate 62 17.28 1.90 

Severe 22 16.03 3.68 

Very severe 6 16.39 5.41 

Total 121 16.94 2.46 

 

The comparison of muscle mass parameters across GOLD severity categories showed that 

appendicular muscle mass progressively decreased with increasing COPD severity. 

Patients with mild COPD had a mean ASM of 19.02 ± 2.68 kg and those with moderate COPD had a 

similar value (19.19 ± 2.55 kg). However, ASM markedly declined in the severe (16.96 ± 3.60 kg) and 

very severe groups (17.20 ± 5.02 kg). This difference was statistically significant (F = 3.765, p = 

0.013*), indicating greater muscle atrophy in advanced disease stages. 

Similarly, the mean ASMI values were highest in mild (7.39 ± 0.67 kg/m²) and moderate COPD (7.38 

± 0.90 kg/m²) but dropped significantly in severe (6.39 ± 1.54 kg/m²) and very severe COPD (6.59 ± 

2.13 kg/m²) (F = 5.688, p = 0.001*), confirming more pronounced sarcopenia in advanced COPD. 

In contrast, the differences in FFM (F = 0.813, p = 0.489) and FFMI (F = 1.531, p = 0.210) across 

severity classes were not statistically significant, indicating that total lean mass is less sensitive for 

detecting muscle loss than appendicular-focused indices. 
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Table 16: Comparison of EXACERBATIONS IN LAST YEAR by body composition  

Exacerbations in 

Last Year 
n Mean SD F p-value 

ASM 

0 39 19.62 2.72 

4.544 0.002* 

1 37 19.32 2.24 

2 25 17.22 2.71 

3 17 17.51 4.42 

4 3 15.83 1.93 

Total 121 18.64 3.04 

ASMI 

0 39 7.72 0.76 

8.463 <0.05* 

1 37 7.38 0.63 

2 25 6.57 1.05 

3 17 6.56 1.88 

4 3 5.73 0.13 

Total 121 7.17 1.13 

FFM 

0 39 45.12 5.99 

1.85 0.124 

1 37 45.40 5.17 

2 25 41.61 6.38 

3 17 43.30 10.45 

4 3 39.63 6.83 

Total 121 44.09 6.75 

FFMI 

0 39 17.76 1.65 

4.139 0.004* 

1 37 17.34 1.35 

2 25 15.87 2.44 

3 17 16.22 4.47 

4 3 14.29 1.05 

Total 121 16.94 2.46 

 

Muscle mass declined progressively as the number of COPD exacerbations increased over the past 

year. A statistically significant difference was observed for ASM (F = 4.544, p = 0.002*), with the 

highest mean among patients without exacerbations (19.62 ± 2.72 kg) and the lowest in those 

experiencing four exacerbations (15.83 ± 1.93 kg). 

A similar pattern was observed for ASMI (F = 8.463, p < 0.05*), decreasing from 7.72 ± 0.76 kg/m² 

in patients with no exacerbations to 5.73 ± 0.13 kg/m² in those with four exacerbations. Fat-free mass 

showed a decreasing trend, but did not reach statistical significance (F = 1.85, p = 0.124). 

FFMI exhibited a significant decline (F = 4.139, p = 0.004*), from 17.76 ± 1.65 kg/m² in zero-

exacerbation patients to 14.29 ± 1.05 kg/m² in patients with four exacerbations   clearly reflecting 

greater muscle depletion with increasing disease instability. 
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Table 17: Comparison of INHALER Score by body composition  

Inhaler n Mean 
Std. 

Deviation 
t p-value 

ASM 
No 49 19.55 3.23 

2.799 0.006* 
Yes 72 18.02 2.76 

ASMI 
No 49 7.52 1.08 

2.892 0.005* 
Yes 72 6.93 1.11 

FFM 
No 49 45.64 7.06 

2.114 0.037* 
Yes 72 43.03 6.37 

FFMI 
No 49 17.54 2.28 

2.264 0.025* 
Yes 72 16.53 2.50 

 

A statistically significant difference was observed in muscle mass parameters between COPD patients 

using inhalers (n = 72) and those not using inhalers (n = 49). The mean ASM was significantly higher 

in patients not on inhalers (19.55 ± 3.23 kg) compared to inhaler users (18.02 ± 2.76 kg), with t = 

2.799, p = 0.006*. Similarly, ASMI values were significantly greater in the non-inhaler group (7.52 ± 

1.08 kg/m²) than in inhaler users (6.93 ± 1.11 kg/m²) (t = 2.892, p = 0.005*). 

Fat-free mass also showed a significant difference, with non-users demonstrating higher FFM (45.64 

± 7.06 kg) versus users (43.03 ± 6.37 kg) (t = 2.114, p = 0.037*). Additionally, FFMI was significantly 

higher in non-inhaler patients (17.54 ± 2.28 kg/m²) compared with inhaler users (16.53 ± 2.50 kg/m²) 

(t = 2.264, p = 0.025*). 
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Table 18: Comparison of MMRC Score by body composition  

MMRC Score n Mean SD F p-value 

ASM 

0 20 20.22 2.52 

5.704 0.001* 

1 36 19.41 2.68 

2 38 18.16 2.42 

3 27 17.13 3.82 

Total 121 18.64 3.04 

ASMI 

0 20 7.67 0.58 

7.194 <0.05* 

1 36 7.54 0.77 

2 38 7.05 0.91 

3 27 6.46 1.67 

Total 121 7.17 1.13 

FFM 

0 20 46.14 5.72 

1.208 0.31 

1 36 44.72 5.82 

2 38 43.32 5.79 

3 27 42.82 9.32 

Total 121 44.09 6.75 

FFMI 

0 20 17.48 1.10 

1.721 0.166 

1 36 17.38 1.53 

2 38 16.79 2.06 

3 27 16.15 4.07 

Total 121 16.94 2.46 

 

A progressive decline in muscle mass was observed with increasing dyspnea severity on the mMRC 

scale. Mean ASM was highest in patients with an mMRC score of 0 (20.22 ± 2.52 kg) and declined 

steadily with increasing dyspnea, reaching 17.13 ± 3.82 kg in those with a score of 3. This difference 

was statistically significant (F = 5.704, p = 0.001*), indicating greater muscle wasting among patients 

with more severe breathlessness. 

ASMI also showed a significant decreasing pattern (F = 7.194, p < 0.05*), with mean values reducing 

from 7.67 ± 0.58 kg/m² in mMRC 0 to 6.46 ± 1.67 kg/m² in mMRC 3, demonstrating worsening 

sarcopenia with functional respiratory limitation. 

Although FFM declined with increasing mMRC score, ranging from 46.14 ± 5.72 kg (mMRC 0) to 

42.82 ± 9.32 kg (mMRC 3), this difference was not statistically significant (F = 1.208, p = 0.31). FFMI 

showed a similar non-significant decreasing trend (F = 1.721, p = 0.166). 
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Table 19: Comparison of BMI level by Body Composition (Muscle/Fat Mass) 

 n Mean SD F p-value 

ASM 

<21 37 15.57 1.51 

42.793 <0.005* 

21-25 56 19.43 2.19 

25-30 23 20.71 2.11 

>=30 5 23.06 4.62 

Total 121 18.64 3.04 

ASMI 

<21 37 5.92 0.66 

80.151 <0.005* 

21-25 56 7.45 0.56 

25-30 23 7.99 0.70 

>=30 5 9.46 1.26 

Total 121 7.17 1.13 

FFM 

<21 37 37.74 3.50 

51.763 <0.005* 

21-25 56 44.88 4.75 

25-30 23 49.36 3.71 

>=30 5 57.90 9.52 

Total 121 44.09 6.75 

FFMI 

<21 37 14.31 0.96 

186.603 <0.005* 

21-25 56 17.19 0.85 

25-30 23 19.06 1.15 

>=30 5 23.81 2.38 

Total 121 16.94 2.46 

 

A statistically significant difference was observed in all muscle mass indicators across different BMI 

categories in COPD patients (p < 0.005 for all comparisons). Patients with BMI <21 kg/m² 

demonstrated markedly lower muscle mass, with mean ASM of 15.57 ± 1.51 kg, ASMI of 5.92 ± 0.66 

kg/m², FFM of 37.74 ± 3.50 kg and FFMI of 14.31 ± 0.96 kg/m², indicating severe muscle depletion 

and undernutrition in this group. Muscle parameters progressively improved with increasing BMI. 

Those within the BMI range of 21–25 kg/m² showed significantly better muscle values (ASM: 19.43 

± 2.19 kg; ASMI: 7.45 ± 0.56 kg/m²; FFM: 44.88 ± 4.75 kg; FFMI: 17.19 ± 0.85 kg/m²), while 

overweight individuals (BMI 25–30 kg/m²) demonstrated further improvement (ASM: 20.71 ± 2.11 

kg; ASMI: 7.99 ± 0.70 kg/m²; FFM: 49.36 ± 3.71 kg; FFMI: 19.06 ± 1.15 kg/m²). The highest muscle 

mass values were seen in obese patients with BMI ≥30 kg/m² (ASM: 23.06 ± 4.62 kg; ASMI: 9.46 ± 

1.26 kg/m²; FFM: 57.90 ± 9.52 kg; FFMI: 23.81 ± 2.38 kg/m²), reflecting substantial preservation of 

both muscle and fat-free mass. The results indicate that COPD patients with lower BMI have 

significantly greater skeletal muscle atrophy, whereas those with higher BMI demonstrate relative 

muscle preservation. This pattern reinforces the concept of the “COPD obesity paradox,” wherein 

higher BMI may offer a protective effect against muscle wasting and functional deterioration. The 
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findings strongly emphasize that BMI <21 kg/m² serves as a clinical red flag for severe sarcopenia in 

COPD patients and underscores the need for targeted nutritional rehabilitation and muscle-

strengthening interventions in this high-risk subgroup. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



107 
 

Table 20: Comparison of Age wise (<=60 &>60) Body Composition (Muscle/Fat Mass) among 

male & female 

Sex n Mean SD t p-value 

Female 

ASM 
<=65 33 18.05 1.99 

1.282 0.206 
>65 15 17.17 2.66 

ASMI 
<=65 33 7.46 0.70 

1.095 0.279 
>65 15 7.18 1.00 

FFM 
<=65 33 42.15 5.27 

0.409 .685 
>65 15 41.35 8.21 

FFMI 
<=65 33 17.40 1.79 

0.178 0.860 
>65 15 17.27 3.06 

Male 

ASM 
<=65 31 21.41 1.68 

5.775 <0.05* 
>65 42 17.59 3.39 

ASMI 
<=65 31 7.90 0.63 

6.036 <0.05* 
>65 42 6.39 1.28 

FFM 
<=65 31 48.60 4.11 

3.623 0.001* 
>65 42 43.26 7.39 

FFMI 
<=65 31 17.93 1.35 

3.948 <0.05* 
>65 42 15.74 2.85 

 

When analyzed separately by sex, age-related differences in muscle mass parameters in COPD patients 

showed a contrasting pattern between males and females. Among female participants, there was no 

statistically significant difference in ASM, ASMI, FFM, or FFMI between those aged ≤65 years and 

those >65 years (ASM: 18.05 ± 1.99 kg vs. 17.17 ± 2.66 kg, p = 0.206; ASMI: 7.46 ± 0.70 kg/m² vs. 

7.18 ± 1.00 kg/m², p = 0.279; FFM: 42.15 ± 5.27 kg vs. 41.35 ± 8.21 kg, p = 0.685; FFMI: 17.40 ± 

1.79 kg/m² vs. 17.27 ± 3.06 kg/m², p = 0.860), indicating relatively similar muscle preservation in 

women irrespective of age. In contrast, male participants demonstrated a significant decline in muscle 

indices with advancing age. Younger males aged ≤65 years had significantly higher ASM (21.41 ± 

1.68 kg) compared with those >65 years (17.59 ± 3.39 kg) (p < 0.05), and ASMI also showed a marked 

reduction in older men (7.90 ± 0.63 kg/m² vs. 6.39 ± 1.28 kg/m², p < 0.05). Fat-free mass similarly 

declined in older males (48.60 ± 4.11 kg vs. 43.26 ± 7.39 kg, p = 0.001), and FFMI remained 

significantly higher in the younger group (17.93 ± 1.35 kg/m² vs. 15.74 ± 2.85 kg/m², p < 0.05). The 

findings indicate that skeletal muscle atrophy with aging is significantly more pronounced in male 

COPD patients, while female patients appear to retain muscle mass more uniformly across age 

categories. The results suggest that men may be more susceptible to accelerated muscle degradation in 

the presence of chronic respiratory disease, potentially due to higher initial muscle mass that declines 

sharply with reduced activity, greater exposure to risk factors such as smoking, and increased systemic 

catabolism associated with severe COPD progression. 
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Table 21: Comparison of Muscle Mass Indices Across Physical Activity Levels in COPD Patients 

 
IMMOBILE LIMITED MOBILITY MOBILE 

Sig. 
Mean 

±SD 

Median 

±IQR 

Mean 

±SD 

Median 

±IQR 

Mean 

±SD 

Median 

±IQR 

FFM

I 

15.91 

±4.91 
14.15 ±2.14 

15.32 

±2.44 
14.87 ±2.13 

17.52 

±1.62 
17.49 ±1.78 <0.05* 

ASM

I 

6.43 

±2.07 
5.67 ±1.16 

6.19 

±1.06 
6.05 ±1.41 

7.53 

±0.71 
7.47 ±0.91 <0.05* 

*<0.05 significance is obtained by independent sample Kruskal Wallis test 

A statistically significant difference was found in muscle mass indices across different physical activity 

levels in COPD patients (p < 0.05). Patients who were mobile demonstrated the highest mean FFMI 

(17.52 ± 1.62 kg/m²) and ASMI (7.53 ± 0.71 kg/m²), while those with limited mobility showed 

moderate values (FFMI: 15.32 ± 2.44 kg/m²; ASMI: 6.19 ± 1.06 kg/m²). In contrast, immobile 

individuals exhibited the lowest muscle mass values, with a mean FFMI of 15.91 ± 4.91 kg/m² and 

ASMI of 6.43 ± 2.07 kg/m², indicating substantial deterioration in skeletal muscle reserves. The 

findings suggest that reduced physical activity contributes significantly to muscle atrophy in COPD 

through disuse-related mechanisms, accelerated muscle protein breakdown, and impaired functional 

capability. Mobility preservation appears to play a vital protective role in maintaining skeletal muscle 

mass, further emphasizing the importance of early pulmonary rehabilitation and exercise interventions 

in preventing sarcopenia and functional decline in COPD patients. 
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Table 22: Association of Gold class (Stage 1 & Stage 2) with body composition  

 GOLD CLASS t p-value 

Stage 1 & 2 Stage 3 & 4 

Mean SD Mean SD 

ASM 18.86 3.12 17.91 2.67 1.466 0.145 

ASMI 7.22 1.16 6.98 1.05 0.992 0.323 

FFM 44.60 6.88 42.40 6.13 1.521 0.131 

FFMI 17.07 2.55 16.51 2.08 1.067 0.288 

 

*<0.05 significance is obtained by independent t test 

Patients were grouped into early-stage COPD (GOLD Stage 1 & 2) and advanced-stage COPD (GOLD 

Stage 3 & 4) to evaluate disease severity–related differences in muscle atrophy. Although the mean 

muscle mass indicators were lower in advanced COPD, none of the differences reached statistical 

significance. 

Slightly higher ASM values were observed in Stage 1 & 2 (18.86 ± 3.12 kg) compared to Stage 3 & 4 

(17.91 ± 2.67 kg) (t = 1.466, p = 0.145). A similar non-significant pattern was noted for ASMI (7.22 ± 

1.16 vs 6.98 ± 1.05 kg/m², p = 0.323). Likewise, FFM (44.60 ± 6.88 vs 42.40 ± 6.13 kg, p = 0.131) 

and FFMI (17.07 ± 2.55 vs 16.51 ± 2.08 kg/m², p = 0.288) showed a declining trend without statistical 

significance. 
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Table 23: Correlation between Body Composition (Muscle/Fat Mass) & Pulmonary Function 

Test (PFT) 

 ASM ASMI FFM FFMI 

FEV1 
r .281** .340** .100 .164 

p-value .002 .000 .275 .073 

FVC 
r .215* .251** .048 .090 

p-value .018 .005 .599 .329 

FEV1/FVC 
r .317** .394** .157 .239** 

p-value .000 .000 .085 .008 

 

A statistically significant positive correlation was observed between FEV1 and both ASM (r = 0.281, 

p = 0.002) and ASMI (r = 0.340, p < 0.001), indicating that patients with better expiratory airflow 

function possessed greater appendicular skeletal muscle mass. The association between FEV1 and 

FFM (r = 0.100, p = 0.275) and FFMI (r = 0.164, p = 0.073) was positive but not statistically significant. 

Similarly, FVC demonstrated a significant correlation with ASM (r = 0.215, p = 0.018) and ASMI (r = 

0.251, p = 0.005), while correlations with FFM (r = 0.048, p = 0.599) and FFMI (r = 0.090, p = 0.329) 

were weak and not significant. 

FEV1/FVC ratio showed the strongest correlations among lung function indices, significantly 

correlating with ASM (r = 0.317, p < 0.001), ASMI (r = 0.394, p < 0.001), and FFMI (r = 0.239, p = 

0.008). The correlation with FFM (r = 0.157, p = 0.085) was weak and not significant. 
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Table 24: Correlation between symptom score and Body Composition (Muscle/Fat Mass) 

 ASM ASMI FFM FFMI 

SGRQ-S 
r -.400** -.502** -.244** -.360** 

p-value .000 .000 .007 .000 

SGRQ-A 
r -.412** -.517** -.248** -.369** 

p-value .000 .000 .006 .000 

SGRQ-I 
r -.347** -.462** -.211* -.342** 

p-value .000 .000 .020 .000 

SGRQ- 

TOTAL 

r -.387** -.497** -.233* -.358** 

p-value .000 .000 .010 .000 

 

A statistically significant negative correlation was observed between all domains of the St. George’s 

Respiratory Questionnaire (SGRQ) and the muscle mass indices in COPD patients, indicating that 

deterioration in health-related quality of life is associated with reduced skeletal muscle mass. Higher 

SGRQ symptoms scores, reflecting greater respiratory symptom burden, were strongly correlated with 

lower ASM (r = –0.400, p < 0.001), ASMI (r = –0.502, p < 0.001), FFM (r = –0.244, p = 0.007) and 

FFMI (r = –0.360, p < 0.001). Likewise, the activity domain showed the strongest inverse relationship 

with muscle measures, demonstrating that increasing limitation in physical activity significantly 

contributes to muscle wasting, with correlation coefficients of r = –0.412 (p < 0.001) for ASM, r = –

0.517 (p < 0.001) for ASMI, r = –0.248 (p = 0.006) for FFM and r = –0.369 (p < 0.001) for FFMI. A 

similar significant negative association was noted with the impacts domain of SGRQ, implying that 

psychological distress, functional dependence and reduced social engagement worsen muscle health, 

as shown by correlations of r = –0.347 (p < 0.001) for ASM, r = –0.462 (p < 0.001) for ASMI, r = –

0.211 (p = 0.020) for FFM and r = –0.342 (p < 0.001) for FFMI. The SGRQ total score also 

demonstrated a significant inverse association with skeletal muscle indices (ASM: r = –0.387, p < 

0.001; ASMI: r = –0.497, p < 0.001; FFM: r = –0.233, p = 0.010; FFMI: r = –0.358, p < 0.001), 

confirming that worsening of quality of life is linked with progressive muscle loss in COPD. The 

findings reinforce that the burden of symptoms and limitation in daily activities lead to reduced 

mobility, heightened fatigue, and chronic systemic inflammation, which collectively precipitate 

skeletal muscle atrophy, and further highlight ASMI as the most sensitive anthropometric indicator of 

muscle deterioration in COPD patients. 
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Table 25: Correlation between anthropometric measurement and Body Composition 

(Muscle/Fat Mass) 

 ASM ASMI FFM FFMI 

Height 
r .298** -.231* .388** -.173 

p-value .001 .011 <0.05 .057 

Weight 
r .864** .664** .972** .793** 

p-value <0.05 <0.05 <0.05 <0.05 

BMI 
r .741** .852** .814** .969** 

p-value <0.05 <0.05 <0.05 <0.05 

MAC 
r .657** .771** .708** .865** 

p-value <0.05 <0.05 <0.05 <0.05 

TSF 
r .618** .724** .640** .787** 

p-value <0.05 <0.05 <0.05 <0.05 

CC 
r .703** .834** .700** .875** 

p-value <0.05 <0.05 <0.05 <0.05 

MAMC 
r .575** .682** .644** .788** 

p-value <0.05 <0.05 <0.05 <0.05 

MAMA 
r .475** .665** .538** .769** 

p-value <0.05 <0.05 <0.05 <0.05 

 

A statistically significant correlation was observed between anthropometric indices and skeletal muscle 

mass measures in COPD patients, highlighting their usefulness as simple bedside screening tools for 

muscle atrophy. Height showed a significant positive correlation with ASM (r = 0.298, p = 0.001) and 

FFM (r = 0.388, p < 0.05), indicating taller individuals generally had greater muscle and lean tissue 

mass. However, height exhibited a significant negative correlation with ASMI (r = –0.231, p = 0.011), 

suggesting that appendicular muscle indexed to height may proportionately reduce as height increases. 

Weight demonstrated a very strong positive correlation with all muscle mass parameters (ASM: r = 

0.864; ASMI: r = 0.664; FFM: r = 0.972; FFMI: r = 0.793; all p < 0.05), indicating that higher body 

weight is strongly associated with better muscle mass preservation. 

BMI showed one of the strongest relationships with muscle indices (ASM: r = 0.741; ASMI: r = 0.852; 

FFM: r = 0.814; FFMI: r = 0.969; all p < 0.05), confirming that individuals with higher BMI display 

significantly lower muscle loss. Mid-arm circumference also positively correlated with ASM (r = 

0.657), ASMI (r = 0.771), FFM (r = 0.708), and FFMI (r = 0.865), all p < 0.05, supporting its clinical 

utility as a quick predictor of muscle bulk in upper limbs. Similarly, triceps skinfold thickness showed 

significant positive correlations with all muscle mass measures (ASM: r = 0.618; ASMI: r = 0.724; 

FFM: r = 0.640; FFMI: r = 0.787; all p < 0.05), reinforcing its ability to indicate nutritional reserve 

and metabolic status. 
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Calf circumference demonstrated the strongest anthropometric association with muscle indices (ASM: 

r = 0.703; ASMI: r = 0.834; FFM: r = 0.700; FFMI: r = 0.875; all p < 0.05), indicating its superiority 

in reflecting lower limb muscle integrity   the region most vulnerable to COPD-related disuse atrophy. 

Mid-arm muscle circumference and mid-arm muscle area also showed significant correlations with 

ASM, ASMI, FFM, and FFMI (r values ranging from 0.475 to 0.788, all p < 0.05), confirming their 

role as reliable proxies of skeletal muscle status. 

The findings strongly support that simple anthropometric measures such as BMI, MAC, CC, MAMC, 

and MAMA have strong predictive value for identifying skeletal muscle atrophy in COPD. Among 

them, calf circumference and BMI demonstrated the highest correlations, making them the most 

practical and sensitive indicators for routine clinical assessment of muscle health in this population. 
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Table 26: Systemic steroid use correlation with ASMI and FFMI 

 Systemic steroid use 

ASMI 
r -.457 

Sig. <0.05* 

FFMI 
r -.324 

Sig. <0.05* 

 

*<0.05 significance is obtained by Pearson’s correlation coefficient. 

A statistically significant negative correlation was found between systemic steroid use and 

anthropometric markers of muscle mass in COPD patients. ASMI showed a moderately strong inverse 

association with steroid use (r = –0.457, p < 0.05), indicating that patients requiring higher or 

prolonged corticosteroid therapy tend to have lower appendicular skeletal muscle reserves. FFMI also 

demonstrated a significant negative correlation (r = –0.324, p < 0.05), suggesting that steroid exposure 

adversely affects total fat-free mass. The findings are clinically important, as long-term corticosteroid 

therapy contributes to steroid-induced myopathy, protein catabolism, and reduced muscle strength, 

especially in individuals with frequent exacerbations requiring repeated systemic steroids. The 

increasing steroid exposure appears to accelerate muscle wasting in COPD patients, reinforcing the 

need for cautious steroid use, early pulmonary rehabilitation, and nutritional interventions to preserve 

muscle mass. 
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Table 27: Correlation between FFMI, ASMI with SPO2 

 SPO2 

FFMI 
r .294 

Sig. .001* 

ASMI 
r .444 

Sig. <0.05* 

 

*<0.05 significance is obtained by Pearson’s correlation coefficient. 

A statistically significant positive correlation was observed between resting oxygen saturation and 

muscle mass parameters. FFMI showed a significant moderate correlation with SpO₂ (r = 0.294, p = 

0.001), indicating that patients with better oxygenation levels tended to have greater fat-free mass. 

Similarly, ASMI demonstrated a stronger positive correlation with SpO₂ (r = 0.444, p < 0.05), 

suggesting that appendicular skeletal muscle mass is particularly sensitive to reductions in oxygen 

saturation. The findings support the physiological mechanism that chronic hypoxemia contributes to 

impaired muscle metabolism, reduced oxidative capacity, and progressive skeletal muscle atrophy in 

COPD patients. Therefore, maintaining adequate oxygenation may play an important role in preserving 

muscle health and functional status in this population. 
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Table 28: Multiple-Regression Analysis of Factors Associated with ASMI 

Variable B Std. Error t Sig. 

BMI .226 .038 5.974 <0.05* 

MAC -.050 .047 -1.062 .291 

TSF -.113 .193 -.582 .561 

CC .162 .032 5.075 <0.05* 

MAMC .103 .110 .939 .350 

MAMA -.042 .029 -1.486 .140 

 

For further analysing correlation between anthropometric indices and skeletal muscle atrophy 

using BMI (B = 0.226, p < 0.05) and Calf Circumference (CC) (B = 0.162, p < 0.05) had a significant 

positive association with skeletal muscle mass, indicating that higher BMI and CC reflect better muscle 

preservation. Mid-Arm Circumference (MAC) (B = –0.050, p = 0.291), Triceps Skinfold Thickness 

(TSF) (B = –0.113, p = 0.561), Mid-Arm Muscle Circumference (MAMC) (B = 0.103, p = 0.350), and 

Mid-Arm Muscle Area (MAMA) (B = –0.042, p = 0.140) showed non-significant associations, 

suggesting limited predictive value for muscle atrophy. BMI and CC emerged as the most reliable, 

simple, and clinically useful indices for detecting skeletal muscle loss in COPD patients. 
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Table 29: Multiple-Regression Analysis of Factors Associated with FFMI 

Variable B Std. Error t Sig. 

BMI .657 .038 17.115 <0.05* 

MAC -.038 .048 -.791 .430 

TSF -.204 .196 -1.041 .300 

CC .166 .032 5.140 <0.05* 

MAMC .209 .111 1.881 .063 

MAMA -.069 .029 -2.387 <0.05* 

 

In the study examining the relationship between anthropometric indices and skeletal muscle atrophy 

in COPD patients, regression analysis revealed that Body Mass Index (BMI) (B = 0.657, p < 0.05), 

Calf Circumference (CC) (B = 0.166, p < 0.05), and Mid-Arm Muscle Area (MAMA) (B = –0.069, p 

< 0.05) were significantly associated with skeletal muscle mass. The positive association of BMI and 

CC indicates that higher values correspond to better muscle preservation, while the negative 

relationship of MAMA suggests reduced muscle area is linked with greater atrophy. Mid-Arm 

Circumference (MAC) (B = –0.038, p = 0.430), Triceps Skinfold Thickness (TSF) (B = –0.204, p = 

0.300), and Mid-Arm Muscle Circumference (MAMC) (B = 0.209, p = 0.063) showed no statistically 

significant associations, indicating limited independent predictive value. BMI and CC emerged as 

strong positive indicators of muscle mass, while MAMA was inversely related, emphasizing their 

utility in assessing skeletal muscle atrophy in COPD patients. 
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III- Factors determining Skeletal Muscle atrophy in COPD 

Table 30: Multiple regression analysis for prediction of ASMI 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 95.0% 

Confidence 

Interval for B 

B Std. 

Error 

Beta Lower 

Boun

d 

Upper 

Bound 

1 (Constant) -

11.365 

5.161  -2.202 .030

* 

-

21.590 

-1.139 

Smoking .032 .277 .013 .115 .909 -.518 .582 

Biogas 

exposure 

.520 .255 .230 2.042 .043

* 

.016 1.025 

Comorbidit

ies 

.224 .279 .069 .802 .424 -.329 .777 

Spo2 .183 .051 .449 3.587 .000

* 

.082 .284 

Physical 

activity 

.430 .385 .114 1.118 .266 -.333 1.194 

Systemic 

steroid use 

.001 .001 .130 1.239 .218 .000 .002 

Inhaler -.216 .204 -.094 -1.058 .292 -.619 .188 

Gold class .116 .174 .082 .665 .507 -.229 .460 

a. Dependent Variable:    ASMI 

 

Multiple linear regression analysis was conducted to identify independent clinical and environmental 

predictors of appendicular skeletal muscle mass index (ASMI) in COPD patients. The analysis 

demonstrated that oxygen saturation (SpO₂) and biogas exposure were significant independent 

predictors of ASMI. SpO₂ showed a strong positive association with ASMI (B = 0.183, β = 0.449, t = 

3.587, p < 0.001), indicating that better oxygenation is independently associated with higher 

appendicular muscle mass, underscoring the detrimental effect of chronic hypoxemia on skeletal 

muscle metabolism. Biogas exposure also emerged as a significant positive predictor (B = 0.520, β = 

0.230, p = 0.043), suggesting that individuals exposed to biogas often engaged in physically 

demanding household or rural activities may retain better muscle mass despite underlying COPD. In 

contrast, smoking status, presence of comorbidities, physical activity level, systemic steroid use, 

inhaler use, and GOLD disease severity did not show statistically significant independent associations 

with ASMI after adjustment for other variables (p > 0.05 for all). The significant constant term further 

reflects the contribution of unmeasured baseline factors influencing muscle mass. Overall, this 

multivariate model highlights oxygenation status as the strongest determinant of appendicular muscle 
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preservation in COPD, reinforcing the importance of early detection and correction of hypoxemia to 

prevent progressive skeletal muscle atrophy. 
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Table 31: Multiple regression analysis for prediction of FFMI 

Model Unstandardized 

Coefficients 

Standar

dized 

Coeffici

ents 

t Sig. 95.0% Confidence 

Interval for B 

B Std. 

Error 

Beta Lower 

Bound 

Upper 

Bound 

1 (Constant) -

17.600 

11.77

5 

 -1.495 .138 -40.932 5.731 

Smoking -.495 .633 -.092 -.782 .436 -1.749 .760 

Biogas 

exposure 

.908 .581 .185 1.562 .121 -.244 2.059 

Comorbiditi

es 

.188 .637 .027 .296 .768 -1.074 1.451 

SPO2 .335 .116 .380 2.880 .005* .105 .566 

Physical 

activity 

1.102 .879 .135 1.254 .212 -.639 2.843 

Systemic 

steroid use 

.002 .002 .160 1.447 .151 -.001 .005 

Inhaler -.396 .465 -.080 -.851 .397 -1.317 .526 

Gold class .596 .396 .194 1.503 .136 -.190 1.381 

a. Dependent Variable:    FFMI 

 

Multiple linear regression analysis was undertaken to determine independent clinical and 

environmental predictors of fat-free mass index (FFMI) in COPD patients. Among the variables 

included in the model, oxygen saturation (SpO₂) emerged as the only statistically significant 

independent predictor of FFMI (B = 0.335, β = 0.380, t = 2.880, p = 0.005), indicating that higher 

resting oxygen saturation is strongly associated with better preservation of lean body mass. This 

finding highlights the central role of chronic hypoxemia in promoting muscle protein breakdown and 

metabolic dysfunction in COPD. Other factors such as smoking status, biogas exposure, presence of 

comorbidities, physical activity level, systemic steroid use, inhaler use, and GOLD disease severity 

did not show statistically significant independent associations with FFMI after multivariable 

adjustment (p > 0.05 for all). Although variables like biogas exposure, physical activity, steroid use, 

and GOLD class showed positive regression coefficients, their effects were not sufficient to reach 

statistical significance, suggesting that their influence on muscle mass may be indirect or mediated 

through oxygenation status. Overall, this regression model reinforces that oxygen saturation is the 

strongest determinant of fat-free mass preservation in COPD patients, underscoring the importance of 

early identification and correction of hypoxemia to prevent progressive skeletal muscle atrophy and 

functional decline. 
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Table 32: Receiver Operating Characteristic (ROC) Analysis of Anthropometric Indicators for 

Predicting Normal FFMI 

 

 

Test 

Result 

Variable(s) 

Area 
Std. 

Errora 

Asymptotic 

Sig.b 

Asymptotic 

95% 

Confidence 

Interval 
Cuttoff value Sensitivity Specificity 

Lower 

Bound 

Upper 

Bound 

MAC .926 .026 .000 .875 .977 24.4000 .871 0.843 

MAMC .870 .032 .000 .807 .934 20.2450 .786 0.784 

MAMA .896 .028 .000 .842 .951 23.8750 .800 0.804 

CC .957 .017 .000 .924 .990 33.3500 .886 0.882 

 

Receiver operating characteristic (ROC) curve analysis demonstrated excellent diagnostic 

performance of selected anthropometric indices in identifying skeletal muscle atrophy among COPD 

patients. Calf circumference (CC) showed the highest discriminative ability with an area under the 

curve (AUC) of 0.957 (95% CI: 0.924–0.990, p < 0.001), indicating outstanding accuracy, with an 

optimal cut-off value of 33.35 cm yielding high sensitivity (88.6%) and specificity (88.2%). Mid-arm 

circumference (MAC) also exhibited excellent diagnostic performance with an AUC of 0.926 (95% 

CI: 0.875–0.977, p < 0.001), and a cut-off value of 24.40 cm providing sensitivity of 87.1% and 

specificity of 84.3%. Mid-arm muscle area (MAMA) showed very good accuracy (AUC = 0.896; 95% 
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CI: 0.842–0.951, p < 0.001), with a cut-off of 23.88 cm² achieving sensitivity of 80.0% and specificity 

of 80.4%, while mid-arm muscle circumference (MAMC) demonstrated good diagnostic ability (AUC 

= 0.870; 95% CI: 0.807–0.934, p < 0.001), with sensitivity and specificity of 78.6% and 78.4% 

respectively at a cut-off of 20.25 cm. Overall, these findings confirm that simple anthropometric 

measures particularly calf circumference and mid-arm circumference are highly accurate, practical, 

and reliable tools for detecting skeletal muscle atrophy in COPD patients, thereby strongly supporting 

their use as cost-effective bedside screening methods to identify individuals at high risk of sarcopenia 

and functional decline. 
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Table 33: Receiver Operating Characteristic (ROC) Analysis of Anthropometric Indicators for 

Predicting Normal ASMI 

 

Test 

Result 

Variable(s) 

Area 
Std. 

Errora 

Asymptotic 

Sig.b 

Asymptotic 

95% 

Confidence 

Interval 
Cuttoff value Sensitivity Specificity 

Lower 

Bound 

Upper 

Bound 

MAC .881 .035 .000 .812 .951 24.4000 .824 0.830 

MAMC .833 .039 .000 .756 .910 20.1250 .770 0.766 

MAMA .832 .039 .000 .756 .909 23.8100 .743 0.745 

CC .920 .025 .000 .871 .968 33.2500 .824 0.809 

 

Receiver operating characteristic curve analysis demonstrated that all evaluated anthropometric 

indices had statistically significant ability to predict low fat-free mass index (FFMI) in COPD patients 

(p < 0.001 for all). Calf circumference showed the highest diagnostic accuracy with an AUC of 0.920 

(95% CI: 0.871–0.968), indicating excellent discriminative performance. At an optimal cutoff value of 

33.25 cm, calf circumference achieved a sensitivity of 82.4% and specificity of 80.9%, confirming its 

robustness as a screening marker for lean mass depletion. Mid-arm circumference also demonstrated 

strong predictive accuracy with an AUC of 0.881 (95% CI: 0.812–0.951), yielding balanced sensitivity 

(82.4%) and specificity (83.0%) at a cutoff of 24.40 cm. Mid-arm muscle circumference and mid-arm 

muscle area showed good diagnostic performance, with AUC values of 0.833 and 0.832, respectively, 
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and moderate sensitivity and specificity ranging between 74–77%, indicating acceptable 

discrimination for identifying low FFMI. Overall, these findings confirm that simple anthropometric 

measurements particularly calf circumference and mid-arm circumference are effective, non-invasive 

tools for detecting reduced fat-free mass in COPD patients and can be reliably used for early 

identification of muscle depletion in routine clinical practice.  
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DISCUSSION 

Chronic obstructive pulmonary disease (COPD) is now recognized as a systemic disorder in 

which skeletal muscle dysfunction and nutritional depletion significantly influence functional capacity, 

exacerbation risk, quality of life, and survival. Muscle loss in COPD results from a complex interplay 

of chronic inflammation, hypoxemia, physical inactivity, and recurrent exacerbations, and may occur 

even in patients with normal or elevated BMI, limiting the utility of BMI alone. 

The present study evaluated the relationship between simple anthropometric measurements and 

objective body composition indices (ASM, ASMI, FFM, and FFMI) in COPD patients, and examined 

their clinical and functional correlates. This discussion interprets the findings in light of existing 

literature and highlights the practical value of bedside anthropometric measures, particularly limb-

based indices, for identifying skeletal muscle atrophy in routine clinical settings. 

Anthropometric Measurements 

The anthropometric profile of the present COPD cohort demonstrates substantial variability in 

nutritional and muscle-related indices, reflecting heterogeneous body composition changes in chronic 

respiratory disease. Although the mean BMI (23.0 kg/m²) falls within the normal range (18.5–24.9 

kg/m² -WHO) the wide range (17.7–38.7 kg/m²) highlights the coexistence of undernutrition and 

overweight states. Similar observations were reported by Ischaki et al. (2007) and Schols et al. (2005), 

who emphasized that BMI alone often fails to detect skeletal muscle depletion in COPD 80,102. 

Peripheral anthropometric measures such as MAC, CC, MAMC, and MAMA provide more direct 

insight into muscle reserves. The mean calf circumference of 33.58 cm suggests that a proportion of 

patients may fall below sarcopenia cut-offs ( < 34 cm) (threshold value of a muscle measurement below 

which a patient is considered to have low muscle mass (sarcopenia); for calf circumference, it is <34 

cm in men and <33 cm in women). Kiss et al. (2024) and Ho et al. (2016) demonstrated that reduced 

calf circumference is strongly associated with low muscle mass and increased mortality in COPD 

patients 7,94. Likewise, Soler-Cataluña et al. (2005) showed that mid-arm muscle area is a superior 

predictor of outcomes compared to BMI 8. 

Reduced TSF values in the present study reflect diminished subcutaneous fat stores, consistent with 

findings by Sabino et al. (2010) and Toppo et al. (2017), who reported fat depletion alongside muscle 

wasting in advanced COPD 16,149. Overall, these anthropometric findings support the concept that 

peripheral measurements are more sensitive than BMI for detecting skeletal muscle atrophy in COPD. 
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Body Composition (Muscle and Fat Mass) 

The body composition analysis revealed a mean ASMI of 7.17 kg/m² and FFMI of 16.94 kg/m², 

values that approach or fall below established cut-offs for muscle depletion, particularly in males 

(ASMI < 8.0 kg/m² (men) indicates low muscle mass, FFMI < 17 kg/m² (men) indicates muscle 

depletion). These findings are consistent with Kim et al. (2008), who identified low FFMI as a common 

and clinically significant feature of COPD, even in patients with preserved BMI 61. 

Machado et al. (2021) highlighted that low muscle mass can coexist with overweight or obesity in 

COPD, a pattern also evident in the present study given the wide BMI and FFMI ranges 9. The reduced 

ASM and FFM values observed in a subset of patients support the presence of systemic catabolism 

driven by inflammation, hypoxia, and inactivity, as described by Gosker et al. (2000) 13. 

Importantly, appendicular indices (ASM and ASMI- ASM and ASMI are preferred because COPD-

related muscle wasting predominantly involves appendicular muscles, and these indices specifically 

and sensitively detect limb muscle loss that may be masked in total fat-free mass measures) appeared 

more sensitive than total FFM in identifying muscle loss. This aligns with findings by Han et al. (2022), 

who demonstrated stronger associations between appendicular muscle indices and functional 

impairment in stable COPD patients 17. The present results reinforce that ASMI and FFMI are reliable 

markers of skeletal muscle atrophy and should be prioritized over BMI when assessing nutritional and 

muscular status in COPD. 

Correlation between Anthropometric Measurements and Body Composition 

(ASM/ASMI/FFM/FFMI) 

In the present study, it directly addresses the primary objective: whether simple anthropometric 

indices reflect skeletal muscle mass in COPD. In this cohort, BMI, weight, MAC, TSF, CC, MAMC, 

and MAMA showed strong statistically significant positive correlations with ASM, ASMI, FFM, and 

FFMI, indicating that bedside anthropometry tracks both appendicular and whole-body lean tissue. 

This pattern supports the clinical premise that anthropometry can serve as a practical surrogate for 

identifying muscle depletion when advanced body composition assessment is not feasible. 

Among all measures, calf circumference (CC) demonstrated one of the strongest correlations with 

ASMI and FFMI, reinforcing its usefulness in detecting limb muscle loss. This finding is highly 

comparable to COPD outcome literature demonstrating that CC is clinically meaningful in COPD. Ho 

et al. (2016) reported that mid-arm and calf circumferences outperform BMI in predicting mortality 

among COPD patients 7. The present correlation results align with that study’s implication that 
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peripheral circumferences (MAC and CC) reflect clinically relevant muscle reserve more accurately 

than BMI alone. Similarly, Soler-Cataluña et al. (2005) showed that mid-arm muscle area (MAMA) 

was a superior predictor of mortality compared to BMI, further supporting the clinical value of muscle-

focused anthropometric measures in COPD 8. The strong correlations of MAC, MAMC, and MAMA 

with lean mass measures are also consistent with broader work on anthropometry for muscle 

assessment: Nowak et al. 2025 reported that anthropometric indicators are useful for estimating muscle 

mass in older adults, supporting the methodological validity of such measures as muscle proxies 6. 

Measures incorporating muscle compartment (MAMC, MAMA) are conceptually closer to lean tissue 

than BMI, which is consistent with the present results. 

Importantly, the COPD-specific context strengthens the interpretation of these findings. Schols et al. 

(2005) established that fat-free mass and body composition are strongly associated with clinical 

outcomes in COPD 80. The present results demonstrate that anthropometric measures particularly CC 

and arm-based indices (MAC, MAMC, and MAMA) correlate strongly with FFMI and ASMI, thereby 

indirectly linking these simple bedside measures to the same prognostic domain. Furthermore, low 

muscle mass can occur even in patients with higher BMI, making BMI a potentially misleading 

indicator. Machado et al. (2021) documented the presence of low muscle mass in overweight and obese 

COPD patients, highlighting this limitation 9. Therefore, the present correlation matrix supports the 

use of peripheral anthropometry, especially CC and arm muscle measures, to enhance detection of 

skeletal muscle atrophy beyond BMI alone. 

Finally, these findings are directly comparable to the COPD-specific study by Han et al. (2022), which 

examined associations between anthropometric indices and skeletal muscle atrophy in stable COPD 

and similarly supported anthropometry as a feasible method for reflecting muscle loss 17. Overall, the 

present study provides strong internal evidence that the evaluated anthropometric indices particularly 

CC, BMI, and MAC-based measures are meaningfully associated with skeletal muscle mass indices in 

COPD. 

Multiple Regression Analysis of Anthropometric Predictors of ASMI 

The present study, aimed at establishing the most reliable anthropometric index which can 

independently predict ASMI after accounting for overlap between measures. In this model, BMI and 

calf circumference (CC) remained statistically significant positive predictors of ASMI, while MAC, 

TSF, MAMC, and MAMA were not significant. This is an important result because anthropometric 

measures often correlate strongly with each other; regression isolates variables that retain independent 

explanatory value. 
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The independent contribution of CC is consistent with the physiological understanding that COPD-

related muscle wasting is typically prominent in the lower limbs due to disuse and reduced ambulation. 

Restricted physical activity in COPD patients leads to muscle dysfunction and deconditioning which 

supports the fact that limb muscle dysfunction and deconditioning supports why a lower-limb marker 

would remain dominant even after adjustment (Gea et al. 2015; Iepsen and Pedersen 2020) 3,71. 

Clinically, this matches COPD prognostic evidence: Ho et al. 2016 highlighted CC as a stronger 

mortality predictor than BMI, supporting that CC captures clinically relevant muscle reserve 7. The 

present study extends that concept by demonstrating CC as an independent predictor of ASMI (a direct 

appendicular muscle index), which strengthens the case for CC as a screening tool for appendicular 

muscle depletion. 

BMI remaining significant is expected because indexed appendicular muscle mass is strongly related 

to overall body size. However, the present study should interpret BMI carefully in the COPD context: 

BMI can be elevated due to fat mass while muscle mass is low, and this “hidden” muscle depletion has 

been documented in COPD populations (Machado et al. 2021) 9. Therefore, while BMI is 

independently associated with ASMI in this cohort, CC provides more direct anatomical relevance to 

skeletal muscle depletion, especially for sarcopenia risk. 

The non-significance of MAC, TSF, and derived arm indices after adjustment likely reflects shared 

variance with BMI and CC rather than lack of biological relevance. This interpretation is consistent 

with earlier work emphasizing that arm muscle measures have strong clinical value, even if collinearity 

reduces independent significance in multivariable models: Soler-Cataluña et al. 2005 demonstrated 

MAMA as superior to BMI for mortality prediction, indicating clinical importance of arm muscle 

compartments 8. Similarly, Nowak et al. 2025 supported anthropometry for muscle estimation, but in 

multivariable settings fewer variables remain independently predictive 6. 

In COPD, where muscle loss is a major systemic manifestation linked to outcomes (Schols et al. 2005), 

provides actionable information: BMI + calf circumference appears to be the most efficient 

anthropometric combination for estimating appendicular muscle status (ASMI) in routine practice 80. 

Multiple Regression Analysis of Anthropometric Predictors of FFMI 

In the present study, analysis to whole-body lean mass indexed to height (FFMI), showing that 

BMI and calf circumference again remain significant positive predictors, while MAMA shows a 

statistically significant association in the model. This pattern is clinically meaningful because FFMI is 

widely recognized as a key marker of muscle depletion and nutritional compromise in COPD and is 
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linked to prognosis (Schols et al. 2005) 80. The present findings suggest that simple anthropometry can 

independently capture risk for reduced FFMI. 

The consistent independent role of CC again supports the lower-limb focus of COPD-related wasting 

and functional deconditioning (Gea et al. 2015; Iepsen and Pedersen 2020) 3,71. The COPD mortality 

evidence that highlights CC and MAC over BMI (Ho et al. 2016) is highly relevant: if CC predicts 

outcomes, and CC independently predicts FFMI in the present cohort, then CC becomes a practical 

bridge between simple bedside measurement and clinically meaningful lean mass depletion 7. 

The significance of MAMA in the FFMI model also aligns with classic COPD outcome literature. 

Soler-Cataluña et al. 2005 showed MAMA predicts mortality better than BMI, emphasizing that arm 

muscle compartment reflects systemic muscle reserve 8. In the present study, MAMA contributing 

independently to FFMI indicates that arm muscle area adds information beyond BMI and CC regarding 

overall fat-free mass depletion. 

This table must also be interpreted in light of the “BMI limitation” in COPD. Because low muscle 

mass can occur in overweight/obese patients (Machado et al. 2021), reliance on BMI alone may under-

detect low FFMI 9. The present regression supports combining BMI with limb-based measures (CC 

and MAMA) to strengthen detection. This is consistent with broader anthropometric measurement 

principles (Casadei and Kiel 2022) and the growing literature on simple anthropometry for muscle 

estimation (Nowak et al. 2025) 6,90. 

Finally, the present findings are directionally consistent with COPD-specific evidence examining 

anthropometric indices and skeletal muscle atrophy, supporting anthropometry as a feasible approach 

for screening lean mass depletion in stable COPD (Han et al. 2022) 17. Overall, Table 23 provides 

strong support for the study’s secondary objective: anthropometry especially CC and MAMA, 

alongside BMI can act as a simple screening strategy for identifying patients at risk of low FFMI and 

skeletal muscle atrophy. 

ROC Analysis of Anthropometric Indicators for Predicting Normal ASMI 

In the present study, diagnostic accuracy of selected anthropometric indices in identifying 

normal appendicular skeletal muscle mass index (ASMI), which is a direct marker of limb muscle 

preservation and a sensitive indicator of sarcopenia in COPD. Here we determined calf circumference 

(CC) demonstrated the highest discriminative ability with an AUC of 0.920, followed closely by mid-

arm circumference (MAC) with an AUC of 0.881. Mid-arm muscle circumference (MAMC) and mid-

arm muscle area (MAMA) also showed good diagnostic performance, though with slightly lower 
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sensitivity and specificity. These findings strongly support the clinical utility of simple anthropometric 

measures, particularly CC and MAC, for detecting appendicular muscle depletion in COPD patients. 

The superiority of calf circumference is biologically plausible, as COPD-related muscle wasting 

predominantly affects the lower limbs due to disuse, reduced ambulation, and impaired oxidative 

metabolism. Gea et al. (2015) and Iepsen and Pedersen (2020) described preferential involvement of 

limb muscles in COPD, making CC a highly relevant surrogate marker 3,71. Importantly, Ho et al. 

(2016) demonstrated that calf circumference is a stronger predictor of mortality than BMI in COPD, 

reinforcing the present ROC findings that CC accurately reflects clinically meaningful muscle loss 7. 

Similarly, Han et al. (2022) specifically examined anthropometric indices in stable COPD and reported 

strong associations between limb circumferences and skeletal muscle atrophy, directly comparable to 

the present results 17. 

The strong performance of MAC also aligns with earlier COPD outcome studies. Soler-Cataluña et al. 

(2005) showed that arm muscle measurements, particularly mid-arm muscle area, predict adverse 

outcomes better than BMI, emphasizing that upper limb anthropometry captures systemic muscle 

depletion 8. The acceptable diagnostic accuracy of MAMC and MAMA in the present study further 

supports this concept, as these indices reflect true muscle compartment rather than fat mass. Broader 

anthropometric validation work by Nowak et al. (2025) supports the reliability of such measures for 

estimating muscle mass, particularly in older adults, a population highly relevant to COPD 6. 

In the present study we identified the limitation of BMI in detecting appendicular muscle loss. As 

demonstrated by Machado et al. (2021), low muscle mass can exist even in overweight or obese COPD 

patients, meaning BMI alone may underestimate sarcopenia risk 9. The present ROC analysis confirms 

that limb-based anthropometric measures outperform BMI in identifying low ASMI. Overall, strong, 

clinically actionable evidence that calf circumference and mid-arm circumference are accurate, low-

cost, and practical screening tools for appendicular skeletal muscle atrophy in COPD, particularly 

valuable in routine outpatient and resource-limited settings where advanced body composition 

techniques are unavailable. 

ROC Analysis of Anthropometric Indicators for Predicting Normal FFMI 

In the present study, clinical translation by evaluating how well simple anthropometric 

measures discriminate patients with normal FFMI. In the present study, calf circumference (CC) 

demonstrated the highest diagnostic accuracy (AUC 0.957) with strong sensitivity and specificity at a 

cut-off around 33.35 cm, followed by mid-arm circumference (MAC) with excellent performance 

(AUC 0.926). MAMA and MAMC also showed good-to-very-good discrimination. These results 
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strongly support the study’s secondary objective that anthropometric indices can serve as simple 

screening tools for muscle depletion. 

This finding is highly comparable to COPD outcome evidence indicating the superiority of peripheral 

circumferences over BMI. Ho et al. 2016 showed that mid-arm and calf circumferences were stronger 

mortality predictors than BMI in COPD, implying that these measures capture clinically meaningful 

muscle reserve 7. Similarly, Soler-Cataluña et al. 2005 reported mid-arm muscle area as a better 

mortality predictor than BMI, supporting the present observation that muscle-compartment measures 

(MAMC/MAMA) discriminate FFMI status well 8. 

The strong performance of CC is also physiologically coherent with COPD-related preferential lower 

limb wasting due to reduced ambulation and deconditioning (Iepsen and Pedersen 2020; Gea et al. 

2015) 3,71. In addition, anthropometric validation literature supports using circumferences and derived 

muscle indices as practical proxies for muscle mass in clinical settings (Nowak et al. 2025; Casadei 

and Kiel 2022) 6,90. Importantly, these ROC findings also address a recognized limitation of BMI in 

COPD, where muscle depletion can occur despite overweight/obesity (Machado et al. 2021). 

Therefore, strong evidence that CC and MAC supported by MAMA/MAMC are highly effective, 

feasible bedside tools to screen for low FFMI and identify COPD patients at risk of skeletal muscle 

atrophy, especially in settings where DEXA/BIA/CT-based assessment is not routinely available. 

Study 
Study 

Population 

Sample 

Size (n) 

Muscle / 

Anthropometric 

Assessment 

Study Design 
Key Outcome Related 

to Muscle Atrophy 

Landbo et 

al., 1999 
COPD patients 213 

BMI and fat-free 

mass estimation 

Observational 

cohort 

Low BMI associated 

with increased mortality 

in COPD 

Schols et 

al., 2005 80 

Moderate–

severe COPD 
412 

FFMI (fat-free 

mass index) 

Prospective 

cohort 

Low FFMI 

independently predicted 

mortality 

Soler-

Cataluña et 

al., 2005 8 

Stable COPD 

males 
96 

Mid-arm muscle 

area (MAMA) 

Prospective 

cohort 

MAMA better mortality 

predictor than BMI 

Ischaki et 

al., 2007 102 

Stable COPD 

outpatients 
100 BMI, FFMI Cross-sectional 

Significant reduction in 

FFMI across COPD 

severity stages 

Sabino et 

al., 2010 149 
COPD patients 57 

Nutritional 

assessment + 

anthropometry 

Cross-sectional 

Lower nutritional 

indices associated with 

reduced exercise 

capacity 

Bolotova et 

al., 2014 143 
COPD patients 60 

Body composition 

(anthropometry) 
Cross-sectional 

Muscle mass reduction 

associated with disease 

severity 
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Toppo et 

al., 2017 16 
COPD patients 60 BMI, MAC Cross-sectional 

Significant prevalence 

of malnutrition and 

muscle depletion 

Sami et al., 

2018 146 
COPD patients 140 

Anthropometric 

indices (BMI, 

MAC) 

Cross-sectional 

Anthropometric 

measures correlated 

with COPD severity 

Ho et al., 

2016 7 

COPD 

outpatients 
104 

Mid-arm 

circumference, 

calf 

circumference 

Prospective 

cohort 

MAC and CC stronger 

predictors than BMI 

Fonseca et 

al., 2018 87 
COPD patients 73 

BIA vs reference 

method 

Validation 

study 

BIA valid for assessing 

muscle mass in COPD 

Han et al., 

2022 17 
Stable COPD 123 

ASMI, FFMI + 

anthropometry 

(MAC, TSF, CC) 

Cross-sectional 

Significant association 

between anthropometric 

indices and skeletal 

muscle atrophy 

Machado et 

al., 2021 9 

Overweight/obe

se COPD 
469 

FFMI, muscle 

mass assessment 

Observational 

study 

Low muscle mass 

present even in high 

BMI patients 

Gómez-

Martínez et 

al., 2023 127 

COPD cohort 240 
Body composition 

indices 
Cohort study 

Low muscle mass 

associated with 

mortality risk 

Miravitlles 

et al., 2023 
26 

Outpatient 

COPD 

Large 

multicent

er cohort 

BMI and clinical 

staging 

Observational 

cohort 

Spirometric stage not 

always directly 

proportional to systemic 

manifestations 

including muscle loss 

Kim et al., 

2008 61 
Stable COPD 119 

FFMI, muscle 

strength 
Cross-sectional 

Muscle dysfunction 

present independent of 

airflow severity; not all 

low FEV₁ patients had 

low FFMI 

 

Age-wise Comparison of Body Composition 

The age distribution showed nearly equal representation of patients ≤65 years and >65 years, 

indicating that COPD affects both late-middle-aged and elderly populations. Similar age patterns were 

reported by Jo (2022), emphasizing the chronic progressive nature of the disease 26. 

The present study demonstrated significantly lower ASM, ASMI, FFM, and FFMI in patients 

aged >65 years compared to those ≤65 years, indicating age-related acceleration of skeletal muscle 

atrophy in COPD. This finding is consistent with Larsson et al. (2018), who described aging as a major 

contributor to sarcopenia through hormonal decline, mitochondrial dysfunction, and reduced 

regenerative capacity 62. 
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In COPD-specific populations, Wüst and Degens (2007) and Iepsen and Pedersen (2020) reported that 

aging synergizes with disease-related inactivity and inflammation to amplify muscle loss 67,71. Similar 

age-dependent reductions in FFMI and ASMI were observed by Ischaki et al. (2007) and Kim et al. 

(2008), where older COPD patients exhibited significantly lower lean mass indices despite comparable 

airflow limitation 61,102. 

These findings highlight elderly COPD patients as a high-risk subgroup for muscle wasting, warranting 

early nutritional assessment and targeted interventions. 

Gender-wise Comparison of Body Composition (ASM/ASMI/FFM/FFMI) 

The present study demonstrated a male predominance among COPD patients (60.3%), which 

is consistent with the epidemiological profile of COPD reported in Indian and global studies. Verma 

et al. (2021) and Salvi et al. (2018) reported higher COPD prevalence among males, attributed to higher 

smoking rates and occupational exposure 2,21. However, the substantial female representation (39.7%) 

in this study highlights the growing contribution of non-smoking risk factors such as biomass fuel 

exposure, particularly among housewives, which aligns with findings by Sana et al. (2018) and Alim 

et al. (2013) 53,54. 

The present study found that males had significantly higher absolute ASM and FFM than 

females, while ASMI and FFMI did not differ significantly between sexes ”. This pattern is expected 

because absolute muscle and lean mass are strongly influenced by baseline body size and sex-related 

differences in lean tissue distribution, and therefore absolute measures often appear higher in men even 

when normalized depletion is similar. Similar emphasis on the importance of indexed measures in 

COPD body composition assessment is reflected in studies linking fat-free mass indices (rather than 

body weight alone) with disease impact (Ischaki et al. 2007; Schols et al. 2005) 80,102. The absence of 

significant sex difference in ASMI/FFMI in the present study suggests that when muscle mass is 

indexed, the relative burden of muscle depletion may be comparable between men and women, 

supporting COPD muscle dysfunction models that describe systemic muscle impairment across patient 

subgroups (Kim et al. 2008) 61. This also aligns with the concept that anthropometry or BMI alone is 

insufficient to identify low muscle mass in COPD, and that muscle indices are needed for meaningful 

comparisons across sexes (Schols et al. 2005) 80.  

Alcohol Consumption and Body Composition 

In the present study, alcohol consumers showed significantly higher ASM and FFM compared 

to non-consumers, while ASMI and FFMI did not differ significantly. “Since indexed measures did not 
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change, the observed differences in absolute muscle/lean mass likely reflect confounding by sex 

distribution, body size, occupational activity, or dietary intake rather than a direct biological protective 

effect of alcohol. COPD-related muscle loss is primarily explained through inactivity, systemic 

inflammation, oxidative stress, and catabolic imbalance rather than alcohol exposure alone (Gea et al. 

2015; 3. Nutritional intake and fat-free mass relationships are well documented in COPD: reduced 

FFMI and lower lean reserves are linked with poorer nutritional status and worse functional capacity 

(Sabino et al. 2010) 149. Therefore, alcohol use in this cohort may simply be a marker of different 

nutritional patterns or socioeconomic behavior, without independently affecting height-indexed 

muscle depletion. COPD cachexia frameworks stress multifactorial pathways and caution against 

single-factor interpretations without adjustment (De Brandt et al. 2022; Sanders et al. 2015) 11,48.  

Biogas Exposure and Body Composition 

In the present cohort, biogas exposure was associated with significantly higher ASMI and 

FFMI, while ASM and FFM did not show significant differences. This mixed pattern suggests that 

exposure status may be linked to body-size-normalized muscle indices rather than absolute muscle 

mass, and may also reflect lifestyle differences (e.g., rural living and higher habitual physical activity) 

rather than exposure itself acting as a direct muscle-preserving factor. Biomass/household fuel 

exposure is an established non-smoking risk factor for COPD in women and rural populations (Sana 

et al. 2018; Alim et al. 2013), and Indian public health experience similarly highlights household 

exposures as important contributors to COPD burden (Salvi et al. 2018; Gopakumar et al. 2020) 

21,23,53,54. From a biological perspective, chronic pollutant exposure can promote systemic 

inflammation and metabolic stress, which should worsen muscle health; however, muscle status in 

COPD is also shaped strongly by activity, nutrition, and hypoxemia (Gea et al. 2015; De Brandt et al. 

2022) 3,48. Therefore, the present finding likely reflects complex confounding and effect modification, 

supporting the need to interpret environmental exposure alongside oxygenation and functional status 

rather than as an isolated predictor. Table 11 strengthens the rationale for adjusted regression analyses 

in this study. 

Smoking Status and Body Composition 

Smoking exposure was present in 71.1% of patients either directly or passively, corroborating 

findings by Bhatt et al. (2018), who emphasized cumulative smoke exposure as a key driver of COPD 

severity and systemic effects 51. The high burden of comorbidities, particularly hypertension and 

diabetes, is consistent with reports by Safiri et al. (2022) and Shah et al. (2023), supporting the concept 
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of COPD as a systemic disease with cardiometabolic overlap, which predisposes patients to skeletal 

muscle wasting 20,40. 

In the present study, no statistically significant differences were observed in ASM, ASMI, FFM, 

or FFMI across smoking categories, although a declining trend in muscle indices was noted among 

passive smokers. This suggests that once COPD is established, skeletal muscle depletion may be driven 

more by downstream disease mechanisms rather than smoking status alone. Bhatt et al. (2018) 

emphasized that smoking duration is a stronger determinant of COPD risk than pack-years; however, 

muscle dysfunction in COPD is influenced predominantly by systemic inflammation, hypoxemia, 

physical inactivity, and exacerbation burden rather than current smoking status per se 51. Similar 

observations were reported by Kim et al. (2008) and Gea et al. (2015), who noted that muscle weakness 

and atrophy persist even after smoking cessation, highlighting irreversible systemic effects 3,61. Passive 

smoking remains clinically relevant, as it contributes to chronic inflammation and oxidative stress (Seo 

et al. 2023), which may explain lower mean muscle indices in this subgroup 44. The absence of 

significant differences across groups supports the view that smoking acts primarily as an etiological 

factor for COPD, while muscle loss represents a secondary systemic consequence influenced by 

disease severity, oxygenation, and activity limitation (De Brandt et al. 2022) 48. Thus, the present study, 

highlights the importance of focusing on disease-related and functional determinants rather than 

smoking status alone when evaluating muscle atrophy in COPD. 

Correlation Between Pulmonary Function and Body Composition 

The pulmonary function profile of the study population demonstrated a mean FEV₁ of 62.84%, 

indicating predominantly moderate airflow limitation. This aligns closely with GOLD-based 

population distributions reported by Miravitlles et al. (2023) and Jo (2022), where moderate COPD 

constituted the largest subgroup in outpatient settings 26,34. 

In the present study, the majority of patients belonged to the moderate GOLD stage (51.2%), 

followed by mild COPD (25.6%), while severe and very severe stages constituted 23.2% collectively. 

This distribution closely mirrors patterns reported in outpatient COPD cohorts by Miravitlles et al. 

(2023) and Jo (2022), where mild-to-moderate disease predominated due to earlier diagnosis and wider 

spirometric screening 26,34.  

The present study demonstrated significant positive correlations between spirometric 

parameters (FEV₁, FVC, and FEV₁/FVC) and appendicular muscle indices (ASM and ASMI), 

indicating that better lung function is associated with greater skeletal muscle mass. This finding is 

consistent with observations by Ischaki et al. (2007), who reported that reductions in fat-free mass and 
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muscle indices parallel worsening airflow limitation in COPD 102. Gosker et al. (2000) described that 

impaired pulmonary mechanics reduce exercise capacity, leading to physical deconditioning and 

preferential limb muscle wasting 13. The stronger correlations observed with ASMI rather than total 

FFM highlight the vulnerability of appendicular muscles to disuse, as also emphasized by Iepsen and 

Pedersen (2020) 71. GOLD reports recognize that spirometric severity does not fully capture systemic 

disease impact, but lung function decline remains an important contributor to extrapulmonary 

manifestations (GOLD 2024). The present correlations support a physiological link between 

respiratory impairment and muscle atrophy, reinforcing the relevance of integrating pulmonary 

function assessment with muscle evaluation when managing COPD patients. 

GOLD Severity Class and Body Composition 

In the present study, ASM and ASMI showed a statistically significant decline with increasing 

GOLD severity, while FFM and FFMI did not vary significantly across stages. This pattern indicates 

that appendicular muscle indices are more sensitive markers of COPD-related muscle wasting than 

whole-body lean mass. Similar findings were reported by Ischaki et al. (2007) and Schols et al. (2005), 

who demonstrated that peripheral muscle depletion progresses with disease severity and contributes to 

adverse outcomes 80,102. Gea et al. (2015) described that advanced COPD is associated with greater 

systemic inflammation, oxidative stress, and inactivity, leading to preferential loss of limb muscle mass 

3. The lack of significant variation in FFM and FFMI suggests that total lean mass may mask regional 

muscle loss, particularly in early or moderate stages. Machado et al. (2021) further emphasized that 

low muscle mass can exist even in overweight or obese COPD patients, underscoring the limitations 

of global measures 9. In the present study, the use of appendicular muscle indices for detecting COPD 

severity-related muscle atrophy, aligns with the study’s objective of identifying sensitive indicators of 

skeletal muscle loss in COPD. 

GOLD Stage Grouping (Stage 1–2 vs Stage 3–4) and Body Composition 

When COPD patients were grouped into early (GOLD stage 1–2) and advanced disease (GOLD 

stage 3–4), muscle mass indices were consistently lower in advanced stages, although the differences 

did not reach statistical significance. This finding suggests that skeletal muscle atrophy in COPD does 

not progress strictly in parallel with spirometric staging alone. Similar observations were reported by 

Ischaki et al. (2007), who showed that reductions in fat-free mass index may occur even in less severe 

airflow limitation and are not always linearly related to GOLD stage 102. Machado et al. (2021) further 

demonstrated that low muscle mass can be present across disease stages, including early and moderate 

COPD, particularly in patients with reduced physical activity 9. GOLD reports emphasize that 
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spirometric severity alone inadequately captures extrapulmonary manifestations such as muscle 

dysfunction (GOLD 2024). Gea et al. (2015) highlighted that muscle wasting is influenced by multiple 

interacting factors including inactivity, systemic inflammation, hypoxemia, and nutritional imbalance, 

which may explain the absence of statistically significant stage-wise differences when stages are 

dichotomized 3. In the present study, skeletal muscle atrophy in COPD is multifactorial and cannot be 

predicted reliably by airflow limitation severity alone. 

Exacerbations in the Previous One Year and Body Composition 

The present study demonstrated a clear and statistically significant decline in ASM, ASMI, and 

FFMI with increasing frequency of COPD exacerbations, indicating that disease instability strongly 

contributes to skeletal muscle atrophy. Patients with frequent exacerbations had markedly lower 

appendicular and indexed muscle mass compared to those without exacerbations. Similar findings 

were emphasized by De Brandt et al. (2022), who described exacerbations as key drivers of COPD 

cachexia through systemic inflammation, reduced mobility, and catabolic stress 48. Sanders et al. 

(2015) also reported that recurrent exacerbations accelerate nutritional depletion and muscle loss 11. 

Frequent exacerbations are often accompanied by bed rest, reduced physical activity, and systemic 

corticosteroid exposure, all of which promote muscle catabolism (Gea et al. 2015) 3. GOLD guidelines 

recognize exacerbation history as a major determinant of disease impact and prognosis (GOLD 2024). 

The progressive reduction in ASMI and FFMI observed in this study highlights the vulnerability of 

skeletal muscle during repeated inflammatory episodes and supports early intervention strategies such 

as pulmonary rehabilitation and nutritional support, as advocated in COPD management frameworks 

(Arnold et al. 2020; Troosters et al. 2023) 128,141. 

Inhaler Use and Body Composition 

In the present study, patients not using inhalers demonstrated significantly higher ASM, ASMI, 

FFM, and FFMI compared to those receiving inhaler therapy. This finding is best interpreted as 

reflecting underlying disease severity rather than a detrimental effect of inhaler use itself. GOLD 

treatment strategies recommend inhalers primarily for symptomatic patients and those with higher 

exacerbation risk, indicating that inhaler users often represent a subgroup with greater disease burden 

(GOLD 2024). Schols et al. (2005) and Ischaki et al. (2007) reported that muscle depletion is more 

pronounced in patients with higher symptom load and functional limitation, characteristics commonly 

seen in patients requiring regular inhaler therapy 80,102. De Brandt et al. (2022) emphasized that reduced 

physical activity and chronic inflammation in symptomatic COPD patients contribute to muscle 

wasting 48. Thus, inhaler use in this cohort likely serves as a surrogate marker for disease severity and 
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functional impairment rather than a causal factor for muscle loss. The findings underscore the 

importance of addressing muscle health proactively in symptomatic COPD patients receiving inhaler 

therapy through exercise training and nutritional optimization. 

mMRC Dyspnea Score and Body Composition 

Dyspnea severity assessment using the mMRC scale revealed that more than half of the study 

population (53.7%) experienced moderate to severe breathlessness (mMRC grades 2–3). This finding 

is comparable to observations by Hanania and O’Donnell (2019), who reported that activity-limiting 

dyspnea is common even in moderate stages of COPD and strongly influences daily functioning 114. 

The present study demonstrated a significant progressive decline in ASM and ASMI with 

increasing mMRC dyspnea grades, indicating that worsening breathlessness is closely associated with 

skeletal muscle atrophy in COPD. Patients with higher mMRC scores exhibited markedly lower 

appendicular muscle mass, reflecting reduced physical activity and functional limitation. Similar 

associations between dyspnea severity and muscle dysfunction have been reported by Hanania and 

O’Donnell (2019), who emphasized that activity-related dyspnea is a central determinant of exercise 

avoidance in COPD 114. Gea et al. (2015) and Iepsen and Pedersen (2020) described that reduced 

ambulation secondary to dyspnea leads to disuse-related muscle atrophy, particularly affecting lower 

limb muscles 3,71. The stronger association with ASMI compared to FFM or FFMI supports the concept 

that appendicular muscle indices are more sensitive to functional limitation than whole-body lean 

mass, as also highlighted by Marklund et al. (2019) 81. Cheng et al. (2019) reported that higher mMRC 

grades correlate with poorer functional outcomes independent of spirometric severity 79. Thus, the 

present findings reinforce dyspnea severity as a key clinical marker for identifying COPD patients at 

high risk of skeletal muscle loss and underline the importance of incorporating symptom-based 

assessment into muscle screening strategies. 

Correlation Between SGRQ Scores and Body Composition 

The present study demonstrated markedly elevated SGRQ scores across all domains, with a 

mean total score of 54.76, indicating moderate to severe impairment in health-related quality of life. 

Similar SGRQ score ranges were reported by Schols et al. (2005) and Müllerova et al. (2017), where 

higher scores were associated with increased morbidity and mortality in COPD 80,126. 

The present study demonstrated strong and statistically significant negative correlations 

between all SGRQ domains and muscle mass indices, indicating that poorer health-related quality of 

life is associated with greater skeletal muscle depletion in COPD. The strongest inverse relationships 
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were observed with ASMI, emphasizing the close link between activity limitation and appendicular 

muscle loss. These findings are consistent with Schols et al. (2005), who reported that impaired body 

composition is closely related to reduced health status and survival in COPD 80. Müllerova et al. (2017) 

also demonstrated that higher SGRQ scores predict adverse outcomes, reflecting the systemic burden 

of disease 126. The activity domain correlations observed in this study align with the work of Marklund 

et al. (2019), who emphasized that reduced daily activity is a major driver of muscle dysfunction in 

COPD 81. Cachexia frameworks described by Sanders et al. (2015) and De Brandt et al. (2022) 

highlight that symptom burden, psychological stress, and functional dependence contribute to reduced 

mobility, nutritional decline, and muscle wasting 11,48. Thus, the present correlations confirm that 

muscle atrophy in COPD is not merely a physiological abnormality but is closely tied to patient-

perceived disease burden and functional impairment. 

BMI Categories and Body Composition 

In the present study, all muscle mass indices increased progressively across higher BMI 

categories, with patients having BMI <21 kg/m² showing markedly lower ASM, ASMI, FFM, and 

FFMI, indicating severe muscle depletion. However, the presence of preserved or increased muscle 

indices in overweight and obese patients does not exclude sarcopenia, as highlighted by Machado et 

al. (2021), who demonstrated low muscle mass even in overweight and obese COPD populations 9. Ho 

et al. (2016) emphasized that BMI alone is inferior to peripheral anthropometric measures in predicting 

outcomes, reinforcing the limitations of BMI as a standalone marker 7. Kim et al. (2008) further 

reported that muscle dysfunction can occur despite acceptable BMI due to systemic inflammation and 

inactivity 61. The present findings underscore that BMI <21 kg/m² represents a high-risk threshold for 

severe muscle atrophy, but comprehensive assessment using appendicular indices and anthropometric 

measures is essential for accurate identification of skeletal muscle loss in COPD. 

Age-wise Body Composition among Male and Female COPD Patients 

In the present study, a clear sex-specific pattern in age-related muscle decline. In the present 

study, female patients did not show statistically significant age-related differences in ASM, ASMI, 

FFM, or FFMI, whereas male patients demonstrated a marked and significant reduction in all muscle 

indices after 65 years. This finding highlights that aging may amplify COPD-related muscle loss more 

prominently in males in this cohort. The biological plausibility is supported by the recognized 

interaction between aging-related sarcopenia and chronic disease catabolism. Larsson et al. (2018) 

described aging as a major determinant of progressive decline in muscle mass and function, driven by 

reduced anabolic signaling, mitochondrial dysfunction, and impaired regeneration 62. In COPD, these 
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processes are compounded by systemic inflammation and inactivity. Wüst and Degens (2007) and 

Iepsen and Pedersen (2020) emphasized that COPD-related muscle dysfunction is mediated by reduced 

activity, muscle oxidative stress, and altered muscle phenotype, which can worsen with age 67,71. 

The more pronounced decline in older men aligns with the concept that COPD muscle wasting may 

reflect both baseline muscle reserve and disease-related deconditioning; men often start with higher 

absolute muscle mass, and prolonged inactivity or hypoxemia may produce a larger measurable drop 

over time. Schols et al. (2005) demonstrated that body composition depletion is closely tied to 

outcomes in COPD, reinforcing the clinical relevance of identifying older male patients as a 

particularly vulnerable subgroup 80. In the present study, the rationale for targeted screening and early 

rehabilitation in elderly male COPD patients to mitigate accelerated muscle loss. 

Distribution of Inhaler Use (No Inhaler vs Non-ICS Inhaler vs ICS-based Inhaler) 

In the present study, heterogeneity in pharmacological management, with a large proportion 

not using inhalers and a smaller but substantial subset receiving inhaled therapy, including ICS-based 

regimens. This pattern is important because inhaler use often reflects symptom burden and 

exacerbation risk rather than acting as a direct determinant of muscle mass. GOLD recommendations 

emphasize that inhaler escalation particularly addition of ICS is typically considered in patients with 

higher exacerbation frequency or greater inflammatory burden (GOLD 2024). Therefore, the subgroup 

receiving ICS likely represents patients with more severe clinical phenotype or recurrent 

exacerbations, factors that are strongly linked with muscle depletion through inflammation and 

inactivity. 

The large group not using inhalers may reflect earlier disease, healthcare access limitations, or non-

adherence, which has been noted in real-world COPD care. Gopakumar et al. (2020) described 

implementation challenges in population-level obstructive airway disease programs, which can result 

in under-treatment 23. From a muscle perspective, under-treatment may worsen dyspnea and functional 

limitation, indirectly promoting inactivity-related muscle wasting (Hanania and O’Donnell 2019; 

Iepsen and Pedersen 2020) 71,114. Conversely, those receiving inhalers may represent more 

symptomatic individuals already experiencing reduced activity and catabolic stress, consistent with 

the systemic COPD burden described by De Brandt et al. (2022) 48. 

In the present study, an indicator of disease management and phenotype distribution rather than 

implying inhalers themselves cause muscle loss. The findings support integrating muscle screening 

and rehabilitation particularly in patients requiring escalated inhaler therapy or those who remain 

symptomatic due to non-treatment. 
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Correlation between SpO₂ and Muscle Mass Indices (ASMI and FFMI) 

The present study demonstrated a statistically significant positive correlation between resting 

oxygen saturation (SpO₂) and both ASMI and FFMI, with a stronger association observed for ASMI. 

This finding highlights the critical role of oxygen availability in maintaining skeletal muscle mass in 

COPD patients. Chronic or intermittent hypoxemia is known to impair mitochondrial oxidative 

capacity, reduce ATP production, and promote muscle protein breakdown, particularly in limb muscles. 

Similar mechanistic pathways were described by Gosker et al. (2000), who emphasized hypoxia-driven 

oxidative stress and activation of proteolytic systems in COPD skeletal muscle 13. 

The stronger correlation with ASMI compared to FFMI suggests that appendicular muscles are more 

sensitive to oxygen deprivation than total lean mass. This observation aligns with Iepsen and Pedersen 

(2020), who reported preferential involvement of limb muscles due to reduced ambulation and oxygen-

dependent metabolic demand 71. De Brandt et al. (2022) also highlighted hypoxemia as a central 

contributor to COPD cachexia and muscle wasting, particularly in patients with frequent exacerbations 

48. 

Furthermore, Wang et al. (2023) described mitochondrial dysfunction as a key link between hypoxia 

and muscle atrophy in COPD 73. The present findings support these mechanisms and reinforce the 

clinical relevance of monitoring oxygenation status when assessing muscle health. In the present study, 

strong evidence that impaired oxygenation is closely linked with skeletal muscle depletion, particularly 

appendicular muscle loss, underscoring the importance of early detection and correction of hypoxemia 

to preserve muscle mass in COPD patients. 

Physical Activity Levels and Muscle Mass Indices 

In the present study, a statistically significant reduction in both ASMI and FFMI across 

decreasing physical activity levels, with immobile patients exhibiting the lowest muscle mass indices. 

This finding underscores physical inactivity as a major determinant of skeletal muscle atrophy in 

COPD. Reduced mobility leads to disuse atrophy, fiber-type shifting, and reduced oxidative enzyme 

activity in skeletal muscle, mechanisms well described by Gea et al. (2015) and Iepsen and Pedersen 

(2020). Limb muscles, particularly those of the lower extremities, are especially vulnerable to 

inactivity-related wasting 3,71. 

Marklund et al. (2019) emphasized that daily physical activity is a key modifiable determinant of 

muscle function and mass in COPD, independent of airflow limitation 81. Similarly, Troosters et al. 

(2023) highlighted that inactivity accelerates muscle deconditioning and functional decline, while 
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pulmonary rehabilitation improves muscle mass and exercise tolerance 141. The graded decline in 

ASMI and FFMI observed in the present study mirrors these observations and supports the dose–

response relationship between activity level and muscle preservation. 

Arnold et al. (2020) and Panton et al. (2004) further demonstrated that resistance and endurance 

training improve muscle mass and strength in COPD patients, reinforcing the clinical implications of 

the present findings 128,133. In the present study, strong evidence that reduced physical activity is a key 

driver of skeletal muscle loss in COPD and supports early initiation of structured exercise and 

rehabilitation programs to prevent sarcopenia and functional decline. 

Systemic Steroid Use and Muscle Mass Indices 

The present study showed a statistically significant negative correlation between cumulative 

systemic steroid use and both ASMI and FFMI, indicating that higher steroid exposure is associated 

with greater skeletal muscle depletion. This finding is clinically important, as systemic corticosteroids 

are frequently used during COPD exacerbations but are known to induce muscle catabolism through 

inhibition of protein synthesis and activation of proteolytic pathways. Haberecht-Müller et al. (2021) 

described the role of the ubiquitin–proteasome system in inflammation-related muscle degradation, a 

pathway exacerbated by corticosteroid exposure 107. 

Gea et al. (2015) highlighted steroid-induced myopathy as a significant contributor to muscle 

dysfunction in COPD, particularly in patients with frequent exacerbations 3. De Brandt et al. (2022) 

further emphasized that repeated exacerbations and associated systemic therapies accelerate cachexia 

and muscle wasting 48. The stronger inverse association with ASMI suggests that appendicular muscles 

are particularly susceptible to steroid-related catabolism. 

These findings reinforce GOLD recommendations that systemic steroids should be used judiciously 

and for the shortest effective duration (GOLD 2024 In the present study, importance of balancing 

exacerbation management with strategies to preserve muscle mass, including early mobilization, 

nutritional support, and rehabilitation, especially in patients requiring repeated or high-dose systemic 

corticosteroid therapy. 

Multiple Regression Analysis to determine the clinical and environmental predictors of ASMI 

(Clinical and Environmental Predictors) 

In the present study, independent predictors of ASMI after adjustment for multiple clinical and 

exposure variables were determined. SpO₂ emerged as the strongest independent predictor of ASMI, 

showing a robust positive association, indicating that better oxygenation is independently linked with 
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greater appendicular muscle mass. This finding is highly consistent with COPD muscle 

pathophysiology: chronic hypoxemia reduces oxidative capacity, impairs mitochondrial function, and 

promotes protein catabolism in peripheral muscles. These mechanisms are well described in COPD 

muscle dysfunction literature (Gosker et al. 2000; Gea et al. 2015) and are reinforced by evidence 

highlighting mitochondrial dysfunction and bioenergetic failure in COPD skeletal muscle (Wang et al. 

2023) 3,13,73. The central importance of oxygenation also aligns with cachexia frameworks that place 

hypoxemia among key drivers of muscle wasting in COPD (De Brandt et al. 2022; Sanders et al. 2015) 

11,48. 

Interestingly, biogas exposure remained a significant positive predictor of ASMI in this model. This 

should be interpreted cautiously as an association likely reflecting lifestyle or habitual physical activity 

patterns in exposed rural populations rather than a protective biological effect of smoke exposure. 

Biomass/household fuel exposure is recognized as a major COPD risk factor, especially in women, but 

exposed groups may also have higher routine physical activity due to household and occupational 

demands (Sana et al. 2018; Alim et al. 2013; Salvi et al. 2018) 21,53,54. This can plausibly explain 

preserved appendicular muscle indices despite COPD risk exposure. 

Notably, smoking, GOLD class, inhaler use, systemic steroids, comorbidities, and physical activity 

category did not remain significant after adjustment. This does not negate their clinical relevance; 

instead, it suggests that their effects on ASMI may be mediated through oxygenation status, symptom 

burden, or exacerbation-related inactivity. GOLD frameworks emphasize that spirometric severity 

alone is insufficient to capture systemic effects (GOLD 2024), and COPD muscle atrophy is 

multifactorial rather than solely dependent on airflow limitation stage (Ischaki et al. 2007; Schols et 

al. 2005) 80,102. In the present study, oxygenation status as the most actionable biological determinant 

of appendicular muscle preservation in COPD. 

Multiple Regression Analysis to determine the clinical and environmental predictors of FFMI 

(Clinical and Environmental Predictors) 

In the present study, multivariable approach to FFMI, a clinically important index reflecting 

whole-body lean mass depletion. In the present study, SpO₂ was the only statistically significant 

independent predictor of FFMI, showing that higher oxygen saturation is associated with better 

preservation of lean tissue. This is strongly comparable to established COPD body composition 

literature showing that low FFMI is a hallmark of nutritional depletion and predicts adverse outcomes 

(Schols et al. 2005) 80. The current regression results suggest that oxygenation may be the key upstream 

factor linking disease burden to whole-body lean mass loss. 
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Mechanistically, hypoxemia promotes systemic metabolic stress, mitochondrial dysfunction, impaired 

protein synthesis, and enhanced proteolysis pathways that are repeatedly highlighted in COPD muscle 

literature (Gea et al. 2015) 3. The importance of oxidative capacity is supported by classic exercise 

physiology work demonstrating impaired skeletal muscle oxidative performance in COPD (Maltais et 

al. 1996) and by contemporary mechanistic synthesis emphasizing mitochondrial dysfunction (Wang 

et al. 2023) 73,75. Cachexia-focused perspectives also recognize hypoxemia and systemic inflammation 

as major drivers of lean mass depletion (Sanders et al. 2015; De Brandt et al. 2022) 11,48. 

Other variables smoking, GOLD class, inhaler, systemic steroid exposure, comorbidities, biogas 

exposure, and physical activity did not reach independent significance after adjustment. This pattern 

supports a clinically important interpretation: these variables may influence FFMI indirectly through 

exacerbations, symptom-driven inactivity, inflammation, or oxygenation rather than acting as 

independent direct determinants. GOLD guidance emphasizes multidimensional assessment beyond 

spirometry, including symptom burden and exacerbation risk, for understanding systemic effects 

(GOLD 2024)”. In the present study, oxygenation status is the dominant independent clinical correlate 

of lean mass preservation in this COPD cohort, supporting routine SpO₂ monitoring as part of muscle 

atrophy risk stratification. 
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STRENGTHS OF THE STUDY 

1. Comprehensive evaluation of skeletal muscle atrophy using both body composition indices (ASM, 

ASMI, FFM, FFMI) and simple anthropometric measurements, allowing direct comparison 

between advanced and bedside assessment methods. 

2. Inclusion of a well-characterized COPD population with detailed assessment of sociodemographic 

variables, disease severity (GOLD class), symptom burden (mMRC, SGRQ), exacerbation history, 

oxygen saturation, physical activity status, and treatment exposure. 

3. Use of robust statistical methods, including correlation analysis, multivariable regression models, 

and ROC curve analysis, strengthening the validity of associations observed. 

4. Identification of calf circumference and BMI as independent predictors of skeletal muscle mass 

indices, providing clinically applicable, low-cost screening tools for routine practice. 

5. Determination of optimal anthropometric cut-off values with good sensitivity and specificity, 

enhancing translational and diagnostic relevance. 

6. Assessment of modifiable risk factors such as hypoxemia, physical inactivity, and systemic steroid 

exposure, offering insight into potential intervention targets. 

7. High clinical relevance for resource-limited settings, where advanced imaging or body 

composition tools may not be routinely available. 
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LIMITATIONS OF THE STUDY 

1. Cross-sectional study design, which limits the ability to establish causal or temporal relationships 

between anthropometric indices and skeletal muscle atrophy. 

2. Absence of longitudinal follow-up, preventing evaluation of muscle mass changes over time or 

their prognostic impact. 

3. Reliance on indirect body composition measures rather than gold-standard imaging modalities such 

as DEXA, CT, or MRI. 

4. Physical activity assessment was categorical, without objective measurements such as 

accelerometers or activity monitors. 

5. Dietary intake and detailed nutritional assessment were not quantified, which may influence 

muscle mass and fat-free mass. 

6. Single-center study, which may limit generalizability to other populations with different 

demographic or environmental profiles. 

7. Relatively small sample sizes in certain subgroups (e.g., very severe COPD, high steroid exposure), 

potentially affecting statistical power. 

8. Possibility of residual confounding from unmeasured variables such as inflammatory markers, 

hormonal status, or long-term medication adherence. 
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CONCLUSION 

This study demonstrates that skeletal muscle atrophy is highly prevalent among patients with 

chronic obstructive pulmonary disease and is closely associated with multiple clinical, functional, and 

anthropometric factors. “Despite a relatively normal mean body mass index in the study population, a 

substantial proportion of patients exhibited reduced appendicular skeletal muscle mass and fat-free 

mass indices, underscoring the limitation of BMI as a standalone marker for nutritional and muscular 

assessment in COPD. The findings clearly establish that muscle depletion can exist even in patients 

who are not overtly underweight, highlighting skeletal muscle atrophy as an important extrapulmonary 

manifestation of COPD. 

A key conclusion of the present study is that simple anthropometric measurements show strong and 

clinically meaningful associations with objective body composition indices. Calf circumference and 

mid-arm circumference, in particular, demonstrated strong correlations with ASMI and FFMI and 

exhibited excellent diagnostic accuracy in ROC analysis. These findings confirm that peripheral 

anthropometric measures can reliably reflect skeletal muscle status and serve as practical, low-cost 

screening tools for identifying muscle atrophy in routine clinical practice, especially in resource-

limited settings where advanced body composition techniques are not readily available. 

The study further establishes that skeletal muscle atrophy in COPD is strongly influenced by disease-

related factors such as worsening dyspnea, higher symptom burden, frequent exacerbations, 

hypoxemia, reduced physical activity, and cumulative systemic steroid exposure. Appendicular muscle 

indices were more sensitive than total lean mass in capturing these associations, emphasizing that limb 

muscle wasting is a dominant and clinically relevant pattern in COPD. Importantly, oxygen saturation 

emerged as a consistent independent predictor of both ASMI and FFMI, reinforcing the central role of 

chronic hypoxemia in the pathogenesis of muscle loss. 

Age- and sex-specific analyses revealed that elderly male COPD patients are particularly vulnerable 

to accelerated muscle loss, while disease instability and inactivity further amplify skeletal muscle 

depletion across all subgroups. These findings support the concept that muscle atrophy in COPD is 

multifactorial and cannot be explained by airflow limitation severity alone. Instead, it reflects the 

cumulative impact of systemic inflammation, hypoxemia, inactivity, and treatment-related factors, 

necessitating a multidimensional approach to patient evaluation. 

In conclusion, the present study strongly supports the incorporation of routine anthropometric 

assessment especially calf circumference and mid-arm measurements into standard COPD care for 
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early identification of skeletal muscle atrophy. Early detection, combined with targeted interventions 

such as optimization of oxygenation, pulmonary rehabilitation, nutritional support, and judicious use 

of systemic steroids, may help preserve muscle mass, improve functional capacity, and ultimately 

enhance quality of life and outcomes in patients with COPD. 
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SUMMARY 

This study highlights that skeletal muscle atrophy is a common and clinically important 

manifestation of chronic obstructive pulmonary disease, often occurring even in patients with normal 

body mass index. Appendicular skeletal muscle indices revealed significant muscle depletion, 

demonstrating that BMI alone is insufficient to identify muscle loss in COPD patients. 

Simple anthropometric measurements, particularly calf circumference and mid-arm circumference, 

showed strong correlations with objective muscle mass indices and excellent diagnostic accuracy. 

These measures can serve as reliable, low-cost bedside tools for screening skeletal muscle atrophy, 

especially in settings where advanced body composition assessment is not feasible. 

Muscle loss was strongly associated with higher symptom burden, frequent exacerbations, hypoxemia, 

reduced physical activity, and systemic steroid exposure”. Oxygen saturation emerged as a key 

independent predictor of muscle preservation, emphasizing the role of hypoxemia in COPD-related 

muscle wasting. 

Overall, routine anthropometric assessment combined with early rehabilitation, nutritional support, 

and optimization of oxygenation may help prevent or attenuate skeletal muscle atrophy and improve 

functional outcomes in COPD patients. 
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ANNEXURES-I 

CONSENT FORM 

KAHER, J.N. Medical College, Belagavi 

Dept of General Surgery 

CONSENT STATEMENT 

INFORMED CONSENT FOR PARTICIPATION IN RESEARCH STUDY 

TITLE OF THE PROJECT/ STUDY 

Name of Student/Principal Investigator: 

Name of Guide/Co Investigators: 

Introduction:  

Explanation of procedure:  

In simple language,  

Withdrawal from participation in the study: ( understood by a layman as applicable to your study) 

Participation in this study in voluntary. You will be free to decide whether to participate in this 

study or continue participation once enrolled. In case you decide to withdraw your participation, 

you are free to do so. However, please convey the decision to the principal investigator. 

You will/will  

Possible benefits from participating in the study get any benefits by applicable to you study 

participating in this study. (In simple language, which can be understood by a layman as ) The 

data gathered will help population at large. 

Possible risks from participating in the study: There are no risks involved in participating in this 

study. (In simple language, which can be understood by a layman as applicable to 

your study) 

Privacy and confidentiality: The information collected from you will be coded, to prevent any 

person to identify you. Your identity will never be revealed. The data collected from you will be 

kept confidential and only processed or aggregated data will be used for publication. 
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Financial incentives: You will not receive any payment for participating in this study. 

Cost of investigations done during the course of study will be paid by the principal investigator 

/ Participant. (Strike out which is not applicable) 

Authorization for publication of aggregated data: Results obtained after processing of the 

aggregated data will be published for scientific purpose and or presented to scientific groups. 

However, your identity will never be revealed. 

Questions: In case of any questions with regard to this study, you are free to contact: “Name of 

student/PI, mobile number, email ID” If you have any question or complaints with regard to 

your right as study participant you may contact Dr Harsha Hegde, Chairperson, Ethical committee 

ofJNMC, 0831-2473777 Extension 4052. 

Legal rights: By signing this consent form, we are not waving any ofyour legal rights 
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CONSENT STATEMENT 

I am making a voluntary decision to participate in the study “TILE OF THE 

PROJECT/STUDY”. My signature below indicates that I have decided to participate and I have 

read the information provided above or the information provided above has been read to me in 

the language that I understand best. I was given the opportunity to ask questions and that they 

have been answered to my satisfaction. 

Name ofthe participant: 

Signature or left thumb impression ofthe participant: 

Name ofthe witness: 

Signature or left thumb impression ofthe witness: 

Name ofthe investigator: 

Signature ofthe investigator: 
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Clinical Photos 
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9 

163 53 
19.
9 

21.
8 

0.6 27 
19.
92 

21.
56 

13.
9 5.24 

36.
5 

13.
77 

632
887

5 
59 F 

House 
Wife 

NO NO YES HTN 80 
11
4 

70.
17 

Mild Mobile 0 NIL NO 97% 0 
43.
1 

35.
2 

41.
6 

40.
4 

164 55 
20.
4 

24.
1 

0.9 32.6 
21.
2 

29.
51 

17.
1 6.38 

40.
8 

15.
22 

711
456

5 
62 M 

Labour
er 

CURRENT 
REGU
LAR 

NO 
HTN, 
DM 

56 
10
1 

55.
44 

Moder
ate 

Mobile 1 
160 
MG 

NO 96% 2 
54.
7 

51.
1 

44.
3 

51.
7 

159 56 
22.
2 

23.
3 

1 33.5 
20.
16 

22.
34 

18.
8 7.46 

45.
1 

17.
89 

732
848

4 
68 M 

Engine
er 

(Retd) 

EX 
SMOKER 

OCCA
SION

AL 

NO HTN 69 99 
69.
69 

Moder
ate 

Mobile 1 
160 
MG 

YES 95% 1 
58.
6 

51.
2 

49.
2 

53.
9 

167 65 
23.
3 

24.
3 

1.3 34 
20.
22 

22.
5 

20.
6 7.41 

48.
7 

17.
51 

701
023

5 72 M Farmer CURRENT NO NO 

DM, 
HTN, 
IHD 36 55 

65.
45 Severe 

Limited 
Mobilit

y 2 
320 
MG 

YES 
(ICS) 93% 3 

72.
7 

65.
1 

66.
6 

68.
5 168 59 

20.
9 

30.
1 1.1 31.6 

16.
65 

12.
05 

17.
3 6.13 

42.
3 15 

675
741

2 83 F 
House 
Wife 

PASSIVE 
SMOKER NO YES 

HTN, 
DM, 
CVA 28 54 

51.
8 

Very 
Severe 

Immobi
le 2 

320 
MG YES 90% 3 

74.
03 

80.
2 

75.
9 

79.
6 153 49 

20.
9 

18.
9 0.6 28.2 

17.
02 

16.
54 

16.
3 6.96 

34.
3 

14.
65 

628
596

6 55 F 
Labour

er NO NO YES NONE 82 
10
4 

78.
84 Mild Mobile 0 NIL YES 98% 1 

28.
8 

22.
3 

26.
01 

26.
5 148 45 

20.
5 

25.
6 0.5 34.8 

19.
12 

22.
58 

15.
8 7.21 

35.
2 

16.
07 

678
525

3 52 M Cook NO 

OCCA
SION

AL YES HTN 83 
10
1 

82.
17 Mild Mobile 1 

160 
MG NO 99% 0 

32.
2 

34.
5 

30.
1 

35.
1 166 72 

26.
1 

27.
5 1.8 35.3 

21.
85 

27.
98 

23.
1 8.4 

53.
6 

19.
49 

710
235

6 63 F 
House 
Wife NO NO YES DM 76 

11
0 

69.
09 

Moder
ate Mobile 2 

320 
MG 

YES 
(ICS) 97% 2 

62.
7 

53.
2 

49.
8 

55.
3 158 65 26 

27.
3 1.2 34.8 

23.
53 

37.
56 

19.
7 7.91 

47.
6 

19.
11 

702
356

4 68 M Farmer CURRENT 

EX 
DRIN
KER NO 

IHD, 
HTN 42 81 

51.
85 Severe 

Limited 
Mobilit

y 2 
320 
MG 

YES 
(ICS) 92% 3 

69.
9 

64.
1 

57.
4 

65.
6 170 63 

21.
8 

23.
1 0.9 32.6 

20.
27 

22.
7 

19.
4 6.71 

47.
2 

16.
33 

701
648

5 64 M 
Busine

ss 
EX 

SMOKER 

REGU
LAR NO 

HTN, 
DM 71 

10
5 

67.
61 

Moder
ate Mobile 0 NIL NO 96% 2 

56.
3 

50.
3 

48.
2 

54.
7 165 69 

25.
3 

28.
5 1.6 36.1 

23.
48 

33.
85 

21.
8 8.01 

51.
6 

18.
97 

667
543

2 71 F 
House 
Wife 

PASSIVE 
SMOKER NO YES DM 66 96 

68.
75 

Moder
ate Mobile 1 

160 
MG YES 95% 2 

69.
4 

56.
5 

54.
3 

60.
2 151 57 25 

26.
6 1.6 35.2 

21.
58 

30.
54 

16.
2 7.1 

40.
8 

17.
89 

699
123

1 56 F Cook NO NO YES NONE 58 85 
68.
23 

Moder
ate Mobile 1 

160 
MG YES 96% 2 

45.
6 

40.
8 

38.
5 

41.
5 162 62 

23.
6 

25.
1 1.4 37 

20.
7 

27.
6 

18.
9 7.21 

46.
8 

17.
86 

689
174

5 50 M 
Labour

er CURRENT 

OCCA
SION

AL NO NONE 82 
10
1 

81.
18 Mild Mobile 0 NIL NO 99% 0 

32.
3 

25.
9 

22.
5 

26.
8 164 61 

22.
7 

24.
7 1.3 33.4 

20.
62 

23.
82 

21.
6 8.05 

46.
7 

17.
42 

623
469

8 77 M Farmer 
EX 

SMOKER 

OCCA
SION

AL NO 

HTN, 
DM, 
CVA 49 85 

57.
64 Severe 

Limited 
Mobilit

y 3 
480 
MG YES 93% 3 

89.
8 

80.
3 

77.
7 

81.
2 168 52 

18.
4 

21.
1 0.7 30.2 

18.
9 

18.
43 

14.
3 5.07 

36.
1 

12.
8 

679
812

3 61 F 
Labour

er 
PASSIVE 
SMOKER NO YES HTN 80 

11
2 

71.
42 Mild Mobile 0 NIL NO 97% 1 

43.
5 

38.
6 

33.
1 

39.
3 157 50 

20.
3 22 0.8 31.3 

19.
49 

23.
72 

15.
7 6.38 

36.
5 

14.
83 

652
245

9 55 F Cook NO NO YES NONE 59 90 
65.
55 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 98% 2 

52.
2 

46.
2 

40.
9 

47.
1 151 49 

21.
5 

23.
6 1 33.2 

20.
46 

26.
81 

16.
8 7.36 

37.
9 

16.
62 

679
123

5 59 M 
Labour

er CURRENT 

REGU
LAR NO DM 67 

10
8 

62.
03 

Moder
ate Mobile 2 

320 
MG YES 96% 2 

60.
4 

55.
9 

52.
5 

56.
7 165 53 

19.
5 

21.
8 1.2 34.1 

18.
03 

15.
87 

16.
5 6.06 

38.
6 

14.
19 
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660
253

8 65 F 
House 
Wife NO NO YES 

HTN, 
IHD 64 

10
1 

63.
36 

Moder
ate Mobile 1 

160 
MG NO 97% 2 

57.
8 

50.
5 

48.
1 

52.
4 160 68 

26.
6 

26.
8 1.9 36.9 

20.
83 

28.
03 

21.
3 8.32 

49.
9 

19.
49 

704
052

2 70 M Bank 
EX 

SMOKER NO NO 

CVA, 
HTN 73 

10
9 

66.
97 

Moder
ate Mobile 2 

320 
MG YES 96% 1 

58.
8 

57.
6 

51.
3 

56.
2 175 71 

23.
2 

24.
3 1.2 32.1 

20.
53 

23.
54 22 7.18 

50.
5 

16.
5 

718
526

4 73 M 
Ex 

Army 
EX 

SMOKER 

OCCA
SION

AL NO 

DM, 
CVA 40 63 

63.
49 Severe 

Limited 
Mobilit

y 2 
320 
MG 

YES 
(ICS) 94% 3 

75.
7 

66.
4 

60.
3 

68.
1 172 64 

21.
6 

23.
5 1 28.6 

20.
36 

22.
98 

18.
1 6.13 

46.
8 

15.
86 

638
549

7 54 F 
House 
Wife 

PASSIVE 
SMOKER NO YES HTN 85 

10
0 85 Mild Mobile 1 

160 
MG NO 97% 0 

39.
3 

37.
8 

31.
5 

36.
3 149 50 

22.
5 

24.
6 1.3 29.5 

20.
52 

26.
99 

18.
5 8.33 

38.
1 

17.
16 

701
423

9 67 M Farmer CURRENT NO NO 

HTN, 
DM 65 

11
2 

58.
03 

Moder
ate 

Limited 
Mobilit

y 2 
320 
MG YES 96% 2 

65.
6 

63.
5 

55.
8 

61.
8 170 55 19 

20.
6 0.9 28.2 

17.
77 

15.
14 

16.
6 5.74 

38.
9 

13.
46 

721
748

4 58 M Cook CURRENT 

OCCA
SION

AL YES DM 74 
11
8 

62.
71 

Moder
ate Mobile 0 NIL YES 99% 1 

38.
5 

32.
7 

30.
6 

33.
9 162 64 

24.
4 

25.
8 1.7 33.6 

20.
46 

23.
31 

21.
3 8.12 

47.
1 

17.
97 

658
979

8 62 M 
Labour

er 
EX 

SMOKER 

REGU
LAR NO HTN 81 

11
0 

73.
63 Mild Mobile 0 NIL YES 97% 0 

27.
1 

20.
3 

22.
5 

25.
6 165 60 22 25 1.6 34.3 

19.
98 

21.
75 

20.
1 7.38 

45.
2 

16.
61 

700
236

7 58 F 
House 
Wife NO NO YES NONE 68 98 

69.
3 

Moder
ate Mobile 0 NIL YES 96% 1 

40.
6 

36.
1 

28.
7 

35.
8 152 58 

25.
1 

25.
3 1.4 35.2 

20.
9 

28.
3 

18.
2 7.87 

43.
1 

18.
65 

660
878

9 70 M 
Ex 

Army CURRENT 

OCCA
SION

AL NO 

DM, 
HTN 56 86 

65.
11 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 95% 2 

70.
3 

65.
1 

69.
6 

68.
9 170 76 

26.
3 

26.
1 1.8 36 

20.
4 

23.
3 

22.
6 7.82 

51.
2 

17.
71 

698
954

1 83 M Farmer 
EX 

SMOKER NO NO 

HTN, 
IHD 46 81 

56.
79 Severe 

Limited 
Mobilit

y 3 
480 
MG 

YES 
(ICS) 89% 3 

81.
5 

82.
2 

75.
2 

80.
3 166 55 20 

21.
6 0.8 30.8 

19.
1 19 

15.
6 5.67 

39.
1 

14.
21 

714
841

5 64 F Farmer 
PASSIVE 
SMOKER NO YES 

DM, 
IHD 40 58 

68.
96 Severe Mobile 2 

320 
MG YES 97% 3 

71.
8 

65.
3 

60.
9 

66.
72 158 64 

25.
6 

26.
2 1.2 34.6 

22.
4 

33.
5 

18.
7 7.51 

44.
5 

17.
87 

678
525

2 71 F 
House 
Wife NO NO YES 

HTN, 
DM 62 95 

65.
26 

Moder
ate Mobile 1 

160 
MG NO 95% 2 

58.
4 

49.
1 

53.
8 

54.
5 160 68 

26.
6 

27.
4 1.5 36.3 

22.
7 

34.
5 

19.
1 7.46 

48.
6 

18.
98 

724
586

9 86 M Farmer 
EX 

SMOKER 

EX 
DRIN
KER NO 

HTN, 
CVA, 
IHD 45 83 

54.
21 Severe 

Limited 
Mobilit

y 3 
480 
MG 

YES 
(ICS) 90% 3 

91.
3 

80.
1 

86.
6 

85.
2 168 53 

18.
8 

20.
6 0.5 29.3 19 

18.
8 

15.
1 5.35 

37.
5 

13.
29 

711
287

7 59 M 
Labour

er CURRENT 

REGU
LAR NO DM 74 

10
6 

69.
81 

Moder
ate Mobile 0 NIL NO 97% 1 

34.
3 

29.
9 

30.
6 

33.
1 165 65 

23.
9 

25.
6 0.9 34.1 

20.
9 

24.
7 23 8.45 

51.
6 

18.
97 

701
455

9 54 F Cook NO NO YES NONE 75 
11
2 

66.
9 

Moder
ate Mobile 1 

160 
MG NO 97% 1 

30.
4 

28.
8 

27.
2 

29.
6 161 58 

22.
4 

24.
1 0.8 35 

21.
6 

30.
6 

18.
5 7.14 

44.
5 

17.
18 

675
892

7 63 M 
Busine

ss NO 

REGU
LAR NO HTN 56 98 

57.
14 

Moder
ate Mobile 2 

320 
MG 

YES 
(ICS) 97% 2 

55.
6 

59.
1 

48.
6 

55.
7 171 70 

23.
9 

24.
8 1 35.8 21 

25.
2 

21.
8 7.46 

50.
4 

17.
26 

711
568

8 68 F 
House 
Wife 

PASSIVE 
SMOKER NO YES NONE 53 88 

60.
22 

Moder
ate Mobile 2 

320 
MG YES 96% 2 

63.
2 

57.
8 

53.
3 

58.
4 159 62 

24.
5 

27.
8 1.2 36.2 24 

39.
5 

17.
3 6.86 

43.
8 

17.
38 

701
027

9 77 M Farmer 
EX 

SMOKER 

OCCA
SION

AL NO 

DM, 
HTN, 
IHD 28 56 50 

Very 
Severe 

Immobi
le 3 

480 
MG 

YES 
(ICS) 88% 3 

84.
8 

78.
6 

75.
2 

79.
01 167 56 

20.
1 

21.
2 0.6 30.2 

19.
3 

19.
7 

16.
4 5.89 

43.
2 

15.
53 
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677
524

1 71 M 
Ex 

Army 
EX 

SMOKER 

EX 
DRIN
KER NO 

HTN, 
IHD 48 72 

66.
66 Severe 

Limited 
Mobilit

y 3 
480 
MG YES 91% 3 

67.
3 

73.
5 

63.
8 

68.
2 168 69 

24.
4 

27.
1 1.2 33.3 

21.
1 

25.
3 

18.
9 6.7 

48.
8 

17.
3 

681
274

9 57 F 
Labour

er NO 

OCCA
SION

AL YES NONE 81 
11
6 

69.
8 Mild Mobile 0 NIL NO 97% 0 

44.
4 

40.
6 

38.
01 

41.
4 162 53 

20.
2 

26.
8 0.7 34.1 

19.
7 

24.
4 

17.
1 6.52 

39.
3 15 

700
872

8 60 F Farmer NO NO YES NONE 80 
11
7 

68.
3 Mild Mobile 0 NIL NO 97% 1 

39.
5 

35.
6 

27.
9 

34.
3 149 54 

24.
3 

26.
3 1.3 34.5 

22.
2 

32.
8 

16.
8 7.56 

39.
5 

17.
79 

724
524

4 63 M Cook NO NO YES HTN 60 93 
64.
51 

Moder
ate Mobile 1 

160 
MG YES 96% 2 

43.
7 

48.
6 

44.
1 

45.
8 160 55 

21.
5 

24.
5 0.8 31.6 21 

25.
2 

18.
3 7.14 

41.
7 

16.
28 

684
945

9 86 M Farmer CURRENT 

EX 
DRIN
KER NO 

DM, 
HTN, 
CVA 37 77 

48.
05 Severe 

Immobi
le 3 

480 
MG 

YES 
(ICS) 89% 3 

84.
5 

79.
1 

69.
8 

77.
8 169 56 

19.
6 

19.
8 0.4 29.5 

18.
5 

17.
4 

14.
6 5.12 

38.
3 

13.
43 

690
125

1 75 M Farmer 
EX 

SMOKER 

OCCA
SION

AL NO 

HTN, 
DM 56 88 

63.
63 

Moder
ate Mobile 1 

160 
MG YES 96% 2 

59.
1 

62.
5 

55.
3 

59.
3 166 71 

25.
8 

27.
2 1.6 34.8 

22.
2 

29.
1 

19.
1 6.93 

48.
4 

17.
56 

712
037

5 74 M Farmer 
EX 

SMOKER NO NO 

IHD, 
HTN 51 99 

51.
51 

Moder
ate 

Limited 
Mobilit

y 3 
480 
MG 

YES 
(ICS) 95% 3 

74.
3 

67.
3 

72.
01 

71.
9 158 50 20 

21.
2 0.6 30.6 

19.
3 

19.
7 

15.
1 6.05 

37.
8 

15.
14 

677
547

0 66 F 
House 
Wife NO NO YES DM 81 

11
8 

68.
64 Mild Mobile 0 NIL NO 97% 1 

49.
2 

56.
5 

44.
5 

49.
1 155 50 

20.
8 

23.
5 0.8 32 21 

28.
5 

15.
7 6.54 

35.
7 

14.
86 

711
283

4 58 F 
Labour

er 
PASSIVE 
SMOKER NO NO HTN 69 97 

71.
13 

Moder
ate Mobile 1 

160 
MG NO 95% 2 

58.
5 

51.
02 

47.
1 

52.
7 157 54 

21.
9 

24.
5 1 33.1 

21.
4 

29.
8 

17.
9 7.26 

39.
2 

15.
91 

644
897

0 52 M 
Traffic 
Police CURRENT 

OCCA
SION

AL NO NONE 80 
10
6 

75.
47 Mild Mobile 0 NIL NO 96% 0 

37.
8 

33.
2 

25.
3 

32.
5 166 68 

24.
7 

28.
2 1.6 36.3 

23.
2 

32.
7 

22.
5 8.17 

50.
6 

18.
36 

658
665

4 80 M Farmer 
EX 

SMOKER 

EX 
DRIN
KER NO 

HTN, 
DM, 
IHD 29 59 

49.
15 

Very 
Severe 

Immobi
le 4 

640 
MG 

YES 
(ICS) 89% 3 

94.
5 

88.
6 

86.
1 

89.
8 172 61 

20.
6 

21.
1 0.5 28.5 

19.
5 

20.
4 17 5.75 

44.
3 

14.
99 

711
564

0 56 M Bank CURRENT 

REGU
LAR NO NONE 65 

10
1 

64.
35 

Moder
ate Mobile 0 NIL NO 97% 1 

30.
3 

29.
6 

31.
3 

32.
6 163 64 

24.
1 

28.
2 1.8 35.8 

22.
5 

30.
45 

21.
6 8.15 

49.
2 

18.
56 

701
957

3 78 M Farmer 
PASSIVE 
SMOKER NO NO HTN 82 

11
6 

70.
68 Mild Mobile 1 

160 
MG YES 98% 1 

73.
3 

56.
2 

55.
1 

61.
2 164 61 

22.
7 

22.
1 0.9 32 

19.
2 

19.
53 

18.
8 7.01 

45.
4 

16.
94 

674
542

2 52 F 
House 
Wife 

PASSIVE 
SMOKER NO YES NONE 63 94 

67.
02 

Moder
ate Mobile 0 NIL NO 98% 2 

24.
1 

23.
6 

25.
05 

24.
8 160 65 

25.
4 

27.
2 1.7 38.2 

21.
8 

31.
5 

21.
1 8.24 

48.
1 

18.
78 

692
313

1 48 M Cook CURRENT 

REGU
LAR YES NONE 58 93 

62.
36 

Moder
ate Mobile 0 NIL NO 97% 1 

29.
9 

28.
3 

23.
8 

27.
3 151 65 

28.
5 29 2 39 

22.
7 

31.
04 

23.
2 10.17 

51.
1 

22.
41 

660
154

2 82 M 
Labour

er 
EX 

SMOKER 

EX 
DRIN
KER NO 

HTN, 
DM, 
CVA 45 87 

51.
72 Severe 

Immobi
le 3 

480 
MG 

YES 
(ICS) 90% 3 

95.
6 

90.
1 

81.
2 

88.
9 166 49 

17.
8 

18.
2 0.5 26.4 

16.
6 

12.
01 

15.
3 5.56 

36.
2 

13.
16 

701
633

7 77 M Farmer 
EX 

SMOKER NO NO 

HTN, 
DM 63 97 

64.
94 

Moder
ate 

Limited 
Mobilit

y 2 
320 
MG 

YES 
(ICS) 92% 1 

78.
3 

66.
5 

70.
9 

72.
5 170 57 

19.
7 

21.
6 0.8 28.5 

19.
09 

18.
98 

17.
5 6.05 43 

14.
87 

673
559

0 68 F 
House 
Wife 

PASSIVE 
SMOKER NO YES DM 73 

10
6 

68.
86 

Moder
ate Mobile 2 

320 
MG YES 95% 2 

64.
5 

59.
1 

64.
8 

63.
2 149 45 

20.
3 

22.
3 1 31.3 

19.
16 

22.
71 

15.
7 7.07 

33.
2 

14.
95 
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722
141

1 62 F 
House 
Wife NO NO YES 

HTN, 
DM 68 

10
1 

67.
32 

Moder
ate Mobile 1 

160 
MG NO 96% 1 

59.
9 

57.
1 

49.
2 

55.
8 157 55 

22.
3 

24.
5 1.3 33.2 

20.
4 

26.
6 

18.
1 7.35 

41.
3 

16.
78 

705
648

7 60 M 
Ex 

Army CURRENT 

OCCA
SION

AL NO HTN 80 
11
4 

70.
17 Mild Mobile 1 

160 
MG NO 98% 2 

55.
1 

49.
3 

54.
9 

53.
6 162 60 

22.
9 

25.
2 1.2 34.5 

21.
4 

26.
5 

20.
8 7.93 

45.
1 

17.
21 

705
649

1 74 M 
Labour

er CURRENT NO NO 

HTN, 
IHD 57 85 

67.
05 

Moder
ate Mobile 2 

320 
MG YES 94% 2 

75.
6 

61.
1 

70.
2 

69.
8 166 59 

21.
4 

22.
1 0.9 31 

19.
27 

19.
53 

19.
2 6.98 

42.
8 

15.
56 

711
992

0 66 F Cook 
PASSIVE 
SMOKER NO YES DM 48 93 

51.
61 Severe Mobile 2 

320 
MG 

YES 
(ICS) 95% 3 

72.
3 

69.
6 

73.
6 

71.
8 154 73 

30.
8 

35.
3 3.1 40 

25.
5 

45.
4 

20.
7 8.73 

54.
02 

22.
79 

713
682

7 53 M 
Traffic 
Police CURRENT 

OCCA
SION

AL NO HTN 82 
12
0 

68.
33 Mild Mobile 1 

160 
MG NO 97% 0 

33.
3 

27.
4 

32.
5 

31.
2 169 68 

23.
8 

27.
2 1.8 36.7 

21.
5 

26.
95 

23.
2 8.14 

52.
2 

18.
31 

703
288

7 71 M Farmer 
EX 

SMOKER NO NO 

CVA, 
HTN 80 

11
6 

68.
96 Mild Mobile 1 

160 
MG YES 97% 1 

69.
1 

59.
3 

70.
5 

66.
3 163 55 

20.
7 

22.
8 1.1 30.3 

19.
34 

19.
75 

16.
3 6.15 

40.
1 

15.
93 

711
569

6 84 M Farmer CURRENT 

REGU
LAR NO 

HTN, 
DM, 
IHD 52 81 

64.
19 

Moder
ate 

Limited 
Mobilit

y 2 
320 
MG NO 91% 2 

88.
5 

79.
2 

80.
1 

82.
5 171 59 

20.
2 

19.
8 0.7 27.5 

17.
6 

14.
64 

14.
8 5.06 

41.
6 

14.
24 

708
632

2 69 F 
House 
Wife 

PASSIVE 
SMOKER NO YES DM 61 90 

67.
77 

Moder
ate Mobile 1 

160 
MG NO 97% 2 

53.
5 

54.
8 

48.
8 

52.
3 164 75 

27.
9 

29.
6 2.1 38.2 23 

35.
5 

20.
6 7.68 

53.
2 

19.
85 

715
584

2 78 M 
Labour

er CURRENT 

OCCA
SION

AL NO 

HTN, 
CVA, 
IHD 36 85 

42.
35 Severe 

Immobi
le 3 

480 
MG 

YES 
(ICS) 89% 3 

94.
8 

82.
8 

92.
06 

89.
05 168 52 

18.
4 19 0.5 26 

17.
43 

14.
17 

15.
3 5.42 

38.
5 

13.
65 

689
553

3 63 M Cook NO NO YES NONE 70 
10
9 

64.
22 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 96% 1 

58.
1 

50.
1 

62.
6 

56.
6 165 61 

22.
4 

24.
5 1.5 33.3 

19.
7 

21.
15 

21.
1 7.75 

47.
4 

17.
42 

702
944

7 61 M Farmer 
EX 

SMOKER NO NO DM 81 
11
3 

71.
68 Mild Mobile 0 NIL YES 98% 0 

54.
5 

52.
2 

45.
9 

51.
7 159 57 

22.
5 26 2 34.5 

19.
7 

20.
93 

19.
5 7.73 

44.
03 

17.
47 

711
799

8 76 F 
House 
Wife 

PASSIVE 
SMOKER NO YES 

HTN, 
DM 64 99 

64.
64 

Moder
ate 

Limited 
Mobilit

y 2 
320 
MG YES 95% 2 

75.
7 

68.
3 

74.
6 

73.
2 147 48 

22.
2 

23.
2 1 32.2 

20.
06 

25.
51 

16.
8 7.77 

34.
5 

15.
97 

677
854

8 85 F 
House 
Wife 

PASSIVE 
SMOKER NO YES 

HTN, 
IHD, 
CVA 28 59 

47.
45 

Very 
Severe 

Immobi
le 4 

640 
MG NO 88% 3 

94.
3 

86.
1 

90.
6 

91.
08 156 43 

17.
7 

16.
8 0.4 26 

15.
54 

12.
7 

13.
6 5.59 

31.
8 

13.
08 

661
459

3 61 M 
Ex 

Army CURRENT 

REGU
LAR NO NONE 69 

10
3 

66.
99 

Moder
ate Mobile 1 

160 
MG YES 97% 1 

56.
1 

59.
7 

55.
3 

57.
5 172 64 

21.
6 

24.
1 1.6 33.2 

19.
07 

18.
93 

21.
8 7.38 

49.
2 

16.
67 

703
458

5 72 M 
Labour

er 
EX 

SMOKER 

EX 
DRIN
KER NO 

DM, 
CVA 59 97 

60.
82 

Moder
ate 

Limited 
Mobilit

y 3 
480 
MG 

YES 
(ICS) 94% 2 

85.
6 

73.
4 

69.
5 

76.
12 164 56 

20.
8 

22.
3 0.8 29.5 

19.
7 

21.
15 

18.
6 6.94 

42.
4 

15.
82 

719
044

7 66 M 
Busine

ss 
EX 

SMOKER 

OCCA
SION

AL NO NONE 81 
11
4 

71.
05 Mild Mobile 0 NIL NO 96% 0 

59.
9 

49.
8 

54.
2 

54.
8 166 68 

24.
7 

25.
3 1.5 36.2 

20.
5 

23.
8 

22.
6 8.21 

50.
3 

18.
2 

724
558

6 58 F 
House 
Wife 

PASSIVE 
SMOKER NO YES HTN 68 99 

68.
68 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 97% 1 

60.
3 

45.
3 

50.
9 

52.
6 160 62 

24.
2 

29.
6 1.8 38.5 

23.
9 

39.
1 

19.
8 7.73 

46.
1 18 

676
759

1 74 M Farmer CURRENT 

REGU
LAR NO 

HTN, 
CVA 48 92 

52.
17 Severe 

Limited 
Mobilit

y 3 
480 
MG NO 93% 3 

83.
5 

69.
7 

80.
02 

77.
5 165 50 

18.
4 

23.
1 1.1 31.3 

19.
6 

20.
7 

16.
2 5.95 

38.
2 

14.
04 
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708
851

2 82 M 
Labour

er 
EX 

SMOKER NO NO 

IHD, 
HTN 58 91 

63.
73 

Moder
ate 

Limited 
Mobilit

y 3 
480 
MG YES 89% 2 

81.
2 

72.
4 

82.
5 79 165 58 

21.
3 

21.
5 0.8 29.6 

18.
9 

18.
7 

18.
3 6.72 

43.
4 

15.
9 

711
399

4 56 F Cook NO NO YES NONE 70 
10
6 

66.
03 

Moder
ate Mobile 0 NIL NO 97% 1 

52.
1 

47.
7 

45.
6 

48.
3 162 70 

26.
7 

26.
2 1.8 36.2 

20.
5 

27.
1 

22.
8 8.7 

51.
8 

19.
7 

696
651

4 63 M Farmer CURRENT 

REGU
LAR NO HTN 81 

11
2 

72.
32 Mild Mobile 1 

160 
MG NO 98% 1 

53.
6 

49.
1 

56.
8 

53.
5 158 56 

22.
4 

23.
8 1.2 34.8 

20.
03 

21.
9 

20.
3 8.15 

43.
6 

17.
5 

719
588

6 73 F 
House 
Wife NO NO YES HTN 68 

10
4 

65.
38 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 95% 2 

68.
2 

58.
1 

60.
7 

62.
8 160 51 

19.
9 

22.
1 1.5 32 

17.
3 

17.
58 

16.
1 6.28 

37.
1 

14.
49 

676
531

1 57 M Police CURRENT 

OCCA
SION

AL NO DM 74 
10
6 

69.
81 

Moder
ate Mobile 1 

160 
MG NO 97% 1 

55.
12 

45.
4 

49.
1 

50.
7 171 75 

25.
6 

27.
2 1.9 38.8 

21.
2 

25.
8 

23.
6 8.08 

54.
6 

18.
69 

690
232

3 49 M Cook CURRENT NO YES NONE 66 
10
2 

64.
7 

Moder
ate Mobile 0 NIL NO 100% 1 

44.
5 

47.
3 

37.
8 

43.
6 160 63 

24.
6 

25.
3 1.3 37.5 

21.
2 

25.
8 

21.
4 8.35 

49.
14 

19.
19 

685
012

0 63 M 
Ex 

Army 
EX 

SMOKER 

OCCA
SION

AL NO NONE 80 
11
0 

72.
72 Mild Mobile 1 

160 
MG YES 96% 1 

59.
8 

54.
01 

46.
1 

53.
4 168 67 

23.
7 

23.
1 1.3 32.8 

19.
02 

18.
8 

21.
6 7.65 

49.
9 

17.
69 

709
685

7 60 F Cook 
PASSIVE 
SMOKER NO YES 

HTN, 
DM 38 64 

59.
37 Severe 

Limited 
Mobilit

y 3 
480 
MG YES 93% 3 

73.
6 

65.
5 

74.
5 

71.
4 151 70 

30.
7 

33.
3 2.5 43.5 

25.
4 

45.
05 

21.
5 9.42 52 

22.
8 

719
232

3 65 F 
House 
Wife NO NO YES DM 57 89 

64.
04 

Moder
ate Mobile 0 NIL YES 96% 2 

65.
6 

58.
1 

50.
9 

58.
3 154 67 

28.
3 

27.
2 1.7 37.4 

21.
8 

31.
5 

20.
4 8.6 

50.
1 

21.
13 

700
944

8 70 M Farmer 
EX 

SMOKER 

REGU
LAR NO 

HTN, 
DM 72 

10
5 

68.
57 

Moder
ate Mobile 2 

320 
MG NO 94% 2 

73.
1 

61.
7 

66.
3 

67.
6 164 56 

20.
8 

22.
3 1 30 

19.
16 

19.
22 

17.
3 6.45 

41.
8 

15.
59 

670
459

3 58 F 
Teache

r NO NO YES HTN 81 
11
5 

70.
43 Mild Mobile 0 NIL NO 97% 0 

45.
5 

41.
9 

39.
6 

42.
7 162 63 24 

25.
6 1.8 34.4 

19.
95 

25.
18 

18.
7 7.13 

46.
62 

17.
79 

688
212

9 64 M 
Labour

er CURRENT 

REGU
LAR NO 

CVA, 
HTN 68 

10
1 

67.
32 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 96% 1 

58.
7 

63.
2 

55.
2 

59.
1 159 54 

21.
4 

23.
5 1.4 32 

19.
1 

19.
03 

19.
3 7.65 

41.
1 

16.
3 

686
499

7 74 M 
Ex 

Army CURRENT 

OCCA
SION

AL NO 

CVA, 
IHD, 
HTN 36 65 

55.
38 Severe 

Immobi
le 4 

640 
MG 

YES 
(ICS) 89% 3 

94.
1 

89.
8 

92.
7 

93.
2 170 60 

20.
8 20 0.7 27.1 

17.
8 

15.
22 

16.
9 5.84 

42.
8 

14.
8 

711
699

1 57 F 
House 
Wife 

PASSIVE 
SMOKER NO YES NONE 78 

11
3 

69.
02 

Moder
ate Mobile 0 NIL NO 97% 1 

40.
1 

35.
6 

42.
5 

39.
3 162 66 

25.
1 

25.
2 1.8 35.6 

19.
5 

23.
93 

19.
1 7.29 

48.
18 

18.
38 

721
836

6 81 M Farmer 
EX 

SMOKER NO NO 

HTN, 
DM 52 99 

52.
52 

Moder
ate 

Limited 
Mobilit

y 2 
320 
MG 

YES 
(ICS) 93% 2 

83.
8 

72.
2 

68.
5 

74.
5 159 50 

19.
8 

20.
8 0.6 28 

18.
9 

18.
48 

15.
8 6.26 

37.
3 

14.
8 

679
252

0 80 M 
Labour

er 
EX 

SMOKER 

OCCA
SION

AL NO 

HTN, 
IHD 43 78 

55.
12 Severe 

Immobi
le 3 

480 
MG NO 90% 3 

79.
8 

69.
8 

85.
6 

78.
7 164 89 

33.
1 

34.
2 2.3 42 

26.
9 

47.
9 

28.
7 10.7 

67.
4 

25.
14 

693
935

8 72 M Cook NO NO YES NONE 82 
11
7 

70.
08 Mild Mobile 2 

320 
MG YES 94% 1 

68.
3 

57.
2 

68.
1 

64.
6 165 62 

22.
8 

22.
3 0.9 32.4 

19.
4 

20.
18 

20.
3 7.46 

45.
7 

16.
8 

712
069

9 68 F 
House 
Wife NO NO YES HTN 56 91 

61.
53 

Moder
ate Mobile 0 NIL YES 97% 2 

57.
7 

48.
6 

44.
2 

50.
3 156 67 

27.
5 

28.
5 1.7 38.2 

23.
1 

36.
2 

21.
6 8.88 

49.
81 

20.
49 
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685
992

7 67 M Bank CURRENT NO NO 

HTN, 
CVA 61 

10
0 61 

Moder
ate Mobile 1 

160 
MG 

YES 
(ICS) 95% 2 

53.
6 

60.
1 

45.
3 

53.
8 167 62 

22.
2 

23.
6 1.2 33.2 

19.
8 

21.
3 

18.
7 6.72 

46.
1 

16.
58 

711
747

4 61 M Police 
EX 

SMOKER 

EX 
DRIN
KER NO HTN 80 

11
1 

72.
07 Mild Mobile 0 NIL NO 98% 0 

40.
6 

33.
7 

46.
9 

41.
6 171 73 25 

28.
1 1.9 35.3 

22.
1 29 

22.
1 7.56 

52.
8 

18.
08 

703
899

5 59 F Cook NO NO YES NONE 75 
10
9 

68.
8 

Moder
ate Mobile 0 NIL NO 96% 1 

45.
3 

34.
5 

38.
7 

39.
3 154 49 

20.
7 

22.
8 1.5 34 

18.
09 

19.
54 

16.
4 6.91 

36.
2 

15.
27 
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