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Snoring and hypertension: a 10 year follow-up

E. Lindberg*, C. Janson*, T. Gislason**, K. Svärdsudd+, J. Hetta++, G. Boman*

A number of surveys have addressed the issue of whe-
ther there is an association between snoring and hyperten-
sion. In many studies a significantly higher prevalence of
hypertension has been found among habitual snorers than
among nonsnoring individuals [1–4]. However, snoring and
hypertension have many risk factors in common. Cross-sec-
tional and case-control studies have shown that snoring
is associated with: obesity; age; smoking; heavy alcohol
consumption; and physical inactivity [5–9]. After adjust-
ments for these confounding factors, it was found in sev-
eral recent studies that hypertension was not significantly
associated with snoring [9–11]. In two review articles the
authors have stated that there is no epidemiological evi-
dence of a causal relationship between snoring and hyper-
tension and one of the points they have criticized is the
lack of prospective surveys within this field [12, 13].

To investigate whether habitual snoring is a risk factor
for developing hypertension, a prospective, population-
based study was carried out with an observation period of
10 yrs.

Materials and methods

Population and study design

The study population has been described in detail else-
where [3, 14]. In short: in 1984, 4,021 males, aged 30–69

yrs, from the municipality of Uppsala, Sweden, were ran-
domly selected for this epidemiological survey. A postal
questionnaire was sent to all subjects, with a response rate
of 79.6%. Of the 3,201 subjects who replied in 1984, 226
had died by October 1994. A new questionnaire was sent
to the remaining 2,975 in November 1994. After two re-
minders, questionnaires that had been answered accept-
ably were returned by 2,668 subjects (89.7%).

Questionnaires

The questionnaire used in 1984 comprised 24 questions
concerning somatic diseases, snoring and other sleep dis-
turbances. A description of this questionnaire has been
published previously [3, 14]. In the question about snor-
ing, the subjects were asked to state the frequency of "loud
and disturbing snoring", using a five-point scale. In the
subsequent statistical evaluation, those subjects with
scores of 1 (never), 2 (seldom) and 3 (sometimes) were
regarded as nonhabitual snorers and those with scores of 4
(often) and 5 (very often) as habitual snorers. The terms
persistent nonsnorers and persistent snorers were used to
characterize those subjects who were in the same category
in both 1984 and 1994. Questions were asked about body
weight, height and body mass index (BMI, in kg·m-2) was
calculated. The change in BMI (∆BMI) was calculated as
BMI 1994–BMI 1984. 
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ABSTRACT: In many cross-sectional studies an association has been found between
snoring and hypertension. However, differing results have been obtained when con-
founding factors have been taken into account.

To establish whether snoring is a risk factor for developing hypertension, a popula-
tion-based, prospective survey was performed. In 1984 and 1994, 2,668 males, aged
30–69 yrs at baseline, answered questionnaires concerning sleep disturbances and
somatic disease.

Of the habitual snorers in 1984, 12.5% reported that they had developed hyper-
tension during the period, compared with 7.4% of the remaining subjects (p<0.001).
In a multiple logistic regression model persistent snoring, i.e., reported habitual snor-
ing in both 1984 and 1994, was found to be an independent predictor for the develop-
ment of hypertension among males aged 30–49 yrs (odds ratio 2.6, 95% confidence
interval 1.5–4.5) after adjustments for age, body mass index (BMI), weight gain,
smoking, alcohol dependence, and physical inactivity. Among the subjects aged 50–69
yrs in 1984, no association between snoring and development of hypertension was
found.

Although based only on reported data, the results indicate that persistent snoring
is an independent risk factor for the development of hypertension among males aged
<50 yrs. Prospective surveys, including whole-night sleep recordings, are needed to
establish whether this is due to a higher prevalence of obstructive sleep apnoea syn-
drome among snorers or whether nonapnoeic snorers with increased upper airway
resistance also have an increased risk of developing hypertension.
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The subjects were classified as hypertensive if they
reported attending regular medical check-ups for hyper-
tension and/or answered "yes" to the question "Do you
have high blood pressure?".

In the questionnaire used in 1994, the first part was
identical to that used in 1984. In the second part, 45 new
questions were added, including questions about current
and past smoking habits, alcohol use and physical activity.

The smoking status was investigated by asking the sub-
jects if they had ever smoked regularly for at least 6
months and if they were current smokers or exsmokers.
Current and exsmokers were asked at what age they had
started smoking and how many cigarettes per day or grams
of tobacco per week they smoked. Exsmokers were also
asked in which year they had stopped smoking. From the
answers it was established whether or not the subject had
been a smoker in 1984.

Heavy alcohol use was investigated by the cut down,
annoyed by criticism, guilty about drinking, eye-opener
drinks (CAGE) questionnaire [15, 16], which has been
found to be highly sensitive and specific for the recogni-
tion of alcohol dependence, as defined by the Diagnostic
and Statistical Manual of Mental Disorders (DSM-III)
[16]. When translated into Swedish, one of the questions
was slightly modified to fit the Swedish conditions more
effectively. The questions used were: "Have you ever felt
you should cut down on your drinking?", "Have you ever
annoyed people by your drinking?", "Have you ever felt
guilty about your drinking?" and "Have you ever taken a
drink in the morning to get rid of a hangover ('eye-
opener')?". Alcohol dependence was defined as positive
answers to at least two of the four questions.

To estimate the level of physical activity, four different
categories with an increasing level of physical activity
during leisure time were presented [17]. In the following
analyses, physical inactivity was defined as category 1
i.e., spending most time in front of the television, reading,
and other sedentary activities. Category 2 involved riding
a bicycle to work, walking, fishing or bowling, for exam-
ple, for at least 4 h a week. Categories 3 and 4 involved
participation in more vigorous activities on a weekly
basis. The subjects were asked to place themselves into
one of these categories.

The definition of hypertension was the same as in 1984.
Subjects reporting hypertension in 1994 but not in 1984
were classified as "new hypertensives".

The informed consent of all participants was obtained
and the study was approved by the Ethics Committee of
the Medical Faculty at Uppsala University.

Statistical analysis

Statistical analysis was performed on a Macintosh IIci
computer (Apple Computer Inc., Cupertino, CA, USA)
using the Statistica 4.0 software package (StatSoft Inc,
Tulsa, OK, USA). The results are presented as mean±SD.
For comparison of proportions, a chi-square test was used.
When the comparison involved continuous variables, the
Mann-Whitney U-test was used, while the Spearman Rank
correlation test was used to calculate correlations between
continuous variables. For simultaneous evaluation of more
than two variables, multiple logistic regression analysis
was performed and the results are presented as adjusted
odds ratios (OR) and 95% confidence intervals (95% CI).

Results

Of the 2,668 subjects, 2,622 (98.3%) had answered the
question about snoring in 1984. Of these, 393 (15.0%)
reported habitual snoring. The characteristics of the par-
ticipants and the groups with different snoring status in
1984 are presented in table 1.

From the answers given in 1994, the smoking habits in
1984 could be calculated for 2,553 men (95.7%). The ques-
tions about alcohol and physical activity were answered
by 96.0% and 98.4%, respectively. BMI in 1984 could be
calculated for 99.6% and ∆BMI for 97.8% of subjects.

The age distribution of the responders in 1984 was
almost the same as in the target population [3, 14]. In 1994,
the 312 nonresponders were somewhat younger than the
responders (mean age 53.7±11.6 versus 55.1±11.1 yrs,
p=0.002) but did not differ significantly in terms of the
mean BMI in 1984 (24.6±3.1 versus 24.4±2.9, p=0.4), the
prevalence of habitual snoring in 1984 (17.9% versus 15.0%,
p=0.2) or hypertension in 1984 (10.2% versus 8.1%, p=
0.4).

In 1984, hypertension was reported by 217 of the 2,668
men (8.1%), more frequently by habitual snorers. On ave-
rage, the habitual snorers were older, more often obese

Table 1.  –  Characteristics of the participants in 1994, total and by snoring status in 1984

Total Snoring category 1984*

Nonhabitual Habitual p-value†

Participants  n %
Age 1984  yrs
BMI 1984  kg·m-2

BMI Š27 n %‡

∆BMI  kg·m-2

Smokers 1984 n %‡

Physical inactivity 1994 n %‡

Alcohol dependence 1994 n %‡

Hypertension 1984 n %‡

"New hypertension" 1994 n %‡

2668
45.1±11.1
24.4±2.9
435  (16.4)

0.9±1.8
856  (33.5)
410  (15.6)
256  (10.0)
217  (8.1)
218  (8.2)

2229  (85.0)
44.7±11.2
24.2±2.8
328  (14.8)

1.0±1.8
676  (31.6)
342  (15.6)
218  (10.2)
162  (7.3)
164  (7.4)

393 (15.0)
47.0±10.3
25.5±3.0
102  (26.1)

0.5±2.0
164  (44.3)
62 (16.1)
34 (9.0)
51 (13.0)
49 (12.5)

<0.001
<0.001
<0.001
<0.001
<0.001

NS

NS

<0.001
<0.001

Values are presented as absolute number, or mean±SD, with percentages in parentheses. *: forty six subjects did not answer the ques-
tion concerning snoring in 1984; †: habitual versus nonhabitual snorers; ‡: percentages of the subjects who answered the questions con-
cerning the respective category; BMI: body mass index; ∆BMI: BMI 1994–1984; NS: nonsignificant.



886 E. LINDBERG ET AL.

and more frequently current smokers, whereas their weight
gain during the 10 yr period was lower than that of the
nonhabitual snorers (table 1). Ten years later, the number
of hypertensive subjects was 392 (14.7%). In the whole
group, 218 subjects (8.2%) reported hypertension in 1994
but not in 1984 and were, thus, classified as "new hyper-
tensives".

Of the habitual snorers in 1984, 12.5% (49 of 393) had
developed "new hypertension", compared with 7.4% (164
of 2,229) of the nonhabitual snorers (p<0.001) (table 1).
In the whole population univariate analysis showed signif-
icant associations between "new hypertension" and age
(r=0.06, p=0.002), BMI 1984 (r=0.13, p<0.001) and
∆BMI (r=0.04, p=0.03). After adjustments for age, "new
hypertension" was also associated with alcohol depend-
ence (OR 1.6, 95% CI 1.01–2.4) and physical inactivity
(OR 1.6, 95% CI 1.04–2.6).

Among the males without hypertension in 1984, a sig-
nificantly higher prevalence of "new hypertension" was

found among habitual snorers even after dividing the pop-
ulation on the basis of BMI, ∆BMI, smoking, alcohol
dependence and physical inactivity (fig. 1). When the
population was subgrouped according to age, however, the
higher prevalence of "new hypertension" was found only
among habitual snorers in the lower age group.

To analyse the independent influence of risk factors on
the development of hypertension, multiple logistic regres-
sion analyses including all subjects that did not report
hypertension in 1984 were performed (n=2,451). Comp-
lete data, (i.e., no missing data in any of the eight variables
in the model), were available for 2,127 males (86.8%). In
the whole group, persistent snoring was independently
associated with "new hypertension" after adjustments for
age, BMI, ∆BMI, smoking, physical inactivity and al-
cohol dependence, with an adjusted OR of 1.8 (95% CI
1.1–3.0). Besides age, independent predictors for "new
hypertension" were BMI Š27 kg·m-2 (OR 2.2, 95% CI
1.5–3.2) and ∆BMI (OR 1.15, 95% CI 1.05–1.3).
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Fig. 1.  –  Incidence of "new hypertension" during the 10 yr period (hypertension reported in 1994 but not in 1984) in subjects with nonhabitual snor-
ing (     ) and habitual snoring (      ) in 1984. The p-values were calculated for differences between snoring categories within each subgroup. BMI: body
mass index measured in kg·m-2; ∆BMI: BMI 1994–BMI 1984.

Table 2.  –  Risks of developing hypertension during a 10 yr period among males aged 30–49 yrs in 1984 without hyper-
tension in that year (n=1,718)

Independent variable No hypertension 
1994 (n=1,585)

"New hypertension" 
1994 (n=133)

OR univariate
analysis

OR multivariate
analysis*

Reported snoring
   Persistent nonsnoring
   Nonhabitual snoring 1984, habitual snoring in 1994
   Habitual snoring 1984, nonhabitual snoring 1994
   Persistent snoring
Age 1984
   30–39 yrs
   40–49 yrs
BMI Š27 kg·m-2 1984
∆BMI kg·m-2

Smoking 1984
Alcohol dependence 1994
Physical inactivity 1994

1134 (73.8)
220 (14.3)
64 (4.2)

118 (7.7)

972 (61.3)
613 (38.7)
159 (10.1)
1.2 (1.1–1.3)+

545 (35.2)
187 (12.0)
272 (17.3)

76 (58.5)
20 (15.4)
12 (9.2)
22 (16.9)

62 (46.6)
71 (53.4)
36 (27.1)
1.5 (1.2–1.7)+

46 (36.2)
19 (14.7)
31 (23.7)

1.0
1.4 (0.8–2.3)
2.8 (1.4–5.4)
2.8 (1.7–4.6)

1.0
1.8 (1.3–2.6)
3.3 (2.2–5.0)
1.1 (0.98–1.2)
1.0 (0.7–1.5)
1.3 (0.8–2.1)
1.9 (1.1–3.3)

1.0
1.4 (0.8–2.3)
2.0 (0.96–4.3)
2.6 (1.5–4.5)

1.0
1.7 (1.1–2.5)
2.7 (1.7–4.4)
1.1 (1.01–1.3)
0.9 (0.6–1.3)
1.3 (0.7–2.3)
1.4 (0.8–2.6)

*: the independent variables were examined in a multiple logistic regression model with "new hypertension" as the dependent variable.
Values are presented as the number of subjects, and percentages in parentheses, except where indicated. The results are presented as odds
ratios (OR) with 95% confidence intrevals (95% CI). +: mean and 95% CI. BMI: body mass index; ∆BMI: BMI 1994–BMI 1984.
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As there was no significant increase in the prevalence
of "new hypertension" among habitual snorers in the older
age group (fig. 1), we also performed a multiple logistic
regression analysis for the younger (30–49 yrs in 1984)
and older (50–69 yrs in 1984) age groups separately
(tables 2 and 3). In this model, habitual snoring was asso-
ciated with hypertension only in the younger population.
Compared with the persistent nonsnorers of ages 30–
49 yrs in 1984, the persistent snorers in that age group
showed an increased risk of developing hypertension,
with an adjusted OR of 2.6 (95% CI 1.5–4.5). The habit-
ual snorers in 1984 who became nonhabitual snorers
during this 10 yr period also showed a tendency to an
increased risk of developing hypertension (adjusted OR
2.0, 95% CI 0.96–4.3). The other independent predictors
of hypertension in the younger age group were age, BMI
1984 Š27 kg·m-2 and ∆BMI. In the older age group, the
only variable that was significantly associated with hyper-
tension after adjustment for the other variables in the
model was ∆BMI (table 3).

Limiting the definition of "new hypertension" to sub-
jects on antihypertensive medication (n=146, 5.5%) did
not change the results of the multivariate analysis to a
major degree. Among subjects aged 30–49 yrs, the
adjusted OR for persistent snoring was 2.2 (95% CI 1.03–
4.6), while there was still no association between snoring
and "new hypertension" in the older age group.

Discussion

The results of our study indicate that among males of
ages 30–49 yrs, habitual snorers who continue to be heavy
snorers run an increased risk of developing hypertension
within the next decade. This increased risk was found to
be independent of obesity at onset, weight gain, age,
smoking, alcohol dependence and physical inactivity.

As far as we know, this is the first prospective survey in
which the association between snoring and hypertension
has been studied. In an earlier cross-sectional survey, we
found an association between snoring and hypertension
and in the age group 40–49 years this was significant even

after adjustments for age and BMI [3]. This is in accord-
ance with the findings of KOSKENVUO et al. [1] in an investiga-
tion of Finnish males and females aged 40–69 yrs [1]. In
contrast, STRADLING and CROSBY [10] found no significant
increase in the prevalence of hypertension among snorers
after adjustments for age and BMI. Similarly, in the sur-
veys by JENNUM and SJØL [11] and KOSKENVUO et al. [9] the asso-
ciation between snoring and hypertension was no longer
significant after adjustments for confounders.

One of the strengths of this investigation is the fact that
the response rate after 10 yrs was high (almost 90%) and
that the questions relating to hypertension were identical
in 1984 and 1994. The Swedish population in general is
familiar with the disorder hypertension and the reliability
of answers regarding this diagnosis in a questionnaire is
good. In 1984 the prevalence of reported hypertension
came close to prevalence data on hypertension in Sweden
[3]. There are no actual prevalence data on hypertension
for Sweden in 1994. However, in an epidemiological
study in Göteborg, Sweden in 1993, which included re-
cording of the medical history and physical examination
of 50 yr old males, the prevalence of treated hypertensives
was 6.4% [18]. The corresponding prevalence in the age
group 45–55 yrs in the present population was 6.6%, indi-
cating that the validity of reported hypertension is good.

One disadvantage of this study is the fact that questions
relating to alcohol and physical activity were only in-
cluded in the 1994 questionnaire. It might be argued that
the answers are not reliable when applied to 1984, leading
to a decrease in the reliability of the measurements. How-
ever, the questions relating to alcohol consumption are
formulated as "Have you ever", and, therefore, also in-
volve the past. Despite this, no association was found
between snoring and heavy alcohol consumption. This is
in accordance with some earlier reports [6, 8], but is in
contrast to others [9]. The CAGE questionnaire used in
this study has a high validity in measuring alcohol dep-
endence. It is possible, however, that it does not correlate
well with the amount of alcohol consumed.

All our results are based on answers to the question-
naires. We did not measure upper body mass, which might
be an even more important confounder than BMI [19].

Table 3.  –  Risks of developing hypertension during a 10 yr period among males aged 50–69 yrs in 1984 without hyper-
tension in that year (n=733)

Independent variable No hypertension 
1994 (n=648)

"New hypertension" 
1994 (n=85)

OR univariate
analysis

OR multivariate
analysis*

Reported snoring
   Persistent nonsnoring
   Nonhabitual snoring 1984, habitual snoring in 1994
   Habitual snoring 1984, nonhabitual snoring 1994
   Persistent snoring
Age 1984
   50–59 yrs
   60–69 yrs
BMI Š27 kg·m-2 1984
∆BMI kg·m-2

Smoking 1984
Alcohol dependence 1994
Physical inactivity 1994

468 (76.7)
39 (6.4)
59 (9.7)
44 (7.2)

354 (54.6)
294 (45.4)
134 (20.8)
0.2 (0.1–0.3)+

177 (29.8)
26 (4.4)
59 (9.3)

55 (70.5)
8 (10.3)

10 (12.8)
5 (6.4)

53 (62.4)
32 (37.6)
25 (29.4)
0.7 (0.3–1.2)+

30 (37.0)
8 (10.1)

12 (14.8)

1.0
1.8 (0.8–3.9)
1.4 (0.7–3.0)
1.0 (0.4–2.5)

1.0
0.7 (0.5–1.2)
1.6 (0.96–2.6)
1.2 (1.04–1.4)
1.4 (0.9–2.3)
2.5 (1.1–5.7)
1.5 (0.6–3.6)

1.0
1.0 (0.4–2.7)
1.3 (0.6–3.1)
0.8 (0.2–2.2)

1.0
0.7 (0.4–1.2)
1.6 (0.9–2.9)
1.2 (1.03–1.4)
1.2 (0.7–2.1)
1.9 (0.7–5.2)
1.7 (0.6–4.4)

*: the independent variables were examined in a multiple logistic regression model with "new hypertension" as the dependent vari-
able. Values are presented as the number of subjects, and percentages in parentheses, except where indicated. The results are pre-
sented as odds ratios (OR) with 95% confidence intervals (95% CI). +: mean and 95% CI. BMI: body mass index; ∆: change in BMI
1994–BMI 1984.
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Possible over- and under-reporting may also affect the
observed relationship between snoring and hypertension.
There is no evidence, however, that snorers in general will
be more inclined to give a false positive report on hyper-
tension than nonsnorers. As snorers are more often smok-
ers and overweight than nonsnorers, snoring seems to be
an indication of "poor health behaviour", and it is possible
that the willingness of snorers to participate in screening
for hypertension is lower than that of nonsnorers. How-
ever, we cannot exclude the possibility that both snorers
and their physicians are aware of the reports on health
effects of snoring during recent years and are thus, more
likely to request blood pressure measurements than non-
snoring subjects. The results are further biased by the fact
that some of the subjects with "new hypertension" here
were probably undiscovered hypertensives in 1984.

In the question relating to snoring, the subjects were
asked to state how often they snored loudly and disturb-
ingly. Despite the fact that no "don't know" alternative was
given, the question was answered by 98.3% of the sub-
jects. In the population investigated by KOSKENVUO et al. [1],
the prevalence of reported snoring was slightly lower
among subjects living alone than among those living with
a partner. There is also reason to assume that in our study,
some of the subjects were not aware of their snoring status
and that this might have led to an underestimation of the
prevalence of snoring.

Snoring in 1984 was a significant predictor for both
"new hypertension" and hypertension in 1994. In accord-
ance with previous cross-sectional studies, this was true
only for subjects below the age of 50 yrs [1, 3]. Even
though the prevalence of persistent snoring was lower in
the older age group, this does not explain the absence of
an association between snoring and hypertension with
increasing age. There are some data indicating that the
respiratory effort due to increased upper airway resistance
is more pronounced at younger ages [20]. The relation-
ship between respiratory effort and cardiovascular effects,
however, is not exactly known. Furthermore, it is possible
that in the older age group the relative effects of risk fac-
tors other than snoring become greater. Another specula-
tive possibility is that some people are more vulnerable to
snoring, upper airway resistance and/or obstructive sleep
apnoea syndrome (OSAS) in terms of vascular conse-
quences, and develop their hypertension or cardiovascular
disease earlier in life. Other subjects may, for some un-
known reason, be less sensitive and can continue to be
heavy snorers without side-effects on health.

In the reviews mentioned in the introduction [12, 13] it
has been stated that it is unclear whether the association
between snoring and hypertension is causal. Even though
the results here indicate that snoring is important in the
development of hypertension, our study cannot solve the
central question of whether the relationship is causal.
WALLER and BHOPAL [12] emphasized the lack of definition of
snoring. There is still no standard and uniformly accepted
technique for its objective measurement. Snoring habits
do change over time and here we tried to consider that by
dividing the population into four groups based not only on
the snoring status at baseline, but also at the follow-up.

Snoring is a major symptom of OSAS and OSAS has
been found to be significantly associated with hyperten-
sion in a dose-response fashion after adjustments for obes-
ity, age and gender [21]. The association between snoring

and hypertension in the present population might reflect a
high prevalence of OSAS among a subgroup of the snor-
ers [22]. The question has also been raised as to whether
snoring, as a symptom of increased upper airway resist-
ance, can be associated with hypertension even in the
absence of apnoeas. As early as 1975 LUGARESI et al. [23]
reported increased blood pressure during sleep among
snorers and an association between the loudness of snor-
ing and the magnitude of the inspiratory swings in intra-
thoracic pressure. Furthermore, in the polysomnographic
study cited above, using 24 h ambulatory blood pressure
monitoring, the variability of the blood pressure during
sleep was significantly greater among participants who
snored but without apnoeas than in nonapnoeic nonsnorers
[21]. Whether and how snoring as a symptom of increased
upper airway resistance can cause sustained daytime hyper-
tension is, however, unclear.

We conclude that among men aged 30–49 yrs, reported
snoring is a risk factor for developing hypertension over
a 10 yr period, independent of body mass index, weight
gain and smoking habits. It also seems that this increased
risk is independent of alcohol dependence and physical
inactivity. To further analyse the question of whether snor-
ing irrespective of apnoeas increases the risk of devel-
oping hypertension, large population-based prospective
investigations with whole-night recordings, including ob-
jective measurements of snoring and apnoeas as well as
blood pressure, are required.
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