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Study Objectives: This study aimed to quantify the impact of excessive daytime sleepiness (EDS) on patient and patient’s partner health-related quality of life in
the form of utility values typically used in health economic evaluations.
Methods: A time trade-off study was conducted in a UK general population sample (representing a societal perspective) to elicit utility values, measured on a
0 to 1 scale, for health states with varying obstructive sleep apnea-associated EDS severity. In a time trade-off study, health states are described, and participants
“trade off” time in a specific higher severity state for a shorter amount of time in full health.
Results: Overall, the sample consisted of 104 participants, who were interviewed and took part in the time trade-off exercise to elicit utility values for patient and
partner residual EDS health states. The average utility score declined with increasing obstructive sleep apnea-associated EDS severity for both patient (no EDS,
0.926; mild EDS, 0.794; moderate EDS, 0.614; severe EDS, 0.546) and partner (no EDS, 0.955; mild EDS, 0.882; moderate EDS, 0.751; severe EDS, 0.670)
health states.
Conclusions: These results demonstrate the high impact that EDS in obstructive sleep apnea is estimated to have on patient and partner health-related quality
of life.
Keywords: sleepiness, sleep apnea syndromes, quality of life, health care economics, cost–benefit analysis
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Approximately 9% to 22% of patients with obstructive sleep apnea (OSA) have excessive daytime sleepiness
(EDS) and associated impairments in concentration, judgment, and social and work function, despite primary OSA treatment. This study aimed to identify
the impact of OSA-associated EDS on the health-related quality of life of patients and their partners.
Study Impact: The study provides utility values for health states of varying OSA-associated EDS severity, in line with changes in Epworth Sleepiness
Scale score categories, and demonstrates the high impact of EDS on the health-related quality of life of patients and their partners. These values can also
be used in cost-effectiveness analyses of new health care interventions for OSA-associated EDS.

INTRODUCTION

Obstructive sleep apnea (OSA) is a condition in which the walls

of the throat relax and narrow during sleep, causing episodes of

partial (hypopneas) or complete (apneas) obstruction of the air-

way, preventing normal breathing, and disrupting sleep.1 The

restricted airflow resulting from apneas and hypopneas can

cause loud snoring, noisy or heavy breathing, gasping for air or

snorting, and arousal from sleep, which in some cases leads to

fatigue during the day.1,2 The estimated global prevalence of

OSA is 22% for men and 17% for women.3 Excessive daytime

sleepiness (EDS), a common symptom of OSA, is present in

approximately 1 in 4 patients with OSA.3

People with EDS experience nonrefreshing sleep and, there-

fore, an urge to sleep despite apparently sufficient hours of

sleep at night and regular naps throughout the day. They may

fall asleep at inconvenient times during the day and experience

judgement lapses, poor concentration, and inhibited social func-

tion,1,4 contributing to an overall reduction in health-related

quality of life (HRQoL).5,6 Sleepiness is a common cause of

motor vehicle accidents;7 in the United Kingdom, OSA is a

“notifiable” medical condition, meaning that patients with a

driving license must notify the Driver and Vehicle Licensing

Agency of a medical condition that could impact their driving

ability.8 Patients who do not comply face not having their driv-

ing license issued or renewed, which can have a great impact on

independent living.

Current treatment in OSA focuses on maintaining the airway

during sleep to prevent apneic events and consequent intermit-

tent hypoxia.9 Patients often receive a continuous positive air-

way pressure (CPAP) device to use during sleep. The device

maintains the pharyngeal airway pressure above a critical level
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to prevent its collapse. CPAP has been demonstrated to both

reduce the number of arousals from sleep as early as the first

treatment day and reverse daytime symptoms within a short

time.9–12

Despite primary treatment with CPAP, EDS still affects an

estimated 9–22% of adults with OSA.13,14 In these cases, stimu-

lant medicines such as modafinil and armodafinil have shown

efficacy in improving vigilance and quality of life (QoL),15,16

although neither is licensed in Europe for OSA. Solriamfetol

(Jazz Pharmaceuticals Ireland Ltd, Dublin, Ireland) is a licensed

treatment for residual EDS associated with OSA. It has been

demonstrated to improve wakefulness and self-reported EDS,

as well as improving HRQoL for OSA patients and, indirectly,

their partners.17–20

Many health technology assessment bodies require evidence

of the clinical effectiveness and cost-effectiveness of new treat-

ments to support decisions on public and private health service

reimbursement. Often, effectiveness is required to be assessed

using patient-reported outcomes to evaluate impact on patient

HRQoL. In countries with health technology assessment bodies

that use cost-effectiveness evidence to determine value for

money and to support health care payers’ reimbursement

decisions—such as the National Institute for Health and Care

Excellence (NICE) in the United Kingdom and the Institute for

Clinical and Economic Reviews (ICER) in the United States—

HRQoL is evaluated using a specific measure known as utilities.

The utility of different health states (eg, mild, moderate, or

severe disease states) that a patient could be experiencing typi-

cally is measured on a 0 to 1 scale and represents a value for the

HRQoL aspects of each health state. A value of 1 equates to

highest HRQoL, whereas 0 is an HRQoL equivalent to death

(zero QoL). The utility value for health states of differing sever-

ity (and thus differing impacts on QoL) is captured on the 0 to 1

scale using methods that give respondents a choice between the

best possible health state (eg, no OSA or EDS) and poorer

health states (eg, OSA with EDS) and capture the extent to

which the former might be preferred over the latter.

A recognized method for evaluating utility values for differ-

ent health states is time trade-off (TTO). With this method, par-

ticipants are asked to “trade off” time in a best health state for a

fixed longer time in a poorer health state as a way of eliciting

the relative value of the latter. That is, participants might be

expected to trade off more life years to avoid a highly severe

health state compared with a mildly or moderately severe health

state. For example, a participant might be willing to accept only

3 years in the best health state over 10 years in a severe health

state—to trade off 7 life years for better HRQoL. The utility of

the severe health state in this example would be 0.3 (3 years

divided by 10 years). Utility values from TTO studies can be

used to quantify the potential HRQoL-impact of conditions

such as EDS, as well as the impact on patients’ partners, who

typically have been neglected in HRQoL studies because of a

lack of EDS-specific patient-reported outcomes measures.

Given the potential HRQoL impact that EDS has on patients

with OSA and their partners, a TTO study from a societal per-

spective was conducted to estimate the utility impact for

patients and partners associated with different severities of

residual EDS in OSA.

METHODS

The TTO utility elicitation study presented here is in line with

best-practice methods for conducting such utility studies, as

reported by Attema et al.21

Study design
A cross-sectional TTO study was conducted in the UK general

public to elicit utility values for health states relating to differ-

ent severities of residual EDS associated with OSA. Health

states valued by the general public rather than by patients

reflects a societal perspective and is the most appropriate

approach for making comparisons with other diseases in a pub-

licly funded health service (such as in the United Kingdom),

which receives its budget from taxpayers. Obtaining utility val-

ues from the general public also avoids patient perspective bias

and is the approach recommended by NICE for inclusion of

utilities in health technology appraisals.22

Four health states assessed the HRQoL of patients with resid-

ual EDS; another 4 assessed the HRQoL of partners of patients

with residual EDS. A study plan was developed with key stages

outlined: development of appropriate, validated health state

descriptions; design of a web-based TTO tool; a pilot study;

and the main utility elicitation interviews. Interview locations

were spread over the United Kingdom to capture a broad geo-

graphic sample.

Development of EDS health state descriptions
An overview of the health state description development pro-

cess is shown in Figure 1. Four residual EDS severity health

states (no EDS, mild EDS, moderate EDS, severe EDS) were

developed for both the patient perspective and the partner per-

spective, yielding a total of 8 health state descriptions. The cate-

gorizations were based on the Epworth Sleepiness Scale (ESS).

On the ESS, patients are asked to rate how likely they are to fall

asleep in 8 different situations. Their ratings, made on a 4-point

scale ranging from 0 (“I would never doze”) to 3 (“high chance

of dozing”), are aggregated to obtain an overall ESS score

between 0 and 24.23 In the United Kingdom, NICE has catego-

rized ESS as follows: 0–10 represents no EDS; 11–14, mild

EDS; 15–18, moderate EDS; and 19–24, severe EDS.24

Content validity was supported by constructing all the health

state descriptions with reference to the 5 domains of the EuroQol-5

Dimension (EQ-5D), a generic health status instrument that covers

mobility, self-care, usual activities, pain/discomfort, and anxiety/

depression, with the addition of sleepiness and other disease-

specific aspects informed by a targeted literature review of the

HRQoL impact of EDS.

The health state descriptions had 2 components: a base com-

ponent representing the description of a typical patient with

OSA using CPAP treatment and a specific component reflect-

ing the impact of residual EDS at different severities. The base

description was made constant across all patient and all partner

health states to provide context and to enable the utility valua-

tion exercise to focus on the impact of differences in EDS

severity rather than on valuing the impact of CPAP treatment.

Participants were asked to imagine themselves as a patient with
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residual EDS or as a partner of a patient with residual EDS in

each of the 4 EDS severity health states.

The draft health state descriptions were reviewed by a

UK-based clinical expert sleep physician and were revised

accordingly before being posted to a 3-day online bulletin board

to elicit feedback from invited patients with OSA and patients’

partners. The health states were revised in response to this feed-

back before being further validated by the expert sleep physician.

The health states were piloted with ten general public partici-

pants, following which minor revisions were made and a final

clinical expert validation performed. Figure 2 shows one of the

residual EDS health state descriptions (the complete set of health

state descriptions appears in the supplemental material).

Participants, interview schedule, and utility
elicitation method
Adults (≥ 18 years old) from the general public were recruited.

During the screening process, potential participants answered a

demographic questionnaire to ensure selection of a diverse

group of participants, representative of the UK population. Par-

ticipants were excluded if they had participated in market

research within the preceding 6 months; if they, their partner, or

a close relative had been previously diagnosed with a sleep dis-

order; or if they, their partner, or a close relative was currently

working or previously worked in the pharmaceutical industry,

in sleep-related health care, or in market research. All partici-

pants provided informed consent to participate.

The study aimed to recruit 120 participants (including 10

pilot interviewees) to achieve a sample size of ≥ 100 responses.

The pilot interviews were conducted at a single facility.

All other interviews were conducted between October and

December 2019, throughout the United Kingdom: England,

Scotland, andWales.

Participants received a brief introduction to OSA and EDS as

background and completed a visual analog scale (VAS) ranging

from 0 (death) to 100 (full health) for each of the 8 health states

and their own health before completing the main TTO exercise.

Interviewers used a web-based tool (e-tool) to administer the

questions and exercises, allowing data collection in real time.

The TTO exercise used a sliding time scale of 0 to 10 years, a

time frame in line with other recent TTO studies,25–27 with par-

ticipants asked to express a preference between a set time of

10 years with each EDS health state (followed by death) and

fewer years with the best imaginable health (followed by

death). For the TTO, each participant’s point of indifference

was determined using a “flip-flop”method: alternating between

high and low quantities of time in best imaginable health until a

point of indifference (equal preference either way) was reached.

Here it involved trading alternating higher and lower numbers

of whole years and then, when the participant changed their

response from willing to trade to not willing, identifying the

number of months between the rejected and accepted years to

derive the indifference time point in years and months. This

was repeated for each EDS health state, first for the patient

health states and then for the partner health states. Patient and

partner health states were presented to each participant in a ran-

dom order selected by the e-tool.

Data validation
For each participant, TTO response sheets were collected in

real time on the e-tool, detailing the preference response stated

for each health state, and contextual notes were recorded by the

interviewer. Given the role of user input with the e-tool, several

checks were performed to ensure the validity of the data. All

TTO and VAS data were searched for outlier data or illogical

responses. Any data queries were resolved by referring to writ-

ten interviewer notes. This data validation identified partici-

pants who failed to understand the task or who were unwilling

to complete the TTO.

Statistical analysis
TTO responses were converted to utility values on the 0 to 1

scale by dividing the time stated in the best imaginable health

by 10. Mean, standard deviation, and 95% confidence intervals

were estimated for each EDS health state TTO value. VAS rat-

ings were on a scale of 0 to 100, with means, standard devia-

tions, and 95% confidence intervals estimated.

Analysis of variance was used to test for differences between

the TTO utility values elicited within both patient and partner

health states (assuming independence between responses) or

between patient–partner utilities for each EDS health state. Fol-

lowing analysis of variance results, post hoc analyses (Tukey

honestly significant difference test) were used to determine

where the differences in mean utility between health states lie.

Relationships between patient and partner health states values

were investigated with scatterplots and Pearson correlation

coefficients. There were no adjustments made to address the

Figure 1—Overview of development of residual EDS
health state descriptions.

Development of dra� health state descrip�ons

Literature review

Revisions and second dra� of health states

Pilot interviews

Clinical valida�on of health state descrip�ons

Final health states

Pa�ent, partner, clinician and HCP review and input on

health state descrip�ons

EDS = excessive daytime sleepiness, HCP = health care professional.
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Figure 2—Example health state descriptions for severe EDS from patient perspective and partner perspective.

Patient perspective (A) and partner perspective (B). Orange box presents base description, which was consistent across all EDS patient and partner health states.
Blue box presents health state description specific to severe-EDS patient/partner and was unique within each health state. CPAP = continuous positive airway pres-
sure, EDS = excessive daytime sleepiness, GP = general practitioner.
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issue of multiple endpoints analyzed. Therefore, reported P val-

ues are nominal because statistical significance cannot be

claimed, owing to the lack of control for multiplicity.

RESULTS

Characteristics of study sample
Of the 110 participants (excluding pilot interviewees) from

whom responses were collected, 104 had their TTO and VAS

responses included in the final analysis. Six participants’

responses were excluded because the participants showed an

unwillingness to trade time for any of the 8 health states. Their

reasons included religious beliefs, past medical history (theirs

or their partner’s), and family values/circumstances. No records

were excluded for missing or illogical data, and no imputation

of responses was required.

Table 1 summarizes the participants’ demographic data. Of

the 104 participants, 60 (57.7%) were men. Age ranged from 18

to 80 years; mean (standard deviation) age was 44 (16.41) years.

Compared with the older age groups (≥ 65 years), the younger

age groups (18–65 years) were slightly overrepresented in the

sample. The majority (71.2%) of participants stated they lived in

an urban rather than rural area. Three-quarters of participants

held a driving license; 78% of these participants stated their

license was very important/essential to them. The sample charac-

teristics were broadly generalizable to the UK population: Statis-

tics from the 2011 UK census showed a mean age of 39 years

and 49.1%male (slightly lower than in the study sample set).

Utility and VAS results
Utility values declined with increasing EDS health state sever-

ity from both patient and partner states. Mean utility scores for

patient health states were 0.93 (no EDS), 0.79 (mild EDS), 0.61

(moderate EDS), and 0.55 (severe EDS) (Table 2). Differences

in patient utility were observed between the no-EDS and

mild-EDS health states and between the mild-EDS and

moderate-EDS health states, with differences, albeit lower,

observed between the moderate-EDS and severe-EDS health

states (Table 2 and Table 3).

Estimated mean utility scores for partner health states were

0.96 (no EDS), 0.88 (mild EDS), 0.75 (moderate EDS), and

0.67 (severe EDS) (Table 2). The differences were largest

between the mild-EDS and moderate-EDS health states

(Table 2 and Table 3).

VAS scores showed the same pattern as the mean utility val-

ues but were lower for each health state, and the range across

health states was larger (Table 2).

There was decreasing utility for both patient and partner

health states with increasing EDS severity (Table 2). Further-

more, lower mean utility values were found for each patient

state relative to its corresponding partner state, with 95% confi-

dence intervals not crossing each other for patient–partner state

comparisons across all health states other than the no-EDS state

(Figure 3).

A strong positive correlation, r(413 df) = 0.61, P < .001, of

patient and partner utility values was also observed at the

participant level, which shows that, as patient utility increased

or decreased, partner health state utilities tended to increase or

decrease in the same direction (Figure 4).

DISCUSSION

The impact of residual EDS on the HRQoL of patients with

OSA and their partners has not been quantified in studies

Table 1—Characteristics of study participants.

Characteristic Attribute n (%)

Sex Male 60 (57.69)

Age, years Mean (SD) 43.58 (16.41)

Median (range) 44.00 (18–80)

Age group, years 18–45 58 (55.77)

46–65 34 (32.69)

> 65 12 (11.54)

Location Rural 31 (29.81)

Urban 73 (71.19)

Marital status Single 34 (32.69)

Married/cohabiting/civil
partnership

61 (58.66)

Divorced/separated/
widowed

9 (8.65)

Education level Level 1–4 (GCSE/A-
Level)

51 (49.04)

Level 5/6
(undergraduate)

43 (41.35)

Level 7/8 (masters/PhD) 10 (9.62)

Employment Full-time 48 (46.15)

Part-time 18 (17.31)

Unemployed 9 (8.65)

Student/retired 18 (17.31)

Other/preferred not to
answer

11 (10.58)

Annual household
income

Less than £25,000 30 (28.85)

£25,001 to £65,000 51 (49.03)

More than £65,001 6 (5.77)

Prefer not to say 17 (16.35)

Driving license Yes 78 (75.00)

No 26 (25.00)

Driving importance,
reported only for
participants with a
driving license

Not important at all 5 (6.41)

Slightly important/
important

12 (15.38)

Very important/essential 61 (78.21)

GCSE = General Certificate of Secondary Education, PhD = doctor of
philosophy, SD = standard deviation.
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reported in the literature, and, to our knowledge, no research

has been conducted to investigate societal preferences and

hence utilities for health states of differing severity in patients

with EDS and their partners. This study reports OSA-associated

residual EDS utility values obtained using a TTO methodology,

as well as the first set of utility values estimated for partners of

patients with OSA-associated residual EDS and demonstrates

the major impact that moderate to severe OSA-associated EDS

is estimated to have on patient and partner HRQoL.

TTO is a method used to derive a utility value that reflects

the HRQoL impact of a condition such as residual EDS at

different severity levels; the data can be used to generate

quality-adjusted life-year outcomes for cost-effectiveness anal-

yses of new treatments.21,22,28,29 When a societal perspective is

adopted, it is important that TTO general public sample charac-

teristics be representative of the (UK) population in terms of

age, education status, other sociodemographic characteristics,

and geographic spread to reflect the situation in the United

Kingdom, where health care is primarily funded by general

public taxation, and the perspective of the public as taxpayers

and potential patients is particularly relevant. The characteris-

tics of this study’s participants appear to be broadly generaliz-

able to the UK adult population, although the average age

of participants was 43.58 years, with only 12% greater than

65 years old (compared to approximately 19% in the UK popu-

lation in 202030), hence representing a reasonably young sam-

ple, which may value health differently than an older population

sample. Moderate to severe residual EDS associated with OSA

was estimated to have a substantial detrimental impact on the

HRQoL of patients and their partners. The estimated utility

values for the patient health states demonstrated a notable

(P < .0001) reduction in HRQoL with each incremental severity

category from no EDS (mean utility, 0.926 [equivalent to popu-

lation norm for HRQoL]) to moderate EDS (mean utility,

0.614). The lowest utility (hence HRQoL) was associated with

severe EDS (mean utility, 0.546). In the context of the TTO

exercise, this means participants were prepared to trade off an

average of 4.5 life years, out of a maximum of 10 years, to avoid

Table 2—Utility values and VAS scores for patient and partner health states (n = 104)

Utility Values VAS Scores

Mean SD Mean SD

Patient health states

1. No EDS 0.93 0.11 75.93 13.31

2. Mild EDS 0.79 0.17 49.95 14.36

3. Moderate EDS 0.61 0.22 36.47 13.93

4. Severe EDS 0.55 0.24 27.80 11.94

Partner health states

5. No EDS 0.96 0.08 81.85 10.85

6. Mild EDS 0.88 0.13 59.79 15.36

7. Moderate EDS 0.75 0.23 47.37 15.75

8. Severe EDS 0.67 0.26 35.64 16.38

All values rounded to 2 decimal places. EDS = excessive daytime sleepiness, SD = standard deviation, VAS = visual analog scale.

Table 3—P valuesa for patient and partner utility differences: Tukey HSD post hoc pairwise analyses across all health states.b

HS1: Patient/
No EDS

HS2: Patient/
Mild EDS

HS3: Patient/
Moderate EDS

HS4: Patient/
Severe EDS

HS5: Partner/
No EDS

HS6: Partner/
Mild EDS

HS7: Partner/
Moderate EDS

HS8: Partner/
Severe EDS

HS1 —

HS2 < .0001 —

HS3 < .0001 < .0001 —

HS4 < .0001 < .0001 .1560 —

HS5 .9596 < .0001 < .0001 < .0001 —

HS6 .7075 .0204 < .0001 < .0001 .1080 —

HS7 < .0001 .7473 < .0001 < .0001 < .0001 < .0001 —

HS8 < .0001 < .0001 .4119 < .0001 < .0001 < .0001 .0439 —

aThe P values should be considered nominal, as multiplicity adjustment was not performed. bTukey HSD post hoc pairwise analyses performed after analysis
of variance across all health states for which P = 2e216. EDS = excessive daytime sleepiness, HS = health state, HSD = honestly significant difference.
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the HRQoL consequences of severe EDS compared with best

imaginable health.

The results for the partner health states demonstrated that the

patients’ residual EDS had a greater impact on the patients’ util-

ity and HRQoL than on the partners’. Nevertheless, the impact

on partners was important; mean health state utilities were

0.751 (moderate EDS) and 0.670 (severe EDS) vs 0.955 (no

EDS). Notably, there was little effect on partner utility between

no EDS and mild EDS. Participants were willing to trade off an

additional 2 life years (moderate EDS) or 2.8 life years (severe

EDS) out of 10, compared with no EDS, to avoid the HRQoL

impact associated with moderate or severe EDS. There was also

a strong, positive correlation between patient and partner esti-

mated utilities. As expected, patient and partner utility values

for the no-EDS health state were similar (P = .9596), suggesting

that a patient with no EDS and a partner with no EDS-related

symptoms will have similar utility, validating the differences

observed between patients and partners for the other health

states.

Results on the 0 to 100 VAS are in line with the TTO utility

values, with both patient and partner estimates decreasing with

EDS severity.

Although there are no prior TTO studies in EDS, a few stud-

ies have investigated the effect of EDS on patient general

well-being and HRQoL. Using the Medical Outcomes Survey

Short Form 36 to analyze the impact of EDS on general health

and functional status, Briones et al.31 found significant correla-

tions between ESS scores and several Medical Outcomes

Survey Short Form 36 dimensions: general health perceptions

(r, –0.30; P < .001), energy/fatigue (r, –0.41; P < .001), role

limitations due to emotional problems (r, –0.30; P < .001), and

summary well-being (r, –0.26; P < .005). Another study, using

the 36-Item Short Form Health Survey generic patient-reported

outcomes instrument, found that EDS with an ESS score ≥ 11

was significantly associated with problems in physical func-

tioning, physical role, bodily pain, general health, vitality,

social functioning, and mental health (P < .001).5 More

recently, Darchia et al.6 investigated the effects of sleep disor-

ders in general on HRQoL and found that, although the study

sample size was small, participants with ESS scores ≥ 11

Figure 4—Observed utility values for patient vs partner health states.
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Figure 3—Comparison of patient and partner health state
utility values.
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scored statistically significantly lower on all components of the

12-item version of the Short Form Health Survey. The present

study’s results are consistent with those in these broader

studies.

A study that mapped patient ESS scores to EQ-5D domains

found a similar pattern in the relationship between EDS severity

and estimated utilities.32 The decline in mapped EQ-5D utilities

with increasing EDS severity as measured by ESS scores was

lower than with the present study’s TTO results, likely because

the EQ-5D, a generic utility measure, has less sensitivity to

disease-specific changes.

The results from our study show a clear relationship between

EDS state severity and utility for both patients and partners when

the TTO is performed by a representative sample of the UK gen-

eral public, hence representing societal values for the HRQoL

impact of the health states. Other studies using a similar TTO

methodology have been conducted in a representative sample of

the UK general public for a range of diseases and conditions,

although most of these are in life-threatening and rare diseases.

Hence, the mean utility estimates tend to be quite low for such

diseases with utilities estimated using TTOmethods in a UK gen-

eral public sample: such as 0.39 for a health state for a patient

with chronic lymphocytic leukemia not responding to treat-

ment,33 or 0.13–0.58 for hereditary angioedema (a potentially

life-threatening disorder caused by a genetic defect, which causes

painful episodes of swelling) attacks related to the larynx, abdo-

men, face, and hands.34 The severe EDS state in our study was

slightly higher than an estimate of 0.50 for a partial remission

state of B-precursor acute lymphoblastic leukemia in a UK gen-

eral population TTO study.35

There have been very few TTOs in a UK general population

sample that have focused on conditions that primarily impact

everyday HRQoL. One such study, a TTO exercise conducted

in 107 members of the UK general public of health states

reflecting varying durations of morning stiffness related to

rheumatoid arthritis, produced mean utility estimates of 0.78,

0.61, 0.50, and 0.45 for < 1 hour, 1–2 hours, 2–3 hours, and

�3 hours, respectively.36 Hence, the utility estimates for mod-

erate to severe EDS in our study are similar to the estimates for

between 1 and 3 hours of morning stiffness in patients with

rheumatoid arthritis using a similar TTO methodology. While

there appears to have been no similar TTO studies to compare

the partner utilities in our study with, some TTO studies have

been conducted for caregiver utilities, eg, a study in osteoarthri-

tis estimated values of 0.85, 0.76, and 0.53 for mild, moderate,

and severe osteoarthritis states, respectively,37 the values being

similar for the mild-moderate EDS states from the partner

perspective.

Despite the studies for other conditions using a similar TTO

approach in a representative UK general population, there are

caveats in making direct comparisons as there are still differ-

ences in study design and population sample characteristics, as

well as differences in the underlying conditions, that impact on

the absolute values estimated.

Utility analyses are commonly performed as part of health

economic evaluations of treatments. Utility values associated

with EDS severity health states, such as those generated in this

study, can therefore be applied in cost-effectiveness analyses in

sleep medicine to capture and quantify HRQoL improvement

as patients move from more to less severe EDS categories

with new treatments. When utility estimates are required for

more gradual differences in underlying ESS scores (vs EDS

severity categories), analyses can be supplemented with

regression-based analyses to interpolate utility estimates across

the full range of potential ESS scores. The utility values elicited

in this study also show the HRQoL impact that OSA-associated

residual EDS is estimated to have on partners of patients. This

will be an important consideration in future cost-effectiveness

studies.

A possible criticism of TTO studies conducted with the gen-

eral public is the potential for inherent bias regarding health

state descriptions and the subsequent utility elicitation process.

To support content validity, the present study initially devel-

oped its health state descriptions around the EQ-5D, but then

revised them based on feedback from patients and partners

regarding their experiences with residual EDS (obtained from

an interactive bulletin board). This process was followed to

ensure coverage of all key general health aspects that affect

HRQoL, including domains in which EDS has relatively less

impact, such as low or no impact on self-care abilities (eg,

washing, dressing), on both patient and partner heath states.

Despite this, the TTO construct applied to health states catego-

rized according to the ESS is a hypothetical and subjective

exercise, hence there is a risk of participants lacking an under-

standing of the health state descriptions or not understanding,

or being willing to engage in, the TTO exercise. This did not

appear to be a significant issue in the study but is a potential

limitation of all such TTO studies. Conducting the TTO exer-

cise as face-to-face interviews with trained interviewers is

likely to have reduced this potential limitation.

The life-year trade-off offered to participants ranged from 0

to 10 years, and utility values were bounded between 0 and 1,

meaning states worse than death (negative utility values) were

not considered. While this could be a considered a limitation,

no participants were willing to accept immediate death in best

imaginable health (0 year) to avoid 10 years in the most severe

EDS health state, suggesting that results were not sensitive to

these bounding constraints.

A further potential limitation is the grouping of health states

during the interviews. Health states were presented to partici-

pants in a random order to avoid bias, but patient and partner

states were presented separately to avoid confusing partici-

pants. Separate presentation could have influenced the results;

switching the order in a sample to present partner health states

first could clarify whether this had an impact.

Finally, some participants excluded from the final analysis

set appeared not to follow the logic of the TTO exercise to trade

off hypothetical life years and refused to fully engage in the

exercise. However, such reactions are expected in studies in the

general population, and as applicable, appropriate steps were

taken to mitigate the impact of these elements to maintain the

integrity of the analysis.

Further analyses of respondent data are planned to investi-

gate clustering by respondent. Therefore, due to a lack of multi-

plicity adjustment, the P values reported here should be

considered as nominal values.
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CONCLUSIONS

The results from this TTO study showed that the utility of both

patients and partners declined with increased severity of EDS,

highlighting the HRQoL benefits that could result from novel

treatment options for residual EDS. This is the first study in which

the impact of OSA-associated residual EDS on HRQoL and util-

ity has been estimated for partners of patients with residual EDS.

An important output of this research is that the resulting

patient and partner quality of life values, based on using the TTO

method in a sleep medicine context, can be directly used in

cost-utility analyses of treatments and interventions for OSA-

associated residual EDS that have an impact on patient-reported

outcomes such as the ESS. The utility values may also be gener-

alizable as proxy HRQoL values in similar sleep conditions asso-

ciated with EDS, such as narcolepsy. Although the study was

conducted in a UK population sample, the results should also be

generalizable to populations with similar demographic character-

istics (eg, the US population). In the United States and in other

European countries, TTO studies are needed in both patients and

partners for direct patient valuation and in members of the gen-

eral public for the societal perspective.

ABBREVIATIONS

CPAP, continuous positive airway pressure

EDS, excessive daytime sleepiness

EQ-5D, EuroQol-5 Dimension

ESS, Epworth Sleepiness Scale

HRQoL, health-related quality of life

OSA, obstructive sleep apnea

QoL, quality of life

TTO, time trade-off

VAS, visual analog scale
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