CM] Original Research June 2019, Volume: 41, Number: 2
Cumbhuriyet MedicalJournal 363-371

The relationship between hypoxia, inflammation,
and airway obstruction with carotid intima-media
thickness in Chronic Obstructive Pulmonary
Disease (COPD)
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SUMMARY Neslihan Tag
The present study aimed to determine whether there is a relationship @® sulhattin Arslan
between intima-media thickness (IMT) changes in peripheral vessels ® Giilhan Kosucu

(carotid and vertebral artery) and inflammatory mediators (C-reactive
protein (CRP), leucocytes, etc.), artery blood gas changes and airway
obstruction in COPD patients. This study included 60 patients with COPD
and 40 healthy control subjects. We used the GOLD criteria for COPD

© Giilay Cetin

diagnosis. The patient group differentiated according to arterial blood gas ORCID IDs of the authors:
values and the presence or absence of pulmonary failure, and its type if N.T. 0000-0002-8905-1896
any was present. In all patients and control group members, blood S.A. 0000-0002-3744-6175
leucocytes and CRP values were measured. The carotid, vertebral artery G.K.0000-0003-2881-9360

thickness, and total cerebral blood flow were measured using a Doppler G.€.0000-0002-0928-8827

USG device and standardized 7 MHz linear transducers. There was no
significant relationship between age, sex, body mass index (BMI) and
intima-media thickness between the two groups. In the present study, we
found out that the CRP levels were higher in COPD patients than in the
control group. In progressive COPD patients, CRP levels were the highest.
Furthermore, we found out the CIMT was higher in COPD patients
compared to the control group.

In conclusion, the CIMT and atherosclerosis risk increased in COPD
patients. Systemic inflammation causes a higher carotid intima-media
thickness in COPD patients. This finding was used as an early risk factor
for cardiovascular disease. Doppler USG was used to identify a carotid
artery pathology early. Systematic inflammation continuing during a stable
period causes increased carotid artery intima-media thickness. This entity
plays a role in atherosclerosis etiology.
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OZET

Anahtar sozciikler: KOAH, inflamasyon, hipoksi, obstriiksiyon, ateroskleroz

INTRODUCTION

Chronic obstructive pulmonary disease is a
systemic inflammatory disease, which is
characterized by progressive and not fully
reversible airflow limitation, and which
develops with the abnormal inflammatory
response to harmful particles and gases. The
role of chronic inflammation in the pathogenesis
of the chronic obstructive pulmonary disease
(COPD) is a significant 2 This systemic
inflammation may cause pathology in both the
lungs and other systems. The results of the
studies suggest that COPD is a risk factor for
cardiovascular disease . The increased
cardiovascular risk appears to be parallel with
the decrease in FEV1 . However, the clinical
outcomes of this are not fully known. Besides,
the role of other factors associated with
inflammation or hypoxia is not clear. Carotid
intima-media thickening (IMT), which is a
useful marker for early atherosclerosis, has been
suggested to be used for the early period
evaluation of cardiovascular risk *. Systemic
inflammation and hypoxemia are occurring in
COPD cause systemic vascular responses by
leading to the thickening of the large vessel
walls, destruction of the arterial wall, pulmonary
hypertension, and cor pulmonale. This study
aimed to investigate whether there is a
relationship between IMT changes occurring in
peripheral vessels (such as the carotid and
vertebral artery) and inflammatory mediators
(such as CRP, leukocytes), arterial blood gas
changes, and airway obstruction in COPD
patients.

GENERAL INFORMATION

Chronic obstructive pulmonary disease (COPD)
is a disease characterized by progressive airflow
limitation that is not fully reversible. This

disease develops as a result of an inflammatory
process which occurs against harmful gases and
particles, especially cigarette smoke.
Inflammation is not limited only to the lungs but
also displays systemic characteristics

Pathological changes depend on inflammatory
cell infiltration, chronic inflammation caused by
this infiltration, and structural changes caused by
improper functioning of repair mechanisms °.

It is thought that systemic inflammation plays a
role in the pathogenesis of cardiovascular
disease and atherosclerosis in COPD patients.
Chronic low-grade systemic inflammation is
thought to be one of the most key events leading
to plaque formation. The leukocyte adhesion
required for atheroma plaque formation is
prevented by normal endothelial function under
physiological conditions. However, in cases of
chronic systemic inflammation (such as
diabetes, COPD, or obesity), the endothelium
starts to express excessively surface adhesion
molecules, such as VCAM-1, allowing
leukocytes in the circulation to adhere to
damaged endothelial surfaces. The inflammatory
reaction series is triggered by the adhesion of
leukocytes to the endothelial surface '. Some
molecules may promote or increase this
inflammatory process. The most investigated of
these molecules is CRP.

C-reactive protein is an acute phase protein,
which is mostly synthesized in response to tissue
damage and/or inflammation. Its release occurs
mainly in the liver from the tissue with
inflammation. ~ Since  there is  chronic
inflammation in COPD patients and COPD
causes the increase in the release of IL-6, which
is one of the major mediators of inflammation,
an increase occurs in CRP levels. For this
reason, CRP is used as an inflammatory marker



89 Although it has been demonstrated in cross-
sectional studies that CRP has a relationship
with FEV, it has been shown in longitudinal
studies that it has no relation with the
progressive decrease in FEV,™.

COPD is one of the major causes of chronic
respiratory failure. As the disease progresses,
ventilation/perfusion imbalance, a decrease in
diffusion capacity, and hypoxemia due to
alveolar hypoventilation develop. Especially
during the attack period of the disease,
hypoxemia becomes even more profound. In the
case of the decrease of the partial oxygen
pressure (PaO,) in the arterial blood below 60
mmHg, tissue hypoxia occurs, and this causes
significant systemic effects ™.

The brain's nutrition is provided by four major
arterial roots: two internal carotid arteries (ICA)
and two vertebral arteries (VA), which originate
from the arcus aorta. The brain, which receives
750 ml of blood per minute, provides 500 ml of
this blood from the carotid system and 250 ml
from the vertebrobasilar system. Cerebral blood
flow (CBF) is normally 40-60 ml/100 g brain
tissue/minute on averag® .

In society, the average values of IMT change
between 0.4-1.0 mm, and an annual increase of
0.01-0.03 mm occurs. According to some
studies, IMT more than 1.2 mm thick is
considered abnormal. The increase in this
thickness is the earliest indication of
atherosclerotic  diseases. The intima-media
thickness is associated with cardiovascular risk
factors. The increase in the intima-media
thickness increases the risk of developing
}/Salacular symptoms in asymptomatic patients

MATERIAL AND METHODS

This study is a cross-sectional observational
study. For the study, permission was obtained
from the Ethics Committee of the Faculty of
Medicine of Cumhuriyet University with the
decision numbered 2010-01/43.

A total of 100 people, 60 patients with COPD
who applied to Cumhuriyet University Faculty
of Medicine Department of Chest Diseases and
did not have any systemic disease such as
hypertension,  coronary  artery  disease,
"obstructive sleep apnea syndrome", diabetes
mellitus, congestive heart failure, renal failure,
hyperlipidemia, hypercholesterolemia, etc. and
40 healthy individuals, were included in the
study.
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While the oxygen percentage (FiO,) of the
inhaled air for ABG analysis was 21% (in room
air), 2 ml of blood was collected from the radial
artery to the heparinized injector. Thirty minutes
before the arterial blood was collected, oxygen
receiving of the patients had been given a break.
Arterial blood gases analysis was performed
using a blood gas analyzer (Beckman Coulter
device). In ABG evaluations, pH<7.35 was
considered acidosis, and pH>7.45 was
considered alkalosis. PaCO, was evaluated as
hypercapnia if it was greater than 45 mmHg, and
as hypocapnia, if it was lower than 35 mmHg. In
terms of oxygenation, PaO, < 55 mmHg and/or
Sa0, < , 88% values were considered as
hypoxemic respiratory failure criteria. The
obtained ABG results were recorded.

Respiratory function tests (RFT), (FEV,;, FVC)
measurements were performed by a dry type
standard spirometer (Vimax 20C, Sensormedics-
229-Netherlands) device. According to RFT
results, the GOLD (Global Initiative for Chronic
Obstructive Lung Disease) criteria were used for
the diagnosis of COPD (4). For the diagnosis,
the FEV./FVC ratio, measured at least 15-20
minutes later after administering 400 mcg
salbutamol or 1000 mcg terbutaline, was
required to be less than 70%.

The consent of all patients and all healthy
individuals in the control group was received,
and their blood leucocyte (Advia, Germany) and
C-reactive protein (Beckman-Coulter, USA)
levels were measured. Their carotid artery IMTs
were measured by using a Doppler
ultrasonography  device (General Electric
LOGIQ 9, USA) and a standard 7 MHz linear
transducer in the Department of Radiology of
the Faculty of Medicine of Cumhuriyet
University.

Since healthy individuals who did not smoke
were included in the study as the control group,
ABG and RFT were not studied.

In all cases included in the study, carotid and
vertebral artery Doppler ultrasonographic
examinations  were  performed in the
Ultrasonography unit of the Radiology
Department of Cumhuriyet University Faculty of
Medicine. In order to avoid inter-observer
measurement differences, all measurements
were performed by one radiologist using the
same device and transducer (General Electrics,
Logiqg 9, 9-14 MHz matrix linear transducer).

Examination of each case was started after 15
minutes of resting in the supine position. The



head was turned around 10° in the carotid artery
measurements and about 25-40° in the opposite
direction in the VA measurements. On both
sides, the examination was started just above the
clavicles and the common carotid artery (CCA),
internal carotid artery (ICA), external carotid
artery (ECA), and vertebral arteries (VA) were
examined by moving the transducer in the
cranial direction. The examination was started
with a real-time grey scale, and the axial and
sagittal examination was carried out, then the
PDU examination was performed, and finally,
spectral measurements were taken. In order to
take measurements without error, the diameters
of the vessels were obtained by measuring the
distance between the two echogenic intimae as
perpendicular to the lumen upon the magnified
B-mode images obtained at the end of the
diastole. The posterior wall measurement was
independent of the gain setting, and due to the
higher histology correlation with sonography,
the measurements were made from the posterior
wall. Then Color Doppler Ultrasonography
(CDU) was examined, and the presence of flow
in the vein and possible isoechogenic plaques
were investigated. The total brain blood flow
volume was calculated by collecting bilateral
ICA and VA blood flow volumes.

The data of the study were uploaded to SPSS
14.0 (Statistical Package for Social Sciences)
package program. In the evaluation of the data,
besides descriptive statistical methods (mean,
standard deviation), in the comparison of
quantitative data, Student's t, Mann-Whitney U,
Fisher's test and chi-square tests were used in the
intergroup comparisons of the parameters that
were not mnormally distributed. Pearson’s
correlation test was used in the correlation
analysis. The p-value smaller than 0.05 was
considered as statistically significant. Data were
presented as arithmetic mean (X), standard
deviation (SD), number of individuals (n), and
percentage (%) in the tables.

RESULTS

In this study, 60 patients with COPD and 40
healthy adults were examined to evaluate
whether there was a relationship between the
carotid intima-media thickness and
inflammatory  mediators (such as CRP,
leukocytes), hypoxia and airway obstruction in
COPD patients.

In the patient group, 38 (63.3%) of 60 patients
were male, 22 (36.7%) were female, and in the
control group, 20 (50%) were male, and 20
(50%) were female. The mean age of the patient
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group was 61.5 + 7.9 years, and it was 59.5 +
8.0 years in the control group. 36% of the
patients had a history of smoking. Since the
control group consisted of non-smoker healthy
individuals, a comparison could not be made.

No significant difference was determined
between the patient and control groups in terms
of gender, age, and BMI.

When the CRP values of the patient and control
groups were compared, the CRP value of the
patient group was statistically significantly
higher (p <0.05). There was no significant
increase in the leucocyte level.

When the patient and control groups' CCA-ICA
intima-media thicknesses were compared, the
intima-media thickness of the patient group
increased statistically significantly compared to
the healthy individuals (p <0.05) (Table 4.1).

When the relationship between age and the
intima-media thickness in the patients was
examined, a statistically significant increase in
the left ICA intima-media thickness (p <0.048)
was determined. No statistically significant
difference was found between the other
parameters (p> 0.05) (Table 4.2).

When the relation between the gender and
intima-media thicknesses in the patients was
examined, no statistically significant difference
between the two groups was found (p> 0.005).

In the patients, there was no statistically
significant increase in the relationship between
the body mass index (BMI) and intima-media
thickness (p> 0.05)

CRP values were found to be significantly
higher in the stage 3-4 COPD group in
comparison with the stage 1-2 COPD group (p
<0.05).

When the relation between CRP as a marker of
inflammation and IMT was examined in the
patients, there was a significant difference in
terms of the right ICA (p <0.025) (Table 4.3).

When the relation between hypoxia level and
CCA and ICA intima-media thickness in the
patients was evaluated, the intima-media
thickness was found to be statistically
significantly increased as the hypoxia level
increased (PaO, <60 mmHg) (p <0.05) (Table
4.3).

When the relation between the light and severe
COPD groups and intima-media thicknesses was
examined, the intima-media thicknesses were
found to be statistically significantly increased



in the stage 3-4 COPD group compared to the
stage 1-2 COPD group (p <0.05) (Table 4.3).

In the multiple regression analysis performed
between the carotid intima-media thickness and
%FEV1, PaO, and CRP, a strong correlation
was found, especially between the decrease in
FEV: (%) and the increase in the intima-media
thickness (p <0.05) (Table 4.4).

In the multiple correlation analysis performed in
order to determine the parameter affecting the
carotid intima-media thickness, there was a
strong correlation, especially between the
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decrease in % FEV; and the increase in the
intima-media thickness (p <0.05). Likewise,
there was a negative correlation between the
decrease in PaO, and the increase in the intima-
media thickness, but it was not as strong as the
decrease in % FEV, (Table 4.5).

In the multiple regression analysis performed
between the carotid intima-media thickness and
%FEV1, PaO, and CRP, a strong correlation
was found, especially between the decrease in
FEV; (%) and increased intima-media thickness
(p <0.05) (Table 4.5).

Table 4.1: Comparison of the Intima-Media Thickness between the Patient and Control Groups

Intima-Media Thickness (mm)
CCA ICA
Group (n) Right Left Right Left
(X*£SD**) (X*£SD**) (X*£SD**) (X*£SD**)
Patient (n:60) 0.78+0.02 0.79+0.01 0.63+0.01 0.62+0.01
Control (n:40) 0.71£0.01 0.71£0.01 0.55+0.01 0.57+0.01
p* 0.035 0.003 0.001 0.021

CCA: Common carotid artery, ICA: Internal carotid artery, p* <0.05 was considered significant,

X*: Arithmetic mean, SD**: Standard deviation

Table 4.2: Intima-Media Thicknesses by Age in Patients

Patient group (n=60)

Intima-Media Thickness (mm)

Agelyear - ccA | . ICA
Right Left Right Left
(X*£SD**) (X*£SD**) (X*£SD**) (X*£SD**)
<65 years(n :34) 0.75+0.32 | 0.80+0.22 | 0.62+0.18 | 0.59+0.16
>65 years(n :26) 0.81=0.29 0.81+0.24 0.65+0.19 0.66+0.23
p* 0.265 | 0.482 | 0.350 | 0.048

CCA: Common carotid artery, ICA: Internal carotid artery, p* <0.05 was considered significant,
X*: Arithmetic mean, SD**: Standard deviation
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Table 4.3: The Relationship Between Hypoxia Level , CRP, Light and Severe COPD Groups, CCA and
ICA Intima-Media Thickness

Intima-Media Thickness

Patient group (n=60) CCA | ICA

CRP(mg/L) Right Left Right Left
(X*£SD**) (X*£SD**) (X*£SD**) (X*£SD**)
| CRP(mg/L) 0-8 (n:32) [ 075003 [ 077x002 | 061001 [  0.62+0.02
>8.1(n:28) 0.80£0.02 0.82+0.02 0.67+0.01 0.62+0.01

| p* | 0.247 | 0.181 | 0.025 | 0.448
[ PaO>(60mmHg) n:21) |  0.69£0.02 |  0.71£0.02 |  0.56+0.01 [ 0.57+0.01
Pa0,<60 (mmHg) (n:39) 0.82+0.03 0.83+0.01 0.68+0.01 0.65+0.01

| p* 0.001 | 0.001 | 0.0001 | 0.004
| COPD Stagel-2(n:24) [ 070+0.02 | 0.70£0.01 [ 0.56+0.01 [  0.55+0.01
Stage 3-4 (n:36) 0.82+0.03 0.85+0.01 0.68=0.01 0.67+0.01

p* | 0.001 | 0.0001 | 0.0001 | 0.0001

CRP: C-reactive protein, CCA: Common carotid artery, ICA: Internal carotid artery, PaO,: Partial arterial oxygen
pressure, COPD: Chronic Obstructive Pulmonary Disease p* <0.05 was considered significant, X*: Arithmetic
mean, SD**: Standard deviation

Table 4.4: Multiple Regression Analysis Carried out Between Carotid Intima-Media Thicknesses and
FEV: (%), PaO,, and CRP

Patient n:60 Right CCA Left CCA Right ICA Left ICA
FEV1(%) B -373 -.497 -.452 -.545
t -2.265 -3.252 -3.186 -3.402
p* .027 .002 .002 .001
PaO, B -.126 -.148 -.204 -.027
t -.745 -.941 -1.399 162
p* 459 351 167 872
CRP B -.025 -.150 077 -.082
t -.194 -1.233 .681 -.643
p* .847 223 499 523

CCA: Common carotid artery, ICA: Internal carotid artery, PaO,: Partial arterial oxygen pressure, CRP: C-reactive

protein, FEV(%): FEVy: Forced expiratory volume in the first second, p* <0.05 was considered significant
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Table 4.5: Pearson’s Correlation Analysis Carried out Between Carotid Intima-Media Thicknesses and %

FEV,, PaO,, and CRP

Group (n) Patient (n:60) % FEV, PaO, CRP
Right CCA-IMT
Pearson’s Correlation -451 -.373 .140
p* 0.001 0.003 0.166
Left CCA-IMT
Pearson’s Correlation -.546 -.428 456
p* 0.001 0.001 0.075
Right ICA-IMT
Pearson’s Correlation -.619 -.415 .281
p* 0.001 0.001 0.005
Left ICA-IMT
Pearson’s Correlation +.497 -.315 .164
p* 0.001 0.014 0.104
CCA: Common carotid artery, ICA: Internal carotid artery, IMT: Intima-media thickness, FEV,(%0):
Forced expiratory volume in the first second, PaO,: Partial arterial oxygen pressure, CRP: C-reactive
protein, p* <0.05 was considered significant.

DISCUSSION

COPD is a multicomponent disease in which
structural and functional changes in the lungs and
other organs than the lungs are observed.
Therefore, the systemic response of COPD
patients should be definitely considered. The
previous studies have demonstrated that
inflammatory mediators, such as CRP and
leukocytes, increase both in exacerbations and
during a stable period, and systemic inflammation
also continues in the stable period . In the
present study, in order to evaluate the vascular
effects of the inflammatory process in COPD
patients, the effects of inflammatory markers,
especially CRP, hypoxia and airway obstruction
(FEV1 %) on the carotid artery intima-media
thickness were investigated in stable period
COPD patients.

The most critical changes in the early subclinical
period of atherosclerotic disease are endothelial
dysfunction observed in all arterial beds and the
increase in the intima-media thickness. The
combined thickness of the carotid artery intima
and media is associated with the prevalence of
cardiovascular diseases '’. Therefore, the intima-
media thickness of the carotid artery, of which

increase is determined by non-invasive methods,
has predicted the presence or absence of coronary
artery disease in many studies *.

In the present study, there was no statistically
significant difference between the patient and
control groups in terms of age, gender, and BMI.
COPD and vascular diseases are diseases of
advanced age, and as age progresses, their
coexistence may be concerned . In the study
carried out by Iwamoto et al. on patients with
COPD, the carotid intima-media thickness was
found to increase with increasing age *. In the
study in which Ma et al. investigated the intima-
media  thickness in 2402  asymptomatic
individuals, age was found to be an independent
risk factor in the increase of the intima-media
thickness %. In the study which was carried out by
Tosetto et al. with 2513 cases, the intima-media
thickness increased with increasing age . In the
present study, in patients over the age of 65 years,
the intima-media thickness increased, but an
increase in the intima-media thickness was
determined only in the left ICA, and there was no
statistically significant difference in other
measurements.



In the study carried out by Youn et al. on 433
individuals between 40-70 years of age, they
determined that the carotid intima-media
thickness displayed a correlation with male gender
in healthy individuals % Again, in the study by
Ma et al., the carotid intima-media thickness was
stated to be higher in males than in females %. In
the present study, although the intima-media
thickness increased in males, the difference was
not statistically significant.

In many studies conducted, it was found out that
CRP increased in COPD patients, and this
increase was proportional to airway obstruction in
COPD *?, In an 8-year survey carried out by
Ridker et al. on 28000 individuals, the level of
CRP was found to be a stronger indicator of
myocardial infarction, ischemic stroke, coronary
disease, cardiovascular disease deaths compared
to LDL cholesterol . Torres et al. investigated
the relationship between CRP levels and
pulmonary function, arterial oxygen pressure, 6-
minute walk test, BMI, and smoking in 130 stable
COPD patients and 65 healthy nonsmokers in the
control group. CRP levels were found to be higher
in the COPD group compared to the control
group. They demonstrated that there was an
inversely proportional change between CRP and
FEV1, FEV1% in stable COPD patients °. In the
present study, a significant relationship was also
found between CRP and FEV1% (p <0.05).
Furthermore, in this study, the CRP level was
found to be higher in the COPD group compared
to the control group.

In a study conducted by Thorleifsson et al. with
patients who participated in the BOLD study in
Iceland, serum CRP and IL-6 were demonstrated
to be closely related to low FEV; and FVC (26).
In accordance with previous studies, a statistically
significant increase was determined in CRP, and
leukocyte counts as the COPD stage progressed in
our study (p<0.05).

In the present study, the intima-media thickness
was found to increase as the hypoxia level
increased (PaO, <60 mmHg) (p <0.05). In the
correlation analysis, there was a strong correlation
between the decrease in PaO, and the increase in
the intima-media thickness. These results confirm
the effect of hypoxia on IMT, in accordance with
the literature.

The data obtained from 6629 patients, who were
involved in the NHANES Il study, were
examined in order to determine whether there are
markers of systemic inflammation including CRP
in COPD patients and to investigate the possible
connections with cardiovascular damage. Patients
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with severe to very severe COPD were found to
have significantly higher serum leukocyte,
platelet, and fibrinogen levels than those without
airway obstruction. Although smaller, significant
increases were also observed in these
inflammation markers in patients with moderate
COPD, this indicates that systemic inflammation
was associated not only with severe COPD .

CONCLUSION

In the present study, a significant increase was
determined in the intima-media thickness in
patients with COPD. No significant relationship
was found between the increase in IMT and age,
gender, and BMI in COPD patients. There was a
significant relationship between CRP increase and
IMT only in the right ICA, but this relationship
was not significant in the correlation analysis. A
significant relationship was determined between
obstruction (%FEV1) in COPD and IMT. This
relationship was confirmed by correlation and
regression analysis. A significant relation was
determined between hypoxia and IMT, and this
relation was confirmed by correlation analysis,
but a significant correlation was not found in
regression analysis. In the present study, the
intima-media thicknesses were determined to
increase statistically significantly in the Stage 3-4
COPD group in comparison with the Stage 1-2
COPD group (p <0.05). In the present study,
significantly high IMT and serum CRP level in
patients with COPD compared to the control
group emphasize the close relationship between
COPD, cardiovascular, and cerebrovascular
diseases.
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