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ABSTRACT: Potential risk factors for snoring were studied in a popu
lation of 457 middle-aged men. Eversnor lng was repor ted by 60% of the 
men and snoring with an age of onset before or equal to 20 years by 
13%. Eversnorlng was significantly related to older age, higher body mass 
index and smoking habits. Alcohol consumption, estimated by question
naire and gamma-glutamyl transpeptJdase was unrelated to a history of 
snoring. Logistic regression showed that snoring was independently as
sociated with age, body mass Index and smoking habits. An exposure
effect relationship clearly appeared between tobacco consumption and 
snoring. After adjustment for smoking habits, none of the upper or tower 
respiratory symptoms was significantly related to snoring. 
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There is increasing evidence that snoring might be a 
risk factor for various diseases, particularly cardiovas
cular [1-4]. Snoring is the major (and may be the only) 
symptom of the obstructive. sleep apnoea syndrome, 
probably a marker of its preapnoeic stage or it may also 
be considered as an entity jn itself. Very few reports 
have considered the risk factors for snoring, but recent 
epidemiological data obtained in a general population 
have shown that obesity and cigarette smoking were 
important risk factors for snoring [5]. In that popula
tion, total alcohol consumption was unrelated to the 
prevalence of snoring. The present reJX>rt describes Jhe 
associations of age, body mass index, smoking and 
drinking habits as well as respiratory sympmms w.ilh 
snoring in a population of 457 middle-aged men. 

Subj ects and methods 

The 457 men of the present study conducted in 1985/ 
86 came from a larger population of 912 men surveyed 
five years earlier. At the first survey, Lhey were aged 
22 to 54 years and wor.king in a large Parisian admini
stration, mainly as policemen. For a second survey, 599 
men were selected to participate among those who per
formed good spirometric traci~gs in 1980. The primary 
aim of that second survey was to study factors related 
to hyperresponsiveness, men included were all those 
wilh a history of asthma or wheezing, any perceived 
hyperresponsiveness symptoms, eczema, urticaria, bron
chopneumonia before 2 years of age or the PiMZ phe
notype, and a similar number of control subjects 

chosen at random in the remaining original population 
[6). At the lime of the second survey, 9 were dead, 133 
refused to participate or were not traced and 457 par
ticipated in Lhe survey (76.3%). Among Lhe latter. 390 
were interviewed and 67 only answered a mail ques
tionnaire. Subjects who answered a mail questionnaire 
were more often retired and older, but did not differ 
in other respects using data collected at the fust sur
vey. Except eczema which was less prevalent among 
snorers than nonsnorers (p=0.04), no other selection cri
teria was significantly related to snoring. 

Subjects were interviewed using a modified British 
Medical Research CounciVEuropean Coal and Steel 
Community (BMRC/ECSC) questionnaire on respiratory 
symptoms; jo 1985 additional questions were asked on 
loud snoring. The basis for Lhat questionnaire was that 
already used and validated in a large sample of French 
men [7J. Snoring was assessed by the question: "Have 
you been told that you snore loudly?" For 88% of the 
men, the age of onset of snoring was recorded. Those 
who answered "always" were arbitrarily coded with an 
age of onset of 10 years. Early snorers were those wilh 
an age of onset of snoring of 20 years or less. Inci
dence of snoring between the two surveys and for each 
decade was estimated taking into account bolh the age 
of the subject and Lhe age at onset of snoring. 

The daily consumption of tobacco was calculated con
sidering 1 cigareue equal to 1 g, a cigarillo equal to 2 
g, and a cigar equal to 5 g. SubjecL~ were then classi
fied into neversmokers, ex-smokers (for one month at 
least), moderate smokers (less than 20 g of tobacco a 
day) and heavy smokers (20 g or more). Data on pa
rental smoking were also recorded. 
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The mean daily alcohol consumption expressed in 
grams of pure alcohol ( 1 litre of 10• wine contains 
80 g of pure alcohol) was assessed from the quantities 
of the various drinks (wine, beer, cider, liqueurs, .. ) and 
their respective alcohol content. To decrease a possible 
underestimation of alcohol consumption, questions were 
included in a larger questionnaire on any beverage. No 
questions on alcohol were included in the mail ques
tionnaire used for 65 men, but all subjects answered 
questions on alcohol during the first survey in 1980. 
Data on alcohol were validated by internal consistency 
(alcohol consumption in 1980 and 1985 were highly 
correlated: r=0.65, p<O.OO l) and biological measure
ments: mean corpuscular volume (MCV) (estimated in 
1980 and 1985) and gamma glutamyl transpeptidase 
(GGT), (assessed only in 1980). Significant correlations 
were observed between alcohol consumption and age
adjusted MCV at both surveys (r=0.28 and r=0.25 in 
1980 and 1985 respectively; p<O.OOl). In 1980, signifi
cant correlations were also observed between alcohol 
consumption and Log10 GGT in 1980 (r=0.38; p<O.OOl). 
Geometric means of GGT according to alcohol con
sumption of 0, 1-14, 15- 29, 30-44, 45-59, 60-74, and 
75 g or more daily were respectively 21, 22, 24, 26, 
32, 37, and 47 UI·ml·• (p<0.001). Heavy drinking was 
defined as a daily consumption of alcohol equal to or 
greater than 60 g per day. 

Weight and height were recorded and subjects inter
viewed about their weight at 20 years of age. Body 
mass index (BMI = weight/height2) and BMI quintals 
were used in the analysis. 

Statistical analysis used X2, Mantel-Haenszel test, 
analysis of variance and logistic and linear regressions 
[8, 9]. A value of p~0.05 was considered significant; 
associations of borderline statistical significance 
(0.05<p~0.10) are indicated. 

Table 1. - Snoring and upper and lower air-
ways symptoms 

Eversroring 
No Yes 

No. 184 T/3 
Rhinitis (%) 19.6 27.6* 
Chronic rhinitis (%) 9.8 15.8t 
Cough (%) 8.2 13.6t 
Chronic cough (%) 3.2 6.6 
Phlegm (%) 7.7 11.8 
Chronic phlegm (%) 3.3 5.9 
Wheezing (%) 10.9 16.6 
Dyspnoea grade 1 (%) 14.8 17.4 
Hay fever (%) 20.1 27.0t 
Asthma (%) 7.1 6.3 
Tonsillectomy (%) 37.1 33.9 
Adenoidectomy (%) 34.4 33.2 

• p$0.05, t p$0.10 

Results 

Eversnoring (regular snoring) was reported by 60% 
of the men and 13% reported early snoring. Snoring 
was significantly related to the upper airways symptom 
of stuffy or runny nose (rhinitis) (table 1). For most of 
the other upper or airways symptoms, the prevalence 
was also higher among snorers than among non snor
ers, but never significantly (table 1). 

Eversnorers were older and had higher BMI than 
nonsnorers (table 2). Ten-year incidence of snoring did 
not increase with age, with figures of 18%, 16% and 
12% in the third, fourth and fifth decades respectively. 
The older age of snorers compared to non snorers there
fore reflects that the prevalence of eversnoring was a 
cumulative prevalence. The association between snoring 
and body mass index was not restricted to an associa
tion between obesity and snoring: there was a contin
uum, as shown in fig. 1. Early snorers did not have 
higher body mass index in 1985 than those who were 
not, but exhibited higher body mass index at 20 years 
of age (p=0.08). BMI increase between 1980 and 1985 
was slightly steeper among those who became snorers 
between 1980 and 1985 than among the neversnorers, 
but the difference was not statistically significant. 
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Fig. l. Prevalence of snoring according to body mass index. PSO.CX>I 
The quintals of body mass index corresponds to l9.5~MIS23.7, 
BMIS25.4, BMIS26.6, BMIS28.4 and BMl$37.8. kg·m1 

Although BMI and alcohol consumption were related 
(r=0.14, p<O.Ol); eversnorers were not significantly dif
ferent from non snorers for daily alcohol consumption 
(table 3) and heavy drinking (prevalences of snoring 
were 67% among the 55 heavy drinkers vs 60% among 
the 329 others, p=0.28). However, increases of MCV 
were observed for snorers compared to non snorers, but 
no association was found with GGT (table 3). 

Snoring was significantly related to a higher tobacco 
consumption (fig. 2). Out of the 128 never or ex-smok
ers in 1980, 7 were current smokers in 1985. The in
cidence of snoring between 1980 and 1985 was higher 
among those who took up smoking than for the others 
(43% vs 15%, Fisher exact test p=0.09). Early 
snoring was unrelated to smoking habits, or to 
parental smoking . 
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Table 2. - Snoring, age and body mass index 

Eversnoring Early snoring 
No Yes No Yes 

No. 184 273 367 57 

Age (years) 42.0±0.61 43.9±0.45 •• 43.3±0.42 42.6±0.95 

Body mass 
index (kg·m2) 25.5±0.20 26.8±0.2o··· 26.3±0.16 27.0±0.52 

Body mass 
index at 20 
years of age 
(kg·m2) 22.6±0.15 22.8±0.15 22.7±0.12 23.3±0.35t 

.. p$0.01 ••• p$0.001 t p~O.lO, mean±so 

Table 3. - Snoring and alcohol consumption 

Eversnoring Early snoring 
No Yes No Yes 

1981 data 
No. 181 271 363 57 
Alcohol 
(g per day) 33.6±30.8 35.9±29.1 35.0±29.4 36.6±32.3 
Log}0GGT 1.421±0.305 1.446±0.303 1.426±0.288 1.485±0.381 
(IU· -t) 

Age-adjusted 
MCV ().1.3) 89.8±4.7 90.0±4.1 89.7±4.3 91.0±4.6. 

1986 data 

No. 151 233 315 46" 

Alcohol 
(g per day) 28.0±26.2 32.1±30.5 30.0±27.7 36.0±33.8 

Age-adjusted 
MCV ().1.3) 93.9±4.0 94.7±4.2t 94.2±4.1 95.4±4.5t 

MCV: mean corpuscular volume, GOT: gamma glutamyl transpeptidase, * p~0.05, t p~O.lO, mean±so 
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(n = 86) 
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Fig. 2. Prevalence of snoring according to smoking habits. X1 , 

p=0.02; X1 for trend p=:O.OOS. 

As expected, Bl'vfT increased markedly with age, cur
rent smoking was related to lower BMI and 
ex-smoking to older age and higher BMT. The real ef
fect of smoking might be therefore underestimated by 
univariate analysis. Furthermore, rhinitis and otlter res
piratory symptoms were related to smoking habits. 
Therefore, a multiple logistic regression was performed, 
with snoring as the dependent variable, to assess the 
respective effects of age, body mass index, symptoms 
and smoking habits (table 4). Adjusted for age and 
smoking, the odds-ratio of snoring for those in the 
upper quintal of BMT vs those in the first was almost 
5, but also almost 2 for those in the second and third 
quintals. Independent of age and BMT, the effect of 
smoking is clearly shown, with increasing odds-ratio 
when tobacco consumption increased. The prevalence of 
snoring was significanlly higher among ex-smokers than 
among nevcrsmokers. After adjustment for smoking, 
none of the upper or lower respir.ttory symptoms was 
si gnificantly related to snoring. The relation of 
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smoking habits with snoring was similar among obese 
(men in the upper quintal of BMI) than in non obese 
subjects. A multiple logistic regression (with age, body 
mass index quintals and duration since quitting smok
ing) conducted among ex-smokers showed an odds
rati,o of 0.53 for those who stop smoking for more than 
4 years compared to the other ex-smokers, but it was 
not significantly different from 1. 

Table 4. - Factors related to eversnoring. Logistic re
gression among 450 men with 269 snorers 

Age (years) 

Body mass index 

Second quinlial vs. first 
Third quintal vs. first 
Fourth quintal vs. first 
Fifth quintal vs. first 

Smoking habits 

Odds-ratio 

1.33' 

1.89 
1.94 
2.59 
4.82 

Ex-smokers vs. neversmokers 1.67 
Moderate smokers vs. neversmokers 2.10 
Heavy smokers vs. neversmokers 2.89 

p value 

Odds-ratios were estimated from the exponential of the logis
tic regression coefficients. t per 10 years; OR=exp 
(10·0.0288)=1.33; • pS0.05, •• p~O.Ol; ••• p<O.OOl. None of the 
upper or lower respiratory symptoms included in the model 
was related (p>0.05) to snoring. 

Discussion 

A history of snoring appeared to be very prevalent 
(60% in this population of middle-aged men) and sig
nificantly related to smoking, but no t to drinking hab
its. Besides a relation between obesity and snoring, the 
prevalence of snoring increased with body mass index. 

The prevalence of snoring is consistent with other re
ports [1, 3, 4], when considering the differences in the 
questionnaires used. Standardization of the questions on 
snoring is therefore warranted for epidemiological stud
ies, as it has been previously for respiratory symptoms. 
Standardization would be particularly useful for defin
ing a degree of snoring, based on chronicity, intensity, 
and so on. Early snoring prevalence (13%) retrospec
tively assessed appeared similar to that observed among 
French draftees aged 17-22 years (14%) [7]. This gives 
some validation to the retrospective assessment of ten
year incidence. Most studies also observed increasing 
prevalence in the age range of our population [5, 9]. 
The incidence of snoring was roughly the same in the 
third, fourth or fifth decade. It appears that the older 
age of snorers compared to non snorers reflects that the 
prevalence of snoring recorded at the time of the 
survey is a cumulative prevalence, and not a point
prevalence (which could be assessed by a question such 
as; last night (week), ... ) . 

The proportion of obstructive sleep apnoea cannot be 
adequately assessed in our survey. However, various 
estimations of obstructive sleep apnoea give prevalences 

between 1 and 10% [10]. In our study, all snorers were 
invited to answer the question on sleep apnoea, which 
gave a prevalence in the whole group of 4%. Although 
this type of question has not been validated yet, the 
prevalence is coherent with other studies including 
polysomnographic recordings. It is therefore likely that 
the great majority of the eversnorers studied here did 
not have obstructive sleep apnoea. 

Our results extend the previous observations of 
NoRTON et al. [3] of an increasing proportion of smok
ers with snoring grade as well as of the study of BLOOM 
et al. [5). After adjustment for age and body mass in
dex, the present study clearly shows an exposure-effect 
relationship. Ex-smokers were in an intermediate posi
tion between neversmokers and moderate smokers. The 
prevalence of snoring among ex-smokers was signifi
cantly higher than among neversmokers. Our resul ts 
extend those of Bloom et al. who did not observe a 
difference between ex-smokers and neversmokers. 
However, they observed an association of borderline 
significance between duration since quitting smoking 
and snoring, with a prevalence of heavy snoring among 
ex-smokers for 4 years at least similar to that of nev
ersmokers. In our study, no definite relation with time 
since quitting was shown, although some trend was 
observed. However, whether snoring is reversible when 
a smoker quits needs follow-up studies. Smoking hab
its, but not rhinitis, remained signifjcantly associated 
with snoring, when including both in a logistic regres
sion. Therefore, rhinitis does not appear to be the 
explanation of the relation between smoking and snor
ing, partial nocturnal upper airway obstruction. This 
result is coherent with observations of the pharynx as 
the predominant site of the obstruction leading to snor
ing [11]. Therefore, it is likely that smoking exerts dele
terious effects on all the lower and upper airways, 
including the pharynx. Smoking might induce snoring 
by increasing upper airway resistance at that level (12]. 
At variance with BLOoM et al. [5], we did not observe 
significant associations between respiratory symptoms 
and snoring, after adjustment for smoking. Discrepan
cies might be due either to the smaller size of our 
sample or to difference in the definition of snoring. 

The lack of association with drinking habits supports 
the observations of BLOOM et al. [5] in their population
based study in which total alcohol consumption was not 
related to snoring. Special attention was given to vali
date our assessment of alcohol consumption with 
biological markers, and we observed the expected cor
relations of alcohol with GGT and MCV [13]. Among 
the various variables considered, only an association of 
snoring with MCV was observed. We observed an un
expected increase in MCV between surveys, unex
plained by variation in age, smoking or a lcohol, which 
might be related to technical problems, as both meas
urements were not done in the laboratory. However, this 
increase in MCV between surveys would be unlikely 
to bias associations of MCV with alcohol or snoring. 
Despite the lack of association of total alcohol 
consumption with snoring, BLOOM et a/ [5] observed 
that snoring was more prevalent among those who used 
alcohol or medications as aids to sleep (considered 
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together) than among those who did not, which is 
consistent with a possible role of bedtime alcohol. 
Acute effects of alcohol on snoring on the following 
night have been clearly demonsu:ated [14]. However, 
both epidemiological studies suggest that the total usual 
consumption of alcoholic beverages does not seem to 
be a risk factor for snoring. Further epidemiological 
studies should consider the hour of alcohol intake. 

We confmned the well-known associations of smok
ing with lower weight [15]. The association of snoring 
with obesity is also established [3] and we confirmed 
here that the odds-ratio associated with the upper 
qwntal versus the lowest of body mass index (which 
corresponds here at a BMI of>28.4 kg·m2) was nearly 
5. However, men in the second quintal exhibited an 
odds-ratio of nearly 2 compared to those in t.be lowest 
quintal. As both blood pressure and snoring are 
continuously related to HMI, studJes looking at the 
potential effect of snoring on blood pressure should 
adjust on BMI on a quantiwtive basis and not only on 
obesity [16]. 

The consistency of our observations is supported by 
the association of early snoring with BM! at 20 years. 
Furthermore, it is coherent that we did not observe an 
association with active smoking, as it usually began 
later, especially in the group of men studied. No asso
ciation was observed between early snoring and paren
tal smoking. However, large tonsils or adenoids cause 
snoring in childhood [17,18] and parental smoking was 
related to tonsilJectomy and/or adenoidectomy in a study 
conducted in children [19). The lack of association of 
early snoring with parental smoking in this study might 
be due to l11e low prevalence of maternal smoking in 
our group (5%) and t11e retrospective assessment of llle 
data. Studies in children would better assess this poten
tial hazard of smoking. 

From lllese results the potential deleterious cardiopul
monary effects of snoring cannot be assessed, but it 
appears clearly that snoring is anolller consequence of 
smoking habits. The benefits of diet among overweight 
subjects and quitting smoking are clearly demonstrated 
for a number of diseases. The potential usefulness of 
such advice for the (at least) socially annoying symp
tom of snoring might be another argument to be used 
in daily practice. 

Acknowledgements: Supported by Convention 100-110 
with the National Committee for Research and Educa· 
tion on Alcoholism and special funds (84/B4) from lhe 
Comites Departementaux contre les Maladies Respira
toires et la Tuberculose. 

References 

1. Lugaresi E, Cirignotta F, Coccagna G, Montagna P, 
Zucconi M, Mondini S. - Sleep related respiratory 
impairment. Bull Europ Physiopathol Respir, 1982, 18, 
187-198. 
2. Block AJ. - Is snoring a risk factor? Chest, 1981, 80, 
525-256. 
3. Norton PG, Dunn EV. -Snoring as a risk factor for dis
ease: an epidemiological survey. Br Med J, 1985, 291, 
630-632 

4_ Partinen M, Palomiiki H. - Snoring and cerebral 
infartion. Lancet, 1985, ii, 1325-1326. 
5. Bloom JW, Kaltenbom Wf, Quan SF. - Risk factors in 
a general population for snoring. Importance of cigareue 
smoking and obesity. Chest, 1988, 93, 678-683. 
6. Kauffmann F, Neukirch F, Annesi I, Korobaeff M. Dore 
MF, Lellouc h J. - Relation of perceived nasal and bronchial 
hyperresponsiveness to PEV 

1
, basophil counts, and meth

acholine response. Thorax, 1988, 43, 456-461. 
7. BiJUard M, Alperovitch A, Perot C, Jammes A. - Ex
cessive daytime somnolence in young men : prevalence and 
contributing factors. Sleep, 1987, 10, 297-305. 
8. Snedecor GW, Cochran WG. - Statistical methods. 
Ames: The Iowa State University Press 1967, pp 381-418, 
484. 
9. Cox DR. -The analysis of binary data. Methuen &Co, 
London. 1969. 
10. Krieger J. Les syndromes d'apnees du sommeil de 
l'adulte. Bull Er1r Physiopachol Respir, 1986, 22, 147- 189. 
11. Bradley TD. Brown TG, Grossman RP et al. - Pharyn
geal size in snorers, nonsnorers, and patients with obstructive 
sleep apnoea. N Engl J Med, 1986, 315, 1327-1331. 
12. lssa FG, Sullivan CE. - Upper airway c losing pressures 
in snorers. J llppl Physiol, 1984, 57, 528-535. 
13. Papoz L, Wamet JM, P&]uignot G, Eschwege E. Claude 
JR, Schwartz D. - Alcohol consumption in a healthy popu
lation. Relationship of glutamyl transferase activity and mean 
corpuscular volume. JAM/\, 1981. 245, 1748-1751. 
14. lssa FG. Sullivan CE. - Alcohol, snoring and sleep 
apnoea. J Neurol Newosurg Psychiatry, 1982, 45, 353-359. 
15. Higgins MW, Kjelsberg M. - Characteristics of smok
ers and nonsmokers in Tecumseh, Michigan. ll The dist:ribu
tion of selected physical measurements and physiologic 
variables and the prevalence of certain diseases in smokers 
and nonsmokers. Am J Epidemiol. 1967, 86, 60-77. 
16. Gislason T, Aberg H, Taube A. - Snoring and systemic 
hypertension - An epidemiological study. Acta Med Scand 
1987, 222, 415-421. 
17. Robin IG. - Snoring. Proc Roy Soc Med, 1968, 61, 
13-20. 
18. Maucr KM, Staats BA, Olsen KO. - Upper airway ob
struction and disordered nocturnal breathing in children. Mayo 
Clin Proc. 1983, 58. 349-353. 
19. Said G. Zalokar J. Lellouch J, Patois E.- Parental smok
ing related to adenoidectomy and tonsillectomy in children. 
1 Epidemiol Com.mun Health. 1978, 32, 97-101. 

Relation erllre ronjlemenl, tabagisme. index de masse cor
pore/le age. consomma.tion d'alcool et symptomes respira
toires. F. Kauffmann, I. Annesi, F. Neukirch, M. P. Oryszczyn, 
A. Alperovitch. 
RESUME: Des facteurs de risque du ronnement ont cSte re
cherches dans une population de 457 hommes. Plus de 60% 
des honunes ont rapporte avoir ron.Oe toute leur vie et !3% 
d~ !'age de 20 ans. Le ronflement etait significativemcnt lie 
11 un age plus avance, un index d'o~ite plus clcve et a la 
consommation de tabac. La consommation d'alcool. estimce 
par questionnaire et par le taux de gamma glutamyl rranspep
tidase, n'chait pas liee au ronOement. Une regression logis
tique a montre que le ronflement cHait associe independam
ment a !'age, a !'index d'obesite et au tabagisme. Une rela
tion dose effet a ete mise en evidence entre la consomma
tion de tabac et la prevalence du ronflement. Apres ajuste
ment sur le tabagisme, aucun des sympt8mes des voies respi
ratoires supeneures ou inf8rieure.s n'etait significativement lie 
au ronflement. 
Eur Respir J., 1989, 2, 599-603. 


