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Pulmonary function test and carotid intima-media thickness in
chronic obstructive pulmonary disease

Abstract

Background: Studies have shown that carotid intima-media thickness (CIMT) is an
indicator of cardiovascular events and mortality and its increase has correlation with
severe airflow obstruction in patients with COPD. The aim of this study was to
investigate the association between pulmonary function and CIMT in COPD patients.
Methods: This study was performed on two groups of patients with and without COPD
(cases & controls) who were referred to pulmonary clinics. Demographic, clinical, and
laboratory tests were recorded in questionnaire. Spirometry was performed in cases and
FVC, FEV1, and FEV1/FVC were measured. CIMT was determined via ultrasound.
Results: Our results indicated that right carotid IMT was 0.51+0.112 mm and
0.65%0.131 mm in the control and case groups, respectively (p< 0.001). Left CIMT was
0.48+0.089 mm and 0.68+0.113 mm in the control and case groups, respectively (p<
0.001). FEV1 and FEV1/FVC had an inverse and significant correlation with IMT of
the carotid (both right and left carotid).

Conclusion: The results indicated an inverse association between carotid IMT and lung
function test in COPD patients.
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It has been shown that in patients with COPD, increase in CIMT has correlation
with the severity of airflow obstruction (1). The relation between reduced lung function
with increased IMT of the common carotid artery is proven by various studies (2).
Hypoxia, systemic inflammation, and endothelial dysfunction may contribute in
increased CIMT in COPD patients (1). According to reports, a decrease in forced
expiratory volume in 1 second (FEV1) is in line with an increase in cardiovascular risk
(3). So, every 10% reduction in lung function measured by FEV1 led to a 30% increase
in cardiovascular mortality (2). Chronic obstructive pulmonary disease (COPD) is a
systemic inflammatory and irreversible disease that is recognized as one of the main
causes of mortality and morbidity in adults worldwide (1). This disease is characterized
by progressive airflow limitation and is the result of an abnormal inflammatory response
to harmful particles and gases (3). Although this is a respiratory system disease, it is
multi-system in nature and is associated with malnutrition, diabetes, musculoskeletal
abnormalities and cardiovascular diseases (4). Systemic inflammation caused by airway
inflammation is also associated with the progression of atherosclerosis (4). Various
studies have shown the importance of subclinical atherosclerosis in COPD, and based
on the evidence presented in these studies, COPD patients should be monitored more
carefully for the risk of cardiovascular disease (5, 6). In patients with COPD, increased
CIMT indicates increased overall and cardiovascular mortality, making CIMT a reliable
biomarker for morbidity and mortality in these patients (7, 8).
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In a study in China on 1625 patients, CIMT was
measured and COPD patients were determined. According
to the results of this study, the average thickness of CIM
was higher in patients with COPD than in patients without
COPD. Also, in this study, it was shown that the CIMT
increases with a decrease in FEV1, so that the highest CIMT
was observed in patients with low FEV1. This study stated
that lung functional status can be independently related to
carotid atherosclerosis (9). In another study that was
conducted with the aim of investigating subclinical
cardiovascular changes in COPD patients in Egypt, the
CIMT was significantly higher in COPD patients than in
healthy subjects. This study concluded that COPD can be a
risk factor for cardiovascular disease (10).

Considering that COPD is a systemic disease and can
cause inflammatory conditions in the body, including
metabolic syndrome and vascular involvement, our goal in
implementing this project was to see if there is a relationship
between the severity of the disease and vascular
involvement. The importance of carrying out the research is
that the involvement of right and left common and internal
carotid arteries can ultimately lead to vascular events such
as ischemic strokes and can also be a predictor of stenosis
in other vessels, and in COPD patients, with knowing this,
we can start prophylaxis measures. Hence, the aim of this
study was to investigate the relationship between lung
function and CIMT in patients with COPD.

Methods

Study design and measurements: This case-control study
was conducted on patients with COPD who referred to the
lung clinic of 2 reference hospitals in Mashhad in 2021.
Patients in the age range of 45 to 80 years, whose diagnosis
of COPD was proven based on symptoms and history and
lung function tests, were included in the study as the case
group. The diagnosis of COPD was confirmed according to
spirometry and that all were treated with inhalation sprays.
The control group was people who matched the patients in
terms of age, and body mass index (BMI) without COPD.
Two groups were matched in terms of age, BMI, and
positive history of COPD in the family. Patients with a
history of high blood pressure, diabetes, dyslipidemia,
cardiovascular disease, exacerbation of COPD, and other
lung diseases were excluded from the study. An informed
consent form was obtained from all patients participating in
the study. A questionnaire containing demographic,
clinical, smoking and laboratory test information was
completed for each participant. For both groups, chest
radiography was performed, and for patients in the case

group, spirometry was performed with the chest-desktop-
spirometry. In this test, FVC, FEV1 and FEV1/FVC were
measured. The radiologist measured the IMT of the right
and left common and internal carotid arteries using a
Medison X8 sonography device with a 10 MHz surface
probe. The results of carotid sonography were statistically
analyzed in relation to the underlying disease criteria in 2
groups. The normal range of IMT cut off value is equal to
1.5 mm while cut off values higher than 1 mm are
considered in increased risk.

This project was ethically approved by the Ethics
Committee of Mashhad University of Medical Sciences
with code: IRMUMS.REC.1393.183.

Sample size: The sampling method was non-probability
based on purpose. Considering that the minimum amount of
intima thickness change that has clinical value is assumed
to be 0.1 mm with a standard deviation of 0.1 mm, the
required sample size in each of the two study groups was at
least 23 people, and for more certainty in this study, at least
30 patients were included in each group. In this calculation,
alpha was 0.05 and the power of the test was 0.90.

Data management and statistical analysis: SPSS Version
24 was used to analyze data. To describe quantitative data,
indicators such as mean, standard deviation, minimum and
maximum were used. Also, the description of qualitative
data was based on frequency and frequency percentage. The
chi-square test was used to compare the qualitative data, and
the independent t-test was used to compare the quantitative
data between the two groups if the data were normally
distributed, and otherwise, the equivalent non-parametric
test (Mann-Whitney) was used. To check the relationship
between two quantitative variables, the normality of the
data was checked first, and if it was normal, Pearson's test
was used, and otherwise, the parametric equivalent test
(Spearman) was used.

Results

Demographic information: A total of 59 (30 cases and 29
controls) people were included in the study. In the control
group, 75.9% of people were males, which was 83.3% in
the case group. According to the Pearson chi-square test, the
observed difference between the two groups in terms of
gender was not significant (P=0.476). The average age of
the control group was 49.1£3.10 years and in the range of
45-57 years. The average age of people in the case group
was 50.5+3.46 years and in the range of 45-58 years.
Statistical comparison by independent sample t-test showed
that the difference between the two groups in terms of age
was not significant (P=0.100). None of the people in the
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control group had a history of smoking. While 25 (83.3%)
people of the case group had a history of smoking.

Anthropometric and laboratory findings: In the
examination of the study subjects in terms of height, weight
and BMI variables, the two groups did not have any
significant difference in terms of height; but the difference

in terms of weight and BMI between the two groups was
significant. Laboratory studies showed that the level of each
parameter of cholesterol, LDL and triglyceride was
significantly higher in the case group than in the control
group. The detailed results related to anthropometric
variables and laboratory findings are presented in table 1.

Table 1. Comparison of the mean and standard deviation of anthropometric indices and laboratory findings between
two groups of cases and controls

Variables Case Control Statistical Comparison *

Height (cm) 168.744.93  170.8+4.11 P=10.356
Anthropometric Weight (kg) 7274353 77.545.51 P=0.004

indices
BMI (Kg/m?) 25.245.14 26.2+8.36 P=0.032
Fasting blood sugar (mg/dl)  95.8+3.40 93.7£2.44 P=0.308
Cholesterol(mg/dl) 199.36+£3.71 138.26+8.85 p<0.001

laboratory o

findings LDL**(mg/dl) 144.19+£3.29  94.20+5.80 p<0.001
HDL***(mg/dl) 35.5+£3.24 36.4+7.87 P=0.296
Triglyceride (mg/dl) 167.27£3.21 145.29+5.62 P=0.005

* Independent sample t-test, **LDL: low-density lipoprotein, ***HDL: High-density lipoprotein

Pulmonary function test results: Table 2 shows the status
of pulmonary function test criteria in patients of the case
group. In these people, the average FEV1 was 59.9+10.10,
the average FVC was 89.3+£3.73, and the average
FEV1/FVC was 66.9+£10.67.

Table 2. The results of pulmonary function test criteria
in the case group

N Mean Std Min Max
FEV1* (%) 30 59.9 10.10 28.2 78
FVC** (%) 30 89.3 373 84.8 975
FEV1/FVC 30 66.9 10.67 33.1 91.7

*FEV1: Forced expiratory volume in 1 second, **FVC: Forced vital

capacity

Ultrasound findings: The IMT of right and left carotid was
investigated in two groups, the results are shown in figure
1. As it is clear, CIMT was significantly higher in both
sides, in the case group compared to the control group.
Right CIMT was 0.51£0.112 mm and 0.65+0.131 mm in the
control and case groups, respectively (p< 0.001 using
independent sample t-test). Left CIMT was 0.48+0.089 mm
and 0.68+£0.113 mm in the control and case groups,
respectively (p< 0.001 using Mann-Whitney t-test).

Correlation between lung function tests and carotid
intima media thickness: The findings related to the study
of the correlation between the variables obtained from the
lung function test and the IMT of the right and left carotid
are presented in table 3. Accordingly, there was a significant
and inverse relationship between FEV1 and left CIMT, as
well as between FEV1 and right CIMT. Likewise, an
inverse and significant relationship was observed between
FEV1/FVC and left CIMT, as well as between FEV1/FVC
and right CIMT.

Table 3. Correlation between variables obtained from
lung function test and intima media thickness of right
and left carotid

Right Left
CIMT CIMT
Correlation 0378 -0.566
FEV1 coefficient
Significance P=0.04 P=0.001
Correlation 0.006  -0.303
FVC coefficient
Significance P=0.975  P=0.103
Correlation
FE‘Yé/F coefficient -0.404 -0.532
Significance P=0.027  P=0.002

*FEV1: Forced expiratory volume in 1 second, **FVC: Forced vital

capacity
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Discussion

The results of this study showed that the differences
between the case group and the control group were not
significant in terms of age and gender, indicating
appropriate sampling and no bias in the selection of the
statistical population in the study. Considering that the risk
of cardiovascular disease increases with age and that carotid
intima media thickness increases with age in normal
subjects (11, 12), the study population in this study was age-
matched to avoid bias. According to the existing studies, the
average thickness of the carotid intima media in men and
women is significantly different (12). For this reason, with
respect to the comparison of the mean carotid intima media
thickness between cases and controls in the present study,
the similarity of the two groups in terms of gender was
important. Other findings of this study showed that the two
groups differed significantly in weight and BMI. In
previous studies, it has been demonstrated that CIMT can
be used to diagnose preclinical atherosclerosis (13, 14).
Considering that high BMI can be considered as a risk factor
for atherosclerosis, it seems likely that high BMI also
affects CIMT. On the other hand, previous studies also
showed that carotid intima media thickness was higher in
people with higher BMI (15-17). Of course, the study by
Freedman et al., showed that CIMT only changed in patients
with BMI over 30 and in other ranges, BMI did not affect
CIMT (16). In the following, it was shown that no one in
the control group had a history of smoking; While 25 cases
(83.3%) had a history of smoking. Considering that the
patients in the case group had COPD and that one of the
most important risk factors for COPD is smoking, it seems
that this difference between the two groups is reasonable.

In the present study, cholesterol, LDL, and triglyceride
levels were significantly higher in the case group than in the
control group. In the study by Niranjan et al., to study the

Right carotid
Figure 1. Comparison of the right and left carotid intima media thickness in two studied groups

lipid composition of COPD patients and compare it with the
control group, it was found that HDL, triglyceride and
cholesterol concentrations in both groups were not
significantly different, while LDL levels in COPD patients
were significantly higher than in the control group (18). In
explaining this difference, it can be said that smoking (more
common in COPD patients) may affect lipid composition
through proven mechanisms. When consumed, nicotine
stimulates the adrenal medulla and immediately increases
fatty acid levels by 30% (19). However, there is still much
controversy regarding changes in the lipid profile of COPD
patients. For example, in the study by Nallawar et al., it was
found that fat composition in COPD patients was not
significantly different from that in the control group (20).
Examination of functional tests in patients in the case
group showed that in these patients, the mean FEV1 was
59.9+10.10, the mean FVC was 89.3+3.73, and the mean
FEVI/FVC is 66.9+10.67. It was found that FEV1/FVC
below 70% may indicate obstructive disease in a person
(21). As mentioned, this average rate in treated patients in
this study remained below 70%. Based on FEV1, COPD
patients are divided into three categories: mild (FEV1 above
70%), moderate (FEV1 between 50 and 69%) and severe
(FEV1 below 50%) (22). In this study, the average FEV1
was 59.9+10.10 and most patients were in the average
category. Comparison of ultrasound results in this study
showed that the intima-media thickness of the carotid
arteries (right carotid artery and left carotid artery) in the
disease group was significantly higher than the control
group (p < 0.001). Furthermore, the correlation between
variables obtained from pulmonary function tests and right
and left carotid intima media thickness in patients in the
case group showed that FEV1 and FEVI/FVC had an
inverse relationship with CIMT (both right carotid and left
carotid). These results have been tested and confirmed in
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other studies such as that of Pan et al. (9), Chindhi et al.
(23), and Ma et al. (24). In these studies, it was found that
there was a significant and inverse relationship between
carotid intima media thickness and pulmonary function, and
in these studies, it was also found that CIMT in COPD
patients was higher than CIMT in none-COPD patients.

Different mechanisms have been mentioned for this. One
of these mechanisms states that lung inflammation as a
result of COPD may lead to systemic inflammation by
increasing leukocytes, platelets, cytokines and acute phase
proteins in the bloodstream. These mediators activate the
vascular endothelium and lead to endothelial dysfunction.
Endothelial dysfunction causes a decrease in vasodilation
(through a decrease in nitric oxide and an increase in
endothelin), an increase in vascular permeability, and an
increase in the absorption of LDL in the vessel wall, and as
a result, the thickness of the intima-media of the vessels
increases and also provides the basis for the creation of
atherosclerotic plaques (25). Also, the reduction of lung
function leads to chronic hypoxia of the arterial wall. The
hypoxia of the vessel wall stimulates the activation of a
cascade of growth factors and cytokines, causing changes
such as increased activation and migration of macrophages,
increased vascular permeability and increased platelet
adhesion. These changes, together with hypoxia, lead to an
increase in the growth and division of intima cells and the
vascular wall in general, and increase the thickness of the
intima-media of the vessels (26).

Results similar to our study are also seen in some new
studies. The association between lung function and CIMT
was studied in a Japanese population by Takase et al.
(2023), Lung function was measured using FEVland FVC
was determined using spirometry. This study showed lower
FEV 1 and FVC were associated with higher CIMT in both
men and women (p <0.001) (27). The results of this study
showed that the CIMT (both right and left carotid) in people
with COPD was significantly higher than healthy people.
Also, the correlation between the variables obtained from
the lung function test and the thickness of the right and left
carotid intima media in the patients of the case group
showed that FEV1 and FEVI1/FVC have an inverse
significant relationship with the thickness of the carotid
intima media (both right carotid and left carotid).

Acknowledgments
Not applicable.

Funding: This project with ID: 930308 was financially
supported by Vice chancellor for research of Mashhad
University of Medical Sciences.

Ethics approval: The project was approved by the Ethics
Committee of Mashhad University of Medical Sciences
(IR.MUMS.REC.1393.183).

Conflict of interests: All the authors declare that there is
not any conflict of interests.

Authors’ contribution: SH.S, and S.H, Data Collection
and/or Processing SH.S, and M.N, Analysis or
Interpretation: S.H, Writing: SH.S, and M.N.

References

1. Késeoglu C, Kurmus O, Ertem AG, et al. Association
between carotid intima-media thickness and presence
of coronary artery disease in chronic obstructive
pulmonary disease patients. Anatol J Cardiol 2016; 16:
601-7.

2. Van Gestel YR, Flu WJ, van Kuijk JP, et al. Association
of COPD with carotid wall intima-media thickness in
vascular surgery patients. Respir Med 2010; 104: 712-
6.

3. Tas N, Arslan S, Kosucu G, Cetin G. The relationship
between hypoxia, inflammation, and airway
obstruction with carotid intima-media thickness in
Chronic Obstructive Pulmonary Disease (COPD).
Cumhuriyet Med J 2019; 41: 363-71.

4. Ozgen Alpaydin A, Konyar Arslan I, Serter S, et al.
Metabolic syndrome and carotid intima-media
thickness in chronic obstructive pulmonary disease.
Multidiscip Respir Med 2013; 8: 1-9.

5. Gulbas G, Turan O, Sarioglu N, et al. Carotid intima-
media thickness in chronic obstructive pulmonary
disease and survival: A multicenter prospective study.
Clin Respir J 2019; 13: 391-9.

6. Joshi RW, Agrawal R, Pandharipande MS, Joshi PP.
Carotid intima media thickness in chronic obstructive
pulmonary disease. Vidarbha J of Int Med 2016; 20: 19-
23.

7. Nambi V, Chambless L, He M, et al. Common carotid
artery intima-media thickness is as good as carotid
intima—media thickness of all carotid artery segments in
improving prediction of coronary heart disease risk in
the Atherosclerosis Risk in Communities (ARIC)
study. Eur Heart J 2012; 33: 183-90.

8. Lorenz MW, Schaefer C, Steinmetz H, Sitzer M. Is
carotid intima media thickness useful for individual
prediction of cardiovascular risk? Ten-year results from
the Carotid Atherosclerosis Progression Study (CAPS).
Eur Heart J 2010; 31: 2041-8.

9. Pan], XuL, Cai SX, Jiang CQ, Cheng KK, Zhao HJ, et
al. The association of pulmonary function with carotid



10.

11.

12.

13.

14.

15.

16.

17.

atherosclerosis in older Chinese: Guangzhou Biobank
Cohort Study-CVD Subcohort. Atherosclerosis. 2015;
243: 469-76.

Sadek SH, Hassan AA, AbdElrahman G, et al.
Subclinical chronic

cardiovascular changes in

obstructive pulmonary disease patients: Doppler
ultrasound evaluation. Egypt J Bronchol 2015; 9: 140-
5.

Salonen R, Salonen J. Determinants of carotid intima-
media thickness: a population-based ultrasonography
study in eastern Finnish men. J Intern Med 1991; 229:
225-31.

Juonala M, K&hdonen M, Laitinen T, et al. Effect of age
and sex on carotid intima-media thickness, elasticity
and brachial endothelial function in healthy adults: the
cardiovascular risk in Young Finns Study. Eur Heart J
2008;29: 1198-206.

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: 459-67.

Grobbee D, Bots M. Carotid artery intima-media
thickness as an indicator of generalized atherosclerosis.
J Intern Med 1994; 236: 567-73.

Markus RA, Mack WJ, Azen SP, Hodis HN. Influence
of lifestyle modification on atherosclerotic progression
determined by ultrasonographic change in the common
carotid intima-media thickness. Am J Clin Nutr 1997;
65: 1000-4.

Freedman DS, Dietz WH, Tang R, et al. The relation of
obesity throughout life
thickness in adulthood: the Bogalusa Heart Study. Int J
Obes Relat Metab Disord 2004; 28: 159-66.

Ferreira I, Twisk JW, van Mechelen W, et al. Current
and adolescent body fatness and fat distribution:

to carotid intima-media

relationships with carotid intima—media thickness and
large artery stiffness at the age of 36 years. J Hypertens
2004; 22: 145-55.

Caspian Journal of Internal Medicine 2025 (Summer); 16(3): 487-492

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sorouri Sh, et al.

Niranjan M, Dadapeer K, Rashmi B. Lipoprotein
profile in patients with chronic obstructive pulmonary
disease in a tertiary care hospital in South India. J Clin
Diagn Res 2011; 5: 990-3.

Rifai N, Bachorik PS, Albers JJ. Lipids, lipoproteins
and apolipoproteins. Tietz textbook of clinical
chemistry. 3rd ed. Philadelphia: WB Saunders
Company 1999; pp: 809-61.

Nillawar AN, Joshi KB, Patil SB, Bardapurkar JS,
Bardapurkar SJ. Evaluation of HS-CRP and lipid
profile in COPD. J Clin Diagn Res 2013; 7: 801-3.
Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for
the diagnosis, management, and prevention of chronic
obstructive pulmonary disease: GOLD executive
summary. Am J Respir Crit Care Med 2013; 187: 347-
65.

Miller MR, Hankinson J, Brusasco V, et al.
Standardisation of spirometry. Eur Respir J 2005; 26:
319-38.

Chindhi S, Thakur S, Sarkar M, Negi PC. Subclinical
atherosclerotic vascular disease in chronic obstructive
pulmonary disease: Prospective hospital-based case
control study. Lung India 2015; 32: 137-41.

Ma Z, Liu Y, Xu Y, et al. Impaired lung function is
associated with increased carotid intima-media
thickness in middle-aged and elderly Chinese. PloS
One 2013; 8: e53153.

Tamagawa E, van Eeden SF. Impaired lung function
and risk for stroke: role of the systemic inflammation
response? Chest 2006; 130: 1631-3.

Simanonok J. Non-ischemic hypoxia of the arterial wall
is a primary cause of atherosclerosis. Med Hypotheses
1996; 46: 155-61.

Takase M, Yamada M, Nakamura T, et al. The
Association of lung function and carotid intima-media
thickness in a Japanese population: The Tohoku
medical megabank community-based cohort study. J
Atheroscler Thromb 2023; 30: 1022-44.



