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The relation between snoring and smoking, body mass index,
age, alcohol consumption and respiratory symptoms
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ABSTRACT: Potential risk factors for snoring were studied in a popu-
lation of 457 middle-aged men. Eversnoring was reported by 60% of the
men and snoring with an age of onset before or equal to 20 years by
13%. Eversnoring was significantly related to older age, higher body mass
index and smoking habits. Alcohol consumption, estimated by question-
naire and gamma-glutamyl transpeptidase 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 lower
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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 in 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 Lo the
prevalence of snoring. The present report describes the
associations of age, body mass index, smoking and
drinking habits as well as respiratory symptoms with
snoring in a population of 457 middle-aged men.

Subjects 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, they were aged
22 to 54 years and working 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 tracings in 1980. The primary
aim of that second survey was to study factors related
to hyperresponsiveness, men included were all those
with 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 time of the second survey, 9 were dead, 133
refused to participate or were not traced and 457 par-
ticipated in the survey (76.3%). Among the 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 first 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 Council/European Coal and Steel
Community (BMRC/ECSC) questionnaire on respiratory
symptoms; in 1985 additional questions were asked on
loud snoring. The basis for that questionnaire was that
already used and validated in a large sample of French
men [7]. 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 with
an age of onset of snoring of 20 years or less. Inci-
dence of snoring between the two surveys and for each
decade was estimaled taking into account both the age
of the subject and the age at onset of snoring.

The daily consumption of tobacco was calculated con-
sidering 1 cigarette equal to 1 g, a cigarillo equal to 2
g, and a cigar equal to 5 g. Subjects 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 quantitics
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<0.001) 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<0.001). In 1980, signifi-
cant correlations were also observed between alcohol
consumption and Log , GGT in 1980 (r=0.38; p<0.001).
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/height?) and BMI quintals
were used in the analysis.

Statistical analysis used y? 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

Eversnoring

No Yes
No. 184 273
Rhinitis (%) 19.6 27.6*
Chronic rhinitis (%) 9.8 15.8t
Cough (%) 8.2 13.6%
Chronic cough %) 32 6.6
Phlegm (%) 7.7 11.8
Chronic phlegm (%) 33 59
Wheezing (%) 10.9 16.6
Dyspnoea grade 1 (%) 14.8 174
Hay fever (%) 201 270t
Asthma (%) i 63
Tonsillectomy (%) 37.1 339
Adenoidectomy (%) 344 332

* p<0.05, + 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. 1. Prevalence of snoring according to body mass index. P<0.001
The quintals of body mass index corresponds to 19.5<BMI<23.7,
BMI<25.4, BMI<26.6, BMI<28.4 and BMI<37.8. kg-m?

Although BMI and alcohol consumption were related
(r=0.14, p<0.01), 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
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Eversnoring Early snoring
No Yes No Yes

No. 184 273 367 57

Age (years) 42.040.61 43.940.45"* 43.3+0.42 42.640.95
Body mass

index (kg-m?) 25.540.20 26.8+0.20"*" 26.340.16 27.040.52
Body mass

index at 20

years of age

(kg-m?) 22.620.15 22.840.15 22.7+0.12 23.3+0.35%
**p<0.01 *** p<0.001 t p<0.10, meantsp

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 35.9429.1 35.0+29.4 36.6+32.3
Log DlGG'I" 1.42140.305 1.446+0.303 1.426+0.288 1.485+0.381
(U-1Y)

Age-adjusted
MCV (u%) 89.844.7 90.0+4.1 89.744.3 91.044.6"
1986 data
No. 151 233 315 467
Alcohol
(g per day) 28.042622 32.1430.5 30.0427.7 36.0433.8
Age-adjusted
MCV (u?) 939440 94.7+4.2% 94.2+4.1 95.4+4.5t%

MCYV: mean corpuscular volume, GGT: gamma glutamyl transpeptidase, * p<0.05, t p<0.10, meantsp
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Fig. 2. Prevalence of snoring according to smoking habits. %2,
p=0.02; y?* for trend p=0.005.

As expected, BMI increased markedly with age, cur-
rent smoking was related to lower BMI and
ex-smoking to older age and higher BMI. The real ef-
fect of smoking might be therefore underestimated by
univariate analysis. Furthermore, rhinitis and other 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 BMI vs those in the first was almost
5, but also almost 2 for those in the second and third
quintals. Independent of age and BMI, the effect of
smoking is clearly shown, with increasing odds-ratio
when tobacco consumption increased. The prevalence of
snoring was significantly higher among ex-smokers than
among neversmokers. After adjustment for smoking,
none of the upper or lower respiratory symptoms was
significantly 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-
ratio 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

Odds-ratio p value
Age (years) 1.33*
Body mass index
Second quintial vs. first 1.89 :
Third quintal vs. first 1.94 "
Fourth quintal vs. first 2.59 -
Fifth quintal vs. first 4.82 e
Smoking habits
Ex-smokers vs. neversmokers 1.67 a
Moderate smokers vs. neversmokers 2.10 i
Heavy smokers vs. neversmokers 2.89 e

Odds-ratios were estimated from the exponential of the logis-
tic regression coefficients., ¥ per 10 years; OR=exp
(10-0.0288)=1.33; * p<0.05, ** p<0.01; *** p<0.001. 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 not 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 BLoowm
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 results
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 significantly 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 Broom 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 alcohol, 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 al [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 demonstrated [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 confirmed 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
quintal versus the lowest of body mass index (which
corresponds here at a BMI of>28.4 kgm?) was nearly
5. However, men in the second quintal exhibited an
odds-ratio of nearly 2 compared to those in the lowest
quintal. As both blood pressure and snoring are
continuously related to BMI, studies looking at the
potential effect of snoring on blood pressure should
adjust on BMI on a quantitative basis and not only on
obesity [16].

The consistency of our observations is supported by
the association of early snoring with BMI 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 tonsillectomy and/or adenoidectomy in a study
conducted in children [19]. The lack of association of
early snoring with parcntal smoking in this study might
be due to the low prevalence of maternal smoking in
our group (5%) and the retrospective assessment of the
data. Studies in children would better assess this poten-
tial hazard of smoking.

From these results the potential deleterious cardiopul-
monary effects of snoring cannot be assessed, but it
appears clearly that snoring is another 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.
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Relation entre ronflement, tabagisme, index de masse cor-
porelle age, consommation d'alcool et symplomes respira-
toires. F. Kauffmann, I. Annesi, F. Neukirch, M. P. Oryszczyn,
A. Alpérovitch.

RESUME: Des facteurs de risque du ronflement ont été re-
cherchés dans une population de 457 hommes. Plus de 60%
des hommes ont rapporté avoir ronflé toute leur vie et 13%
dés 1'age de 20 ans. Le ronflement était significativement lié
& un fdge plus avancé, un index d'obésité plus élevé et a la
consommation de tabac. La consommation d’alcool, estimée
par questionnaire et par le taux de gamma glutamyl transpep-
tidase, n’était pas liée au ronflement. Une régression logis-
tique 2 montré que le ronflement était associé indépendam-
ment & 1’age, 2 1'index d'obésité et au tabagisme. Une rela-
tion dose effet a été mise en évidence entre la consomma-
tion de tabac et la prévalence du ronflement. Aprés ajuste-
ment sur le tabagisme, aucun des symptomes des voies respi-
raloires supérieures ou inférieures n'éait significativement 1ié
au ronflement.
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