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Various studies [1–3] have reported community preval-
ences of habitual snoring in adults to be about 11–15%.
About 30–50% of adult habitual snorers [2] are estimated
to have the sleep apnoea/hypopnoea syndrome (SAHS),
which is estimated to occur in 2–4% of the general pop-
ulation [3–5]. Habitual snoring has been shown to be inde-
pendently associated with the development of hypertension,
stroke and myocardial infarction in the general population
[6–8]. Habitual snorers often experience the effects of
chronic sleep disruption, manifestating as excessive day-
time somnolence, automatic behaviour and cognitive and
affective impairment. Mild obstructive sleep apnoea has
been shown to be associated with impaired quality of life
characterized by greater sickness-related behavioural im-
pairment, lower physical and emotional functioning due to
poor health and poorer psychological adjustment to illness
[9].

Although cases of obstructive sleep apnoea have been
documented in Singapore, its prevalence and the preva-
lence of snoring and sleep-breathing disturbances is un-
known. Hypertension, obesity, ischaemic heart disease and
stroke are the most important causes of morbidity and
mortality in Singapore. Among its multi-ethnic popula-
tions (75% Chinese, 14% Malay and 7% Indian), Malays
and Indians are well known to have higher risks of cardio-

vascular diseases [10]. It is thus relevant to study the con-
tribution of sleep breathing disorders to the observed
ethnic differences in cardiovascular morbidity. Recent stu-
dies have also shown that African-Americans are more
likely than Caucasians to have sleep apnoea syndrome
[11, 12] and hypertension is also known to be more com-
mon amongst this ethnic group.

A population-based cross-sectional study of the adult
population in Singapore was conducted to determine the
prevalence of habitual snoring and sleep breathing distur-
bances associated with the sleep apnoea syndrome and to
examine the ethnic differences of these disorders among
Chinese, Malay and Indian adults.

Methods 

Subjects

The subjects were chosen from a random sample of
adults who were residents in public housing apartments
in five residential estates in Singapore. Over 92% of the
population live in publicly subsidized owner-occupied ap-
artments. The sampling methodology employed an area-
clustered, two-stage, stratified, disproportionate, random
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ABSTRACT: This study investigated the prevalence of snoring and symptoms of sleep
breathing-related disorders in the multi-ethnic population of Singapore (3 million
people, comprising 75% Chinese, 15% Malay and 7% Indian).

A multistaged, area cluster, disproportionate stratified, random sampling of adults
aged 20–74 yrs was used to obtain a sample of 2,298 subjects (65% response), with
approximately equal numbers of Chinese, Malay and Indian and in each 10 yr age
group. An interviewer-administered field questionnaire was used to record symptoms
of snoring and breathing disturbances during sleep witnessed by a room-mate and
other personal and health-related data.

The weighted point estimate (and 95% confidence interval) of the whole population
prevalence of snoring was 6.8% (5.3–8.3). There were pronounced ethnic differences
among Chinese, 6.2% (4.4–8.1); Malay, 8.1% (6.1–10.2) and Indian, 10.9% (8.5–13.4).
The minimum whole population prevalence by the most restricted symptom criteria
for defining sleep breathing-related disorder was 0.43% (0.05–0.8%). Similar marked
ethnic differences in rates were observed using various symptom criteria. The ethnic
differences in sleep breathing symptoms paralleled the differences in body mass
index, neck circumference and hypertension, but statistically significant differences
remained after adjustment for sex, age and these known associated factors.

Marked ethnic differences in snoring and sleep breathing-related disorders were
observed in Chinese, Malays and Indians in Singapore, which were only partly
explained by known factors of sex, age and body habitus.
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sampling strategy such that older persons and Malay and
Indians were oversampled. This provided approximately
equal numbers of persons in each ethnic and 10 yr age
group for the sample, so that precise sample estimates of
the rates for these subgroups were obtained, based on large
numbers of persons. Within each housing estate (area), a
random sample of one in 10 apartment blocks was chosen
and stratified random sampling of apartment units and oc-
cupants was employed to obtain one eligible adult in each
household for interview. The response rate was 65%, with
most of the nonresponses due to occupants "not-at-home".
These noncontactable households were ascertained to be
largely due to nonoccupancy of the selected housing units
because of the high level of residential and travel mobility
of the population. Only 4% of the subjects on the sam-
pling list refused to be interviewed.

Interview questionnaire

Subjects were interviewed in their homes by trained
investigators who administered a structured questionnaire
that contained questions on snoring and sleep disturbances
(see Appendix). Sleep disturbances include reported breath
cessations leading to partial or full arousals, manifested by
kicking and moving around during sleep, choking, gasp-
ing and appearing suffocated, or abrupt awakenings in the
middle of sleep. The recording of symptom res-ponses
was corroborated by someone at home who shared the
room or bed with the respondent. Additional questions
included reported histories of hypertension and self-
reported height and weight. Neck circumference was mea-
sured with a tape measure at the widest point.

The frequencies of sleep breathing disturbances were
graded as never, rarely (less often than 1 night a month),
sometimes (1–3 nights a month), often (1–2 nights a week),
usually (3–5 nights a week) and always (every night). Habi-
tual snoring was defined as frequent loud snoring occurring
at least 3 nights per week, consistent with the definition
employed in other studies, so as to facilitate comparability
of results.

Recent studies [13–17] have supported the validity of
sleep symptom questionnaires in population studies of
sleep disordered breathing, with sleep apnoeas being well
predicted by snoring and room-mate-observed symptoms
of apnoea during sleep ("abnormal nocturnal respira-
tions"). Predictive power is improved by including sex and
body mass index (BMI) or wide neck circumference and
hypertension. Most studies, however, have not found sleep

apnoea to be significantly related to daytime symptoms of
excessive somnolence, including feeling unrefreshed after
sleep, morning headaches, automatic behaviour and cog-
nitive impairment, since many persons without sleep ap-
noea also report these symptoms. In this study, therefore,
the syndrome of "sleep breathing-related disorder" was de-
fined by the triad of habitual snoring, sleep disturbances
indicating sleep apnoea and/or hypertension or wide neck
circumference. As a measure of body habitus, wide neck
circumference was preferred over BMI because there is
evidence to indicate that it is a more powerful predictor
than BMI of sleep disordered breathing (SDB) and in one
study almost entirely explained the known higher male
sex risk of SDB [18].

Statistical analysis

Stratified analysis of categorical variables was emplo-
yed to calculate prevalence rates of habitual snoring and
other sleep breathing disturbances, specified for sex, age
(in three age groups: 20–39, 40–59, and 60–74 yrs) and
ethnicity (Chinese, Malay and Indian). Direct standardi-
zation procedures which applied the age-specific rates in
the sample to the demographic distribution of the general
population were used to obtain the weighted estimate of
the whole population rates for each sex and ethnic group.
The weightings used were reflected by the demographic
distribution of adults in the sample (n=2,298) and in the
census general population (n=1,779,750) shown in table
1. Comparisons of rates between ethnic groups and sex
were made by calculating the adjusted (standardized) rates
for each ethnic group (correcting for sex and age differen-
ces) and for each sex (correcting for ethnic and age differ-
ences). The Mantel-Haenszel procedure and its extensions
for analysis of categorical variables from the Statistical
Analysis Software (SAS) System were used for signifi-
cance testing. Adjusted mean values of BMI and neck cir-
cumference were also calculated and significance testing
was performed by analysis of covariance, using the gener-
alized linear modelling (GLM) procedures in the SAS
software package to correct for sex, ethnicity or age where
appropriate.

Results

The point estimate of the prevalence of habitual snoring
weighted for the demographic distribution of the whole
adult population of Singapore was 6.8% (95% confidence

Table 1.  –  Demographic data of study sample (n=2,298) and Singapore whole population (Singapore Sleep-Breathing
Disorder Study, 1995)

Male Female
20–39 yrs 40–59 yrs 60–74 yrs All ages 20–39 yrs 40–59 yrs 60–74 yrs All ages

Study sample:
  Chinese
  Malay
  Indian
  All ethnicity
Whole population:
  Chinese
  Malay
  Indian
All ethnicity

139
191
163
493

418,261
79,063
38,357

535,681

142
139
133
414

224,212
28,296
20,935

273,443

52
84
61

197

64,872
12,543
11,962
89,377

333
414
357

1104

707,345
119,902
71,254

898,501

198
164
165
527

404,043
75,473
36,675

516,191

211
155
163
529

222,113
30,359
17,076

269,548

63
41
34

138

80,198
10,873

4439
95,510

472
360
362

1194

706,354
116,705

58,190
881,249
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interval (CI): 5.3–8.3) (table 2). Males were three times
more likely than females to be habitual snorers (table 2),
with the odds ratio of association with snoring, adjusted
for age and ethnicity, for males relative to females: 3.37
(95% CI: 2.41–4.70). Within the age range from 20–74
yrs, there was an age-related increase in snoring (fig. 1;
Mantel-Haenszel Q-statistic for linear association with 1
df=20.2, p=0.0001, correcting for sex and ethnicity). Eth-
nic differences were also observed, with Malays and Indi-
ans having higher rates of habitual snoring than Chinese,
after adjusting for sex and age (Mantel-Haenszel Q-statis-
tic for general association with 2 df= 9.12, p=0.01).

The prevalence levels and demographic differences were
also analysed by combining snoring with reported symp-
toms of sleep disturbance indicating apnoea and hyperten-
sion or wide neck circumference. As an example, the

syndrome of sleep breathing-related disorder (III: defined
as habitual snoring, and symptoms of sleep disturbances
or hypertension/wide neck circumference), was present in
2.1% of the whole population and showed the same pat-
tern of specific rates for sex, age and ethnic groups as for
snoring (table 3 and fig. 1). The minimum whole popula-
tion prevalence based on the most restrictive criteria (fre-
quent loud snoring, apnoeic symptoms during sleep and
wide neck circumference/hypertension) was 0.43% (table
4). Similar demographic variations by sex, age, and eth-
nicity for these other operationally defined sleep breath-
ing-related disorders were observed (data not shown).

The ethnic differences in prevalence of sleep breathing-
related disorders (table 5) showed that Malays and Indians
had markedly greater rates of these disorders than the Chi-
nese. It can also be seen that the mean BMI and the preva-
lence of obesity and hypertension were also higher in
Malays and Indians. The odds ratio of association, after
adjusting for these risk factors (together with age and sex),
was to some extent reduced, suggesting that a small part
of the greater risks in Malays and Indians was accounted
for by the higher prevalence of obesity and hypertension
in these ethnic groups (table 6). However, significantly
higher risks in these ethnic groups remained after adjust-
ing for these and other variables, including family history,
suggesting that yet unknown factors probably play a role
in these ethnic differences.

Discussion

This study showed a self-reported frequency of habitual
loud snoring of 6.8% in the adult population of Singapore.
There was a clear ethnic difference in the prevalence of
snoring, with Chinese having the lowest prevalence (6.3%)

Table 2.  –  Prevalence rates of frequent loud snoring by sex and ethnicity (Singapore Sleep-Breathing Disorder Study,
1995)

Sample estimates Singapore population
weighted estimates

Males Females Total
crude

Total
adjusted*

Weighted
crude

Weighted
adjusted*

Chinese
Malay
Indian
Total

10.8 (36)
13.8 (57)
16.0 (57)
13.6 (150)

3.2 (15)
3.6 (13)
6.3 (23)
4.3 (51)

6.3 (51)
9.0 (70)

11.1 (80)
8.7 (201)

6.8 (4.9–8.7)
8.6 (6.6–10.6)

11.0 (8.6–13.4)
             -

6.2 (4.4–8.1)
8.1 (6.1–10.2)

10.9 (8.5–13.4)
6.8 (5.3–8.3)

6.3 (4.4–8.1)
8.4 (6.3–10.5)

10.3 (7.9–12.6)
                  -

The number of subjects is shown in parenthesis. *: adjusted to the age and sex distribution of the sample and the Singapore popula-
tion, respectively. The weighted crude Singapore population rates are not adjusted to the standard Singapore age and sex distribution.
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Fig. 1.  –  Age-specific prevalence of habitual snoring and sleep breath-
ing-related disorder (III) by sex. ❏ : habitual snoring male; ❍: habitual
snoring, female; ■: sleep breathing-related disorder (III), male; ●: sleep
breathing-related disorder (III), female.

Table 3.  –  Prevalence rates of sleep-breathing related disorder (III) by sex and ethnicity (Singapore Sleep-Breathing
Disorder Study, 1995)

Sample Singapore population
Males Females Total

unadjusted
Total

adjusted*
Weighted

unadjusted
Weighted
adjusted*

Chinese
Malay
Indian
All

2.7 (9)
5.6 (23)
7.0 (25)
5.2 (57)

1.1 (5)
2.2 (8)
3.3 (12)
2.1 (2.5)

1.7 (14)
4.0 (31)
5.1 (37)
3.6 (82)

2.1 (1.1–3.1)
3.9 (2.5–5.3)
5.1 (3.5–6.8)

              -

1.6 (0.7–2.5)
3.5 (2.2–4.8)
5.0 (3.3–6.7)
2.1 (1.4–2.8)

1.6 (0.7–2.5)
3.7 (2.4–5.1)
4.5 (3.0–6.0)

                -

Sleep breathing-related disorder (III) = snoring and apnoeic symptoms during sleep or wide neck circumference/hypertension. The
number of subjects is shown in parenthesis. *: adjusted to the age and sex distribution of the sample and the Singapore population,
respectively.
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and Indians having the highest (11%). The prevalence in
Indians was similar to that shown in  other studies of Cau-
casian populations, which is about 11–15%, using similar
defining criteria. It is unlikely that the prevalence estima-
tes in this sample survey were seriously biased by the level
of response rate (65%), as most of the subjects were not
available for study because of social reasons which were
unrelated to the snoring or sleep apnoea syndrome. Only
3–5% of eligible subjects in each housing estate refused to
be interviewed and this is not likely to bias the results very
much. Nonrespondents are probably likely to include
more snorers since these people may perceive the condi-
tion as personally embarrassing. Hence, the present results
are likely to underestimate the true prevalence of snoring

in the population. The possibility of differential nonre-
sponse influencing the observed ethnic differences should
be considered. The response rates were indeed better in
Indians and Malays than in Chinese, but it is well known
that the reasons are almost entirely cultural and not health
related, as observed in numerous previous diverse surveys.
It is also unlikely that the results were seriously biased by
differences in response rates between sex and age groups,
although there was no information to support this. Higher
rates of snoring in males (which is very marked indeed)
and in older people have been consisten-tly observed in
many previous studies [1, 5, 12], so the present results are
a likely reflection of the true situation. The results for
BMI, obesity and hypertension in this study are also very

Table 4.  –  Whole population overall and sex-specific rates of sleep-breathing related disorders

Percentage prevalence (95% confidence intervals) estimates
Sleep breathing-related disorders Overall Male Female p-value

(I) Frequent loud snoring
(II) Frequent loud snoring and apnoeic symptoms 
  during sleep
(III) Frequent loud snoring and apnoeic symptoms during
   sleep or wide neck circumference/hypertension
(IV) Frequent loud snoring, apnoeic symptoms during
  sleep and wide neck circumference/hypertension

6.8 (5.3–8.3)
1.16 (0.61–1.71)

2.1 (1.4–2.8)

0.43 (0.05–0.80)

10.5 (7.8–13.2)
1.52 (0.60–2.43)

2.99 (1.67–4.31)

0.61 (-0.07–0.13)

3.05 (1.84–4.25)
0.76 (0.16–1.36)

1.18 (0.48–1.89)

0.22 (-0.05–0.49)

0.000
0.026

0.000

0.123

Rates were adjusted to the demographic distribution of the Singapore general population. p-values of significance tests were obtained
by Mantel-Haenszel and extended procedures for categorical variables.

Table 5.  –  Ethnic differences in adjusted rates of sleep-breathing disturbances and associated predictors of sleep
apnoea syndrome

Mean and percentage prevalence (95% confidence interval (CI)) estimates
Overall Chinese Malay Indian p-value

(I) Frequent loud snoring
(II) Frequent loud snoring and apnoeic

symptoms during sleep
(III) Frequent loud snoring and apnoeic

symptoms during sleep or wide neck
circumference/hypertension

(IV) Frequent loud snoring, apnoeic
symptoms during sleep and wide neck
circumference/hypertension

Body mass index  kg·m-2

Adjusted mean (95% CI)
% Š2.5 kg·m-2

Neck circumference  cm
Adjusted mean (95% CI)
% >95th percentile value

History of hypertension

6.8 (5.3–8.3)
1.16 (0.61–1.71)

2.1 (1.4–2.8)

0.43 (0.05–0.80)

24.0 (23.6–24.4)
26.6 (24.4–28.7)

35.9 (35.7–36.0)
6.2 (5.2–7.3)
8.6 (7.5–9.8)

6.3 (4.4–8.1)
0.83 (0.17–1.49)

1.6 (0.7–2.5)

0.29 (0.15–0.73)

22.9 (22.2–23.6)
18.8 (15.6–22.0)

35.5 (35.3–35.7)
4.7 (3.0–6.4)
7.8 (5.8–9.6)

8.4 (6.3–10.5)
2.31 (1.23–3.39)

3.7 (2.4–5.1)

0.99 (0.32–1.67)

24.8 (24.1–25.5)
30.6 (26.6–34.6)

36.0 (35.8–36.2)
8.0 (6.0–10.0)
8.8 (6.9–10.8)

10.3 (7.9–12.6)
2.37 (1.21–3.53)

4.5 (3.0–6.0)

0.84 (0.13–1.54)

24.2 (23.5–24.9)
31.1 (27.0–35.2)

36.6 (36.3–36.8)
6.5 (4.6–8.4)
8.0 (7.8–12.1)

0.01
0.04

0.002

0.34

0.001
0.000

0.001
0.003
0.04

Rates were adjusted to the demographic distribution of the Singapore general population. p-values of significance tests were obtained
by analysis of covariance for continuous variables and Mantel-Haenszel and extended procedures for categorical variables. 

Table 6.  –  Odds ratio of association of sleep breathing-related disorders in Malays and Indians relative to Chinese,
adjusted for cardiovascular risk factors

Snoring Sleep breathing-related disorder (III)
Covariate adjustment Chinese Malay Indian Chinese Malay Indian

Age, sex
Age, sex, family history
Age, sex, obesity
Age, sex, hypertension
Age, sex, family history,
obesity and hypertension

1.00
1.00
1.00
1.00
1.00

1.29 (0.88–1.90)
1.26 (0.86–1.85)
1.21 (0.82–1.77)
1.29 (0.88–1.87)
1.17 (0.79–1.72)

1.74 (1.20–2.54)
1.70 (1.17–2.48)
1.66 (1.14–2.42)
1.71 (1.17–2.48)
1.60 (1.10–2.34)

1.00
1.00
1.00
1.00
1.00

2.34 (1.21–4.54)
2.28 (1.19–4.35)
2.11 (1.08–4.12)
2.29 (1.17–4.48)
2.01 (1.02–3.98)

3.12 (1.63–5.96)
3.02 (1.57–5.78)
2.90 (1.51–5.55)
2.86 (1.48–5.52)
2.65 (1.37–5.15)

III: frequent loud snoring and apnoeic symptoms during sleep or wide neck circumference/hypertension.
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similar to those obtained from previous repeat surveys of
cardiovascular risk factors in the population.

The validity of the responses from a questionnaire in-
terview is an important consideration in evaluating the
prevalence estimates of sleep breathing-related disorders
in the population. All-night polysomnographic data are
generally adopted as the gold standard of defining sleep
apnoea/hypopnoea syndrome and portable recording dev-
ices have been used in community studies of sleep apnoea
disorders. However, different cut-off levels in the apnoea-
hypopnoea score (5, 10 or 15 episodes·h-1 of sleep), reflec-
ting the varying severity of the condition, have been
employed to define the syndrome, with varying false-pos-
itive and negative rates, suggesting that there is no clear
clinical demarcation of the clinical condition from nor-
mality, with nonapnoeic snoring representing the other
end of the continuum of sleep breathing-related disorders.
Validation studies have demonstrated higher rates of false-
positive results in elderly persons and low night-to-night
reproducibility has been reported in validation studies
[19–21]. Scientific information on the validity of portable
recording devices is even more limited [22] and different
instruments show varying results in terms of their sensitiv-
ity and specificity. Sleep symptom questionnaire data have
been shown to provide a valid means of characterizing
symptom distributions in population surveys of obstruc-
tive sleep apnoea [13–17] and have been usefully employ-
ed in many community studies.

The operational criteria for defining sleep breathing
disorders from a symptom questionnaire are necessarily
difficult and arbitrary. Several combinations of symptom
and self-reported variables are possible to define "sleep
brea-thing-related disorder". While some evidence from
previous studies supports these entities as encompassing
actual sleep apnoea syndrome, direct comparison of prev-
alence rates with other studies, except for snoring fre-
quency, are not strictly valid and at best only indicative.
Nevertheless, the authors are confident that the compari-
son of ethnic  differences using these surrogate variables
of true sleep apnoea syndrome is a valid reflection of the
relative frequ-encies of the disorder in Chinese, Malays
and Indians.

Given the limitations of this study, it is remarkable how
well known relationships of sleep apnoea/hypopnoea syn-
drome with demographic variables such as sex and age,
as well as other risk factors, such as obesity and hyper-
tension, which are consistently reported in the literature,
were demonstrated. The greatest interest in the present
report concerns the ethnic differences in the prevalence of
sleep breathing-related disorders, of which there are few
reports in the literature. The greater risks of sleep breath-
ing-related disorders in Malays and Indians are indeed
remarkable. Given that these groups are known to have
higher frequencies of cardiovascular risk factors and dis-
ease, the consistent impression that emerges from this
study is that sleep breathing-related disorders are an im-
portant contributory factor in cardiovascular morbidity in
these ethnic groups. Genetic factors, indicated by the in-
fluence of family history, may play a part but, never-
theless, the results also indicate that other, yet unknown,
factors remain to be accounted for. This issue needs to be
studied further in future investigations.

In conclusion, this study reported on community preva-
lences of snoring and symptoms of sleep breathing-rela-

ted disorders in Singapore, which were consistent with
those reported elsewhere. Markedly higher risks of these
disorders were noted in Malays and Indians, consistent
with the higher risk of cardiovascular morbidity from obe-
sity and hypertension in these ethnic groups. These risk
factors contribute to a small extent to the ethnic differ-
ences, but a great deal of the ethnic variations in sleep
breathing disorders remains to be elucidated.

Appendix: Questionnaire on snoring and 
sleep disturbances

As far as anyone in your family (including yourself) can
tell:

How often do you snore loudly in your sleep? 
How often do you kick around and move around a lot

during sleep? 
How often do you wake up at night appearing suffo-

cated or choking?
How often do you gasp or choke while sleeping?
How often do you stop breathing, or hold your breath

while sleeping? 
How often do you feel a strong urge to sleep during the

day? 
How often do you intentionally take a nap during the

day? 
How often do you fall asleep when you relax immedi-

ately before or after dinner? 
How often do you fall asleep in social occasions when

you shouldn't? 
How often do you fall asleep while driving?
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