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ABSTRACT

We hypothesize that clinical recognition rates for obstructive sleep apnea-
hypoapnea syndrome (OSAHS) are influenced by comorbidity and demographic
factors. Data on medical disorders, symptoms of sleep disorders, and cardiovascular
risk factors gathered from 15,699 individuals in the Sleep Heart Health Study were
compared. Participants were classified into three groups: those with a self-reported
physician diagnosis of OSAHS, those with self-reported physician-diagnosed and
-treated OSAHS, and those reporting both frequent snoring and daytime sleepi-
ness (two-symptom group). Among all participants, 4.1% reported two symptoms
(range across sites: 1.55 to 7.23%), whereas 1.6% reported a physician diagnosis of
OSAHS (range: 0.66 to 2.88%) and 0.6% reported physician diagnosis and treat-
ment (range: 0.11 to 0.88%). Recognized OSAHS groups were similar to the two-
symptom group in age, having a sleeping partner, measured blood pressure, total
cholesterol, and race. In a logistic model that included age along with characteris-
tics found to vary significantly among the three groups (gender, body mass index
[BMI], high-density lipoprotein cholesterol levels, hypertension), only male gen-
der and BMI were increased in those with physician-diagnosed and -treated
OSAHS. We conclude that disparities (especially in women and in those with
lower BMI) exist between current recognition rates for OSAHS and the estimated
prevalence by symptom report across the United States.
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Medical recognition of obstructive sleep
apnea-hypopnea syndrome (OSAHS) is based on
eliciting symptoms of waketime sleepiness and sleep-

time disruptive snoring and breathing disturbances;
an elevated number of apneas and hypopneas during
sleep is subsequently confirmed in the majority of
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individuals.1 A number of reports indicate low recog-
nition of sleep apnea by medical systems. In an epi-
demiological survey of Wisconsin state workers,2

only 7% of women and 12% of men with frequent
symptoms and studies consistent with moderate to
severe sleep apnea reported being previously diag-
nosed through a medical encounter. In the Wiscon-
sin study, level of education, obesity, hypertension,
and gender were associated with recognized illness.
In other studies of primary care populations, the esti-
mated prevalence of diagnosed OSAHS is approxi-
mately 0.3% in contrast to the 20 to 30 times greater
community prevalence of those with persistent sleep-
iness and snoring or those regarded as being at high
risk for moderate to severe illness.3

The Sleep Heart Health Study (SHHS) is a
multicenter longitudinal study of the relationship
of sleep-disordered breathing and cardiovascular
diseases in nine community-based parent cohorts
across the United States. Details of the rationale,
study design, and primary hypotheses of the SHHS
have been published.4 The major objective of the
SHHS is to characterize the relationship between
sleep apnea and cardiovascular morbidity. The
availability of a large, community-based sample in
which cardiovascular risk factors are well charac-
terized provided the opportunity to examine po-
tential associations among cardinal symptoms of
OSAHS and medical diagnoses of sleep apnea syn-
drome. We used this unique cohort to test the hy-
pothesis that host factors of cardiovascular morbid-
ity correlate with medical recognition of OSAHS.

METHODS

Study Population

The SHHS parent study cohorts are the Atheroscle-
rosis Risk in Communities Study, the Cardiovascular
Health Study, the Framingham Heart Study, the
Strong Heart Study, the Tucson Epidemiologic
Study of Obstructive Airways Disease, the Health
and Environment Cohort Study, and three New

York City cohorts. From December 1995 to Febru-
ary 1998, a total of 15,699 individuals from these co-
horts completed a questionnaire that included items
about snoring, sleepiness, physician-diagnosed sleep
apnea, and treatments for sleep apnea. Additional
demographic and medical history data were available
from the parent cohorts.

Individuals who reported snoring (frequently
[three nights/week or more] or always) and feeling
excessively sleepy during the day (often [>5 days
month] or always) were placed in the two-symptom
group (consistent with a higher probability of
OSAHS). Many surveys found that the persistent
quality of both symptoms, when associated with ap-
neas and hypopneas during sleep, defines the syn-
drome.6–8 The thresholds were chosen so as to iden-
tify a person with moderate to severe forms of the
illness.6 The major comparison group (physician-
diagnosed OSAHS) was composed of individuals
who responded positively to the question, “Have
you ever been told by a physician that you have
sleep apnea?”. This group was subdivided based on
their response to follow-up questions regarding
treatment for sleep apnea (continuous positive air-
way pressure, surgery, and oxygen). Individuals who
responded positively or identified a treatment were
placed in the physician-diagnosed and -treated
OSAHS group. We included in this study a com-
parison group, composed of individuals who re-
ported neither chronic snoring nor sleepiness (no
symptoms).

Statistical Analysis

In addition to descriptive statistics, in some mod-
els, individuals in the physician-diagnosed group,
the physician-diagnosed and -treated group, the
two-symptom group, and the no-symptom group
were separated into mutually exclusive categories
(those in diagnosed groups were excluded from
other groups). Three of these mutually exclusive
groups (physician-diagnosed, physician-diagnosed
and -treated, and two-symptom groups) were com-
pared in terms of demographic and clinical charac-
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Table 1 Prevalence by Category in the Sleep Heart

Health Study Cohort Completing the Sleep Habits

Questionnaire

Category N Prevalence*

Physician diagnosed 253 1.6%
Physician diagnosed and 90 0.6%

treated
Two symptoms of OSAHS 650 4.1%

(frequently snore and
sleepy)

*Denominator included missing values.
Results in each category are not mutually exclusive, so that the
total obstructive sleep apnea–hypoapnea syndrome (OSAHS)
burden is not the sum of these categories. In addition, not all
subjects with doctor-diagnosed or doctor diagnosed and treated
OSAHS reported chronic, persistent symptoms.

teristics using analyses of variance for continuous
variables and chi-square tests (linear by linear asso-
ciation) for categorical variables. Multinomial lo-
gistic regression was used to determine which vari-
ables were independently associated with group.
Age and independent variables determined to be
significantly associated with group in the member-
ship analyses were included in the regression model.
Analyses were performed using SPSS.

RESULTS

The prevalence among the 10 sites of those with the
two symptoms (chronic snoring and sleepiness)
highly suggestive of OSAHS varied 4.7-fold (range:
1.55 to 7.23%). Although absolute prevalence was
lower, there were comparable variations by site of
those reporting physician-diagnosed (range: 0.66 to
2.88%) and physician-diagnosed and -treated (range:
0.11 to 0.88%) OSAHS. All three prevalences varied
significantly among sites (P < 0.05) after adjustment
for gender, body mass index (BMI), and age.

Overall prevalence of the combined parent
cohorts was 4.1% for the two-symptom group sug-
gestive of OSAHS, 1.6% for a physician diagnosis,
and 0.6% for physician-diagnosed and -treated
OSAHS (Table 1). The prevalence of those report-
ing two major symptoms of OSAHS was 2.6 and 7
times higher than that of participants reporting
physician diagnosis or physician-diagnosed and 
-treated sleep apnea, respectively. Information was
not available regarding extent of illness, manner of
intervention if any, or current compliance with
treatments of those reporting a diagnosis or treat-
ment. Among those who reported two symptoms
suggesting OSAHS, 8.3% (54/650) reported physi-
cian-diagnosed OSAHS, and only 2.2% (14/650)
reported having been both diagnosed with and
treated for OSAHS.

Individuals in the physician-diagnosed and 
-treated group were more likely to be male, report
hypertension, be college graduates, and have the
highest BMI and lowest high-density lipoprotein

(HDL) cholesterol levels compared with those in
the two-symptom group (Table 2). In regression
models that included age plus the variables that
differed among the groups, only gender and BMI
were significantly associated with having a diagno-
sis and being treated for sleep apnea. Men were 2.2
times as likely to be in the diagnosed-only group
and 4.6 times as likely to be in the diagnosed and
treated group than in the symptoms-only group. In
the regression analyses, cardiovascular risk factors
no longer correlated with any group membership.
The group reporting no chronic symptoms was
older, had lower levels of BMI and hypertension,
had high HDL cholesterol levels, and was com-
posed of fewer men than the two-symptom group
(P < 0.05).

DISCUSSION

The estimate of the prevalence of two symptoms of
OSAHS in the SHHS cohort is 4.1%, comparable
to the range of 2 to 4% found for OSAHS in other
U.S. community studies.2,5 This study-wide average
includes a greater than four-fold site variation in
prevalence for those with two-symptoms (chronic/
persistent snoring and sleepiness), those with physi-
cian-diagnosed sleep apnea, and those with diag-
nosed and treated sleep apnea. There are individuals
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Table 2 Comparison of Those Participants by Groups: Absence or Presence of Two Key Symptoms, Diagnosed,

and Diagnosed/Treated

No Symptoms Two Symptoms Physician Diagnosed, Physician Diagnosed

of OSAHS of OSAHS Not Treated and Treated

Variable (N = 5,752) (N = 596) (N = 163) (N = 90)

Mean age 63.4 61.0 62.3 60.7
(SD) 10.6 9.8 9.8 9.1
Valid N 5,301 554 150 81

Male*† 43.5% 55.1% 75.6% 84.1%
Valid N 5,652 592 160 88

Mean BMI*† 27.1 30.3 30.5 32.8
SD 4.9 6.0 6.0 6.7
Valid N 4,889 530 140 76

Mean systolic BP 125.8 127.3 128.7 127.6
SD 19.4 18.5 19.3 14.5
Valid N 4,887 528 141 75

Mean diastolic BP 72.2 75.0 76.3 75.0
SD 10.9 11.6 12.0 11.0
Valid N 4,887 528 141 75

Mean cholesterol 206.7 206.2 205.9 198.0
SD 37.3 36.8 41.0 37.0
Valid N 3,920 477 120 67

Mean HDL level* 52.9 47.3 42.9 40.6
SD 17.1 15.5 12.7 10.6
Valid N 3,752 456 109 60

Hypertension* 32.4% 43.2 48.9 53.3
Valid N 4,833 511 139 75

Race
White 81.5% 81.3% 80.0% 85.2%

Valid N 5,652 592 160 88
Black 4.1% 5.2% 4.4% 4.6%

Valid N 5,652 592 160 88
American Indian 12.1% 9.6% 11.9% 10.2%

Valid N 5,652 592 160 88
College graduate* 39.3% 40.4% 38.8% 57.5%

Valid N 4,635 497 129 73
Sleeps close by 71.3% 74.3% 71.3% 75.6%

Valid N 5,663 588 160 90

In contrast to Table 1, the groups are mutually exclusive: Physician-diagnosed and -treated individuals were excluded from the physi-
cian-diagnosed group, and the symptom-based groups excluded physician-diagnosed and phsyician-diagnosed and -treated individuals.
*P < 0.05 comparing last three columns by analysis of variance or chi-square test (linear by linear association).
†P < 0.05 in logistic regression model comparing last three columns that included age, gender, body mass index, high-density lipopro-
tein, cholesterol level, hypertension, and educational level.

with symptoms consistent with moderate to severe
OSAHS who reported a physician diagnosis of
sleep apnea;6 however, the great majority of those
who reported two symptoms indicated that their
condition had not been medically diagnosed. Al-
though overall numbers in the diagnosed and treated

groups were small, there was no evidence to suggest
that race was associated with symptomatic status or
medical recognition.

Participants with recognized OSAHS were
more likely to be male and, to a small extent, more
obese than those with two symptoms. It could be
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argued that males and more obese individuals
could have had more severe sleep apnea; therefore,
the higher recognition in this group may reflect a
greater tendency for more severely affected indi-
viduals to be referred for evaluation. Alternatively,
it may be that physicians appropriately recognize
OSAHS in individuals with such well-publicized
risk factors. Nevertheless, the use of this restrictive
profile would result in a low recognition rate com-
pared with those who report symptoms of illness.

One hypothesis was that individuals with car-
diovascular risk factors, such as hypertension or ab-
normal lipid values, might be more likely to be diag-
nosed with obstructive sleep apnea, possibly as a
result of increased interactions with the health care
system or an increased severity of sleep apnea. For
instance, sleep apnea is associated with an increased
prevalence of cardiovascular disease risk factors, in-
cluding lower HDL cholesterol levels.8 However, in
a multivariate analysis, no systematic relationship
was observed to suggest that this was the case in the
recognition of illness in the community.

Similar to the report from Wisconsin,2 we
observed in a univariate analysis that level of edu-
cation was higher in those with reported physician
diagnosis or treatment. However, differences in
level of education among groups did not persist
after adjusting for age and other confounders.

Reporting biases and misclassifications are
likely to occur given our reliance on questionnaire
data. For example, Young et al2 observed that only
33% of those reporting physician-diagnosed sleep
apnea were confirmed to have been actually diag-
nosed by a physician; in contrast, 81% of those who
reported having a physician diagnosis and having
received therapy for sleep apnea were confirmed to
have actually had physician diagnosis. In addition,
the SHHS cohort was older than the Wisconsin
cohort. Data from older populations will be influ-
enced by the accumulation of comorbidities or ex-
posure to physicians. Older samples, in particular,
may underreport symptoms of OSAHS.5–7 Such
effects will confound interpretations from self-
report data and interpretation when rates for diag-
nosis and treatment are low. There are patients who

benefit from treatment and who have only one of
the key symptoms or who initially deny sleepiness.
One SHHS report,9 using results from home poly-
somnography performed in 2,737 men and 3,040
women (mean age: 64 years), examined the associa-
tion of respiratory disturbances in regard to snor-
ing frequency and sleepiness. An increase in respi-
ratory disturbance index (RDI) was associated with
both increases in self-reported sleepiness and in-
creasing frequency of snoring, but both snoring
and RDI were independently associated with ex-
cess sleepiness in these community-dwelling, mid-
dle-aged and older adults. Therefore, our estimate
of the prevalence of OSAHS based on criteria for
snoring frequency and sleepiness may have resulted
in a low estimate of potential illness in the cohort.

Our results showing an effect of hyperten-
sion on classification into medical recognition
groups may be appropriate to some extent given
that sleep-disordered breathing is associated with
systemic hypertension10; however, overreliance on
hypertension and obesity as essential features for a
more general medical recognition strategy for
OSAHS would result in an underestimation of
those who may respond to treatment interventions.
Currently, the effect of obesity on recognition ap-
pears to be modest; for each elevation of BMI by
one unit, there was only a 1.09 greater likelihood of
being in the diagnosed and treated group than in
the symptom group.

Some limitations for the current analysis are
based on the original SHHS design to detect pri-
mary outcomes of cardiovascular risk4,8,10,11 and the
secondary outcomes in regard to the impact of
sleepiness on those with cardiovascular risk fac-
tors.12 Thus, it was not designed to capture data on
diagnosis or treatment. In addition, two of the 10
sites did not include individuals younger than 68
years. Also, in general, there was a low reporting
rate for diagnosed or treated sleep apnea, so that
site-by-site comparisons that might explain such
disparities cannot be performed with confidence.
Finally, the sites may not be representative of the
surrounding communities, which would include a
higher proportion of individuals without cardio-
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vascular risk factors or unlikely to enroll in a
SHHS cohort.

The data support the premise that few peo-
ple with symptoms of OSAHS receive a diagnosis
of OSAHS and even fewer receive treatment. This
was particularly true for women and those who
were less obese and who lack a diagnosis of hyper-
tension. It remains to be determined whether low
recognition is simply a result of a detection strategy
biased for severe disease or whether current detec-
tion strategies and treatment thresholds need to be
modified to reduce sleepiness-related health haz-
ards and cardiovascular morbidity or improve gen-
eral health.

FUNDING
Dr. Strohl is supported in part by the Veterans Ad-
ministration Medical Service and by Sleep Aca-
demic Award HL97015.

ACKNOWLEDGMENT
The study was a project of the Sleep Heart Health
Study Research Group. The writing group wishes
to thank Russell Dodge, M.D., for his comments
and review of an earlier version of this article.

REFERENCES

1. American Academy of Sleep Medicine. Sleep-related
breathing disorders in adults: recommendations for symp-
tom definition and measurement techniques in clinical re-
search. Sleep 1999;22:667–689

2. Young T, Evans L, Finn L, Palta M. Estimation of clini-
cally diagnosed proportion of sleep apnea syndrome in
middle-aged men and women. Sleep 1997;20:705–706

3. Dement WC, Netzer NC. Primary care: is it the setting to
address sleep disorders? Sleep Breathing 2000;4:1–6

4. Quan SF, Howard BV, Iber C, Kiley JP, Nieto FJ, O’Con-
nor GT, Rapoport DM, Redline S, Robbins J, Samet JM,
Wahl PW. The Sleep Health Health Study: design, ratio-
nale, and methods. Sleep 1997;20:1077–1085

5. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S.
The occurrence of sleep-disordered breathing among mid-
dle-aged adults. N Engl J Med 1993;328:1230–1235

6. Strohl KP, Redline S. Recognition of obstructive sleep
apnea. Am J Respir Crit Care Med 1996;154:279–289

7. Bradley DT, Young T, Strohl KP. ATS/ASDA statement
on health outcomes research in sleep apnea. Am J Respir
Crit Care Med Sleep 1998;157:335–341

8. Newman AB, Nieto FJ, Guidry U, Lind BK, Redline S,
Shahar E, Pickering TG, Quan SF. The relationship of
sleep disordered breathing to cardiovascular disease risk
factors: the Sleep Heart Health Study. Am J Epidemiol
2001;54:50–59

9. Gottlieb DJ, Yao Q, Redline S, Ali T, Mahowald MW.
Does snoring frequency predict sleepiness independently
of apnea and hypopnea? Am J Respir Crit Care Med 2000;
162:1512–1517

10. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Red-
line S, D’Agostino RB, Newman AB, Lebowitz MD, Pick-
ering TG. Association of sleep-disordered breathing, sleep
apnea, and hypertension in a large community-based study.
JAMA 2000;283:1829–1836

11. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB,
Nieto FJ, O’Connor GT, Boland, Schwartz JE, Samet JM.
Sleep-disordered breathing and cardiovascular disease. Am
J Respir Crit Care Med 2001;163:19–25

12. Baldwin CM, Griffin KA, Nieto FJ, O’Connor GT, Wal-
sleben JA, Redline S. The association of sleep-disordered
breathing and sleep symptoms with quality of life in the
Sleep Heart Health Study. Sleep 2001;24:96–105


