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ABSTRACT

Background: We investigated the relation of self-reported snoring with carotid intima-media thickness (IMT) and
plaque in community-dwelling middle-aged and older adults.

Methods: In total, 7330 community-dwelling subjects in the Korean Multi-Rural Communities Cohort Study were
included in the analysis. Common carotid artery IMT (CCA-IMT) and plaque were evaluated by high-resolution
B-mode ultrasonography. Snoring status was evaluated using a structured interview.

Results: Snorers had a significantly greater average CCA-IMT than non-snorers (0.726 vs 0.713 mm; P < 0.001),
after adjusting for age and gender. The odds ratios (OR) for high CCA-IMT (fifth quintile) were significantly higher
for snorers than for non-snorers in multivariate-adjusted analysis (OR 1.25, 95% confidence interval [CI] 1.10-1.42).
However, there was no significant relationship between snoring and carotid plaques.

Conclusions: Our data suggest that self-reported snoring is significantly associated with increased IMT, but not
with the presence of plaques. These findings suggest that early screening and intervention for snoring in the general

population are needed to prevent adverse cardiovascular events.
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INTRODUCTION

Snoring is a sound emitted from the upper airway of the throat

during sleep and is an indicator of increased resistance
through the airway.! Previous studies have reported that male
gender, age, obesity, alcohol consumption, cigarette smoking,
menopause, physical inactivity, and family history were risk
factors for snoring.”” Epidemiologic evidence has also shown
that self-reported snoring was associated with increased
incidence of cardiovascular events.!*!3

Since previous epidemiologic studies have suggested
that snoring is significantly associated with metabolic
syndrome,'*!> metabolic components have been considered

as the link between snoring and cardiovascular disease
(CVD). Alternatively, a non-metabolic pathway that
mediates the relationship between snoring and CVD, such
as carotid atherosclerosis, has been proposed.'®!” Increased
carotid intima-media thickness (IMT) and atherosclerotic
plaques are surrogate markers of subclinical atherosclerosis
and strong predictors of CVD, such as stroke and myocardial
infarction.'®!” Few epidemiologic studies have examined
the association between snoring and carotid atherosclerosis;
however, those that did reported inconsistent associations.?%?!
To date, whether or not self-reported snoring is significantly
associated with carotid atherosclerosis in the general
population remains undetermined. The aim of this study was
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to investigate the association between self-reported snoring
and carotid atherosclerosis in community-dwelling middle-
aged and elderly Korean men and women.

METHODS

Study population

The Korean Multi-Rural Communities Cohort Study, which is
part of the Korean Genome Epidemiology Study, was initiated
in 2004 with the aim of constructing a genomic cohort and
investigating the risk factors for CVD in rural communities.
As the baseline, 9696 subjects, aged >40 years, were recruited
between January 2005 and February 2010 from three
centers: Yangpyeong in Gyeonggi-do (n =3183), Namwon
in Jeollabuk-do (n» = 3408), and Goryeong in Gyeongsangbuk-
do (n=3105). The majority of the subjects were farmers and
housewives. We excluded subjects who had a previous history
of coronary heart disease or cerebrovascular disease during
the baseline survey, those who did not provide information
on their snoring, and those who did not undergo carotid
ultrasonography. In total, 7330 subjects (2901 men and 4429
women) aged 40-91 years were included in the final analysis.
This study was conducted in accordance with the Declaration
of Helsinki guidelines, and all procedures involving human
subjects were approved by the Institutional Review Boards
of Hanyang University, Chonnam National University, and
Keimyung University. All subjects were fully informed of the
study content and gave written informed consent for the use
of their data.

Interview and examination

We administered a questionnaire and an examination using
a standardized protocol to overcome the limitations of multi-
center studies. All interviewers and examiners were trained by
the same personnel at the coordinating center. Information
on demographics, smoking, alcohol intake, exercise, medical
history, and medications was collected, using a questionnaire
administered by well-trained interviewers. Height was
measured to the nearest 0.1 cm using a standard height scale,
and weight in light clothing without shoes was measured to the
nearest 0.1 kg using a metric weight scale. Body mass index
(BMI) was calculated as weight (kg) divided by height (m)
squared. Waist circumference was measured to the nearest
0.1 cm at the midpoint between the lowest rib margin and the
iliac crest during expiration.

Blood pressure was measured from the right upper
arm, using a standard mercury sphygmomanometer
(Baumanometer; WA Baum Co., Inc., Copiague, NY, USA)
and a standard cuff. Two consecutive blood-pressure
measurements were performed after each subject had been
sitting for at least 5 min. The subjects were instructed to relax
as much as possible, and not to talk during the measurement
procedure. The first appearance (phase I) and disappearance
(phase V) of Korotkoff sounds were used to define systolic
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blood pressure and diastolic blood pressure, respectively.
Systolic and diastolic blood pressures were recorded to the
nearest 2mm Hg. If two systolic or diastolic blood pressures
were more than 5mmHg apart, an additional measurement
was performed, and the mean value of the closest two
measurements was used for the subsequent analyses.

Blood samples taken from the antecubital vein were
collected from each subject during the morning after an 8-h
overnight fast, and all biochemical markers were evaluated
on the same day. Total serum cholesterol, high-density
lipoprotein (HDL) cholesterol, triglyceride, and fasting
blood glucose levels were analyzed using an ADVIA1650
Automatic Analyzer (Siemens, New York, NY, USA).

Information on snoring

Snoring status was evaluated using a structured interview,
including two questions: (1) do you know, or have you ever
heard that you snore? (yes or no); and (2) how often do you
snore? (<1 day per month, 1-3 days per month, 1-3 days per
week, 4-5 days per week, >6 days per week). Snoring
frequency was reclassified into <1 day/week, 1-3 days/week,
and >4 days/week.

Carotid ultrasound measurements

The carotid artery was evaluated by using high-resolution
B-mode ultrasound equipment (SonoAce-9900; Medison,
Seoul, South Korea), equipped with a 7.5-MHz linear array
transducer. IMT was determined as the distance from the
media-adventitia interface to the intima-lumen interface on the
far wall in the longitudinal view. Ultrasonographic images
were captured and analyzed by five sonographers at the three
centers. A single trained reader at the reading center in the
Department of Preventive Medicine at Chonnam National
University analyzed the images using Sigma Scan Pro 5.0
(SPSS Inc., Chicago, IL, USA). Between the carotid bulb
origin and a point 10 mm proximal to the common carotid
artery (CCA), the maximal IMT value in a region free of
plaque was determined as the maximal IMT of the left/right
CCA. The CCA-IMT, defined as the average of the maximal
IMT values of both CCA was used for analysis; ‘high
CCA-IMT’ was defined as the fifth quintile of CCA-IMT
(>0.823 mm). The reader also assessed the presence of carotid
plaques, which were defined as focal lesions that encroached
into the lumen by at least 100% of the surrounding IMT value.
The presence of carotid plaques was determined from scans of
the CCA and bulb segments. The presence of carotid plaques
was recorded if at least one lesion was detected in any
segment.

Statistical analysis

Differences between snorers and non-snorers in subject
characteristics were compared using Student’s #-test for
continuous variables and a chi-square test for categorical
variables. Analysis of covariance was used to evaluate IMT
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differences according to snoring and its frequency after
controlling for age and gender. Independent associations of
snoring and its frequency with increased IMT and the presence
of plaques were analyzed, using multiple logistic regression
after adjusting for conventional risk factors. The odds ratios
(ORs) are presented with 95% confidence intervals (Cls). A
P-value of 0.05 was considered to indicate statistical
significance. All statistical analyses were performed using
the SPSS 15.0 software package (SPSS Inc., Chicago, IL,
USA).

RESULTS

Baseline characteristics of the study population

The baseline characteristics of the study population according
to self-reported snoring status are shown in Table 1. Of the
7330 subjects analyzed, 3462 (47.2%) were snorers and 3868
(52.8%) were non-snorers. The mean age of snorers and non-
snorers was 60.0£9.2 and 62.4+10.3 years (P<0.001),
respectively. Compared to the non-snorers, snorers had
significantly higher BMI, waist circumference, diastolic
blood pressure, fasting blood glucose, and triglycerides, as
well as lower HDL cholesterol. The prevalences of being
male, medication for hypertension and dyslipidemia, current
drinking, and regular exercise were significantly higher in
snorers than in non-snorers (Table 1). Distributions of self-
reported snoring frequency were as follows: 17.4% (19.3% in
men, 16.2% in women) reported snoring >4 days per week,
14.9% (16.6% in men, 13.8% in women) reported snoring 1-3
days per week, 14.9% (13.5% in men, 15.8% in women)
reported snoring <1 day per week, and 52.8% (50.5% in men,
54.3% in women) reported no snoring (data not shown).

No significant differences in CCA-IMT between snorers
and non-snorers (0.714 vs 0.718mm; P =0.282) were
identified. However, after adjusting for age and gender,
snorers had significantly greater CCA-IMT values than non-
snorers (0.726 vs 0.713mm; P <0.001; data not shown).
Snorers had a lower prevalence of carotid plaque than non-
snorers in unadjusted analysis (29.5% vs 32.1%; P =0.018)
(Table 1).

Association between snoring and carotid IMT

The relationship between snoring and an increased IMT is
shown in Table 2. The ORs for high CCA-IMT (fifth quintile,
>0.823 mm) among snorers were significantly higher than
those among non-snorers in age- and gender-adjusted analysis
(OR 1.31, 95% CI 1.16-1.49) and multivariate-adjusted
analysis (OR 1.25, 95% CI 1.10-1.42). Compared to non-
snorers, the ORs for high CCA-IMT among snorers were
significantly higher in subjects who snored 1-3 days/week
(age- and gender-adjusted OR 1.40, 95% CI 1.17-1.68;
multivariate-adjusted OR 1.36, 95% CI 1.13-1.63) and >4
days/week (age- and gender-adjusted OR 1.36, 95% CI
1.16-1.61; multivariate-adjusted OR 1.28, 95% CI 1.08—1.53).

Table 1. Characteristics of the study population according to
self-reported snoring status
Non-snorers Snorers P-value
(n=3868) (n=3462)

Age, years 62.4+£10.3 60.0+£9.2 <0.001
Men, n (%) 1465 (37.9) 1436 (41.5) 0.002
Body mass index, kg/m? 23.5+3.0 251+3.2 <0.001
Waist circumference, cm 825+8.7 859+8.7 <0.001
Systolic blood pressure, mmHg 1244 +18.3 125.1+£16.8 0.065
Diastolic blood pressure, mm Hg 78.0+10.4 79.8+10.2 <0.001
Fasting blood glucose, mg/dL 100.2 £26.6 101.9+£22.8 0.004
Total cholesterol, mg/dL 198.8 +37.0 200.1 +36.8 0.168
HDL cholesterol, mg/dL 45.2+10.9 443 +10.6 <0.001
Total/HDL cholesterol ratio 46+12 47+1.2 <0.001
Triglycerides, mg/dL 122 (88-174) 131 (94-193) <0.001
Medication for hypertension, n (%) 727 (18.8) 861 (24.9) <0.001
Medication for diabetes, n (%) 272 (7.0) 285 (8.2) 0.053
Medication for dyslipidemia, n (%) 62 (1.6) 85 (2.5) 0.009
Current smoking, n (%) 612 (15.8) 555 (16.0) 0.807
Current drinking, n (%) 1619 (41.9) 1667 (48.2)  <0.001
Regular exercise, n (%) 1058 (27.4) 1070 (30.9) 0.001
CCA-IMT, mm 0.718 (0.146) 0.714 (0.143) 0.282
Carotid plaque, n (%) 1240 (32.1) 1021 (29.5%) 0.018

Data are presented as mean + standard deviations, or median
(interquartile range) or number (percentage).

HDL, high-density lipoprotein; CCA-IMT, common carotid artery
intima-media thickness.

Table 2. Relationship between snoring and presence of high
CCA-IMT?

Age- and gender-adjusted Multivariate-adjusted®
OR (95% ClI) OR (95% ClI)

Self-reported snoring status

Non-snorers (n = 3868) 1.00 1.00

Snorers (n = 3462) 1.31 (1.16-1.49) 1.25 (1.10-1.42)
Self-reported snoring frequency

Non-snorers (n = 3868) 1.00 1.00

<1 day/week (n = 1092) 1.16 (0.96-1.40) 1.11 (0.91-1.34)
1-3 days/week (n = 1093) 1.40 (1.17-1.68) 1.36 (1.13-1.63)
>4 days/week (n = 1277) 1.36 (1.16-1.61) 1.28 (1.08-1.53)

CCA-IMT, common carotid artery intima-media thickness.

@High CCA-IMT was defined as the fifth quintile (=0.823 mm).
bAdjusted for age, gender, center, body mass index, systolic blood
pressure, fasting blood glucose, total to HDL cholesterol ratio,
triglycerides, current smoking, excessive alcohol drinking, regular
exercise, medication for hypertension, medication for diabetes, and
medication for dyslipidemia.

Association between snoring and carotid plaques
No significant relationship between snoring and carotid
plaques was identified in age- and gender-adjusted and
multivariate-adjusted analyses. In addition, compared with
non-snorers, no significantly higher or lower ORs were
identified in subjects who snored <1 day/week, 1-3 days/
week, or >4 days/week (Table 3).

DISCUSSION

We evaluated the relationship between self-reported snoring
and subclinical carotid atherosclerosis in community-dwelling
middle-aged and older adults. Our data suggest that, after
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Table 3. Relationship between snoring and presence of
carotid plaques

Age- and gender-adjusted Multivariate-adjusted?
OR (95% CI) OR (95% CI)

Self-reported snoring status

Non-snorers (n = 3868) 1.00 1.00

Snorers (n = 3462) 1.06 (0.95-1.18) 1.04 (0.93-1.17)
Self-reported snoring frequency

Non-snorers (n = 3868) 1.00 1.00

<1 day/week (n = 1092) 0.94 (0.80-1.10) 0.92 (0.78-1.09)
1-3 days/week (n = 1093) 1.12 (0.96-1.31) 1.10 (0.93-1.29)
24 days/week (n=1277) 1.10 (0.95-1.27) 1.10 (0.94-1.28)

aAdjusted for age, gender, center, body mass index, systolic blood
pressure, fasting blood glucose, total to HDL cholesterol ratio,
triglycerides, current smoking, excessive alcohol drinking, regular
exercise, medication for hypertension, medication for diabetes, and
medication for dyslipidemia.

adjustment for established cardiovascular risk factors, self-
reported snoring is significantly associated with increased
IMT but not with the presence of plaques.

Sleep-disordered breathing (SDB) is characterized by apnea
and hypopnea events during sleep and is a risk factor for
cardiovascular outcomes.?? Snoring, which is characterized by
loud upper airway breathing sounds created by vibration of
the pharyngeal walls and associated structures, is regarded as a
surrogate marker of SDB."?3 In meta-analysis, snoring was
more frequently reported in men than in women (OR 1.89,
95% CI 1.75-2.03).2 The gender difference in the risk of
snoring can be mainly explained by the differences in upper
airway anatomy.”

Most previous studies have focused on the relationship
between obstructive sleep apnea (OSA), a common medical
condition measured by polysomnography, and subclinical
atherosclerosis.?*?> However, compared to OSA, snoring is
much more simple to assess via self-reported questionnaire,
and this method has been widely used to obtain information,
especially in epidemiologic studies.'®'3?° In addition, self-
reported snoring captures symptoms experienced over time,
which cannot be achieved by overnight measurement.2

Epidemiologic studies have demonstrated that self-reported
snoring is significantly associated with future development of
CVD.'%13 Several studies have investigated the relationship
between self-reported snoring and carotid atherosclerosis, but
their findings were not in agreement.?%?! A community-based
study of 1050 Chinese subjects found that self-reported
snoring was independently associated with increased IMT and
the presence of carotid bulb plaque.?° Further, the study
reported dose-response trends between self-reported snoring
frequency and IMT values and the prevalence of plaque.?’ In
contrast, there was no significant association between self-
reported snoring and subclinical atherosclerosis, measured by
carotid IMT in the Northern Manhattan Study, which included
1605 American subjects.”! Another community-based study
using polysomnography found no evidence of meaningful
associations between SDB, as assessed by the respiratory
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disturbance index, hypoxemia index, and an arousal index,
and carotid IMT or plaque.?’

Assessment of carotid arteries using B-mode ultrasound
imaging is a simple, non-invasive, and cost-effective method
for evaluation of carotid atherosclerosis by measuring IMT or
by identifying an atherosclerotic plaque. However, increases
in IMT and plaque formation are biologically distinct and may
reflect different features of atherosclerosis. IMT, which
primarily reflects an adaptive hypertrophic response of the
media, is regarded as an indicator of early atherosclerosis,
whereas plaque, which is a pathological deposit on the intima,
primarily represents a later stage of atherosclerosis.!®282

A significant association between the presence of snoring
and carotid IMT was identified in our study. More specifically,
a significant escalating association between the snoring
frequency and CCA-IMT was found. In contrast to a recent
community study,”’ no significant association between
snoring and carotid plaques was found in the present study.
Differences in the study population and severity of snoring
might explain this discrepancy. The absence of an association
between snoring and carotid plaques in our study may be due
to a number of factors. First, the presence of plaques was
evaluated from scans of the carotid artery in common and
bulb segments but not in internal segments. No detailed
assessments of plaque characteristics, including echogenicity,
volume, and height, were performed. The use of the mere
presence of plaque as an outcome might have resulted in a
non-significant association between snoring and carotid
plaques. Second, misclassification of self-reported snoring
and its frequency might have occurred due to unawareness
or under-reporting of snoring status. Non-differential
misclassification might result in underestimation of the true
association between snoring on carotid plaques, if such an
association existed. Further research is needed to clarify the
true association between snoring and carotid plaques.

The pathophysiological mechanisms that link snoring and
carotid atherosclerosis remain unclear; however, several
mechanisms have been proposed. Hedner et al** proposed
that habitual snoring may transmit sufficient vibrational
energy through the surrounding tissues to the carotid artery
wall. Such vibrations may result in carotid artery endothelial
damage, leading to the development of atherosclerosis and the
formation and rupture of the plaque. Recent experimental
evidence has demonstrated that, during snoring, pressure
vibrations occur in the tissues surrounding the carotid artery
wall and are transmitted to the carotid artery lumen.'®!’
Amplification of these pressure waves across the carotid
wall may result in the development of carotid atherosclerosis.
Oxidative stress,?! sympathetic activation,? inflammation,3?
platelet aggregation,* and endothelial dysfunction®> may also
be involved in the mechanism underlying the association of
snoring with atherosclerosis and CVD.

Several limitations to the present study should be discussed.
First, due to its cross-sectional design, we are unable to make
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causal inferences between snoring and carotid atherosclerosis.
Second, our findings were generated using convenience
sampling and should be interpreted with caution when
generalizing to a wider population. We were unable to
present the response rate or representativeness, because our
study population does not represent a target population.
Third, our data on snoring status and frequency were obtained
from a self-reported questionnaire, with no precise evaluation
of sleep disorders or complaints performed using poly-
somnography. Snoring sounds are commonly described as
a nuisance by a bed partner, so a snorer who sleeps alone
may be unaware of their snoring status. Misclassification of
snoring status due to measurement error might have attenuated
the relationship between snoring and carotid atherosclerosis.
Despite these limitations, this study represents a valuable
contribution to wunderstanding the relationship between
snoring and carotid atherosclerosis because of the use of
a large community-dwelling population. In addition, this
study showed that the snoring-IMT association was positive,
even though the population was lean compared to Western
populations. Such studies have not been performed as
frequently in non-Western populations.

In conclusion, our data suggest that self-reported snoring
is independently associated with carotid IMT, but not with
carotid plaques. Early screening and intervention for snoring
in the general population may be useful to prevent adverse
cardiovascular events. Further longitudinal investigations are
necessary to clarify the mechanism underlying the association
between snoring and carotid atherosclerosis.

ACKNOWLEDGMENTS

This work was supported by the Korean Centers for
Disease Control and Prevention [grants 2004-E71004-00,
2005-E71011-00, 2006-E71009-00, 2007-E71002-00, 2008-
E71004-00, and 2009-E71006-00].

Conflicts of interest: None declared.

REFERENCES

1. Liistro G, Stanescu DC, Veriter C, Rodenstein DO, Aubert-
Tulkens G. Pattern of snoring in obstructive sleep apnea patients
and in heavy snorers. Sleep. 1991;14:517-25.

2. Chan CH, Wong BM, Tang JL, Ng DK. Gender difference in
snoring and how it changes with age: systematic review and
meta-regression. Sleep Breath. 2012;16:977-86.

3. Nagayoshi M, Yamagishi K, Tanigawa T, Sakurai S, Kitamura
A, Kiyama M, et al. Risk factors for snoring among Japanese
men and women: a community-based cross-sectional study.
Sleep Breath. 2011;15:63-9.

4. Lindberg E, Taube A, Janson C, Gislason T, Svérdsudd K,
Boman G. A 10-year follow-up of snoring in men. Chest. 1998;
114:1048-55.

5. Svensson M, Lindberg E, Naessen T, Janson C. Risk factors
associated with snoring in women with special emphasis on

10.

I1.

12.

13.

14.

15.

16.

18.

19.

20.

21.

285

body mass index: a population-based study. Chest. 2006;129:
933-41.

. Knuiman M, James A, Divitini M, Bartholomew H. Longitudinal

study of risk factors for habitual snoring in a general adult
population: the Busselton Health Study. Chest. 2006;130:
1779-83.

. Bloom JW, Kaltenborn WT, Quan SF. Risk factors in a general

population for snoring. Importance of cigarette smoking and
obesity. Chest. 1988;93:678-83.

. Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Rein J, Vela-

Bueno A, et al. Prevalence of sleep-disordered breathing in
women: effects of gender. Am J Respir Crit Care Med. 2001;
163:608-13.

. Khoo SM, Tan WC, Ng TP, Ho CH. Risk factors associated with

habitual snoring and sleep-disordered breathing in a multi-ethnic
Asian population: a population-based study. Respir Med. 2004;
98:557—66.

Nagayoshi M, Tanigawa T, Yamagishi K, Sakurai S, Kitamura
A, Kiyama M, et al. Self-Reported Snoring Frequency and
Incidence of Cardiovascular Disease: The Circulatory Risk in
Communities Study (CIRCS). J Epidemiol. 2012;22:295-301.
Hu FB, Willett WC, Manson JE, Colditz GA, Rimm EB, Speizer
FE, et al. Snoring and risk of cardiovascular disease in females.
J Am Coll Cardiol. 2000;35:308—13.

Zamarron C, Gude F, Otero Otero Y, Rodriguez-Suarez JR.
Snoring and myocardial infarction: a 4-year follow-up study.
Respir Med. 1999;93:108-12.

Neau JP, Meurice JC, Paquereau J, Chavagnat JJ, Ingrand P, Gil
R. Habitual snoring as a risk factor for brain infarction. Acta
Neurol Scand. 1995;92:63-8.

Roopa M, Deepa M, Indulekha K, Mohan V. Prevalence of sleep
abnormalities and their association with metabolic syndrome
among Asian Indians: Chennai Urban Rural Epidemiology Study
(CURES-67). J Diabetes Sci Technol. 2010;4:1524-31.
Sabanayagam C, Zhang R, Shankar A. Markers of Sleep-
Disordered Breathing and Metabolic Syndrome in a Multiethnic
Sample of US Adults: Results from the National Health and
Nutrition Examination Survey 2005-2008. Cardiol Res Pract.
2012;2012:630802.

Amatoury J, Howitt L, Wheatley JR, Avolio AP, Amis TC.
Snoring-related energy transmission to the carotid artery in
rabbits. J Appl Physiol (1985). 2006;100:1547-53.

. Howitt L, Kairaitis K, Kirkness JP, Garlick SR, Wheatley JR,

Byth K, et al. Oscillatory pressure wave transmission from the
upper airway to the carotid artery. J Appl Physiol (1985).
2007;103:1622-7.

Prati P, Tosetto A, Vanuzzo D, Bader G, Casaroli M, Canciani L,
et al. Carotid intima media thickness and plaques can predict the
occurrence of ischemic cerebrovascular events. Stroke. 2008;39:
2470-6.

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.
Circulation. 2007;115:459-67.

Li Y, Liu J, Wang W, Yong Q, Zhou G, Wang M, et al.
Association of self-reported snoring with carotid artery intima-
media thickness and plaque. J Sleep Res. 2012;21:87-93.
Ramos-Sepulveda A, Wohlgemuth W, Gardener H, Lorenzo D,

J Epidemiol 2014,24(4):281-286


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=1798885&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21938435&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21748863&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9792576&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9792576&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16608941&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16608941&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17166996&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17166996&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3258226&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11254512&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11254512&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15191042&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15191042&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22447210&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10676674&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10464861&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7572063&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7572063&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21129351&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22577590&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22577590&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16455812&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17702839&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17702839&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18617662&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18617662&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17242284&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21752134&dopt=Abstract

286

22.

23.

24.

25.

26.

27.

28.

29.

Snoring and Carotid Atherosclerosis

Dib S, Wallace DM, et al. Snoring and insomnia are not
associated with subclinical atherosclerosis in the Northern
Manhattan Study. Int J Stroke. 2010;5:264-8.

Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Nieto
FJ, et al. Sleep-disordered breathing and cardiovascular disease:
cross-sectional results of the Sleep Heart Health Study. Am J
Respir Crit Care Med. 2001;163:19-25.

Young T, Hutton R, Finn L, Badr S, Palta M. The gender bias in
sleep apnea diagnosis. Are females missed because they have
different symptoms? Arch Intern Med. 1996;156:2445-51.
Suzuki T, Nakano H, Maekawa J, Okamoto Y, Ohnishi Y,
Yamauchi M, et al. Obstructive sleep apnea and carotid-artery
intima-media thickness. Sleep. 2004;27:129-33.

Baguet JP, Nadra M, Barone-Rochette G, Ormezzano O, Pierre
H, Pépin JL. Early cardiovascular abnormalities in newly
diagnosed obstructive sleep apnea. Vasc Health Risk Manag.
2009;5:1063-73.

Hiestand DM, Britz P, Goldman M, Phillips B. Prevalence of
symptoms and risk of sleep apnea in the US population: Results
from the national sleep foundation sleep in America 2005 poll.
Chest. 2006;130:780-6.

Wattanakit K, Boland L, Punjabi NM, Shahar E. Relation of
sleep-disordered breathing to carotid plaque and intima-media
thickness. Atherosclerosis. 2008;197:125-31.

Spence JD. Measurement of intima-media thickness vs. carotid
plaque: uses in patient care, genetic research and evaluation of
new therapies. Int J Stroke. 2006;1:216-21.

Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E,

J Epidemiol 2014;24(4):281-286

30.

31.

32.

33.

34.

35.

Wilsgaard T, Lochen ML, et al. Carotid atherosclerosis is a
stronger predictor of myocardial infarction in females than in
males: a 6-year follow-up study of 6226 persons: the Tromso
Study. Stroke. 2007;38:2873-80.

Hedner JA, Wilcox I, Sullivan CE. Speculations on the
interaction between vascular disease and obstructive sleep
apnea. In: Saunders NA, Sullivan C, editors. Sleep and
Breathing. New York: Dekker; 1994. p. 823-46.

Ciftei TU, Kokturk O, Bukan N, Bilgihan A. The relationship
between serum cytokine levels with obesity and obstructive
sleep apnea syndrome. Cytokine. 2004;28:87-91.

Narkiewicz K, van de Borne PJ, Montano N, Dyken ME,
Phillips BG, Somers VK. Contribution of tonic chemoreflex
activation to sympathetic activity and blood pressure in patients
with obstructive sleep apnea. Circulation. 1998;97:943-5.
Yokoe T, Minoguchi K, Matsuo H, Oda N, Minoguchi H,
Yoshino G, et al. Elevated levels of C-reactive protein and
interleukin-6 in patients with obstructive sleep apnea syndrome
are decreased by nasal continuous positive airway pressure.
Circulation. 2003;107:1129-34.

Bokinsky G, Miller M, Ault K, Husband P, Mitchell J.
Spontaneous platelet activation and aggregation during
obstructive sleep apnea and its response to therapy with
nasal continuous positive airway pressure. A preliminary
investigation. Chest. 1995;108:625-30.

Atkeson A, Jelic S. Mechanisms of endothelial dysfunction in
obstructive sleep apnea. Vasc Health Risk Manag. 2008;4:
1327-35.


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20636708&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11208620&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11208620&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8944737&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14998249&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20057899&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20057899&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16963675&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17433330&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18706019&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17901390&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15381186&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9529260&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12615790&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7656607&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19337546&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19337546&dopt=Abstract

