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Study Objectives: Measures of baseline sleep apnea disease burden (apnea-hypopnea index, Epworth Sleepiness Scale) predict continuous positive airway
pressure (CPAP) adherence, but composite indices of sleep apnea severity (Sleep Apnea Severity Index, Modified Sleep Apnea Severity Index) may be more
robust measures of disease burden. We tested the relative prognostic ability of each measure of sleep apnea disease burden to predict subsequent CPAP

adherence and subjective sleep outcomes.

Methods: Prospective cohort study at a tertiary academic sleep center. Patients (n = 323) underwent initial diagnostic polysomnography for suspected

obstructive sleep apnea and 6 mo of subsequent CPAP therapy

Results: Baseline apnea-hypopnea index and both composite indices predicted adherence to CPAP therapy at 6 mo in multivariate analyses (all p < 0.001).
Baseline Epworth Sleepiness Scale did not predict CPAP adherence (p = 0.22). Both composite indices were statistically stronger predictors of CPAP
adherence at 6 mo than apnea-hypopnea index (p < 0.001). In multivariate analyses, baseline apnea-hypopnea index (p < 0.05) and both composite indices
(both p < 0.04) predicted change in Pittsburgh Sleep Quality Index, whereas only the composite indices predicted changes in Sleep Apnea Quality of Life
Index (both p < 0.001). Adjustment for treatment adherence did not affect the relationship of the composite indices with change in Sleep Apnea Quality of Life

Index (both p < 0.005).

Conclusions: Composite indices of baseline sleep apnea severity better predict objective CPAP adherence and subjective treatment outcomes than baseline

apnea-hypopnea index and baseline Epworth Sleepiness Scale.
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INTRODUCTION

Continuous positive airway pressure (CPAP) is first-line
therapy for obstructive sleep apnea syndrome. The daily and
long-term benefits of CPAP are dependent on patient use of the
therapy.'® However, up to 50% of patients offered CPAP de-
cline the treatment before initiation or within 1 w of initiation,
and up to 25% of patients who accept CPAP discontinue use
within 3 y of starting.* Identifying patients who are at higher
risk of CPAP nonadherence may present an opportunity for
early intervention with more intense CPAP support. Although
individual measures of sleep apnea severity and disease bur-
den (e.g., apnea-hypopnea index [AHI] and Epworth Sleepi-
ness Scale) predict CPAP use and outcome, a multivariable
composite measure of sleep apnea severity may be a more ro-
bust predictor.

The Sleep Apnea Severity Index (SASI) and the Modified
Sleep Apnea Severity Index (modified SASI) are multivariable
composite measures of sleep apnea severity.>® These indices
incorporate polysomnographic (AHI and lowest oxyhemoglo-
bin saturation), subjective (daytime sleepiness), and anthro-
pometric (body mass index [BMI] and presence of redundant
pharyngeal mucosa [SASI] or tonsil grade [modified SASI])

BRIEF SUMMARY

Current Knowledge/Study Rationale: The daily and long-term
benefits of continuous positive airway pressure (CPAP) are
dependent on patient use of the therapy. Although individual
measures of sleep apnea severity and disease burden (e.g., apnea-
hypopnea index and Epworth Sleepiness Scale) predict CPAP use
and outcome, we investigated whether a multivariable composite
measure that integrated subjective and objective measures of sleep
apnea severity was a more robust predictor.

Study Impact: Composite measures of sleep apnea severity have
value in prospectively predicting objective adherence to CPAP
treatment and subjective treatment outcomes. They retain the
predictive value of apnea-hypopnea index and Epworth Sleepiness
Scale for some outcomes while better predicting others, particularly
changes in disease-specific quality of life.

measures into a composite severity staging system. These in-
dices have been validated and reflect the breadth of sleep apnea
disease burden better than AHI alone.*¢

In this study, we aimed to evaluate the SASI and modi-
fied SASI as multivariable predictors of CPAP use and out-
comes. This study tested the hypotheses that (1) the baseline
SASI and modified SASI (measured at the time of initial
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diagnostic polysomnography) would be stronger predictors
of CPAP use at 6 mo than would baseline AHI or daytime
sleepiness measured by the Epworth Sleepiness Scale, and
(2) the baseline SASI and modified SASI would be stron-
ger predictors of changes in subjective sleep quality and
sleep apnea-related quality of life with CPAP than would
baseline AHI.

METHODS

Study Design

This was a prospective cohort study of adult participants
in the Seattle Sleep Cohort at the University of Washing-
ton Sleep Center at Harborview Medical Center in Seattle,
Washington. Recruitment occurred between August 2006
and February 2008. All participants were recruited on the
night of first diagnostic polysomnography. This study was
approved by the University of Washington institutional
review board.

Participants

Patients were considered eligible if they were at least 18 y old,
presented for overnight polysomnography for previously un-
diagnosed obstructive sleep apnea, successfully completed
polysomnography, and were prescribed CPAP therapy. They
also were required to have linguistic and cognitive ability to
answer questionnaires and give informed consent. Exclusion
criteria included prior diagnosis of sleep apnea, other upper
airway obstructive disease, or neurologic, neuromuscular, or
pulmonary disease. Patients undergoing either full-night or
split-night polysomnography were included in the study.

Data Collection

Baseline data collection was performed by trained research
assistants and included targeted history, physical examination,
and the following validated questionnaires: Sleep Apnea Qual-
ity of Life Index, Short Form-36, Epworth Sleepiness Scale,
and Pittsburgh Sleep Quality Index. The specifics of baseline
data collection, diagnostic polysomnography, and polysom-
nography data extraction were as previously described.® When
split-night (combined diagnostic and CPAP titration) polysom-
nography studies were performed, only data from the diagnos-
tic portion were analyzed for this study.

Follow-Up

Study staff contacted patients by telephone, Email, and postal
mail 6 mo after their initial recruitment. At that time, patients
were mailed a follow-up questionnaire packet similar to that
which they answered at the time of their recruitment, including
the Sleep Apnea Quality of Life Index and Pittsburgh Sleep
Quality Index. Patients returned the completed questionnaire
packet and the CPAP data card by mail.

Questionnaire and physical examination data were entered
into an electronic database by trained study staff using a dou-
ble-entry method to ensure accurate transfer. CPAP use data
were extracted directly into an electronic database using a card
reader designed for this purpose.
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Data Variables

Exposure variables

The AHI was the average number of apneas and hypopneas per
hour of sleep as recorded by polysomnography. The Epworth
Sleepiness Scale measures subjective sleepiness based on a
questionnaire with possible range 0—24. The composite SASI
was calculated as previously described based on a combina-
tion of subjective (Epworth Sleepiness Scale) and objective
(redundant pharyngeal mucosa, body mass index, AHI, lowest
oxyhemoglobin concentration) variables.® The modified SASI
is calculated in the same manner but uses dichotomized ton-
sil size (0—1+, 2—4+) instead of redundant pharyngeal mucosa.
Both composite indices have possible values of 1-3 where 3 is
most severe sleep apnea severity. AHI and Epworth Sleepiness
Scale were also categorized based on commonly used cutoffs
(AHI < 15, 15-30, > 30; Epworth < 10, 10-17, > 17) to allow
more direct comparison to the three-category scale used by the
SASI and modified SASI.

Outcome variables

CPAP use was recorded as mean minutes of use per night aver-
aged over a 4-w period defined as the date 6 mo after diagnostic
polysomnography + 2 w. CPAP acceptance (any use versus no
use) was defined as an average of 30 min or more per night. The
Sleep Apnea Quality of Life Index and Pittsburgh Sleep Qual-
ity Index are questionnaire-based measures that were recorded
at the time of diagnostic polysomnography and 6 months later,
and differences over that period calculated. The Sleep Apnea
Quality of Life Index measures sleep apnea-specific quality of
life and has possible score range 1-7 (7 best), whereas the Pitts-
burgh Sleep Quality Index measures subjective sleep quality
and has possible score range 0-21 (21 worst).””?

Potential confounding variables

Age was measured in years at the time of diagnostic polysom-
nography. Race was dichotomized as white/nonwhite based
on participant self-identification. Annual income was dichot-
omized at $50,000 based on US census data indicating that
median household income in Washington state in 2005 was
$49,262 + 644."° Smoking was measured as a yes/no binary
variable based on participant report.

Analysis
Statistical analysis used Stata/SE 9 software (StataCorp LP,
College Station, TX). Bivariate associations between predic-
tors of CPAP use and measured CPAP use were examined us-
ing Spearman correlation coefficients. Correlation coefficients
were compared using standard errors generated by normal-
approximation bootstrapping' with seed = 12345 and 200
repetitions, chosen a priori. Multivariate analysis controlling
for potential confounders was performed using multivariable
linear regression for total CPAP use and multivariable logistic
regression for CPAP acceptance (any use versus no use).
Bivariate associations between predictors of outcome and
changes in Sleep Apnea Quality of Life Index score or Pitts-
burgh Sleep Quality Index score were examined using analysis
of variance, whereas multivariate analysis was performed with
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multivariable linear regression. Epworth Sleepiness Scale was
not tested as a predictor of changes in these subjective out-
comes variables because we specifically aimed to compare the
standard measure of objective disease severity (AHI) to the
SASI and modified SASI for these outcome measures.

Several secondary analyses were performed. Spearman
correlation coefficients were used to examine individual com-
ponents of the SASI and modified SASI (apart from AHI and
the Epworth Sleepiness Scale) for associations with CPAP use.
The exposure variables were also tested for prediction of CPAP
acceptance (use versus no use) using simple and multivariable
logistic regression. CPAP use in minutes per night was also
analyzed as a possible confounder in multivariable analysis to
determine whether it affected the relationship between expo-
sure variables and subjective outcome variables.'? p values less
than 0.05 were considered statistically significant.

RESULTS

This study included 323 research participants. Descriptive data
for the sample are shown in Table 1. Average CPAP use over
the 4-w period analyzed varied widely between patients, rang-
ing 0—-474 min/night with a sample mean of 132 + 162 min/
night; 67 patients had no CPAP use at all.

Bivariate associations between CPAP use and the predic-
tors under study are shown in Table 2. Baseline AHI, SASI,
and modified SASI were all significantly correlated with CPAP
use at 6 mo, whereas daytime sleepiness as measured by the
Epworth Sleepiness Scale was not. The correlation coefficients
for SASI and modified SASI were not significantly different
(p = 0.21); both indices were better correlated with CPAP use
than were AHI or Epworth Sleepiness Scale (p < 0.001).

In multivariable regression adjusting for age, sex, race, in-
come, and smoking history, baseline AHI (p = 0.001), SASI
(p < 0.001), and modified SASI (p < 0.001) were significant
predictors of CPAP use, whereas the Epworth Sleepiness Scale
was not (p = 0.21). Specific linear regression coefficients are
not listed here because AHI, SASI, modified SASI, and Ep-
worth Sleepiness Scale each have different scales, preventing
useful comparison of coefficients.

Secondary analyses further clarified these associations.
Lowest oxyhemoglobin saturation was significantly correlated
with CPAP use (r = —0.21; p = 0.01) whereas pharyngeal mu-
cosal redundancy (r = 0.002; p = 0.98), tonsil size (r = —0.06;
p = 0.54), and BMI (r = 0.14; p = 0.10) were not.

Another secondary analysis examined prediction of CPAP
acceptance. Bivariate analysis with simple logistic regression
indicated that increasing values of baseline AHI (odds ratio
[OR] = 1.02; 95% confidence interval [CI] 1.01, 1.03; p=0.002),
SASI(OR =2.1;95% CI 1.6, 2.6; p = 0.002), and modified SASI
(OR = 2.2; 95% CI 1.7, 2.7; p = 0.001) significantly predicted
acceptance, whereas Epworth Sleepiness Scale (OR = 1.05;
95% CI 1.01, 1.09; p = 0.14) did not. Similarly, categorized
AHI predicted CPAP acceptance (OR = 2.8; 95% CI 1.8, 3.9;
p = 0.006), whereas the categorized Epworth Sleepiness Scale
did not (OR = 1.31; 95% CI 0.99, 1.63; p = 0.271).

Multivariable logistic regression adjusting for age, sex, race,
income, and smoking history revealed a similar pattern. AHI
(OR = 1.02; 95% CI 1.01, 1.03; p = 0.003), categorized AHI
(OR =2.9;95% CI 1.7, 4.0; p=0.008), SASI (OR = 2.1; 95% CI
1.6, 2.6; p = 0.003), and modified SASI (OR = 2.2; 95% CI 1.7,
2.8; p = 0.001) significantly predicted CPAP use after adjust-
ing for all of these potential confounders. Epworth Sleepiness
Scale (OR = 1.05; 95% CI 1.01, 1.09; p = 0.224) and catego-
rized Epworth Sleepiness Scale (OR = 1.20; 95% CI1 0.89, 1.51;
p = 0.481) did not.

In the bivariate associations between AHI, SASI, modified
SASI, and 6-mo changes in Sleep Apnea Quality of Life Index
and Pittsburgh Sleep Quality Index, all three predictors were
significantly associated with change in subjective sleep quality
(p =0.045, p = 0.01, and p = 0.04, respectively) but only SASI
and modified SASI were associated with change in sleep apnea-
specific quality of life (p = 0.23, p = 0.001, and p = 0.001, re-
spectively). For this analysis, AHI was categorized as described
earlier. After adjustment for age, sex, race, income, and smok-
ing history, SASI and modified SASI remained strongly signifi-
cant predictors of change in sleep apnea-specific quality of life
(p < 0.001), whereas AHI showed a trend toward significance

Table 1—Study sample description.

Measured Variable Summary Measure

Age 4712y
Sex (% male) 55
Race (% white) 86
Body mass index (kg/m?) 338
Redundant pharyngeal mucosa present 17%
Enlarged tonsils present (= 2+; scale 0—4+) 34%
Apnea-hypopnea index (events/h) 54 +30
Lowest O, saturation (%) 86+9
Epworth Sleepiness Scale (0-24; 24 worst) 105

Table 2—Estimated Spearman correlation coefficients reflecting associations between predictors of continuous positive airway
pressure use (measured at the time of diagnosis) and continuous positive airway pressure use.

Modified Sleep Apnea
Severity Index Sleep Apnea Severity Index
CPAP use 0.32%0.08 (p < 0.001) 0.31%0.08 (p < 0.001)

Apnea-Hypopnea Index
0.27%0.10 (p = 0.007)

Epworth Sleepiness Scale
0.14 +£0.09 (p = 0.107)

Predictors are presented from strongest to weakest correlation with continuous positive airway pressure use. CPAP use is defined as average minutes/night
over a 4-w period examined at 6 mo + 2 w after diagnostic polysomnography. Coefficients are presented with standard errors generated by bootstrapping
with 200 repetitions, each of n = 324. Italics indicate statistically significant associations (p < 0.05). Bold indicates clinically important associations (r = 0.25).

CPAP, continuous positive airway pressure.
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Table 3—Associations between predictors (measured at the time of diagnosis) and subjective outcomes (measured as change
over first 6 months after diagnosis).

A Sleep Apnea Quality of Life Index A Pittsburgh Sleep Quality Index

Adjusted coefficient p value Adjusted coefficient p value
AHI (categorized) 0.20 £0.11 0.07 -1.03+0.46 0.03
SASI 0.27 £ 0.07 <0.001 -0.81+£0.29 0.005
Modified SASI 0.27 £ 0.07 <0.001 -0.75+0.29 0.009

The symbol A indicates change between baseline and 6-month follow-up. AHI is categorized according to common clinical use (< 15, 15-30, > 30). Italics
indicate statistically significant associations (p < 0.05). Adjusted coefficients are for the predictors listed in the leftmost column and are adjusted for age, sex,
race, income, and smoking history. AHI, apnea-hypopnea index; Modified SASI, Modified Sleep Apnea Severity Index; SASI, Sleep Apnea Severity Index.

(p =0.07) (Table 3). All associations with change in sleep qual-
ity remained significant after adjustment (Table 3).

Multivariate analysis was repeated with mean CPAP use in
minutes per night as an additional covariate. SASI (p = 0.005)
and modified SASI (p = 0.002) remained significant predictors
of change in sleep apnea-specific quality of life, whereas AHI
remained non-significant (p = 0.46). In contrast, the associa-
tions observed between SASI, modified SASI, and change in
sleep quality disappeared after adjustment for CPAP use (SASI
p =0.21, modified SASI p = 0.35), whereas AHI remained non-
significant (p = 0.39).

DISCUSSION

Although CPAP is first-line therapy for adult obstructive sleep
apnea, its benefits depend on adequate and proper use by the
patient. Accordingly, many predictors of CPAP use have been
evaluated in an effort to improve clinicians’ ability to discern
likely nonusers early, so that targeted preemptive adherence
strategies or other therapeutic options may be considered
before the patient spends time on a prolonged unsuccessful
trial of CPAP. Thus far, no single predictor has demonstrated
consistent value, indicating that the SASI and modified SASI
might be useful because they may combine the advantages of
several single predictors.

Because CPAP use is a surrogate measure, many variables
are also used to anticipate the clinical effects of CPAP therapy
on important symptoms such as sleep quality and quality of
life. Again, no single baseline measure clearly predicts these
outcomes of interest, further clouding the clinician’s ability to
identify patients who might benefit most from CPAP.>'5

In this study, both baseline SASI and modified SASI were
statistically and clinically stronger predictors of objectively
measured nightly CPAP use at 6 mo than were either AHI
or baseline Epworth Sleepiness Scale score. Although both
composite indices and AHI were significantly associated with
quantitative CPAP use after adjustment for multiple potential
confounders, the composite indices were still statistically sig-
nificantly more strongly associated. This finding suggests that
these indices both preserve and improve on AHI’s predictive
value for CPAP use.

This possibility was explored with analysis of the individual
components of the SASI and modified SASI. We found that
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although AHI makes up a portion of the indices’ predictive
value, the inclusion of lowest oxyhemoglobin saturation and
BMI are likely also important. Lowest oxyhemoglobin satu-
ration was negatively associated with CPAP use, indicating
that lower saturations predicted increased use. Similarly, BMI
showed a statistical trend of association with CPAP use. These
associations may reflect a feedback process in which patients
with greater sleep apnea disease burden experience greater
improvements with CPAP use, leading to more CPAP use.
Although this adequately powered study found no significant
predictive value for daytime sleepiness alone, this variable may
interact with other components of the SASI or modified SASI
and strengthen their predictive value. The inclusion of daytime
sleepiness in the form of the Epworth Sleepiness Scale score
does not appear to detract from the prognostic value of the
indices, as they are still statistically more strongly predictive
than either AHI of Epworth Sleepiness Scale score alone.

The secondary analysis examining CPAP acceptance is of
interest because other authors have indicated that up to a quar-
ter of patients who begin CPAP therapy discontinue it within
3 y of starting.* If these patients were detected at the time of di-
agnosis, their adherence to CPAP might benefit from targeted
counseling, troubleshooting, and close follow-up initiated early
in treatment. Our analysis demonstrates that AHI has predic-
tive value for acceptance, and the composite indices retain that
value. Given that the composite indices also predict quantita-
tive CPAP use more precisely than AHI, they may have greater
value as tools for predicting future treatment adherence.

The SASI and modified SASI predicted 6-mo change in
sleep apnea-specific quality of life, whereas AHI did not.
These associations persisted after further adjustment for CPAP
use, indicating that the composite indices have predictive value
for this important symptomatic outcome beyond the effect of
CPAP use on quality of life. Indeed, the regression coefficients
for the indices changed very little when adjusted for CPAP use,
suggesting that this value may be entirely separate from that
of CPAP use.

AHI, SASI, and modified SASI all significantly predicted
6-mo change in subjective sleep quality. When adjusted for
several potential confounders, the SASI and modified SASI
retained this association, while AHI did not. However, when
further adjusted for CPAP use, the composite indices also
ceased to be associated with change in sleep quality. This find-
ing suggests that although the SASI and modified SASI have
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greater value than AHI in predicting improvements in sleep
quality early in treatment, this value is largely due to their
predictive value for quantitative CPAP use. It is not surprising
that associations with sleep quality are less robust than those
with sleep apnea-specific quality of life, as the former measure
is not disease-specific and thus is vulnerable to the effects of
more factors. For example, the Pittsburgh Sleep Quality Index
takes into account sleep times and durations, which may be
affected by multiple factors in the patient’s environment. The
Sleep Apnea Quality of Life Index, meanwhile, is specific to
problems related to sleep apnea itself.

Strengths and Limitations

This study used an adequately powered prospective cohort
design. Accordingly, its conclusions about predictive value
for CPAP use and subjective outcomes are credible because
of the temporal relationship between predictors and outcomes
and of the strength of associations. However, as with any con-
trolled observational study design, the predictive associations
are vulnerable to confounding. While we adjusted for known
important confounders, there are other potential confounding
variables, both known and unknown.

Two other limitations pertain to AHI, SASI, and modified
SASLI. First, all three measures are incomplete measures of ob-
struction severity. For example, each relies on the frequency of
apneas and hypopneas without accounting for the duration of
these breathing events. The composite indices do incorporate
measures of associated pathophysiologic features (desatura-
tion) and presumed clinical effect of sleep apnea (sleepiness).
Further research is necessary to address ways of measuring
and incorporating more comprehensive and meaningful patho-
physiological features of sleep apnea into the assessment of
these patients. This limitation is inherent to the current stan-
dards of sleep testing and is not specific to this study.

The second limitation, again common to all three sever-
ity measures, is the failure to consider individual personality,
emotional, and mental health characteristics that may affect
the relationship between objective and subjective disease bur-
den, such as depression and hypochondriasis.'!” The differ-
ential clinical susceptibility to the pathophysiologic processes
of sleep apnea is an inherent limitation of physiologic surro-
gates. By incorporating a broader measure of sleep apnea dis-
ease burden and incorporating clinical effects of sleep apnea
(sleepiness), the composite indices are likely less susceptible
to the differential susceptibility. Furthermore, sleep apnea that
is characterized by excessive daytime sleepiness may be more
responsive to CPAP therapy for a variety of outcomes (e.g., in-
cident hypertension'®), so it is an advantage that this suscep-
tibility factor is incorporated in the SASI and modified SASI.

Generalizability

Our study sample appears to be similar to the general sleep ap-
nea population; a recent random telephone survey matched to
US-wide regional age distributions found that men were gener-
ally at higher risk than women, ages 50—64 y were at highest
risk, and risk rose markedly with BMI > 30.” However, our
predominantly Caucasian sample may not reflect sleep apnea
prevalence patterns in other racial groups.??!
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CONCLUSIONS

This study demonstrates that the previously described compos-
ite SASI and modified SASI have value in prospectively pre-
dicting objective adherence to CPAP treatment and subjective
treatment outcomes, particularly changes in disease-specific
quality of life, more than AHI or Epworth Sleepiness Scale
alone. These findings are important because patients seek care
due to poor quality of life and symptom burden, not because
they are concerned about their rate of apneas and hypopneas
per se. Further study will be needed to confirm these findings
and to address the limitations of this work. Until those studies
happen, the SASI and modified SASI appear to be useful and
potentially important tools for clinicians and researchers inter-
ested in this disease.

ABBREVIATIONS

AHI, apnea-hypopnea index

BMI, body mass index

CPAP, continuous positive airway pressure

Modified SASI, Modified Sleep Apnea Severity Index
SASI, Sleep Apnea Severity Index
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