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ABSTRACT 

Chronic obstructive pulmonary disease (COPD) involves not only airflow limitation but also systemic metabolic, oxidative, and 

inflammatory changes. This review evaluates associations of glycated hemoglobin (HbA1c) and lipid indices with oxidative 

stress, inflammation, lung function, and functional capacity. Elevated HbA1c reflects glycemic dysregulation that worsens 

oxidative and inflammatory pathways, while atherogenic lipid profiles correlate with oxidative injury, reduced antioxidant 

defenses, and lower spirometric values (FEV₁, FEV₁/FVC). Markers like malondialdehyde (MDA) and TBARS are elevated, 

whereas superoxide dismutase (SOD) is diminished. Functional capacity, assessed by the six-minute walk test, declines with these 

systemic processes, linking metabolism to COPD progression. 
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INTRODUCTION 

COPD is determined as a major cause of morbidity and mortality globally. Almost all forms of smoking products are significantly 

associated with COPD. In non-smokers, especially women, an exposure to biomass fuels, smoke is an important factor1. In COPD, 

there is airflow obstruction which causes air trapping and hyperinflation due to which patient is unable to exhale forcefully which 

causes decline in FEV1 values. Also, respiratory muscle weakness contributes to loss in FEV1 FEV1/FVC ratio is generally used 

to define the presence or absence of airflow limitation. An impaired exercise Tolerance is the main feature in COPD2. 

Between metabolic dysfunction, oxidative stress, and systemic inflammation, which could adversely affect lung function 

parameters such as forced expiratory volume in one second (FEV1), FEV1/FVC ratio, and functional capacity assessed by the 

6MWT3.Beyond structural lung changes, patients often experience chronic inflammation and oxidative stress, which stimulate a 

cascade of comorbid processes. Oxidative stress arises from an imbalance between pro-oxidant molecules (like reactive oxygen 

species) and antioxidant defenses4.  

MATERIAL AND METHODS 

A comprehensive literature search was performed in PubMed, Scopus, Web of Science, and Google Scholar using keywords 

related to COPD, HbA1c, lipid indices, oxidative stress, inflammatory markers, lung function, and 6MWT. Both original studies 

and reviews in English were considered. After screening for relevance, a total of 193 articles were included in this review. 

Discussion:  

HbA1c and Oxidative–Inflammatory Burden 

In COPD, where oxidative and inflammatory drivers are already elevated, an elevated HbA1c may exacerbate lung injury and 

systemic inflammation, potentially influencing lung function and exercise tolerance6. Elevated glucose levels activate nuclear 

factor kappa-light chain enhancer of activated B cell (NF-KB), a transcription factor that promotes the expression of pro – 

inflammatory cytokines such as TNF-α, IL-6, and CRP. These inflammatory mediators not only impair signaling, contributing to 

insulin resistance, but also damage vascular endothelium7.  
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1. Lipid Indices and Oxido-Inflammatory Status 

COPD patients frequently display dysregulated lipid profiles. Atherogenic indices such as elevated LDL/HDL, triglyceride/HDL, 

and non-HDL cholesterol correlate positively with oxidative markers like MDA and TBARS negatively with antioxidant activity 

such as SOD and total antioxidant capacity8. Lipid peroxidation is initiated when reactive oxygen species attack polyunsaturated 

fatty acids in cellular membranes, triggering chain reactions that generate lipid hydroperoxides and various secondary products 

such as malondialdhyde (MDA) and 4- hydroxy 2- nonenal9.  

2. Lung Function (FEV₁ and FEV₁/FVC) 

Spirometric indicators of airflow limitation specifically lower FEV₁ and FEV₁/FVC—are consistently correlated with higher 

oxidative (e.g., MDA, TBARS,) and inflammatory markers ( CRP, IL-8, leukotrienes, isoprostanes)10. Those symptoms usually 

preceded the classical definition of COPD that needs the spirometric clarification of FEV1/ FVC < 0.711. 

3.  Functional Capacity (6-Minute Walk Test) 

Functional capacity, as measured by the 6MWD, is a direct reflection of integrated cardiopulmonary, vascular, and muscular 

performance. Evidence shows that increased oxidative stress and inflammation correlate with reduced 6MWD12. Although direct 

correlations between lipid indices or HbA1c and 6MWD are less commonly reported, it is plausible that metabolic dysfunction 

and systemic oxidative-inflammatory burden impair muscular endurance, oxygen utilization, and overall exercise tolerance13. 

4. Physiological Basis of Functional Capacity (6MWT) 

The 6MWT evaluates the aerobic capacity and endurance of an individual. The distance walked during the test correlates with 

peak oxygen uptake, although not as precisely as treadmill or cycle ergometer tests. The simplicity of the test lies in its ability to 

integrate the response of multiple systems14: 

5. Integrated Insights and Implications 

1. HbA1c:- as a marker of chronic glycemia, may contribute to oxidative stress and systemic inflammation, compounding COPD 

pathophysiology. 

2. Atherogenic lipid indices: - especially in severe COPD, are correlated with oxidative injury and inflammatory biomarkers, 

while being negatively associated with lung function and prognosis. 

3. Oxidative stress markers: - (MDA, TBARS,) and inflammatory mediators (CRP, IL-8,  leukotriene B₄) are consistently 

elevated in COPD, particularly with greater airflow limitation. They likely mediate tissue damage and systemic dysfunction15. 

4. Spirometric decline: - (reduced FEV₁ and FEV₁/FVC) tracks with escalating oxidative and inflammatory stress, reflecting 

lung structural disruption. 

5. Reduced functional capacity: - (lower 6MWD) likely reflects cumulative effects of metabolic derangements, oxidative-

inflammatory injury, and respiratory compromise16. 

6. Hypothetical Correlation Patterns 

HbA1c: Positive correlation with oxidative and inflammatory markers; negative correlation with FEV₁, FEV₁/FVC, and 6MWD. 

Lipid Indices: (LDL/HDL, TG/HDL, non-HDL, Atherogenic index of plasma): Positive correlation with oxidative/inflammatory 

markers; negative correlation with lung function and functional capacity17. 

Oxidative markers: (MDA, TBARS, ): Negative correlation with lung function and 6MWD. 

Inflammatory markers:  (CRP, IL-8,): Similar negative correlations with FEV₁ and 6MWD.These relationships suggest multiple 

potential mechanisms: metabolic dysfunction (HbA1c and lipids) may aggravate oxidative and inflammatory damage, which in 

turn undermines pulmonary mechanics and physical capacity18. 

CONCLUSION 

Chronic obstructive pulmonary disease sits at the crossroads of metabolic, oxidative, inflammatory, respiratory, and functional 

domains. Elevated HbA1c and atherogenic lipid profiles reflect systemic metabolic stress, which likely fuels oxidative and 

inflammatory mechanisms already active in COPD. These processes are intertwined with declining lung function (lower FEV₁, 

FEV₁/FVC) and diminished functional capacity (reduced 6MWT). 
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