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ABSTRACT

Background: Chronic obstructive pulmonary disease (COPD) is associated with persistent systemic inflammation and an increased
risk of cardiovascular disease. Carotid atherosclerotic plaque is a reliable marker of subclinical atherosclerosis and an independent
predictor of future cardiovascular events. However, data regarding the risk factors associated with carotid plague among Indian
patients with COPD remain limited. This study aimed to evaluate the clinical and biochemical factors associated with carotid
plaque in patients with stable COPD.

Methods: A hospital-based cross-sectional study included 103 clinically stable COPD patients between June 2022 and June 2024.
Clinical characteristics, spirometry, laboratory parameters, and bilateral carotid ultrasonography were evaluated. Patients were
classified according to the presence or absence of carotid plaque, and data were analyzed using appropriate statistical tests
(p<0.05).

Results: Carotid plaque was detected in 34 (33.01%) patients. Clinical characteristics, including age, sex, smoking history, GOLD
stage, lung function, oxygen saturation, and symptom scores, did not differ significantly between groups (p>0.05). Serum total
cholesterol was significantly higher in plaque-positive patients (134.32+33.00 vs. 123.81+15.70 mg/dL; p=0.03), while CRP and
random blood sugar showed borderline associations. Right and left CIMT demonstrated excellent diagnostic accuracy for carotid
plaque detection (AUC: 0.988 and 0.987, respectively).

Conclusion: Approximately one-third of patients with stable COPD had carotid plaque. Elevated serum total cholesterol was
significantly associated with plague formation, whereas systemic inflammation may also contribute to atherosclerotic risk. Carotid
ultrasonography may serve as a valuable non-invasive tool for cardiovascular risk assessment in COPD patients.

Key-words: Chronic obstructive pulmonary disease; Carotid plaque; Carotid ultrasonography; Atherosclerosis; Cardiovascular
risk; Systemic inflammation; Dyslipidemia

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
common, preventable, and treatable chronic respiratory
disease. It is characterized by persistent respiratory
symptoms and irreversible airflow limitation caused by
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airway and alveolar abnormalities that develop following
prolonged exposure to noxious particles or gases M,

Although cigarette smoking remains the leading risk
factor worldwide, biomass fuel exposure, occupational
pollutants, environmental pollution, and genetic
susceptibility also contribute significantly to disease
development, particularly in low- and middle-income
countries 2. COPD is currently one of the leading causes
of morbidity

and mortality globally, imposing a

recurrent

hospitalizations, disability, and premature mortality 31,

substantial healthcare burden through

Beyond pulmonary impairment, COPD is increasingly

recognized as a systemic inflammatory disorder
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associated with several extrapulmonary manifestations,
including cardiovascular disease, metabolic syndrome,

skeletal 4,

osteoporosis, and muscle dysfunction
Cardiovascular disease is among the most important
comorbidities in COPD and accounts for a considerable
proportion of deaths in these patients. Epidemiological
studies have consistently demonstrated that patients
with COPD have a significantly greater risk of myocardial
infarction, stroke, and peripheral arterial disease than
individuals without COPD, even after adjustment for
traditional cardiovascular risk factors .

The association between COPD and cardiovascular
disease is mediated through multiple interconnected

mechanisms. Persistent systemic inflammation, oxidative

stress, endothelial dysfunction, chronic hypoxemia,
increased arterial stiffness, and abnormal lipid
metabolism collectively promote accelerated

atherosclerosis ©.

Elevated inflammatory biomarkers
such as C - reactive protein, interleukin-6, tumor necrosis
factor-a and fibrinogen have been associated with both
disease cardiovascular

severity and complications,

suggesting that chronic inflammation plays a central role
in vascular injury among COPD patients 7,

Carotid atherosclerosis serves as an important marker of
systemic vascular disease and can be assessed non-
invasively using carotid ultrasonography. Among the
plague s
of future

ultrasonographic  parameters, carotid

considered a more reliable predictor

cardiovascular events than

(CIMT), as it
(81

intima-media
established focal
The presence of carotid
plague has been independently associated with an

carotid
thickness reflects

atherosclerotic disease

increased risk of ischemic stroke, myocardial infarction,

and cardiovascular mortality, making it an important tool

for cardiovascular risk stratification .

Several studies have reported a higher prevalence of
carotid plaque among patients with COPD compared
with healthy individuals. While cigarette smoking is a
shared risk factor for both COPD and atherosclerosis,
evidence suggests that COPD-specific factors such as
chronic systemic inflammation, oxidative stress,
recurrent exacerbations, airflow limitation, and chronic
further accelerate formation

hypoxemia plaque

independent of smoking exposure [0,

In addition,
increasing disease severity has been associated with
worsening endothelial dysfunction and greater vascular

involvement.

Clinical and biochemical characteristics may further
influence the development of carotid plaque in COPD.
Advancing age, male sex, cumulative smoking exposure,
hypertension, diabetes mellitus, dyslipidemia, obesity,
systemic inflammation, and disease severity have all
been implicated as potential determinants of carotid

[11]

atherosclerosis "*~'. Biomarkers reflecting tissue injury

and inflammation, including serum lactate
dehydrogenase (LDH), together with abnormalities in
lipid profile, may also contribute to endothelial damage
(2, relative

and plaque progression However, the
contribution of these factors remains incompletely
understood, particularly among Indian patients.

Despite the growing recognition of cardiovascular
complications in COPD, relatively few studies have
specifically evaluated the determinants of carotid
plague. Most available research has focused on carotid
intima-media thickness rather than plaque, although
plague has greater prognostic significance for future
31 Furthermore, data from the
limited despite the high

burden of COPD and cardiovascular disease.

cardiovascular events
Indian population remain

Early identification of patients at increased

cardiovascular risk is essential for implementing

preventive interventions and reducing long-term
morbidity and mortality. Carotid ultrasonography is a
simple, safe, reproducible, and cost-effective imaging
modality that facilitates the detection of subclinical
atherosclerosis before the onset of overt cardiovascular
disease. Identification of the clinical and biochemical risk
factors associated with carotid plaque may help clinicians
recognize high-risk COPD patients who require more
intensive cardiovascular evaluation and risk factor
modification.

Therefore, the present study was undertaken to evaluate
the risk factors associated with carotid plaque among
patients with COPD. The findings are expected to
improve cardiovascular risk assessment and support the
carotid

integration of ultrasonography into the

comprehensive evaluation of patients with COPD.

MATERIALS AND METHODS

Study Design and Setting- This hospital-based cross-
sectional observational study was conducted in the
Department of Respiratory Medicine, MKCG Medical
College and Hospital, Berhampur, Odisha, India, between
June 2022 and June 2024. The study evaluated clinically
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stable patients with COPD to determine the risk factors
associated with carotid atherosclerotic plaque.

Study Population- A total of 103 patients with stable
COPD were enrolled consecutively after obtaining
written informed consent. COPD was diagnosed based
on clinical history, physical examination, and post-
bronchodilator spirometry according to the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
recommendations. Only clinically stable patients without
an acute exacerbation during the preceding six weeks

were included.

Inclusion criteria

v' Patients aged 218 years with stable COPD.

v" No history of COPD exacerbation within the previous
six weeks.

v" Smoking history of at least 10 pack-years and/or
documented exposure to biomass fuel.

v' Willingness to participate in the study with written
informed consent.

Exclusion criteria- Patients with previously diagnosed
hypertension or diabetes mellitus before the onset of
COPD,
obstructive airway disease,

asthma, bronchiectasis, post-tubercular

pulmonary eosinophilia,

pneumonia, tuberculosis, interstitial lung disease,

pneumoconiosis, malignancy, pregnancy, hepatic or

renal dysfunction, previous myocardial infarction,

congenital or valvular heart disease, atrial fibrillation,
vasculitis, carotid artery

surgery, coronary

catheterization, HIV infection, or other active
inflammatory or malignant disorders were excluded.
Patients receiving statins or anticoagulant therapy were

also excluded.

Detailed
demographic characteristics, smoking history, biomass

Clinical and Laboratory Assessment-
fuel exposure, clinical symptoms, and comorbidities

were recorded wusing a structured proforma. All

participants underwent clinical examination, pulse
oximetry, chest radiography, electrocardiography, and
spirometry. COPD severity was graded according to the
GOLD classification. Dyspnoea severity was assessed
using the modified Medical Research Council (mMRC)
scale, while symptom burden was evaluated using the
COPD Assessment Test (CAT).

investigations included complete blood count, random

Routine laboratory

blood sugar, renal and liver function tests, lipid profile,

serum  C-reactive protein (CRP), and lactate
dehydrogenase (LDH).
Carotid Ultrasonography- All patients underwent

bilateral carotid artery ultrasonography using B-mode
Doppler experienced
Both

common carotid arteries were examined for the

imaging performed by an
radiologist following a standardized protocol.

presence of atherosclerotic plaque. Carotid plaque was
defined as a focal structure protruding into the arterial
lumen, consistent with established ultrasonographic
criteria. Based on ultrasonographic findings, patients
were categorized into carotid plague-positive and carotid
plague-negative groups for subsequent comparative
analysis.

Outcome Measures- The primary outcome was the
presence of carotid atherosclerotic plaque. Demographic
variables, smoking exposure, COPD severity, symptom
scores, and laboratory biomarkers including CRP, LDH,
lipid profile, and blood glucose were evaluated as
potential risk factors associated with carotid plaque
among patients with COPD.

Statistical Analysis- Data were entered into Microsoft
Excel and analyzed using IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean + standard
deviation (SD),
presented as frequencies and percentages. Comparisons

whereas categorical variables were

between patients with and without carotid plaque were
performed using the independent Student's t-test for
continuous variables and the Chi-square test or Fisher's
exact test for categorical variables, as appropriate. A
two-tailed p-value <0.05 was considered statistically
significant.

Ethical Considerations- The study protocol received
approval from the Institutional Ethics Committee of
MKCG Medical College and Hospital, Berhampur. Written
informed consent was obtained from all study
participants before enrolment, and confidentiality of
patient information was maintained throughout the

study.
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RESULTS

A total of 103 patients with stable COPD were included in
the study. The mean age of the study population was
63.78 £ 11.79 years, with the majority of participants
belonging to the 61-70 years age group (30.10%),
followed by the 51-60 years age group (28.16%). Males
constituted 62.14% of the study population, while
females accounted for 37.86%. A history of smoking was
present in 64 (62.14%) patients, whereas 54 (52.43%)
patients reported biomass fuel exposure. Diabetes
mellitus (36.89%) and hypertension (27.18%) were the
most common comorbidities. Most patients had normal

body mass index (56.31%), while 33.98% were
underweight.

Regarding disease severity, the majority of patients
belonged to GOLD stage Il (52.43%), followed by GOLD
stage Il (43.69%). According to the ABE assessment,
59.22% of patients were classified into category E. The
mean mMRC score was 2.46 + 0.57, mean CAT score
ranged predominantly between 25 and 30, and the mean
post-bronchodilator FEV; was 51.89 + 8.04%. The mean
oxygen saturation (Sp0,) was 89.66 + 2.40%. Carotid
ultrasonography demonstrated carotid atherosclerotic
plaque in 34 (33.01%) patients, whereas 69 (66.99%) had
no evidence of plaque formation (Table 1).

Table 1: Baseline Demographic and Clinical Characteristics of the Study Population (n = 103)

Characteristics Category n (%) / Mean t SD
Mean = SD 63.78+11.79
31-40 2 (1.94)
41-50 12 (11.65)
51-60 29 (28.16)
Age (vears) 61-70 31(30.10)
71-80 21 (20.39)
81-90 7 (6.80)
91-100 1(0.97)
Male 64 (62.14)
Gender Female 39 (37.86)
Current smoker 36 (34.95)
Smoking Status Ex-smoker 28 (27.18)
Never smoker 39 (37.86)
Yes 54 (52.43)
Biomass Exposure No 49 (47.57)
Underweight 35 (33.98)
BMI Normal 58 (56.31)
Overweight 10(9.71)
Il 45 (43.69)
GOLD Stage 1] 54 (52.43)
\Y; 4 (3.88)
B 42 (40.78)
ABE Category £ 61 (59.22)
mMRC score Mean £ SD 2.46 £0.57
Post-BD FEV; (%) Mean = SD 51.89 + 8.04
Sp0, (%) Mean + SD 89.66 * 2.40
_ Present 34 (33.01)
Carotid Plague Absent 69 (66.99)
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Among the 103 patients with COPD, carotid plaque was levels were 11.35 + 8.71 mg/dL and 427.50 + 145.82 U/L,
detected in 34 (33.01%) patients, while 69 (66.99%) had respectively. The overall lipid profile demonstrated mean
no evidence of plague. The mean right and left carotid  total cholesterol of 127.28 + 23.27 mg/dL and LDL
intima-media thicknesses were 0.71 + 0.58 mm and 0.67  cholesterol of 84.17 + 25.95 mg/dL (Table 2).

+ 0.54 mm, respectively. The mean serum CRP and LDH

Table 2: Laboratory Profile and Carotid Ultrasonography Characteristics of Patients with COPD (n=103)

Parameter Mean £ SD / n (%)
Total Leukocyte Count (cells/mm3) 9074.62 + 4044.19
Total Cholesterol (mg/dL) 127.28 £ 23.27
Triglycerides (mg/dL) 137.99 + 21.77
HDL Cholesterol (mg/dL) 53.03 £9.87
LDL Cholesterol (mg/dL) 84.17 + 25.95
C-reactive Protein (mg/dL) 11.35+8.71
Lactate Dehydrogenase (U/L) 427.50 + 145.82
Blood Urea (mg/dL) 41.03+7.98
Serum Creatinine (mg/dL) 1.00 £0.25
Random Blood Sugar (mg/dL) 104.22 +12.51
Right CIMT (mm) 0.71+0.58
Left CIMT (mm) 0.67 +0.54
Carotid Plaque Present 34 (33.01%)
Carotid Plaque Absent 69 (66.99%)

Patients with carotid plaque had comparable age, sex  these clinical variables showed a statistically significant
distribution, smoking history, oxygen saturation,  association with carotid plaque (all p>0.05), although
dyspnoea severity, lung function, GOLD stage, and ABE =~ CAT score demonstrated a borderline association
category compared with those without plaque. None of  (p=0.07) (Table 3.

Table 3: Comparison of Demographic and Clinical Characteristics According to Carotid Plaque Status

Variable Plaque Present Plaque Absent p-
(n=34) (n=69) value
Age (years) 64.62 +11.12 63.36+12.17 0.61
Male, n (%) 22 (64.7) 42 (60.9) 0.87
Female, n (%) 12 (35.3) 27 (39.1) 0.87
Smoking history, n (%) 22 (64.7) 42 (60.9) 0.90
Sp0; (%) 89.68 +2.32 89.65 + 2.45 0.96
mMRC score 2.47 +0.56 2.45+0.58 0.86
CAT score 27.97 £3.82 29.78 £ 5.00 0.07
Post-BD FEV, (%) 52.47 £7.89 51.61+£8.16 0.61
GOLD Stage Il 18 (40.0) 27 (60.0)
GOLD Stage Il 15 (27.8) 39 (72.2) 0.41
GOLD Stage IV 1(25.0) 3(75.0)
ABE Category B 16 (38.1) 26 (61.9)
ABE Category E 18 (29.5) 43 (70.5) 049
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Among the biochemical parameters evaluated, total
cholesterol was significantly higher in patients with
carotid plaque than those without plaque (134.32 *
33.00 vs. 123.81 + 15.70 mg/dL; p=0.03). CRP and

random blood sugar demonstrated borderline statistical
significance (both p=0.06), whereas TLC, LDH, LDL
cholesterol, and blood urea showed no significant
association with carotid plaque (Table 4).

Table 4: Association of Biochemical Parameters with Carotid Plaque

Variable Plaque Present (n=34) | Plaque Absent (n=69) | p-value
TLC 8447.44 + 4619.99 9383.67 £ 3725.77 0.27
CRP (mg/dL) 13.63+£13.36 10.22 £4.81 0.06
LDH (U/L) 424.29 +149.60 429.09 + 145.01 0.88
Total Cholesterol (mg/dL) 134.32 + 33.00 123.81 £ 15.70 0.03*
LDL (mg/dL) 87.88 £ 28.73 82.35+24.48 0.31
Random Blood Sugar (mg/dL) 107.50 £ 11.46 102.61 £ 12.77 0.06
Blood Urea (mg/dL) 41.68+9.21 40.71+7.35 0.57

*Statistically significant at p<0.05.

Receiver operating characteristic analysis demonstrated
excellent diagnostic performance of carotid intima-
media thickness for identifying carotid plaque. A right
CIMT cut-off value of >0.89 mm yielded an AUC of 0.988,

with 97.06% sensitivity and 100% specificity. Similarly,

a left CIMT cut-off value of >0.81 mm showed an AUC of
0.987, with 97.06% sensitivity and 98.55% specificity,
indicating excellent discrimination for detecting carotid
plaque (Table 5).

Table 5: Diagnostic Performance of Carotid Intima-Media Thickness for Detection of Carotid Plaque

Parameter Right CIMT Left CIMT
Cut-off value (mm) >0.89 >0.81
Area under ROC curve 0.988 0.987
Sensitivity (%) 97.06 97.06
Specificity (%) 100.00 98.55
Positive Predictive Value (%) 100.00 97.06
Negative Predictive Value (%) 98.57 98.55
Positive Likelihood Ratio oo (100% specificity) 66.97
Negative Likelihood Ratio 0.02 0.03

DISCUSSION

Carotid atherosclerotic plaque was identified in 33.01%
of patients with stable COPD, indicating a considerable
burden of subclinical atherosclerosis in this population.
Although demographic characteristics, smoking history,
pulmonary function, and disease severity were not
significantly associated with plaque formation, higher
serum total cholesterol showed a significant association,
while CRP and random blood sugar demonstrated
CIMT exhibited
excellent diagnostic performance for plaque detection.

borderline significance. In addition,
Collectively, these findings suggest that cardiovascular
risk in COPD is influenced by multiple interacting
mechanisms beyond the severity of pulmonary disease

alone %1,

The prevalence of carotid plaque observed in this study
is comparable to previous reports demonstrating
increased carotid atherosclerosis among patients with
COPD compared with healthy individuals. Persistent
systemic inflammation, oxidative stress, endothelial
dysfunction, recurrent hypoxaemia, and accelerated
vascular ageing are considered the major mechanisms
linking COPD with atherosclerotic plaque formation.
Furthermore, chronic exposure to cigarette smoke and
further

inflammatory cell

environmental pollutants may aggravate

endothelial injury by promoting

infiltration and lipid oxidation ¢,
Although advancing age and male sex are established
cardiovascular risk factors, neither showed a significant

association with carotid plaque in the present analysis.
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Similar observations have been reported in previous
studies, where disease-related inflammatory processes
appeared to exert a greater influence on plaque
formation than demographic characteristics alone. These
findings suggest that chronic systemic inflammation and
metabolic abnormalities associated with COPD may
contribute more substantially to vascular injury than age
or sex after the disease has become established "),
Cigarette smoking is the strongest common risk factor
for both COPD and atherosclerosis; however, smoking
history was not significantly associated with carotid
plaque in this study. Earlier investigations have reported
comparable findings, indicating that persistent systemic
inflammation and endothelial dysfunction may continue
to accelerate atherosclerosis even after smoking
cessation. Therefore, vascular risk in COPD is likely
determined by the combined effects of prior smoking
exposure and ongoing disease-related inflammatory
mechanisms rather than smoking alone ™%,

No significant association was observed between carotid
plague and measures of COPD severity, including GOLD
stage, post-bronchodilator FEV;, mMRC dyspnoea score,
oxygen saturation, or ABE category. Although some
studies have reported greater carotid atherosclerosis
with worsening airflow limitation, others have produced
findings similar to those observed in the present study,
suggesting that systemic cardiovascular risk factors may
have a greater influence on plaque formation than the
degree of airflow obstruction itself ?>*!. The borderline
association observed with CAT score also indicates that
symptom burden alone may not reliably reflect
underlying vascular risk.

Among the biochemical variables evaluated, serum total
cholesterol emerged as the only parameter significantly
associated with carotid plaque. Patients with plaque had
significantly higher cholesterol levels, supporting the
established role of dyslipidaemia in the development of
atherosclerosis. Elevated cholesterol promotes
endothelial dysfunction, macrophage activation, foam
cell formation, and progressive plaque development,
thereby increasing cardiovascular risk. These findings are
consistent with previous studies demonstrating the
importance of lipid abnormalities in chronic
inflammatory disorders, including COPD [22.23]

Higher CRP concentrations were observed among
patients with carotid plaque, although the difference did

not reach statistical significance. As a well-established

marker of systemic inflammation, CRP has been linked to
endothelial dysfunction, arterial stiffness, and future
cardiovascular events. The borderline association
identified

persistent

in this study supports the concept that

low-grade inflammation contributes to
atherosclerotic progression in COPD. The absence of
statistical significance may be explained by the relatively
small sample size and inter-individual variability in
inflammatory marker levels 2%,

Random blood sugar also demonstrated a borderline
relationship with carotid plaque, whereas LDH, total
leukocyte count, LDL cholesterol, and blood urea showed
no significant differences between the two groups.
Previous evidence

suggests that impaired glucose

metabolism and insulin resistance may accelerate
endothelial dysfunction and vascular inflammation. The
lack of statistically significant associations for several
biomarkers in this study may reflect its cross-sectional
design, limited sample size, and the exclusion of patients

with established cardiovascular disease or

[26]

severe
metabolic disorders
Receiver operating characteristic analysis demonstrated
excellent diagnostic performance of carotid intima-
media thickness for identifying carotid plaque. Both right
and left CIMT achieved area under the curve values
approaching 1.0, with high sensitivity and specificity.
These findings support previous evidence that carotid
ultrasonography is a reliable, non-invasive, and cost-
effective method for detecting subclinical atherosclerosis
in patients with COPD. Early identification of vascular
abnormalities may facilitate cardiovascular risk
stratification and timely preventive interventions before
the occurrence of major adverse cardiovascular events
[27,28]

should be
interpreting these findings. The study was conducted at a

Several limitations considered  while
single tertiary care centre with a relatively modest
sample size, which may limit the generalizability of the
results. Its cross-sectional design does not permit causal
inference between the identified risk factors and carotid
plague development, and longitudinal cardiovascular
outcomes were not assessed. Nevertheless, the study
provides important evidence regarding carotid plaque
prevalence and its associated clinical and biochemical

factors among Indian patients with stable COPD.
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CONCLUSIONS

The present study demonstrated that carotid
atherosclerotic plague was present in nearly one-third of
patients with stable COPD, indicating a substantial
burden of subclinical cardiovascular disease. Among the
evaluated variables, elevated serum total cholesterol
showed a significant association with carotid plaque,
while higher CRP and

demonstrated borderline associations,

random blood sugar levels
suggesting a
potential contribution of systemic inflammation and
metabolic abnormalities to plagque development. In
contrast, demographic characteristics, smoking history,
disease severity, lung function, and symptom scores
were not significantly associated with plaque formation.
Carotid
diagnostic accuracy for

intima-media thickness exhibited excellent
detecting carotid plaque,
supporting its utility as a non-invasive screening tool for
identifying subclinical atherosclerosis in COPD patients.
Early cardiovascular risk assessment, including carotid
ultrasonography in selected high-risk individuals, may
facilitate timely intervention and reduce future
cardiovascular morbidity. Further large-scale prospective
multicentre studies are required to validate these
findings and establish robust predictors of carotid plaque

in patients with COPD.

CONTRIBUTION OF AUTHORS

Research concept- N. Akshaya, Hemanta Kumar Sethy
Research design- N. Akshaya, Priyanka Das

Supervision- Priyanka Das, Gopal Krushna Sahu,
Hemanta Kumar Sethy

Materials- Gopal Krushna Sahu, N. Akshaya

Data collection- N. Akshaya, Gopal Krushna Sahu

Data analysis and interpretation- N. Akshaya, Priyanka
Das, Dr.Gopal Krushna Sahu

Literature search- N. Akshaya, Priyanka Das

Writing article- N. Akshaya

Critical review- Hemanta Kumar Sethy, Priyanka Das,
Gopal Krushna Sahu

Article editing- N.Akshaya, Gopal Krushna Sahu, Priyanka
Das

Final approval- Priyanka Das, Gopal Krushna Sahu, N.
Akshaya

REFERENCES
[1] Global
Disease.

Initiative for
Global

Chronic Obstructive Lung

strategy for the diagnosis,

management, and prevention of chronic obstructive
pulmonary disease: 2025 report. GOLD; 2025.

[2] Vogelmeier CF, Criner GJ, Martinez FJ, et al. Global
strategy for the diagnosis, management, and
prevention of chronic obstructive lung disease 2017
report. Am J Respir Crit Care Med., 2017; 195(5):
557-82. doi: 10.1164/rccm.201701-0218PP.

[3] GBD 2021 Chronic Respiratory Disease Collaborators.
Global burden of chronic respiratory diseases and
risk factors, 1990-2021. Lancet Respir Med., 2024.

[4] Sin DD, Man SFP. Chronic obstructive pulmonary
disease as a risk factor for cardiovascular morbidity
and mortality. Proc Am Thorac Soc., 2005; 2(1): 8-11.

[5] Maclay JD, MacNee W. Cardiovascular disease in
COPD: mechanisms. Thorax, 2013; 68(5): 473-80. doi:
10.1136/thoraxjnl-2012-202275.

[6] Ross R. Atherosclerosis—an inflammatory disease. N
Engl J Med., 1999; 340(2): 115-26. doi:
10.1056/NEJM199901143400207.

[71 Gan WQ, Man SFP, Senthilselvan A, Sin DD.
Association between chronic obstructive pulmonary
disease and systemic inflammation: a systematic
review and meta-analysis. Thorax, 2004; 59(7): 574-
80. doi: 10.1136/thx.2003.019588.

[8] Stein JH, Korcarz CE, Hurst RT, et al. Use of carotid
ultrasound to identify subclinical vascular disease
and evaluate cardiovascular disease risk. J] Am Soc
Echocardiogr., 2008; 21(2): 93-111. doi:
10.1016/j.echo.2007.11.005.

[9] Nambi V, Chambless LE, Folsom AR, et al. Carotid
intima-media thickness and presence or absence of
plague improves prediction of coronary heart
disease risk. J Am Coll Cardiol., 2010; 55(15): 1600-
07. doi: 10.1016/j.jacc.2009.11.075.

[10]JAmbrosino P, Lupoli R, Cafaro G, et al. Subclinical
carotid atherosclerosis in patients with chronic
obstructive pulmonary disease: a meta-analysis of
literature studies. Ann Med., 2017; 49(6): 513-24.
doi: 10.1080/07853890.2017.1311022.

[11]Lahousse L, van den Bouwhuijsen QJA, Loth DW, et
al. Chronic obstructive pulmonary disease and lipid
core carotid artery plaques in the elderly: the
Rotterdam Study. Am J Respir Crit Care Med., 2013;
187(1): 58-64. doi: 10.1164/rccm.201206-10460C.

[12]Pizarro C, Linnhoff F, van Essen F, et al. Lower
extremity and carotid artery disease in COPD. ERJ

Copyright © 2026| SSR-IIILS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 12 | Issue 04 | Page 10239



SSR Institute of International Journal of Life Sciences
ISSN (0): 2581-8740 | ISSN (P): 2581-8732
Dasetal., 2026

érosFeS doi: 10.21276/SSR-IIJLS.2026.12.4.12

Open Res., 2016; 2(4):
10.1183/23120541.00037-2016.
[13]Golpe R, Mateos-Colino A, Gonzdlez-Juanatey C, et

00037-2016. doi:

al. Subclinical carotid atherosclerosis in COPD cases
and control smokers: analysis in relation with COPD
exacerbations and exacerbation-like episodes. Lung,
2017; 195(2): 185-91. doi: 10.1007/s00408-017-
9986-4.

[14]lwamoto H, Yokoyama A, Kitahara Y, et al. Airflow
limitation in smokers is associated with subclinical
atherosclerosis. Am J Respir Crit Care Med., 2009;
179(1): 35-40.

[15]van Gestel YR, Hoeks SE, Sin DD, et al. COPD and
carotid intima-media thickness in  patients
undergoing vascular surgery. Respir Med., 2010;
104(5): 712-16.

[16]Huiart L, Ernst P, Suissa S. Cardiovascular morbidity
and mortality in COPD. Chest, 2005; 128(4): 2640-46.

[17]1Barr RG, Ahmed FS, Carr JJ, et al. Subclinical
atherosclerosis, airflow obstruction and emphysema:
the MESA Lung Study. Eur Respir J., 2012; 39(4): 846-
54,

[18]Agusti A, Edwards LD, Rennard SI, et al. Persistent
systemic inflammation is associated with poor
clinical outcomes in COPD. PLoS One, 2012; 7(5):
e37483.

[19]Fabbri LM, Luppi F, Beghé B, Rabe KF. Complex
chronic comorbidities of COPD. Eur Respir J., 2008;
31(1): 204-12.

[20]Mannino DM, Buist AS. Global burden of COPD: risk
factors, prevalence, and future trends. Lancet, 2007,
370: 765-73.

Open Access Policy:

[21]van Gestel YR, Flu WJ, van Kuijk JP, et al. Association
of chronic obstructive pulmonary disease with
carotid intima-media thickness in vascular surgery
patients. Respir Med., 2010; 104(5): 712-16.

[22]Libby P. Inflammation in atherosclerosis. Nature,
2002; 420(6917): 868-74.

[23]Hansson GK.
coronary artery disease. N Engl J Med., 2005;
352(16): 1685-95.

[24]Spence  JD.
measurement of

Inflammation, atherosclerosis, and

Technology insight:  ultrasound

carotid plague—patient
management, genetic research, and therapy
evaluation. Nat Clin Pract Neurol., 2006; 2(11): 611-
19.

[25]Pearson TA, Mensah GA, Alexander RW, et al.
Markers of inflammation and cardiovascular disease:
application to clinical and public health practice.
Circulation., 2003; 107(3): 499-511.

[26]Lorenz MW, von Kegler S, Steinmetz H, Markus HS,
Sitzer M. Carotid intima-media thickening indicates a
higher vascular risk across a wide age range:
prospective data from the Carotid Atherosclerosis
Progression Study (CAPS). Stroke, 2006; 37(1): 87-92.
doi: 10.1161/01.STR.0000196964.24024.ea.

[27]Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer
M. Prediction of clinical cardiovascular events with
carotid intima-media thickness: a systematic review
and meta-analysis. Circ., 2007; 115(4): 459-67.

[28]Inaba Y, Chen JA, Bergmann SR. Carotid plaque,
compared with carotid intima-media thickness, more
accurately predicts coronary artery disease events: a
meta-analysis. Atherosclerosis, 2012; 220(1): 128-33.

Authors/Contributors are responsible for originality, contents, correct references, and ethical issues. SSR-IIJLS publishes all articles under Creative
Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC). https://creativecommons.org/licenses/by-nc/4.0/legalcode

Copyright © 2026 | SSR-IIJLS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 12 | Issue 04 | Page 10240


https://creativecommons.org/licenses/by-nc/4.0/legalcode

