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sleep disorders was conducted in Los Angeles in the late
1970s: a survey of over 1000 households that were repre-
sentative of the United States general population revealed
a prevalence of 32.2% for current insomnia.1 In addition,
7.1% of respondents reported excessive sleep, either past
or current.1 A national survey in the United States—the
2002 Sleep in America poll—aimed to assess sleep habits
and their relation to daytime performance among a ran-
dom sample of 1000 adults.2 Overall, 27% of respondents
characterized their sleep quality as less than good in the
past year. More than one third of all respondents reported
that, at least a few days a month, they were so sleepy dur-
ing the day that it interfered with their daily activities. In a
health survey conducted in 8580 people in the United
Kingdom, insomnia was reported by 37% of respondents.3

A recent review of epidemiologic studies on insomnia
suggests that about 33% of the population suffers from
symptoms of insomnia.4 If frequency and severity cutoffs
are included, the prevalence is about 16% to 21% and
10% to 28%, respectively.4 It has been estimated that, in
total, 70 million Americans suffer from a sleep problem,
adding about $15.9 billion per year to the national health
care bill.5

Among the existing epidemiologic studies, few have
examined the frequency of occurrence of new sleep dis-
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Objective: Few epidemiologic studies evaluate
the relative contribution of different risk factors
on sleep problems. The aim of the present study
was to assess demographics, comorbid character-
istics, and health outcomes in patients with sleep
disorders.

Method: A population-based cohort study with
nested case-control analysis was conducted in
adults using the U.K. General Practice Research
Database. Information was collected for 12,437
patients with a new sleep disorder diagnosis
during the year 1996 and 18,350 age- and sex-
matched controls. Logistic regression analysis
was used to compute odds ratios (OR) and 95%
confidence intervals (CI).

Results: The incidence of a new sleep disorder
diagnosis was 12.5 per 1000 person-years. There
was a clear association of sleep disorders with
smoking and excessive alcohol consumption;
prior psychiatric disorders, including stress
(OR = 3.6, 95% CI = 2.9 to 4.4) and depression
(OR = 3.1, 95% CI = 2.8 to 3.3); prior circulatory
diseases, including heart failure (OR = 1.8, 95%
CI = 1.4 to 2.2) and coronary heart disease
(OR = 1.4, 95% CI = 1.2 to 1.6); and prior
gastrointestinal diseases, including gastroesopha-
geal reflux disease (OR = 1.4, 95% CI = 1.2 to
1.7) and irritable bowel syndrome (OR = 1.5,
95% CI = 1.2 to 1.9). Use of hypnotics and anti-
depressants was increased in the year after diag-
nosis. Relative 1-year mortality risk was 3-fold
higher in the sleep disorder group than in con-
trols, with a noticeably higher proportion of
deaths due to suicide.

Conclusion: The fact that sleep disorders were
associated with several morbidities, most strongly
with psychiatric disorders as well as with in-
creased mortality, underscores the importance
of sleep problems as indicators of health status.
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leep problems are common in the general popula-
tion. One of the earliest epidemiologic studies on
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order cases. A study6 conducted in young adults in Michi-
gan between 1989 and 1992 obtained a 3.5-year inci-
dence for new insomnia of 14.8% in women and 10.6% in
men. The lifetime prevalence of insomnia was 16.6%,
and that of hypersomnia, 8.2%. A 3-year follow-up study7

in individuals aged 65 years and older reported chronic
difficulty falling asleep or early morning arousal in 15%
of the participants who had no symptoms of insomnia at
baseline.

The management of sleep disorders remains a com-
plex challenge. The category of sleep disorder encom-
passes over 70 diagnoses that cross the boundaries of
many therapeutic areas. Some sleep disorders, such as
sleep apnea, are relatively well characterized and under-
stood. The challenge is how to manage the majority of
patients with less well-characterized sleep problems. The
task of the physician when patients present with sleep
problems is to try to decide whether there is a significant
medical disorder underlying their sleep disturbance or
whether the problems are due to some relatively minor
situational disturbance: for example, worry, extraneous
noise, excessive caffeine intake, or repeated international
air travel. Data evaluating potential risk factors for and
complications of sleep disorders are limited: while a
number of studies have shown that a particular disease
disturbs sleep, few have evaluated the relative contribu-
tion of different potential risk factors. Epidemiologic
studies providing data on the diagnosis of sleep problems
are especially scarce.4

The aim of this retrospective study was to determine
the incidence of sleep disorder diagnosis in primary care,
to describe the demographic and comorbid characteristics
of patients with sleep disorders, and to compare subse-
quent treatment patterns and mortality over a 1-year
follow-up period.

METHOD

Data Source
Data for this study were extracted from the General

Practice Research Database (GPRD). The GPRD is the
world’s largest longitudinal primary care database and
contains information entered by about 1500 primary care
physicians, covering a population of about 3 million indi-
viduals who are broadly representative of the U.K. popu-
lation.8,9 Participant physicians hold the complete medi-
cal records of all individuals registered with them,
including demographics, diagnoses (recorded using Ox-
ford Medical Information Systems [OXMIS] and Read
codes), prescriptions, and referrals. This information is
anonymized and sent to the Medicines and Healthcare
products Regulatory Agency (MHRA), which is in charge
of quality control and data management for use in re-
search projects. Data from the GPRD have been validated
in several studies.10,11

Study Cohort
All patients aged 20 to 79 years registered in the

GPRD database with a recorded diagnosis of a sleep dis-
order during the year 1996 were identified and pooled.
Codes for sleep disorder covered specific diagnoses, such
as “insomnia” and “hypersomnia,” as well as less specific
diagnoses, such as “sleep disturbance” (Table 1). Patients
with sleep apnea and sleep-related respiratory failure
were not included (Table 2). Only patients registered with
a general practitioner for at least 2 years and having at
least 1 entry in the GPRD in the previous 3 years were in-
cluded. Patients with a consultation for any sleep disorder

Table 1. Sleep Disorder Codes Used to Define the
Study Cohort
Code Disorder

ICD-8
3164 Sleep disorder
7735 Sleep disturbance

OXMIS
7901A Excessive sleepiness

Read
E274.00–E274z00 Sleep disorders
Fy0.00–Fy02.00 Sleep disorders
R005.00–R005z00 Sleep disturbances
Eu51.00 Nonorganic sleep disorders
Eu51000 Nonorganic insomnia
Eu51100 Nonorganic hypersomnia
Eu51200 Nonorganic disorder of

the sleep/wake schedule
1B1B.00 Cannot sleep–insomnia
1B1B.11 Insomnia
1B1B000 Initial insomnia
1B1B100 Middle insomnia
1B1B200 Late insomnia
1B1Q.00 Poor sleep pattern

Abbreviations: ICD-8 = International Classification of Diseases,
Eighth Revision; OXMIS = Oxford Medical Information Systems.

Table 2. Codes for Sleep-Related Symptoms Not Used to
Ascertain the Study Cohort
Code Symptom

OXMIS
7832SS Sleep apnea syndrome

Read
Eu51213 Psychogenic inversion of sleep rhythm
Eu51300 Sleepwalking
Eu51400 Sleep terrors
Eu51y00 Other nonorganic sleep disorders
Eu51z00 Nonorganic sleep disorder, unspecified
Eu51z11 Emotional sleep disorder not

otherwise specified
Fy03.00 Sleep apnea
Fy03.11 Obstructive sleep apnea
Fy04.00 Sleep-related respiratory failure
Fyu5800 Other sleep disorders
K5A2100 Menopausal sleeplessness
Z1M.00 Sleep and rest interventions
Z1M1.00 Disturbing sleep
ZV1B100 Personal history of unhealthy

sleep/wake schedule

Abbreviation: OXMIS = Oxford Medical Information Systems.
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during the 2 years before the start of the study (January 1,
1996) were excluded. Patients with cancer before 1996
were excluded, as were women who were pregnant during
the year before or year after the start date (final study co-
hort: N = 12,437). The date of diagnosis of the sleep disor-
der was assigned as the index date. We also identified an
age- and sex-matched control group without a diagnosed
sleep disorder or related diagnosis (N = 18,350) from the
same source cohort using the same exclusion criteria as the
sleep disorder group and assigned a random day during
1996 for use as the index date.

Data Collection
Demographic data and information on risk factors

(smoking status, body mass index, and alcohol intake)
were collected from computer records. We also collected
information on morbidity and the number of consultations,
admissions, and referrals in the 12 months before the index
date; prescription medication use in the 12 months before
and 12 months after the index date; and mortality in the 12
months after the index date. Cause of death was ascer-
tained after manual review of patient profiles of deceased
patients in both groups.

Statistical Analysis
The incidence of a sleep disorder diagnosis was calcu-

lated as the number of patients with a new diagnosis of
sleep disorder divided by the total number of patient-years
in each age and sex stratum. Logistic regression analysis
was used to compute odds ratios (OR) and 95% confidence
intervals (CI) for patients’ demographic characteristics,
health care use, comorbid conditions, and drug prescrip-
tions. All risk estimates were adjusted for age and sex and
for the number of visits to the physician in the previous
year. We estimated 1-year mortality in both groups.

RESULTS

We identified 12,437 patients with a recorded code for a
sleep disorder in the study year who had been free of diag-
nosed sleep disorders in the previous 2 years. More than
half (61%) were women. The mean age at diagnosis was
51.7 years (standard deviation [SD] = 15.7) in men and
53.3 years (SD = 15.3) in women. The overall incidence
for a new diagnosis of sleep disorder in U.K. primary care
settings was 12.5 per 1000 person-years. The incidence
was greater in women (15.4 per 1000 person-years) than in
men (9.7 per 1000 person-years). It increased with increas-
ing age throughout adulthood and old age in both men and
women, though the rate of increase with age was greater
among women than men (Figure 1). In the 20- to 29-year
age group, the incidence of sleep disorders per 1000
person-years was 5.6 for men and 8.9 for women. In the
70- to 79-year age group the incidence per 1000 person-
years increased to 16.3 for men and 22.7 for women.

Demographic characteristics of patients with a sleep
disorder diagnosis and the control group are presented in
Table 3. Smoking (OR = 1.4, 95% CI = 1.3 to 1.5) and
excessive alcohol consumption (more than 42 units per
week) (OR = 1.7, 95% CI = 1.5 to 1.9) were associated
with an increased risk of sleep disorders. In contrast,
body mass index did not correlate with an increased risk
of sleep disorders. In the 12 months before the index
date, patients in the sleep disorder group were more
likely than those in the control group to have consulted a
primary care physician more than twice. Patients with
sleep disorders were also more likely than controls to
have been referred or hospitalized in the year prior to the
index date.

Diagnoses of comorbid conditions were collated for
the 12 months before the index date according to ana-
tomical systems. Diagnoses were more common in the
sleep disorder group than in the control group in all 11
categories examined. Differences were most marked for
psychiatric disorders (26% vs. 6%), followed by central
nervous system disorders (4% vs. 2%), peripheral ner-
vous system disorders (4% vs. 2%), and digestive dis-
eases (30% vs. 15%). Other morbidities more commonly
diagnosed in the group with sleep disorders than in
the control group were circulatory (16% vs. 9%), respira-
tory (37% vs. 25%), skin (22% vs. 14%), endocrine (7%
vs. 4%), genitourinary (18% vs. 11%), musculoskeletal/
connective (16% vs. 9%), and eye (12% vs. 9%). Diag-
noses were also collated for the 12-month period after the
index date using the same categories, with mostly very
similar results as for the 12 months before the index date
(results not shown).

Because an analysis of all comorbidities was beyond
the scope of the current study, we focused on some of the
more frequently encountered diagnoses that were notice-
ably more common in the group with sleep disorders than
in the control group: logistic regression analyses were
performed to assess the risk of psychiatric, cardio-
cerebrovascular, and gastrointestinal diseases in patients
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with sleep disorders and in the control group (Table 4).
The risk of asthma, chronic obstructive pulmonary dis-
ease, diabetes, osteoarthritis/rheumatoid arthritis, general
pain, and skin disease was also assessed. All risk esti-
mates were adjusted for age, sex, body mass index, smok-
ing status, alcohol use, and number of primary care con-
sultations in the 12 months before the index date. Among
all diagnoses studied, stress was most strongly associated
with a sleep disorder (OR = 3.6, 95% CI = 2.9 to 4.4). De-
pression, addictions, anxiety, and dementia/psychoses
were also significantly associated with sleep disorders.
Among patients with prior gastrointestinal diseases, those
with gastroesophageal reflux disease (GERD) (OR = 1.4,
95% CI = 1.2 to 1.7), dyspepsia (OR = 1.4, 95% CI = 1.3
to 1.6), or irritable bowel syndrome (IBS) (OR = 1.5, 95%
CI = 1.2 to 1.9) were at increased risk of sleep problems.
Similarly, prior circulatory conditions, such as heart fail-
ure (OR = 1.8, 95% CI = 1.4 to 2.2), coronary heart dis-
ease (OR = 1.4, 95% CI = 1.2 to 1.6), and a recent ce-
rebrovascular event (OR = 1.3, 95% CI = 1.2 to 1.5) were

associated with an increased incidence of a sleep disorder
diagnosis. In contrast, no statistically significant associa-
tions were observed between sleep disorders and condi-
tions such as atrial fibrillation, hiatal hernia, and skin
diseases, among others. Furthermore, patients with hyper-
tension (OR = 0.8, 95% CI = 0.7 to 0.9) or diabetes
(OR = 0.7, 95% CI = 0.6 to 0.9) were less likely than
controls to consult a primary care physician for sleep
problems.

Among patients with sleep disorders, we ascertained
changes in treatment pattern before and after the diagno-
sis. We observed that the proportion of patients in the
sleep disorder cohort who used hypnotics increased more
than 3-fold after the diagnosis, from 18.5% in the year be-
fore the diagnosis to 71.3% in the year after. A similar pat-
tern, though less marked, was seen for antidepressants
(42.5% after diagnosis vs. 28.6% before diagnosis). Pre-
scriptions for anxiolytics (13.0% after diagnosis vs.
11.1% before diagnosis) and antipsychotics (13.5% after
diagnosis vs. 11.7% before diagnosis) were also increased

Table 3. Demographic and Clinical Characteristics of the Sleep Disorder and Control Groups
and Their Association With a New Sleep Disorder Diagnosis

Sleep Disorder Controls
(N = 12,437) (N = 18,350)a

Characteristic N % N % OR (95% CI)b

Age, y
20–39 2,836 22.8 4,193 22.9 NA
40–59 5,030 40.4 7,414 40.4
60–79 4,571 36.8 6,743 36.7

Sex
Male 4,813 38.7 7,108 38.7 NA
Female 7,624 61.3 11,242 61.3

Smoking statusc

Nonsmoker 6,185 49.7 10,021 54.6 1 (Reference)
Smoker 3,731 30.0 4,047 22.1 1.4 (1.3 to 1.5)
Ex-smoker 941 7.6 1,273 6.9 1.1 (1.0 to 1.2)

Body mass index,c kg/m2

< 20 724 5.8 824 4.5 1.2 (1.1 to 1.3)
20–24.9 3,982 32.0 5,775 31.5 1 (Reference)
25–30 3,215 25.9 4,814 26.2 0.9 (0.9 to 1.0)
30+ 1,624 13.1 2,094 11.4 1.0 (0.9 to 1.0)

Alcohol consumption, units per wkc

0 4,313 34.7 5,834 31.8 1 (Reference)
1–15 3,968 31.9 6,212 33.9 1.0 (0.9 to 1.0)
16–42 693 5.6 1,096 6.0 0.9 (0.8 to 1.0)
42+ 751 6.0 485 2.6 1.7 (1.5 to 1.9)

Visits to the primary care physician
in the 12 mo prior to the index date

0–2 2,674 21.5 8,867 48.3 1 (Reference)
3–10 6,151 49.5 7,709 42.0 2.4 (2.3 to 2.5)
> 10 3,612 29.0 1,774 9.7 5.5 (5.1 to 6.0)

Referrals or hospitalizations in the
12 mo prior to the index date

No 4,701 37.8 10,974 59.8 1 (Reference)
Yes 7,736 62.2 7,376 40.2 1.6 (1.5 to 1.6)

aControls were age- and sex-matched to the cases.
bOdds ratio (95% confidence interval) estimates were adjusted by all variables in the table using logistic

regression.
cIn the sleep disorder and control groups, smoking status was unknown for 12.7% and 16.4%, body mass index

could not be calculated for 23.2% and 26.4%, and alcohol consumption was not recorded for 21.8% and
25.7%, respectively.

Abbreviation: NA = not applicable.
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slightly following a diagnosis of sleep disorder. In con-
trast, the overall number of prescriptions for gastrointes-
tinal medications remained broadly similar before and af-
ter a sleep disorder diagnosis, except for proton pump
inhibitors, for which prescriptions increased slightly
(9.4% after diagnosis vs. 8.2% before diagnosis). Pre-
scriptions for all other drugs examined, including anti-
hypertensives, antiarrhythmics, aspirin, nonsteroidal anti-
inflammatory drugs, paracetamol, and oral steroids,
remained broadly similar.

In the 12 months after a sleep disorder diagnosis, there
were 379 deaths in the sleep disorder group compared
with 157 deaths after the index date in the control group.
The death rate per 100 person-years was 2.9 (95%
CI = 2.6 to 3.2) in the sleep disorder group compared with
0.8 (95% CI = 0.7 to 0.9) in the control group. The 1-year
mortality risk was approximately 3-fold higher in the
sleep disorder group than it was in the control group when
adjusted for age, sex, and primary care consultations in
the previous year (relative risk: 2.9, 95% CI = 2.4 to 3.5).
We found a noticeably higher proportion of deaths due to
suicide in the sleep disorder group than in the control
group (4.2% vs. 0.6%), mostly in patients with associated
psychiatric diseases. There was also a higher proportion
of deaths due to cancer in patients with sleep disorders
(Table 5).

DISCUSSION

In our study, based on a source population of approxi-
mately 1.5 million individuals in U.K. primary care meet-

Table 4. Morbidity in the 12 Months Prior to the Index Date and Its Association With a New
Sleep Disorder Diagnosis

Sleep Disorder Controls
(N = 12,437) (N = 18,350)a

Condition N % N % OR (95% CI)b

Psychiatric diseases
Anxiety 1196 9.6 432 2.4 2.7 (2.4 to 3.0)
Depression 2141 17.2 725 4.0 3.1 (2.8 to 3.3)
Dementia/psychosis 44 0.4 22 0.1 1.9 (1.1 to 3.3)
Stress 465 3.7 136 0.7 3.6 (2.9 to 4.4)
Addictions 276 2.2 61 0.3 3.0 (2.2 to 4.0)

Cardio-cerebrovascular diseases
Coronary heart disease 539 4.3 339 1.8 1.4 (1.2 to 1.6)
Heart failure 220 1.8 99 0.5 1.8 (1.4 to 2.2)
Hypertension 656 5.3 799 4.4 0.8 (0.7 to 0.9)
Atrial fibrillation 105 0.8 78 0.4 1.1 (0.8 to 1.5)
Stroke/TIA 603 4.8 493 2.7 1.3 (1.2 to 1.5)

Gastrointestinal diseases
GERD 543 4.4 343 1.9 1.4 (1.2 to 1.7)
Dyspepsia 971 7.8 645 3.5 1.4 (1.3 to 1.6)
Hiatal hernia 83 0.6 79 0.4 0.9 (0.6 to 1.2)
Peptic ulcer disease 63 0.5 52 0.3 1.1 (0.7 to 1.6)
Irritable bowel syndrome 242 1.9 154 0.8 1.5 (1.2 to 1.9)

Other comorbidities
Asthma 535 4.3 526 2.9 0.9 (0.8 to 1.0)
COPD 226 1.8 177 1.0 1.2 (0.8 to 1.8)
Diabetes 262 2.1 276 1.5 0.7 (0.6 to 0.9)
OA/RA 958 7.7 749 4.1 1.3 (1.2 to 1.4)
General painc 6592 53.0 5464 29.8 1.6 (1.5 to 1.7)
Skin diseased 1086 8.7 1205 6.6 1.0 (0.9 to 1.1)

aControls were age- and sex-matched to the cases.
bOdds ratio (95% confidence interval) estimates were adjusted by all variables in Table 3 using logistic

regression.
cGeneral pain includes headache, neuralgia, menstrual and intermenstrual pain, female genital pain, eye pain,

earache, nose pain, throat pain, mouth pain, chest pain, respiratory pain, abdominal pain, rectal pain, urinary
tract pain, penile and testicular pain, skin pain, breast pain, limb pain, muscular and joint pain, neck pain,
and generalized pain.

dSkin disease includes dermatitis, eczema, skin reactions/rash to allergy and others, and psoriasis.
Abbreviations: COPD = chronic obstructive pulmonary disease, GERD = gastroesophageal reflux disease,

OA = osteoarthritis, RA = rheumatoid arthritis, TIA = transient ischemic attack.

Table 5. Distribution of Causes of Death in the First Year in
Sleep Disorder and Control Groups

Sleep Disorder Controls
(N = 379) (N = 157)

Cause N % N %

Cardiac and cerebrovascular disease 137 36.1 80 51.0
Other noncardiovascular disease 95 25.1 35 22.3
Cancer 83 21.9 25 15.9
Suicide 16 4.2 1 0.6
Unknown 48 12.7 16 10.2
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ing the study criteria, we observed an overall incidence of
new diagnoses of sleep disorder of 12.5 per 1000 person-
years. These results show that approximately 1% of the
U.K. population have a new consultation for a sleep disor-
der each year. A new diagnosis of insomnia does not,
however, mean that the patient has a new sleep problem;
the patient is only new to medical care in this system. A
telephone survey conducted by the National Sleep Foun-
dation in conjunction with the Gallup Organization in the
United States suggests that individuals who have diffi-
culty sleeping rarely visit a physician to discuss their
sleep problems.12 Consequently, the incidence of diagno-
sis of sleep disorders is likely to underestimate the true
incidence of sleep problems in the general population.

We detected an increase in incidence of sleep disorder
diagnoses with increasing age: in women, the incidence
was 2.5-fold higher in the 70- to 79-year age group than
the 20- to 29-year age group, and in men it was 2.9-fold
higher. Women were more likely than men to have a sleep
disorder diagnosed, with the incidence being approxi-
mately 1.5-fold higher in women than in men in all age
groups. Several prevalence studies13–15 have observed a
similar trend in the distribution of sleep disorders, report-
ing an increase in prevalence with increasing age and a
higher prevalence in women than in men. Interestingly,
previous studies have shown that there is no or only a
slight increase in the prevalence of sleep problems in
healthy elderly,4 which suggests that the increase in sleep
problems with age is secondary to an increase in other
morbidities.

As part of a nested case-control analysis, we compared
the demographic characteristics of patients with a new
consultation for a sleep disorder with those in a control
group consisting of an age- and sex-matched sample of
patients without a sleep disorder. Patients with a sleep dis-
order were more likely to be smokers or to consume large
quantities of alcohol (more than 42 units per week). Alco-
hol is a central nervous system depressant that is often
used as a sleeping aid in the general population.12 How-
ever, it also causes disruption in the second half of the
sleep period and, while prolonged use of alcohol at bed-
time loses its effects on sleep onset, the effect on sleep
disruption remains.4 Several previous sleep prevalence
studies4,12 have also observed an association of alcohol
dependence and smoking with sleep problems. We did not
detect an association between sleep disorders and body
mass index in our study. By contrast, 2 previous stud-
ies16,17 have reported an association between sleep prob-
lems and obesity in adults over the age of 60 years; this
may be secondary to the effects of a sedentary lifestyle on
both sleep and body weight in older adults.18

Patients with sleep disorders were more likely than
controls to have other comorbid conditions. It should be
noted, however, that because the patients self-present
with sleep complaints, the role of comorbid disorders is

likely to be particularly important and they may be more
prevalent in this population than they would be in the gen-
eral population. In the 12 months before the index date,
diagnoses were more common in the sleep disorder group
than in the control group in all 11 anatomical system cat-
egories examined. Similar results were obtained for the
12 months after the index date, suggesting that at least
some patients with sleep disorders have serious under-
lying health problems. These problems are likely to have
contributed to the approximately 3-fold higher 1-year
mortality risk that we observed in the group with sleep
disorders compared with that of the control group.

The strongest associations were observed between
sleep disorders and prior psychiatric disorders. Patients
with stress, depression, addictions, and dementia were up
to 3.6 times more likely than controls to have a new con-
sultation for a sleep disorder. This trend is also reflected
in the increased prescribing of hypnotics and antidepres-
sants that we observed in the year after diagnosis in pa-
tients with sleep disorders. The role of psychological fac-
tors, particularly depression, in sleep disorders is well
documented. Insomnia, sleeplessness, excessive sleepi-
ness, and fatigue are common symptoms of depressed pa-
tients.19 Current sleep disturbance may also be a predictor
of future depression.6,20 Anxiety and stress have also been
linked with sleep disorder,21,22 as have dementias.23

The proportion of deaths due to suicide was 7-fold
higher in the sleep disorder group than in the control
group in the year after the index date, mainly due to sui-
cides in patients with associated psychiatric diseases. Of
the 379 deaths in the sleep disorder group, 16 (4.2%) were
due to suicide compared with 1 (0.6%) of 157 deaths in
the control group. Psychiatric disorders such as depres-
sion are associated with suicidal behavior.24 A study con-
ducted in 2 large samples of insomniac patients in the
United States reported a 4-fold higher rate of attempted
suicide in patients with sleep problems than in controls.25

A recent review of studies on alcoholism and suicidal be-
havior also showed that excessive alcohol use (observed
in the current study to be associated with sleep disorders)
is also associated with a considerable risk of suicide.26

In addition to prior psychiatric disorders, we also ob-
served significant associations of sleep disorders with
prior gastrointestinal diseases, such as GERD, dyspepsia,
and IBS. The association of sleep disorders with GERD
may be reflected in the slight increase in prescription of
proton pump inhibitors in the year after diagnosis in pa-
tients with sleep disorders. GERD, particularly nighttime
heartburn, is generally acknowledged as an important
cause of sleep disorders.27–29 A nationwide U.S. telephone
survey on behalf of the American Gastroenterological As-
sociation conducted among adults experiencing heartburn
at least once a week found that 75% of those with night-
time heartburn (79% of participants) reported that symp-
toms affected their sleep.30 Moreover, nighttime GERD
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may be associated with an increased risk of serious
esophageal and respiratory complications due to longer
esophageal acid clearance and acid-mucosal contact times
during nocturnal hours.27 The association of sleep disor-
ders with IBS and dyspepsia observed in our study may
help to resolve previously reported inconsistencies, with
one study seeing a significant association with IBS (but
not dyspepsia)31 and another observing an association
with dyspepsia (but not IBS).32

We also observed significant associations of sleep dis-
orders with prior circulatory diseases, including coronary
heart disease, heart failure, and stroke/transient ischemic
attack. Several studies have linked coronary heart disease
to sleep disorders that are secondary to obstructive sleep
apnea (reviewed in Ancoli-Israel33). However, patients
with sleep apnea and sleep-related respiratory failure
were not included in the present study. In line with our
observations, a review of several epidemiologic studies
that excluded patients with sleep apnea reported an ex-
plicit association between the remaining sleep complaints
and coronary heart disease.34 Higher quality studies
showed risk ratios of 1.5 to 3.9 between trouble falling
asleep and coronary events. The authors concluded that it
was not possible to ascertain whether there was a direct
causal link between sleep disorders and coronary heart
disease or whether the 2 morbidities simply formed part
of a larger syndrome with common risk factors.

Our study has several strengths. Most importantly, the
very large base population of approximately 1.5 million
primary care patients makes the observed associations
generally applicable, as well as increases statistical preci-
sion and minimizes the opportunity for bias. In addition,
because sleep disorders were identified by physician diag-
noses rather than by patient self-reports, our findings are
applicable to primary care. Most of the published litera-
ture examines 1 or other selected cause of sleep problems
rather than the totality of sleep disorders. In our study
based on the U.K. GPRD, we aimed to capture all sleep
problems, from the very specific to the mild, unspecific
sleep disturbances. We also examined a wide range of
morbidities for their associations with sleep disorders.
This allowed us to assess the relative importance that spe-
cific diseases had with respect to sleep disorders as a
whole.

Our study also had corresponding limitations. The ba-
sis of diagnosis, including symptomatology, was un-
known. Due to the time constraints of modern-day medi-
cine, we do not know much about the quality and
consistency of the diagnoses. Data on the success (or oth-
erwise) of different treatment approaches were also not
available. Lastly, because there was not a structured as-
sessment of all possible associated factors, some may
have been missed.

In conclusion, our study underscores the importance of
a sleep complaint as an indicator of the health status of the

patient. However, although sleep problems are very sensi-
tive to the general well-being of the patient, they are not
very specific regarding the associated morbidities. Sleep
disorders are associated with several morbidities, mainly
psychiatric disorders but also gastrointestinal and circula-
tory diseases, and therapeutic options are available for
many patients with these potential underlying causes of
sleep disorders. The impact of treatment on outcomes and
the overall long-term outcomes of patients with sleep dis-
orders warrant further research.
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