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Summary: This repon addresses the hypothesis that snoring without significant apneas and hypopneas (simple 
snoring] i s  associated with elevated blood pressure and cardiovascular disease (CVDI. Data on blood pressure, 
previously diagnosed cardiovascular disease, and sleep-disordered breathing (SDB) status from a population-based 
sample of 580 adults was analyzed. Systolic and diastolic blood pressures, adjusted for age. sex, and body mass 
index, increased stepwise acoss categories of no SDB, simple snonng. mild, moderate, and more severe SDR (p < 
0.05). A similar and signihcant trend was seen far CVD prevalence. The results provide evidence that simple 
snoring represents the beginning of the SDB severity sprectrum and that simple snoring has a proponionately smaller 
but. nevertheless. significant, risk for elevated blood pressure and CVD. Bey Words: S l e e ~ O b s t m c t i v e  sleep 
apnea-Anerisl pressure-Cardiovascular diseare-Epidemiology. 

The high prevalence of unrecognized sleep-disor- 
dered breathing (SDB), ranging from mild to severe, 
has accentuated the need to quantify adverse health 
outcomes associated with this condition, particularly 
at the milder end of its severity spectrum. In a previous 
report on a subset of the Wisconsin Sleep Cohort 
Study sample (n = 147). we described a dose-response 
relationship between hypertension and the number of 
apneas and hypopneas per hour of sleep (AHI) ( 1 ) .  We 
also found that snorers with no or few apneas (AH1 < 
5 )  had blood pressures that were slightly higher in both 
wake and sleep than blood pressures of 'the control 
group (AH1 < 5, nonsnorers). We recently updated this 
analysis, using a much larger sample (n = 501). and 
found the same association of simple snoring with 
slightly elevated systolic blood pressures (Fig. I). Al- 
though blood pressure differences between simple 
snorers and controls were not statistically significant. 
the consistency of the trend, particularly for blood 
pressure in the early morning, was intriguing and pro- 
vided the impetus for this report. 

Simple snoring is widely believed to represent the 
beginning of the SDB continuum, but there has been 

considerable controversy regarding its potential harm. 
In a very thorough revicw, IHoffstein painstakingly 
summarized numerous studies on hypertension, cardio- 
vascular disease, and stroke (2 ) .  Of 19 studies on the 
relationship of snoring with hypertension only five 
studies (all of which relied on secondary blood pres- 
sure data) had positive findings. A higher proportion 
of studies of vascular disease outcomes had positive 
findings (9115). After considering methodologic dif- 
ferences, study limitations, and biologic inconsisten- 
cies, Hoffstein concluded that snoring is not associated 
with hypertension or other cardiovascular outcomes. 

Considering the paucity or previous support, to fur- 
ther entertain the hypothesis that simple snoring is as- 
sociated with cardiovascular outcomes would seem 
pointless. However, given the modest, rather than 
strong, association between SDB defined solely by ap- 
neas and hypopneas and blood pressure, we would ex- 
pect the association for simple snoring and cardiovas- 
cular disease to be fairly weak. Consequently, if there 
truly is an association for simple snoring, it is doubtful 
that any of the previous studies were methodologically 
strong enough to discern it with significance. The hy- 
pothesis that simple snoring is even weakly associated - 
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FIG. 1. Systolic hlood pressure during wakefulness and sleep measured by ambulatory monitor. Sleep Cohort Study (n = 501). Open 
box is the simple snoring category (AH1 c 5,  habitual snorer [HSI): solid box is the no sleep disordered breathing category (AH1 < 5, 
not habitual snorer [NHS]). 

habitual simple snoring is part of a dose-response re- 
lationship of SDB with blood pressure and cardiovas- 
cular disease. For this, we used data from the entire 
sample of the Wisconsin Sleep Cohort Study that pro- 
vided the methodologic strengths of a large popula- 
tion-based sample, a wide range of SDB severity, and 
precise laboratory measures. 

METHODS 

The sample was recruited from a defined sampling 
frame of approximately 5000 state of W~sconsin em- 
ployees. ages 30-60 years (3). Dan were obtained dur- 
ing an overnight study protocol conducted at a specially 
designed sleep laboratory. The data for this analysis, 
available on 805 cohort participants, included overnight 
polysomnography, blood pressure taken plior to bedtime 
and after arising in the morning, measurement of weight 
and height, and reported medical history. Blood pressure 
was measured by conventional standard mercury sphyg- 
momanometer according to the American Heart Asso- 
ciation recommendations. Measurements were made us- 
ing the left m with an appropriately sized cuff, after 
participants had been seated for 15 minutes. Three read- 
ings at 5 minute intervals of systolic and diastolic (phase 
V) blood pressures were recorded. 

The polysomnography included recording of sleep 
state parameters (electroencephalograph [EEG], elec- 
hooculograph [EOG], and electromyograph [EMG]), 
breathing (oral airflow, nasal airflow. and rib cage and 
abdominal excursions), heart rate (electrocardiograph 
[ECG]), and oximetry (see Ref. 3 for details). All rec- 
ords were scored by trained technicians and reviewed 
by one of two sleep clinicians. Events with no airflow 
for 10 seconds or more were scored as apneas, and 
events with a 4090 or more reduction in respiratory 
effort accompanied by a 4% or more desaturation were 
scored as hypopneas. 

To describe SDB, AH1 was calculated for each par- 
ticipant. Simple snoring status was based on a parti- 
cipant's response to a question on snoring frequency 
according to what bedpartners and others have told 
them and AH1 from polysomnography. Participants 
were coded as simple snorers if they reported a snoring 
frequency of 3-7 nights per week and their AH1 was 
<5.  

Systolic and diastolic pressures in the evening and 
morning (a.m., p.m.) were based on the average of the 
three readings for each parameter. Body mass index @MI, 
weight/height2 ) was used to describe body habitus. SAS 
statistical software was'used for descriptive analyses and 
for multiple linear and logistic regression modeling. 
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TABLE 1. Charaderisrics of the sarnple (n = 805) accordin8 ro sleep-disordered brearhirlg category 

No SDB" Simple snoringb AH1 5-15 AH1 15-30 AH1 > 30 
Vlrinhles (n = 317) (n = 283) (n = 121) (n = 511 (n = 331 ~ . . ~ -  

Agc. years, mean (SD) 44 (7.4) 45 (8.1) 47 (7.5) 49 (7.5) 46 (7.7) 
BMI, mean (SDI 27 (5.1) 30 (5.7)' 32 (6.1) 33 (5.9) 38 (9.1) 
Neck girth (cm). mean (SD) 37 (3.8) 39  (4.2) 40 (3.8) 42 (3.3) 44 (3.3) 
Waisr : hip ratio. mean (SD) 0.87 (.09) 0.91 (.08) 0.92 (.lo) .95 (.06) .98 (.06) 

Blood oressures (mm He). mean (SD) 
p.m. syslolic 
p.m. d~asrolic 
a.m. systolic 
a m .  diastolic 

Cardiovascular disease (%I' 1 5 5 10 13 

'' AH1 < 5. non-snorer 
"AH1 < 5. habitual snorer. 

Previously diagnosed angina, myocardial infarct, coronary anery disease, or congestive hean failure. 

RESULTS AND DISCUSSION sex without SDB, were nearly four times as likely to 

Sample characteristics according to SDB category are 
shown in Table 1. The systematic increase in established 
SDB risk factors and cardiovascular parameters across 
the categories ranging from no SDB, to simple snoring, 
to moderate-severe sleep apnea is striking and reinforces 
the appropriateness of placement of simple snoring at the 
beginning of the SDB spechum. A dose-response trend 
for SDB and cardiovascular outcomes remained after ad- 
justment for confounding factors of age, BMI, and sex 
(Table 2). Systolic and diastolic blood pressures, both in 
the a.m. and p.m., were significantly higher for the sim- 
ple snorer group as compared to the group with no SDB. 
However. in contrast to our preliminary findings using 
24-hour blood pressures (Fig. I), the association was not 
restricted to the a.m. pressures. Analysis of the associa- 
tion of SDB with cardiovascular disease, using logistic 
regression to control for age, sex, and body mass index, 
yielded odds ratios that indicated a dose-response trend. 
Compared to the no SDB category, the odds ratios (95% 
confidence interval) for SDB categories were: 3.8 (1.1, 
14) for simple snoring, 3.3 (1.0, 14) for AH1 5-15, 4.8 
(1.1, 23) for AHI 15-30, and 6.6 (1.1, 38) for AHI >30. 
The odds ratio for simple snoring and previously diag- 
nosed cardiovascular disease indicates that simple snor- 
ers, as compared to individuals of similar BMI, age, and 

have cardiovascular disease. Thus, considering simple 
snoring as the beginning of the SDB severity spechum, 
there was a dose-response relationship between SDB 
and nearly all of the cardiovascular conditions we in- 
vestigated. 

This analysis is based on self-report for snoring status, 
so substantial misclassification may be present. The va- 
lidity of self-reported snoring is poorly understood (4). 
Studies comparing one-night objectively measured snor- 
ing with self-reported usual snoring frequency are lim- 
ited because the hue night-to-night variability of snoring 
is unknown. However, the error introduced by rnisclas- 
sification in the present analysis would most likely be 
random error, and this would result in underestimation 
of the association of simple snoring and the outcomes. 
Thus, it is improbable that low validity of self-reponed 
snoring could account for our findings. 

CONCLUSION 

This investigation provides support for the inclusion 
of simple snoring in the SDB continuum. The in- 
creased risk of having elevated blood pressure or car- 
diovascular disease associated with simple snoring is 
small but statistically significant. Most important, the 

TABLE 2. Associnrion of sleep-disordered brearlting and blood pressure, adjusrcd for age, sex, body mass index, and 
antihyperrensive medication usen 

No SDB" Simple' snorine AH1 5-15 AH1 15-30 AH1 > 30 

Blood pressure. mm Hg 

p.m. systolic. mean (SEy 122 (0.8) 126 (0.8) 125 (1.3) 126 (2.0) 130 (3.0) 
p.m. diastolic, mcan (SE)d 80 (0.5) 82 (0.6) 82 (0.9) 83 (1.4) 82 (2.1) 
a m .  systolic. mean (SEf 120 (0.8) 123 (0.9) 123 (1.4) 125 (2.2) 126 (3.3) 
a.m. disstolic. mean (SE) 81 (0.6) 82 (0.6) 83 (1.0) 83  (1.5) 85 (2.2) 

"Users of antihypenensive medication were excluded from analyses (n = 97). 
* AH1 < 5. non-snorer 

AHI < 5 .  habitual snorer 
p < 0.05 for simple snoring versus no SDB categories. 
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