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Study Objectives: This study aimed to determine the consequences of snoring independent of obstructive sleep apnea (OSA) and hypothesized that snoring
sound intensity, as assessed by mean tracheal sound (TS) energy (Leq), is related to morning blood pressure (BP).

Methods: A home-based TS monitoring study was performed for two nights on 191 workers in Japan using an IC recorder. Leq and the respiratory
disturbance index (RDI) were calculated from the TS data. RDI was used as a marker of OSA severity. Systolic and diastolic BP measurements in the evening
and morning (eSBP/eDBP and mSBP/mDBP, respectively) were done before and after TS recording. The data of the second night were analyzed.

Results: Leq was significantly related to both mSBP and mDBP (r = 0.32, p < 0.0001; r = 0.34, p < 0.0001, respectively). Leq was also significantly related to
morning BP after adjustment for age, sex, and body mass index. However, the relationship was no longer significant when both RDI and Leq were included

in the multiple regression model. In non-apneic, non-obese subjects, Leq was significantly related to both mSBP and mDBP (r = 0.38, p < 0.0001; r = 0.33,

p = 0.0004, respectively). In this group, Leq was associated with mSBP after adjusting for all confounding factors (n = 106, p = 0.022).

Conclusions: The association between night TS intensity and morning BP suggests a pathological role of heavy snoring. To understand this association, a

prospective cohort study in a general population is warranted.

Commentary: A commentary on this article appears in this issue on page 1581.
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INTRODUCTION

Snoring is an acoustic phenomenon occurring during sleep
caused by the vibration of the soft tissues of the upper airway.
It is not only a nuisance to the bed partner but can also have a
negative health consequence on the snorers.

Many epidemiological studies have shown that habitual
snorers experience cardiovascular diseases."”’ Obstructive
sleep apnea (OSA), rather than snoring, was considered to con-
tribute to the incidence of cardiovascular diseases because a
considerable number of habitual snorers have OSA. However,
according to some studies, snoring itself can lead to cardio-
vascular diseases through decreased baroreceptor sensitivity/
reactivity®™ and mechanical injury to the carotid artery en-
dothelium.!” These findings suggest that snoring has its own
vascular risk. Recently, heavy snoring is shown to be associ-
ated with carotid atherosclerosis independent of apnea severity
and other risk factors."! However, several conflicting studies
reported no association between snoring history and degree of
carotid stenosis.'>"* Thus, whether or not snoring can lead to
cardiovascular consequence remains to be clarified.

We have reported two studies supporting the cardiovascular
effects of snoring. One study demonstrated that ambient snor-
ing intensity is independently associated with daytime blood
pressure (BP) in subjects with primary snoring or mild OSA."
The other study demonstrated that the mean tracheal sound (TS)
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Although many
epidemiological studies have shown that snoring is associated

with cardiovascular diseases, the snoring frequency obtained in
those studies was questionnaire-based, and only a few studies

have objectively measured snoring. Our previous study showed an
association between objectively measured snoring and hypertension
in clinic samples.

Study Impact: This population-based study showed the association
between objectively measured snoring and hypertension. This study
highlights the significance of snoring as well as sleep apnea in the
pathophysiology of developing hypertension.

energy (Leq), which represents snoring sound intensity, is re-
lated to daytime BP in subjects suspected of OSA, independent
of OSA severity."> Because subjects in these studies consisted of
a clinical population, those subjects were likely to have heavier
snoring than those in a community population. To investigate
the effects of snoring on BP according to severity, not only
heavy but also mild snorers should be included as study subjects.

Our two previous studies tested the relationship between snor-
ing and daytime BP measured in the office. It is possible that snor-
ing contributes to increased BP in the morning rather than during
daytime because snoring is a phenomenon occurring during sleep.
We hypothesized that snoring sound intensity is related to morn-
ing BP, which was measured at home in a worker population.
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Table 1—Characteristics of the subjects according to Leq tertiles.

Tertiles All
1st 2nd 3rd p value

Number 52 52 52 156
Male, % 40.4 75.0 90.4 <0.001 68.6
Age, years 43.8 (10.0) 43.0 (10.2) 43.9(8.8) 0.882 43.6 (9.6)
BMI, kg/m? 22.1(3.8) 22.5(2.6) 23.4(4.0) 0.181 22.6 (3.5)
Epworth Sleepiness Scale, score 7.3(4.0) 7.9(4.3) 8.5(5.2) 0.456 7.9(4.5)
RDI, events/h 0.810.2, 1.6] 1.110.4,2.8] 3.7[1.6,11.7] <0.001 1.5[0.5,3.6]
Leq, dB 96.7 (2.1) 101.2 (1.4) 108.3 (3.6) <0.001 102.1 (5.4)
eSBP, mm Hg 111.4 (16.2) 116.6 (13.9) 120.0 (15.9) 0.019 116.0 (15.7)
eDBP, mm Hg 70.4 (10.9) 71.4(10.8) 73.1(12.2) 0.452 71.6 (11.3)
mSBP, mm Hg 113.9 (15.2) 17.7 (13.4) 125.0 (15.7) 0.001 118.9 (15.5)
mDBP, mm Hg 72.5(10.2) 74.9 (9.4) 80.0 (10.7) 0.001 75.8 (10.5)
Evening hypertension, % 5.8 13.5 25.0 0.021 14.7
Morning hypertension, % 13.5 15.4 36.5 0.007 218
Evening hypertension or prehypertension, % 46.2 59.6 59.6 0.281 55.1
Morning hypertension or prehypertension, % 51.9 63.5 82.7 0.004 66.0

Values presented as mean (standard deviation), median [interquartile range], or percent. BMI, body mass index; eDBP, diastolic blood pressure in the
evening; eSBP, systolic blood pressure in the evening; Leq, equivalent sound pressure level; mDBP, diastolic blood pressure in the morning; mSBP, systolic

blood pressure in the morning; RDI, respiratory disturbance index.

METHODS

Subjects

The present study included 191 workers in two facilities. The
subjects worked as public employees, mostly engaged in of-
fice work. This study was approved by the Institutional Review
Board in Fukuoka National Hospital, and signed informed con-
sent was obtained from all subjects.

Measurements

The subjects recorded their TS for two nights at home us-
ing an IC recorder (ICR-PS285RM; Sanyo, Osaka, Japan)
between February 2008 and February 2010. We used TS
measurement for this study because it is immune to ambient
noise and is suitable for home monitoring. TS was captured
using an air-coupled microphone (MC-TP2; Sharp, Osaka,
Japan) attached on the neck over the trachea. TS was digi-
tized and recorded on the IC recorder as data with 44,100-
Hz frequency and 16-bit resolution. The recording system
of TS was calibrated by a reference sound pressure (94 dB).
The subjects were instructed to switch their IC recorder and
start TS recordings by themselves just before going to bed
and to stop the TS recordings by themselves after getting up
on the following morning. Subjects were asked to complete a
questionnaire to identify their symptoms, sleep habits, alco-
hol consumption, cigarette smoking, and clinical history in-
cluding medications. Body mass index (BMI) was calculated
as weight in kilograms divided by squared height in meters.
Their evening BP was measured just before starting the TS
recording and going to bed, and their morning BP was mea-
sured after awakening and urination and before breakfast on
the following morning. We used a digital home BP monitor-
ing device (Omron HEM 762P; Omron, Kyoto, Japan) for the
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BP measurement. The average value of three measurements
was recorded as the BP value. BP values measured in the
evening and in the morning were designated as evening BP
(eSBP/eDBP) and morning BP (mSBP/mDBP), respectively.
Morning and evening hypertension was defined as mSBP/
eSBP > 135 mm Hg or mDBP/eDBP > 85 mm Hg. Morn-
ing and evening prehypertension was defined as 115 < mSBP/
eSBP < 135 mm Hg or 75 < mDBP/eDBP < 85 mm Hg."®

TS Analysis

The TSs were analyzed using a PC-based compressed sound
spectrograph system that we developed to detect snoring."” The
details are described elsewhere. The system calculated several
snoring variables, among which we used Leq (equivalent sound
pressure level) as the primary snoring variable. Leq, expressed
in decibels, was calculated as the average of the squared ratio
of the instantaneous sound pressure and the reference signal
(20 pPa). Leq represents the mean sound energy during total
recording time. We calculated the respiratory disturbance in-
dex (RDI) using the method developed by Nakano et al.'” and
used this as a marker of OSA severity.

Statistical Analysis
Thirty-five subjects were excluded from analysis because
of insufficient data or because they were taking antihyper-
tensive drugs. The remaining 156 subjects were included in
subsequent analyses.

We analyzed the BP and snoring data from the second
night of monitoring to avoid any effect that might be caused
by the adjustment of the patient during the first night. The
analysis was primarily performed for all subjects. Descriptive
characteristics are summarized as the Leq tertiles (Table 1).
Continuous variables are expressed as means and standard
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Figure 1—Relationship between tracheal sound intensity (Leq) and morning blood pressure.
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Figure 2—Relationship between tracheal sound intensity (Leq) and evening blood pressure.
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deviations for normally distributed variables; otherwise, as
medians and interquartile ranges. Categorical variables are
expressed as percentages. To detect differences among groups,
one-way analysis of variance and the Kruskal-Wallis test were
performed to compare parametric and nonparametric data,
respectively. The y* test was performed to compare propor-
tions among groups. A p value < 0.05 was considered to be
statistically significant.

We assessed a simple correlation between Leq and BP
in the evening and the following morning. Thereafter, we
performed multiple regression analysis to adjust for the con-
founding factors to identify the independent effect of Leq
on BP. In our clinic-based study performed previously, we
found that the relationship between Leq and high blood
pressure is most prominent in non-obese and non-apneic
subjects.’® As this finding was considered to be clinically
important, we performed multiple regression analysis in
non-obese, non-apneic subjects in the worker population.
All statistical analyses were performed using the SPSS soft-
ware package (version 17.0 for Windows; SPSS Inc., Chicago,
Illinois, USA).
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RESULTS

Subject Characteristics

The mean age of the subjects was 43.6 years, and the mean
BMI was 22.6 kg/m? (Table 1). Subjects were predominantly
men (68.6%). There were 27 subjects (17.3 %) with an RDI > 5
and 34 subjects (21.8%) and 23 subjects (14.7%) with morning
and evening hypertension, respectively. Descriptive character-
istics according to the Leq tertiles are summarized in Table 1.
Subjects in the higher Leq tertiles tended to have higher BP
than those in the lower Leq tertiles. BMI and RDI were also
higher in subjects in the higher Leq tertiles compared with
those in the lower Leq quintiles. Leq was modestly correlated
with RDI (n = 156, r = 0.56, p < 0.001).

Relationship between Leq and Morning and Evening
BP in All Subjects

In a simple correlation analysis, Leq was significantly related
to mSBP and mDBP (r = 0.32, p < 0.001; r = 0.34, p < 0.001,
respectively) (Figure 1) and to eSBP, but not to eDBP (r =0.23,
p = 0.004; r = 0.13, p = 0.11, respectively) (Figure 2). In a
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Table 2—Multiple regression analysis for morning systolic blood pressure and morning diastolic blood pressure in all subjects.

Covariate
Leq (1 dB) RDI (1 event/h)
B beta ] B beta ]
Systolic Blood Pressure
Model 1 0.476 0.165 0.029 - - -
Model 2 - - - 0.323 0.168 0.025
Model 3 0.303 0.105 0.234 0.216 0.113 0.200
Diastolic Blood Pressure
Model 1 0.310 0.158 0.037 - - -
Model 2 - - - 0.199 0.152 0.044
Model 3 0.210 0.107 0.229 0.125 0.095 0.278

B, partial regression coefficient; beta, standardized partial regression coefficient. All models included age, sex, body mass index, usual sleep time, smoking

(pack-years), and drinking (drinks per week).

Table 3—Characteristics of the subjects according to RDI and BMI.

RDI<5 RDI 2 5 Al
BMI < 25 BMI = 25 BMI < 25 BMI = 25

Number 109 20 " 16 156
Male, % 66.1 60.0 81.8 87.5 68.6
Age, years 43.1(9.6) 44.4 (10.7) 44.9 (9.4) 44.8 (9.1) 43.6 (9.6)
BMI, kg/m? 21 0(2.1) 27 3(1.8) 22 0(2.0) 28.1(3.1) 22 6 (3.5)
Epworth Sleepiness Scale, score 5(4.2) 5(5.1) 4 (5.6) 10.0 (5.3) 9 (4.5)
eSBP, mm Hg 1129(150) 1268(171) 1148(1 5) 124.5 (11.8) 1160(157)
eDBP, mm Hg 69.7 (10.9) 78.3(9.7) 69.8 (11.2) 774 (11.5) 71.6 (11.3)
mSBP, mm Hg 115.2 (13.8) 126.6 (15.5) 121.3(11.2) 132.7 (17.9) 118.9 (15.5)
mDBP, mm Hg 73.4(9.7) 79.7 (9.0) 80.4 (10.8) 83.8 (12.0) 75.8 (10.5)
RDI, events/h 0.810.3,1.8] 2411.3,3.3] 11.316.0, 13.7] 13.9[7.2,27.3] 1.5[0.5, 3.6]
Leq, dB 100.9 (4.3) 99.7 (4.1) 108.9 (7.0) 108.1 (5.1) 102.1 (5.4)

Values presented as mean (standard deviation), median [interquartile range], or percent. BMI, body mass index; eDBP, diastolic blood pressure in the
evening; eSBP, systolic blood pressure in the evening; Leq, equivalent sound pressure level; mDBP, diastolic blood pressure in the morning; mSBP, systolic

blood pressure in the morning; RDI, respiratory disturbance index.

multiple regression analysis, if either variable of Leq or RDI
was tested as an independent variable, it was significantly re-
lated to morning BP after adjustment for age, sex, and BMI
(Table 2). However, the relationship was no longer signifi-
cant when both RDI and Leq were included in the multiple
regression model.

Relationship between Leq and Morning and Evening
BP in Non-Obese, Non-Apneic Subjects

We also reviewed the relationship between Leq and BP in non-
obese, non-apneic subjects. The characteristics of this group
are shown in Table 3.

Leq was significantly related to both ¢eSBP and eDBP
(r =0.33, p = 0.001; r = 0.23, p = 0.017, respectively). Leq
was significantly related to both mSBP and mDBP (r = 0.38,
p <0.001; r=0.33, p <0.001, respectively).

We also performed a multiple regression analysis (Ta-
ble 4). In this group, RDI had no effect on the relationship
between Leq and BPs. The analysis showed a 5.0-mm Hg
increase in mSBP associated with a 6-dB increase in Leq,
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which indicates a twofold increase in root mean square
sound pressure.

Secondary Analysis of Other Snoring Variables

We also examined the relationship of other snoring variables
to morning BP in non-obese, non-apneic subjects. Variables
related to snoring intensity were strongly related to morning
BP after full adjustments for confounding factors. The top
1 percentile sound intensity (L1) and the percentage of time
above 110 dB (% > 110 dB) were independently related to
mSBP (= 0.851, p=0.008; p = 1.001, p = 0.010, respectively).
Snoring time was not related to mSBP (p = 0.193).

DISCUSSION

We examined the relationship between Leq and morning BP in
a worker population. We showed that Leq was independently
related to morning systolic BP after adjusting for RDI and
other confounding factors in non-obese, non-apneic subjects.
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Table 4—Multiple regression analysis for morning systolic blood pressure and morning diastolic blood pressure in subjects with

RDI of less than 5 and BMI of less than 25.

Covariate
Leq (1 dB) RDI (1 event/h)
B beta p B beta ]
Systolic Blood Pressure
Model 1 0.750 0.232 0.017 - - -
Model 2 - - - 0.771 0.070 0.439
Model 3 0.830 0.257 0.022 -0.507 -0.046 0.651
Diastolic Blood Pressure
Model 1 0.391 0.171 0.079 - - -
Model 2 - - - 0.594 0.076 0.398
Model 3 0.393 0.255 0.126 -0.012 -0.002 0.988

B, partial regression coefficient; beta, standardized partial regression coefficient. All models included age, sex, body mass index, usual sleep time, smoking

(pack-years), and drinking (drinks per week).

This study suggests a possible independent effect of snoring on
mSBP in non-apneic and non-obese subjects. Taking into ac-
count high prevalence of snoring, snoring can have very large
population effects.

This study showed that Leq as well as RDI was related to
BP after the adjustment for usual confounding factors. How-
ever, neither Leq nor RDI has significant association with BP if
both RDI and Leq were added to the multiple regression model
(Table 2). This result may be due to the co-dependence be-
tween Leq and RDI as well as the relatively small sample size.
The co-dependence reflects well-known relationship between
snoring sound intensity and OSA severity."® In addition, the co-
dependence might be enhanced by a methodological problem
wherein both Leq and RDI were obtained from tracheal sound
analysis. The subgroup analysis in non-apneic and non-obese
subjects is free from the problem of co-dependence, and could
show a statistically significant relationship between Leq and
morning BP. Indeed, these findings are in line with our previ-
ous study in a relative large clinical population, which showed
that the relationship between Leq and daytime BP was stron-
gest in subjects without sleep apnea or obesity.® The study
using acoustical snoring analysis by Rich et al. also showed
that objectively measured snoring has an independent associa-
tion with all-cause mortality in subjects with apnea-hypopnea
index (AHI) < 5 and BMI < 30."” Accordingly, these results
suggests that snoring has appreciable adverse effects on non-
obese, non-apneic subjects.

Although we excluded subjects with current use of antihy-
pertensive drug, more than 80% of subjects in highest Leq
tertile have hypertension or at least prehypertension in the
morning. Recently, several meta-analyses have shown that
prehypertension is a risk factor of cardiovascular disease.?
Therefore, it is desirable to intervene into the cause of prehy-
pertension to prevent the development of CVD. This highlights
the therapeutic significance of snoring as well as sleep apnea.

Our study has some strengths and limitations. The strengths
of our study include the availability of BP monitoring at home.
Although we adopted office BP in our previous study, it is
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suggested that hypertension is diagnosed more accurately by
measuring BP out of the office with home monitoring.?** In
addition, home BP monitoring better predicts cardiovascular
event risk compared with clinic BP monitoring.” Further, we
measured BP values in the morning. A heightened morning
BP surge measured by ambulatory BP monitoring is consid-
ered a risk factor for cardiovascular disease events occurring in
the morning as mentioned above.* This study was based on a
worker population, not a clinic population. Therefore, we were
able to examine the significance of snoring intensity in asymp-
tomatic subjects. Unlike the results of a clinic-based study, the
finding of this study might be extended to the general population.

Several limitations in this study should be addressed. First,
this study design was cross-sectional, which does not allow for
causal inferences. Thus, longitudinal studies concerning the
relationship between snoring and incidence of hypertension
are needed. In addition, it is possible that the relationship be-
tween snoring and BP was mediated by unadjusted confound-
ing factors, including visceral fat distribution. Second, we
did not perform full polysomnography, which yields AHI and
sleep time. Instead, we used TS-RDI, which has been shown
to be strongly related to AHIL," and we excluded time periods
with body movement noises by reviewing the spectrogram to
minimize the effect of inclusion of wake time on the snoring
variables. However, the fact that both Leq and RDI came from
the same source may be a weak point because it could cause
additional co-dependence of both variables. Third, as our mea-
surements did not include nocturnal oximetry, we could not
exclude the effect of hypoxia. Finally, the BP measurements
were not continuous, but were performed at one point. A fu-
ture study using 24-hour BP monitoring is desirable to further
clarify the relationship between snoring and BP.

In conclusion, we showed that TS intensity, as assessed
by Leq, was independently related to morning BP in workers
without sleep apnea or obesity. This study suggests a cardio-
vascular consequence of snoring through elevated morning BP.
Further study, including a cohort study, is needed to under-
stand the effect of snoring on BP.
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ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

BP, blood pressure

eSBP/eDBP, systolic and diastolic blood pressure in the
evening

Leq, equivalent sound pressure level

mSBP/mDBBP, systolic and diastolic blood pressure in the
morning

OSA, obstructive sleep apnea

RDI, respiratory disturbance index

TS, tracheal sound
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