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Abstract

Background: An increasing prevalence of obesity in the UK has also seen a rise in the diagnosis of co-morbidities. Obstructive sleep
apnoea (OSA) has previously been associated with body mass index (BMI) but has not been fully explored in a UK population. 

Aims: To quantify the association between BMI and a recorded diagnosis of OSA in primary care for people aged 50 years or over in the
UK. 

Methods: A descriptive analysis is given of men and women aged 50 or over in the UK from The Health Improvement Network (THIN)
database with regard to diagnosis of OSA, snoring, and BMI. Logistic regression was performed for the likelihood of OSA depending on
BMI classification recorded after adjusting for gender, age, region, and socioeconomic status (Townsend quintile). The analyses were
repeated for snoring.    

Results: After adjusting for confounders, those with a BMI recorded of 40+ kg/m2 were 27.39 times (95% CI 24.64 to 30.46) more likely
to have OSA (p<0.0001). There was a lower prevalence of OSA with increasing age and levels of deprivation.   

Conclusions: Obesity and snoring were both strongly associated with a diagnosis of OSA. The decreasing prevalence of OSA with
increasing age and levels of deprivation needs further study to ensure that these groups are not being systematically under-investigated.  
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Introduction 
The prevalence of obesity is increasing in western societies. It was
recently estimated that nearly 25% of the population in England
were obese,1 with predictions that this figure would rise substantially
over the coming years. Obesity is associated with many different co-
morbidities including obstructive sleep apnoea (OSA).2–5 Worldwide,
studies have found a high level of clinically undiagnosed OSA in
obese patients, particularly those who are morbidly obese.3,4,6

However, no studies have sought to establish the size of this
association in clinical practice in the UK. This needs to be addressed
as OSA is associated with premature death and reduced health-

related quality of life; for example, an Israeli study7 found that the
combination of obesity and severe OSA conferred a 44% higher risk
of death than OSA alone (p=0.03).   

Snoring has traditionally been used in primary care as a predictor
of OSA and is frequently cited as a symptom during OSA diagnosis.
Romero et al.8 found a positive predictive value for snoring and OSA
of 84.7%, and Resta et al.9 found snoring to be a symptom in 100%
of the patients in their study who had apnoeas during sleep.
However, the usefulness of snoring to predict the presence of OSA
in UK primary care is not known.

The aim of this cross-sectional study was to quantify the
prevalence of a recorded diagnosis of OSA in general practice in the
UK and to determine how this prevalence varies with body mass
index (BMI), gender, and deprivation. We also repeated these
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analyses using snoring as the outcome and, in addition, quantified
the extent to which a history of snoring predicts a diagnosis of OSA. 

Methods 
Data for this cross-sectional study were derived from The Health
Improvement Network (THIN) database, a longitudinal computerised
database containing data collected as part of routine primary care.
The protocol was reviewed and approved by the THIN Scientific and
Review Committee.  

Our initial aims were to determine the prevalence of a recorded
diagnosis of OSA in primary care in the UK on 1 July 2005 and then
to quantify the demographic predictors of this diagnosis. Data were
identified for individuals with a date of birth before 30 June 1945 to
ensure capture of all those aged 50 years or over at 1 July 2005. 

We extracted the following demographic information for this
population: sex, age (recorded in 5-year age bands), BMI (recoded
into World Health Organization groups10), and social class (quintiles
of Townsend score derived from the 2001 UK Census and linked by
post code to super output areas). Diagnoses of OSA and the
presence of self-recorded snoring were extracted from THIN using
Read Codes (codes used available on request). 

In our initial analysis we used univariate logistic regression to
quantify the association between a recorded diagnosis of OSA and
each of our covariates. We then used multivariate logistic regression
to model the effects of age group, sex, and social class
simultaneously. We then repeated this strategy using snoring rather
than OSA as the outcome and finally quantified the association
between snoring and a recorded diagnosis of OSA, both before and
after adjusting for our covariates.

Stata (V.10.3) was used for all of the statistical analyses and
likelihood ratio tests were used for the hypothesis tests. 

Results
In our initial descriptive analysis we identified 1,073,116 individuals
in the dataset aged 50 years or over on 1 July 2005 in the UK. This
comprised 507,553 men (47%) and 565,563 women (53%). The
average age of the individuals in the dataset was 66 years. A total of
6,527 (0.6%) of the total population had a diagnosis of OSA, with a
higher proportion among men (79% of the total diagnosed, Table 1).
The average age of individuals with OSA was 62 years, with the 60-
64 age group having the highest proportion of OSA diagnoses
(23%). A total of 12,499 individuals were recorded as snorers
(1.2%), of which 8,968 (72%) were men. 

In general, the prevalence of both a recorded diagnosis of OSA
and self-reported snoring were much more common in men and
decreased with increasing age. There was no apparent social class
gradient on the prevalence of recorded diagnoses of OSA but the
prevalence of snoring was higher in less-deprived people (Table 1).

BMI was calculated for 945,435 people (88%) in the dataset. In
general, the prevalence of obesity (BMI >30 kg/m2) and morbid
obesity (BMI >40 kg/m2) was higher in females, increased with
increasing levels of deprivation, and was lowest in the oldest age
groups (Table 2).

The total number of individuals in the dataset who had a

recorded BMI and also had a diagnosis of OSA was 6,266 (0.6%).
Although this is a very small proportion of the overall numbers, it
represents a large proportion (96%) of those with a diagnosis of
OSA, demonstrating that BMI was highly recorded for individuals
with OSA. The prevalence of OSA increased progressively with
increasing BMI and, in those with a BMI recorded in the 40+
category, the prevalence was 4.7%. 
Logistic regression   
In our univariate analysis there was a strong dose-response
relationship between BMI and the odds of having a recorded
diagnosis of OSA (Table 3). This relationship was not greatly altered
by adjusting for the effects of age, sex, and social class. After
adjusting for confounders, those in the 30+ BMI category had a 6.5
times greater likelihood of having OSA than people with a normal
BMI (OR 6.62, 95% CI 6.04 to 7.14), and this rose considerably in
the 40+ group to a greater likelihood of nearly 27.5 times (OR
27.39, 95% CI 24.64 to 30.46). The risk of having OSA was much
lower in women and decreased with increasing age. In our
univariate analysis there was little evidence of an association
between social class and OSA but, after adjusting for age and sex,
there was a trend such that recording the diagnoses was higher in
the more affluent groups (Table 3).   
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Population OSA (%) Snorers (%)

Gender

Male 507,553 5,171 (1.01) 8,968 (1.76)

Female 565,563 1,366 (0.24) 3,531 (0.62)

Total 1,073,116 6,537 (0.61) 12,499 (1.16)

Age group

50-54 193,850 1,476 (0.76) 3,325 (1.72)

55-59 189,296 1,468 (0.78) 3,200 (1.69)

60-64 186,325 1,535 (0.82) 2,795 (1.5)

65-69 139,388 938 (0.67) 1,493 (1.07)

70-74 119,860 615 (0.51) 940 (0.78)

75-79 100,791 338 (0.34) 497 (0.49)

80-84 74,142 123 (0.17) 195 (0.26)

85-90 46,289 37 (0.08) 46 (0.10)

90+ 23,175 4 (0.02) 8 (0.03)

Total 1,073,116 6,537 (0.61) 12,499 (1.16)

Townsend quintile

1 267,144 1,664 (0.62) 3,739 (1.40)

2 227,265 1,393 (0.61) 2,740 (1.21)

3 193,871 1,162 (0.60) 2,203 (1.14)

4 156,189 975 (0.62) 1,611 (1.03)

5 99,387 594 (0.60) 872 (0.88)

Missing data 129,260 749 (0.58) 1,334 (1.03)

Total 1,073,116 6,537 (0.61) 12,499 (1.16)

OSA=obstructive sleep apnoea.

Table 1. Descriptive analysis of study population by OSA
sufferer and snoring broken down by gender, age, and
socioeconomic status
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Our analysis for a recorded symptom of snoring also showed an
association between increasing odds of snoring and increasing BMI,
both before and after adjusting for confounding variables. However,
the strength of this association in terms of odds ratios was much
smaller than that for recorded diagnoses of OSA. Again the odds of
snoring were lower in older people and women and decreased with
increasing levels of socioeconomic disadvantage (Table 4). 

A total of 1,750 (26.8%) of individuals with a recorded
diagnosis of OSA also had a record of being a snorer. This was
equivalent to an odds ratio of 35.9 (95% CI 33.9 to 38.1) in our
univariate analysis and 25.9 (95% CI 24.4 to 27.5) in our
multivariate analysis. 

Discussion
Main findings 
The results of our study show that, in the UK, among people over the
age of 50 years the majority (88%) of the population had a recorded
BMI and 0.6% of them had a diagnosis of OSA recorded in their
primary care records. This diagnosis of OSA was more common in
men (1.01%) and much more common in people with a BMI of >30
kg/m2 and, after adjusting for confounders, those with a BMI
recorded of 40+ kg/m2 were more than 27 times more likely to have

OSA. The presence of a record of snoring was also strongly
associated with a diagnosis of OSA. There was a lower prevalence of
OSA with increasing age and levels of deprivation.
Strengths and weaknesses of this study  
The main strengths of our study are the large size of the population
afforded by using primary care records and the fact that this
represents the ‘real-life’ state of clinical care in the UK. The main
weaknesses relate to the validity of the diagnoses of OSA, the
ascertainment of cases of OSA, error measurement in the calculation
of BMI, and the restricted age range of our study population. 

Most previous epidemiological studies have focused on small
cohorts of people studied in detail with sleep studies.5,11 In studies
such as these we would expect the prevalence of OSA to be much
higher as the population is screened for the diagnosis. To have a
diagnosis recorded in the THIN database, a patient needs to initiate
a trip to their general practitioner (GP) and the GP needs to make a
diagnosis or refer the patient to secondary care to have the
diagnosis confirmed and the disease treated. This means that levels
of case ascertainment will have a strong influence on the prevalence
of the condition. Although we have not accessed the secondary care
records for this study, it seems unlikely to us that a GP would record
a diagnosis of OSA without confirmation from secondary care

BMI by WHO classification

18.5-24.9 (%) 25-29.9 (%) 30-39.9 (%) 40+ (%) <18.5 (%) Missing   Total (%)

Gender

Male 138,023 (27.19) 204,546 (40.3) 87,291 (17.2) 4,421 (0.87) 2,840 (0.56) 70,432 507,553 (100)

Female 205,520 (36.34) 177,926 (31.46) 104,015 (18.39) 11,902 (2.10) 8,951 (1.58) 57,249 565,563 (100)

Total 343,543 (32.01) 382,472 (35.64) 191,306 (17.83) 16,323 (1.52) 11,791 (1.10) 127,681 1,073,116 (100)

Age 

50-54 64,203 (33.12) 61,376 (31.66) 33,920 (17.50) 4,032 (2.08) 1,751 (0.90) 28,568 193,850 (100) 

55-59 59,907 (31.65) 63,908 (33.76) 34,996 (18.49) 3,752 (1.98) 1,479 (0.78) 25,254 189,296 (100)

60-64 56,816 (30.50) 68,111 (36.55) 36,043 (19.34) 3,236 (1.74) 1,424 (0.76) 20,695 186,325 (100) 

65-69 41,754 (29.96) 53,525 (38.4) 28,081 (20.15) 2,280 (1.64) 1,219 (0.87) 12,529 139,388 (100)

70-74 35,985 (30.02) 48,034 (40.08) 23,700 (19.77) 1,543 (1.29) 1,201 (1.0) 9,397 119,860 (100)

75-79 32,154 (31.90) 39,834 (39.52) 17,912 (17.77) 925 (0.92) 1,323 (1.31) 8,643 100,791 (100)

80-84 26,395 (35.60) 27,253 (36.76) 10,283 (13.87) 403 (0.54) 1,423 (1.92) 8,385 74,142 (100)

85-89 17,768 (38.38) 14,835 (32.05) 4,885 (10.55) 123 (0.27) 1,150 (2.48) 7,528 46,289 (100)

90+ 8,561 (36.94) 5,596 (24.15) 1,486 (6.41) 29 (0.13) 821 (3.54) 6,682 23,175 (100)

Total 343,543 (32.01) 382,472 (35.64) 191,306 (17.83) 16,323 (1.52) 11,791 (1.12) 127,681 1,073,116 (100)

Townsend quintile

1 92,631 (34.67) 98,071 (36.71) 40,211 (15.05) 2,629 (0.98) 2,281 (0.85) 31,321 267,144 (100)

2 75,143 (33.06) 83,045 (36.54) 37,773 (16.62) 2,834 (1.25) 2,212 (0.97) 26,258 227,265 (100)

3 59,902 (30.90) 68,939 (35.56) 36,529 (18.84) 3,021 (1.56) 2,126 (1.10) 23,354 193,871 (100)

4 46,499 (29.77) 53,726 (34.40) 31,704 (20.30) 3,277 (2.10) 2,127 (1.36) 18,856 156,189 (100)

5 29,054 (29.23) 33,207 (33.41) 21,537 (21.67) 2,481 (2.50) 1,653 (1.66) 11,455 99,387 (100)

Missing 40,314 (31.19) 45,484 (35.19) 23,552 (18.22) 2,081 (1.61) 1,392 (1.08) 16,437 129,260 (100)

Total 343,543 (32.01) 382,472 (35.64) 191,306 (17.83) 16,323 (1.52) 11,791 (1.10) 127,681 1,073,116 (100)

BMI=body mass index.

Table 2. Descriptive analysis of study population by WHO BMI classification broken down by gender, age and
socioeconomic status
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review, in part because of the implications for driving in this
population. We suspect therefore that the recorded diagnoses of
OSA are likely to be correct, in keeping with other diagnoses in the
same dataset,12–16 but that these cases represent the ‘tip of the
iceberg’ and may represent the severe end of the spectrum of OSA
with many other cases being currently undiagnosed. There may also
be a selection bias in our data. GPs are often told to suspect OSA in
people who are obese or who snore loudly, so these may be the very
cases that GPs diagnose. It is possible then that the proportion of
people with OSA and a normal BMI are under-represented in our
study. There is no set method for measuring height and weight in
our dataset, so there is likely to be random error in the BMI
calculations which will in turn mean that the strong dose-response
relationship observed between BMI and OSA is an underestimate of
the true relationship. Finally, we restricted our study to people over
the age of 50 mainly to keep the size of the dataset manageable,

but also to be able to go on and study the incidence of heart disease
in this population. Given the finding that the prevalence of OSA
decreases with age, it would be worth expanding our study
population to all adults and possibly children.
Interpretation of findings in relation to previously
published work 
The prevalence amongst those with a BMI measurement ever taken
and OSA was approximately 0.6%, which is lower than national
figures17 and those found in the literature. This may be partly because
previous studies have focused on high-risk populations such as obese
people and middle-aged men5,6,18 rather than the general population.
It also seems likely that under-ascertainment of cases in general
practice is an important problem, and it is possible that an analysis of
a wider range of computer Read morbidity codes for symptoms
which manifest prior to diagnosis may have revealed a higher
prevalence, but it would not have been possible to verify as OSA.  

Variable No. with Univariate 95% CI p value Multivariate 95% CI LRT
OSA odds ratio odds ratio

EXPOSURE VARIABLE

BMI 

18.5-24.9 699 1 1

25-29.9 1,943 2.50 2.29 to 2.73 <0.0001 2.07 1.89 to 2.25 <0.0001

30-39.9 2,853 7.43 6.83 to 8.07 6.62 6.04 to 7.14

40+ 762 24.02 21.65 to 26.65 27.39 24.64 to 30.46

<18.5 9 0.37 0.19 to 0.72 0.56 0.29 to 1.08

Missing 271

CONFOUNDERS

Gender

Male 5,171 1 1

Female 1,366 0.24 0.22 to 0.25 <0.0001 0.22 0.21 to 0.23 <0.0001

Age 

50-54 1,476 1 1

55-59 1,468 1.02 0.95 to 1.09 <0.0001 1.00 0.93 to 1.08 <0.0001

60-64 1,535 1.08 1.01 to 1.16 1.06 0.98 to 1.14

65-69 938 0.88 0.81 to 0.96 0.87 0.80 to 0.95

70-74 615 0.67 0.61 to 0.74 0.70 0.63 to 0.77

75-79 338 0.44 0.39 to 0.49 0.51 0.45 to 0.58

80-84 123 0.22 0.18 to 0.26 0.30 0.25 to 0.36

85-89 37 0.10 0.08 to 0.14 0.18 0.13 to 0.25

90+ 4 0.02 0.01 to 0.06 0.06 0.02 to 0.15

Townsend 

1 1,664 1 1

2 1,393 0.98 0.91 to 1.06 0.6 0.95 0.88 to 1.02 <0.0001

3 1,162 0.96 0.89 to 1.04 0.88 0.81 to 0.95

4 975 1.00 0.93 to 1.08 0.87 0.81 to 0.95

5 594 0.96 0.87 to 1.05 0.80 0.73 to 0.88

Missing 749

BMI=body mass index, OSA=obstructive sleep apnoea.

Table 3. Univariate and multivariate analysis of BMI and OSA after adjusting for gender, age, and socioeconomic
status
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The findings of this study broadly fit with those of previous
studies, with an increased risk of OSA diagnosis with increased rise
in obesity19 and a lessening of symptoms with weight loss in those
diagnosed. Busetto et al.11 found that a 15% reduction in baseline
body weight substantially increased the mean pharyngeal cross-
sectional area of the throat and decreased the severity of OSA.

When looking at the association between snoring and BMI,
there was also a clear increase in the risk of snoring with higher BMI
classifications, although the magnitude of the effect was smaller.
This concurs with previous studies.20 The association between
snoring and OSA has already been well documented.8,9 

Implications for future research, policy and practice  
Our work on the association between OSA, BMI and level of
deprivation is new and shows that, after adjusting for age, sex and
BMI, people in more deprived areas (Townsend quintiles) were less
likely to have OSA despite having a higher BMI. This finding seems
counterintuitive and may reflect a greater awareness of the condition

and hence higher levels of diagnosis in more affluent people and the
‘worried well’. More work is required to determine whether this
condition is particularly under-recognised in the poorest sectors of
society and to see if more can be done to raise the profile of the
disease in relation to symptoms and treatment among this cohort to
encourage presentation for diagnosis in primary care.

The decrease in OSA with increased age could also be
erroneous. There may be a level of discrimination against elderly
individuals with regard to specialist referral for OSA and more ‘age-
related’ co-morbidities may take precedence for treatment
Conclusions   
This study found that 1% of men and 0.24% of women aged >50
years in the UK have a recorded diagnosis of OSA and that being
obese or a snorer are strongly predictive of this diagnosis. The finding
of a decreasing prevalence in socioeconomically disadvantaged
people and older people warrants further study to ensure that these
groups are presenting with symptoms and are not being

No. of Univariate 95% CI p value Multivariate 95% CI LRT
snorers odds ratio odds ratio

EXPOSURE VARIABLE

BMI 

18.5-24.9 2,431 1 1

25-29.9 5,365 2.00 1.90 to 2.09 <0.0001 1.76 1.68 to 1.86 <0.0001

30-39.9 3,693 2.76 2.62 to 2.91 2.54 2.41 to 2.68

40+ 291 2.55 2.25 to 2.88 2.59 2.29 to 2.93

<18.5 14 0.78 0.72 to 0.85 0.63 0.14 to 0.41

Missing 705

CONFOUNDERS

Gender

Male 8,968 1 1

Female 3,513 0.35 0.33 to 0.36 <0.0001 0.38 0.36 to 0.39 <0.0001

Age 

50-54 3,325 1 1

55-59 3,200 0.99 0.94 to 1.03 <0.0001 0.96 0.92 to 1.01 <0.0001

60-64 2,795 0.87 0.83 to 0.92 0.83 0.78 to 0.87

65-69 1,493 0.62 0.58 to 0.66 0.56 0.55 to 0.62

70-74 940 0.45 0.42 to 0.49 0.43 0.40 to 0.46

75-79 497 0.28 0.26 to 0.31 0.29 0.26 to 0.32

80-84 195 0.15 0.13 to 0.17 0.17 0.14 to 0.20

85-89 46 0.06 0.04 to 0.77 0.07 0.06 to 0.10

90+ 8 0.02 0.01 to 0.04 0.03 0.02 to 0.06

Townsend quintile

1 3,739 1 1

2 2,740 0.86 0.82 to 0.90 <0.0001 0.89 0.85 to 0.94 <0.0001

3 2,203 0.81 0.77 to 0.85 0.84 0.79 to 0.89

4 1,611 0.73 0.69 to 0.78 0.77 0.72 to 0.82

5 872 0.62 0.58 to 0.67 0.66 0.61 to 0.71

Missing 1,334

BMI=body mass index

Table 4. Univariate and multivariate analysis of BMI and snoring after adjusting for sex, age, and socioeconomic status
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systematically under-investigated and under-diagnosed.
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