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INTRODUCTION
Habitual snoring is a prevalent condition that affects 22-44% 

of middle-aged males and 13-28% of middle-aged females.1-3 
Many epidemiological studies have demonstrated that habitual 
snoring is a major risk factor for cardiovascular disease.4-8 Until 
recently, the link between snoring and cardiovascular disease 
was considered to be attributable to coexisting obstructive 
sleep apnea (OSA).9 Snoring is certainly an important marker 
of OSA. But it is also known that snoring itself can lead to 
decreased baroreceptor sensitivity/reactivity10 and can induce 
mechanical injury to the carotid artery endothelium,11 indi-
cating the possibility that snoring represents its own vascular 
risk.12 A recent report showed that heavy snoring is associated 
with carotid atherosclerosis independent of apnea severity and 
other risk factors.13 However, a conflicting study reported no 
association between snoring history and the degree of carotid 
stenosis.14 We have reported that ambient snoring intensity is 
independently associated with daytime blood pressure in indi-
viduals with primary snoring or mild OSA.15 However, many 
conflicting results have been reported regarding this issue.16-18A 
recent study using objective measurement of snoring showed 
that snoring does not increase risk for cardiovascular events or 
mortality in a general population.19 Such discrepancies are not 
only because of the differences in subjects but also because of 

MEAN TRACHEAL SOUND ENERGY DURING SLEEP AND DAYTIME BLOOD PRESSURE
http://dx.doi.org/10.5665/sleep.2966

Mean Tracheal Sound Energy During Sleep is Related to Daytime Blood Pressure
Hiroshi Nakano, PhD; Kenji Hirayama, PhD; Yumiko Sadamitsu, RN; Shizue Shin, MT; Tomoaki Iwanaga, PhD
Sleep Disorders Center, Fukuoka National Hospital, Fukuoka City, Japan

Submitted for publication October, 2012
Submitted in final revised form January, 2013
Accepted for publication February, 2013
Address correspondence to: Hiroshi Nakano, PhD, Sleep Disorders Cen-
ter, Fukuoka National Hospital, 4-39-1, Yakatabaru, Minmi-ku, Fukuoka 
City, 811-1394, Japan; Tel: +81-92-565-5534; Fax: +81-92-566-9444; 
E-mail: nakano_h@palette.plala.or.jp

Study Objectives: The pathological role of snoring independent of obstructive sleep apnea remains under debate. The authors hypothesized that 
snoring sound intensity, as assessed by mean tracheal sound energy (Leq) during sleep, is related to daytime blood pressure.
Design: Retrospective analysis of clinical records and polysomnography data.
Setting: Sleep laboratory at a national hospital in Japan.
Patients: Consecutive patients who underwent diagnostic polysomnography with suspicion of sleep apnea between January 2005 and December 
2009 (n = 1,118).
Interventions: Not applicable.
Measurements and Results: Leq was calculated from tracheal sound spectra recorded every 0.2 sec during polysomnography. Daytime high 
blood pressure (HBP) was defined as taking antihypertensive drugs or having a systolic blood pressure ≥ 140 mm Hg or a diastolic blood pressure 
≥ 90 mmHg at the patient’s first clinical visit. Patient age, sex, body mass index, apnea-hypopnea index, alcohol consumption, and smoking were 
considered as confounders.
Leq during sleep was associated with HBP after adjusting for all confounding factors (n = 1,074, P = 0.00019). This association was demonstrated 
even in nonapneic nonobese patients (n = 232, P = 0.012).
Conclusions: The association between snoring intensity, as assessed by mean sound energy, and blood pressure suggests a pathological role for 
heavy snoring. Further study in a general population is warranted.
Keywords: Acoustics, hypertension, sleep apnea, snoring
Citation: Nakano H; Hirayama K; Sadamitsu Y; Shin S; Iwanaga T. Mean tracheal sound energy during sleep is related to daytime blood pressure. 
SLEEP 2013;36(9):1361-1367.

the differences in snoring evaluation methods. Many studies 
used questionnaires, which are affected by the presence or 
absence of a bed partner and the perception of that partner.20,21 
Objective measurements also are affected by day-to-day 
snoring variability and a lack of standardization.9 Snoring 
without OSA is classified as an “apparently normal variant and 
unresolved issue” in the International Classification of Sleep 
Disorders (Second Edition). To resolve the question of whether 
or not snoring is innocent, it is important to use a reliable and 
reproducible method to quantify snoring.

Measurements of snoring as ambient sound depend on the 
distance from the microphone to the subject and acoustic char-
acteristics of the test room.22 Moreover, this measurement is 
strongly affected by ambient noise. In contrast, tracheal sounds 
from the neck are far less affected by these factors.23 Not only 
snoring but also normal breath sounds can be detected with 
high intensity using this method, which allows tracheal sound 
measurements to be unaffected by environmental noise. There-
fore, we think that tracheal sound measurement, which can be 
performed in a home setting, is preferable for assessing snoring.

We hypothesized that tracheal sound intensity is related to 
blood pressure. In this study, we used equivalent sound pressure 
level (Leq)24 during sleep as a tracheal sound intensity variable 
because Leq seems to be a good parameter to represent mean 
sound energy during a given time.

METHODS

Subjects
This study was conducted by retrospective review of clin-

ical records and analysis of polysomnography (PSG) data. The 
subjects were consecutive patients who underwent diagnostic 
PSG with suspicion of sleep apnea between January 2005 and 
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December 2009. The study sample was different from that of 
our previous study,15 which was conducted between September 
2002 and January 2005. The main symptoms of these patients 
were habitual snoring (n = 985), witnessed apnea (n = 901), 
and daytime sleepiness (n = 607). All patients were asked to 
complete a questionnaire during their first hospital visit to iden-
tify their symptoms, sleep habits, alcohol consumption, ciga-
rette smoking, and clinical history including medications.

Anthropometric and blood pressure measurements were 
obtained during the first visit. Body mass index (BMI) was calcu-
lated as weight in kilograms divided by squared height in meters. 
Blood pressure was measured with a sphygmomanometer with 
the subject in a seated position. The average value of two or three 
measurements was recorded as the blood pressure value.

The initial total number of subjects was 1,220, but 49 were 
excluded because of a PSG record failure and an additional 53 
subjects were excluded because of the lack of a clinical record 
about blood pressure status. The remaining 1,118 subjects were 
used for subsequent analyses.

This retrospective study was approved by the Institutional 
Review Board with a waiver of patient consent.

Polysomnography
PSG was recorded using a polygraph system (EEG7414; 

Nihon Kohden, Kobe, Japan). Electroencephalography (C3-A2, 
O2-A1), bilateral electrooculography, submental electromyog-
raphy (EMG), electrocardiography, and bilateral anterior tibial 
EMG were recorded. Oronasal airflow was monitored using 
a thermocouple sensor and/or a nasal prong pressure sensor. 
Thoracic and abdominal respiratory movements were monitored 
using respiratory inductive plethysmography (RIP) (Inductotrace; 
Ambulatory Monitoring Inc., Brown Deer, WI, USA). Oxyhe-
moglobin saturation was monitored using pulse oximetry with 
a finger probe at the fastest response mode (OLV-3100; Nihon 
Kohden). Tracheal sounds were recorded from an air-coupled 
microphone (RP-VC3, Panasonic, Kadoma, Japan) attached to 
the neck over the trachea. The tracheal sound recording system 
was calibrated using reference sound pressure (94 dB). All signals 
were digitized and stored on a personal computer (PC). Sleep 
stages were scored manually according to the standard criteria of 
Rechtschaffen and Kales.25 We calculated the sleep fragmenta-
tion index (SFI) as a parameter of sleep fragmentation, which 
is the total number of awakening/shifts to stage 1 from deeper 
nonrapid eye movement or rapid eye movement sleep divided by 
the total sleep time in hours.26 Apnea was defined as an episode of 
airflow cessation lasting ≥ 10 sec. Hypopnea was defined as a ≥ 
30% decrease in the RIP sum signal amplitude or nasal pressure 
signal (square root transformed) amplitude lasting ≥ 10 sec with 
≥ 4% oxygen desaturation.27 The apnea-hypopnea index (AHI) 
was calculated as the number of apnea and hypopnea events per 
hour of sleep. The oxygen desaturation index (ODI) was defined 
by the number of dips (≥ 4%) per hour in the hemoglobin-oxygen 
saturation level. We also calculated the duration of oxygen satu-
ration < 90%, which was expressed as a percentage of the total 
examination time (CT90).

Tracheal Sounds
We recorded tracheal sounds routinely to quantify snoring 

and to assist in scoring respiratory events when other 

respiratory channel signals were insufficient. Tracheal sounds 
were analyzed using a PC-based compressed sound spectro-
graph system that we developed to detect snoring. In brief, 
tracheal sounds were digitized using a sound system incorpo-
rated in the PC at a sampling frequency of 11,025 Hz, from 
which the power spectra for 1,024 points were calculated using 
a fast Fourier transform and stored in the PC every 0.2 sec in 
real time. Thereafter, the system automatically detected snoring 
on the basis of the criteria in which a peak power spectral 
density value > 70 dB/Hz within the frequency bandwidth of 
100-300 Hz was defined as snoring.28 However, we decided not 
to use the snoring variables (snoring time and mean snoring 
intensity) obtained by this method to test the a priori hypothesis 
in this study because such a method may not be reproducible 
in other laboratories with a different sound acquisition system. 
Instead, we used Leq during sleep. The Leq was calculated 
as the average of the squared ratio of the instantaneous sound 
pressure and a reference signal (20 μPa) over total sleep time, 
which was expressed in dB. The instantaneous sound pressure 
was recalculated from the stored power spectra data (22-1,992 
Hz) using the Parseval theorem without A-weighting. The Leq 
represents mean sound energy during total sleep time.

Analysis
We investigated the relationship between Leq and blood pres-

sure status [presence or absence of daytime high blood pressure 
(HBP)]. Daytime HBP was defined as taking antihypertensive 
drugs, systolic blood pressure ≥ 140 mm Hg or diastolic blood 
pressure ≥ 90 mm Hg at the patient’s first clinical visit. Multi-
variable logistic regression analyses were used to elucidate 
the independent relationship between Leq and blood pressure 
status after adjusting for possible confounders.

The analysis was primarily performed for all subjects. 
Descriptive characteristics are summarized as Leq quintiles. 
Continuous variables are expressed as means and standard 
deviations (SD) for normally distributed variables, other-
wise as medians and interquartile ranges (IQR). Categorical 
variables are expressed as percentages. A trend analysis for 
each characteristic among the quintiles was performed using 
the Jonckheere-Terpstra test for continuous variables or the 
Cochran-Armitage trend test for categorical variables.

The subjects were stratified into four groups according to the 
presence or absence of OSA (AHI ≥ 5) and obesity (BMI ≥ 25) 
because both factors were considered to have a very strong 
confounding effect.

RESULTS

Subject Characteristics
The mean age of the subjects was 47 y (SD, 14 y) and mean 

BMI was 25.8 kg/m2 (SD, 4.8 kg/m2). Subject sex was predomi-
nantly male (82%). The median AHI was 12.0 (IQR, 3.5-30.7). 
The dominant type of apnea-hypopnea event was obstructive 
except for four central sleep apnea subjects. A total of 545 
subjects (49%) were classified with HBP, and 208 of these 
subjects were taking antihypertensive medications. The calcu-
lated Leq value during sleep was normally distributed with a 
mean value of 102.5 dB (SD, 7.1 dB) (Figure 1). Descriptive 
characteristics according to the Leq quintiles are summarized 
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in Table 1. Subjects in higher Leq quintiles tended to have HBP 
more often than those in lower Leq quintiles. The BMI and 
OSA-related values were also higher in the higher Leq quintiles 
compared with those in the lower Leq quintiles. There was a 
modest correlation between Leq and AHI (n = 1,118, r = 0.42).

The relationship between Leq and blood pressure values is 
shown in Figure 2.

HBP Logistic Regression Analysis
We used multiple logistic regression analysis to adjust for 

the confounding factors to identify the independent effect of 
Leq on blood pressure status. Table 2 shows the odds ratios 
for HBP associated with a 6-dB increase in Leq, which indi-
cates a twofold increase in mean square root sound pressure. 
The crude odds ratio was 1.51, and it increased slightly after 
adjusting for sex and age probably because older subjects had a 

Figure 1—Equivalent tracheal sound pressure level (Leq) distribution in 
all subjects (n = 1,118).
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Table 1—Subject characteristics according to Leq quintile

Quintile
P for trend1st 2nd 3rd 4th 5th

Number, n 224 223 224 223 224
Male, % 73.7 77.1 87.1 84.8 85.7 0.0001
Age, y 47.3 (16.6) 48.4 (14.6) 47.1 (13.3) 47.8 (13.2) 45.5 (12.2) 0.295
BMI, kg/m2 23.4 (3.5) 24.5 (4.5) 26.2 (4.7) 26.5 (5.0) 28.3 (4.6) < 0.00001
ESS 11.1 (5.5) 10.8 (5.1) 10.1 (5.4) 10.2 (5.3) 11.1 (5.0) 0.410
SBP, mmHg 122 (19) 129 (20) 129 (18) 131 (20) 137 (20) < 0.00001
DBP, mmHg 78 (12) 82 (13) 84 (13) 85 (14) 90 (14) < 0.00001
High blood pressure, % 31.3 44.4 47.8 52.9 67.4 < 0.00001
AHI, /h 2.6 [0.5-8.4] 7.1 [2.0-20] 13 [5.0-32] 19 [8.6-38] 27 [13-50] < 0.00001
Leq, dB 92 (3.2) 99 (1.3) 103 (1.1) 107 (1.1) 112 (2.9) < 0.00001

Variables are presented as mean (standard deviation) or median [interquartile range]. AHI, apnea-hypopnea index; BMI, body mass index; DBP, diastolic 
blood pressure; ESS, Epworth Sleepiness Scale; Leq, equivalent sound pressure level (tracheal sound) during sleep; SBP, systolic blood pressure.

Figure 2—Scatterplots showing the relationship between equivalent tracheal sound pressure level (Leq) during sleep and daytime blood pressure (n = 1,118). 
Closed circles and open circles represent blood pressure levels of subjects who did and did not take antihypertensive medication, respectively.
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slightly lower Leq value than younger subjects. The odds ratio 
decreased considerably after adjusting for BMI and AHI. The 
fully adjusted odds ratio was 1.30, which was highly significant 
(P = 0.00019). Furthermore, the other variables related to OSA 
(ODI, CT90, and SFI) had almost no effect on the odds ratio 
when added into the statistical model. No interactions were 
observed between Leq and other variables including BMI, AHI, 
age, and sex with respect to HBP.

Secondary Subgroup Analysis
We considered that the previously discussed statistical 

analysis might raise concern about failing to exclude the 
effect of confounders, particularly obesity and OSA. There-
fore, we performed the same analysis for the subgroups strati-
fied according to the presence or absence of obesity and OSA. 
The characteristics of the subgroups are summarized in Table 
3. Mean age of the nonobese apneic subgroup was markedly 

higher than that of the other subgroups (analysis of variance 
and Bonferroni post hoc test, P < 0.01). The logistic regression 
analysis (Table 4) showed that Leq was associated with HBP 
in nonobese nonapneic and in obese apneic subjects. However, 
Leq was not associated with HBP in nonobese apneic subjects 
or in obese nonapneic subjects.

Thereafter, we tested the effect of sex and age on the relation-
ship between Leq and blood pressure status. Consequently, the 
effect of snoring on blood pressure status depended on age in 
male subjects (Table 5). Snoring had less of an effect on blood 
pressure in older males and no effect in females. These results 
suggest the possibility that the lack of association between Leq 
and HBP in the nonobese apneic or obese nonapneic subgroups 
was due to the small number of males younger than 45 y. There-
fore we attempted this analysis in these groups by excluding 
males age 45 y and older and females. As a result, the odds 
ratio (adjusted for age, BMI, and AHI) became 1.94 (n = 83, 
P = 0.039) and 1.19 (n = 47, P = 0.66) for the nonobese apneic 
and obese nonapneic subgroups, respectively.

Secondary Analysis for Other Snoring Variables
We examined the other snoring variables used in our daily 

clinical practice for their relationship to HBP to determine 
whether the observed relationship between tracheal sound 
intensity and HBP was specific to the a priori selected vari-
able, Leq. As a result, snoring intensity variables were strongly 
related with HBP after fully adjusting for confounding factors 
[mean snoring intensity: P = 0.00012; top 1 percentile sound 
intensity (L1): P = 0.00014], but snoring time was only weakly 
associated with HBP (P = 0.014)].

We also examined the effect of tracheal sound frequency 
components on the relationship to HBP. As a result, the energy 
of the 400-700 Hz band was more closely related to HBP than 
that of other bands (< 100 Hz, 100-400 Hz, 700-1,000 Hz, and 
1-2 kHz). However, the strength of the association to HBP is 
not so different between Leq (total energy) and these band ener-
gies. Furthermore, we examined the relationship between body 

position-specific Leq and HBP. As a result, total 
Leq was more closely related to HBP than body 
position-specific Leqs.

DISCUSSION
We examined the relationship between Leq and 

daytime blood pressure status in a relatively large 
sample of patients who underwent diagnostic 
PSG. The main finding was that Leq during sleep 
was an independent determinant of HBP after 
adjusting for OSA severity and other confounding 
factors. This relationship was also demonstrated 
in nonobese nonapneic subjects.

The association between Leq and HBP was 
not demonstrated in the nonobese apneic or obese 
nonapneic subgroups. This result can be at least 
partially explained by the sex and age distribution 
of the subgroups. The current results show that the 
association between Leq and HBP was significant 
only in male subjects younger than 45 y. It seems 
similar to the relationship between OSA and 
hypertension that was reported to be prominent in 

Table 2—Crude and adjusted association between tracheal sound 
intensity during sleep and high blood pressure by logistic regression 
analysis

N
Odds 
ratio* 95% CI P

Crude 1,118 1.51 1.36-1.68 < 0.00001
Age, sex adjusted 1,118 1.68 1.49-1.90 < 0.00001
Age, sex, BMI adjusted 1,118 1.42 1.25-1.62 < 0.00001
Age, sex, AHI adjusted 1,118 1.46 1.28-1.66 < 0.00001
Age, sex, BMI, AHI adjusted 1,118 1.35 1.18-1.54 0.00002
Age, sex, BMI, AHI, alcohol, 
smoking adjusted

1,074 1.30 1.13-1.50 0.00019

*Odds ratio for high blood pressure associated with a 6-dB increase in 
equivalent sound pressure level (tracheal sound) during sleep (Leq). 
Alcohol was evaluated by weekly consumption (g). Smoking was 
evaluated by current number of cigarettes smoked per day. AHI, apnea-
hypopnea index; BMI, body mass index; CI, confidence interval.

Table 3—Subgroup subject characteristics stratified according to presence or absence of 
obstructive sleep apnea and obesity

AHI < 5 AHI ≥ 5
BMI < 25 BMI ≥ 25 BMI < 25 BMI ≥ 25

Number, n 243 103 300 472
Male, % 67.9 74.8 84.3 88.6
Age, y 43.0 (14.8) 43.3 (13.5) 52.8 (14.7) 46.7 (12.2)
BMI, kg/m2 21.7 (2.2) 28.5 (3.9) 22.6 (1.9) 29.3 (4.2)
ESS 11.4 (5.4) 11.0 (5.4) 9.5 (5.0) 11.0 (5.2)
SBP, mmHg 119 (18) 132 (20) 130 (19) 135 (19)
DBP, mmHg 76 (12) 85 (13) 81 (13) 89 (13)
High blood pressure, % 21.0 46.6 51.0 62.1
AHI, /h 1.3 [0.5-2.8] 2.0 [0.9-3.5] 15 [8.8-30] 26 [14-50]
Leq, dB 97.2 (6.1) 99.4 (6.3) 103 (6.1) 106 (6.3)

Variables are presented as mean (standard deviation) or median [interquartile range]. AHI, 
apnea-hypopnea index; BMI, body mass index; DBP, diastolic blood pressure; ESS, Epworth 
Sleepiness Scale; Leq, equivalent sound pressure level (tracheal sounds) during sleep; SBP, 
systolic blood pressure.
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subjects younger than 50 y.29 In the current study, the number of 
males younger than 45 y in the subgroups was 109, 47, 83, and 
205, in nonobese nonapneic, obese nonapneic, nonobese apneic, 
and obese apneic subgroups, respectively. A significant associa-
tion existed in the nonobese apneic subgroup when the subjects 
were confined to males younger than 45 y. The obese nonapneic 
subgroup of younger male subjects (n = 47) was considered too 
small in number to obtain any conclusion.

No standardized method is available to quantify snoring.9 
We have been detecting snoring from tracheal sounds using 
a power-spectral density threshold. Many laboratories have 
detected snoring using a certain threshold value. Such a method 
could be easily affected by the acoustic characteristics of the 
microphone and its attachment,30 which can lead to different 
results from different sound acquisition systems. An appro-
priate threshold value needs to be determined according to the 
laboratory sound system. If the threshold is set at a relatively 
low value, total snoring time will be estimated greater and mean 
snoring intensity will be estimated lower, and vice versa. These 

effects may distort the estimated relationship between snoring 
and the outcome. Sound pressure level distribution parameters 
(L1, L5, and L10) are also uncertain because selecting the 
percentile value is arbitrary. To avoid such problems, we chose 
Leq as the tracheal sound intensity parameter in this study. 
Measuring Leq does not require a threshold value, which makes 
it easily applicable to many laboratories. Moreover, if there is a 
linear relationship between Leq (x) and blood pressure (y), the 
relationship is not expected to be so different across different 
laboratories, except for the x-intercept. Tracheal sounds can 
be affected by the filtering effect of neck fat tissue. However, 
the relationship between tracheal sound intensity and ambient 
sound intensity was not different among normal weight, over-
weight, and obese subjects in this study (data not shown).

Leq reflects mean sound energy during a given time. Tracheal 
sounds during sleep, which are recorded at the surface of the 
neck, include breath sounds, snoring sounds, cardiovascular 
sounds, and muscle sounds. Of these, snoring sounds are usually 
10-100 times (20-40 dB) greater in amplitude compared with 

Table 4—Crude and adjusted associations between tracheal sound intensity during sleep and high blood pressure by logistic regression analysis in the 
subgroups stratified according to the presence or absence of obstructive sleep apnea and obesity

BMI < 25 BMI ≥ 25
N Odds ratioa 95% CI P N Odds ratioa 95% CI P

AHI < 5
Crude 243 1.64 1.19-2.27 0.0025 103 1.17 0.81-1.71 0.41 
Model 1b 243 1.76 1.17-2.66 0.0062 103 0.92 0.56-1.52 0.73 
Model 2c 232 1.71 1.12-2.63 0.0124 100 0.82 0.47-1.44 0.48 

AHI ≥ 5
Crude 300 0.95 0.76-1.19 0.64 472 1.35 1.13-1.63 0.0011
Model 1b 300 1.16 0.89-1.50 0.28 472 1.40 1.14-1.73 0.0015
Model 2c 292 1.11 0.85-1.46 0.43 450 1.39 1.12-1.73 0.0026

aOdds ratio for high blood pressure associated with a 6-dB increase in equivalent sound pressure level (tracheal sounds) during sleep (Leq). bModel 1: adjusted 
for age, sex, BMI, and AHI. cModel 2: adjusted for age, sex, BMI, AHI, alcohol consumption, and smoking. AHI, apnea-hypopnea index; BMI, body mass index; 
CI, confidence interval. Alcohol was evaluated by weekly consumption (g) of alcohol. Smoking was evaluated by current number of cigarettes smoked per day.

Table 5—Sex and age subgroup analysis

Male, Age group (y) Female
1 (< 35) 2 (35-< 45) 3 (45-< 55) 4 (55-)

Number, n 192 251 226 244 205
Age, y 29 (4.4) 40 (2.8) 50.0 (2.8) 64.1 (7.6) 51.9 (15.5)
BMI, kg/m2 26.3 (5.9) 27.0 (4.7) 25.9 (3.4) 24.9 (3.7) 24.8 (5.7)
ESS 11.9 (5.1) 11.3 (4.7) 11.1 (5.2) 8.7 (5.2) 10.4 (5.5)
SBP, mm Hg 120 (15) 127 (19) 131 (18) 138 (20) 130 (22)
DBP, mm Hg 78 (13) 87 (15) 89 (13) 83 (12) 80 (13)
High blood pressure, % 22 41 57 71 47
AHI, /h 8.4 [1.9-35] 17 [3.6-43] 14 [6.0-30] 19 [7.6-37] 4.9 [1.1-11]
Leq, dB 102 (7.4) 103 (7.2) 104 (6.3) 102 (6.7) 101 (7.3)
Odds ratio for HBP at Leq 6dB-increase* 1.68 (P = 0.02) 1.54 (P = 0.01) 1.24 (P = 0.16) 1.15 (P = 0.32) 1.16 (P = 0.44)

Variables are presented as mean (standard deviation) or median [interquartile range]. *Adjusted for age, BMI, and AHI. AHI, apnea-hypopnea index; BMI, 
body mass index; DBP, diastolic blood pressure; ESS, Epworth Sleepiness Scale; HBP, high blood pressure; Leq, equivalent sound pressure level (tracheal 
sounds) during sleep; SBP, systolic blood pressure.
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that of normal breath sounds.31 Sound energy is proportional to 
the square of sound amplitude. Therefore, the main constituent 
of Leq is snoring sound, indicating that Leq reflects snoring 
sound intensity. Most of the subjects in this study were snorers, 
but “nonsnorers” also snored more or less during the sleep study. 
However, it is possible that high amplitude breath sounds are the 
main constituent of Leq in subjects with very little snoring.

Although this study was not designed to investigate the mecha-
nism of the link between snoring and hypertension, some consid-
erations can be addressed. First, the association between snoring 
and HBP was partially dependent on and partially independent of 
obesity and OSA. Specifically, it was not dependent on obesity 
or OSA in nonapneic nonobese snorers. Second, intensity rather 
than snoring time is thought to be important for this associa-
tion. This finding is interesting because snoring sound intensity 
has been reported to be correlated with pleural pressure swing 
amplitude.32 Stradling et al. showed that respiratory effort during 
sleep decreases the normal overnight fall in blood pressure in 
a community population.33 Mateika et al. reported that nonap-
neic snoring leads to a decreased baroreceptor response,10,34 and 
suggested that negative pleural pressure during snoring is impor-
tant for this phenomenon. The current findings agree with these 
studies if snoring intensity is translated to respiratory effort or 
heightened negative pleural pressure. Moreover, a recent experi-
mental study in rabbits demonstrated that exposure to vibrations 
induces carotid artery endothelial dysfunction in a vibration 
energy dose-dependent manner,11 suggesting the importance of 
snoring intensity. Finally, SFI had no effect on the association. 
Therefore, we think the effect of snoring on daytime blood pres-
sure status is not attributable to sleep fragmentation.

This study had several limitations that should be addressed. 
First, the study design was a retrospective analysis of past clin-
ical data. However, we can say that the study was hypothesis-
driven and the results were not obtained by chance. Second, 
we used an office blood pressure value to determine blood 
pressure status. It would be desirable to use 24-h ambulatory 
blood pressure monitoring to understand the exact role of 
snoring intensity on blood pressure.35 Third, we did not evaluate 
visceral obesity. Therefore, the effect of visceral obesity as a 
confounding factor was not eliminated in this study. Finally, the 
most important limitation is that this study was conducted using 
a clinic sample; therefore, the results cannot be extended to the 
general population. Thus, it will be necessary to perform such a 
general population study to understand the exact significance of 
snoring intensity in asymptomatic subjects.

In conclusion, we showed that tracheal sound intensity, as 
assessed by Leq, was independently related to daytime HBP in 
patients with snoring or OSA, and the relationship was stronger 
in younger male subjects. Further study is warranted to under-
stand the applicability of this finding to the general population.
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