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Summary: The Sleep Heart Health Study (SHHS) is a prospective cohort study designed to investigate obstructive
sleep apnea (OSA) and other sleep-disordered breathing (SDB) as risk factors for the development of cardiovascular
disease. The study is designed to enroll 6,600 adult participants aged 40 years and older who will undergo a home
polysomnogram to assess the presence of OSA and other SDB. Participants in SHHS have been recruited from
cohort studies in progress. Therefore, SHHS adds the assessment of OSA to the protocols of these studies and will
use already collected data on the principal risk factors for cardiovascular disease as well as follow-up and outcome
information pertaining to cardiovascular disease. Parent cohort studies and recruitment targets for these cohorts are
the following: Atherosclerosis Risk in Communities Study (1,750 participants), Cardiovascular Health Study (1,350
participants), Framingham Heart Study (1,000 participants), Strong Heart Study (600 participants), New York Hy-
pertension Cohorts (1,000 participants), and Tucson Epidemiologic Study of Airways Obstructive Diseases and the
Health and Environment Study (900 participants). As part of the parent study follow-up procedures, participants
will be surveyed at periodic intervals for the incidence and recurrence of cardiovascular disease events. The study
provides sufficient statistical power for assessing OSA and other SDB as risk factors for major cardiovascular
events, including myocardial infarction and stroke. Key Words: Sleep apnea—Cardiovascular disease—Epidemi-

ology—Risk factors.

Obstructive sleep apnea syndrome (OSA) is a po-
tentially debilitating condition characterized by repet-
itive episodes of apnea while asleep, nocturnal oxygen
desaturation, excessive daytime sleepiness, and loud
disruptive snoring (1). Recent epidemiologic data from
middle-aged adults indicate that OSA is common, with
prevalence rates of 4% in men and 2% in women (2).
Several studies have implicated OSA as a risk factor
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for the development of hypertension (3), ischemic
heart disease (4), congestive heart failure (5), stroke,
and consequently premature death (6). Nevertheless,
these data are limited and the need for additional in-
vestigation into the natural history and cardiovascular
consequences of OSA has been stressed (7).

It is unclear whether an increased propensity for car-
diovascular and cerebrovascular diseases is limited to
only those with frank OSA or whether more subtle
forms of sleep-disordered breathing (SDB) also confer
risk. Furthermore, SDB, including OSA, may not be
an independent risk factor for the development of car-
diovascular or cerebrovascular disease. Known cardio-
vascular and cerebrovascular disease risk factors such
as obesity and smoking commonly are present in those
with SDB. Therefore, the apparent associations be-
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tween SDB and cardiovascular and cerebrovascular
diseases may only result from the effects of these con-
comitant risk factors. Moreover, there is no under-
standing as to whether such factors as race, age, gen-
der, and prevalent cardiovascular or cerebrovascular
disease might interact with SDB to alter future cardio-
vascular and cerebrovascular disease risk. Mechanisms
underlying any propensity to develop cardiovascular
or cerebrovascular disease with SDB also have not
been firmly established.

Although an ideal study of the cardiovascular con-
sequences of sleep apnea might be designed to follow
a cohort of young adults with repetitive assessment of
SDB and monitoring for incident cardiovascular and
cerebrovascular events, substantial resources and
length of follow-up would be required. Alternatively,
the Sleep Heart Health Study (SHHS) attempts to ex-
ploit the power of a classic longitudinal study and the
feasibility of cross-sectional studies by enrolling mid-
dle-aged and older participants who have had previous
risk factor data collected in other studies to prospec-
tively assess new or recurrent cardiovascular and ce-
rebrovascular diseases and their relationship to SDB
defined at one point in time. The principal objective
of the SHHS is to determine whether SDB, including
OSA, is an independent risk factor for the develop-
ment of cardiovascular and cerebrovascular diseases.
This paper outlines the study design and methods.

STUDY DESIGN AND METHODS
Primary hypothésis of SHHS

The primary hypothesis to be tested in SHHS is that
sleep-disordered breathing is associated with an aug-
mented risk of incident coronary heart disease (CHD)
events, incident stroke, longitudinal increase in blood
pressure, and all-cause mortality.

Study design

The SHHS is designed as a prospective cohort
study. Although SHHS has a recruitment goal of 6,600
subjects, power calculations were based on a target
sample size of 6,000 participants. It is expected that
approximately one-third of this sample will have prev-
alent cardiovascular or cerebrovascular disease on en-
rollment, leaving 4,000 subjects at risk for incident
events. For a sample of this size, an event rate of 1.5%,
and OSA prevalence of 25% (2,8), there is approxi-
mately 70% power to detect a relative risk of 2.0 at
the 5% significance level over a projected 2 years of
average follow up. Higher incidence rates (achievable
after longer follow-up) and prevalence rates or relative
risks yield power estimates above 80%.
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A comprehensive description of the methods used
in the study is contained in the SHHS Manual of Op-
erations (9). The overall approach includes recording
a polysomnogram to measure sleep and SDB in all
participants. To be eligible, individuals must be 40
years of age or older at the time of their sieep study.
Data pertaining to cardiovascular risk factors and sleep
habits will be obtained for all participants shortly be-
fore or after their enrollment in SHHS. There will be
follow-up at periodic intervals for cardiovascular and
cerebrovascular mortality and morbidity.

A new cohort is not being recruited for SHHS; rath-

er, SHHS draws participants from established cohort
studies principally directed at cardiovascular diseases
in several ethnic groups. SHHS adds the assessment
of sleep and sleep-disordered breathing to the proto-
cols of these studies. This approach has the advantage
of feasibility and cost effectiveness. Other than mea-
sures of sleep and SDB, most of the predictor and
outcome measures have been or will have been col-
lected for each participating cohort as part of their on-
going data collection efforts using previously estab-
lished methodology. The availability of data on car-
diovascular and cerebrovascular disease risk factors
obtained prior to the collection of information pertain-
ing to sleep and SDB also affords the opportunity to
model potentially complex interactions between rate of
change in these risk factors and SDB. Furthermore, the
selection of subjects from among established partici-
pants in ongoing longitudinal studies may enhance en-
rollment rates.

Description of parent cohorts and recruitment
objectives

Atherosclerosis Risk in Communities Study (ARIC)

ARIC was started in 1986 with the overall objective
of prospectively investigating the etiology and natural
history of atherosclerosis and the etiology of clinical
and subclinical atherosclerosis in four communities
across the United States (10). Participants between the
ages of 45 and 64 years were recruited between De-
cember 1986 and December 1989. By 1995, the cohort
age range was approximately 52—-73 years. ARIC par-
ticipants are contacted annually via telephone and un-
dergo examinations every 3 years to identify and as-
sess cardiovascular risk factors and mortality and mor-
bidity endpoints. The fourth examination of this cohort
is currently being conducted. Two ARIC cohorts par-
ticipate in the SHHS: suburban Minneapolis, MN, and
Washington County, MD.

The Minnesota ARIC cohort initially consisted of
4,009 men and women who were recruited between
1987 and 1989 from eight contiguous suburbs of Min-
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neapolis, MN, and who were selected from Hennepin
County’s jury selection list. The characteristics of this
cohort reflect the eligible population in the suburban
Minneapolis area selected. Of 3,497 participants in the
199295 exam, approximately one-half were women
(52%), and 99% of the cohort was white. SHHS in-
tends to recruit 1,000 Minnesota ARIC participants.

The Washington County ARIC cohort initially con-
sisted of 4,020 men and women recruited between
1987 and 1989 using a private census conducted by
the Johns Hopkins Training Center in 1975 and driv-
er’s license records (10). Of the 3,425 eligible partic-
ipants in the 1993-95 exam, 46% were men and 99%
were white. SHHS intends to recruit 750 Washington
County ARIC participants.

Cardiovascular Health Study (CHS)

CHS started recruitment in June 1989 with the over-
all objective of identifying risk factors for coronary
heart disease and stroke in adults (11). Three of the
four clinical centers of the CHS are participating in
the SHHS (Allegheny County, PA; Sacramento Coun-
ty, CA; and Washington County, MD). Participants in
CHS are evaluated annually at the participating clinics
to identify and assess cardiovascular risk factors and
to perform special examinations such as carotid ultra-
sounds and echocardiograms. Procedures for identify-
ing mortality and morbidity endpoints also have been
implemented.

As of November 1, 1995, the Sacramento County
cohort consists of 1,341 participants, of whom 41%
are men, 80% are white, and 17% are African-Amer-
ican. The Allegheny County cohort comprises 1,287
participants, of whom 42% are men, 77% are white,
and 22% are African-American. The Washington
County cohort consists of 1,065 participants, of whom
40% are men and 99% are white. SHHS intends to
recruit 500 individuals from both the Sacramento
County and Allegheny County sites and 350 from the
Washington County site.

Framingham Heart Study (FHS)

Subjects for the SHHS are being recruited from two
cohorts of the FHS: the Offspring cohort and the Omni
cohort. The original cohort of the Framingham Heart
Study, recruited in 1948, was a sample of 5,209 men
and women aged 30—62 years, including 1,644 hus-
band and wife pairs (12). The children of these 1,644
couples plus the children of 378 original cohort mem-
bers with heart disease, and their spouses, were later
invited to participate in the study. The resulting Off-
spring cohort initially included 5,124 men and women,
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and its examination began in 1971. There are 4,660
active members of the cohort, of whom 45% are men
and 99% are white. Recruitment of the Omni cohort
began in 1994 and is ongoing. This cohort consists of
Framingham, MA, residents aged 40—74 years who de-
scribe themselves as members of a minority group.
Recruitment for this cohort has employed a multimo-
dality approach to invite all age-eligible minority res-
idents to participate. As of September 20, 1996, 260
new subjects have undergone an initial examination
identical to that of the Offspring cohort. The SHHS
intends to enroll 1,000 participants from the FHS, of
whom 30% will be from the Omni cohort.

New York cohorts

The New York cohorts consist of three study pop-
ulations participating in a program project entitled
“Psychosocial Factors and Cardiovascular Disease’
(13,14). In the first cohort (clinic study), subjects were
recruited from the Cornell University Medical Center
Hypertension Center and Harlem Hospital Hyperten-
sion Clinics in New York City, with normal volunteers
acting as controls for the hypertensive subjects. There
are two components of the Clinic Study. The first is a
long-term (up to 20 years) follow-up study of a cohort
of 2,777 patients, enrolled between 1978 and March
1992, who have worn an ambulatory blood pressure
monitor. The primary aim of this component is to de-
termine whether ambulatory blood pressure monitor-
ing is a better measure of cardiovascular risk than tra-
ditional clinic blood pressure measurements. The sec-
ond component is a cross-sectional comparison of am-
bulatory blood pressures and associated risk factors in
samples recruited from the Cornell and Harlem hyper-
tension clinics since March 1992. The focus of this
component is a comparison between the two recruit-
ment sites of normotensive individuals and patients
with uncomplicated hypertension. As of June 1995,
1081 SHHS-eligible participants have been enrolled in
this cross-sectional component, of whom 44% are
men, 80% are white, and 14% are African-American.
They range in age from 40 to 79 years.

The second cohort (Worksite) is a population of vol-
unteers employed at 10 worksites around New York
City participating in a study evaluating the relationship
of occupational stress to blood pressure. Worksite sub-
jects are recruited from randomly selected employees
meeting the criteria of normotension or borderline hy-
pertension at entry. There are 422 SHHS-eligible
Worksite cohort participants, of whom 64% are men,
66% are white, and 23% are African-American. Their
ages range from 40 to 69 years. The third cohort (Men-
opause) is a small group of perimenopausal women,
35 years of age or older, currently being recruited to
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study blood pressure and hormonal changes occurring
in association with the menstrual cycle and meno-
pause. Of a projected enrollment of 90 subjects, 75
will be over the age of 40 and thus eligible for partic-
ipation in SHHS. Of the women already recruited,
47% are white, 32% are African-American, 16% are
Hispanic, and 5% are Asian-American.

All three projects involve a full cardiovascular eval-
uation at enrollment, which includes a 24-hour record-
ing of ambulatory blood pressure. Follow-up of pa-
tients includes assessments of blood pressure, medi-
cation use, and morbid events. Follow-up of the Work-
site subjects involves full reevaluations every 3 or 4
years. The SHHS intends to enroll 1,000 participants
from the New York cohorts.

Strong Heart Study (SHS)

The SHS began in 1989 with the principal objective
of estimating cardiovascular disease mortality and
morbidity rates and comparing cardiovascular disease
risk factors among Native Americans residing in three
areas (15). The study population included members of
the following tribes between 45 and 74 years of age:
1) Pima, Maricopa, and Tohono O’odham (Papago) of
central Arizona (residing in the Gila River, Salt River,
and Ak-Chin communities); 2) the seven tribes of
southwestern Oklahoma (Apache, Caddo, Comanche,
Delaware, Fort Sill Apache, Kiowa, and Wichita); and
3) the Oglala and Cheyenne River Sioux in South Da-
kota and the Spirit Lake Sioux in the Fort Totten area
of North Dakota. Participants undergo periodic eval-
uations to identify and assess cardiovascular risk fac-
tors and to determine mortality and morbidity end-
points. Two SHS examinations have been completed,
with the third scheduled to begin in 1998.

There are 4,549 participants in the SHS, of whom
41% are men. Their ages range between 48 and 81
years. SHHS intends to recruit 200 Native American
subjects from each of the three study areas of the SHS.

Tucson Cohorts

The Tucson cohorts consist of two study populations
participating in a Specialized Center of Research pro-
gram entitled ““Chronic Diseases of the Airways”. The
first cohort is the Tucson Epidemiologic Study of Air-
ways Obstructive Diseases (TES), which is a longitu-
dinal population-based study designed to investigate
the etiology and natural history of airways obstructive
diseases (AOD) (16). It is a random, multistage strat-
ified sample of the white, non-Hispanic population of
Tucson, AZ. Initial enrollment occurred between 1971
and 1973 and was stratified to ensure sufficient sam-

Sleep, Vol. 20, No. 12, 1997

S. F. QUAN ET AL.

pling of individuals with low socioeconomic status and
the elderly. The current study population consists of
those initially recruited and subsequent enroliment of
new household members (e.g. spouses and newborns),
Twelve surveys of the population have been complet-
ed, with daia obtained pertaining to respiratory and
cardiovascular disease risk factors and mortality and
morbidity endpoints. There are 1,201 members of the
cohort over the age of 40 years, of whom 43% are
men and 96% are white. The second cohort is the Tuc-
son Health and Environment Study (H&E). This pop-
ulation is a multistage stratified cluster sample drawn
in 1987 and 1988 from the municipal employees of
Pima County, in which Tucson is located (17,18). The
objective of this study is to evaluate the role of bron-
chial responsiveness, host immunological status,
smoking, and environmental and occupational expo-
sures in the etiology and natural history of AOD. This
population has undergone periodic health evaluation
surveys similar to the TES. There are 920 members of
the H&E cohort eligible for the SHHS, of whom 47%
are men, 81% are white, and 13% are Hispanic. The
SHHS intends to recruit 900 participants from the
combined TES and H&E cohorts.

Sampling and recruitment plan

Recruitment of the projected 6,600 participants in
SHHS initially will be based on the following sam-
pling priorities and inclusion/exclusion criteria.

1. Participants will be at least 40 years of age. Ex-
cluding young individuals with low risk for developing
cardiovascular disease will increase the rate of incident
disease in the study population.

2. Individuals with sleep apnea that has been treated
with continuous positive airway pressure or oral de-
vices, persons using home oxygen therapy, and per-
sons who have had tracheostomy will be excluded.
Performing home polysomnograms on these individ-
vals can present technical difficulties. In addition,
treatment may alter their risk of developing subsequent
cardiovascular disease.

3. Approximately equal numbers of men and wom-
en will be recruited. This will allow the study objec-
tives to be applied to both genders.

4. Priority will be given to recruitment of ethnic
minorities. To have a study population that embodies
the multiethnicity of the United States, minority par-
ticipants will be preferentially recruited. It is projected
that the total number of minority participants will be
approximately 1,400.

5. Habitual snorers will be oversampled in cohorts
recruiting subjects younger than age 65 years. This
will enrich the sample of younger subjects, in whom
the presence of snoring increases OSA risk by 3-10
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TABLE 1. Comparability of variables from parent cohorts according to SHHS priority level
Maximum
window for
A variables A variables B variables C variables
Categorical covariates
Prevalent cardiovascular disease 3 months Noncardiopulmonary medical history
Prevalent myocardial infarction Family history of CVD
Prevalent stroke Parental
Angina Sibling
Congestive heart failure Occupation
Self-reported hypertension 3 years Psychosocial status
Self-reported diabetes 3 years Access to health care
Self-reported respiratory symptoms 3 months
Self-reported history of SDB 3 months
Cigarette smoking status 3 months
Educational level Any
Marital status 3 years
Race Any
Gender Any
Continuous covariates
Age Current Hemostasis parameters Passive smoking
Cigarettes/day 3 months Fibrinogen Diet
Cigarette X years 3 months Factor VII Caloric intake
Usual alcohol intake 3 years Physical activity Fat intake
Usual caffeine intake 3 months Family income level Antioxidants
Seated blood pressure Current
Anthropometric indices
Height Any
Weight 1 month
Waist, hip girths 3 years
Neck girth Current
Total cholesterol 3 years
High-density lipoprotein cholesterol 3 years
Triglycerides 3 years
Spirometry 5 years
Ankle-arm index Any
Other
Medications Current Echocardiography 24-hour blood pressure
Electrocardiogram 3 years Holter
MRI

SHHS, Sleep Heart Health Study; CVD, cardiovascular disease; SDB, sleep-disordered breathing; MRI, magnetic resonance imaging.

fold (19), with subjects having increased levels of
SDB. Oversampling of older snorers will not be con-
ducted because of the suspected high prevalence of
OSA in random samples of the elderly (8) and poten-
tial weaker relationships between self-reported snoring
and OSA in older individuals (20). In addition, over-
sampling of snorers will not occur if participation rates
in a cohort are not high enough to exclude some non-
habitual snorers from enrollment.

6. Prevalent cardiovascular disease and hypertension
will not be excluded. Although this will result in fewer
incident cases, SHHS will be able to determine wheth-
er those with prevalent disease are at different risk for
subsequent cardiovascular disease than those without
disease. Moreover, cross-sectional analyses with CHD
prevalence as the outcome will be possible.

Generally, participants will be recruited through tar-
geted mailings and telephone calls and during clinic
visits for examinations being conducted by their parent

cohorts. The recruitment techniques are necessarily co-
hort specific, as described in the SHHS Manual of Op-
erations (9). Enrollment of participants began Decem-
ber 1, 1995, and will continue for 24 months.

Data acquisition
Comparability of information from parent cohorts

A distinctive feature of SHHS is the use of existing
data from the parent cohorts to achieve its objectives.
In protocol development, it was considered crucial to
compare each parent cohort’s methods of data collec-
tion on variables considered critical for the study’s ob-
jectives. For this purpose, potential variables were pri-
oritized as follows (Table 1): A-variables critical for
the primary objectives of the study (if any of the co-
horts do not have comparable data for any of these
variables, additional data are collected); B-variables
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for specific or subset analyses (an attempt to achieve
comparability will be made, but it is not required that
all cohorts have comparable information); C-variables
for cohort-specific analyses or ancillary studies (no
specific attempt to achieve comparability will be
made).

The A-variables include those needed to define
prevalent clinical and subclinical cardiovascular dis-
ease as well as the main cardiovascular risk factors
previously described as strong correlates of SDB (hy-
pertension, smoking, anthropometric indices). Other
cardiovascular risk factors that have not been clearly
identified as correlates of SDB are also included, to
study their role as possible confounders or effect mod-
ifiers. Finally, the list of A-variables includes medi-
cations and other strong correlates or indicators of re-
spiratory or sleep disorders (self-reported history of
SDB and respiratory symptoms, caffeine and alcohol
intake, spirometry). For each of the A-variables, a
maximum acceptable time window between the time
of the home polysomnogram and the closest measure-
ment is specified (Table 1). A comparability study was
performed on the A-type variables to determine wheth-
er each parent cohort had the data required in a format
that could be combined with those of all SHHS cohorts
and to determine whether statistical adjustments would
be required in subsequent analyses in data from some
of the parent cohorts. As a result of this study, some
of the A-variables not uniformly collected across all
sites are included in the SHHS protocol for data col-
lection. Other additions to the SHHS protocol are co-
hort specific, such as collection of spirometry data for
the New York cohorts.

Sleep habits questionnaire

The SHHS sleep habits questionnaire was developed
to serve four main purposes: 1) to ascertain snoring
status in potential participants to facilitate oversam-
pling of habitual snorers in those parent cohorts with
younger participants; 2) to identify potential partici-
pants who should be excluded from participation (vide
supra, Sampling and Recruitment); 3) to obtain data
pertaining to sleep habits and symptoms from SHHS
participants which are not available from the parent
cohorts; and 4) to collect information pertaining to
self-reported sleep habits from a very large sample
(>20,000). It is planned that the sleep habits question-
naire will be administered to all members of the parent
cohorts, irrespective of participation in SHHS. Items
on the sleep habits questionnaire were adapted from
those used in other surveys of sleep in large popula-
tions (2,18,21) and are described in the SHHS Manual
of Operations (9). In all cohorts, self-completion of
the sleep habits questionnaire is generally performed
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several weeks before or at the time of the home po-
lysomnogram.

Home polysomnogram examination

Participants are scheduled for a home polysomno-
gram as soon as possible after recruitment. In a few
cases, recordings are performed in a nonhome envi-
ronment such as a motel room because the home en-
vironment is not conducive to a technically acceptable
recording (i.e. extreme heat during the summer and the
absence of air conditioning). Data collected during the
home examination include the following: seated blood
pressure, weight, neck circumference, health interview
(questions pertaining to prevalent cardiovascular and
respiratory disease and smoking), current medications,
quality of life questionnaire (SF-36), modified Ep-
worth sleepiness scale, morning sleep quality survey,
and home polysomnogram.

Nonpolysomnographic components. Current medi-
cation usage is ascertained using the survey instrument
developed for the CHS (22). A standardized quality of
life instrument (SF-36) (23) and a modified version of
the Epworth sleepiness scale also are administered
(24). The latter was validated against the original scale
in a pilot study and was found to give highly com-
parable results. Additional data pertaining to cardio-
vascular risk factors are obtained by structured inter-
view. In some cohorts, cohort-specific questions are
asked because certain data items were not available
from the parent study (9). For example, questions to
assess educational level were added to the home in-
terview in Framingham. On the morning after the po-
lysomnogram, a questionnaire is administered to assess
sleep quality during the night of the recording.

Triplicate measurements of sitting blood pressure
are measured in the right arm after a 5-minute rest
using an appropriate sized blood pressure cuff and a
conventional mercury sphygmomanometer. The aver-
age of the second and third readings is used for anal-
ysis (9). Weight and neck circumference also are ob-
tained at the time of the home polysomnogram (9).

Home polysomnography. The Compumedics P Se-
ries System (Abbotsford, Victoria, Australia) was se-
lected as the primary data acquisition tool because of
its portability and capability of recording a full poly-
somnographic montage, sampling (up to 500 Hz), stor-
age capacity (20—40 megabytes), and the flexibility of
its software. This system consists of a Patient Interface
Box (PIB ““headbox’’) containing amplifiers and filters
to which electrodes and sensors are connected. The
PIB is attached by a cable to an 835 g data acquisition
recorder containing a computer (PCMCIA card), a 15-
hour rechargeable battery, and an oximeter. The PIB
and loose electrode wires and sensor cables are sup-
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ported by a cloth *“bib” that is placed over the partic-
ipants’ nightclothes.

Sensors are placed and equipment is calibrated dur-
ing the evening home visit. The following channels are
recorded: electroencephalogram (EEG) (C3A2 and
C4A1l), electrooculogram, chin electromyogram, tho-
racic and abdominal displacement (inductive plethys-
mography bands), airflow (nasal-oral thermocouples),
finger pulse oximeter, a single bipolar electrocardio-
gram, body position by an Hg gauge sensor, and am-
bient light level. Snoring was not recorded because of
difficulty in objectively defining and accurately mea-
suring it. ’

Data, stored in real time on PCMCIA cards, are re-
viewed initially at each clinical site and then are trans-
mited to a central polysomnography reading center
that was established to provide uniform, standardized
scoring and quality assessment determinations for all
polysomnographic data. At the reading center, the data
are reviewed for technical quality and for evidence of
marked abnormalities in breathing, heart rate, and ox-
ygen saturation that may require timely participant no-
tification. With use of computer-assisted scoring, a pre-
liminary report is sent to each site for use in formu-
lating participant feedback letters.

Final scoring is performed manually on an epoch-
by-epoch basis. Sleep staging, arousal detection, and
marking of hypopneas and apneas are performed using
criteria developed by a subcommittee of SHHS sleep
specialists and documented in the SHHS Reading Cen-
ter Manual of Operations (25). Scoring of sleep (26)
and identification of arousals (27) are performed using
standard criteria. Apneas are identified if the amplitude
of the airflow or respiratory band signals decreases to
below (approximately) 25% of the amplitude of ‘‘base-
line” breathing (identified during a period of regular
breathing with stable oxygen levels) for >10 seconds.
Hypopneas are identified if the amplitude of the air-
flow or respiratory band signals decreases to below
(approximately) 70% of the amplitude of ‘‘baseline”
for >10 seconds. Apneas are considered to be “cen-
tral” if no effort is noted on either the thorax or ab-
dominal effort channel. All hypopneas are considered
“obstructive’. Analysis software links each apnea and
hypopnea with data from the saturation and EEG chan-
nels, allowing each event to be characterized according
to the degree of associated desaturation and associated
arousals.

Classification of cardiovascular events

The incident cardiovascular events that will be con-
sidered as mortality and morbidity endpoints for
SHHS are the following: hospitalized acute myocardial
infarction, coronary surgical intervention (coronary ar-
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tery angioplasty, stent placement, and bypass grafting),
angina pectoris, coronary heart disease death, any cor-
onary heart disease (a summary variable that includes
the preceding four categories), and stroke. Recurrent
cardiovascular events include hospitalized acute myo-
cardial infarction, coronary surgical intervention, and
stroke. For the Framingham, ARIC, CHS, and SHS
cohorts, ascertainment and adjudication of incident
and recurrent events and classification of prevalent dis-
ease will be performed by the parent cohorts. The va-
lidity of this approach was demonstrated by perform-
ing a pilot comparability study for hospitalized acute
myocardial infarctions in which nearly uniform agree-
ment was observed between parent cohort classifica-
tion and a group of SHHS investigators. For the Tuc-
son and New York cohorts, interval follow-up will be
performed using procedures and questionnaires modi-
fied from the ARIC and CHS (10,11), and classifica-
tion of new events and prevalent disease will be ac-
complished using procedures developed for the CHS

an).

DISCUSSION

The SHHS is a prospective cohort study designed
to determine if SDB, including OSA, is a risk factor
for cardiovascular and cerebrovascular diseases. Re-
cruiting SHHS participants from existing cohort stud-
ies, instead of recruiting a new cohort solely for the
objectives of SHHS, has greatly reduced the costs of
the study, but the design does deserve careful consid-
eration of possible selection biases. The original co-
horts were recruited at particular response rates, and
participants for the SHHS are being recruited from sur-
viving members of the cohorts, who will not neces-
sarily be representative of the original participants in
the parent cohorts. Those choosing to participate in
SHHS may be more likely to have sleep problems or
to be concerned about cardiovascular health. Never-
theless, these potential effects should not compromise
the internal validity of the study. Moreover, there is no
definitive evidence that these factors are risks for in-
cident cardiovascular and cerebrovascular diseases.
Furthermore, any possible impact of these factors will
be assessed using data from the parent cohorts on par-
ticipants and nonparticipants and on the characteristics
of those who survived from the original recruitment to
the time window during which SHHS participants are
enrolled.

The study elected to exclude individuals from par-
ticipation if they had OSA and were using continuous
positive airway pressure, mandibular repositioning de-
vices, oxygen, or had undergone tracheostomy for
sleep apnea. This decision was made because studies
indicate that some of these treatment modalities may

Sleep, Vol. 20, No. 12, 1997

220z 1snBny 9|, uo Jesn aonsnr Jo Juswipedaq 'S'N Aq $€66v.2/L201/Z1/0Z/3101He/d8]S/Woo" dno"olWwepede//:sdjy WOl pPapeojumoq



1084

alter any excess risk of developing cardiovascular dis-
ease conferred by OSA (28,29). Thus, cardiovascular
mortality and morbidity results might be confounded
by inclusion of such individuals. Although exclusion
might introduce other biases, this is unlikely, inasmuch
as preliminary analysis of ~10,000 individuals indi-
cates that only 10 potential participants, or 0.1%, have
been excluded by virtue of continuous positive airway
pressure usage; exclusion rates for other therapeutic
modalilties also were <1% each.

There are several other advantages to the SHHS de-
sign. Because of the availability of data pertaining to
cardiovascular and cerebrovascular disease risk factors
in the parent cohorts, SHHS has the potential of ad-
dressing several other issues related to SDB, such as
whether SDB is associated with increases in left ven-
tricular mass or whether SDB promotes hypercoagu-
lation and thrombosis. In addition, the possibility of
performing targeted substudies of some of the SHHS
cohort participants provides the opportunity of inves-
tigating possible mechanisms underlying cardiovas-
cular and cerebrovascular risk from SDB. Further-
more, as a result of using ambulatory monitoring to
examine these participants, it will be possible to make
inferences pertaining to the feasibility of using home
monitoring to acquire sleep and respiratory data in
clinical settings.

In addition to overall summary measures describing
the amount of SDB in rapid eye movement and non-
rapid eye movement sleep and according to body po-
sition, the full polysomnographic montage used in
SHHS will permit characterization of the degree of
sleep fragmentation. Repetitive transient arousals may
promote oscillations in blood pressure and an increase
in sympathetic nervous system output (30). This may
increase cardiovascular and cerebrovascular risk. The
availability of measurements of sleep fragmentation
will permit conclusions to be drawn concerning the
role of transient arousal, in addition to SDB and ox-
ygen desaturation events, on the pathogenesis of car-
diovascular and cerebrovascular diseases in this co-
hort. Studying subjects over a wide spectrum of SDB
also may allow assessment of which physiological cor-
relates (measured by polysomnography) are most
strongly linked to SDB and cardiovascular or cerebro-
vascular diseases, and whether there is a “threshold”
level of SDB that predicts morbidity and mortality.

To date, SHHS is the only prospective longitudinal
investigation of this magnitude designed to determine
whether OSA is a risk factor for cardiovascular and
cerebrovascular diseases in the general population. As
a consequence, the study will provide important infor-
mation concerning the burden of morbidity and mor-
tality caused by OSA.

Sleep, Vol. 20, No. 12, 1997

S. F. QUAN ET AL.

Acknowledgements: This work was supported by Na-
tional Heart, Lung and Blood Institute cooperative agreements
UO1HL53940 (University of Washington), U01HL53941
(Boston University), UO1HL53938 (University of Arizona),
UO01HL53916 (University of California, Davis), U01HL53934
(University of Minnesota), U01HL53931 (New York Univer-
sity), UOIHILL53937 (Johns Hopkins University).

REFERENCES

1. Orr WC, Quan SE Sleep apnea syndromes—a primer of diag-
nosis and treatment. Chanhassen, MN: CNS, Inc., 1991.

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

3. Gislason T, Aberg H, Taube A. Snoring and systemic hyperten-
sion—an epidemiologic study. Acta Med Scand 1987,222:415~
21.

4. Hung J, Whitford EG, Parsons RW, et al. Association of sleep
apnoea with myocardial infarction in men. Lancet 1990;336:
261-4.

5. Malone S, Liu PP, Holloway R, Rutherford R, Zie A, Bradley
TD. Obstructive sleep apnoea in patients with dilated cardiom-
yopathy: effects of continuous positive airway pressure. Lancet
1991:;338:1480-4.

6. Partinen M, Guilleminault C. Daytime sleepiness and vascular
morbidity at seven-year follow-up in obstructive sleep apnea
patients. Chest 1988;94:9-24.

7. National Commission on Sleep Disorders Research. Wake up
America: a national sleep alert, vol. 1. Washington, DC: U.S.
Government Printing Office, 1993.

8. Ancoli-Israel S. Epidemiology of sleep disorders. Clin Geriatr
Med 1989;4:347-62.

9. Sleep Heart Heath Study Research Group. Sleep heart health
study manual of operations. Seattle, WA: SHHS Coordinating
Center, 1996.

10. Szklo M, et al. The atherosclerosis risk in communities (ARIC)
study: design and objectives. Am J Epidemiol 1989;129:687—
702.

11. Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, et
al. The cardiovascular health study: design and rationale. Ann
Epidemiol 1991;1:263-6.

12. Dawber TR, Kannel WB, Lyell LP. An approach to longitudinal
studies in a community: the Framingham study. Ann NY Acad
Sci 1963;107:539-56.

13. James GD, Toledano T, Dantz G, Pickering TG. Factors influencing
the awake-sleep difference in ambulatory blood pressure: main ef-
fects and sex differences. J Hum Hypertens 1995;9:821-6.

14. Schnall PL, Schwartz JE, Landsbergis PA, Warren K, Pickering
TG. Relation between job strain, alcohol, and ambulatory blood
pressure. Hypertension 1992;19:488-94,

15. Lee ET, Welty TK, Fabsitz R, et al. The Strong heart study—a
study of cardiovascular disease in American Indians: design and
methods. Am J Epidemiol 1990;132:1141-55.

16. Lebowitz MD, Knudson RJ, Burrows B. Tucson epidemiologic
study of obstructive lung disease: 1. Methodology and preva-
lence of disease. Am J Epidemiol 1975;102:137-52.

17. Quackenboss JJ, Lebowitz MD, Hayes C. Epidemiological study
of respiratory responses. Environ Int 1989;15:493-502.

18. DiPede C, Viegi G, Quackenboss 1J, Boyer-Pfersdorf P, Lebow-
itz MD. Respiratory symptoms and risk factors in an Arizona
population sample of Anglo and Mexican-American whites.
Chest 1991;99:916-22.

19. Kump K, Whalen C, Tishler PV, et al. Assessment of the validity
and utility of a sleep-symptom questionnaire. Am J Respir Crit
Care Med 1994;150:735-41.

20. Redline S, Briones B, Spry K, Tishler PV, Dockery DW. What
is a “normal” RDI? Am J Respir Crit Care Med 1995;105:
A105.

21. Klink M, Quan SE Prevalence of reported sleep disturbances in

220z 1snBny g1, uo Jesn soisnr Jo Juswpedaq 'S'N Aq FE661.2/.L01/21/0Z/9101e/de8]s/Wwoo dno"olWwepede/:sdjy Woly pepeojumod



SLEEP HEART HEALTH STUDY

a general adult population and their relationship to obstructive
airways diseases. Chest 1987;91:540-6.

22. Psaty BM, Lee M, Savage PJ, Rutan GH, German PS, Lyles M.
Assessing the use of medications in the elderly: methods and
initial experience in the cardiovascular health study. J Clin Ep-
idemiol 1992;45:683-92.

23. Ware JE, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). Med Care 1992;30:473-83.

24. Johns MS. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 1991;14:540-5.

25. Sleep Heart Health Study Research Group. Sleep heart health
study reading center manual of operations. Seattle, WA: SHHS
Coordinating Center, 1996.

26. Rechtshaffen A, Kales A. A manual of standardized terminol-
ogy, techniques and scoring system for sleep stages of human
subjects. NIH publication no. 204. Washington, DC: U.S. Gov-
ernment Printing Office, 1968.

27. Atlas Task Force, Guilleminault C, Chairman. EEG arousals:
scoring rules and examples. Sleep 1992;15:173-84.

28. He J, Kryger MH, Zorick FJ, Conway W, Roth T. Mortality and
apnea index in obstructive sleep apnea: experience in 385 male
patients. Chest 1988;94:9-24.

29. Partinen M, Jamieson A, Guilleminault C. Long-term outcome
for obstructive sleep apnea syndrome patients. Chest 1988;94:
1200-4.

30. Ringler J, Basner RC, Shanon R, et al. Hypoxemia alone does
not explain blood pressure elevations after obstructive apneas.
J Appl Physiol 1990;69:2143-8.

APPENDIX
Participating Institutions and SHHS investigators

Framingham, MA. Boston University: George T.
O’Connor, Sanford H. Auerbach, Emelia J. Benjamin,
Ralph B. D’Agostino, Rachel J. Givelber, Daniel J.
Gottlieb, Philip A. Wolf; University of Wisconsin: Ter-
ry B. Young.

Minneapolis, MN. University of Minnesota: Eyal
Shahar, Conrad Iber, Mark W. Mahowald, Paul G. Mc-
Govern, Lori L. Vitelli.
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New York, NY. New York University: David M. Ra-
poport, Joyce A. Walsleben; Cornell University: Tho-
mas G. Pickering, Gary D. James; State University of
New York, Stonybrook: Joseph E. Schwartz; Columbia
University (Harlem Hospital): Velvie A. Pogue,
Charles K. Francis.

Sacramento, CA/Pittsburgh, PA. University of Cal-
ifornia, Davis: John A. Robbins, William H. Bonekat;
University of Pittsburgh: Anne B. Newman, Mark
Sanders.

Tucson, AZ/Strong Heart Study. University of Ari-
zona: Stuart FE Quan, Michael D. Lebowitz, Paul L.
Enright, Richard R. Bootzin, Anthony E. Camilli,
Bruce M. Coull, Russell R. Dodge, Gordon A. Ewy,
Steven R. Knoper, Linda S. Snyder; Medlantic Re-
search Institute—Phoenix Strong Heart: Barbara V.
Howard; University of Oklahoma—Oklahoma Strong
Heart: Elisa T. Lee, J.L. Yeh; Missouri Breaks Re-
search Institute—Dakotas Strong Heart: Thomas K.
Welty.

Washington County, MD. The Johns Hopkins Uni-
versity: E Javier Nieto, Jonathan M. Samet, Joel G.
Hill, Alan R. Schwartz, Philip L. Smith, Moyses
Szklo.

Coordinating Center (Seattle, WA). University of
Washington: Patricia W. Wahl, Bonnie K. Lind, Cor-
alyn W. Whitney, Richard A. Kronmal, Bruce M. Psa-
ty, David S. Siscovick.

Sleep Reading Center (Cleveland, OH). Case West-
ern Reserve University: Susan Redline, Carl E. Ro-
senberg, Kingman P. Strohl.

NHLBI Project Office (Bethesda, MD). James P. Kil-
ey, Teri A. Manolio, Richard R. Fabsitz.
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