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Abstract  The purpose of the study was to evaluate the diagnostic and prognostic significance of metabolic parameters 

in predicting the development of comorbid conditions in patients with chronic obstructive pulmonary disease (COPD). 

Materials and methods. The study included 100 patients with COPD aged 38-82 years. Clinical and functional assessment, 

spirometry, six-minute walk test, analysis of symptoms using the CAT and mMRC scales, as well as determination of 

carbohydrate, lipid and inflammatory profiles were carried out. To assess the prognostic significance of metabolic markers, 

logistic regression analysis with calculation of odds ratio (OR) and ROC analysis were used. Results. As COPD worsened, 

disturbances in carbohydrate and lipid metabolism, as well as the activity of systemic inflammation, increased. Patients 

with comorbid pathology had more severe dyspnea, a higher total CAT score, and lower FEV₁ and exercise tolerance 

values. The most significant prognostic predictors of comorbidity were C-reactive protein, HOMA-IR, triglycerides, 

hypoalbuminemia and hyperfibrinogenemia. The combined HOMA-IR model of TG CRP showed an AUC of 0.89. 

Conclusion Metabolic predictors have high clinical and prognostic significance in patients with COPD and can be used for 

early risk stratification of comorbid conditions and personalization of interdisciplinary monitoring. 

Keywords  Chronic obstructive pulmonary disease, Comorbidity, Metabolic predictors, HOMA-IR, C-reactive protein, 

ROC analysis, Odds ratio 

 

1. Introduction 

Chronic obstructive pulmonary disease is one of the most 

significant chronic respiratory diseases, as it is characterized 

by high prevalence, progressive course and a significant 

contribution to the structure of mortality and disability. 

According to modern concepts, the clinical outcome of 

COPD is determined not only by the degree of bronchial 

obstruction, but also by the spectrum of concomitant diseases 

that worsen exercise tolerance, increase the frequency of 

hospitalizations and are associated with a more unfavorable 

long-term prognosis  [11]. 

In recent years, COPD has increasingly been viewed as a 

systemic disease, which is based on low-intensity chronic 

inflammation, oxidative stress and disorders of metabolic 

homeostasis. It is the systemic nature of the pathological 

process that explains the frequent combination of COPD 

with cardiovascular, endocrine, renal and nutritional disorders 

[5,13,17]. In this context, Sirtuin 1 (SIRT1) has been 

discussed as a regulator of metabolic reprogramming, cellular 

senescence, apoptosis and chronic disease mechanisms, 

which may be relevant to the systemic manifestations of  
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COPD [3,12,14,15]. 

Comorbidity in COPD is not random, but natural. The 

works of domestic and foreign authors have shown that a 

significant proportion of patients develop stable clusters of 

cardiometabolic, cachectic and inflammatory disorders, 

which determine the clinical profile of the patient to a greater 

extent than isolated indicators of external respiratory 

function [4,7,8,16]. 

From a practical point of view, of particular interest is the 

search for early metabolic markers that can be used to predict 

the development of comorbid conditions even before their 

full clinical manifestation. Increased fasting glycemia, insulin 

resistance, dyslipidemia, hypoalbuminemia and increased 

markers of systemic inflammation are already considered as 

indicators of an unfavorable course of COPD and the risk of 

multimorbidity [1,9,10,18]. 

Recent studies have emphasized that the integration     

of metabolic predictors into the clinical algorithm for 

monitoring patients with COPD corresponds to the modern 

trend towards personalized medicine. Systematic review and 

meta-analysis by H. Alrabbaie et al. showed a high 

prevalence of metabolic syndrome in COPD, while Egerod, 

Lange and Vestbo demonstrated the clinical relevance of 

comorbidity profiles for risk stratification [6,7]. 
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However, in real practice, a symptom-based model of 

patient management dominates, and the prognostic potential 

of metabolic indicators is not sufficiently used. This makes it 

urgent to clarify the diagnostic and prognostic role of 

metabolic predictors in patients with COPD and to develop  

a practice-oriented approach to assessing the risk of 

comorbidity [11,16,17]. 

Purpose of the study 

To evaluate the diagnostic and prognostic significance of 

metabolic parameters in predicting the development of 

comorbid conditions in patients with chronic obstructive 

pulmonary disease. 

2. Materials and Methods 

The work is based on data from a comprehensive clinical, 

functional and laboratory examination of 100 patients with 

COPD who were under observation in a specialized medical 

institution. The age of the subjects ranged from 38 to 82 years, 

the average age was 65.5 0.79 years; men predominated  

and made up 86.0% of the sample. Main clinical and 

demographic characteristics are presented in Table 1. 

All studies were carried out in compliance with the 

requirements of the Declaration of Helsinki and regulatory 

documents of the Ministry of Health of the Republic of 

Uzbekistan. Inclusion criteria were a verified diagnosis of 

COPD, voluntary informed consent of the patient and the 

ability to adequately assess their own condition. Patients 

with severe comorbidities, mental disorders, and conditions 

that could limit compliance with the study protocol were 

excluded from the study. 

Clinical assessment included analysis of complaints, 

duration of the disease, smoking history, frequency of 

exacerbations and hospitalizations, as well as identification 

of signs of concomitant cardiovascular, endocrine and 

metabolic pathologies. The severity of symptoms was 

determined using the CAT and mMRC scales, and exercise 

tolerance using the six-minute walk test. Pulmonary function 

testing was performed using spirometry. 

The laboratory phase included assessment of fasting 

glucose, insulin, HOMA-IR index, lipid profile, C-reactive 

protein, fibrinogen, uric acid, albumin and body mass index. 

Statistical processing was carried out using methods of 

variation statistics, correlation and logistic regression 

analysis. The prognostic value of the markers was clarified 

using ROC analysis with calculation of AUC, sensitivity 

and specificity. 

Table 1.  Clinical and demographic characteristics of the surveyed sample 

Parameter Value 

Total number of patients 100 

Age, years 38–82 

Men, n (%) 86 (86,0%) 

Women, n (%) 14 (14,0%) 

Average age, years 65,5±0,79 

Average age, years 65,5±0,79 

 

 

 

Figure 1.  Distribution of patients by COPD stage 
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The distribution of patients according to disease stages 

according to GOLD was uneven: the proportion of patients 

with stages I and II was 6.0% and 13.0%, respectively, 

while patients with stages III and IV predominated (51.0% 

and 30.0%). This indicates the accumulation in the sample 

of individuals with clinically significant and functionally 

more severe COPD, which is important to consider when 

interpreting metabolic and prognostic indicators. 

3. Results 

At the first stage, the dynamics of metabolic parameters 

were assessed depending on the severity of COPD. The data 

obtained demonstrated that as the disease progresses, an 

increasingly pronounced complex of disorders of carbohydrate 

and lipid metabolism is formed, and the activity of systemic 

inflammation also increases. These changes are presented in 

Table 2. 

 

Table 2.  Metabolic parameters in patients with COPD depending on the severity of the disease (M±SD) 

Parameter 
COPD I 

(n=6) 

COPD II 

(n=13) 

COPD III 

(n=51) 

COPD IV 

(n=30) 
P1-2 P1-3 P1-4 P2-3 P2-4 P3-4 

Blood glucose, mmol/ L 5,4±0,5 5,8±0,6 6,4±0,7 6,9±0,8 0,155 0,0026 0,0009 0,0053 0,0003 0,0063 

Insulin, mU ml 9,8±2,1 11,6±2,4 15,2±3,1 17,9±3,6 0,125 0,0054 0,0008 0,0015 0,001 0,0012 

Index HOMA-IR 2,1±0,4 2,8±0,6 4,3±0,9 5,6±1,1 0,0093 0,001 0,001 0,001 0,001 0,0013 

Total cholesterol, mmol/ L 4,9±0,6 5,4±0,7 5,9±0,8 6,1±0,9 0,137 0,0070 0,0022 0,0369 0,0101 0,319 

LDL, mmol/ L 2,8±0,4 3,2±0,5 3,7±0,6 3,9±0,7 0,086 0,0012 0,0018 0,0055 0,0079 0,196 

HDL, mmol/ L 1,34±0,18 1,21±0,16 1,05±0,14 0,94±0,13 0,165 0,0096 0,0020 0,0043 0,00034 0,0067 

Triglycerides, mmol/ L 1,3±0,3 1,6±0,4 2,1±0,5 2,4±0,6 0,093 0,00034 0,008 0,0092 0,00012 0,025 

Uric acid, mg dl 4,7±0,5 4,7±0,6 4,9±0,3 5,6±0,2 - 0,378 0,0064 0,264 0,0014 0,001 

C-reactive protein, mg/ L 3,6±1,2 6,9±2,4 12,8±4,1 18,5±5,6 0,0097 0,01 0,001 0,01 0,001 0,0013 

Body mass index, kg /m² 27,1±3,2 28,4±3,5 25,9±3,8 22,6±4,1 0,442 0,424 0,0159 0,0353 0,0065 0,0068 

Table 3.  Clinical and functional indicators in patients with COPD depending on the presence of comorbid pathology 

Parameter COPD with comorbid pathology (n=76) COPD without comorbid pathology (n=24) p 

Shortness of breath according to  

the mMRC scale, points 
Me 3,0 [2,0–4,0] Me 2,0 [1,0–3,0] p = 0,002 

Total CAT Score, Score 23,6±6,1 17,9±5,4 p < 0,001 

Patients with GOLD III IV, n (%) 66 (86,8%) 15 (62,5%) p = 0,01 

FEV₁, % of predicted 41,2±12,5 56,8±14,1 p < 0,001 

Table 4.  Indicators of the six-minute walk test in patients with COPD depending on the presence of comorbid pathology 

Group 
6MWD proper  

value, m 

6MWD real  

value, m 
6MWD % SpO₂ before, % SpO₂ after, % ΔSpO₂, % 

COPD with comorbid pathology (n=76) 504,9±8,3 298,5±10,2 59,3±1,9 94,7±0,3 60,4±0,5 −34,3 

COPD without comorbid pathology (n=24) 517,5±14,4 319,5±16,4 62,0±3,2 95,1±0,4 91,3±0,9 −3,8 

Table 5.  Metabolic parameters in patients with COPD depending on the presence of comorbid pathology 

Parameter COPD with comorbid pathology (n=76) COPD without comorbid pathology(n=24) p 

Fasting blood glucose, mmol/L 6,7±0,8 5,6±0,5 <0,001 

Insulin, mU ml 16,8±3,6 11,3±2,4 <0,001 

HOMA-IR Index 5,0±1,1 2,6±0,6 <0,001 

Total cholesterol, mmol/L 6,0±0,9 5,2±0,6 0,001 

LDL, mmol/L 3,8±0,7 3,1±0,5 <0,001 

HDL, mmol/L 0,98±0,15 1,25±0,18 <0,001 

Triglycerides, mmol/L 2,2±0,6 1,5±0,4 <0,001 

Urea acid, mg dL 6,1±1,0 4,7±0,31 <0,001 

CRP, mg/L 15,2±5,4 6,3±2,5 <0,001 

BMI, kg /m² 26,0±4,2 24,7±3,7 0,16 
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Analysis of Table 2 shows a consistent increase in the 

levels of glucose, insulin and HOMA-IR index from stage I 

to stage IV COPD. A similar trend was found for total 

cholesterol, LDL, triglycerides, uric acid, C-reactive protein 

and fibrinogen, while HDL concentrations decreased as the 

disease became more severe. This profile confirms that the 

progression of COPD is accompanied not only by an increase 

in respiratory failure, but also by systemic metabolic 

dysregulation. 

The next step was to compare the clinical and functional 

characteristics of patients with and without comorbid pathology. 

This made it possible to determine to what extent the presence 

of concomitant diseases is associated with the severity of 

symptoms, limitation of physical activity and decreased 

ventilation function of the lungs. 

As can be seen from Table 3, the presence of comorbid 

pathology is associated with a more severe clinical course 

of COPD. In such patients, the median mMRC dyspnea was 

higher, the total CAT score was higher, and the proportion 

of GOLD III IV stages reached 86.8%. In addition, in this 

group there was a significant decrease in FEV₁, which 

indicates a combination of respiratory and systemic severity 

of the disease. 

To clarify the functional consequences of comorbidity,  

a comparative assessment of the results of the six-minute 

walk test and blood oxygen saturation indicators before and 

after exercise was performed. These data are presented in 

table 4. 

The results obtained demonstrate a lower actual 6MWD 

distance in patients with comorbid pathology compared to 

patients without it. Even with similar calculated proper 

values, differences in the actual distance traveled and the 

relative percentage of the expected value confirm a decrease 

in the functional reserve in patients with an unfavorable 

comorbid profile. 

Since clinical differences were accompanied by 

functional limitations, the next step was to compare the 

metabolic parameters themselves in groups with and 

without comorbidity. This made it possible to clarify those 

parameters that most reflect the systemic component of the 

disease. 

Table 5 shows that patients with comorbid pathology had 

higher values of fasting glucose, insulin and HOMA-IR 

index, as well as more pronounced lipid profile abnormalities 

and systemic inflammation. The most significant between- 

group differences concerned HOMA-IR, CRP, triglycerides 

and uric acid. At the same time, no statistically significant 

difference was found in BMI, which emphasizes the greater 

informativeness of biochemical predictors compared to an 

isolated assessment of body weight. 

To quantify the contribution of individual metabolic 

factors to the likelihood of comorbidity, logistic regression 

analysis was performed to calculate OR and 95% confidence 

intervals. The results of this stage are presented in Table 6. 

 

 

Figure 2.  Comparison of selected metabolic parameters in patients with COPD with and without comorbid pathology 
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Table 6.  Prognostic significance of individual metabolic predictors of 
comorbidity development in patients with COPD 

Metabolic predictor OR 95% CI 

Fasting glucose 6.1 mmol l 2,3 1,4–3,8 

Insulin resistance (HOMA-IR > 2,5)* 2,7 1,6–4,4 

Total cholesterol ≥ 5.2 mmol l 1,9 1,2–3,1 

Triglycerides ≥ 1,7 mmol l 2,1 1,3–3,5 

LDL cholesterol ≥  3.0 mmol l 2,4 1,5–3,9 

HDL-C 1.0 mmol l (m) 1.2 mmol l (f) 1,8 1,1–3,0 

Atherogenic coefficient ≥ 4,0 2,6 1,6–4,2 

hs-CRP≥ 3.0 mg l 3,1 1,9–5,0 

Fibrinogen ≥ 4.0 g l 2,5 1,5–4,1 

Uric acid≥ 6.0 mg dl 3,1 1,5-6,4 

BMI ≥ 30 kg m² 2,2 1,3–3,6 

BMI < 18.5 kg m² 2,8 1,5–5,2 

According to Table 6, the highest contribution to the risk 

of comorbidity was made by C-reactive protein 10.0 mg l 

(OR 3.1; 95% CI 1.8 5.2), HOMA-IR 2.5 (OR 2.7; 95%  

CI 1.6 4.4), albumin 4.0 g l (OR 2.4; 95% CI 1.4 4.0) and 

fasting hyperglycemia 6.1 mmol l (OR 2.3; 95% CI 1.4 3.8). 

Consequently, both inflammatory and cardiometabolic markers, 

reflecting the systemic nature of COPD, are prognostically 

significant. 

After assessing independent prognostic factors, an ROC 

assessment of the diagnostic effectiveness of individual 

indicators and their combinations was carried out. This 

made it possible to move from describing the strength of 

association to assessing the practical accuracy of tests in 

risk stratification. 

As follows from Table 7, the best diagnostic performance 

was demonstrated by the combined model that included 

HOMA-IR, CRP and triglycerides: AUC was 0.89 with a 

sensitivity of 86.8% and specificity of 83.3%. Among single 

measures, CRP (AUC 0.84) and HOMA-IR (AUC 0.81) 

had the greatest accuracy, highlighting the clinical utility of 

simultaneously assessing inflammatory and metabolic markers. 

Based on the calculated ORs, a risk stratification scoring 

scale was formed. Table 8 presents the threshold values of 

the predictors and the corresponding score, intended for 

practical use. 

The presented scale integrates the most significant 

markers into a single system convenient for outpatient and 

inpatient practice. A higher total score corresponds to     

a higher likelihood of an unfavorable comorbid profile.   

A practical interpretation of the total score is presented in 

Table 9. 

 

 

Figure 3.  Contribution of metabolic predictors to the risk of developing comorbidity in patients with COPD 

Table 7.  Diagnostic accuracy of individual and combined metabolic predictors in predicting comorbidity 

Parameter Threshold value AUC 95% CI Sensitivity, % Specificity, % p 

HOMA-IR Index ≥3,0 0,81 0,72 – 0,90 78,9 75,0 <0,001 

C-reactive protein, mg l ≥10,0 0,84 0,76 – 0,92 81,6 79,2 <0,001 

Triglycerides, mmol l ≥2,0 0,77 0,67 – 0,87 73,7 70,8 0,002 

Combined model (HOMA-IR SRB TG) — 0,89 0,82 – 0,96 86,8 83,3 <0,001 

0 1 2 3 4 5 6

Fasting glucose ≥ 6.1 mmol/L 

insulin resistance (HOMA-IR > 2,5)

Triglycerides ≥ 1,7 mmol/L 

CRP ≥ 10,0 mg/L 

Albumin < 35 g /L

Fibrinogen ≥ 4.0 g/L 

odds ratio  

prognostic contribution of metabolic predictors  

Upper limit 95% CI Lower limit 95% CI OR
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Table 8.  Scoring scale for comorbidity risk stratification in patients with COPD based on metabolic predictors 

Predictor (threshold) OR (expected) points 

Fasting glucose ≥ 6.1 mmol l  2,3 2 

HOMA-IR > 2,5  2,7 2 

Total cholesterol ≥ 5.2 mmol l 1,9 1 

Triglycerides ≥ 1,7 mmol l  2,1 2 

LDL cholesterol≥ 3.0 mmol l 2,4 2 

HDL-C <1.0 (m) / < 1.2 (f) mmol l 1,8 1 

Atherogenic coefficient ≥ 4,0 2,6 2 

hs-CRP l≥ 3,0 mg l 3,1 3 

Fibrinogen≥ 4.0 g l  2,5 2 

Uric acid≥  6.0 mg dl  2,0 3 

BMI ≥30 kg m²  2,2 3 

BMI <18.5 kg m²  2,8 2 

Table 9.  Comorbidity risk categories based on total scores 

Sum of points Comorbidity risk category Clinical interpretation 

0–5 Low risk 
Metabolic disturbances are minimally expressed; standard 

surveillance and prevention 

6–11 Moderate risk 
There are significant metabolic abnormalities; Expanded 

comorbidity screening and risk factor correction are required 

≥ 12 High risk 

High probability of multimorbidity progression; 

Interdisciplinary management, active correction of metabolic 

abnormalities, and frequent monitoring are indicated. 

 

Patients with a score of 0-5 points can be considered a 

low-risk group, whereas a range of 6-11 points requires 

extended screening and active risk factor correction. A score 

of 12 points indicates a high probability of multimorbidity 

and the need for interdisciplinary observation with more 

frequent clinical and laboratory monitoring. 

4. Discussion 

The obtained data confirm that COPD should be considered a 

systemic disease, in which the progression of respiratory 

pathology is accompanied by pronounced metabolic 

restructuring. As the disease progressed from early stages to 

GOLD III-IV, levels of glucose, insulin, HOMA-IR, total 

cholesterol, LDL, triglycerides, CRP, and fibrinogen increased. 

This trend is consistent with the concept of a unified 

inflammatory-metabolic continuum described in domestic 

reviews and modern international studies [6,13,16,17]. 

These findings may also be considered in the context of 

reports highlighting Sirtuin 1 (SIRT1) as a diagnostic and 

therapeutic target in chronic disease and metabolic dysregulation 

[3,12,14,15]. 

Of particular importance is the fact that an unfavorable 

metabolic profile was closely associated not only with the 

stage of the disease but also with the presence of clinically 

significant comorbid pathology. Patients with comorbidity 

exhibited a higher symptom burden, lower FEV1 values, and 

reduced exercise tolerance. Consequently, metabolic deviations 

are not a secondary laboratory finding but reflect a systemic 

component of the disease that influences the functional status 

of patients [4,5,8,18]. 

From a practical standpoint, the most significant 

predictors were those combining inflammatory and 

cardiometabolic components. High OR values for CRP, 

HOMA-IR, hypoalbuminemia, hyperfibrinogenemia, and 

fasting hyperglycemia indicate that the risk of comorbidity is 

increased by both chronic inflammation and disorders of 

energy and protein metabolism. This conclusion is consistent 

with data showing that it is the combination of inflammatory 

and metabolic factors that determines the clinical worsening 

of COPD and prognostically unfavorable comorbidity profiles 

[1,2,7,9]. 

The results of the ROC analysis further enhance the 

clinical significance of the identified associations. The high 

AUC of the combined HOMA-IR-CRP-TG model suggests 

that an integrated assessment of multiple markers is more 

accurate than using any single marker. This confirms the 

need to transition from isolated interpretation of laboratory 

parameters to a multifactorial risk stratification model, which 

aligns with the modern direction of personalized medicine 

and clinical phenotyping of patients with COPD [6,11]. 

The proposed scoring system is of particular practical 

value, as it transforms the results of statistical analysis into   

a tool for clinical decision-making. Unlike descriptive 

characteristics, the scale allows for the direct identification 

of patients at low, moderate, and high risk of comorbidity. 

This approach can be used for in-depth examination as well 
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as for patient referral to specialists such as internists, 

cardiologists, endocrinologists, and others, depending on the 

dominant risk profile. 

Overall, the study results allow for the consideration    

of metabolic predictors as an important component of the 

comprehensive assessment of patients with COPD. Their 

inclusion in the standard monitoring algorithm creates 

prerequisites for earlier detection of unfavorable systemic 

profiles, timely prevention of comorbid conditions, and 

personalization of treatment and preventive tactics. Furthermore, 

the interpretation of indicators should be performed not in 

isolation, but in the context of clinical severity, functional 

status, and the structure of concomitant pathology. 

5. Conclusions 

In patients with chronic obstructive pulmonary disease, 

systemic metabolic disorders have been identified, the 

severity of which increases with increasing severity of the 

disease and in the presence of comorbid pathology. 

The most significant predictive markers of comorbidity 

risk were C-reactive protein, HOMA-IR, triglycerides, 

hypoalbuminemia and hyperfibrinogenemia. 

The combined HOMA-IR TG CRP model demonstrated 

high diagnostic accuracy, and the developed scoring scale 

allows for practical stratification of comorbidity risk in 

patients with COPD. 

The inclusion of metabolic predictors in the algorithm for 

examining patients with COPD is clinically justified and 

can help personalize the management and interdisciplinary 

monitoring of this category of patients. 
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