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ABSTRACT: We wanted to assess habitual snoring as a credible risk factor for 
acute vascular disease, mainly stroke and myocardial infarction. 

The patients selected for the study had been admitted to the hospital through 
the emergency department, and were evaluated by means of multidimensional 
interviews and clinical records: 164 bad acute cerebrovascular disease, and 136 
cardiovascular disease; 330 patients with nonvascular disease were the con
trols. The evaluation showed 48% of vascular disease patients to be habitual 
snorers, but only 30% of the controls; the difference was statistically signifi
cant. 

Compared with the controls, in the cerebrovascular patients the risk (odds ratio) 
associated with habitual snoring was significantly increased, and of the same order 
as the risk associated with age over 65 yrs, male gender, diabetes mellitus, and dys
lipidaemia; whilst the risk associated with hypertension was higher. In the car
diovascular patients, the risk associated with habitual snoring was again significanUy 
increased and of the same order as the risk associ.ated with male gender, body mass 
index >29 (kg·m·1), dyslipidaemia, heavy smoking, excessive alcohol intake and hyper
tension. A logistic regression analysis, entering the variables in the following order: 
age, gender, body mass index, diabetes, dyslipidaemia, smoking, alcohol, hyper
tension, and habitual snoring, showed that habitual snoring carries a significant 
risk factor for stroke and myocardial infarction, even after adjusting for other 
factors. 

Since habitual snoring carries a definite risk for acute vascular disease, we con
clude that inquiring about it should become routine practice. 
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A number of studies have already addressed the issue 
of habitual snoring as a risk factor for vascular disor
ders. Habitual snorers show increased arterial hyper
tension [1-3], cardiovascular disease [4, 5], or angina 
pectoris [2, 6, 7], and they appear more at risk for brain 
infarction [8, 9]. 

cular disease. This link is further supported by the car
diovascular modifications observed during sleep [21]. 

Several earlier studies were conducted on male only 
populations, and not all of the confounding variables -
age, sex, obesity, alcohol, smoking - could always be 
taken into consideration [10]. Systemic daytime hyper
tension was not always found to be signjficantly corre
lated with habitual snoring [11, 12]. Moreover, in multiple 
regression models, traditionally accepted risk factors for 
heart and brain vascular disease have also been found 
to be significantly correlated with snoring [11, 13- 15]. 

A plausible explanation for the association of habitu
al snoring and acute vascular disease is the occurrence 
of obstructive sleep apnoea in snorers [10, 16, 17]. In 
fact, a significant proportion of habitual snorers have a 
clearly abnormal apnoea-hypopnoea index during sleep 
[ 18-20], making them more prone to suffer acute vas-

In order to assess and confirm the importance of habit
ual snoring as a risk factor for acute vascular disease, 
we surveyed a representative sample of patients admit
ted to the Emergency Department of our hospital for 
acute cerebrovascular and cardiovascular disorders. 

Patients and methods 

In a 2 yr time period (1989-1991), we surveyed adult 
patients admitted to the Emergency Department of S. 
Raffaele Institute, a large university hospital in Northern 
Italy, and included all those with acute brain or heart 
events of vascular origin (excluding all cases with a sub
arachnoid haemorrhage). As a reference population, non
vascular adult patients hospitalized during the same period 
were chosen; they mostly had surgical and orthopae
dic emergencies, but some presented with acute infec
tions. Patients suffering from chronic ~evere physical 
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or psychiatric disorders, such as tumours or acquired 
immune deficiency syndrome (AIDS) or psychoses, were 
not included. The characteristics of our hospital and the 
patient flow of its emergency department were expect
ed to reflect a socially heterogeneous population. 

A few days after hospitalization, each patient under
went a multidimensional interview administered by a 
physician expert in sleep disorders and a trained assis
tant, blind to the hypothesis underlying the present study. 
The interview included sociodemographic items, living 
habits, a medical history, sleep habits and disorders -
with particular reference to snoring - as well as noctur
nal respiratory problems, and whether or not there were 
daytime specific symptoms. To ensure reliability, par
ticularly on the snoring history,~ member of the house
hold was present at the interview. When the information 
was doubtful, or the household member could not con
tribute to give information on the sleep habits and dis
orders, the patient was excluded from the sample. Clinical 
information was completed from the medical records. 
Only after the data had been collected, was a habitual 
snorer defined as a patient who answered "often" or 
"always" rather than "occasionally" or "no" to the ques
tion "do you snore?". 

The study was designed taking, as the main criterion 
variable, the episode responsible for hospital admission; 
therefore, the patients were subdivided into three diag
nostic groups: cerebrovascular (CRB), cardiovascular 
(CAR), reference (REF). Besides habitual snoring, eight 
other generally accepted risk factors for vascular disease 
were taken into account: age, sex, body mass index 
(kg·m-2), diabetes mellitus, dyslipidaemia (serum cho
lesterol over 230 mg·dl-1), heavy smoking (over 10 cig
arettes·day·1), excessive alcohol intake (over the equivalent 
of 50 mg·day-1), hypertension (history of a diastolic blood 
pressure consistently over 90 mmHg). 

Statistics 

To allow categorical analyses and logistic regression, 
and to facilitate presentation, all measures were rece
ded into yes/no dichotomies; thus, age was receded 
into elderly (2:65 yrs) and non-elderly ( <65 yrs), and 

body mass index into overweight (2:29 kg·m-2) and not
overweight ( <29 kg·m-2). 

A preliminary Chi-squared test was run on all of the 
data set, to check for significant differences in factor 
rates across groups. The risks associated with single fac
tors were then synthesized in the form of unadjusted odds 
ratios as a measure of the probability of being CRB or 
CAR, rather than REF, when reporting each one of the 
considered factors. The same REF group was used as 
a control group for each diagnostic group. 

A multivariate approach was chosen to assess the inde
pendent contribution of each factor, and a logistic regres
sion analysis was performed on BMDP, a standard 
statistical package [22]. Two separate analyses were 
made, considering CRB versus REF and CAR versus 
REF (Modell and Model2, respectively). In both mod
els, a forced entry procedure was used to enter the explana
tory variables one at a time, according to their order in 
the result tables, the last variable to be entered being the 
factor under investigation (i.e. habitual snoring). A baclc
ward/stepwise procedure was then used to select the sig
nificant variables in our study_ 

The logistic regression coefficients were calculated for 
each factor at the end of the forced entry stage, and again 
at the end of the backward/stepwise stage. The expo
nentiation of the coefficients yielded adjusted odds ratios, 
expressing the independent contributions of all consid
ered factors. 

Finally, a third analysis was performed on the total 
sample (CRB+CAR+REF), with snoring as the criterion 
variable (Model 3). A stepwise procedure was then used 
to select the variables most strongly associated with habit
ual snoring (disregarding diagnostic group as an explana
tory variable). 

Results 

The total number of patients interviewed was 700, but 
70 were excluded because of refusal to participate or 
incomplete information. The remaining 630 patients in
cluded 164 CRB, 136 CAR and 330 REF patients. Table 
1 shows age, body mass index and habitual snoring 
of the three groups broken down by sex. The overall 

Table. 1. - Age, body mass index (BM!) and habitual snoring according to diagnostic groups and sex 

CRB CAR REP Total 

Males Females Total Males Females Total Males Females Total 
n=95 n=69 n=l64 n=95 n=41 n=136 n=151 n=l79 n=330 n=630 

Age yrs 
Mean 68 72 70 60 69 63 64 65 65 66 
(SD) (13) (11) (12) (11) (12) (12) (13) (14) (13) (13) 
Range 23- 97 43-91 23-91 29-85 27-88 27-88 23-97 28-100 23-100 23-100 

BMI kg·m-2 

Mean 25 24 25 26 25 26 24 23 24 24 
(so) (4) (4) (4) (4) (4) (4) (4) (5) (4) (4) 
Range 16-44 17-35 16-44 17-40 19-37 17-40 15-40 14-50 14-50 14-50 

Habitual snoring % 44 52 48 53 37 48 34 27 30 39 

CRB: cerebrovascular; CAR: cardiovascular; REF: reference; BMI: body mass index. 
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prevalence of habitual snoring in the total 630 patient 
sample was approximately 40%; significantly more in 
the CRB and CAR patients (both 48%) than in the REP 
patients (30% ). 

Among habitual snorers, snoring had nearly always 
lasted more than 10 yrs (80% of CRB snorers, 82% of 
CAR snorers, and 87% of REP snorers). 

Table 2 indicates the frequencies of habitual snoring 
and the other risk factors considered. Statistical evalu
ation showed significant differences in the three diag
nostic groups, except for alcohol intake (Chi-squared test 
with two degrees of freedom). 

In figure 1, all of the studied risk factors for CRB and 
CAR patients are in order of their unadjusted odds ratios 
with 95% confidence intervals. For the CRB category, 
the patients with hypertension were at the highest risk, 
the risk progressively decreasing with dyslipidaernia, 
habitual snoring, diabetes, age over 65 yrs, and male 
gender. In this set of patients, no significant risk was 
associated with a body mass index 2:29 kg-m·2, smoking 
or alcohol. For the CAR category, the patients report
ing dyslipidaernia were at the highest risk, the risk pro-

gressively decreasing with male gender, smoking, habit
ual snoring, body mass index over 29 kg·m·z, and hyper
tension. Again there was no significant risk associated 
with age over 65 yrs, diabetes or alcohol. 

The independent contribution of each factor by the 
multivariate approach is reported in table 3. In particu
lar, in the model explaining CRB (Model 1), the adjust
ed odds ratio for habitual snoring was smaller than the 
odds ratios for age, dyslipidaernia and hypertension, and 
larger than those for male gender, body mass index, dia
betes, smoking and alcohol. The subsequent stepwise 
selection left in such variables, but excluded body mass 
index, smoking and alcohol, which were out. 

In the model explaining CAR (Model 2), the adjusted 
odds ratio for habitual snoring was smaller than the odds 
ratios for male gender, dyslipidaemia, smoking and hyper
tension, but larger than those for age, diabetes and alco
hol, and equal to that for body mass index. The subsequent 
stepwise selection removed the variables with an odds 
ratio equal to or smaller than snoring, i.e. age, body mass 
index, diabetes and alcohol. Habitual snoring was left 
in, and its odds ratio 95% confidence interval indicated 

Table 2. - Frequencies of risk factors according to diagnostic groups 

Total CRB CAR REF x2 
n=630 n=l64 n=l36 n=330 df* 
n % n % n % n % p 

Age 2:65 yes 327 52 109 66 57 42 161 49 <0.001 
Male gender 341 54 95 58 95 70 151 46 <0.001 
BMI 2:29 kg·m·2 78 12 IS 9 27 20 36 11 <0.01 
Diabetes ll8 19 43 26 27 20 48 15 <0.01 
Dyslipidaemia 172 27 58 35 53 39 61 18 <0.001 
Smoking 126 20 32 20 41 30 53 16 <0.01 
Alcohol 97 15 27 16 28 21 42 13 NS 
Hypertension 244 39 97 59 54 40 93 28 <0.001 
Habitual snoring 243 39 78 48 65 48 100 30 <0.001 

*: Chi-squared, two degrees of freedom. Ns: nonsignificant. For further abbreviations see legend to table I. 
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Habitual snoring 

Habitual snoring Smoking 
~ 
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Fig. I. - Uoadjusted risk of being a CRB or CAR patient (odds ratios with 95% Cl). CRB: cerebrovascular; CAR: cardiovascular; BMI: body 
mass index; 95% Cl: 95% confidence interval. 
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Table 3. - Risk of being a CAB or CAR patient expressed in terms 
of adjusted odds ratios (Adj.OR} with 95% confidence interval (95% 
Cl} based on forced entry and backward/stepwise procedures 

Forced entry Backward/Stepwise 
Factor Adj.OR 95%CI Adj.OR 95%CI 

Modell: Risk for CRB 
Age ~5 yrs 2.07 1.32-3.26 2.01 1.30-3.12 
Male gender 1.69 1.09-2.62 1.74 1.14-2.65 
BMI* ~9 kg·m·• 0.53 0.25-1.10 
Diabetes 1.70 1.01-2.87 1.70 1.01- 2.87 
Dyslipidaemia* 2.19 1.37- 3.52 2.17 1.36-3.47 
Smoking* 1.29 0.70-2.35 
Alcohol* 0.91 0.49-1.72 
Hypertension* 3.09 2.02-4.72 3.07 2.00-4.69 
Habitual snoring 1.86 1.20-2.87 1.89 1.23-2.90 

Model2: Risk for CAR 
Age ~65 yrs 1.14 0.72-1.82 
Male gender 2.49 1.54-4.03 2.42 1.52-3.85 
BMI* ~29 yrs kg·m·• 1.53 0.83-2.87 
Diabetes l.l4 0.65-2.03 
Dyslipidaemia * 2.40 1.49-3.88 2.42 1.51-3.86 
Smoking* 1.69 0.97-2.95 1.68 0.99-2.83 
Alcohol* 0.98 0.53-1.80 
Hypertension* 1.66 1.04-2.65 1.74 1.10-2.75 
Habitual snoring 1.53 0.97-2.41 1.61 1.0-2.50 

*: factors most strongly associated with habitual snoring disregarding diag-
nostic group (Model 3). For abbreviations see legend to table 1. 

statistical significance only after the removal of the other 
variables. 

Finally, looking at the sample as a whole, i.e. , disre
garding diagnostic groups (Model 3), it appeared that 
body mass index, dyslipidaemia, smoking, alcohol, and 
hypertension, were the variables most strongly associat
ed with habitual snoring. 

Discussion 

The results of our study indicate that habitual snoring 
was significantly related to acute vascular outcome in 
adult patients admitted to the Emergency Department of 
S. Raffaele Hospital. The strength of the observed asso
ciation was of the same order as traditional risk factors, 
age, sex, body weight, diabetes mellitus, dyslipidaemia, 
heavy smoking, excessive alcohol intake, and hyperten
sion. Moreover, our multivariate statistical approach 
failed to exclude, and possibly suggested, an indepen
dent contribution of habitual snoring when the above fac
tors were first taken into account. 

The proportions of habitual snorers that we observed 
in the CRB, CAR and REF patients (48, 48 and 30%, 
respectively) were reliable estimates of this hospital set
ting, given the requested presence of the spouse or a 
household member at the interview. In fact, it is known 
that self-reporting of sleep habits may yield an underes
timation of the prevalence of habitual snorers [15]. 

A possible selection bias could have been introduced 
by the fact that the interviews were made some time after 
admission, thus excluding patients who died early from 

either acute event. However, if habitual snoring was a 
risk factor for survivors, it is biologically plausible to 
suppose that it was even more so for those who had died 
earlier. 

An overt obstructive sleep apnoea (OSA) has been 
advocated as a likely evolution of longstanding habitu
al snoring; in fact, the so called rhonchopathy has been 
considered a mild form of the full syndrome [18, 23]. 
This may be supported by the fact that an overwhelm
ing majority of our patients reported habitual snoring 
dating back more than 10 yrs. Habitual snoring has also 
been shown to have a rather low specificity, but more 
than 90% sensitivity as a screening symptom in the clini
cal diagnosis of OSA [24]. In another recent study on 
middle-aged patients, referred to our sleep centre for 
habitual snoring, the hypopnoea-apnoea index appeared 
to be quite heterogeneous, when including preclinical sit
uations and severe disease [20]. Finally, general popu
lation studies have shown that overt OSA is very frequent 
in middle-aged habitual snorers, with the proportion of 
1 out of 3 in a validated study of self-reported snor
ing [18]. Habitual snoring prevalence studies have re
ported frequencies of 7.6% [18], 15.6% [25] and 19% 
[26]. 

Thus, our study suggests habitual snoring to be a credi
ble independent risk factor of vascular accidents, although 
several other conditioning factors must be taken into 
account. Habitual snoring itself is influenced by risk 
factors for brain and heart vascular accidents, namely 
body mass index, dyslipidaemia, heavy smoking, alco
hol consumption and hype.rtension. However, habitual 
snoring was found to contribute independently to the 
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same extent as some of these widely accepted risk fac
tors. 

Based on statistical significance and biological plau
sibility, we feel that inquiring about habitual snoring 
should become a routine practice, and that specific pre
ventive measures should be instituted at an earlier stage. 

References 

l. Mondini S, Zucconi M, Cirignotta F, et al. - Snoring 
as a risk factor for cardiac and circulatory problems: an epide
miological study: In: Sleep/Wake Disorders: Natural History, 
Epidemiology and Long-term Evolution. GuiUeminault C, 
Lugaresi E, eds. New York, Raven Press, 1983: pp. 99-105. 
2. Koskenvuo M, Kaprio J, Partinen M, Langinvainio H, 
Sarna S, Heikkila K. - Snoring as a risk factor for hyper
tension. lAncet 1985; i: 893-896. 
3. Gislason T, Aberg H, Taube A. - Snoring and systemic 
hypertension: an epidemiological study. Acta Med Scand 
1987; 221: 415-421. 
4. Zaninelli A, Fariello R, Boni E, Corda L, Alicandi C, 
Grassi V. - Snoring and risk of cardiovascular disease. lnt 
J Cardiol 1991; 32: 347-352. 
5. D'Alessandro R, Magelli C, Gamberini G, et al. - Snoring 
every night as a risk factor for myocardial infarction: a case 
control study. Br Med J 1990; 300: 1557-1558. 
6. Norton PG, Dunn EV. - Snoring as a risk factor for dis
ease: an epidemiological survey. Br Med J 1985; 291: 630--
632. 
7. Koskenvuo M, Kaprio J, Telakivi T, Partinen M, Heikkila 
K, Sarna S. - Snoring as a risk factor for ischaemic heart 
disease and stroke in men. Br Med J 1987; 294: 16-19. 
8. Partinen M, Palomaki H. - Snoring and cerebral infarc
tion. lAncet 1985; ii: 1325- 1326. 
9. Palomaki H, Partinen M, Juvela S, Kaste M. - Snoring 
as a risk factor for sleep-related brain infarction. Stroke 1989; 
20: 1311-1315. 
10. Schmidt-Novara W, Coultas DB, Wiggins C, Eberle Skipper 
B, Samet JM. - Snoring in a Hispanic-American population. 
Risk factors and association with hypertension and other mor
bidity. Arch Intern Med 1990; 150: 597--601. 
11. Stradling JR, Crosby JH. - Relation between systemic 
hypertension and sleep hypoxaemia or snoring: analysis in 
748 men drawn from general practice. Br Med J 1990; 300: 
75-78. 
12. Wailer PC, Bhopal RS. - Is snoring a cause of vascu
lar disease? An epidemiological review. lAncet 1989; i: 
136-141. 

13. Bloom JW, Kaltenbom WT, Quan ST. - Risk factor in 
a general population for snoring. Importance of cigarette smok
ing and obesity. Chest 1988; 93: 678-683. 
14. Kauffmann F, Annesi I, Neukirch F, Oryszczyn MP, 
Alperovitch A. - The relation between snoring and smoking, 
body mass index, age, alcohol consumption and respiratory 
symptoms. Eur Respir J 1989; 2: 599--603. 
15. Stradling JR, Crosby JH. - Predictors and prevalence of 
obstructive sleep apnoea and snoring in 1,001 middle-aged men. 
Thorax 1991; 46: 85-90. 
16. Hoffstein V, Rubinstcin I, Mateika S, Slutsky AS. -
Determinants of blood pressure in snorers. lAncet 1988; ii: 
992-994. 
17. Hung J, Whitford EG, Parsons RW, Hillman DR. -
Association of sleep apnoea with myocardial infarction in men. 
lAncet 1990; 336: 261-264. 
18. Cirignotta F, D'Alessandro R. Partinen M, et al. - Prevalence 
of every night snoring and obstructive sleep apnoeas among 
30-69 year old men in Bologna, Italy. Acta Neurol Scand 
1989; 79: 366-372. 
19. Telakivi T, Partinen M, Koskenvuo M, Salmi T, Kaprio 
J. - Periodic breathing and hypoxia in snorers and controls: 
validation of snoring history and association with blood pres
sure and obesity. Acta Neurol Scand 1987; 76: 69-75. 
20. Zucconi M, Ferini-Strambi L, Palazzi S, Orena C, Zonta 
S, Smime S. - Habitual snoring with and without obstruc
tive sleep apnea: the importance of cephalometric variables. 
Thorax 1992; 47: 157-161. 
21. Lugaresi E. Coccagna G, Cirignotta F. - Snoring and 
its clinical implications. In: Guilleminault C, Dement W, eds. 
Sleep Apnea Syndromes. New York, Alan R. Liss, 1978; pp. 
13-21. 
22. Dixon WJ, (ed). - BMDP statistical software manual. 
Berkeley, California, University of California Press, 1988; 
941-969. 
23. Lugaresi E, Cirignotta F. Gerardi R, Montagna P. -
Snoring and sleep apnea: natural history of heavy snorers dis
ease. In: Guilleminault C, Partinen M, eds. Obstructive Sleep 
Apnea Syndrome: Clinical Research and Treatment. New 
York, Raven Press, 1990; pp. 25-36. 
24. Viner S, Szalai P, Hoffstein V. - Are history and physi
cal examination a good screening test for sleep apnea? Ann 
Intern Med 1991; 115: 356-359. 
25. Gislason T, Almqvist M, Eriksson G, Taube A, Boman 
G. - Prevalence of sleep apnea syndrome among Swedish 
men: an epidemiological study. J Clin Epidemiol 1988; 41: 
571-576. 
26. Lugaresi E, Cirignotta F, Coccagna G, Piana C. - Some 
epidemiological data on snoring and cardiocirculatory changes. 
Sleep 1980; 3: 221-224. 


