American Journal of Epidemiology
Copyright O 1999 by The Johns Hopkins University School of Hygiene and Public Health
All rights reserved

Vol. 150, No. 8
Printed In USA.

Prospective Study of Snoring and Risk of Hypertension in Women
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Systemic hypertension is highly prevalent among
patients with obstructive sleep apnea syndrome (1, 2),
and sleep apnea tends to occur more frequently among
patients with hypertension (3, 4). In several studies,
reductions in blood pressure after successful treatment
of obstructive sleep apnea were observed (5, 6), supporting the hypothesis that sleep apnea is causally
related to hypertension. A causal relation between
sleep apnea and hypertension is biologically plausible
because sleep apnea causes hypoxemia, hypercapnia,
and arousal from sleep, which, in turn, chronically
activates the sympathetic nervous system (7).
Snoring may increase risk of hypertension through
sleep apnea because it is a cardinal symptom of
obstructive sleep apnea (8). However, most snorers do
not have sleep apnea. Whether snoring itself increases

the risk of hypertension and cardiovascular disease
remains controversial (9-11). A positive association
between regular snoring and hypertension has been
found in several studies (4, 12-15). However, some did
not control for body weight or body mass index (BMI)
(4,12), and none were prospective. Several other crosssectional studies failed to confirm a significant positive
association between snoring and elevated blood pressure after adjustment for BMI (16-19). Thus, confounding by overweight and obesity has been suggested as a possible alternative explanation for the
positive association found in previous studies (10).
In this report, we examined the relation of snoring to
risk of hypertension, both cross-sectionally and
prospectively, among participants in the Nurses'
Health Study. Detailed data on risk factors for hypertension, including BMI, weight change, waist circumference, and alcohol use were accounted for in the
analysis. A secondary aim of this analysis was to
examine predictors of regular snoring in women.
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MATERIALS AND METHODS
Study population

The Nurses' Health Study cohort was established in
1976 when 121,700 married female registered nurses
aged 30-55 years completed a mailed questionnaire on
806
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Whether snoring increases the risk of hypertension remains unclear. The authors examined the association
between snoring and risk of hypertension in a cohort of 73,231 US female nurses aged 40-65 years and without
diagnosed cardiovascular disease or cancer in 1986. Blood pressure levels and physician-diagnosed
hypertension were self-reported through validated questionnaires. During 8 years of follow-up, 7,622 incident
cases of physician-diagnosed hypertension were reported. Older age, smoking, body mass index, waist
circumference, waist-hip ratio, weight gain, less physical activity, and sleeping on the back were directly
associated with regular snoring. After adjustment for age, body mass index, waist circumference, and other
covariates, snoring was associated with a significantly higher prevalence of hypertension at baseline (odds ratio =
1.22, 95% confidence interval (Cl): 1.16, 1.27 for occasional snoring and odds ratio = 1.43, 95% Cl: 1.33, 1.5
for regular snoring). In prospective analyses using incident cases of hypertension as the outcome, the
multivariate relative risks of hypertension were 1.29 (95% Cl: 1.22, 1.37) for occasional snoring and 1.55 (95%
Cl: 1.42, 1.70) for regular snoring. In addition, snoring was associated with significantly higher systolic and
diastolic blood pressure levels. These data suggest that snoring may increase risk of hypertension in women,
independent of age, body mass index, waist circumference, and other lifestyle factors. Am J Epidemiol
1999;150:806-16.
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62 of 85 women gave written permission for review of
their medical records. We obtained records for 51
women; all of them had blood pressure measurements
higher than 140/90 mmHg, and 39 (76 percent) had
blood pressure measurements greater than 160/95
mmHg. To investigate the likelihood of false-negative
responses, blood pressure was measured in another
sample of 194 nurses living in the Boston area. Among
the 161 women without a previous self-report of
hypertension, 7 percent had a blood pressure level
higher than 140/90 mmHg, but none had a level
greater than 160/95 mmHg. In addition, self-reported
physician diagnosis of hypertension is a strong predictor of myocardial infarction and stroke in this cohort
(21), providing further evidence for the validity of
self-reported hypertension.
Assessment of covariates

Assessment of hypertension

Incident cases of hypertension were identified by
self-reports of physician-diagnosed hypertension. On
the 1986 and all subsequent biennial questionnaires,
we asked whether hypertension (except that occurring
during pregnancy) had been diagnosed by a physician
and, if so, the date of diagnosis. In 1986, 1988, 1990,
and 1994, participants were also asked to report their
usual systolic and diastolic blood pressures, choosing
among the following categories: in 1986, less than 75,
75-84, 85-89, 90-94, 95-104, and >105 mmHg for
diastolic pressure and less than 120, 120-139,
140-149, 150-159, 160-169, and >170 mmHg for systolic pressure, and in 1988, 1990, and 1994, less than
65, 65-74, 75-84, 85-89, 90-94, 95-104, and >105
mmHg for diastolic pressure and less than 115,
115-124, 125-134, 135-144, 145-154, 155-164,
165-174, and ^175 mmHg for systolic pressure. For
each individual, we assigned the mean blood pressure
value for the category reported, e.g., we assigned a
value of 145 mmHg to the category 140-149 mmHg.
For the extreme categories, we added 5 mmHg to the
highest value and subtracted 5 mmHg from the lowest
value, e.g., we assigned a value of 60 mmHg to the category <65 mmHg and a value of 110 mmHg to the category >105 mmHg. For those who reported taking
antihypertensive medication but whose blood pressure
levels were less than 160/95 mmHg, we assigned the
values of 160/95 mmHg.
The validity of self-reported diagnosis of hypertension was assessed in a random sample of 100 nurses
who had reported a diagnosis of high blood pressure
on the 1982 questionnaire (20). Of the 85 women who
responded to a supplementary questionnaire, all but
one confirmed their previous reports of hypertension;
Am J Epidemiol

Vol. 150, No. 8, 1999

The 1986 questionnaire included items on age, current weight, smoking status, physical activity, alcohol
use, and other variables. Updated information on these
variables was collected on biennial follow-up questionnaires. In a validation study, self-reported weight was
highly correlated with actual weight (r = 0.96) as measured by a technician (22). We calculated weight change
from 1976 to 1986. In 1986, the participants measured
and reported their waist (measured at the umbilicus) and
hip (measured at the largest circumference) measurements to the nearest quarter of an inch by using a tape
measure. For validation of these measurements, selfreported measures in a sample of 140 nurses were compared with two standardized measurements, taken
approximately 6 months apart, by technicians who visited participants in their homes. The correlations
between self-reported and technician-measured circumferences were 0.89 for the waist, 0.84 for the hip, and
0.70 for the waist-hip ratio (22). The biennial questionnaires included questions about time per week engaged
in 10 specified physical activities and four sedentary
activities during the previous year (23). Metabolic
equivalents (METs) per week were defined for each
activity as a multiple of the metabolic equivalent of sitting quietly for 1 hour. For example, a participant who
runs (7 METs/hour) 1 hour a day three times a week
would have a MET score of 21.
In 1972, all of the nurses were married. We
reassessed their marital status in 1980 (married,
divorced, or widowed). In 1992, we asked the participants whether they lived with their spouses or partners.
Statistical analysis

To examine correlates of snoring, we performed
multivariate logistic regression analyses to predict
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their medical history and lifestyle. Every 2 years, follow-up questionnaires have been sent to update information on potential risk factors and to identify newly
diagnosed cases of hypertension and coronary and
other diseases. On the 1986 questionnaire, we asked
the following: 1) Indicate total hours of actual sleep in
a 24-hour period (response categories from <5 hours to
>11); 2) What is your usual sleeping position? (on
back, on side, on front); 3) Do you snore? (regularly,
occasionally, or never)? A total of 76,195 women
responded to these questions. After the exclusion of
women with diagnosed cardiovascular disease or cancer at baseline, the final population for analysis
included 73,231 women. In the prospective analyses
using incidence of hypertension as the outcome
(described below), we also excluded women who had
hypertension at baseline (n - 17,511).
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TABLE 1. Prevalence and predictors of regular snoring In the Nurses' Health Study, 1986
No.
Of

women'•

Age (years)
<45
45-49.9
50-54.9
55-59.9
£60

>10

5.1-10
£5

Current smoking (cigarettes/day)
1-14
15-24
^25
Body mass index in 1986 (kg/m2)
<21
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Waist/hip ratio
<0.72
n 7 0 r\ 7 c
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f D—U.
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Body mass index in 1976 (kg/m2)
<21
21-25
25.1-27
27.1-29.9
230

Occasional snoring
vs. nonsnoringt
Multivarlate
OR

95% Clt

Prevalence
of
regular
snoring
(%)

Regular snoring
vs. nonsnoringt
Multivarlate
OR

95% Cl

13,290
14,783
15,701
14,347
15,110

55.8
61.0
66.5
68.4
71.2

1.0
1.29
1.79
2.14
2.48

Reference
1.22, 1.35
1.69,1.88
2.02, 2.26
2.35, 2.63

6.7
8.2
10.1
11.8
10.8

1.0
1.41
2.14
2.96
3.06

Reference
1.27, 1.56
1.93, 2.37
2.66, 3.29
2.75, 3.40

32,322
7,667
7,613
9,659

62.3
65.1
64.4
66.6

1.0

1.08
1.19
1.42

Reference
1.02, 1.15
1.12, 1.26
1.34,1.50

7.9
9.2
8.7
10.9

1.0
1.27
1.37
1.91

Reference
1.14, 1.41
1.23, 1.53
1.74,2.11

4,951
9,115
1,553

67.9
69.4
66.7

1.53
2.00
2.12

1.42, 1.65
1.88,2.13
1.84,2.46

9.3

12.4
17.8

1.90
3.25
4.75

1.67, 2.17
2.94, 3.60
3.88, 5.80

10,985
30,230
10,337
9,878
10,271

58.8
63.8
67.4
68.6
67.3

1.0
1.23
1.54
1.96
3.11

Reference
1.17,1.30
1.44,1.65
1.82,2.11
2.85, 3.38

4.3

1.0

6.4
9.4
13.1
21.1

1.59
2.58
4.16
10.6

Reference
1.41, 1.78
2.24, 3.00
3.61,4.80
9.2, 12.3

2,522
17,713
14,965
6,997
3,706

54.6
61.1
67.9
69.2
66.0

1.0

Reference
1.08, 1.30
1.31, 1.60
1.35,1.70
1.44, 1.94

3.5
4.8
8.2
13.8
23.1

1.0

1.19
1.45
1.52
1.68

7,745
11,517
8,850
11,912
3,419

59.2
62.4
65.8
68.0
67.0

1.0
1.09
1.20
1.35
1.38

Reference
1.02, 1.16
1.12, 1.29
1.26, 1.44
1.24, 1.54

4.5
5.8
8.0
11.7
17.0

19,279
33,873
7,800
6,257
5,347

60.0
65.3
69.7
69.5
67.2

1.0

Reference
1.30, 1.41
1.93,2.22
2.45, 2.87
3.50, 4.27

4.8

1.0

8.1

2.07
4.50
7.42
16.4

1.36
2.07
2.65
3.87

12.1
16.0
22.6

1.35
1.94
2.35
3.63

1.0

1.25
1.54
2.04
2.58

Reference
1.06, 1.72
1.52, 2.49
1.82, 3.05
2.75, 4.79

Reference
1.08, 1.44
1.32, 1.79
1.77, 2.35
2.15, 3.08
Reference
1.90, 2.25
4.02, 5.05
6.57, 8.38
14.4, 18.8
Table continues

occasional snoring versus nonsnoring and regular
snoring versus nonsnoring separately. The model
included age (<45, 45^9.9, 50-54.9, 55-59.9, and
^60 years); smoking status (never, past, and current
smoking of 1-14, 15-24, and >25 cigarettes per day);
BMI (<21, 21-25, 25.1-27, 27.1-29.9, and>30); waist
circumference (<26, 26-29.9, 30-33.9, 34-37.9, >38
inches (<66.0, 66.0-76.0, 76.1-86.1, 86.2-96.3, and
>96.4 cm)); alcohol use (0, 0.1-4.9, 5-14.9, and >15

g/day); physical activity (quartiles of weekly METs
score); usual sleep position (on side, on back, on front,
and mixed position), and usual sleeping hours (<5, 6,
7-8, and >9). In a separate model, we included waisthip ratio (<0.72, 0.72-0.75, 0.76-0.79, 0.80-0.87, and
>0.88) rather than waist circumference. In an additional analysis, we included BMI assessed in 1976 and
weight change between 1976 and 1986 (lost ^15 kg,
lost 2-14.9 kg, lost or gained >2 kg, gained 2-14.9 kg,
Am J Epidemiol Vol. 150, No. 8, 1999
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Smoking
Past smoking (years since quitting)

Prevalence
of
occasional
snoring
(%>
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TABLE 1. Continued
No.
of
women

Prevalence
of
occasional
snoring
(%)

16,530
7,628
2,332
42,548
3,465
728

63.2
66.8
66.0
65.0
64.0
65.4

0.57
0.95
1.24
1.62
2.43

0.42, 0.75
0.89, 1.02
Reference
1.19, 1.29
1.46, 1.79
1.93,3.08

22,721
21,039
13,128
8,650

63.6
64.8
65.7
67.5

1.0
1.07
1.11
1.21

Reference
1.03, 1.12
1.05, 1.17
1.13, 1.29

10.4
8.7
7.9
9.9

0.97
1.00
1.26

Physical activity (quartiles of METSU
score)
<2.7
2.7-7.7
7.8-19
>19

18,139
19,063
17,806
17,980

64.7
65.5
64.8
63.8

1.0

Reference
0.96, 1.07
0.91, 1.07
0.87, 0.96

12.3
10.1
8.2
7.0

0.90
0.73
0.66

Reference
0.83, 0.98
0.67, 0.80
0.61, 0.73

Usual sleep positions
On side
On back
On front
Mixed position

59,200
4,855
8,119
641

65.2
63.3
62.5
63.7

1.08
0.83
0.94

Reference
1.01, 1.16
0.79, 0.88
0.78, 1.14

11.5
8.0
12.3

1.0
1.59
0.71
1.31

Reference
1.41, 1.79
0.64, 0.78
0.96, 1.80

3,236
18,613
47,718
3,347

65.1
65.9
64.5
62.2

0.95
1.07
1.0
0.91

0.87, 1.04
1.03, 1.12
Reference
0.84, 0.99

10.4
10.0
8.9
11.8

0.94
1.08
1.0
1.06

0.81, 1.10
1.00, 1.16
Reference
0.92, 1.22

Multivariate
OR

1.0

95% Cl

Prevalence
of
regular
snoring
(%)

Regular snoring
vs. nonsnoring
Multivariate
OR

6.8
8.8
11.5

0.45
0.80

9.4
18.6
22.8

1.58
3.47
6.09

1.0

95% Cl

0.30, 0.68
0.71,0.90
Reference
1.45, 1.71
3.01,4.01
4.54, 8.16

Current alcohol use (g/day)
0

0.1^4.9
5-14.9
215

1.01
0.96
0.92

1.0

9.4

1.0

1.0

Reference
0.89, 1.05
0.91, 1.10
1.13, 1.41

No. of hours of sleep per day
65

6
7-8
29

* Numbers across categories for some variables do not add up to the total because of missing data.
t The odds ratios (OR) were obtained from a model that included age, smoking, alcohol use, body mass index in 1986, waist circumference, physical activity, and usual sleep positions and hours. The odds ratios for waist-hip ratio were obtained from another model that included all of the above variables except waist circumference. The odds ratios for body mass index In 1976 and weight gain between 1976 and
1986 were obtained from a separate model with age, smoking, alcohol use, body mass index in 1976, weight gain between 1976 and 1986,
physical activity, and usual sleep positions and hours.
t Cl, confidence interval.
§ 1 inch = 2.54 cm.
H METS, metabolic equivalents per week (see Materials and Methods).

gained 15-24.9 kg, and gained >25 kg), and other
covariates. We did not include BMI or waist circumference assessed in 1986 in this model.
To examine the association between snoring and
blood pressure levels, we used the self-reported blood
pressure levels in 1986, 1988, 1990, and 1994 as
dependent variables (in separate models). We used
multiple linear regression models to estimate differences in blood pressure levels according to categories
of snoring (nonsnoring as reference group), adjusting
for age, age squared, smoking status (never, past, and
current smoking of 1-14, 15-24, and >25 cigarettes
Am J Epidemiol Vol. 150, No. 8, 1999

per day), BMI (deciles), waist circumference (seven
categories), alcohol consumption (0, 1-4, 5-14, and
>15 g/day), and physical activity (quartiles of MET
hours per week). A quadratic term for age was
included to account for the nonlinearity of the ageblood pressure association and to control tightly for the
potential confounding effect of age. Analyses using 5year categories yielded similar results.
In the analyses of diagnosed hypertension as the
outcome, we conducted both cross-sectional and
prospective analyses. We used a logistic model to predict prevalence of hypertension at baseline. Odds
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Weight change between 1976 and
1986
Lost £15 kg
Lost 2-14.9 kg
Lost or gained 22 kg
Gained 2-14.9 kg
Gained 15-24.9 kg
Gained >25 kg

Occasional snoring
VS. 1lonsnoring
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RESULTS

At baseline, 17,511 women (23.9 percent) had
reported physician-diagnosed hypertension. During 8
years of follow-up (358,928 person-years), we
ascertained 7,622 incident cases of hypertension.
Approximately 26 percent of women reported never
snoring, 65 percent reported occasional snoring, and 9
percent regular snoring. Five percent of women
reported sleeping 5 hours or less a day, 25 percent
reported 6 hours, 41 percent reported 7 hours, 24 percent reported 8 hours, and 5 percent reported 9 hours
or more. About 81 percent women, reported usually
sleeping on their side, 7 percent on their back, and 11
percent on their front.
In 1972, all participants were married, and in 1980,
the majority of women (84 percent) remained married.
The prevalence of regular snoring was slightly higher
among those who were divorced or widowed (11 percent) than among those who remained married (9 percent). In 1992, 74 percent of the women reported living with their spouses or partners. The prevalence of
regular snoring was similar between those who were
living with spouses or partners (9 percent) and those
were not (10 percent).
Older women were more likely to snore regularly
(table 1), but the prevalence of regular snoring did not
increase further after age 60 years. Past smokers, even
those who had stopped smoking more than 10 years
before, had a significantly higher prevalence of regular
snoring than did never smokers. Among current smok-

ers, the risk of snoring increased with increasing number of cigarettes smoked per day. BMI assessed in
1986 was strongly associated with regular snoring.
Obese women (BMI >30 kg/m2) were approximately
11 times more likely to snore regularly than were lean
women (BMI <21 kg/m2). After BMI was controlled
for, both waist circumference and waist-hip ratio were
significantly associated with regular snoring. After
adjustment for BMI in 1976, women who lost weight
during the subsequent 10-year period had a lower
prevalence of regular snoring compared with women
who had stable weight (loss or gain ±2 kg). In contrast,
women who had gained weight had a significantly
increased risk of regular snoring. When BMIs for both
1976 and 1986 were entered into the model simultaneously, the associations were substantially attenuated
for the 1976 BMI (odds ratio for BMI £30 kg/m2 =
2.85, 95 percent confidence interval (CI): 2.39, 3.40),
but the association for the 1986 BMI remained strong
(odds ratio for BMI >30 kg/m2 = 8.58, 95 percent CI:
7.21, 10.2).
In the multivariate analyses, physical activity was
inversely associated with snoring; more active women
were significantly less likely to snore (table 1). Those
who drank 15 g of alcohol or more per day were
slightly more likely to snore regularly than were nondrinkers. Compared with women who usually slept on
their side, women who usually slept on their back were
more likely to snore, while women usually slept on
their front were less likely to snore. The number of
hours of sleep per day was not appreciably associated
with regular snoring. The predictors of occasional
snoring were similar to those for regular snoring,
although the magnitude of the associations was somewhat weaker.
Table 2 shows average reported systolic and diastolic pressure differences between snorers and nonsnorers, adjusted for age, smoking, BMI in 1986, waist
circumference, alcohol use, and physical activity.
Compared with nonsnorers, blood pressure levels
reported in 1986, 1988, 1990, and 1994 were all significantly increased among occasional snorers and further increased among regular snorers. The average difference in systolic pressure between regular snorers
and nonsnorers was 2.0 mmHg, and the difference in
diastolic pressure was about 1.2 mmHg. The R2 for
these models including snoring and covariates ranged
from 0.18 to 0.21 for systolic pressure and from 0.08
to 0.14 for diastolic pressure.
Figure 1 shows the distribution of blood pressure
among those who did not report physician-diagnosed
hypertension or take antihypertensive medication.
Clearly, the distribution has shifted across the snoring
categories. The prevalence of physician-diagnosed
Am J Epidemiol
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ratios of hypertension were calculated using nonsnorers as the reference group. In the prospective analyses
of incidence of hypertension as the dependent variable, follow-up time for each category of snoring
(nonsnoring and occasional and regular snoring) accrued
until the date of diagnosis of hypertension; use of antihypertensive medications; or censoring due to diagnosis of myocardial infarction, angina pectoris, coronary
artery surgery, stroke, death, or June 1, 1994,
whichever came first. Incidence rates were calculated
by dividing the number of events by person-time of
follow-up in each category. The relative risk was computed as the rate in a specific category of the exposure
divided by that in the reference category (nonsnorers),
with adjustment for age. In multivariate analyses
using pooled logistic regression (24), we simultaneously adjusted for potential confounding variables,
including age, age squared, BMI in 1986, waist circumference, smoking status, physical activity, and
alcohol use. We did not adjust for sleep position and
sleeping hours because neither variable was associated with hypertension. In additional analyses, we
adjusted for marital status and living arrangements.
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TABLE 2. Average systolic and diastollc blood pressure differences and 95% confidence intervals
between regular and occasional snorero and nonsnorers*, Nurses Health Study, 1986
Occasional snorers

Regular snorers

Nonsnorers
(difference)

Difference

95%Clt

Difference

95% Cl

1986 (n= 72,649)
Systolic
Diastolic

0 (reference)
0

0.99
0.63

0.79, 1.19
0.51,0.75

1.87
1.27

1.54,2.20
1.05, 1.49

1988 (n= 66,311)
Systolic
Diastolic

0
0

1.31
0.71

1.09, 1.53
0.57, 0.85

2.03
1.25

1.68,2.38
1.03, 1.47

1990 (n= 64,944)
Systolic
Diastolic

0
0

1.26
0.85

1.01, 1.51
0.69, 1.01

1.75
1.25

1.34, 2.16
1.00, 1.50

1994(0=67,149)
Systolic
Diastolic

0
0

1.40
0.78

1.15, 1.66
0.62, 0.94

2.13
1.15

1.72, 2.54
0.90, 1.40

* Snoring reported in 1986. Data were adjusted for age, age2, smoking (never, past, current (1-14,15-24, and
£25 cigarettes/day)), body mass index (deciles), waist circumference (<28, 28-29.9, 30-31.9, 32-33.9, 34-35.9,
36—37.9, and £38 inches (1 inch = 2.54 cm)), physical activity (metabolic equivalents score in quartjles), and alcohol use (four categories).
t Cl, confidence interval.

hypertension increased monotonically across categories of snoring in each stratum of age (figure 2),
BMI (1986) (figure 3), and waist-hip ratio (figure 4).
In the cross-sectional analyses (table 3), snoring was
significantly associated with prevalence of hypertension at baseline. The odds ratios of hypertension
adjusted for age and age squared were 1.46 (95 percent
Cl: 1.40, 1.53) for occasional snoring and 2.22 (95 percent Cl: 2.08, 2.37) for regular snoring. These odds
ratios were attenuated after further adjustment for
smoking, BMI, waist circumference, and other covariates but remained statistically significant (odds ratios
= 1.22, 95 percent Cl: 1.16, 1.27 for occasional snoring and odds ratio = 1.43, 95 percent Cl: 1.33, 1.53 for
regular snoring).
In the prospective analyses (table 3), snoring was
significantly associated with incidence of hypertension
between 1986 and 1994. The multivariate relative risks
(RRs) were 1.29 (95 percent Cl: 1.22, 1.37) for occasional snoring and 1.55 (95 percent Cl: 1.42, 1.70) for
regular snoring. The RRs were not altered when BMI
and waist circumference were entered into the model
as continuous variables (RR = 1.31, 95 percent Cl:
1.23, 1.39 for occasional snoring and RR = 1.55, 95
percent Cl: 1.42, 1.70 for regular snoring). The results
were similar in the analysis adjusting for the 1976 BMI
and weight change (RR = 1.29, 95 percent Cl: 1.22,
1.3 for occasional snoring and RR = 1.54, 95 percent
Cl: 1.41, 1.68 for regular snoring). Finally, further
adjustment for marital status and living arrangements
did not alter the results (RR = 1.30, 95 percent Cl:
Am J Epidemiol
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1.23, 1.38 for occasional snoring and RR = 1.55, 95
percent Cl: 1.41, 1.69 for regular snoring).
We conducted stratified analyses of snoring and
incidence of hypertension according to categories of
the 1986 BMI. Among women with a BMI of less than
25 kg/m2, the multivariate RRs of hypertension were
1.39 (95 percent Cl: 1.29, 1.50) for occasional snoring
and 1.74 (95 percent Cl: 1.54, 1.97) for regular snoring; the corresponding RRs were 1.23 (95 percent Cl:
1.09, 1.39) and 1.57 (95 percent Cl: 1.32, 1.87) for
women who had BMIs of 25-29.9 kg/m2 and 1.21 (95
percent Cl: 0.99, 1.47) and 1.45 (95 percent Cl: 1.15,
1.83) for women who had BMIs of 30 kg/m2 or greater.
DISCUSSION

In this large cohort of women, snoring, especially
regular snoring, was associated with significantly
increased risk of hypertension in both cross-sectional
and prospective analyses. Systolic and diastolic pressure levels were highest among regular snorers, lowest
among nonsnorers, and intermediate among occasional
snorers.
We confirmed several predictors of snoring found in
other populations,(16, 25), such as age, smoking, and
obesity. We also found several additional predictors,
including fat distribution reflected by waist circumference and waist-hip ratio, weight change, physical
activity, and usual sleep position. In particular, women
who had lost weight had a lower prevalence of regular
snoring, whereas women who had gained weight had a
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Relative risks of reported physician-diagnosed hypertension according to self-reported snoring, Nurses' Health Study,

Amount
of
snoring

Nonsnoring
Occasional snoring
Regular snoring

No.
of
cases

Cross-sectional analysis
(prevalence of hypertension in 1986)
Adjusted for
Mutttvariate*
Total
age, age1
persons
RR
95% Cl
RRf
95% Clt

Prospective analysis
(Incidence of hypertension between 1986 and 1994)
Adjusted for
No.
Total
Multivariate*
age, age2
of
personcases
years
RR
RR
95% Cl
95% Cl

3,116
11,993
2,402

18,928
47,419
6,884

1,595
5,147
880

10
1.47
2.29

1.41, 1.54
2.14,2.44

1.0
1.22
1.43

1.16, 1.27
1.33, 1.53

105,700
225,981
27,247

1.0
1.44
2.03

1.36, 1.52
1.83,2.21

1.0
1.29
1.55

1.22, 1.37
1.42, 1.70

higher prevalence. A positive association between
weight gain and incidence of snoring had also been
found in previous studies (26, 27). On the other hand,
weight loss may decrease the frequency of apnea (28).
Further, physically active women were less likely to
snore, even after adjustment for BMI. Sleeping on the
back was associated with regular snoring. Women who
drank 15 g or more of alcohol per day were slightly
more likely to snore than were nondrinkers after
accounting for age, smoking, BMI, and other covariates. We did not assess drinking patterns in this study;
it is possible that drinking prior to sleep is more
strongly related to snoring because the relaxant effect
of alcohol on dilator muscles of the upper airway is
relatively short term (29).
A number of epidemiologic studies have found a
significant positive association between snoring and
hypertension (4, 12-15). However, in other studies, the
significant association disappeared after controlling
for BMI (16-19). Most previous studies were small
and were not prospective. We observed a monotonic
increase in the prevalence of hypertension across categories of snoring in each stratum of BMI (figure 2) and
waist circumference (figure 3). In further analyses, we
observed a positive association between snoring and
incidence of hypertension among both obese and
nonobese women. These results strongly suggest that
the association of snoring with hypertension is independent of obesity.
The mechanisms leading to hypertension among
snorers are not completely known. Sleep apnea has
been postulated to mediate this effect because snoring
is a cardinal symptom of this condition (8). Sleep
apnea causes hypoxia and hypercapnia, which can lead
to chronic stimulation of the sympathetic nervous system, with elevated catecholamine levels contributing
to the development of diurnal hypertension (7). In support of this hypothesis, Clark et al. (30) found significantly higher urinary and plasma catecholamine levels
in subjects with sleep apnea compared with controls. A
reduction in blood pressure after successful treatment

of obstructive sleep apnea has been observed in several
studies (5, 6), providing further support for the hypothesis that sleep apnea is causally related to hypertension. In addition, sleep apnea has been directly associated with myocardial infarction (31).
Results from epidemiologic studies on the relation
between sleep apnea and hypertension have been
inconsistent, however (32). Several studies did not find
a significant association after adjustment for BMI (18,
19). However, the Wisconsin Sleep Cohort has reported
a strong association between the apnea-hypopnea index
and significantly elevated risk of hypertension after
accounting for age, sex, and BMI (33). The odds ratios
of hypertension ranged from 2.0 for five apneic or
hypopneic episodes per hour of sleep to 5.0 for 25
apneic or hypopneic episodes. In a subsequent analysis
with larger sample size (34), the odds ratio for hypertension associated with an apnea-hypopnea index of 15
(vs. 0) was 1.8. Direct comparison of this study and
ours is difficult because we did not assess sleep apnea
or hypopnea. However, the magnitude of the association between sleep apnea and hypertension observed in
the Wisconsin Sleep Study appeared to be larger than
that between snoring and hypertension observed in our
study. This is not unexpected because most snorers
probably do not have sleep apnea. If the association
between snoring and hypertension were entirely due to
the effects of sleep apnea, we would expect substantial
dilution of the association between snoring and hypertension since snoring is an imperfect measure of sleep
apnea.
On the other hand, simple snoring without frank
sleep apnea may also increase the risk of hypertension
or cardiovascular disease. Among 580 adults from the
Wisconsin Sleep Cohort Study, Young et al. (35) found
that simple snoring was significantly associated with
elevated blood pressure independent of age, sex, and
BMI; the magnitude of the association was smaller
than that for more severe, sleep-disordered breathing.
The authors suggest that simple snoring represents the
beginning of the sleep-disordered breathing continAm J Epidemiol
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• Models Include the following: age, age1, body mass index in 1986 (deciles), waist circumference (<28, 28-29.9, 30-31.9, 32-33.9, 34-35.9, 36-37.9, and
£38 Inches (1 inch = 2.54 cm)), cigarette smoking (never, past, and current smoking of 1-14, 15-24, and £25 cigarettes/day), alcohol consumption (four categories), and physical activity (in quartiles of metabolic equivalents).
t RR, rate ratio; Cl, confidence Interval.
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were unaware of their snoring. However, the prevalence of snoring in our cohort did not appear to vary
with marital status or living arrangement. Because the
associations with snoring were assessed prospectively,
any misclassification of snoring frequency should be
nondifferential with respect to hypertension, leading to
underestimation of the effects of snoring.
In summary, our data suggest that snoring is associated with significantly increased risk of hypertension
in women, independent of age, BMI, waist circumference, and other lifestyle variables. Because obesity is
strongly associated with both snoring and hypertension, weight loss can be beneficial for the treatment of
both conditions. Other behavioral approaches, including stopping smoking and increasing physical activity,
which have clear beneficial effects on cardiovascular
disease, may also be useful for the prevention and
treatment of snoring.
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