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Abstract
Obijective:

To develop and validate a patient-reported outcome measure to evaluate the quality of life
among patients with obstructive sleep apnea (OSA).

Study Design: prospective cohort study
Settings: tertiary referral center
Methods:

We developed a 15-item English questionnaire that was administered to 176 adults with OSA
and 22 adult controls without symptoms of OSA in a tertiary sleep surgery clinic between
June 2021 and December 2021. The internal consistency and test-retest reliability were
measured using the Cronbach’s alpha and the intraclass correlation coefficient, respectively.
The two-sample Wilcoxon rank-sum (Mann-Whitney) test was applied to compare the two
groups. Convergent validity of the test scores of the questionnaire were compared to
previously validated outcome measures and objective sleep study outcomes using the
Spearman correlation coefficient.

Results:

Of the 198 respondents (176 cases and 22 controls), 198/198 answered the questionnaire;
71% were men and 29% were women. The internal consistency was excellent with alpha of
0.92 (lower 95% CL 0.90). All the test-retest correlations were positive, significant, and
strong ranging from 0.50 to 0.90. The differences between cases and controls were
statistically significant for all the items and for the total score. The total score of the
questionnaire with the Epworth Sleepiness scale and objective OSA measures was moderate
to strong.

Conclusions and Relevance:

The new tool provides a validated patient-reported outcome measure to evaluate the quality
of life among OSA patients specifically.

Level of Evidence: 4



INTRODUCTION:

Obstructive sleep apnea (OSA) is a common form of sleep-disordered breathing observed in
about 1/7" of the adult population® affecting around a billion subjects over the age of 30 years.?
Studies on the prevalence of OSA (defined based on an apnea-hypopnea index [AHI] >5
events/hour) have estimated 9 to 61% in women and 31 to 84% in men in the US.>® Moderate
OSA (AHI > 15 events/hour) affects around 23% of women and 50% of men.® Women develop

a later onset of the disease compared to men.’

The associated intermittent desaturation is linked to chronic inflammation and oxidative
stress, %! that is correlated with impaired global cognitive function, memory, executive
function, attention, verbal fluency, and intelligence.!>!3 This also impacts different systems
including cardiovascular,***® endocrinal,'® and neurovascular systems due to overstimulation

of the sympathetic nervous system.20-22

From a patient’s perspective, OSA presents with nocturnal and diurnal symptoms
affecting one’s physical well-being. From a social standpoint, OSA has shown to impact
partner’s lives via snoring, reduced libido, and depression with lost interest in daily
activities.?>?* The impact of OSA extends to reduced productivity, road traffic and work
accidents resulting in an overall economic burden of nearing $150 billion dollars.?® Given the
prevalence of this underdiagnosed disease,?® and its impact on a multitude of aspects in our
community, it is not surprising that there is an increased body of literature addressing the

quality of life (QoL) among OSA subjects.?*?’

Home sleep studies and polysomnography (PSG) report the apnea-hypopnea index
(AHI). However, OSA is a complex multi-dimensional condition affecting individuals,
families, the economy, and society at large, hence, although these studies are objective, they
do not adequately account for all OSA burdens. Given the weak correlation between patients’

perception and objective sleep studies, relevant patient-reported outcome measures (PROMS)
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were developed to evaluate outcomes in everyday clinical practice and research. PROMS in
OSA can be generic or specific instruments, global overall well-being, or preference-based

instruments focusing on particular domains that assess different activities of daily living.?%?’

The constitution of the World health organization (WHO) in agreement with the Charter
of the United Nations has defined health as “a state of complete physical, mental and social
well-being and not merely the absence of disease or infirmity.”?®2° Similarly, Schipper et al
mentioned that “Quality of life in clinical medicine represents the functional effect of an illness
and its consequent therapy upon a patient, as perceived by the patient.”*® They suggested that
primary domains for QoL measurement should entail physical (including occupational),

psychological wellbeing, social interaction, and somatic sensation.

Considering the previous statements and the prior results of two systematic reviews
evaluating twenty-two PROMs for OSA, 22" the objective of this study was to develop and
validate a novel comprehensive yet concise PROM to measure QoL of patients with OSA.
Current OSA PROMs are not fully validated.”® Moreover, many of these PROMs were
developed as an adaptation of OSA non-specific QoL tools and thus did not incorporate OSA
patients. Only 9 existing PROMs are OSA specific. Although the Maugeri Obstructive Sleep
Apnea Syndrome (MOSAS)?* questionnaire, the Obstructive Sleep Apnea Patient-Oriented
Severity Index (OSAPOSI),*! the Quebec Sleep Questionnaire (QSQ),*? the Sleep Apnea
Quality of Life Index (SAQLI),* and the Patient-Reported Apnea Questionnaire (PRAQ) are
content validated, they are cumbersome to administer with the possibility of questionnaire
fatigue.®* Therefore, to our knowledge no comprehensive yet concise OSA-specific PROM

exist and we aimed to fulfil the clinical-need for such a tool.



MATERIALS AND METHODS:

With the approval of the Stanford Institutional Review Board, we followed the internationally
accepted guidelines for developing the Standardized List Evaluating Apneas (SLEAP) survey
using a stepwise approach.®=3® Adult subjects (>18 years old) with OSA confirmed using a
polysomnography (PSG) or a Food and Drug Administration (FDA) approved home sleep test
were included. FDA-approved home sleep tests were included given the limitations imposed
on the study due to the coronavirus disease of 2019 (COVID-19) pandemic. In PSGs, apneic
episodes were defined as the occurrence of chest/abdominal wall motion in absence of airflow
for >10 seconds. Hypopneas were defined as events with a >30% reduction in nasal pressure
signal outings from baseline and an associated >3% or 4% desaturation from pre-event baseline

for >10 seconds.®® Subjects who displayed an AHI <5 event/hour were excluded.

Phase 1: Defining a conceptual framework and relevant items (20 OSA respondents)

The three main domains suggested by the constitution of the WHO and the United Nations,??°
were utilized to develop the preliminary scale to comprehensively evaluate factors potentially
affecting quality of life in OSA. The three main concepts/domains considered relevant for the
task were: 1) physical well-being (perceived by patients during daytime and nighttime) 2)
mental well-being; and 3) social well-being (Figure 1). At a tertiary sleep apnea surgery center,
20 patients diagnosed with OSA and evaluated for different management options for their OSA
were interviewed face-to-face between February 2021 and May 2021. Each 10-minute
interview consisted of open-ended questions concerning 1) the most bothersome complaints
related to OSA and 2) the expected outcome of adequate management. Next, employing the
WHO conceptual framework as a guideline, the items were established under each domain, and
a preliminary set of items was developed. A Likert-like scale from 0 to 5 was used with 0

representing no effect of OSA on QoL and 5 representing the worst possible effect.



Phase 2: Eliminating redundancy (34 OSA respondents)

To eliminate potential ambiguity and minimize potential redundancy, the preliminary
questionnaire was administered to a new sample of subjects with an OSA diagnosis in the form
of interviews during June and July 2021. This sample was presented to the sleep surgery clinic
for exploring different options for OSA management. Patients were not using any form of
treatment and were CPAP/oral appliance non-compliant/intolerant. Non-adherence was
defined as no CPAP use after 1 month. Patients were asked to provide their feedback as
respondents to reduce or clarify the questions.

Based on their comments, a panel reduced the number of items using the Delphi
technique. The panel of experts consisted of 5 fellowship-trained sleep surgeons with more
than 2 years of practice experience. Each of the items was evaluated separately by the panel.
Items that were thought to be superfluous and did not provide any unique information were
omitted. The breakdown of the included 15 items is as follows: the first 6 items together with
the last 2 (sleepiness) describe the respondent’s physical well-being, the following 2 describe
the respondent’s mental health, and the following 3 describe their psychosocial health,

followed by 1 item assessing the impact of OSA on their occupation.

Phase 3: Field testing and psychometric measurement (176 OSA + 22 non-OSA respondents)

After development of the final 15-item questionnaire, we performed preliminary field testing
to an additional group (142 subjects) bringing the total sample size to 176 English-speaking
patients between June 2021 and December 2021. Administration of the questions and scoring
were performed on the patient population at the sleep medicine and surgery clinic. All OSA
patients either did not receive CPAP/oral appliance or were non-compliant, to capture the
impact of OSA on their QoL. Another group of healthy subjects (control group) without OSA

diagnosis was also incorporated into the analysis (n=22). This group was volunteers who were



thought not to have OSA, with an Epworth Sleepiness Scale (ESS) <10, a low risk for OSA
using the STOP BANG, and most importantly did not seek any medical advice regarding their
sleep or airway. They were selected through convenience and were excluded if they reported
any trouble with their sleep. A summary of the phases is illustrated in figure 2.

Statistical analysis

The estimates were reported as means and standard deviations (SDs), or as absolute numbers
and percentages, when appropriate. The estimates were accompanied by 95% confidence
intervals (95% Cls).

Internal consistency

To test internal consistency, the Cronbach’s alpha was calculated along with a one-sided
(lower) 95% confidence limit (95% CL). The alpha > 0.9 was considered excellent, > 0.8 good,
>0.7 acceptable, >0.6 questionable, >0.5 poor, and <0.5 unacceptable. Several additional alpha-
related estimates were reported: item-test correlations, item-rest correlations, average interitem
covariances, and alphas with one item removed at a time.

Test-retest reliability

To investigate the correlations between the responses given at an interval of two to four weeks,
the intraclass correlation coefficient was calculated along with its 95% confidence interval (95
Cl).

Difference between cases and controls (discriminant validity)

The two-sample Wilcoxon rank-sum (Mann-Whitney) test was applied to investigate if the first
responses given by cases were significantly different from the first responses given by healthy
controls. The significance level of all the two-tailed p-values was set at <0.05.

Exploratory factor analysis

To evaluate the factor structure of a new scale, an exploratory factor analysis (EFA) was

conducted on the estimates obtained from all the respondents (cases and controls). This



included both quantitative (unrotated principal factors and parallel analysis) and graphical
analyses (scree plot along with a parallel analysis line). The cut-off for retaining was set at
eigenvalue >1.0 (Kaiser rule).

Convergent Validity

To evaluate the convergent validity of the SLEAP survey, the estimated scores were compared
with previously validated PROMs and sleep study outcomes. To validate the SLEAP for OSA
specifically, we used the FOSQ-10 as an OSA-specific PROM,*° as well as Epworth Sleepiness
Scale (ESS),** Fatigue Severity Scale (FSS),*? Respiratory Disturbance Index (RDI), Apnea-
Hypopnea Index (AHI), Oxygen Desaturation Index (ODI 3% and 4%), and Nasal Obstruction
Symptom Evaluation (NOSE)* scores using a Spearman correlation coefficient. A Spearman
correlation of >0.70 was considered very strong, 0.40 to 0.69 strong, 0.30 to 0.39 moderate,
0.20 to 0.29 weak, and 0.01 to 0.19 as none or a negligible correlation Based on the 95%
confident interval of the intraclass correlation coefficient (ICC) estimate, values less than 0.5,
between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 were indicative of poor,
moderate, good, and excellent reliability, respectively.** All the analyses were carried out using

Stata/IC Statistical Software: Release 16, College Station (StataCorp LP, TX, USA).



RESULTS:

In the conceptual framework phase, 20 patients (17 men) were interviewed to evaluate the most
bothersome aspects experienced by their OSA. Of the 198 respondents (176 cases and 22
controls) in phase 2 and 3, 198/198 answered the questionnaire; 71% were men and 29% were
women (table 1). These ratios were different in the control group, 59% being women and lower
age (37). Twenty-five cases were retested to evaluate a test-retest validity. The average age of
the 176 OSA respondents (including the initial 34 patients) from field testing phase was 44.9
(SD 14.3) years. After interviewing the 34 patients (in the redundancy reduction phase)
followed by the Delphi panel of five experts, 15 items were retained (Figure 3). For OSA-

specific PROM validation, 62 subjects were enrolled to validate the SLEAP against FOSQ-10.
Reliability
The internal consistency of the SLEAP was excellent with alpha of 0.92 (lower 95% CL 0.90)

(Table 2). All the items demonstrated at least moderate item-test and item-retest correlations.

Excluding one item at a time did not improve the alpha.

All the test-retest correlations were positive, significant, and strong ranging from 0.50
to 0.90 (Supplement-table 1). The differences between cases and controls (two-sample
Wilcoxon rank-sum [Mann-Whitney] test) were statistically significant for all the items and for

the total score — all the p-values were <0.05.

Validity and Readability

There were two factors with eigenvalues above the cut-off of 1.0 (supplement-table 2 and 3,
and Figure 4). However, the first one had an eigenvalue of 6.8 while the next one had an
eigenvalue of 1.1, which is very close to a cut-off of 1.0. In such a situation, only the first factor

was retained. While there were three factors above the parallel analysis line, factors #2 and #3
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had eigenvalues of 1.1 and 0.56, close to or below the pre-agreed cut-off for retaining >1.0.

The loadings of items on the retained factor varied from 0.44 to 0.81.

As shown in Table 3, the total score of the SLEAP strongly correlated with the ESS,
the FSS and the FOS-Q scores, 0.57, 0.67 and -0.72, respectively. Respective correlations with
the NOSE and the RDI scores were moderate, 0.40 and 0.32, respectively. Correlations with
other scales were weak or negligible/insignificant. Readability assessment is shown in

supplement 4.

DISCUSSION:
A novel PROM (SLEAP) was introduced to measure the quality of life in OSA patients. It

was developed based on interviews to enroll relevant items using patients’ own input. The
SLEAP was found to be an internally consistent, test-retest reliable and unidimensional scale
covering the recommended QoL features. The SLEAP scale showed strong convergent
validity when compared with ESS, FSS, and moderate validity with RDI and NOSE scores.

Factor analysis validated the construct validity of the new scale.

In developing the SLEAP scale, we evaluated subjects presenting with an OSA
diagnosis including those who were not treated and failed CPAP. To our knowledge, this is
the first scale to incorporate this population. Additionally, the scale has been streamlined for
efficiency yet maintained relative comprehensiveness. The scale was contrasted with
objective measures of sleep studies and showed a significant correlation with the RDI. This
supports the construct validity of this scale and provides for the first time a scale that can

bridge the gap between patients’ perception and objective outcomes.

However, limitations include the use of a relatively small sample size and the
selection of control subjects, where OSA is unlikely but could not be excluded. However, control

subjects with negative sleep studies carry the risk of sleep/airway complaints that may influence the
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control group, therefore, were selected based on their ESS and STOP BANG scores, and their history
(not seeking medical advice for sleep). This could have potentially compromised the analysis and
biased the results towards the lack of difference between the groups. There was a difference in age
and gender included in the study and control group. While unclear whether gender or age could play a

factor in differences in developing a validated OSA-specific PROM, it must be highlighted.

Moreover, assessing libido is a missing domain that has been omitted as this may
make patients uncomfortable answering the survey and thus limiting reliability. However,
item#10 includes relationships with family that can cover the prior concern. The Likert-type
ordinal data used for the factor analysis were considered interval data. While common, such
an approach is always an approximation. The ordinal data obtained from the SLEAP scale can
be further analyzed using an item response theory requiring big samples. However, the
SLEAP scale was developed based on a conceptual framework for QOL suggested by the
WHO and was tested using the commonly recommended psychometric methodologies for
initial evaluation of a new instrument. We also did not outline comorbidities, yet all subjects
were considered for surgical interventions indicating they are by proxy healthier candidates.
However, other OSA PROMs (SNORE-25 and others) did not highlight comorbidities as
well. This study did not investigate the potential role of the SLEAP scale in assessing
therapeutic success, however this is a future step. Another limitation is that some questions
were left unanswered like snoring, that is challenging for subjects living by themselves (these

were excluded).

The new scale has certain similarities with previous scales as the Symptoms of
Nocturnal Obstruction and Related events (SNORE-25), and OSAPOSI,*! in quantifying
daytime, nighttime symptoms, medical, emotional and occupational problems. However,
although the SNORE-25 questionnaire showed good reliability with a Cronbach’s alpha of

0.91, it entails 25 questions which could be cumbersome to fill out leading to questionnaire

12



fatigue. Moreover, the SNORE-25 study did not report reliability and included subjects that
were not formally diagnosed with OSA objectively. Similarly, the OSAPOSI is a complicated
scale utilizing a 2-point system for 32 questions with a total score out of 640 that is time

consuming to administer despite good content validity.

Other instruments as the MOSAS,?* Quebec sleep questionnaire (QSQ)*? and SAQLI,*
had good content validity but showed limited convergent validity. Moreover, the QSQ had poor
reliability. Therefore, convergent validity and reliability were integral to the design of the
current study. Convergent validity was compared to the previously validated ESS, FSS, and
NOSE as well as objective sleep study parameters. Test-retest reliability was assessed based

on 25 subjects showing strong correlation with an interval of 2 to 4 weeks.

Convergent validity of the PRAQ with ESS ranged from 0.56 to 0.83 according to the
domain, however the authors did not comment on the other 2 domains as they are not related:
“symptoms at night” and “social interaction”. Convergent validity with fatigue was 0.52 -0.86,
while SLEAP showed an overall correlation of 0.67, and showed strong validity with the FOSQ
(OSA-specific QOL) of 0.72. The internal consistency of the PRAQ domains was 0.81 to 0.86,

which is comparable (slightly lower) to our results (0.91-0.92).

The SAQLI and MOSAS questionnaires additionally include domains for treatment-
related outcomes. However, the SAQLI requires an intensive interview format to score the 56
+ 28 treatment-related outcomes questions and the MOSAS part B only focuses on CPAP
therapy and thus is ineffective to measure surgical outcomes. Meanwhile, the SLEAP scale can

be used to track surgical outcomes due to its convergent validity and ease of use.

More recently, the Patient-Reported Apnea Questionnaire (PRAQ)3* was developed as
a practical tool for the clinician to track the success of treatment outcomes and measures the

changes in a patient’s condition over time. It allows patients to complete the PROM without
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the need for an interviewer unlike the PROMSs previously discussed. The SLEAP scale is
similar to the PRAQ in that regard, however, it is much more streamlined than the 10 domain,

43 items PRAQ that requires 15 minutes on average to fill out.

Amongst OSA-related specific symptom scales, none of the PROMs were fully
validated, yet the Beck anxiety inventory (BAI) has the most evidence of validation.?® That
being said, the ESS is the most heavily used in both academic and clinical practice for
measuring one OSA-specific symptom “sleepiness”, with more than 20 studies validating this
tool.*® The SLEAP score showed strong correlation with the ESS as well as with the FSS.
Moreover, it shows very strong correlation with OSA-specific PROMs (FOSQ). Previous
studies evaluating fatigue showed a correlation between OSA severity and fatigue using
various fatigue scales.*’ Self-perceived QolL, particularly sleep quality, is independently
associated with fatigue among OSA patients rather than the severity of the apnea itself,
highlighting the value of PROMs.*® Very little evidence was found regarding the quality of
generic outcome measures for subjects with OSA.%?” These are mainly used to compare health

status between OSA and other diseases.

Evaluating different QoL features in OSA is of paramount importance. Our proposed
tool is a short, validated questionnaire for use in all OSA severities. There are no specific
instructions other than handing the questionnaire to the patient and asking him or her to
complete it. By tracking the individual patient’s progress, the clinician can identify problems

that may not be evident during routine clinical interaction.

Our next step is to conduct larger studies to assess therapeutic success using the SLEAP
scale, establish the minimal clinically important difference, and estimate its suitability for
quality assessment at an aggregate level beyond its use at the individual patient level. We’ll

also develop a digital tool to enhance the data collection process and ease of administration.
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Conclusion:

A new PROM for OSA was developed based on a comprehensive framework; suggested by
different systematic reviews and the WHO guidelines. The SLEAP score has excellent internal
consistency, reasonable test-retest reliability, discriminant validity, and construct validity as
compared to other PROMs and objective measures. Future directions include establishing
levels of meaningful change, minimal clinically important difference, and investigate its utility

in assessing therapeutic success.
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Figure Legends:

The conceptual framework for building the SLEAP (Standardized List Evaluating APneas).
The four phases used to build the SLEAP (Standardized List Evaluating APneas).

The individual items of the SLEAP (Standardized List Evaluating APneas).

Scree plot of exploratory factor analysis
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Table 1. Sample characteristics of the enrolled patients.

Variable Total Cases Controls
Mean SD Mean SD Mean SD
SLEAP, points 34.7 17.6 37.8 15.8 9.3 7.9
ESS, points 9.2 5.6 9.3 5.7 7.0 1.7
FSS, points 36.7 15.5 37.9 15 16.3 6.8
NOSE, points 8.6 5 9 4.9 2.9 2.7
RDI 25.5 21.7 25.5 21.7 - -
AHI 3% 25.3 21.6 25.3 21.6 - -
AHI 4% 15.9 18.7 15.9 18.7 - -
Al 9.6 14.6 9.6 14.6 - -
ODI 3% 16 17.5 16 17.5 - -
ODI 4% 13.1 19.4 13.1 19.4 - -
LSAT 84.3 9.8 84.3 9.8 - -
Age, years 44.1 13.9 44.9 14.3 37.3 6.8
Gender, n and %
Women 58 29% 45 26% 13 59%
Men 140 71% 131 74% 9 41%

SLEAP: Standardized List Evaluating APnea, ESS: Epworth sleepiness scale, FSS: Fatigue
severity scale, NOSE: nasal obstruction symptom evaluation, RDI: Respiratory disturbance
index, AHI: Apnea hypopnea index, Al: Apnea Index, ODI: oxygen desaturation index,
LSAT: lowest oxygen saturation. AHI3%: defining 3% reduction in O2 level with hypopnea,
AHI4%: defining 4% reduction in O2 level with hypopnea.
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Table 2. Internal consistency of the SLEAP items

. Item-test Item-rest .A"efage
Item n Sign correlation | correlation Interitem Alpha
covariance
Iltem 1 198 + 0.59 0.52 1.29 0.92
Iltem 2 198 + 0.66 0.59 1.26 0.92
Item 3 198 + 0.63 0.57 1.28 0.92
Iltem 4 198 + 0.81 0.77 1.24 0.91
Item 5 198 + 0.57 0.50 1.31 0.92
Item 6 198 + 0.65 0.58 1.27 0.92
Item 7 198 + 0.80 0.77 1.24 0.91
Item 8 198 + 0.75 0.70 1.25 0.91
Item 9 198 + 0.81 0.77 1.21 0.91
Item 10 198 + 0.75 0.70 1.24 0.91
Item 11 198 + 0.75 0.70 1.24 0.91
Item 12 198 + 0.78 0.73 1.23 0.91
Item 13 198 + 0.65 0.58 1.27 0.92
Iltem 14 197 + 0.57 0.50 1.31 0.92
Item 15 197 + 0.48 0.43 1.37 0.92
Total score 1.27 0.92
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Table 3. Convergent validity — correlations between SLEAP total score and other measures
(all 198 respondents included)

Measure Spearman correlation 95% ClI n
ESS 0.57 0.46 0.66 187
FSS 0.67 0.59 0.75 187
FOSQ -0.72 -0.82 | -0.57 62
NOSE 0.40 0.27 0.51 187
RDI 0.32 0.09 0.52 71
AHI 3% 0.18 0.03 0.32 172
AHI 4% 0.27 0.01 0.50 56
Al 0.21 -0.07 | 0.46 51
ODI 3% 0.14 -0.05 | 0.33 100
ODI 4% 0.33 0.13 0.51 89
LSAT -0.07 -0.22 | 0.08 171

SLEAP: standardized list evaluating apnea, ESS: Epworth sleepiness scale, FSS: Fatigue
severity scale, NOSE: nasal obstruction symptom evaluation, FOSQ: functional Outcomes of
Sleep Questionnaire, RDI: Respiratory disturbance index, AHI: Apnea hypopnea index, Al:
Apnea Index, ODI: oxygen desaturation index, LSAT: lowest oxygen saturation. AHI3%:
defining 3% reduction in O2 level with hypopnea, AHI4%: defining 4% reduction in O2 level
with hypopnea.
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