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syndrome is associated with
larger left carotid atherosclerotic
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Background: Little is known about whether the overlap syndrome (OS) combining
features of chronic obstructive pulmonary disease (COPD) and sleep apnea-
hypopnea syndrome increases the risk of stroke associated with COPD itself.
Methods: We prospectively studied 74 COPD patients and 32 subjects without
lung disease. Spirometry and cardiorespiratory polygraphy were used to assess
the pulmonary function of the study population and ultrasound measurements
of intima media thickness (IMT) as well as the volume of plaques in both carotid
arteries were also evaluated.

Results: Polygraphic criteria of OS were met in 51% of COPD patients. We found
that 79% of patients with OS and 50% of COPD patients without OS had
atherosclerotic plaques in the left carotid artery (p = 0.0509). Interestingly, the
mean volume of atherosclerotic plagues was significantly higher in the left
carotid artery of COPD patients with OS (0.07 + 0.02 ml) than in those without
OS (0.04 + 0.02 ml, p=0.0305). However, regardless of the presence of OS, no
significant differences were observed in both presence and volume of
atherosclerotic plaques in the right carotid artery of COPD patients. Adjusted-
multivariate linear regression revealed age, current smoking and the apnea/
hypopnea index (OR =4.54, p =0.012) as independent predictors of left carotid
atherosclerotic plaques in COPD patients.

Conclusions: This study suggests that the presence of OS in COPD patients is
associated with larger left carotid atherosclerotic plaques, indicating that OS
might be screened in all COPD patients to identify those with higher risk of stroke.

KEYWORDS

atherosclerosis, chronic obstructive pulmonary disease, carotid atherosclerosis, apnea,
sleep obstructive apnea, overlap syndrome

Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease with a
high global prevalence which is estimated to be currently the third leading cause of death
worldwide and the numbers are rising (1, 2). Since COPD is a non-curable disease,
smoking cessation is the only effective measure to prevent and slow its progression (3).
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The main endpoints in the COPD therapy are: to attenuate disease
symptoms, to reduce the frequency and severity of exacerbations,
and to improve the prognosis. Noteworthy, a new chronic
respiratory disease combining features of COPD and sleep
apnea-hypopnea syndrome, named overlap syndrome (OS), has
been described. Although little is known nowadays about its
clinical and prognostic impact, there is a growing evidence that
the clinical outcomes of patients with OS may be more
deleterious than those of patients with either COPD or sleep
apnea alone (4, 5). The prevalence of OS in the general
population has been assessed in distinct epidemiological studies
with estimations varying from 10% to 66% (6, 7).

COPD is associated with a high morbidity and mortality largely
due to the presence of metabolic and cardiovascular co-morbidities,
such as obesity, type 2 diabetes, non-alcoholic fatty liver disease
and a wide spectrum of atherosclerosis-related cardiovascular
disorders (CVD) (8). Regarding the latter, distinct meta-analysis
of observational clinical studies showed that COPD patients have
2-fold higher risk of CVD than subjects without COPD, being
ischemic heart disease, ischemic stroke and peripheral artery
disease the most frequently observed CVD in COPD patients (9,
10). In fact, several studies have investigated whether CVD are
more prevalent in certain phenotypes of COPD patients without
conclusive results so far. It has been observed that cardiovascular
co-morbidities are not only limited to those with more advanced
airflow obstruction, but they are indeed present across the wide
spectrum of disease severity (11, 12). Regarding sleep apnea, it
has been described distinct inflammatory factors which might
cause the progression of atherosclerosis, thus increasing the risk
of cardiovascular and cerebrovascular diseases (13). In this
context, Trzepizur et al. have recently reported that patients with
obstructive sleep apnea and elevated hypoxic burden are at
higher risk of a cardiovascular event and all-cause mortality (14).
Interestingly, OS has been linked to higher cardiovascular
morbidity, poorer quality of life, and higher frequency of COPD
exacerbations (15), but these findings need to be confirmed in
further clinical studies.

Atherosclerosis is the underlying cause of CVD in most cases
(16) and it is considered the first cause of death in CVD as well
as a major cause of total deaths (17). Atherosclerosis is a chronic
and systemic disease characterized by promoting cholesterol
influx in the vascular wall, leading to fatty streaks and fibrotic
streaks in early stages, and prompting generation of a necrotic
core with thrombogenic capacity in advanced complicated
plaques (18). Currently, it is quite unpredictable to know who is
going to suffer from atherothrombosis, which depends on the
vulnerability of the plaque. Noteworthy, most of the patients are
asymptomatic, especially in early stages. For these reasons, the
current approaches to improve the diagnosis and prognosis are
non-invasive imaging techniques to better characterize vessel
morphology as well as biomarkers discovery. Carotid
atherosclerosis (CAS) plays a fundamental part in the occurrence
of ischaemic stroke, and some morphological characteristics like
plaque volume are promising as imaging biomarkers of carotid
plaque vulnerability (19). Moreover, mechanisms underlying the
pathogenic link between sleep apnea and carotid atherosclerosis
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may be different for carotid plaque development than for the
increase of carotid intima-media thickness (20). On the other
hand, despite the growing appreciation of the importance of
atherosclerosis in COPD patients, there is still considerable
ambiguity about its prevalence and clinical impact. Therefore, in
this prospective cross-sectional study we wanted to explore the
prevalence of and risk factors for CAS among patients with
COPD, either with or without OS, in order to determine whether
the coexistence of the OS in COPD patients might impact on the
development of CAS.

Patients and methods
Study population

This study was performed in agreement with the Declaration of
Helsinki, and with local and national laws. The Institution’s
Research  Ethics
procedures (report reference, PI16/2,800), and all participants

Clinical Committee approved the study
signed an informed written consent before inclusion in the study,
providing permission for their medical data to be anonymously
used for research.

This prospective cross-sectional study included consecutive
patients with clinical, spirometric and polygraphic criteria of
COPD, with or without OS, among those who attended to the
of the

Universitario de La Princesa (Madrid, Spain) during a 6 months

outpatient clinics Respiratory Service at Hospital
period. In parallel, volunteers who had both spirometry and sleep
polygraphy parameters within normality were included in the
study and considered as control subjects with normal lung
parameters (NLP). Patients and controls were excluded if they
drank more than 20 g/day of alcohol, had a diagnosis of asthma
or cancer or any concomitant severe clinical disorder. In
addition, they were also excluded if had analytical evidence of
iron overload, were seropositive for autoantibodies and/or for
hepatitis B hepatitis C
immunodeficiency virus as well as those having actively drugs

virus, virus, and human

such as cannabis and cocaine among others.

Demographic, clinical and biochemical
assessment

Clinical examination was performed to all participants in this
study including a detailed interview with special emphasis on
smoking pattern, alcohol and drugs abuse (cannabis and cocaine)
and medications wuse, history of diabetes and arterial
hypertension as well as measurements of weight and height.
Body mass index (BMI) was calculated and obesity was defined
as BMI > 30 kg/m2. After overnight fast, venous blood samples
of each participant were obtained to test serum levels of different
biochemical and metabolic parameters. Insulin resistance was
calculated by the homeostasis model assessment method
(HOMA-IR) (21). Metabolic syndrome was defined according to

the ATP III criteria (22).
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Spirometry

To assess the diagnosis and severity of COPD, spirometry was
performed to all participants by using a JAEGER™ spirometer
Medical, Madrid, all the

specifications required by the Spanish Respiratory Society, the

(Vyaire Spain) which meets
European Respiratory Society and the American Thoracic
Society. All patients and control subjects underwent pre- and

post-bronchodilator spirometric determinations.

Cardiorespiratory polygraphic study

All polygraphic studies were performed at night in the Sleep
Laboratory of the Hospital Universitario de La Princesa by using
validated procedures as previously described (23). Sleep studies
were  performed using a cardiorespiratory  polygraphy
(SOMNOscreenTM  Plus, Randersacker, Germany), previously
validated, with DOMINO analysis software (Domino Data Lab,
San Francisco, CA). The interpretation of the register was carried
out manually, although assisted by a computer, following the
consensus recommendations for the diagnosis of apnea, hypopnea
with desaturation of 3%, according to the recommendations for
diagnosis of sleep apnea-hypopnea syndrome of the Spanish
Society of Pneumology and Thoracic Surgery (24). Moreover,
episodes of apnea were further characterized as central or
obstructive as previously described (23). The presence of an apnea
and hypopnea index (AHI) equal to or greater than 5 per hour of
sleep was used as diagnostic criterion for certainty of sleep apnea.
The severity of apnea-hypopnea was classified according to the
value of AHI as mild (AHI, 5-14/h), moderate (AHI, 15-29/h) or
severe (AHI>30/h). In addition, other pulmonary parameters
were analyzed such as the oxygen desaturation index (ODI) and
the percentage of sleep time with oxygen saturation below 90%
(Tc90%). Both ODI and Tc90% were considered low when lower
than 10 events/hour and 10%, respectively, and were considered
high when equal or higher than 10 events/hour and equal or

higher than 10%, respectively.

Assessment of vascular damage

Distinct features of vascular damage were determined by using
ultrasonography (Applio XG, Canon, Tokyo, Japan) to each patient
as follows:

- Intima-media thickness (IMT) was measured in the distal 2
centimeters (cm) of both common carotid arteries. The
methodology defined in the Mannheim consensus (ref tesis
pedro 193) was used. Each participant had 3 carotid IMT
(cIMT) measures by side, which were carried out and scored
for quality by 2 experts vascular radiologists (AFR, JMO). We
calculated cIMT for each participant as the average value of
all measurements that met predefined quality standards.

was

Volume of arterial plaques determined following

internationally accepted criteria (25). Arterial plaque was
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defined when 2 of the following criteria were met: 1- IMT >
1.5 mm. 2- Impression in the vascular lumen. 3- Abnormal
wall texture. The plaque burden found in both carotid arteries
(2 cm distal common carotid arteries and 1 cm distal internal
carotid arteries) was calculated. This plaque load was
expressed as the sum of the volumes of all plaques. All
ultrasound measurements were performed by 2 experts
vascular radiologists (AFR, JMO) using a 7 MHz linear probe
(model PLT-704SB, Tokyo, Japan) and a high frequency
volumetric linear probe model PLT-1204 MV probe (Canon,
Tokyo, Japan) with a 3D/4D volumetric reconstruction
software model Toshiba UIMV-A500A (Canon, Tokyo, Japan).

Statistical analysis

The Kolmogorov-Smirnov test was applied to evaluate if
variables were adjusted or not to a normal distribution.
Qualitative variables are presented as absolute (number, n) and
relative (percentage, %) frequencies. Quantitative variables are
expressed as measures of central tendency (mean) and dispersion
(standard deviation, SD). Qualitative data between groups were
compared by Pearson’s y” test or Fisher exact test as appropriate.
The Student’s ¢ test was used to calculate the difference of the
means in the variables that followed a normal distribution and
the Mann-Whitney U test for the variables with a non-
parametric distribution. Logistic regression analysis, adjusted by
confounding variables (age, gender BMI, diabetes, arterial
hypertension, total cholesterol, current smoking, post-FEV1 and
number of exacerbations per year) was performed to identify
independent polygraphic variables (AHI, ODI, and Tc90%)
associated with the presence of atherosclerotic plaques in either
the left or the right carotid artery in the study population.
Multiple
evaluated, such as creatinine, glomerular filtration rate, albumin,

confounding factors of cardiovascular risk were
glucose, insulin resistance assessed by HOMA-IR, triglycerides,
low and high density

phosphatase and iron metabolism, as well as history of previous

lipoproteins, dyslipidemia, alkaline
cardiovascular disease (atrial fibrillation, chronic heart failure,
acute myocardial infarction, cerebrovascular disease and stroke)
and medicament use (ACE inhibitors, angiotensin-II receptor
antagonists and oral antidiabetics or insulin). Univariate and
multivariate regression models were constructed, parameters were
selected by likelihood ratio test, and Box-Tidwell procedure was
used for testing linearity of logit. The goodness of fit was
evaluated using the Hosmer-Lemeshow statistic. Significance was
set at a value of p <0.05. Statistical analysis was performed using

SPSS software version 26.0 (SPSS Statistics, Armonk, NY: IBM Corp.).

Results
Characteristics of the study population

A total of 74 COPD patients and 32 subjects with NLP were
included in the study according to inclusion and exclusion
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criteria.  Demographic,  anthropometric ~ and  analytical
characteristics of the entire study population are detailed in
Table 1. Overall, COPD patients were older and had insulin
resistance, hypertension and dyslipidemia
frequently than NLP subjects. Furthermore, COPD patients had

significantly higher serum levels of ALT, GGT and ferritin than

arterial more

NLP controls. Regarding pulmonary function parameters, as
expected, all spirometry parameters were significantly lower in
COPD patients than in NLP subjects as well as basal and
minimum oxygen saturation (Supplementary Table S1).

Prevalence of carotid atherosclerotic
disease in the study population

To this end, left and right carotid artery were assessed by
ultrasonography to measure IMT as well as to determine the
number and volume of atherosclerotic plaques in the entire study
population. We did not found differences in ¢IMT between
COPD and NLP subjects A-D) but
atherosclerotic plaques, in both left and right carotids, were

(Figure 1, panels
significantly more abundant and larger in COPD patients than in
NLP subjects (p <0.0001 for all cases) (Figure 1, panels E-H).

Prevalence of overlap syndrome

We carried out cardiorespiratory polygraphic study to all
COPD npatients included in order to determine the prevalence of
OS in our study cohort. According to internationally-accepted
diagnostic criteria, COPD patients were stratified by the presence
(AHI > 5 events/hour) or absence of OS (AHI<5 events/hour)
and their baseline characteristics are shown in Supplementary
Table S2. Overall, 38 out of 74 COPD patients (51%) had
polygraphic criteria of OS, being the estimated prevalence of
COPD-OS in our study cohort of 51%. These COPD-OS patients
were predominantly men and had significantly higher serum
GGT levels than those without OS. Pulmonary function
parameters of COPD patients according to the absence or
presence of OS are summarized in Table 2. To highlight, the
majority of COPD patients with OS had a mild or moderate AHI
(79%) and an ODI equal or higher than 10 (84.2%).

Increased prevalence of left carotid
atherosclerotic plaques in COPD patients
with overlap syndrome

No significant differences were observed in COPD patients with
or without OS regarding cIMT measurements either in left or right
carotid arteries (Figure 2, panels A-D), although there is a trend
towards a slight increase in the left carotid artery, as well as in the
number of patients with left cIMT above 1 mm, a widely used
cut-off point as a surrogate marker of CAS. In the same line, we
found that 30 out of 38 patients with OS (79%) and 18 out of 36
patients without OS (50%) had atherosclerotic plaques in the left
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TABLE 1 Characteristics of the study population.

Features NLP COPD p-
(n=32) (n=74) value
Age (years) 54.38 + 8.53 63.38 +6.57 <0.001
Gender 0.118
Women, n (%) 20 (62.5) 34 (45.9)
Men, n (%) 12 (37.5) 40 (54.1)
Body mass index (kg/m2) 28.91+5.54 27.63 +5.80 0.208
Body mass index >30, n (%) 10 (31.3) 24 (32.4) 0.905
Glucose (mg/dl) 97.37 £13.37 101.84 +25.36 0.376
Insulin levels (uU/L) 11.54 £ 7.58 14.50 £ 9.65 0.131
HOMA-IR score 2.93+£227 3.94+£298 0.082
HOMA-IR score >2.5, n (%) 14 (43.8) 50 (67.6) 0.021
Glycated Hb (%) 5.63 £0.52 5.74 £0.58 0.108
Type 2 diabetes mellitus, n (%) 2 (6.3) 15 (20.3) 0.088
Hypertension, n (%) 9 (28.1) 41 (53.2) 0.021
Dyslipidemia, n (%) 7 (21.9) 36 (48.6) 0.011
Metabolic syndrome, n (%) 3(9.4) 12 (16.2) 0.545
Triglycerides (mg/dl) 106.47 + 66.57 125.03 £69.23 0.116
Total cholesterol 196.81 +39.17 198.23 +£42.32 0.896
HDL-cholesterol (mg/dl) 57.53 +12.96 60.58 +22.21 0.422
LDL cholesterol (mg/dl) 11522 £30.75 108.99 + 38.66 0.404
ALT (IU/L) 18.78 +7.34 22.77 £9.09 0.033
AST (IU/L) 20.28 +5.61 23.18 £8.18 0.063
GGT (IU/L) 22.19+13.03 36.55 + 30.07 0.003
Iron (ug/dl) 78.47 £ 33.50 89.70 £29.33 0.124
Ferritin (ng/ml) 87.41+72.14 134.26 +98.40 0.021
Transferrin (mg/dl) 24426 +31.58 259.41 +39.47 0.051
Alkaline phosphatase (IU/L) 69.62 £22.69 71.23 £19.55 0.877
Lactate dehydrogenase (U/L) 182.72 +36.12 195.59 + 36.12 0.140
Albumin (g/dl) 4.37 +0.27 4.38 +0.39 0.941
Platelets (109/L) 0.23£0.07 0.24£0.05 0.392
Total bilirubin (mg/dl) 0.57 £0.48 0.55+£0.29 0.467
C reactive protein (mg/L) 0.42 +0.59 0.42 +£0.52 0.568

Data are shown as mean + standard deviation or as number of cases (%). NLP,
subjects with normal lung parameters; COPD, subjects with chronic obstructive
pulmonary disease; HOMA-IR, homeostatic model assessment-insulin resistance;
Hb, hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
VLDL, very low-density lipoprotein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyltransferase.

carotid artery (p=0.0509) (Figure 2, panel E). Interestingly, the
mean volume of atherosclerotic plaques was significantly higher in
the left carotid artery of patients with OS (0.07 £ 0.02 ml) than in
those without OS (0.04 £ 0.02 ml, p=0.0305) (Figure 2, panel F).
Conversely, and regardless of the presence of OS, no significant
differences were observed in both the presence and volume of
atherosclerotic plaques in the right carotid artery of COPD
patients with OS (Figure 2, panels G and H).

Risk factors for left carotid atherosclerotic
plaques in COPD patients

To further evaluate the impact of OS on the presence of left
carotid atherosclerotic plaques in COPD patients, we performed
multivariate logistic regression analysis in our study cohort to
determine the associated risk factors. We performed univariate
analysis of multiple traditional risk factors - detailed in Patients
and Methods - for carotid atherosclerosis, COPD and sleep
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FIGURE 1
Prevalence of carotid atherosclerosis in the study population. Number of COPD patients and NLP subjects with left and right carotid IMT measurements
(panels A and C, respectively) and differences between the study groups regarding mean IMT of left and right carotids (panels B and D, respectively).
Number of COPD patients and NLP subjects with left and right carotid plaque measurements (panels E and G, respectively) and differences between
the study groups regarding mean volume of left and right carotid plaques (panels F and H, respectively). COPD, chronic obstructive pulmonary
disease, n = 74. NLP, normal lung parameters, n = 32.

TABLE 2 Pulmonary function parameter in COPD population according to
OS presence.

Features Non-OS (n = 36) OS (n=38) p-value
PRE FVC (ml) 2343.89 + 830.86 2895.55 +983.88 0.013
PRE FVC (%) 70.48 +19.52 74.53 +20.19 0.407
PRE FEV (ml) 1200.08 + 615.17 1634.47 +731.00 0.008
PRE FEV (%) 47.38 +21.18 55.57 +18.63 0.087
PRE FEV/FVC 49.95+13.48 5537 +12.35 0.082
POST FVC (ml) 2420.28 + 831.29 2979.68 +1011.79 0.009
POST FVC (%) 71.65 +16.87 77.46 +20.12 0.159
POST FEV (ml) 1261,31 + 659.57 1733.95 + 769.66 0.006
POST FEV (%) 49.53 +22.46 59.42 +20.10 0.053
POST FEV/FVC 50.06 + 13.66 56.60 +12.89 0.057
Basal saturation 92.81+5.76 94.29 £ 2.57 0.337
Minimum saturation 78.92+10.83 76.34 +8.57 0.067
Mallampati score 1.42 £1.00 1.47 £0.80 0.869
Dyspnoea grade 1.83 £1.03 1.74 +1.00 0.697
Physical activity scale 1.08 £0.81 1.16 £0.72 0.715
Exacerbations/year 0.83 +1.08 0.76 +1.15 0.718
COPD score (Gold) 1.61£1.10 1.18 £ 1.01 0.087
AHI (events/hour) 1.67 £2.26 2234+17.14 <0.001
5-14, n (%) 0 (0) 15 (39.5)

15-29, n (%) 0 (0) 15 (39.5) <0.001
>30, n (%) 0 (0) 8 (21.1)

ODI (events/hour) 2.62 £2.65 25.58 +20.60 <0.001
>10, n (%) 0 (0) 32 (84.2) <0.001
Tc90% 35.19+34.23 40.01 £33.63 0.245
>10, n (%) 21 (58.3) 27 (71.1) 0.252

Data are shown as mean + standard deviation or as humber of cases (%). COPD,
subjects with chronic obstructive pulmonary disease; OS, subjects with overlap
syndrome; FVC, forced vital capacity; FEV, forced expiratory volume; AHI, apnea-
hypopnea index; ODI, oxygen desaturation index; Tc90%, percentage of sleep
time with oxygen saturation below 907%.
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apnea, being the most relevant detailed in Supplementary
Table S3. Multivariate logistic models were build with variables
showing p-value <0.10 in univariate analysis, and revealed that
only age [OR=1.19 (95% CIL: 1.07-1.32), p=0.002], current
smoking [OR=10.50 (95% CI: 1.94-56.71), p=0.006] and
AHI>5 [OR=4.54 (95% CI: 1.39-14.85) p =0.012] significantly
predicted an increased risk for left carotid atherosclerotic plaques
in COPD patients (Supplementary Table S3).

Discussion

The results of this study provides convincing evidence that COPD
patients with concomitant polygraphic criteria of sleep apnea, which
are defining the OS, had an increased mean volume of left carotid
plaques than those without (0.07+0.02ml and 0.04 +0.02 ml,
respectively, p=0.0305), although the clinical relevance of this
finding must be confirmed in further clinical studies. Besides, no
differences were detected on right carotid arteries. In patients with
OS, frequency of atherosclerotic plaques in the left carotid artery is
increased compared to COPD patients without OS (79% and 50%,
respectively, p =0.0509) but the difference in number of patients is
rather small and univariate analysis did not achieve statistical
significance. For that reason, we investigated the influence of OS on
the presence of left carotid plaques in the whole group of COPD
patients (with and without OS) besides other traditional factors
related to the progression of atherosclerosis, such as age, sex, obesity,
diabetes, hypertension, hypercholesterolemia and active smoking.
Even after adjustment for these potential confounding factors, the
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Increased prevalence of left carotid atherosclerosis in COPD patients with overlap syndrome. Number of COPD patients, with and without OS, with left
and right carotid IMT measurements (panels A and C, respectively) and differences between the study groups regarding mean IMT of left and right
carotids (panels B and D, respectively). Number of COPD patients, with and without OS, with left and right carotid plaqgue measurements (panels E
and G, respectively) and differences between the study groups regarding mean volume of left and right carotid plaques (panels F and H, respectively).
COPD, chronic obstructive pulmonary disease. Non-OS, non-overlap syndrome, n = 36. OS, overlap syndrome, n = 38.
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presence of OS in COPD patients was still significantly associated with
the increased prevalence of left carotid plaques (OR, 4.54,
p=0.012). Among the lung function parameters that we used to
assess the severity of OS, the frequency of AHI appeared to be more
important that hypoxemia measured by ODI and Tc90%. On one
hand, Tc90% was not associated with the increased prevalence of left
carotid plaques in COPD patients. On the other hand, since 44.6%
of the patients with COPD in our cohort presented both AHI>5
and ODI> 10, there is an association between ODI and carotid
plaque prevalence. However, AHI >5 included a higher number of
patients than ODI > 10, and also provides better fit of the model,
suggesting that AHI is an independent predictor of atherosclerotic
plaques in the left carotid artery. Nevertheless, longitudinal
observational studies in larger cohorts of COPD patients with and
without OS are needed to elucidate the precise mechanisms which
could play a key role in the cardiovascular outcomes of these patients.

Distinct previous investigations have shown that ischemic
cerebrovascular events correlate positively with the increase of cIMT
measured by ultrasonography (26-28). More recently, a meta-
analysis including 13,428 patients with asymptomatic non-stenotic
carotid plaques (NSCP) reported that the presence of NSCP is
more closely related to the risk of first-ever o recurrent ischemic
stroke than is cIMT (29). One of the most striking finding of the
present study is that the potential deleterious effects of OS on the
progression of CAS in patients with COPD seem to be largely
restricted to left carotid artery. Interestingly, in a population-based
cohort study in which carotid MRI scanning was performed to
1,414 reported that carotid
atherosclerotic plaque size and composition are not symmetrically

stroke-free participants, authors
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distributed and that high-risk plaque features, such as intraplaque
hemorrhage, are predominant in left-sided carotid plaques (30).
Based on these previous reports and taken into account that we
found COPD patients with OS presented a higher prevalence and
larger atherosclerotic plaques in the left carotid artery than those
without OS, we consider OS as a potentially-modifiable risk factor
of CAS, and suggest that it might have potential implications on
ischemic stroke risk, although this should be assessed with
additional longitudinal studies designed for that purpose that were
not initially in the scope of this research.

It is well known that patients with COPD are at increased risk of
ischemic stroke compared to the general population (31, 32), but the
mechanisms and molecular mediators underlying the stroke
predisposition of COPD patients still remain to be defined. Patients
with COPD have also higher risk for increased cIMT than healthy
subjects. In this regard, Watanabe et al. (33) have recently
demonstrated the association between cIMT and forced expiratory
volume (FEV) below 70% and smoking experience. On the other
hand, mechanisms underlying subclinical organ damage in the
obstructive sleep apnea (OSA) setting are multifactorial, including
endothelial dysfunction, hypertension, and vascular remodeling
(also comprehending increased cIMT) (34). In the same line, studies
by Altin et al. (35) and Wang et al. (36) described an association of
cIMT with severe OSA and AHI. Conversely, Myslinski et al. (37)
described absence of differences in early lesions between severe OSA
patients and healthy controls. However, patients with COPD have
increased vascular damage compared to healthy subjects. Thus,
according to current evidence and the results of our study, we
suggest that OS may impact on plaque development rather than
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early atherosclerosis onset. Besides traditional risk factors for ischemic

aging,
hypercholesterolemia and arterial hypertension, there is extensive

stroke, such as tobacco  smoking, diabetes, or
evidence indicating that chronic low-grade systemic inflammation
and oxidative stress, which are key pathophysiological drivers of
both pathological wall remodeling in atherosclerosis (16, 38) and
COPD (39-41), can also induce cerebrovascular dysfunction and
structural alterations of cerebral vessels increasing the risk for
ischemic stroke in COPD patients (42, 43). Regarding the impact of
OS on cardiovascular morbidity and mortality in COPD patients,
distinct large observational studies have yielded conflicting results
(44-46). Our results shown herein favor the notion that OS should
be considered as a risk factor for atherosclerosis in the left carotid
artery, because we observed that COPD patients with an AHI>5
presented 4.5-fold higher risk for presence of atherosclerotic plaques
in the left carotid artery, which were also larger in patients with OS.
However, further prospective longitudinal case-control studies in
large cohorts of well-characterized COPD patients are warranted in
order to determine the real impact of OS on the incidence of major
cardiovascular events such as ischemic stroke among others.

The major strength of the present study is the novelty of its design
performing ultrasound IMT measurements of both carotid arteries to
a large cohort of COPD patients and control subjects assessed by
spirometry and cardiorespiratory polygraphy. However, this study
design has some limitations because causal interpretations of the
impact of OS in the risk of ischemic stroke cannot be drawn from
a cross-sectional study and large longitudinal observational studies
are needed to accomplish that endpoint. Moreover - although
AHI > 5 stays statistically significant as an independent predictor of
left carotid plaque presence - our analysis shows very high
confidence intervals, suggesting that our study cohort may be too
small or heterogeneous and, hence, odds estimations should be
interpreted with caution.

In conclusion, the present study provides the first evidence that
the presence of OS in COPD patients is positively associated with
lager left carotid atherosclerotic plaques, suggesting that ultrasound
carotids assessment may be useful to identify those COPD patients
in-depth
cerebrovascular evaluation should be recommended. Nevertheless,

at higher-risk for ischemic stroke to whom
in order to prove the efficacy of this screening strategy, in terms
of outcomes and cost-effectiveness, further longitudinal clinical

studies in larger cohorts of COPD patients are warranted.
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