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Background and Objective

Reportedly, snoring is associated with chronic bronchitis. This association warrants further studies includ-

ing polysomnographic evaluations because of few epidemiologic studies on the association. Via a polysomnography study, we evaluated the
associations of snoring, obstructive sleep apnea, and systemic inflammation with chronic bronchitis among 442 participants from a popula-
tion-based cohort.

Methods At baseline, we assessed participants’ serum levels of C-reactive protein, a biomarker of systemic inflammation. Over a 5-year peri-
od, we conducted overnight polysomnography and identified any new cases of chronic bronchitis.

Results  After taking into account age, smoking, and other potential risk factors, the multivariate odds ratio (95% CI) for chronic bronchi-
tis was 2.9 (95% CI, 1.3-6.4) for snorers with cumulative duration of snoring episodes > 1 hour as compared with those snoring < 1 hour.
This association did not change after further adjustment for the presence of apnea. Obstructive sleep apnea had no association with chronic
bronchitis. A higher level of serum C-reactive protein was associated with chronic bronchitis (p value for trend < 0.05). In a joint analysis of
snoring and C-reactive protein, longer cumulative duration of snoring episodes accompanied by systemic inflammation was associated with
a 10-fold (95% ClI, 2.9 to 37.4) increase in the multivariate odds of chronic bronchitis.

Conclusions This polysomnography study provides additional data supporting the hypothesis that snoring is associated with chronic

bronchitis implying that snoring-related local and systemic inflammation may play roles in the development of chronic bronchitis.
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INTRODUCTION

We first reported that snorers are at an increased risk of developing chronic bronchitis." Af-
ter taking into account age, body mass index (BMI), smoking, and other potential risk factors,
persons snoring almost every night had a 68% [95% confidence interval (CI), 17-142%] higher
risk of chronic bronchitis compared to persons who had never snored.! The biological mecha-
nisms that underlie snoring’s effects on chronic bronchitis include systemic and local airway in-
flammation.”* Experimental studies have suggested snoring’s vibrations may induce elevated
levels of pro-inflammatory biomarkers or inflammation-related gene expressions.> These find-
ings imply a hypothesis--the association between snoring and chronic bronchitis may be medi-
ated through local airway inflammation, regardless of systemic inflammation. In addition, we
postulate that intrathoracic pressure fluctuations, which occur due to increased inspiratory ef-
fort against the closed airway, or hypoxia during obstructive sleep apnea (OSA) may stimulate
the airway inflammatory response.** Obesity, which has a strong association with OSA” and ha-
bitual snoring,® elevates systemic inflammatory status’ to the same extent that OSA’ presence
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does when independent of obesity."*** No studies to date have ca-
refully investigated these possible mechanisms regarding the
relationships between chronic bronchitis and snoring, OSA, and
systemic inflammation.

As stated in our previous study,' we think further epidemiolo-
gic studies are warranted to reevaluate the association between
snoring and OSA and chronic bronchitis and to explore the un-
derlying mechanisms for such associations, particularly studies
including polysomnography (PSG), to provide objective mea-
sures of snoring and OSA. Thus, in the present study, we evalu-
ated whether the presence of snoring and of OSA, as assessed by
PSG, is associated with chronic bronchitis. We also explored sys-
temic inflammation’s role in this association.

METHODS

Study Design and Population

We carried out a cross-sectional study, embedded in a popu-
lation-based cohort study within the Korean Genome Epidemi-
ology Study (KoGES). Information regarding the KoGES’s ongo-
ing, prospective cohort study is available elsewhere."" Briefly,
the cohort members consist of 5,015 male and female Korean ci-
tizens aged 40 to 69 years in 2001, who participated in compre-
hensive health examinations and on-site interviews at Korea Uni-
versity Ansan Hospital. Each participant signed a Human Sub-
jects Committee-approved informed consent form prior to their
health examination. Participants completed an interviewer-ad-
ministered questionnaire that included questions on demogra-
phic information, medical history and health conditions, family
disease history, and lifestyle. Cohort members have been fol-
lowed up biennially via scheduled site visits.

In our Ansan Sleep Cohort Study, which is an investigation
via PSG, we first enrolled the 5,015 cohort members, using dis-
proportional stratified sampling to allow efficient analyses. Based
on the questions about presence and frequency of snoring, we
stratified the cohort members into habitual snoring (snoring 4
nights per week or more) and non-habitual snoring (no snoring
or snoring less than 4 nights).

Then, we randomly selected 50% of the habitual snorers (ha-
bitual snorers were 17% of all cohort members) and 10% of the
non-habitual snorers, selecting a group with similar propor-
tions to the snoring group regarding sex and number of mem-
bers in each of the 10-year age range groups. Ultimately, we in-
cluded 637 study participants with a participation rate of 75
percent. All participants underwent overnight PSG between
August 27, 2001 and March 16, 2005. When comparing their
incidences of chronic bronchitis over the 5-year period, we ob-
served no difference between our participants and the other
cohort members, who did not participate in the PSG.

For this current study, we excluded participants who report-
ed on the baseline questionnaires that they had a physicians di-
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agnosis of a major disease, such as chronic obstructive pulmo-
nary disease, cancer, cardiovascular disease, tuberculosis, and as-
thma (n = 85); or had experienced cough and sputum produc-
tion on most days for at least 3 months in the preceding year (n
= 6); who did not complete the follow-up interviews (n = 47);
or whose serum C-reactive protein (CRP) levels were 4 mg/L or
higher, based on assay results from the baseline health exami-
nation (n = 57). This left 442 individuals for analysis.

Chronic Bronchitis

Chronic bronchitis was defined as the presence of cough and
sputum production on most days for at least 3 months each year,
for at least 2 successive years.'*"* The 2001, 2003, and 2005 ques-
tionnaires included questions used in the European Community
Respiratory Health Survey' to reveal respiratory symptoms and
chronic bronchitis. Based on the responses to the questions, we
considered that chronic bronchitis cases included only individ-
uals who reported chronic bronchitis in the absence of a physi-
cian’s diagnosis of asthma.

Measurement of C-Reactive Protein

All participants fasted for at least 8 hours before blood collec-
tion began. Using the turbidimetric immunoassay method, we
assessed participants’ serum concentrations of CRP, a systemic
inflammation biomarker, at baseline. We defined the top tertile
of serum CRP levels (> 1.8 mg/L) as a high level of systemic in-
flammation and the bottom 2 tertiles as a low level of systemic
inflammation.

Polysomnographic Measurement of Snoring and
OSA

To determine the presence and severity of snoring and OSA,
we conducted PSG evaluations of the participants over a 5-year
period. They underwent overnight PSG at Korea University An-
san Hospital’s sleep laboratory, which has a computerized PSG
device (Alice 4; Respironics, Atlanta, GA, USA). The evaluations
measured the following parameters: electroencephalogram,
electrooculogram, submental and leg electromyogram, electro-
cardiogram, airflow through the nose and mouth, chest and ab-
dominal respiratory movement, pulse oximetry, microphone
recording for any snoring sound, and body position. According
to the standard criteria,"” trained sleep technologists, who were
blinded to the outcome, manually scored the PSG results, includ-
ing any apnea and hypopnea.

For our purposes, apnea was defined as the absence of air-
flow for 10 seconds, and hypopnea was defined as a discernible
reduction in airflow associated with a reduction in oxygen sat-
uration by at least 4% from the baseline. We obtained apnea-
hypopnea indices (AHI, the average number of apnea-hypop-
nea events per sleep hour) and the cumulative duration of each
participant’s snoring episodes. In this study, we defined OSA pa-
tients as those with AHIs of 5 events/hour or greater.
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Potential Risk Factors

Trained interviewers administered the questionnaires to par-
ticipants. On the 2001 questionnaire, we collected information
on demographic characteristics, including age; sex; income;
occupation; history of occupational exposure to dust or chemi-
cals; marital status; education; and lifestyle factors, including
smoking status, alcohol consumption, and physical activity. A pre-
vious study shows how we calculated daily alcohol consumption
(g/day) and total metabolic equivalent of task per hour (MET/
hour) scores.” Trained health professionals performed a com-
prehensive health examination on each participant, measuring
height (cm) and body weight (kg) to the nearest 0.1 cm and 0.1 kg,
respectively, without shoes and then calculating BMI (kg/m?).

On the 2003 questionnaire, we collected data regarding any rh-
initis diagnosed by physicians in 2001 or earlier.

Statistical Analysis

We calculated descriptive statistics for study participants’ base-
line characteristics, dividing them into 2 categories based on cu-
mulative duration of snoring episodes (< 1 hour or > 1 hour). To
evaluate the statistical difference between these categories, we
performed unpaired t-tests for continuous data and Kruskal-
Wallis tests for categorical data. To evaluate the associations of
snoring and OSA with chronic bronchitis and systemic inflam-
mation, we conducted logistic regression analyses and estimat-
ed odds ratios (ORs) of chronic bronchitis or of a high level of sys-

Table 1. Comparison of characteristics according to cumulative duration of snoring episodes, as recorded during polysomnographic evaluation

Cumulative duration of snoring episodes

Variables p-value*
< 1hour >1 hour
No. (%) of participants 318 (72.0) 124 (28.0)
Polysomnographic measures (2001-2006)"
Cumulative duration of snoring episodes, mean * SD (min) 13.8 +17.5 1223 +52.0 <0.001
Duration of sleep, mean + SD (hours) 6.2+ 1.0 6.610.8 <0.001
Apnea-hypopnea index, mean + SD 54195 12.7+14.8 <0.001
Diagnosis of obstructive sleep apnea (%)* 29.3 54.8 <0.001
Baseline measurement (2001-2002)*
Age, mean * SD (years) 491172 48.0+6.6 0.13
Male (%) 55.0 83.1 <0.001
Monthly wage of < 10° won (%)$ 12.6 3.2 <0.01
Occupation (%)
White-collar job 17.0 194 0.56
Blue-collar job 55.4 67.7 <0.05
Others 27.7 12.9 <0.01
History of occupational exposure (%)
To dust 20.8 17.7 0.48
To chemicals 9.4 10.5 0.74
Living with spouse (%) 90.6 96.8 <0.05
Educational level of > 9 years (%) 73.9 81.5 0.10
Smoking status (%)
Current smokers 18.6 35.5 <0.001
Former smokers 22.6 28.2 0.22
Passive smoking among never-smokers (%) 32.6 422 0.22
Body mass index, mean * SD (kg/m?) 24927 264+3.0 <0.001
Alcohol consumption, mean * SD (g/day) 10.1£22.6 23.7+£36.4 <0.001
Physical activity, mean * SDT 241+94 233186 0.43
Average daily sleep, mean *+ SD (hours) 66+15 64113 0.37
Serum C-reactive protein, mean £ SD (mg/L) 1.3+1.0 14+10 0.23

*Data compared between groups, using the Kruskal-Wallis test for categorical variables and the t-test for continuous variables. TDuring this peri-
od, we collected or assessed information on these measures. ¥Defined as apnea-hypopnea index > 5 events/hour. $This wage corresponds ap-
proximately to the government-set minimum wage for a family of 3 persons. TAverage daily metabolic equivalents per hour.

SD: standard deviation.
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temic inflammation with a 95% CI. Using the < 1 hour cumula-
tive snoring group as a comparison (reference), we calculated
ORs for the > 1 hour cumulative snoring group. Likewise, we cal-
culated ORs for the OSA group, using the non-OSA group as a
reference. Potential confounding variables in the multivariate
models were age, BMI, sex, income, occupation, history of occu-
pational exposure to dust or chemicals, marital status, education,
smoking status, passive smoking (among participants who had
never smoked), alcohol consumption, physical activity, average
daily sleep time, and rhinitis diagnosis. Furthermore, we took
serum levels of CRP into account in the multivariate models. In
the models, we fitted age, BMI, and CRP as continuous variables
and entered the other variables as categorical variables. We also
examined the association between snoring and chronic bronchi-
tis according to smoking status. Because approximately 77% of
study participants reported having never smoked or being ex-
smokers, however, we present here only data for non-smokers,
not for current smokers. In the analyses, we did not categorize
current smokers by smoking intensity, because only 14 persons
reported smoking more than 20 cigarettes per day.

RESULTS

‘We documented 41 cases of new-onset chronic bronchitis (9.3%)
during the 5-year period. Table 1 presents the study participants’
characteristics. Snorers in the > 1 hour cumulative snoring group
were more likely to show the following, as compared to the < 1
hour group: diagnosis of OSA, male, smoker, greater BMI, and con-
sumption of a greater amount of alcohol (p value < 0.001)(Table 1).

Table 2 shows the associations of snoring and of OSA with
chronic bronchitis. We observed that > 1 hour cumulative snor-
ing episodes associated positively with chronic bronchitis, after
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taking into account age, BMI, and other potential risk factors.
After further adjustment for serum levels of CRP assayed at
baseline and for the presence of OSA, snorers with > 1 hour cu-
mulative snoring episodes still had at least a 2.9-fold higher OR
(95% CI, 1.3 to 6.4) for having chronic bronchitis than did those
in the < 1 hour snoring group (Table 2). When we conducted
further analyses on the 339 non-smokers, the OR for chronic
bronchitis was 5.09 (95% CI, 1.93 to 13.43) for snorers in the sn-
oring > 1 hour group compared with the reference group, after
controlling for the Model 3 covariates. Among all participants,
OSA was not significantly associated with chronic bronchitis (Ta-
ble 2) as well as among non-smokers (data available from authors
on request).

Table 3 demonstrates the association between the baseline
measurement of serum CRP levels and the development of ch-
ronic bronchitis. In multivariate models, higher levels of CRP,
reflecting elevated systemic inflammatory responses, were sig-
nificantly associated with the development of chronic bronchi-
tis during the 5-year period (p value for trend < 0.05)(Table 3).

Table 4 presents the joint analysis of snoring and systemic in-
flammation in relation to chronic bronchitis. After taking into
account age, BMI, serum CRP levels, presence of OSA, and oth-
er risk factors, we observed that snorers with either a longer cu-
mulative duration of snoring episodes or a higher CRP level had
at least 3-fold higher odds of having chronic bronchitis. More-
over, those with both conditions had at least 10-fold higher odds
of having chronic bronchitis as compared to those snoring < 1
hour and having low CRP levels (p value for trend < 0.001)(Table 4).

DISCUSSION

In a population-based, cross-sectional study, we evaluated snor-

Table 2. Association of snoring and obstructive sleep apnea with chronic bronchitis

Cumulative duration of snoring episodes

Apnea-hypopnea index

Models for chronic bronchitis

<1 hour >1 hour < 5 events/hr > 5 events/hr
Case/Noncase 23/295 18/106 25/256 16/145
Age-adjusted OR (95% CI) Reference 2.18 (1.13-4.21) Reference 1.15 (0.58-2.26)
Age and BMI-adjusted OR (95% CI) Reference 2.45 (1.24-4.85) Reference 1.21 (0.61-2.42)
Model 1: Multivariate OR (95% CI)* Reference 2.77 (1.26-6.10) Reference 1.21 (0.57-2.58)
Model 2: Multivariate OR (95% CI)* Reference 2.86 (1.28-6.38) Reference 1.15 (0.54-2.46)
Model 3: Multivariate OR (95% CI)* Reference 2.90 (1.27-6.59) Reference 0.94 (0.43-2.06)

Boldface type indicates a p-value < 0.05.

*In Model 1, we adjusted data for age (continuous), BMI (continuous), sex, income (monthly wage of < 10° or > 10° won), occupation (white-collar,
blue-collar, or other), occupational dust exposure (yes or no), occupational chemical exposure (yes or no), marital status (married or other status),
education (<9 or > 9 years), smoking status (never smoked, former smoker, or current smoker), passive smoking among the “never smoked” (yes
or no), alcohol consumption (non-drinkers or currently drinking alcohol, at < 5.1 g, 5.1-15 g, 15.1-30 g, or > 30 g/day), quartiles of physical activity
(metabolic equivalents per hour daily), quartiles of sleep duration during polysomnography, and a physician’s diagnosis of rhinitis (yes or no).
In Model 2, we further adjusted data for serum levels of C-reactive protein (continuous) with the covariates from Model 1. ¥In Model 3, we fur-
ther adjusted data for categories of cumulative duration of snoring episodes and the presence of obstructive sleep apnea with the covariates from

Model 2.
OR: odds ratio, CI: confidence interval, BMI: body mass index.
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Table 3. Association between C-reactive protein and chronic bronchitis

Models for chronic bronchitis Crreactive protein p-value
Tertile 1 Tertile 2 Tertile 3 for trend*

Median, mg/L (range) 0.2 (0.1-0.8) 1.3(0.9-1.7) 2.3(1.8-3.9)

Case/Noncase 11/144 9/134 21/123

Age-adjusted OR (95% CI) Reference 0.88 (0.35-2.19) 2.24 (1.04-4.83) 0.06
Age and BMI-adjusted OR (95% CI) Reference 0.92 (0.37-2.29) 2.42 (1.10-5.30) <0.05
Model 1: Multivariate OR (95% CI)* Reference 0.96 (0.36-2.59) 3.01 (1.28-7.04) <0.05
Model 2: Multivariate OR (95% CI)* Reference 0.95 (0.35-2.62) 3.36 (1.40-8.08) <0.05

Boldface type indicates a p-value < 0.05.

*We fitted C-reactive protein as a continuous variable in the model. fIn Model 1, we adjusted data for age (continuous), BMI (continuous), sex,
income (monthly wage of < 10° or = 10° won), occupation (white-collar, blue-collar, or other), occupational dust exposure (yes or no), occupa-
tional chemical exposure (yes or no), marital status (married or other status), education (< 9 or > 9 years), smoking status (never smoked, for-
mer smoker, or current smoker), passive smoking among “never smoked” (yes or no), alcohol consumption (non-drinkers or currently drink-
ing alcohol, at < 5.1 g, 5.1-15 g, 15.1-30 g, or > 30 g/day), quartiles of physical activity (metabolic equivalents per hour daily), quartiles of sleep
duration during polysomnography, and a physician’s diagnosis of rhinitis (yes or no). ¥In Model 2, we further adjusted data for the categories of
cumulative duration of snoring episodes and the presence of obstructive sleep apnea with the covariates from Model 1.

OR: odds ratio, CI: confidence interval, BMI: body mass index.

Table 4. Joint analyses of snoring and C-reactive protein in relation to chronic bronchitis

Multivariate OR (95% CI)

Snoring CRP* Case/Noncase
Model 17 Model 2*
<1 hour Low level 10/203 Reference Reference
> 1 hour Low level 10/75 3.62(1.29,10.15) 3.65(1.28,10.44)
< 1hour High level 13/92 3.83(1.49,9.82) 3.84(1.49,9.85)
> 1 hour High level 8/31 10.34 (2.91, 36.73) 10.43 (2.91, 37.43)
p-value for trend <0.001 <0.001

Boldface type indicates a p-value < 0.05.

*A low CRP level is defined as < 1.8 mg/L and a high CRP level is defined as > 1.8 mg/L. fIn Model 1, we adjusted data for age (continuous), BMI
(continuous), sex, income (monthly wage of < 10° or = 10° won), occupation (white-collar, blue-collar, or other), occupational dust exposure (yes
or no), occupational chemical exposure (yes or no), marital status (married or other status), education (< 9 or > 9 years), smoking status (never
smoked, former smoker, or current smoker), passive smoking among “never-smoked” (yes or no), alcohol consumption (non-drinkers or cur-
rently drinking alcohol, at < 5.1 g, 5.1-15 g, 15.1-30 g, or > 30 g/day), quartiles of physical activity (metabolic equivalents per hour daily), quar-
tiles of sleep duration during polysomnography, and a physician’s diagnosis of rhinitis (yes or no). ¥In Model 2, we further adjusted data for the
presence of obstructive sleep apnea with the covariates from Model 1.

OR: odds ratio, CI: confidence interval, CRP: C-reactive protein.

ing and OSA via overnight PSG and found a positive associa-
tion between snoring and newly-identified chronic bronchitis
over a 5-year period. After taking into account age, smoking,
BMLI, and other potential risk factors of chronic bronchitis, we
observed that snorers with a longer cumulative duration of snor-
ing episodes had a 2.9-fold (95% CI, 1.3 to 6.6) higher chance
of having chronic bronchitis as compared to those snoring less
than 1 hour. We also observed that higher levels of normal CRP
values are associated with the development of chronic bronchi-
tis. Furthermore, we observed that snoring had a stronger as-
sociation with chronic bronchitis when combined with system-
ic inflammation.

In a previous study, we reported the first data on the associa-
tion between self-reported snoring and chronic bronchitis, as
developed over a 4-year follow-up period." After taking into ac-
count chronic bronchitis risk factors, persons who snored ev-
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ery night or almost every night had a 68% (95% CI, 17% to
142%) excess in their risk of having chronic bronchitis as com-
pared with those who had never snored. Furthermore, we ob-
served that this association was strong among those who had
never smoked, suggesting that snoring is a novel risk factor for ch-
ronic bronchitis and, thus, snorers who are non-smokers may be
a high-risk population regarding bronchitis." In this, our second
report on snoring and chronic bronchitis, we used PSG to ex-
plore potential mechanisms whereby systemic inflammation is
associated with snoring and/or bronchitis. As expected, we ob-
served a consistent and strong association between an objective
measure of snoring and chronic bronchitis. In particular, this as-
sociation showed significance independent of systemic inflam-
mation and other potential risk factors, but it became stronger
in the presence of elevated systemic inflammation. In our results,
OSA did not have a noticeable independent association with



chronic bronchitis, partly because a majority of OSA patients
(86%) had mild or moderate apnea symptoms. Because this
sleep-disordered breathing is prevalent among snorers, howev-
er, we cannot rule out OSAs possible effects on the association
we observed between snoring and chronic bronchitis.

As we suggested in our previous report, the underlying mech-
anisms for the association between snoring and chronic bron-
chitis may involve local airway inflammation and systemic in-
flammation.! Animal experiments have provided data support-
ing the hypothesis that mechanical trauma due to repeated snor-
ing vibrations may induce airway inflammation,>* although no
study has yet evaluated this hypothesis in humans. Studies on
OSA patients show that AHI correlates positively with pro-in-
flammatory biomarkers, such as interleukin-6 and interleu-
kin-8,> and suggest a link between OSA and bronchial inflam-
mation.*® Whether OSA itself has an association with systemic
inflammation, independent of obesity, is still unclear, due to in-
consistent findings.'*>'*** Nevertheless, OSA and snoring com-
monly coexist with obesity,”® and researchers have observed el-
evated CRP levels in heavier persons.’ Based on the finding that
systemic inflammation is related to inflammation of the lower

airway”' and reduced lung function,”**

we suggest the interac-
tion between local and systemic immune responses may contrib-
ute to the etiology of chronic obstructive pulmonary disease.””

Our present study produced findings consistent with our pre-
vious report supporting the hypothesis that snoring is associat-
ed with chronic bronchitis' and also supporting a mechanism
whereby snoring-related, local inflammation, accompanied by
systemic inflammation, may lead to the development of chronic
bronchitis. In the interpretation of our findings, however, sev-
eral limitations should be taken into account. This study used
objective measures from PSG evaluations for information on sn-
oring exposure. Because we conducted the PSG over 5 years, our
data drew on cross-sectional observations, and this obscured
the temporal relationship between snoring exposure and out-
come. Thus, our findings need to be interpreted as indicated in
our earlier findings from a prospective investigation of snoring
and chronic bronchitis.! Cases of chronic bronchitis were based
on self-reports but not confirmed by means of a physician’s di-
agnosis. However, the potential misclassification of outcomes
is unlikely to be differential, and its influence on the findings is
unimportant.”® Although we attempted to enroll more poten-
tial cases of OSA from this population-based cohort, we found
a small number of severe OSA cases, which did not allow analy-
ses on any associations between severe OSA and chronic bron-
chitis.

In summary, our PSG study provides additional data support-
ing the hypothesis that snoring is associated with chronic bron-
chitis implying that snoring-related local and systemic inflam-
mation may play roles in the development of chronic bronchitis.
Further investigations assessing lung function, as linked to snor-
ing-related local and systemic inflammation, may be useful for un-
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derstanding the etiology of chronic bronchitis.
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