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Normative data on snoring: a comparison between 
younger and older adults
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ABSTRACT: Snoring is a common sleep-related behaviour. Increased body mass 
index (BMI), cranio-facial anatomical features, and older age have been linked to the
occurrence of snoring. While mostly middle-aged populations have been studied for 
the occurrence of snoring and sleep-related breathing abnormality, this study was
designed to assess the subjective report of snoring and the objective measurement of
snoring at the two extremes of human age.

The study design called for measurement of snoring in two age groups (college stu-
dents; n=155 and older subjects; mean age 64.1 yrs n=134) with a mean age differ-
ence of 45 yrs. Snoring was assessed with a validated recording device. A validated
questionnaire was used to subjectively assess snoring and obtain relevant sleep-
related information.

Students and older subjects differed in the self-report of snoring. While 83% of 
students reported “never” or “rarely” snoring only 35% of older subjects fell into these
categories. Measurement of snoring during sleep revealed that students spent more time
during sleep with continuous snoring than older subjects. In older subjects, a reduc-
tion in continuous snoring was accompanied by an increase in apnoeic snoring. Subjective
snoring frequency correlated with continuous snoring in students only. A positive 
family history of snoring increased the odds ratio for self-reported snoring but not for
recorded snoring.

It has been shown that snoring frequency can vary depending on age and that the
congruency between perceived snoring frequency and recorded snoring is influenced
by the age of an individual.
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Snoring during sleep is caused by the vibration of
soft tissue in the upper airways involving anatomical
structures such as the soft palate, uvula, and the 
pharynx [1].

Over the years snoring has become a focus in sleep-
disorder medicine and research. Undoubtedly, snoring
can be a major nuisance to the cosleeper due to its dis-
ruptive effect on sleep. Data suggests that snoring may
be associated with an increased risk of cardiovascular
morbidity [2–4].

Snoring may also be the symptom of a broad spec-
trum of obstructive respiratory abnormalities during
sleep. This spectrum may range from the upper airway
resistance syndrome (UARS) to overt obstructive sleep
apnoea syndrome (OSAS). Both UARS and OSAS can
be characterized by frequent arousal from sleep caus-
ing daytime sleepiness in certain individuals [5, 6].

The magnitude of this problem is amplified by the
high prevalence of snoring in the general population.
Various studies estimate a prevalence of 16–89% in the
general population [7–9]. A recently published review
[10] concerning the current knowledge of snoring and
its health consequences, has emphasized that much of
the uncertainty regarding direct health outcomes of snor-
ing is in part related to the fact that most studies on the
prevalence and health outcomes of snoring have not
directly measured snoring.

To obtain quantitative data on the occurrence and
natural history of snoring, a study comparing the direct
measurement of snoring in a young college student pop-
ulation and an older population was conducted.

Materials and methods

Study subjects

The young population comprised a group of unse-
lected Stanford University students from 1993 enrolled
in a university course in human biology. An overnight
sleep recording using an ambulatory recorder for the
identification of sleep-disordered breathing [11, 12] was
part of their participation in the class. The older popu-
lation comprised unselected patients seen for routine
medical checkups in a Veterans Administration (VA)
medical center.

On the night of the recording, students and older sub-
jects filled out a questionnaire consisting of 20 questions
on patient demographics and daytime functioning, day-
time sleep tendency, alertness, snoring, smoking histo-
ry, and sleep quality. The questionnaire had been applied
to more than 800 subjects prior to this study, and the
questions concerning sleep-related items had been pre-
viously validated using polysomnography [13]. Expected
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responses varied depending on the questions from “yes”
or “no” to “don’t know” or answers on a five-point scale
(range: 1=never to 5=always). Three questions were used
for the subjective report of snoring. The first question
enquired about the occurrence of loud snoring, the sec-
ond was geared to assess apnoeic snoring; subjects were
asked about loud and irregular snoring and the third ques-
tion asked for witnessed breathing pauses. Before fill-
ing out the questionnaire, each subject was given an
explanation of the study procedure and signed, informed
consent was obtained. Subjective daytime sleep tenden-
cy was assessed with a validated sleepiness scale, the
Epworth Sleepiness Scale (ESS) [14].

The subjects were then tested overnight with a portable
recording device: the MESAM4 (Medizintechnik für
Arzt und Patient (MAP), Martinsried, Germany). This
equipment has been previously validated for the pres-
ence or absence of apnoea and hypopnoea, and its speci-
ficity and sensitivity have been determined in a double-blind
comparison with polysomnography [12]. The device is
a microprocessor which continuously monitors four vari-
ables throughout the night: 1) cardiac frequency (fC),
monitored through a single-lead electrocardiogram (ECG)
(modified V-2), with determination of R-R interval in
milliseconds; 2) snoring sounds, monitored through an
encapsulated electric subminiature microphone placed
on the larynx; 3) arterial oxygen saturation (Sa,O2), mea-
sured by pulse oximetry through a flexible finger probe;
4) body position or movement, measured through a flat
cylinder sensor placed on the lower part of the sternum.

Each monitor was prepared for recording using an
IBM-compatible portable computer (Fry’s Electronics,
Palo Alto, CA). The start of the recording can be pre-
set and is independent of electrode placement. This stage
occurred in this study between 19:00 and 21:00 h.

Each individual also completed a sleep log in which
to record lights-out and lights-on times, as well as behav-
ioural awakenings and time spent awake. At morning
awakening, subjects were asked to fill out a question-
naire rating sleep quality, sleep disturbances, and dis-
turbances related to the equipment and another ESS.
Subjects returned the equipment to a central location
before 12:00 h the following day.

Analysis

Analyses were performed on an IBM-compatible com-
puter through printed reports in full disclosure, gener-
ated by the MESAM software.

Previously collected datasets of MESAM4–recorded
snoring and simultaneous polysomnographic recordings
were re-evaluated [12]. During polysomnography, tech-
nicians were instructed to verify the presence of snor-
ing when the microphone used in the polysomnographic
recording indicated the presence of snoring. Using an
intercom (Ritto, Harger, Germany), the presence of audi-
ble snoring was logged on the polysomnographic progress
sheet. A double-blind comparison of time-synchronized
snoring logs with MESAM4–recordings was conduct-
ed. A total of 174 instances of audible snoring were
logged by technicians and compared to the presence or
absence of snoring on the MESAM4 recording in a dou-
ble-blind fashion. In the MESAM4 raw data either level

of snoring (low or high) was considered as snoring. In
168 instances technician logs of snoring were verified
in the MESAM4 snoring recording. In six instances
(3.5%), technician-logged snoring could not be verified
by the MESAM4 raw data. Although technicians do not
regularly assess the loudness of audible snoring we
hypothesize that a check of audible snoring may not
have been conducted or that the polysomnographic micro-
phone may not have indicated the presence of snoring.
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Fig. 1.  –  Determination of continuous apnoeic snoring and estimated
sleep time using a representative MESAM4 hardcopy output. Each 
panel shows 10 min of recorded data. The continuous snoring index 
(CSI) is based on continuous snoring, i.e. each respiratory effort is 
marked as noise (    ) as shown in the top panel. The apnoeic snoring
index (ASI) is based on apnoeic/hypopnoeic snoring. Snoring appears 
in clusters separated by silent intervals as displayed in the middle panel
(left side). Brief and sustained awakenings are determined based on car-
diac frequency (fC) acceleration. Nonapnoeic snoring.    :continuous 
apnoeic snoring.    :hypopnoes;    : obstructive apnoeas. Sp,O2: oxy-
gen saturation measured by pulse oximetry.



29.3±5.3 kg·m-2 for older subjects (p<0.0001). The mean
TSTe for students averaged 377.1±85.7 versus 347.3±98.6
min for older individuals (p<0.01). Self-reported alco-
hol consumption was available for students only. Of the
student group 5% reported the consumption of alcoholic
beverages before bedtime.

Occurrence of snoring in students and older subjects

The average CSI for students was 22.6±21.9% com-
pared to 15.3±14.1% for older subjects (p<0.05). The
average ASIs were 0.2±0.6% versus 6.6±9.7% (p<0.0001),
respectively. Figure 2 shows the distribution of CSIs in
students and older subjects. Using previously collected
data on the subjective impairment of sleep to cosleep-
ers, we defined an abnormal CSI at a cut-off level of
30% of sleep time snoring. We then calculated the occur-
rence of snoring above and below this 30% setpoint for
the two subject populations. A significant difference was
found between the two groups. Of the student group
30% presented a CSI ≥30% while in the older group
only 17.2% presented a CSI ≥30% (x2, p<0.05). No sig-
nificant difference was noted between students and older
subjects at a CSI of 10%.

Snoring time was visually scored using a previously
validated technique [15, 16].

Sleep times were estimated using sleep log informa-
tion and by MESAM4 recorded parameters. Wake was
scored when a sustained, significant increase in fC occurred
for at least 1 min and/or the body position sensor indi-
cated upright or changed body position more than twice
in a 5 min period. Sleep logs and sleep time scoring
using the MESAM4 variables were used to calculate the
estimated total sleep time (TSTe), the “continuous snor-
ing index” (CSI) and the “apnoeic snoring index” (ASI).
The pattern of apnoeic versus nonapnoeic snoring was
visually identified. When each breath was associated
with a noise pattern, snoring was defined as continu-
ous. The MESAM4 system provides two different lev-
els of sound intensity for the detection of snoring. Snoring
was scored combining both intensity levels.

The MESAM4 system determines snoring in the fre-
quency range 100–800 Hz. The two different intensity
thresholds correspond to approximately 40 and 50 dB
(weighted average of sound intensity (A)) respectively.

When snoring occurred in clusters separated by silent
intervals snoring was classified as apnoeic (fig. 1). The
CSI and ASI were calculated by dividing the total time
of visually identified snoring periods (continuous or
apnoeic) by the determined TSTe in hours.

Statistical analysis

Results are expressed as mean±SD unless otherwise
indicated. Log-corrected odds ratios (ORs) of being a
snorer for subjects with a positive family history of snor-
ing were compared to those with a negative family his-
tory of snoring [17] and 95% confidence intervals (95%
CI) were used in the reporting of ORs. To determine
potential interactions between selected sets of variables
on dependent variables, multiple regression analysis and
calculation of partial correlation coefficients was used.
The Wilcoxon signed-rank matched pairs test for non-
parametric data was used for statistic comparison. A p-
value less than 0.05 was considered to be significant.
Nonparametric testing (Chi squared (x2) test) was used
to evaluate the presence of statistically significant dif-
ferences between groups for variables with nongauss-
ian distribution.

Results

Demographic data

A total of 155 college students and 134 older sub-
jects filled out detailed sleep logs prior to the overnight
assessment of snoring. All subjects completed ques-
tionnaires on sleep habits and sleep disturbance. In the
student group information concerning the family 
history of snoring was also obtained.

Of the total group 96% of students and 74% of older
subjects were nonsmokers. The age of the student pop-
ulation averaged 19.9±2.6 yrs, and the older population
averaged 64.1±9.1 yrs (p<0.0001). The mean body mass
index (BMI) for students was 22.3±3.2 kg·m-2 and
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Correlation between self-reported and objective snoring

Table 1 shows the relationship between self-
reported snoring and objectively-measured snoring in
students and older subjects. The data shows a good cor-
respondence between subjective self-reported snoring
and objectively-measured snoring in students only. In
students, the higher self-reported frequency of continu-
ous snoring is associated with higher CSI values. There
is no relationship between self-reported categories of
continuous snoring frequency and objectively measured
snoring in older individuals. When we combined regu-
lar and apnoeic snoring in the two subject populations,
there was still the discrepancy between recorded snor-
ing and self-reported snoring in the older subjects.

Snoring and sleepiness

Subjective sleepiness was assessed with validated
tools: the ESS [14] and a five-point scale. A compari-
son between the ESS and the five-point scale was per-
formed in 200 middle-aged subjects prior to this
investigation. Good agreement exists between the ESS
and the five-point scale (r=0.61; p<0.0001). Students
were divided into two groups depending on their sleepi-
ness score on the ESS and the five-point scale. A score
of 11 was the threshold used to define sleepiness, and
answers to daytime sleepiness in the "often" or "always"
categories of the five- point scale were considered as
markers of significant daytime sleepiness. There was no
difference in the percentage of younger subjects with
sleepiness on the five-point scale compared to older sub-
jects (22% in younger subjects versus 23% in older sub-
jects, x2=0.04, p=NS). Sleepiness on the five-point scale
neither correlated with the CSI in students nor in older
subjects although a clear trend towards higher CSI val-
ues with increasing levels of daytime sleepiness was
observed. Analysis of variance (ANOVA) between the
self-reporting of daytime sleepiness and combined reg-
ular and apnoeic snoring in older individuals revealed

significant differences in daytime sleepiness between
subjects who indicated "never" snore and subjects who
indicated "sometimes" (p<0.05), "often" (p<0.02) and
"always"(p<0.0001) snore (ANOVA, p<0.001).

In students, an ESS score greater than 11 (51% of
students) was associated with a significantly higher
cumulative sleep deficit assessed by ideal and actual
sleep times in the questionnaire. These students had an
average difference of –0.50±1.12 h between actual and
ideal sleep times when compared to students with an
ESS score lower than 11 (49% of students) (p<0.04).

The effect of gender, ethnicity, family history, and alcohol
consumption on snoring in students

In the student group the effect of gender on the CSI was
examined. No significant difference could be observed in
the percentage of female versus male students for CSI ≥30%.
There was also no significant difference between males and
female students in the self-reporting of snoring.

The potential effect of ethnicity on snoring in the stu-
dent population was analysed. Table 2 shows the snoring
data (CSI) and the BMI in the different ethnic groups. There
was no statistically significant difference in the CSI between
ethnic groups, although African-American students pre-
sented with the highest CSI. Significant differences in BMI
were observed between the ethnic groups (table 2). African-
American students presented the highest BMI. Significant
BMI differences between African-American students and
Asian students (p<0.0005), between African-American stu-
dents and Caucasian students (p<0.005), and between African-
American students and Pacific Islander students (p<0.04)
could be demonstrated.

Of all students, 85% reported that at least one of their
first-degree relatives were snorers. The corrected OR of
objectively verified snoring using MESAM 4 for snoring
individuals with first-degree relatives who had a CSI ≥30
was 1.01 (p=NS). The corrected OR for self-reported snor-
eing of students with one snoring first-degree relative was
4.98 (95% confidence interval 0.4–10.9) (p<0.01).

Discussion

In this study, we were able to show that continuous
snoring indicating partial obstruction during sleep was
measured more frequently in a young population compris-
ing undergraduate college students compared to an older
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population with an average age of 65 yrs. Furthermore, if
data on the presence of snoring had been taken from sub-
jective self-reporting using a questionnaire, opposite results
would have been observed.

Various investigators have reported data on the occur-
rence of snoring and its potential cardiovascular compli-
cations using questionnaires. However, only few investigators
have used objective measures of snoring in their studies.
In a recent review article on this matter, HOFFSTEIN [10]
pointed out that no common standard has been developed
for acoustic recordings during sleep. We would agree
with Hoffstein that, in studies where sound recordings
have been employed, the lack of an accepted standard
makes comparison of the results difficult.

We chose a snoring assessment that has been wide-
ly used in epidemiological studies in Europe, the USA,
and Australia [18–20]. This monitor has been validated
previously by several investigators and shown to pro-
vide an accurate measure of the presence or absence of
sleep-disordered breathing associated with apnoea and
hypopnoea during sleep [12, 15]. As these studies have
not assessed the validity of the MESAM4 system in the
detection of snoring we re-evaluated our original vali-
dation data and compared technician-reported snoring
with MESAM4 recording of low and high level snor-
ing. A high agreement between technician-logged, audi-
ble and MESAM4– recorded snoring was found. In about
only 3% of the snoring validation data the technicians
report of snoring could not be verified by the MESAM4
raw data. Although technicians do not regularly assess
the loudness of audible snoring we hypothesize that the
polysomnograpic microphone may not have indicated
the presence of snoring with snoring below sensitivity
levels of the microphone (approximately 40 dB(A).
Nevertheless, the high level of agreement between tech-
nician logs of snoring and MESAM4 snoring recording
allows us to conclude that the quantitative acoustic mea-
sure of snoring sound, which we have termed the CSI,
is an objective representation of the outcome measure
under investigation in this study.

Analysis of the recorded acoustic measures of snor-
ing, expressed as the average CSI showed that students
had a significantly higher average snoring time during
sleep than older subjects. The percentage of subjects in
each age group who snored for more than 10% and 30%
of the recording time was investigated. It was found that
there was no difference at the cut-off level of 10% of
recording time spent snoring between the groups. In
both groups more than 50% of the subjects snored for
more than 10% of the recording time (55% of older sub-
jects and 56% of students). However, when the number
of individuals in each age group who snored for more
than 30% of the recording time was compared a sig-
nificant difference between students and older subjects
was found. The cut-off of 30% of recording time spent
snoring was chosen based on previous results using the
MESAM4 recording equipment. At this level there was
the highest agreement between the subjective percep-
tion of snoring by the bed partner and actual recorded
snoring with the MESAM4 equipment. In the absence
of objective measurements, prevalence data obtained by
questionnaires only, must be interpreted with caution.

Analysis of the distribution of measured continuous
snoring showed that a number of students snored for

more than 60% of the recording time. None of the older
subjects presented CSI values in excess of 60%. This
finding could be related to the fact that young individ-
uals can develop a higher level of respiratory effort than
older individuals [21]. The data also suggests that stu-
dents may be able to sustain partial obstruction without
developing an apnoeic snoring pattern in conjunction
with complete upper airway obstruction: students had a
significantly lower ASI than older subjects.

The significant decrease of measured snoring with
age in the older group is in agreement with the overall
lower CSI between the older group compared to the
young student group. As expected, this significant rela-
tionship between age and measured snoring within the
older group could not be reproduced within the young
student group because of the narrow range of the vari-
able age in this group. Thus, the relationship of age and
measured snoring within and between the studied groups
(young and older subjects) further strengthens the hypoth-
esis that increasing age will result in less negative inspi-
ratory effort generated during periods of increased upper
airway resistance during sleep [21–23]. As younger sub-
jects had lower BMIs than older subjects, another pos-
sible explanation could be that MESAM4 underestimates
snoring, when there is evidence of increased neck fat
distribution. However, our own unpublished results using
measurements of neck skinfold thickness with a caliper
do not support this hypothesis.

Although other factors such as a positive family his-
tory of snoring [24, 25], alcohol consumption [20, 26,
27], and partial sleep deprivation [28], have shown to
be important modulators of snoring, none of these fac-
tors were significant predictors of the CSI in the young
or older population.

There was a tendency towards a higher CSI in African-
American students. However, stratification of ethnic
background reduced the number in each ethnic catego-
ry substantially and reduced statistical power.

Analysis of the subjective snoring data showed that only
17.5% of the students reported to snore in the combined
CSI categories of "sometimes", "often", and "always". In
contrast, 64% of older subjects reported to snore in the same
frequency categories. This finding conflicted with the find-
ings in the objective measurements of snoring. Further analy-
sis showed that there was a good agreement between
subjective snoring frequency and objective measurement of
snoring in students but not in older subjects. In fact, older
subjects overestimated their subjective snoring in every fre-
quency category. Thus, results of prevalence studies using
a self-report of snoring frequency should be interpreted with
care. In a recent investigation on the prevalence of snoring
and breathing pauses in a telephone survey of a UK pop-
ulation sample, 23.1% of persons 15–24 yrs of age indi-
cated a tendency to snore, closely matched the results for
the CSI ≥30% in our student population [29]. The same
UK study showed that a greater percentage of subjects aged
>65 yrs indicated a higher self-reporting of snoring than
the younger group. Based on our objective results, it is sug-
gested that the subjective report of snoring in the older age
group of the UK study may be an overestimation of the
actual snoring frequency.

One possible explanation is recall bias: older indi-
viduals who no longer snore may have been told at some
point in their lives that they snore. Furthermore, this
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age-related change in snoring can partially be explained
by the physiological factors previously discussed. Another
explanation for this change could be an age-related sleep
stage redistribution and the resulting implications on
upper airway resistance and respiratory muscle activity
[30]. There is also the possibility that snoring may be
perceived differently in different age groups based on
a change in the sound frequency spectrum associated
with age. FIZ et al. [31] have shown that a difference
between apnoeic and nonapnoeic snoring sounds exists.
The student population showed virtually no apnoeic snor-
ing compared to the older subjects who spent 6% of
their TSTe with an apnoeic snoring pattern [32].

The prevalence figures of self-reported snoring in our
student population closely match the figures published
by HICKS [33], although no demographic data are pre-
sented in this investigation of 749 college students.

We were not able to show a significant difference in
the self-reporting and measurement of snoring between
younger men and women. Hicks found that there was a
difference between men and women college students in
the self-reporting of snoring but concluded that this dif-
ference had a low strength [33].

Measured snoring did not have an impact on daytime
sleepiness in either students or older subjects. Subjects
with an ESS score greater than 11 did not present high-
er CSI values than subjects with ESS scores below 11.
Nevertheless, a surprisingly high number of students pre-
sented with ESS scores >11. This sleepy student group
had a significantly higher sleep debt than students with
ESS scores less than 11. This finding has been reported
previously using a different methodology [34, 35].

Finally, a large number of college students reported
that their first-degree relatives had a history of snoring.
A positive family history of snoring did not increase the
OR of measured snoring. However, there was a signif-
icant increase in the OR for perceived (subjective) snor-
ing in subjects with a positive family history of snoring.
This finding suggests, that the experience of having a
first-degree relative who snores may cause a reporting
bias in snoring.

We conclude that snoring is a highly prevalent phe-
nomenon in younger and older adults. If studies of snor-
ing in older subjects are performed using self-reporting
questionnaires the data must be interpreted with cau-
tion. As we have shown, there is not always concor-
dance between self-reported snoring and the objective
measurement of snoring.
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