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Summary: The respiratory disturbance index (RDI) is the most frequently used metric to characterize sleep-
disordered breathing. Clinically, the RDI is used to classify disease status and guide treatment decisions. For research
purposes, the RDI is used to describe population distributions of sleep-disordered breathing. Its popularity as a
cardinal disease-defining measure, however, may not be justified given that standardized criteria do not exist for
defining hypopnea, a key component of the RDI. This paper reviews sources of variability in identifying hypopneas,
including: the magnitude of changes in breathing amplitude necessary to describe breathing as ‘‘reduced” (from
“discernible” to >50%), variations in the utilization of sensors with different sensitivities to detect airflow/venti-
lation (i.e. thermocouples, thermistors, and pressure transducers), and differential use of data on oxygen saturation
and arousals to discriminate normal breathing from hypopneas. The extent to which disparate approaches influence
the overall RDI and population estimates of disease also is discussed. Key Words: Hypopnea—Sleep-disordered
breathing—Sleep apnea—hypopnea syndrome—Measurement.

Over the last two decades, enhanced appreciation of
the prevalence and morbidity of sleep apnea—hypopnea
syndrome (SAHS), coupled with increasingly avail-
able, sophisticated technology, has led to the wide-
spread use of polysomnography to diagnose this and
other sleep related breathing disturbances. The number
of sleep laboratories has proliferated from a total of
three accredited centers in 1977 to 337 centers and
laboratories in 1996 (Torgrimson, personal communi-
cation). With the increase in number of patients diag-
nosed, there has been an increase in number of ther-
apeutic interventions—medical, surgical, and most re-
cently, dental. The increase in number of sleep labo-
ratories that has paralleled the growing recognition of
SAHS in the community has been driven by clinical
lore, which dictates that a diagnosis of SAHS must be
established on the basis of a specified frequency of
sleep-related respiratory disturbances (traditionally
termed “apneas” and ‘“‘hypopneas’’) recorded during
in-laboratory polysomnography or unattended home
studies in patients with suggestive symptoms. Implicit
in this practice is the notion that there is a threshold
number of respiratory disturbances that defines the
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presence or absence of “disease’ and that the severity
of this “disease’ can be gauged by the frequency of
respiratory disturbances. Right or wrong, these as-
sumptions are reinforced by third-party payers whose
reimbursement policies for SAHS treatments require
documentation of a minimum number of sleep-related
respiratory events. In this regard, the apnea plus hy-
popnea index (AHI) has been used analogously to
measure blood pressure values inasmuch as it is as-
sumed that as a threshold value is progressively ex-
ceeded, the risk of adverse health sequel linearly in-
creases. Treatment is therefore offered after the thresh-
old level is exceeded. The similarities between blood
pressure measurement and AHI are far overshadowed
by conceptual differences as well as limited validation
by outcome measures. These issues are described be-
low.

A prerequisite to defining the threshold value of
event frequency is establishment of a valid, physiolog-
ically and clinically meaningful definition of abnormal
breathing events that is universally accepted and re-
producibly measurable. This is relatively simple for
apneas that are identified in absolute terms (i.e. ab-
sence of airflow). The challenge is greatest for estab-
lishing a “gold standard” for defining and measuring
hypopneas, which conceptually reflect a quantitative
spectrum of airflow (or volume) from just above zero

1209

220z 1snBny /|, uo Jesn aonsnr Jo Juswipeda 'S'N A9 2G00S5/2/602 /2 1/0Z/3101He/de8]s/Woo" dnoolwepede//:sdjy Wo.y papeojumoq



1210

to just below ‘“‘normal”. Thus, identifying hypopnea
requires recognition of subtle, semiquantitative reduc-
tions in the amplitude of a respiratory signal for a dis-
crete period without indication that airflow has ceased.
Controversies exist regarding which sensors and com-
binations of sensors best detect and distinguish
changes in breathing patterns, and what definitions of
changes in breathing patterns constitute evidence of
clinically significant upper airway obstruction. Com-
parisons to blood pressure measurement are useful.
Published methods for standardizing blood pressure
‘measurement exist, and they include specification of
equipment standards and criteria for recording distinct
Kortokoff sounds (1). In contrast, there are no guide-
lines regarding the use of appropriate instrumentation
for detecting hypopnea (2). Identification of a numer-
ical value (e.g. systolic blood pressure level) also is
clear and is universally understood to represent the
same physiological variable. However, hypopnea is de-
tected on the basis of a change in one aspect of breath-
ing pattern. In the absence of numerically quantitative
values, the distinction between a normal and an ab-
normal pattern can be much less clear and difficult to
operationalize. By relating outcomes to discrete nu-
merical representations of blood pressure, prospective
studies provide solid evidence of which levels of blood
pressure confer morbidity (3). This contrasts with
sleep medicine, for which, because of substantial un-
certainty regarding the relationship between physio-
logical “‘exposures” (and indeed, uncertainty as to
what constitutes an exposure) and health outcomes, a
small amount of data exists upon which to base defi-
nitions for identification of threshold levels from
which risk or disease status are determined.

The absence of established guidelines for standard-
izing measurement and assessment of SAHS has, in
turn, influenced clinical case finding, pathogenesis re-
search, and estimates of the public health impact of
SAHS. Problems include variable consideration of
both apneas and hypopneas in characterizing disease,
as well as variable identification of hypopneas. Early
studies that attempted to estimate the prevalence of
sleep apnea in clinical (4) and industrial (worker) pop-
ulations (5) based estimates exclusively on identifica-
tion of apneas. This yielded a prevalence estimate of
sleep apnea as low as 1% (4). More recently, with
inclusion of hypopnea in the measurement of the re-
spiratory disturbance frequency (and defining a sleep-
related breathing disorder as an AHI = 5), prevalence
estimates have increased to 9-25% (in middle-aged
individuals) (6), and >25% in the elderly (7). Differ-
ences between earlier and later studies likely relate
both to differences in sampling and study methodol-
ogy, as well as to differences in how respiratory dis-
turbances were defined and identified. Reports that
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have provided data on apnea indices, in addition to a
combined apnea plus hypopnea frequency, suggest that
the frequency of respiratory disturbances is at least
twofold higher when hypopneas are considered as con-
trasted to consideration of only apneas (7). The extent
to which a pure ‘‘apnea index” differs from an apnea~
hypopnea index is itself variable and highly dependent
on how airflow is recorded and hypopnea defined. Spe-
cifically, between-laboratory differences in the tech-
niques and criteria used to characterize hypopnea con-
tribute to the variability in the frequency of hypopneas
identified across laboratories and studies. In this com-
mentary, we review sources of variability in hypopnea
and how this may affect our understanding of SAHS.

HISTORICAL OVERVIEW

Clinicians have simultaneously recorded sleep and
breathing variables for over two decades. In 1978,
Guilleminault described apneic activity, defined as the
absence of airflow for >10 seconds, as rare occur-
rences in normal men and women, and suggested a
threshold level to distinguish pathological from normal
states (8). The importance of measuring hypopnea
(identified as a reduction in the amplitude of airflow,
recorded from a nasal/oral thermistor, and chest wall
excursion, recorded with inductance plethysmography,
occurring in association with a >4% decrease in ox-
ygen saturation), in addition to apnea, was emphasized
by Block et al. (9). They described approximately 40%
more hypopneas than apneas (105 vs. 60 hypopneas
and apneas, respectively) during sleep in 49 volunteers
who were ‘“normal”. In this study, the potential im-
portance of identifying hypopneas was underscored by
the observation that hypopneas frequently were asso-
ciated with oxygen desaturation, a phenomenon de-
scribed as ‘‘abnormal breathing”’. However, the pres-
ence and wide range of numbers of hypopneas in their
putatively normal volunteer sample also highlighted
the fact that assumptions, and not data, were employed
in applying any given cutoff level to identify clinical
impairment.

The importance of quantifying hypopneas in clinical
assessments was further emphasized by Gould et al. in
1988 (10). These investigators reported that 36% of a
consecutive series of 50 patients with features of sleep
apnea syndrome demonstrated recurrent hypopneas
(defined as a 50% reduction in the sum of thoracoab-
dominal excursion signal obtained from inductive
plethysmography, lasting for >10 seconds) but few ap-
neas on overnight polysomnography (10). Because
these patients did not differ clinically from those who
demonstrated frequent apneas, they proposed that the
frequency of hypopneas be considered in characteriz-
ing abnormalities of breathing during sleep and that
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the term “‘sleep apnea syndrome’ be abandoned in
favor of “sleep hypopnea syndrome”. Following this
report, there has been an increasing trend to include
assessment of hypopneas in clinical and in research
studies. AHI thus is the most common metric em-
ployed in describing the level of respiratory distur-
bances across clinical and research laboratories. The
physiologic definition of hypopnea, however, remains
to be standardized. Even more troubling is that, even
if comparable criteria are applied to a given variable
reflecting breathing pattern, a hypopnea in one labo-
ratory may not be physiologically the same as in an-
other due to differences in recording techniques and
sensor sensitivity. Thus, the AHI is currently a rather
fluid metric and one that does not lend itself readily
to uniform interpretation.

ISSUES RELATED TO MEASURING
CHANGES IN BREATHING PATTERN

Although temporal trends have been to measure and
report both hypopneas and apneas, the growth in re-
porting hypopneas has not been accompanied by stan-
dardization of their measurement. By definition, iden-
tifying meaningful variations of persistent airflow lim-
itation (hypopneas) is more subtle or open to individ-
val interpretation than absence of airflow (apneas),
especially when qualitative recording techniques are
employed. Clinicians and investigators have developed
diverse approaches for interpreting which of these
more subtle changes in breathing represent ‘‘clinically
significant™ respiratory disturbances. Additionally, the
availability of numerous sensors for estimating
changes in flow and volume has contributed to differ-
ent approaches for gauging airflow and respiratory ef-
fort among laboratories. An American Thoracic Soci-
ety Consensus Report in 1989 acknowledged the vari-
ability both in sensors used to characterize airflow and
measure respiratory effort and the variability in pop-
ular definitions of hypopnea (2). The panel wrote,
“While methods of monitoring sleep stage are stan-
dard, the optimal techniques for monitoring respiration
are uncertain ... there are differences in the criteria
used to define hypopnea. The field would be advanced
if standard definitions of indices used to quantify ab-
normality were developed”. The extent of this prob-
lem was highlighted in a survey of 44 American Sleep
Disorders Association-accredited sleep laboratories
published in 1994 (11). This survey showed that no
two laboratories used the same equipment and defini-
tion of hypopnea! The sources of variation included:
criteria for amplitude reduction; inclusion of oxygen
desaturation as part of hypopnea definition; inclusion
of arousal as part of hypopnea definition; and minimal
duration for hypopneas (Table 1). Although the ma-
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TABLE 1. Results of a survey of interlaboratory variabil-
ity in hypopnea definition [adapted from (11)]

% Laboratories

Minimum amplitude reduction

Any 9%
20-30% 23%
33-40% 14%
50% 54%

Associated oxygen saturation

Not considered 18%

Any 34%

=2% 5%

>2 = 4% 18%

>4% 25%
Associated arousal®

Required 73%

2 No consistent definition of arousal noted; both electroencepha-
logram-based, movement, sound.

jority of laboratories used a thermistor to detect air-
flow, it is likely that several kinds of thermistors were
used. Great variability was noted in the sensors used
to detect respiratory effort. Arousals, required to iden-
tify hypopneas in some laboratories, also, were defined
by diverse criteria, including evidence of snoring,
movement, and/or electroencephalogram (EEG)
changes.

Quantitative measurements of either airflow or ven-
tilation during sleep are usually impractical, requiring
use of a face mask with a pneumotachograph. There-
fore, qualitative assessments usually are made from
changes in the relationship between inspired and ex-
pired carbon dioxide or temperature (thermistors or
thermocouples) or from measures of rib cage and ab-
dominal motion [inductive plethysmography, strain
gauges, piezo sensors, electromyogram (EMG) elec-
trodes] to make inferences about airflow and ventila-
tion, respectively. Several sources of between-labora-
tory variation relate to the use of different sensors and
combinations of sensors for characterizing ventilation
during sleep, each of which may vary dramatically in
its ability to accurately gauge ventilatory changes. Hy-
popneas will be detected differently according to the
extent to which changes in airflow as compared to
changes in ventilatory excursions are emphasized—an
area for which there is no consensus. Furthermore,
since various sensors detect ventilatory changes with
different sensitivities, the choice of which of the more
than five commercially available thermistors and/or
more than two inductive plethysmography sensors and/or
more than three strain gauges or piezo electric sensors,
etc., are selected for measuring airflow and/or venti-
lation will influence hypopnea detection. Even among
thermistors, often assumed to have similar measure-
ment properties, variations in sensitivity exist because
of differences in frequency responses, which are in
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FIG. 1. Relationship between breath amplitude, measured by a

thermistor (y axis) and by a pneumotachograph. No relationship is
demonstrated (provided courtesy of David Rapoport, M.D.).

turn related to differences in surface area and mass
differences among available products. A dramatic ex-
ample of this was provided by the Toronto Sleep Lab-
oratory, where poor and variable levels of agreement
were reported for hypopneas detected by three differ-
ent thermoelements and inductive plethysmography,
each compared to hypopnea detection by direct mea-
surement of ventilation with body plethysmography
(kappa statistics: 0—0.3) (12). This suggests that vari-
ability in characterizing ventilation related to use of
different sensors may be greater than has been appre-
ciated previously. The potentially very poor correla-
tion for data on breathing amplitude obtained with dif-
ferent sensors is shown also in Fig. 1. These data were
obtained while simultaneously recording peak flow
from a commercially available thermistor and a pneu-
motachograph (Fig. 1). Essentially, no relationship is
seen between the amplitudes as measured by each sen-
sor. Concern regarding the poor levels of agreement
between these ventilatory measurements has been rec-
ognized by some and has encouraged the development
of unobtrusive techniques to more directly assess air-
flow. In particular, assessment of ventilation from a
nasal cannula connected to a simple pneumotacho-
graph has been advocated as a more direct and sensi-
tive means to quantify changes in airflow (13). How-
ever, this technique may be limited because of prob-
lems maintaining the patency of the cannula during the
study, problems distinguishing apneic from hypopneic
activity, and errors due to mouth breathing. It is not
clear whether newer methods of assessing airflow will
enhance diagnostic accuracy.

Although data on breathing obtained during clinical
polysmonography are almost invariably obtained from
noncalibrated sensors, they are usually interpreted
quantitatively. Thus, hypopneas are usually identified

Sleep, Vol. 20, No. 12, 1997

S. REDLINE AND M. SANDERS

based on arbitrary criteria for changes in the amplitude
of the measured signal that are applied rigorously
within any given laboratory. As shown in Table 1,
these criteria vary widely among laboratories. Clearly,
differences in the frequency of reported events will
vary as a function of the magnitude of the change in
signal required to identify any cluster of breaths as
“normal” versus ‘‘hypopneic’ (according to the def-
inition used for hypopnea).

It is evident that even if there were universal agree-
ment regarding the definition of hypopnea, differences
in sensor characteristics and properties would likely
lead to application of the same label to what, in reality,
may be a wide range of physiologic events. Further
complicating this issue, even when using a standard
amplitude criterion, inconsistencies in characterizing
event frequencies will result from numerous technical
(e.g. precise placement of sensors) and biological (e.g.
body habitus, breathing route) factors that vary be-
tween individuals. Thus, even within laboratories us-
ing a standard set of instruments and definitions, hy-
popnea frequencies may provide information regarding
ventilatory impairment that is noncomparable between
and even within individuals (across studies). The rec-
ommendation made by George and Kryger in 1985
that ““. . .we should stop using the term hypopnea and
instead describe the reductions in tidal volume, or fre-
quency, or both” (14) reflects these frustrations; how-
ever, even this fairly drastic statement does not address
the problems of variable quantification of tidal volume
that result from use of different commonly used sen-
sors and the vagaries introduced by variations in sen-
sor placement and patterns of breathing between in-
dividuals.

A number of special clinical circumstances present
further ambiguities in measuring and interpreting hy-
popneas. The variability in breathing patterns in rapid
eye movement (REM) sleep often makes it impossible
to establish the ‘“‘normal” amplitude of breathing in
this state, and thus difficult to quantify the amplitude
changes of potentially ‘‘hypopneic” breaths. Particu-
larly difficult clinical conditions include chronic ob-
structive pulmonary disease, in which ventilatory
changes may be difficult to quantify from inductive
plethysmography because of paradoxical movements
of the thorax and because of the occurrence of desa-
turations unrelated to upper airway obstruction. Iden-
tifying hypopneas is also problematic in periodic
movement disorders (or other arousal disorders), in
which periodic arousals may cause recurrent hyper-
pneas, obfuscating the distinction between breaths of
normal versus reduced amplitude. Even less is known
about monitoring partial upper airway obstruction in
the pediatric population (15). The importance of rec-
ognizing hypopneas has been further challenged with
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TABLE 2. Variation of prevalence with hypopnea definition

Hypopnea definition

Desatu- Arous- % AHI
Study Sample Sensors Amplitude ration al >5
Gislason et al. 1988 61 Swedish men, 39-69 years Thermistor/Sound “Marked” =4% + 1.3%
amn
Ancoli-Israel et al. 427 elderly, >65 years Inductive bands >50% reduction - - 81%
1991 (7)
Dickel and Mosko 100 community volunteers, >70 Thermistor “Decreased” +/— ++  34%
1990 (18) years
Phillips et al. 1992 92 volunteers, 50-80 years CO,/Inductive bands NI NI NI 15%
a9
Jennum and Sjol 748 Danes, 30-60 years Inductive bands NI NI NI M:11%
1992 (20) F: 6%
Young et al. 1993 602 Wisconsin employees, 30-60 Thermocouple/CO, “Discernible” =4% - M:24%
(6) years ) F: 9%
Olson et al. 1995 441 Australian community residents, Sound/Chest movement Deviation of - - M: 78%
21 35-69 years sound/excursion F: 57%
Redline et al. 1997 385 Cleveland community residents, Thermistor/impedance “Discernible” >2.5% - M: 40%
(22) 3-84 years F: 20%

AHLI, apnea plus hypopnea index; NI, not indicated directly in methods section; M, male; E female.

the recent description of the ‘‘upper airway resistance
syndrome” (16). In this syndrome, daytime fatigue is
thought to occur secondary to sleep fragmentation
(arousals or microarousals) associated with increased
respiratory effort, often unassociated with clear
changes in respiratory amplitude or oxygen saturation.

IMPLICATIONS

‘What are the implications of the variability in de-
fining and measuring hypopneas? Differences in mea-
surement of ventilation and definition of hypopnea
most clearly affect case finding (clinically) and popu-
lation prevalence estimates (epidemiological studies),
in which cutoff values are used to identify disease or
affection status. Table 2 demonstrates the range of
prevalence estimates for sleep-disordered breathing
based on an AHI > 5 (17-22). As can be seen, prev-
alence rates vary widely. Some of the differences
clearly relate to the age and gender composition of the
samples studied, as well as to the extent to which snor-
ers were oversampled in recruitment and/or analyses
were adjusted for sampling frequencies. Interestingly,
this table shows that, in contrast to common clinical
practice, most epidemiological studies have not used a
defined amplitude criterion to define hypopneas (usu-
ally using changes described as “‘any” or *‘discern-
ible”’). Whether the lack of clear criteria for amplitude
changes has negatively affected the reliability or va-
lidity of such measurements is not clear. Additionally,
research studies have used various combinations of
sensors to detect breathing changes and have utilized
different criteria for corroborative data (desaturation
and arousal) to identify hypopneas. These differences
limit the ability to compare studies; thus, it is difficult

to use such data to confirm findings across populations
or to identify whether study differences relate to de-
mographic and geographic factors. In analyzing our
data (the Cleveland family study), it is apparent that,
when using an amplitude criteria for hypopnea defined
as ‘‘discernible”’, marked differences in prevalence es-
timates result as the desaturation criteria change from
2.5 to 5% (reducing prevalence estimates at least three-
fold). The inability to confirm prevalence rates across
populations makes estimating the potential public
health impact of sleep-disordered breathing (SDB) al-
most impossible.

Similar methodological problems plague studies of
pathogenesis, where the intent of the investigation is
to relate sleep-disordered breathing (the ‘“‘exposure”’)
to the occurrence of hypertension, cardiovascular or
cerebrovascular events, and neuropsychological im-
pairment. Establishing a potentially pathogenetic role
of SAHS in the development of chronic disease re-
quires demonstration of consistent ‘‘dose—response”
relationships between the exposure (e.g. AHI) and the
outcome (e.g. hypertension). However, such risk rela-
tionships may be discrepant as classification of expo-
sure varies (e.g. with inconsistent definitions of hy-
popnea). For example, in studies of neuropsychologi-
cal impairment, stronger relationships may be ob-
served between impairment and ‘‘exposure’” when
exposure is based on an AHI that incorporates only
hypopneas associated with arousals, as compared to
studies that define exposure with an AHI that is cal-
culated without consideration of associated sleep frag-
mentation. Similarly, if it is the exposure to hypoxemia
that is involved with vascular responses to SAHS, then
one may expect stronger observed relationships for
studies utilizing definitions of hypopnea that require
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TABLE 3. Comparison of study findings® examining the relationship between SAHS activity and hypertension

Study Sensor Corroborative Data Crude OR Adjusted OR
Jennum and Sjol 1993 (23) Inductive bands None 2.0 ns
Hla et al. 1994 (24) Thermistor/CO, >4% desaturation — 2.0-5.0
Olson et al. 1995 (25) Sound/Chest movement None 3.7 1.5

SAHS, sleep apnea—hypopnea syndrome; OR, orienting response; ns, not significant.

2 Community-based studies reviewed.

desaturation for hypopnea identification, as compared
to studies that consider amplitude changes only. Could
this explanation account for the widely divergent con-
clusions of different investigators regarding the rela-
tionship between hypertension and SAHS? As seen in
Table 3 (23-25), of the three recent population-based
studies of hypertension and SDB, the strongest rela-
tionship with AHI was demonstrated in the study by
Hla et al. in which hypopnea was based on the obser-
vation of any change in airflow associated with a 4%
desaturation (24).

Extrapolating data from epidemiologic or other re-
search studies to clinical practice requires an under-
standing of the research methods used to identify and
describe AHI activity and a comparison of these meth-
ods to those used individual practices. However, in-
adequate descriptions of methods used, and a poor ap-
preciation of how differences in methods could affect
disease identification, limit the ability to make such
assessments.

As with many other relatively new areas of inves-
tigation, the challenges are many. Among these is the
need to identify the relevant physiological parameters
for characterizing SAHS and identifying high risk sub-
jects (or those who would benefit from intervention).
Identifying the essential mediators of SAHS outcomes
(i.e. desaturation, sleep fragmentation, autonomic dis-
turbances, etc.) would facilitate construction of appro-
priate measures for monitoring and quantifying ‘‘ex-
posure”’. Until recently, it had been assumed that ox-
ygen saturation data best identified physiologically im-
portant breathing changes. Thus, the occurrence of
desaturation has been used to evaluate the clinical rel-
evance of hypopneas and to appraise the merits of var-
ious monitoring approaches. One of the first examples
of the former can be found in the landmark report by
Block et al., who first suggested the importance in
measuring hypopneas (9). In this report, hypopneas
were interpreted as ‘“‘abnormal’ because they were fre-
quently associated with desaturation. Thus, the ulti-
mate arbiter of ‘““normality” versus ‘““‘abnormality’” was
desaturation. One may argue that if this is appropriate,
one may need to measure only oxyhemoglobin satu-
ration. An example of the use of oxygen saturation
data to evaluate measurement approaches for hypo-
pneas is provided in the work of Gould et al. (10).
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These investigators compared hypopneas identified by
changes in airflow to hypopneas identified by changes
in thoracoabdominal motion (10). They interpreted the
stronger correlations for desaturation frequency and
the arousal index with a hypopnea index based on
changes in thoracoabdominal movement, as compared
to a hypopnea index defined by changes in thermistry,
as evidence by which to recommend measurement of
thoracoabdominal movement over thermistry. Inter-
preting the differences between such correlations (with
desaturation and arousal indices) assumes that the ob-
ject of measuring hypopneas is to predict desaturation
or arousal. In fact, the rationale for measuring breath-
ing is that information on breathing pattern comple-
ments information obtained from other physiological
signals (or provides insight regarding the mechanisms
for the desaturations/arousals on which a therapeutic
plan may be based). If hypoxemia is a cardinal marker
and outcome determinant of SAHS, why measure
breathing pattern (rather than oxygen saturation
alone)? As has been more recently recognized, sleep-
iness (16) and acute elevations of blood pressure (26)
(two potential consequences of SAHS) may occur in
the absence of desaturation. Any assessment of the rel-
ative merits of one measurement procedure versus an-
other is incomplete without data addressing which
methods for identifying hypopneas best predict short-
or long-term outcomes (e.g. cardiovascular morbidity)
or treatment responses. To date, we are aware of no
study that has addressed this. Indeed, without stan-
dardized measurement and terminology, such data can-
not be reliably obtained and meaningfully interpreted.

Figure 2 depicts the multiple (and overlapping) ar-
eas that require definition (of which hypopnea is only
one area). The key challenge is to identify the relevant
pathogenic exposures in any causal pathway between
SAHS and adverse health outcomes (e.g. vascular dis-
ease, pathologic sleepiness, neuropsychological im-
pairment). This requires identifying which physiologic
events (exposures) are relevant, determining which can
be feasibly and reliably measured, deciding which
technology can be uniformly used across laboratories,
deciding how to define or summarize discrete values
from the physiological patterns measured, and, finally,
determining which physiologic value, or set of values,
best identifies high risk subjects (or subjects who could
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benefit from intervention). However, identification of
high risk subjects may require availability of a suffi-
ciently robust database to, on a post hoc basis, identify
which parameters best identify adverse outcomes. In
turn, the availability of such a database requires some
degree of agreement as to what should be measured
and how such measurements should be standardized.
The crucial element is to figure out how many as-
sumptions can be made at each point in this rather
complex pathway.

In 1995, the first large-scale, prospective multicenter
study of the cardiovascular consequences of SAHS
was initiated by the National Institutes of Health in the
U.S. [the Sleep Heart Health Study (SHHS)]. One
challenge has been to choose methods for measuring
SAHS that would be widely acceptable to the clinical
community. A major interest also was to choose meth-
ods that would be sufficiently flexible to allow a post
hoc evaluation of various measures of SAHS, includ-
ing which components of hypopnea (amplitude
change, desaturation, arousal) are most predictive of
(and possibly pathogenetically linked to) cardiovas-
cular diseases. This study provides the opportunity to
answer questions on defining sleep apnea—hypopnea
activity based on prospective data rather than to per-
petuate the use of arbitrary criteria to choose among
different monitoring approaches. However, in this
study, the limitations associated with the need to main-
tain a single standardized monitoring protocol did not
provide the opportunity to design a study to evaluate
differences in the sensitivities of different sensors or
utility of different amplitude criteria in defining hy-
popnea. Thus, not all areas that require standardization
will be addressed with this study.

Will data from the SHHS and other studies justify
continued measurement of hypopnea? Will measure-
ments of hypopnea be linked in a dose-response fash-
ion to incident disease? Will data demonstrate a thresh-
old effect for AHI, and, if so, is that threshold at all
close to the arbitrary definitions used in clinical prac-
tice? Will data obtained from polysomnography be
sufficiently reliable to adequately describe risk char-
acteristics across the population? Will the results allow
standardization of measurement of SAHS activity
analogously to measured blood pressure? Will these
data justify the continued use of the AHI as the metric
for characterizing SAHS severity? Will data on respi-
ratory activity provide better information on exposure
than snoring or other symptom reports, or oximetry
used alone? These questions reflect the tremendous
amount of work that lies ahead—work that should re-
sult in improved identification and treatment of pa-
tients and a healthier, less sleepy society.
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