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Introduction. Chronic obstructive pulmonary disease is a major cause of morbidity and mortality worldwide, often asso-
ciated with multiple comorbidities that may complicate its clinical course. These comorbidities can exacerbate respiratory 
symptoms, impair lung function, alter imaging findings, and significantly affect prognosis.

Material and methods. This analytical, observational, cross-sectional study included 80 patients with confirmed chronic 
obstructive pulmonary disease, divided into two equal subgroups according to spirometric severity: GOLD 1-2 (n = 40) 
and GOLD 3-4 (n = 40). Clinical, functional, and radiological parameters were evaluated. Comorbidity burden was assessed 
using validated composite indices: Charlson Comorbidity Index, COTE, COPDCoRi, CODEX, and COMCOLD. Associations 
between comorbidity scores, pulmonary function, high-resolution computed tomography findings, and clinical outcomes 
were analyzed using SPSS v22.0. A p-value < 0.05 was considered statistically significant.

Results. The presence of comorbidities was high across all domains, with only minor differences between spirometric 
stages. Structural abnormalities (emphysema, bronchiectasis, pulmonary hypertension) were more prevalent in GOLD 3-4 
patients. A strong correlation was observed between composite indices and parameters such as forced expiratory volume 
in 1 second, dyspnea, exacerbation rate, radiological findings, and GOLD stages. Logistic regression models showed that 
the combination of COPD-specific indices (COTE, CODEX, COPDCoRi) significantly outperformed the Charlson index in 
predicting severe COPD (AUC 0.86 vs. 0.63). High-resolution computed tomography findings variables also demonstrated 
strong predictive value (AUC 0.81).

Conclusions. Comorbidities play a central role in shaping chronic obstructive pulmonary disease severity and prognosis. 
The integration of composite comorbidity indices and imaging biomarkers enhances multidimensional patient stratifica-
tion, aligning with GOLD 2024 recommendations for personalized care.
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K e y  m e s s a g e s

What is not known yet about the issue addressed in the sub-
mitted manuscript
Despite the growing evidence of the burden of comorbidities in chron-
ic obstructive pulmonary disease (COPD), limited data exist on how 
validated composite comorbidity indices correlate with functional 
impairment, radiological severity, and GOLD spirometric stages.
The research hypothesis
The severity of comorbidities, quantified using composite indices 
(Charlson, COTE, COPDCoRi, CODEx, COMCOLD), is significantly 
associated with functional decline, HRCT abnormalities, and clin-
ical prognosis in COPD, and may serve as a predictor of disease 
progression.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a ma-

jor global health burden, characterized by persistent air-
flow limitation and progressive decline in lung function. 
According to the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD 2024), COPD affects approximately 
400 million people worldwide and remains the third lead-
ing cause of death globally [1]. In recent years, it has be-
come increasingly evident that COPD extends beyond the 
respiratory system, acting as a systemic disease, frequently 
accompanied by a wide range of comorbidities [2].

The presence of comorbidities in COPD patients – such 
as cardiovascular disease, diabetes mellitus, metabolic syn-
drome, osteoporosis, anxiety, depression, gastrointestinal 
disorders, and respiratory comorbidities [3] – not only 
complicates disease management, but is also associated 
with increased frequency of exacerbations and hospital-
izations, accelerated disease progression, reduced quality 
of life, and higher morbidity [4-6]. Many of these condi-
tions interact pathophysiologically with COPD, amplifying 
systemic inflammation, altering therapeutic response, and 
complicating disease management [7].

Recent clinical guidelines recommend a multidimen-
sional approach to COPD assessment that includes both 
respiratory and non-respiratory factors. Several compos-
ite indices have been developed to quantify the burden of 
comorbidities and facilitate prognostic evaluation. Among 
them, the Charlson Comorbidity Index (CCI), the COPD-spe-
cific Co-morbidity Test (COTE), the COPD Co-morbidity 
Risk Index (COPDCoRi), the CODEX Index (which integrates 
comorbidity, dyspnea, and exacerbation history), and the 
COMCOLD Index are increasingly used in both clinical prac-
tice and research [8-10].

The aim of this study was to assess the impact of co-
morbidities on COPD severity by analyzing their association 
with functional parameters (FEV1), clinical outcomes, and 
High-Resolution Computed Tomography (HRCT) findings. 
We further explored the predictive value of composite indi-
ces in stratifying disease severity based on the GOLD clas-
sification, with the goal of supporting a more personalized 
and evidence-based approach to patient management.

Material and methods
This was an analytical, observational, cross-sectional 

study conducted on a representative sample of patients 
diagnosed with COPD and associated comorbidities. The 
study was approved by the Research Ethics Committee of 
Nicolae Testemițanu State University of Medicine and Phar-
macy (Minutes No. 30 dated 31.03.2022). Patients were 
stratified into two comparable subgroups based on the se-
verity of airflow limitation, according to the current GOLD 

spirometric classification: GOLD stages 1-2 versus GOLD 
stages 3-4.

Study population. A total of 80 patients with confirmed 
COPD were enrolled from two tertiary medical institutions 
in the Republic of Moldova: Chiril Draganiuc Institute of 
Pneumology and the Saint Archangel Michael Municipal 
Clinical Hospital. The study was conducted between 2022 
and 2025.

Inclusion and exclusion criteria. Eligible participants 
were aged over 40 years with a confirmed diagnosis of 
COPD based on spirometry (post-bronchodilator FEV1/
FVC < 0.70) and at least one clinically or paraclinically 
documented comorbidity. Additional criteria included 
availability of complete medical documentation (clinical 
history, spirometry, and imaging), and a recent spirometry 
(performed within the last 12 months) during a period of 
respiratory stability. All participants provided written in-
formed consent.

Patients were excluded if they were under 40 years old, 
had no relevant comorbidities, incomplete medical records, 
or alternative diagnoses such as asthma (FEV1/FVC > 0.70), 
idiopathic pulmonary fibrosis, advanced severe primary 
bronchiectasis, or active lung cancer. Patients with terminal 
chronic illnesses (e.g., NYHA IV heart failure), active tuber-
culosis, and severe post- COVID-19 pulmonary fibrosis were 
also excluded. Refusal to participate in the study was con-
sidered a definitive exclusion criterion.

Statistical data. Data were collected through direct pa-
tients’ interviews and medical records review, including de-
mographic, anthropometric, clinical, functional and imaging 
parameters. Five validated composite indices were used to 
assess comorbidity burden: Charlson Comorbidity Index 
(CCI), the COPD-specific Co-morbidity Test (COTE), COPD 
Co-morbidity Risk Index (COPDCoRi), CODEX Index, and 
COMCOLD Index.

Statistical methods. Statistical analysis was performed 
using Microsoft Excel 2016, IBM SPSS Statistics (version 
22.0), and MedCalc. Data normality was assessed using the 
Kolmogorov-Smirnov test. Continuous variables with nor-
mal distribution were reported as mean±standard devia-
tion (SD), while non-normally distributed variables were 
presented as medians and interquartile range (IQR). Cat-
egorical variables were expressed as absolute and relative 
frequencies (%). To assess the association between com-
posite indices and clinical, functional, and imaging parame-
ters, Pearson correlation was used for continuous variables 
with normal distribution, while Spearman’s rank correla-
tion was applied for ordinal or non-normally distributed 
data. Discriminative capacity was assessed via Receiver Op-
erating Characteristic (ROC) curve analysis and area under 
the curve (AUC) interpretation.

The novelty added by the manuscript to the already published scientific literature
This study integrated five validated comorbidity indices and imaging evaluation into the multidimensional assessment of 
COPD severity, highlighting their practical utility in stratifying patients by GOLD stages and improving prognostic accuracy.
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Results
The study included 80 patients diagnosed with COPD, 

as indicated in Table 1. The majority were male (n = 59; 
73.7%), while females constituted a smaller proportion (n = 
21; 26.2%). Mean age = 65.6 years, SD = 8.28 years.

Table 1. Demographic and baseline data of participants (n = 80)

Variable Category N (%)
Gender Male

Female
59 (73.75%)
21 (26.25%)

Age (years) Mean = 65.6, SD = 8.28, 
Median = 66, IQR = 44-89 

Environment Urban
Rural

41 (51.25%)
39 (48.75%)

Smoking status Non-smoker
Smoker

Ex-smoker
Passive smoker

10 (12%)
38 (47.5%)

31 (38.75%)
1 (1.25%)

Occupational exposure Non-exposed
Exposed

52 (65%)
28 (35%)

Socioeconomic status Satisfactory
Unsatisfactory

65 (81.25%)
15 (18.75%)

Note: Values are expressed as mean±SD for continuous variables (indepen-
dent t-test) and n (%) for categorical variables (Chi-square test/Fisher’s 
exact test); SD – standard deviation; IQR- interquartile range.

According to spirometric staging, 13.7% (n = 11) of pa-
tients were classified as GOLD 1, 36.2% (n = 29) as GOLD 2, 
35% (n = 28) as GOLD 3, and 15% (n = 12) as GOLD 4. The 
mean post-bronchodilator FEV1 was 52.86% (SD = 19.12), 
ranging from 16.0% to 86.0%. Based on GOLD ABE classifi-
cation, 11.2% of patients (n = 9) were in group A, 36.2% (n 
= 29) in group B, and 52.5% (n = 42) in group E. Details are 
summarized in Table 2.

Table 2. Functional and clinical parameters
Variable Category n (%)
GOLD stage GOLD 1

GOLD 2
GOLD 3
GOLD 4

11 (13.75%)
29 (36.25%)

28 (35%)
12 (15%)

FEV1 (%) Mean ±SD 52.86 ± 19.12
Group Group A

Group B
Group E

9 (11.25%)
29 (36.25%)
42 (52.5%)

Disease duration 
(years)

<10 years
10-20 years

>20 years

34 (42.5%)
37 (46.25%)
9 (11.25%)

mMRC Dyspnea scale Grade 1
Grade 2
Grade 3
Grade 4

4 (5%)
15 (18.75%)
37 (46.25%)

24 (30%)
Number of exacerba-
tion (in last years)

1 exacerbation
2 exacerbations
3 exacerbations
4 exacerbations

38 (47.5%)
28 (35%)
12 (15%)
2 (2.5%)

SaO2 <92%
93%-95%

>95%

30 (37.5%)
26 (32.5%)
24 (30.0%)

Note: Values are expressed as mean ± SD for continuous variables (indepen-
dent t-test) and n (%) for categorical variables (Chi-square test/Fisher’s exact 
test). GOLD – Global Initiative for Obstructive Lung Disease; FEV1 – forced expi-
ratory volume in 1 second; SD – standard deviation; mMRC – modified Medical 
Research Council scale; SaO2 – Oxygen saturation; IQR- interquartile range.

According to Table 3, a substantial burden of comorbid-
ities was observed. Respiratory comorbidities – including 
recurrent pneumonia, bronchiectasis, bronchial asthma, 
lung cancer, and obstructive sleep apnea syndrome (OSAS) 
– were present in 75% of patients (n = 60). Cardiovascular 
diseases were highly prevalent (93.7%, n = 75) comprising 
ischemic heart disease, heart failure, arterial hypertension, 
arrhythmias, and peripheral arterial disease. Metabolic dis-
orders (diabetes mellitus, dyslipidemia, and metabolic syn-
drome) affected 56.2% (n = 45). Osteoarticular conditions, 
such as osteoporosis or a history of vertebral fractures, 
were observed in 32.5% (n = 26). Cerebrovascular events 
(stroke) were reported in 2 cases (2.5%). Neuropsychiatric 
comorbidities – including depression, anxiety, and cognitive 
impairment – were present in 58.7% (n = 47). Gastrointes-
tinal disorders were identified in 32.5% (n = 26). Other co-
morbidities, such as anemia, polycythemia, and non-pulmo-
nary malignancies, were found in 47.5% (n = 38).

Table 3. Distribution of comorbidities by GOLD stage
Comorbidities GOLD 1-2 

(n = 40)
GOLD 3-4 
(n = 40)

Cardiovascular disease 37 38
Metabolic disorders 23 22
Neuropsychiatric conditions 25 22
Osteoarticular conditions 11 15
Gastrointestinal disorders 12 14
Respiratory comorbidities 30 30
Other (anemia, polycythemia, malignancies) 12 19
Note: Values represent the number of patients with each comorbidity in 
GOLD subgroups; GOLD – Global Initiative for Chronic Obstructive Lung 
Disease.

HRCT identified a variety of structural abnormalities. 
Centrilobular emphysema was present in 40.0% of patients, 
cylindrical bronchiectasis in 35.0%, and radiological signs 
of pulmonary hypertension (PH) in 42.5%. Coronary ar-
tery calcifications were found in 27.5%, and radiological 
signs of vertebral fractures or osteoporosis in 20.0%. When 
comparing GOLD subgroups, patients with GOLD 3-4 had a 
significantly higher prevalence of structural lung damage. 
Cylindrical bronchiectasis (p = 0.016), centrilobular emphy-
sema (p = 0.004), signs of PH (p = 0.001), coronary artery 
calcifications (p = 0.036), and osteoporosis (p = 0.044) were 
more frequently observed in the GOLD 3-4 group.

Correlation analysis showed a strong positive relationship 
between the number of exacerbations and hospitalizations (r 
= 0.483). Additionally, the number of exacerbations was posi-
tively correlated with the dyspnea score (mMRC) (r = 0.393), 
GOLD stage (r = 0.273), and ABE classification (r = 0.271). 
The mMRC score also showed significant positive correlations 
with disease duration (r = 0.258), GOLD stage (r = 0.301), ABE 
group (r = 0.354), and the Charlson Index (r = 0.306).

HRCT findings were also significantly correlated with 
clinical and functional variables. Cylindrical bronchiectasis 
showed a positive correlation with the number of exacer-
bations (r = 0.41, p < 0.01), while centrilobular emphysema 
exhibited a moderate negative correlation with post-bron-



63

Mold J Health Sci. 2025;12(3):60-65Comorbidities and chronic obstructive pulmonary disease

chodilator FEV1 (r = –0.53, p < 0.001). Signs of PH were 
moderately associated with lower oxygen saturation (r = 
–0.48, p <0 .01) and higher dyspnea scores (r = 0.46), both 
statistically significant (p < 0.001).

As shown in Table 4, the Charlson Comorbidity Index was 
significantly correlated with several parameters, including 
frequency of hospitalizations (r = 0.255), number of exacer-
bations (r = 0.213), GOLD stage (r = 0.301), and mMRC score 
(r = 0.306). Among all indices, the CODEX score showed the 
strongest correlations with multiple clinical severity mark-
ers. Specifically, it showed a strong positive correlation with 
post-bronchodilator FEV1 severity classified by GOLD 2024 (r 
= 0.59). Additionally, the CODEX index was positively associ-

ated with the mMRC dyspnea scale (r = 0.46), number of ex-
acerbations (r = 0.41), and ABE classification (r = 0.47). The 
COMCOLD score showed strong correlations with other co-
morbidity indices, including CCI (r = 0.57), CODEX (r = 0.34), 
and COTE (r = 0.32). It also exhibited weak-to-moderate asso-
ciations with dyspnea severity (mMRC, r = 0.16) and BMI (r = 
0.09). The COTE index was modestly correlated with disease 
duration (r = 0.26), number of exacerbations (r = 0.15), and 
gender (r = 0.20). Lastly, the COPDCoRi index showed modest 
associations with COTE (r = 0.41), COMCOLD (r = 0.33), and 
CCI (r = 0.32). Notably, it also showed a negative correlation 
with peripheral oxygen saturation (SaO2, r = –0.15).

Table 4. Correlation of composite indices and clinical variables

Clinical Variable Charlson CODEX COMCOLD COTE COPDCoRi
Hospitalizations r = 0.255** r = 0.34** - - -
Exacerbations r = 0.21* r = 0.41*** - r = 0.15* -
GOLD (FEV1) r = 0.30** r = 0.59*** - - r=0.41**
mMRC r = 0.30** r = 0.46*** r = 0.16* - -
Disease duration - - - r = 0.26** -
ABE type - r = 0.47*** - - -
Smoking status - - - r = 0.20* r = 0.33*
BMI - - r = 0.09 - -
Charlson - - r = 0.57*** - r = 0.32*
CODEX - - r = 0.34** - -
COTE - - r = 0.32* - r = 0.41**
COMCOLD r = 0.57*** r = 0.34** - r = 0.32*** r = 0.33*
COPDCoRi r = 0.32** - r = 0.33* r = 0.41*** -
Note: Values represent correlation coefficients (r) between composite indices and clinical variables. Pearson or Spearman correlation coefficients were used 
depending on data distribution; * p < 0.05; ** p < 0.01; *** p < 0.001; - No analysis or non-significant correlation; GOLD – Global Initiative for Chronic Obstruc-
tive Lung Disease; FEV1 – forced expiratory volume in 1 second; mMRC – modified Medical Research Council scale; ABE – GOLD 2024 classification; BMI – body 
mass index; CCI – Charlson Comorbidity Index; CODEX – Comorbidity, Obstruction, Dyspnea, and Exacerbation risk index; COMCOLD – COPD Comorbidity and 
Depression index; COTE - COPD –specific Comorbidity test; COPDCoRi – Comorbidity Risk Index.

Fig. 1 Receiver Operating Characteristic 
(ROC) curve for prediction of GOLD 3-4 COPD
Note: The ROC curve compares the predictive per-
formance of the Charlson Index (green line) and a 
combined model incorporating COTE, CODEX, and 
COPDCoRi scores (blue line) in identifying patients 
with GOLD 3-4 COPD. The Charlson Comorbidity In-
dex showed poor discriminative performance, with an 
AUC = 0.56 (p = 0.355), Sensitivity = 0.62, Specificity 
= 0.53. These results were not statistically significant, 
and further studies with larger cohorts are needed to 
confirm its predictive value in COPD severity. In con-
trast, the combined model including COTE, CODEX, 
and COPDCoRi scores demonstrated a significantly 
higher discriminative capacity (AUC = 0.81, p < 0.001), 
Sensitivity = 0.57, Specificity = 0.88. Among predictors, 
CODEX was statistically significant (p < 0.001), COTE 
showed a trend (p = 0.099), and COPDCoRi did not 
reach statistical significance (p = 0.214); however, its 
potential clinical relevance warrants further investi-
gation in larger cohorts. AUC – Area Under the Curve.

To evaluate the predictive performance of selected com-
posite comorbidity indices in distinguishing severe forms 
of COPD (GOLD 3-4), we performed binary logistic regres-
sion analyses followed by ROC curve assessment. Logistic 
regression analysis revealed that the Charlson Comorbidity 

Index (CCI) alone had limited predictive ability for advanced 
COPD (AUC = 0.63), indicating modest discriminatory abili-
ty. However, when a combination of composite indices – the 
COTE index, the CODEX index, and the COPDCoRi index – 
was included as predictors, the multivariable logistic model 
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demonstrated substantially higher discriminative power, 
with an AUC = 0.86. All three indices showed positive re-
gression coefficients, suggesting that elevated scores are 
significantly associated with advanced GOLD classification 
(Fig. 1).

To further assess the predictive value of HRCT find-
ings, logistic regression models were built. In the GOLD 
3-4 group, HRCT variables such as centrilobular emphy-
sema and PH signs emerged as significant predictors. ROC 
curve analysis demonstrated good discrimination for severe 
COPD (AUC = 0.81), and moderate discrimination for GOLD 
1-2 (AUC = 0.71).

Discussion
This study underscores the multidimensional nature of 

COPD, reaffirming prior findings that comorbidities sub-
stantially impact disease burden and prognosis [11-13]. In 
agreement with earlier observations, our results confirm 
the high prevalence of cardiovascular and metabolic co-
morbidities, especially in patients with advanced stages of 
COPD.

The radiological presence of bronchiectasis and em-
physema in more severe GOLD stages is consistent with 
previous CT-based classifications. Lynch et al. and Martinez 
et al. have emphasized that structural abnormalities cor-
relate with both functional impairment and exacerbation 
risk, which aligns with our data showing an inverse rela-
tionship between emphysema scores and FEV1 values [14, 
15]. Furthermore, the co-occurrence of bronchiectasis and 
exacerbations supports findings by Martinez-Garcia et al., 
reinforcing their clinical significance [16].

Among the composite indices assessed, CODEX exhibit-
ed the strongest correlation with clinical severity markers 
[17, 18], corroborating its multidimensional nature. The 
COPDCoRi index also demonstrated robust associations, in 
line with recent efforts to integrate comorbidity burden into 
COPD phenotyping [19]. While the COTE index was origi-
nally designed to predict mortality [20], our findings show 
that it retains relevance for stratifying patients by disease 
characteristics.

ROC analysis confirmed that disease-specific indices 
such as CODEX and COPDCoRi yielded higher AUCs for 
GOLD stage prediction, outperforming general indices like 
the Charlson. These results support earlier validations of 
these indices in stratifying COPD risk and outcomes [21]. 
Moreover, HRCT features such as emphysema extent and 
pulmonary hypertension added prognostic value, under-
scoring the importance of imaging biomarkers. Taken to-
gether, these findings support the GOLD 2024 recommen-
dations for multidimensional evaluation of COPD patients. 
By combining functional, clinical, and imaging variables, 
more accurate risk stratification becomes feasible.

Limitations of the study include its cross-sectional de-
sign and moderate sample size, potentially limiting gener-
alizability. Additionally, some comorbidities may have been 
underreported due to retrospective data collection.

Future research should investigate the longitudinal pre-
dictive value of composite indices and HRCT biomarkers, as 

suggested by studies on disease progression and mortality 
prediction in COPD.

Conclusions
This study reinforces the central role of comorbidities 

and structural lung changes in defining COPD severity. By 
integrating validated composite indices (Charlson, CO-
DEX, COTE, COPDCoRi, COMCOLD) and HRCT findings, we 
demonstrate that a multidimensional assessment better re-
flects disease complexity and prognosis than conventional 
measures alone. The findings support the use of COPD-spe-
cific tools and imaging biomarkers in routine evaluation, 
promoting a more personalized and evidence-based man-
agement approach in line with GOLD 2024 recommenda-
tions.
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