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Abstract. — OBJECTIVE: Obstructive Sleep
Apnea (OSA) has been associated with both
subclinical and accelerated atherosclerosis;
however, it still remains unknown whether this
association is unique or is mediated by the high-
er burden of co-existing cardio-metabolic disor-
ders frequently seen in patients with OSA.

PATIENTS AND METHODS: A total of 40 sub-
jects without clinically diagnosed cardiovascu-
lar disease (CVD) referred for polysomnography
test were included in the study. Subjects with ap-
nea/hypopnea index (AHI > 15/h) were classified
as moderate/severe OSA. Subclinical changes
in carotid atherosclerosis were assessed using
mean carotid intima-media thickness (cIMT) and
presence of atheromatic plaques on both carot-
id arteries. The measurement was performed
using B-mode ultrasonogram. Framingham risk
score was used in the approximation of cardio-
vascular risk.

RESULTS: The mean age of our cohort was
56.8 years, 70% (n = 28) of whom were males.
Moderate/severe OSA was diagnosed in 21 sub-
jects. Both groups were well matched in terms
of clinical and demographic characteristics, and
cardiovascular risk profile, as shown in their re-
spective Framingham risk scores (10.4 = 6.6 vs.
11.8 = 8.8, p = NS). Patients with moderate/se-
vere OSA had a higher mean AHI, 3% oxygen de-
saturation index, and lower minimum nocturnal
oxygen saturation than controls. No significant
differences were detected in terms of C-reactive
protein levels. The two groups had similar cIMT
(0.66 = 0.17 vs. 0.75 £ 0.20 p = 0.33) and presence
of atheromatic plaque (50% vs. 45%, p = 1.00).

CONCLUSIONS: Our study suggests that
among patients with similar cardiovascular risk
profile and free of overt CVD, the severity of
newly diagnosed OSA was not correlated with
increased inflammation or subclinical carotid
atherosclerosis.
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Introduction

Obstructive sleep apnea (OSA) is a sleep-relat-
ed breathing disorder characterized by recurrent
episodes of complete or partial obstruction of the
upper airway, specifically the apnea and hypo-
pnea'. An apnea/hypopnea index > 5 events/hour
is defined as OSA. The prevalence of OSA in the
US is approximately 20-30% in males and 10-15%
in females, and it is estimated that over 15 mil-
lion Americans suffer from OSA. Its’ prevalence
is slated to increase in light of increasing rates of
obesity worldwide**. While OSA has gained pop-
ularity among medical society and patients, the
vast majority of patient with moderate to severe
OSA have remained undiagnosed*.

Despite recent advances in pharmacotherapy
and medical technology, cardiovascular dis-
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ease (CVD) remains the leading cause of death
worldwide resulting in a shift of modern prac-
tice towards early detection of atherosclerosis,
proper risk stratification and more aggressive
preventing strategies>S. Markers of sub-clinical
atherosclerosis including carotid intima-media
thickness (cIMT), presence of carotid artery
plaque, coronary artery calcification (CAC),
and abdominal aortic calcification have been
used as predictors of future cardiovascular
events and mortality’™.

Cumulating evidence suggests link between
OSA and accelerated atherosclerosis and en-
dothelial dysfunction'®'*. Recently, a series of
studies have associated OSA with subclinical
atherosclerosis, however exact mechanisms re-
main unknown'. Moreover, OSA patients are of
high cardiovascular risk profile, given the high
prevalence of conventional cardiovascular risk
factors including obesity, diabetes mellitus, and
hypertension'é"”. Consequently, whether the
observed increased cardiovascular disease bur-
den in OSA patients is due to OSA itself or me-
diated mostly by co-existing cardio-metabolic
disorder remains unknown.

Patients and Methods

Patients

We enrolled 40 subjects who were referred for
full overnight polysomnography and were free of
cardiovascular disease. Moderate to severe OSA
was defined as Apnea-Hypopnea Index [AHI] >
15, and the control group consisted of those with
none/mild OSA (AHI < 15)*. All study subjects
underwent overnight polysomnography for the
detection and assessment of OSA presence and
severity. Patients with definite history of CVD
including those with previous myocardial infarc-
tion, peripheral arterial disease, stroke, unstable
angina, prior coronary intervention, arrhythmias,
aortic aneurysm, chronic kidney disease, use of
statins or aspirin, or any chronic inflammatory
disease were excluded.

A full medical history and sleep history was
obtained from each patient. Blood samples were
obtained in the morning post-polysomnogra-
phy, and carotid ultrasound was performed
within a week post-polysomnography. The
study was approved by the Institutional Ethics
Committee of our University Hospital and in-
formed written consent was obtained from all
the participants.

Polysomnography

A full overnight polysomnography was per-
formed in all participants to determine the pres-
ence and severity of OSA. Apnea and hypopnea
episodes were defined based on the recommen-
dations of the American Academy of Sleep Med-
icine (AASM). Apnea was defined as continuous
complete cessation of breathing for more than 10
seconds, and hypopnea was defined as a transient
reduction in airflow of 50% or more lasting for at
least 10 seconds accompanied by arousal or a de-
crease in SpO, of at least 3%. Polysomnography
recordings and data were interpreted by two ex-
perienced sleep medicine physicians. The degree
of severity was defined by the number of apneas
and hypopneas per hour over the total sleep time.
OSA severity was defined as none-mild (AHI <
15), moderate (AHI 15-30), and severe OSA (AHI
> 30)2.

Carotid Ultrasound and Measurements

All patients underwent two-dimensional echo-
color Doppler of the carotid arteries adopting a
Philips Sonos 5500 (Bothwell, WA, USA) high
definition vascular echograph and a 10-3 MHz
lineal electronic probe. All the examinations
were performed by an experienced radiologist
ultrasound specialist. The cIMT was defined as
the distance between the lumen intima and media
adventitia borders of the vessel. For intima-media
thickness measurements images were obtained
in three zones: (1) proximal zone about 2 cm be-
fore the flow divider, (2) distal zone- about 2 cm
before the flow divider, (3) the middle zone®**.
These data were used to obtain the arithmetical
mean cIMT value. The assessment of atheromatic
plaque presence was made by scanning the com-
mon, internal, and external carotid arteries and at
the bifurcation area on both sides. A focal area of
hyperechogenicity or a focal protrusion into the
lumen of the vessel (> 25% of the vessel diameter)
were defined as atheromatic plaques.

Statistical Analysis

Continuous variables are presented as mean =+
standard deviation or median (interquartile range)
and compared using an unpaired Student’s #-test
or the Wilcoxon rank-sum test, respectively. Cor-
relations were described with the Pearson corre-
lation coefficient (r). Multivariate Cox regression
analysis was used to determine covariate-adjust-
ed odds ratio (ORs) of the prevalence of elevated
cIMT and plaque after adjustment for sleep apnea
and other covariates including smoking status,
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Table I. Baseline demographic and clinical characteristics.

AHI < 15 (n = 19) AHI > 15 (n = 21) p-value
Age 57.9 +10.7 55.80 +13.1 0.62
Gender (female) 7 (35) 5(25) 0.73
Hypertension 11 (55) 10 (50) 1.00
Diabetes mellitus 2 (10) 5(25) 0.41
Dyslipidemia 8 (40) 7 (35) 1.00
Current smoker 7 (36) 7(33) 1.00
Framingham Score 11.8 + 8.8 104 £ 6.6 0.81
COPD 2 (10) 1(5) 1.00
Asthma 2 (10) 0(0) 0.49
Body Mass Index (kg/m?) 304+64 29.8+7.6 0.69

BMI, diabetes mellitus, Framingham risk score.
p-values < 0.05 were considered statistically sig-
nificant. All statistical analyses were performed
using STATA version 12.1 (StataCorp LP, College
Station, TX, USA).

Results

Our study population comprised of 40 subjects
who were screened for OSA and had no overt
cardiovascular disease. Moderate/severe OSA
was diagnosed in twenty-one subjects. Baseline
characteristic of study participants are summa-
rized in Table I. The mean age of our cohort was
56.8 years, and 70% (n = 28) of them were males.
Both groups comprised of obese patients. While
OSA group patients had higher BMI it was not
statistically significant (33.7 £ 7.6 vs. 30.7 + 6.3,
p = 0.34). Similarly, the two groups were well
matched for all major conventional cardiovascu-
lar risk factors including hypertension (50% vs.
55%, p = 1.00), diabetes mellitus (25% vs. 10%, p
=0.41), LDL-cholesterol levels (133 £ 21.5 vs. 129
+ 16.6, p = 0.87) and smoking (36% vs. 33%, p =

Table II. Imaging and sleep study parameters.

1.00). No differences were detected with regards
to the cardiovascular risk profile as expressed by
Framingham risk score (10.4 + 6.6 vs. 11.8 = 8.8,
p =NS).

No/Mild OSA was diagnosed in 19 subjects,
moderate in 6 subjects (15%) and severe (AHI >
30/hr) in 15 subjects (38%) (Table II). The mean
AHI in the two groups was 5.8 and 42.3 respec-
tively. Patients with moderate to severe OSA had
significantly lower levels of oxygen saturation
(sO,) during awake time (88.5 = 16.9 vs. 93.9
+ 4.8, p = 0.03) as well as minimum nocturnal
oxygen sO, levels (73.4 = 9.1 vs. 88.9 £ 6.6, p <
0.001). Likewise, 3% oxygen desaturation index
(ODI) was considerably more prominent among
moderate/severe OSA patients than control sub-
jects (60% vs. 5%, p = 0.001). The occurrence of
COPD and asthma were similar in the two groups
as well as lung volumes and capacities as meas-
ured by spirometry.

No differences were found in the C-reactive
protein levels in the two groups (3.47 + 2.3 vs.
3.51 £ 1.7, p = 0. 82). Moderate to severe OSA
patients had comparable to control group cIMT

AHI <15 (n = 20) AHI > 15 (n = 20) p-value
Apnea/Hypopnea Index (AHI) 5.8(,) 42.3 ()
Sleep total time (min) 380.1 =137 417.6 £97.6 0.40
Sleep sO, awake 93.9+4.81 88.9+16.9 0.03
Sleep sO, (nadir) 88.9+6.6 73.4+09.1 <0.0001
Time < 90% sO, (minutes) 28.5+771 97 +£99.6 0.0002
Time < 90% sO,/Total sleep time 0.07 £0.20 0.23+£0.20 0.0001
ODI> 5 1(5) 11 (55) 0.001
EPWO RTH sum 8.2+4.5 9+5.0 0.89
CRP (mg/dl) 347+23 351+£17 0.81
Mean cIMT (mm) 0.75+0.20 0.66 +0.17 0.33
Atheromatous plaque (present) 9 (45) 10 (50) 1.00
Sleep total time (min) 380.1 =137 417.6 £97.6 0.40
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(0.66 = 0.17 vs. 0.75 = 0.20 p = 0.33) and similar
prevalence of carotid atheromatic plaque (50%
vs. 45%, p = 1.00). While multivariable analysis
failed to show any correlation between severity
of OSA and carotid atherosclerosis or cIMT, age
(1.74, 95% CI: 1.48-2.16, p < 0.001) and Framing-
ham score (1.86, 95% CI: 1.23-2.94, p < 0.001)
were identified as predictors of subclinical carotid
atherosclerosis.

Discussion

In this prospective case-control study, we
sought to investigate whether patients with new-
ly diagnosed moderate/severe OSA carry a high-
er burden of carotid atherosclerosis as compared
to healthy, well-matched control patients for all
standard Framingham risk factors. In our study,
we found no association between OSA and SCA
and inflammation.

Our study has some strengths including its’
prospective nature, the fact that all our study pop-
ulation underwent polysomnography and thus
both groups were accurately defined, the use of
comprehensive validation examination of carot-
id disease, exclusion of patients with overt CVD,
and the examination of inflammatory markers.

The two main physiologic disturbances that
occur in OSA patients are obstructive episodes
and hypoxemia. The repetitive desaturation-re-
oxygenation leads to the reflective activation of
sympathetic nerve system, vasoconstriction, and
increased oxidative stress?*. Over-production of
reactive oxidative species results in endothelial
vasodilator dysfunction through suppression of
nitric oxide synthase pathway'. The subsequently
enhanced lipid peroxidation induces alterations in
endothelial function and triggers the inflamma-
tory signaling pathways promoting atherosclero-

sis*?. Suzuki et al*® demonstrated that hypox-
emia correlated with cIMT even after adjustment
for AHI, suggesting that perhaps hypoxemia may
be associated with atherosclerosis regardless of
obstruction.

While theoretically OSA has been well corre-
lated with accelerated inflammatory process and
atherosclerosis, clinical data regarding OSA and
carotid atherosclerosis is somewhat controversial
and it yet remains unclear whether this association
is unique or it is driven mainly by confounders.

Data from a series of studies and systematic
reviews suggest a direct link between OSA and
cIMT. Ali et al® in a comprehensive review of 52
studies examined the correlation between OSA
and SCA as assessed by coronary artery calcifica-
tion (CAC), cIMT, brachial artery flow-mediated
dilation and pulse wave velocity. It was demon-
strated that OSA patients suffer from accelerated
atherosclerosis and endothelial dysfunction in-
dependent of other confounders. Similar results
were demonstrated by other studies®®* which all
showed direct link between OSA and SCA. For
instance, Fox et al* recruited OSA patients free
of CVD and conventional risk factors and com-
pared them to controls matched for BMI, age, and
gender. OSA was found to be independently cor-
related with greater cIMT with a stronger correla-
tion for those with severe sleep apnea. However,
among OSA patients, severity of OSA was not as-
sociated with either increased cIMT or presence
of carotid plaques. Of note, the control group pa-
tients did not undergo polysomnography to rule
out OSA limited considerably study results and
strength.

However, these studies and systematic reviews
should be interpreted cautiously given some limi-
tations in their design and methodology including
cross-sectional, retrospective or matched cohort
nature. Furthermore, data regarding inflammato-

Table Ill. Multivariate Logistic Regression Analysis on presence of atheromatic plaque (CI: Confidence Interval).

Hazard Ratio (HR) 95% CI p-value
Diabetes mellitus 1.33 0.53-3.35 0.53
Smoking 1.13 0.43-2.97 0.80
Hyperlipidemia 1.10 0.88-1.37 0.42
Hypertension 1.39 0.86-2.27 0.18
Age 1.74 1.48-2.16 <0.001
Framingham Risk Score 1.86 1.23-2.94 <0.001
AHI > 15 1.22 0.35-3.35 0.53
ODI > 3% 1.16 0.97-1.40 0.11

AHI: Apnea-Hypopnea Index; ODI: Oxygen Desaturation Index
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Figure 1. Carotid media thickness (CMT) and number of atheromatic plaque in the two groups.

ry markers (i.e. CRP, IL-6) which would elaborate
on elucidating the relationship between OSA and
inflammation were not available in the majority
of studies.

In agreement with our findings, a large
cross-sectional study and a subset of the Sleep
Heart Study* reported no association between
OSA and cIMT. In this study, 985 subjects with no
history of coronary heart disease and stroke and
with mild to severe OSA were recruited. No asso-
ciation between increasing RDI and CIMT and ca-
rotid plaques was detected [adjusted OR 1.0, 1.04
(0.71-1.54), 1.07 (0.71-1.61), and 1.25 (0.81-1.95)]. A
major difference with other researches is that sub-
jects of this work were recruited from the general
community rather than just referred patients to the
sleep clinics. Subsequently, most of the study par-
ticipants were middle-aged Caucasians who had
only mild-to-moderate OSA as the median RDI
was 8.7 events per hour. Similarly, Gorzewska et
al** showed that in non-obese group of patients
free of cardiovascular risk factors OSA had no
correlation with increased cIMT. In this report,
median cIMT was 0.41 mm in OSA patients (n =
28 subjects) and 0.46 mm in the control group (p =
0.087) suggesting that isolated OSA may not con-
tribute to increased risk of cardiovascular events.

Our multivariate regression analysis, in con-
trast to previous investigations, showed no cor-
relation between cIMT and any of the sleep pa-
rameters including AHI, ODI or nadir sO, levels.
It did, however, demonstrate a strong correlation
between carotid atherosclerosis and Framingham
risk score which has been well documented pre-
viously and further validates our results®*. Our
study also showed that almost 50% of study pop-
ulation suffered from carotid atherosclerosis as
evidenced by the presence of atheromatic plaque
throughout the carotid arteries. Our data are in
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line with the Progression of Early Subclinical Ath-
erosclerosis (PESA) study?*®. The PESA study pro-
spectively enrolled 4184 asymptomatic subjects
40 to 54 years of age and evaluated the extent of
subclinical atherosclerosis in different anatomic
territories (carotid, iliofemoral, coronary arteries
and aorta). It was reported that carotid SCA was
present in 40% in patients with moderate CV risk
(10-year FHS score of 10-20).

Lack of association between OSA and carotid
SCA might be attributable to a number of reasons.
First, clinical comorbidities including obesity,
male gender, smoking, diabetes, and hyperten-
sion may actually be the driving factors of ather-
osclerosis observed in OSA patients rather than
hypoxia. The atherogenic effects of those medical
conditions have been well evidenced. Second, it
might be a late rather than acute effect. The Wis-
consin Cohort study', a large longitudinal pro-
spective study of the natural history of OSA in
adults, demonstrated that OSA even after multi-
variable adjustment is associated with long-term
increased cIMT and plaque, implying that the car-
diovascular effects of sleep apnea may be more
prominent long- rather than short- term.

Third, conventional 2-D carotid U/S as com-
pared to novel 3-D ultrasounds is less sensitive
in the detection of atheromatic plaques. Also,
CIMT and the presence of atheromatic plaques
might not be the ideal marker of atherosclero-
sis as suggested by Sillesen et al*’ which showed
that carotid plaque burden a quantitative met-
ric of the total plaque area across carotid artery
confers greater prognostic value as compared
to cIMT. Data also support that iliofemoral ath-
erosclerosis may precede carotid or coronary
atherosclerosis due to more potent dynamic
flow changes that trigger inflammation and ath-
erosclerosis. Otherwise, the fact that our paper
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showed no correlation between OSA and cIMT
does not necessarily exclude any association be-
tween OSA and subclinical atherosclerosis since
CAC, iliofemoral, cIMT, and PWYV were not as-
sessed in our work. The PESA study sought to
examine the presence, distribution, and extent of
SCA in the carotid, aortic, coronary and iliofem-
oral territories. In this study, almost half of the
participants (41%) were found to have interme-
diate to generalized atherosclerosis (presence of
plaques in > 2 territories). Atheromas were most
common in iliofemoral (44%) as compared to ca-
rotids (31%) and aorta (25%) whereas CAC was
present in 18% suggesting added value of imag-
ing for diagnosis and prevention of SCA.

Carotid plaques and cIMT are surrogate
markers of atherosclerosis and predict incidence
of stroke and coronary heart disease. The use of
more than one imaging modality for the iden-
tification of subclinical atherosclerosis seems
to confer extra prognostic value. The Bioimage
study’ which enrolled 5805 participants with no
known atherosclerotic CVD (ASCVD) sought
to evaluate the role of vascular imaging (CAC
and carotid U/S) on cardiovascular risk predic-
tion. It was demonstrated that detection of sub-
clinical carotid or coronary atherosclerosis via
carotid ultrasound and CAC score respectively
improves both risk predictions and reclassifica-
tion compared with conventional risk factors. It
was showed that almost 1/3 of the patients who
would not qualify for statins based on the ACC/
AHA risk assessment tool (10-year ASCVD risk
score of < 7.5%) had positive CAC or carotid U/S
test, whereas a substantial percentage of high
risk patients (20%) (10 year ASCVD risk score
of > 15%) had no imaging evidence of coronary
and carotid vasculopathy®. Notably, in our re-
port, 50% of asymptomatic participants were
found to have evidence of carotid atherosclero-
sis and they would, therefore, qualify for statin
treatment underscoring the clinical importance
of aggressive preventing screening strategies.
Multi-territorial noninvasive assessment of sub-
clinical atherosclerosis can act complementary
to traditional risk scales assisting to achieve the
goal of individualized risk assessment.

Our study limitations include the relatively
modest small sample size, the single-center na-
ture, and that we may have been underpowered
to detect potential associations. However, ma-
jority of published papers are single-center and,
additionally, our study population is comparable
to those of others. To identify and enroll OSA

patients without overt CVD is challenging and
limits sample size given the extensive overlap
between OSA and CV comorbidities. Lastly, oth-
er imaging modalities for the detection of early
signs of atherosclerosis such as calcium score,
iliofemoral or aortic U/S would have enhanced
our study results.

Conclusions

We suggest that among patients with similar
cardiovascular risk profile and free of overt CVD,
the severity of newly diagnosed OSA was not cor-
related with increased inflammation or subclini-
cal carotid atherosclerosis. Larger and multicenter
studies with the use of multiple imaging modali-
ties for the presence of subclinical atherosclerosis
are warranted to determine the exact correlation
between OSA and SCA.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Dewmpsey JA, Veasey SC, MorcaN BJ, O’DonnecL CP.
Pathophysiology of sleep apnea. Physiol Rev
2010; 90: 47-112.

2) PepparD PE, Young T, BArRNET JH, Pauta M, HAGen
EW, Hia KM. Increased prevalence of sleep-dis-
ordered breathing in adults. Am J Epidemiol 2013;
177: 1006-1014.

3) Young T, Paita M, Dempsey J, Pepparp PE, NieTo FJ,
Hia KM. Burden of sleep apnea: rationale, design,
and major findings of the Wisconsin Sleep Cohort
study. WMJ 2009; 108: 246-249.

4) Youna T, Evans L, Finn L, Pata M. Estimation of the
clinically diagnosed proportion of sleep apnea
syndrome in middle-aged men and women. Sleep
1997; 20: 705-706.

5) Fuster V, Mearns BM. The CVD paradox: mortality
vs prevalence. Nat Rev Cardiol 2009; 6: 669.

6) BartON P, AnDRONIS L, BriGGs A, MCcPHErRsON K,
CareweLL S. Effectiveness and cost effectiveness
of cardiovascular disease prevention in whole
populations: modelling study. Br Med J 2011; 343:
d4044.

7) BaBER U, MEHRAN R, SARTORI S, ScHoOs MM, SILLESEN
H, MunTtenbam P, GArcia MJ, GreGsoN J, Pocock S,
Fak E, Fuster V. Prevalence, impact, and predic-
tive value of detecting subclinical coronary and
carotid atherosclerosis in asymptomatic adults:
the Biolmage study. J Am Coll Cardiol 2015; 65:
1065-1074.

1573



K. Theodoropoulos, D. Lykouras, K. Karkoulias, D. Damania, K. Leou, et al.

8) GissoN AO, BLaHA MJ, ArnaN MK, Sacco RL, Sz-

10.

11)

12)

13)

14)

15)

16)

17)

18)

kLo M, HerringTON DM, YesoaH J. Coronary ar-
tery calcium and incident cerebrovascular
events in an asymptomatic cohort. The ME-
SA Study. JACC Cardiovasc Imaging 2014; 7:
1108-1115.

DeN RuuTter HM, PeTERS SA, ANDERSON TJ, BRITTON AR,
Dekker JM, Eukemans MJ, ENGgsTRom G, Evans GW, be
GRrAAF J, Groseee DE, HepbBLAD B, HoFrvaN A, HoLEwI-
NS, IkeDA A, Kavousi M, KitacawAa K, KITAMURA A,
KorFuBERG H, LonN EM, LoreNz MW, MATHIESEN EB,
Nupers G, Okazaki S, O’LEary DH, Porak JF, Price
JF, RoBerTsoN C, RemBoLp CM, RosvALL M, RunDek T,
SALoNEN JT, Sitzer M, SteHouwer CD, WitTeEmAN JC,
Moons KG, Bots ML. Common carotid intima-me-
dia thickness measurements in cardiovascular
risk prediction: a meta-analysis. JAMA 2012; 308:
796-8083.

Jeuc S, PabeLetti M, Kawut SM, Higains C, CANFIELD
SM, OnNat D, CoLomeo PC, Basner RC, FAcTor P, LEe-
Jemter TH. Inflammation, oxidative stress, and re-
pair capacity of the vascular endothelium in ob-
structive sleep apnea. Circulation 2008; 117:
2270-2278.

KAto M, ROBERTS-THOMSON P, PHiLLIPs BG, HAYNEs WG,
Winnicki M, Accurso V, Sowmers VK. Impairment of
endothelium-dependent vasodilation of resist-
ance vessels in patients with obstructive sleep
apnea. Circulation 2000; 102: 2607-2610.

BrabLey TD, Froras JS. Obstructive sleep apnoea
and its cardiovascular consequences. Lancet
2009; 373: 82-93.

BAabrAN M, Avas N, LaHer I. Cardiovascular compli-
cations of sleep apnea: role of oxidative stress.
Oxid Med Cell Longev 2014; 2014: 985258.

ALTINTAS N, CeTinoGLu E, Yuceege M, Acer AN, URrsa-
vas A, FiIrat H, Karabac M. Neutrophil-to-lympho-
cyte ratio in obstructive slep apnea; a multi center,
retrospective study. Eur Rev Med Pharmacol Sci
2015; 19: 3234-3240.

GUNNARssoN  SI, PepparRD PE, KorcaArz CE, BARNET
JH, AescHLIMANN SE, HAGeN EW/, Young T, HLA KM,
Sten JH. Obstructive sleep apnea is associat-
ed with future subclinical carotid artery disease:
thirteen-year follow-up from the Wisconsin sleep
cohort. Arterioscler Thromb Vasc Biol 2014; 34:
2338-2342.

Nieto FJ, YounG TB, LinD BK, SHAHAR E, SAMET JM,
RepuNe S, D’Acostino RB, NewmaN AB, LeBOw-
i1z MD, Pickering TG. Association of sleep-disor-
dered breathing, sleep apnea, and hypertension
in a large community-based study. Sleep Heart
Health Study. JAMA 2000; 283: 1829-1836.

MARIN JM, AGusTi A, VILLAR |, FORNER M, NieTo D, CAR-
rizo SJ, Barse F, Vicente E, We Y, Nieto FJ, Jeuic S.
Association between treated and untreated ob-
structive sleep apnea and risk of hypertension.
JAMA 2012; 307: 2169-2176.

Turik S, SANTOs-SILVA R, Tapbpel JA, BittencourT LR. Ob-
structive sleep apnea syndrome in the Sao Paulo
Epidemiologic Sleep Study. Sleep Med 2010; 11:
441-446.

1574

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

Toceiro SM, CArNERO G, RiBEIRO FitHo FF, ZANELLA
MT, SanTtos-Siva R, Tapbper JA, BITTENCOURT LR, Tu-
Fik S. Consequences of obstructive sleep apnea
on metabolic profile: a population-based survey.
Obesity (Silver Spring) 2013; 21: 847-851.

Sateia MJ. International classification of sleep dis-
orders-third edition: highlights and modifications.
Chest 2014; 146: 1387-1394.

INTERNATIONAL CLASSIFICATION OF SLEEP DISORDERS THIRD
Eoimion (ICSD-3) ed: American Academy of Sleep
Medicine, 2014.

DE Groort E, vaNn LeuveNn SI, DuivENVOORDEN R, MEu-
wese MC, Akoim F, Bors ML, Kasteein JJ. Measure-
ment of carotid intima-media thickness to assess
progression and regression of atherosclerosis.
Nat Clin Pract Cardiovasc Med 2008; 5: 280-288.

Naavi TZ, Lee MS. Carotid intima-media thickness
and plaque in cardiovascular risk assessment.
JACC Cardiovasc Imaging 2014; 7: 1025-1038.

Grassi G, FaccHint A, TrRevano FQ, De’Oro R,
ARENARE F, TANA F, BoLLA G, MoNzANI A, RoBuscHI M,
Mancia G. Obstructive sleep apnea-dependent
and -independent adrenergic activation in obesi-
ty. Hypertension 2005; 46: 321-325.

Li J, SAVRANSKY V, NANAYAKKARA A, SmiTH PL, O’Don-
NeLL CP, Porotsky VY. Hyperlipidemia and lipid per-
oxidation are dependent on the severity of chron-
ic intermittent hypoxia. J Appl Physiol 2007; 102:
557-563.

ADEDAYO AM, OLAFIRANYE O, SmitH D, HiLL A, Zizi F,
Brown C, Jean-Louis G. Obstructive sleep apnea
and dyslipidemia: evidence and underlying mech-
anism. Sleep Breath 2014; 18: 13-18.

Horps E, CanINO B, CALANDRINO V, MoNTANA M, Lo
PresTi R, Cami G. Lipid peroxidation and protein ox-
idation are related to the severity of OSAS. Eur
Rev Med Pharmacol Sci 2014; 18: 3773-3778.

Suzuki T, Nakano H, Maekawa J, OkamoTo, Y., OHNI-
sHI, Y., YamaucHl, M. & Kimura, H. Obstructive sleep
apnea and carotid-artery intima-media thickness.
Sleep 2004; 27: 129-133.

AL SS, OnNi ET, WARrrAICH HJ, BLAHA MJ, BLUMENTHAL
RS, KARIM A, SHAHARYAR S, JAMAL O, Fiakow J, Cury
R, Buborr MJ, AcaTsToN AS, Nasir K. Systematic re-
view on noninvasive assessment of subclinical
cardiovascular disease in obstructive sleep ap-
nea: new kid on the block! Sleep Med Rev 2014;
18: 379-391.

ALTIN R, Ozpemir H, MaHmutyAazicioglu K, KArT L,
Uzun L, Ozer T, SAVRANLAR A, Avpin M. Evaluation
of carotid artery wall thickness with high-resolu-
tion sonography in obstructive sleep apnea syn-
drome. J Clin Ultrasound 2005; 33: 80-86.

TAaNrRIVERDI H, EvrRenGuL H, KArRa CO, Kuru O, TANRI-
VERDI' S, OzkuURT S, KAFTAN A, KiLic M. Aortic stiffness,
flow-mediated dilatation and carotid intima-me-
dia thickness in obstructive sleep apnea: non-in-
vasive indicators of atherosclerosis. Respiration
2006; 73: 741-750.

Fox N, Avas N, Park JE, FLeetHAM J, FrRANK Ryan C,
LEAarR SA, MuLGrew A, CHAN S, HiLL J, JoHN MANCI-



OSA and subclinical carotid atherosclerosis in patients without overt CVD

33)

34)

35)

36)

NI GB, Wong GC. Carotid intima media thickness
in patients with obstructive sleep apnea: compar-
ison with a community-based cohort. Lung 2014;
192: 297-303.

WATTANAKIT K, BoLAND L, Punuasl NM, SHAHAR E. Re-
lation of sleep-disordered breathing to carotid
plaque and intima-media thickness. Atheroscle-
rosis 2008; 197: 125-131.

GorzewskA A, SpeciaLski K, Drozpowski J, KuNickA
K, SwierBLEWSKA E, BIENIASzEWsKI L, Stominskl JM, Jas-
sem E. Intima-media thickness in patients with ob-
structive sleep apnea without comorbidities. Lung
2013; 191: 397-404.

D’AcosTino RB, Sr., VAsAN RS, PenciNa MJ, WoLF PA,
CoBaiN M, Massaro JM, Kanner WB. General cardi-
ovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation 2008; 117:
743-753.

FERNANDEZ-FRIERA L, PENALvO JL, FERNANDEZ-ORTIZ A,
IBANEZ B, LoPEZ-MELGAR B, LAcLAUSTRA M, OLiva B, Mo-

37)

38)

COROA A, MENDIGUREN J, MARTINEZ DE VEGA V, GARCIA
L, MoLiNA J, SANCcHEZ-GoNzALEZ J, GuzMAN G, ALON-
so-FarTo JC, GuALLAR E, CivEIRA F, SiLLESEN H, Pocock
S, Orbovas JM, SAanz G, JIMENEZ-BORREGUERO LJ, Fus-
TeEr V. Prevalence, vascular distribution, and mul-
titerritorial extent of subclinical atherosclerosis in
a middle-aged cohort: the PESA (Progression of
Early Subclinical Atherosclerosis) Study. Circula-
tion 2015; 131: 2104-2113.

SiLLeseN H, MuNTENDAM P, ADOURIAN A, ENTREKIN R,
GArciA M, Falk E, Fuster V. Carotid plaque burden
as a measure of subclinical atherosclerosis: com-
parison with other tests for subclinical arterial dis-
ease in the high isk plaque bioimage study. JACC
Cardiovasc Imaging 2012; 5: 681-689.

MoRTENSEN MB, FusTer V, MuNTENDAM P, MEHRAN R,
BaBer U, SarTtorl S, Fak E. A simple disease-guid-
ed approach to personalize ACC/AHA-recom-
mended statin allocation in elderly people: the Bi-
olmage Study. J Am Coll Cardiol 2016; 68: 881-
891.

1575



