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Study Objective: We aimed to evaluate the association between patient-reported outcomes (PROs) and treatment regimen/standardized dose (STD), a
measure of drug burden, in patients with narcolepsy type 1 (NT1)/type 2 (NT2) and idiopathic hypersomnia (IH).
Methods: Patients age 18 years or older with NT1/NT2 and IH with baseline and ≥ 6-month follow-up during 2008–2010 were included. Changes in PROs (Epworth
Sleepiness Scale [ESS], Fatigue Severity Scale [FSS], Patient Health Questionnaire 9 [PHQ-9], total sleep time [TST]) by diagnosis, treatment regimen (monotherapy
versuspolytherapy, sodiumoxybate [SO]use), andSTDwereassessedby t tests and univariable/multivariable linear regressions, adjusting for patient characteristics.
Results: A total of 92 patients (26 [28.3%] NT1, 27 [29.3%] NT2, 39 [42.4%] IH) were included (age 43.8 ± 14.8 years; 66 [71.7%] female). Baseline PROs
suggested excessive daytime sleepiness (ESS 14.2 ± 5.2 [74% patients > 10]), significant fatigue (FSS 47.5 ± 12.9), and mild depression (PHQ-9 9.0 [4.0, 14.0]
[49.4% ≥ 10]). At follow-up, ESS and PHQ-9 improved significantly overall and within diagnostic, monotherapy/polytherapy, and SO use groups (all P <.01). FSS
improved significantly overall (P = .016), but improvements were not significant for IH, monotherapy, polytherapy, and non-SO using groups. In multivariable
models, PRO changes were not significantly different between groups, but baseline STDwas associated with worsening PHQ-9 across PHQ-9 changemodels, and
ESS worsened with increasing STD at follow-up (P = .056).
Conclusions:Significant improvements in sleep-related PROswere seenwith pharmacotherapy use, regardless of diagnosis or treatment type, highlighting the
importance of individualized prescribing decisions for this population.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: There are limited data on real-world longitudinal outcomes in patients with narcolepsy or idiopathic hypersomnia
(IH), who take pharmacotherapies alone or in combination. With new pharmacotherapeutic options for narcolepsy and IH emerging, studies exploring
outcomes in real-world settings are needed to inform optimal clinical care.
Study Impact: This is the first-ever real-world central nervous system hypersomnolence cohort study exploring the effects of various pharmacotherapies
with dose burden analyses on sleep-related patient-reported outcomes. This study expands existing clinical knowledge and provides a basis for future
investigations of functional outcomes in patients with disorders of central nervous system hypersomnolence.

INTRODUCTION

Narcolepsy type 1 (NT1), narcolepsy type 2 (NT2), and idio-
pathic hypersomnia (IH) are central nervous system (CNS)
disorders of hypersomnolence seen in 0.05% to 0.1% of
the population.1,2 Pharmacotherapy is the cornerstone of
treatment, aimed at symptom management.2,3 Current
pharmacotherapeutic options include traditional CNS stimu-
lants, wakefulness-promoting agents, and sedative hypnotics
(such as sodium oxybate [SO]), all defined and approved by
the US Food and Drug Administration (FDA) to treat exces-
sive daytime sleepiness (EDS),4,5 the most common complaint
with the greatest effect on quality of life in patients with central
disorders of hypersomnolence.6 Despite available treatments,
EDS is insufficiently improved in most patients.3,7,8 In addi-
tion, pharmacotherapy may be associated with adverse effects,
including depression.5,6,9–11

There are limited data on real-world (clinically based and
generalizable) longitudinal outcomes in patients with narcolepsy
or IH, who use pharmacotherapy alone or in combination.6,12

Available treatment recommendations are based on random-
ized controlled trials that may not be generalizable to larger
populations.13 We aimed to evaluate the effectiveness of
pharmacotherapy for NT1, NT2, and IH on sleep-related pa-
tient-reported outcomes (PROs), including daytime sleepiness,
fatigue, depression, and total sleep time (TST).

METHODS

Study Design
This is a retrospective, observational study investigating the
effects of pharmacotherapy for narcolepsy and IH on PROs in
patients treated at the Cleveland Clinic Sleep Disorders Center
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between 2008 and 2010. Patient data were collected at two time
points, a baseline visit (the initial sleep center visit) and a follow-
up visit at least 6 months later (closest to 6 months but not
exceeding 24 months) allowing ample time and opportunity
to impact patient outcomes. Inclusion criteria were: (1) age
18 years or older; (2) diagnosis of NT1, NT2, or IH, as defined
by the International Classification of Sleep Disorders, Second
Edition14; and (3) documented use of pharmacotherapy at
follow-up.

Data Collection
Demographic data were collected from electronic medical
records (Epic SystemsCorporation,Verona,Wisconsin,USA)
and PRO data were collected from the Cleveland Clinic
Knowledge Program (KP) database, an electronic platform for
systematic PRO data collection. Demographic data included
age, sex, diagnosis (NT1, NT2, or IH), comorbid disorders,
and pharmacotherapy. Pharmacotherapy was classified by
drug type, number, and amount. Drug type was classified as
stimulants (eg, amphetamines), wake-promoting agents
(eg, modafinil), and SO. Drug number was either no therapy
(baseline only), monotherapy, or polytherapy. Drug amount
was based onWorldHealthOrganization (WHO) standardized
dose (STD) classifications,15 a novel approach to drug burden
assessment.AnSTDof 1.0 is the averagemonotherapy dose of a
medication in adults; a patient taking twice the average daily
dose of a single medication or the average daily doses of two
medications would have an STD of approximately 2.0.

PRO data included the Epworth Sleepiness Scale (ESS),
Fatigue Severity Scale (FSS), Patient Health Questionnaire 9
(PHQ-9), and TST. The ESS is a self-administered, validated,
eight-item survey that measures self-reported daytime sleepi-
ness in different scenarios.A total score greater than 10 suggests
EDS, with reduction to 10 or below indicating normalization.16

Although there is currently some debate among sleep re-
searchers as to the validity of using 10 points as the cutoff point
for EDS using the ESS,17 we used this cutoff point as it was
validated by the original normative data manuscript on the
validity of the ESS and is the most widely accepted cutoff point
by clinicians at this time. The FSS is a validated, nine-item
survey for evaluating fatigue. Each question is rated on a Likert-
type scale and a total score of 36 or higher suggests significant
fatigue.18 The PHQ-9 is a self-administered, validated, nine-
item survey used as a diagnostic and severity measure for de-
pression.Derived from the full PHQ, eachof the nineDiagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
criteria for depression is scored from “0” (not at all) to “3”
(nearly every day), for a total possible score of 27. These criteria
include items such as “feeling down, depressed, or hopeless,”
“feeling tired or having little energy,” and “feeling bad about
yourself or that you are a failure or have let yourself or your
family down,” among others. A score of 20 to 27 is indicative
of severe depressive symptoms, 15 to 19 moderately severe,
10 to 14 moderate, 5 to 9 mild, and 0 to 4 none/minimal de-
pressive symptoms; a change of 5 points is considered a clin-
ically significant difference.19,20 Self-reported TST in hours
was recorded to the nearest half hour based on the previous
two weeks.

Statistical Analysis
Categorical factors were summarized using frequencies and
percentages and compared between diagnosis and pharmaco-
therapy groups using Pearson chi-square tests or Fisher exact
tests for nominal factors and Kruskal-Wallis tests for ordered
factors. Normality of continuous measures was evaluated
graphically and using the Shapiro-Wilk test.Normal continuous
measures were summarized using means and standard de-
viations and compared between groups using analysis of var-
iance models, whereas non-normal measures were summarized
with medians and quartiles and compared between groups with
Kruskal-Wallis tests. Within-group changes in PROs were
evaluated using paired t tests. Separate multivariable linear
regression models were fit to evaluate changes in each PRO
with primary predictors of diagnosis group, SO treatment (in
place of pharmacotherapy type, due to low count number for
some types), pharmacotherapy number (monotherapy versus
polytherapy), and STD individually. Models adjusted for
the baseline outcome measure, as well as patient characteristics
that differed between groups analyzed. Analyses were per-
formed using SAS software (version 9.4; Cary, North Carolina,
USA) and assumed a significance level of 0.05.

RESULTS

Sample Characteristics
A total of 92 patients (age 43.8±14.8 years, 72.7% female)were
included (Figure 1). Table 1 shows the baseline sample
characteristics stratified by diagnostic group (26 [28.3%] NT1,
27 [29.3%] NT2, 39 [42.4%] IH). Overall, half had sleep-
disordered breathing and nearly a third had depression.
Mean ESS, FSS, and PHQ-9 scores were suggestive of EDS,
significant fatigue, and mild depression. Most patients used
pharmacotherapy prior to the baseline visit, with most of them
having used monotherapy at an average STD. Traditional
stimulants were most common (47.8% of patients), followed by
no pharmacotherapy (30.4%) and wake-promoting agents
(28.3%). No patients used SO at baseline. Between diagnostic
groups, there were no demographic differences, but those with
IH were more likely to have sleep-disordered breathing, those
with NT1 had higher baseline ESS, those with NT1 were more
likely than those with IH to have had previous treatment, and
those with NT1 had significantly higher baseline STD than
those with IH (2.3 versus 0.33).

Whole Cohort and Diagnostic Group Outcomes
Change in PROs for the whole cohort with stratification by
diagnosis are shown in Figure 2. All PROs improved from
baseline to follow-up, but EDS (ESS 10.6), fatigue (FSS 44.3),
and mild depression (baseline median PHQ-9 of 9.0 reduced
by mean change of 2.7) persisted. TST was reduced in the
whole cohort from 7.5 ± 2.3 hours to 7.1 ± 1.2 hours (P = .02).
Within diagnostic groups, all PRO improvements were sig-
nificant with the exception of FSS (significant only for nar-
colepsy; P = .014) and TST (not significant for either alone; IH
P = .16 and narcolepsy P = .06). Three-level analyses showed
comparable results: ESS change was significant for IH, NT1,
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Figure 1—Patient flowchart including 92 patients, including 59 on monotherapy and 5 on polytherapy at baseline.

At follow-up, all patients used pharmacotherapy, including 58 on monotherapy and 34 on polytherapy.

Table 1—Baseline sample characteristics: overall and by diagnostic group.

Total (n = 92) NT1 (n = 27) NT2 (n = 26) IH (n = 39)
P

n Statistics n Statistics n Statistics n Statistics

Demographics

Male sex 92 26 (28.3) 27 4 (14.8) 26 7 (26.9) 39 15 (38.5) .11 a

Age, years 92 43.8 ± 14.8 27 42.9 ± 13.5 26 40.1 ± 17.0 39 46.9 ± 13.9 .18 b

Comorbid disorders

SDB 92 46 (50.0) 27 7 (25.9) * 26 10 (38.5) * 39 29 (74.4) † ‡ < .001 a

Insomnia 92 3 (3.3) 27 0 (0.0) 26 1 (3.8) 39 2 (5.1) 0.62 c

RLS 92 9 (9.8) 27 1 (3.7) 26 4 (15.4) 39 4 (10.3) .370 c

Depression 92 29 (31.5) 27 6 (22.2) 26 9 (34.6) 39 14 (35.9) .460 a

Anxiety 92 15 (16.3) 27 4 (14.8) 26 2 (7.7) 39 9 (23.1) .250 a

PROs

ESS 92 14.2 ± 5.2 27 16.3 ± 4.5 26 13.4 ± 5.8 39 13.3 ± 5.0 .043 b

ESS > 10 92 68 (73.9) 27 25 (92.6) * ‡ 26 17 (65.4) † 39 26 (66.7) † .031 a

FSS 91 47.5 ± 12.9 27 49.7 ± 9.1 26 45.9 ± 14.7 38 46.9 ± 13.9 .530 b

FSS ≥ 36 91 80 (87.9) 27 26 (96.3) 26 21 (80.8) 38 33 (86.8) .240 c

PHQ-9 77 9.0 [4.0, 14.0] 20 9.5 [5.0, 14.5] 21 7.0 [2.0, 12.0] 36 10.0 [5.0, 14.0] .340 d

PHQ-9 ≥ 10 77 38 (49.4) 20 10 (50.0) 21 7 (33.3) 36 21 (58.3) .190 a

TST, hours 92 7.5 ± 2.3 27 7.3 ± 1.8 26 8.1 ± 1.8 39 7.3 ± 2.7 .290 b

Pharmacotherapy

Previous treatment 92 64 (69.6) 27 23 (85.2) * 26 19 (73.1) 39 22 (56.4) † .040 a

Medication use 92 27 26 39 .024 d

None 28 (30.4) 4 (14.8) * 7 (26.9) 17 (43.6) †

Monotherapy 59 (64.1) 20 (74.1) 18 (69.2) 21 (53.8)

Polytherapy 5 (5.4) 3 (11.1) 1 (3.8) 1 (2.6)

STD 92 1.0 [0.0, 2.5] 27 2.3 [0.7, 5.0] * 26 1.3 [0.0, 2.7] 39 0.3 [0.0, 1.3] † < .001 d

Statistics presented asmean±standard deviation,median [P25, P75],median (min,max) or n (column%). A significance level of 0.017was used for pairwise ad
hoc comparisons. * Significantly different from IH. † Significantly different from NT1. ‡ Significantly different from NT2. a Pearson chi-square test. b Analysis of
variance. c Fisher exact test. d Kruskal-Wallis test. ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, IH = idiopathic hypersomnia, NT1 =
narcolepsy type 1, NT2 = narcolepsy type 2, PHQ-9 = Patient Health Questionnaire-9, RLS = restless legs syndrome, SDB = sleep-disordered breathing, STD =
standardized dose, TST = total sleep time.
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andNT2 (P < .001,P< .001, andP= .002, respectively); PHQ-9
changewas significant forNT2 (P= .025) and IH (P< .001); FSS
and TST change were not significant for any subgroup alone.

Analyses by Pharmacotherapy Type
Outcomes by SO usage are shown in Table 2. ESS and PHQ-9
improvements were seen in both SO and no SO groups. Al-
though the difference in ESS score change between groups was
numerically different (−2.79 for no SOversus−5.23 for SO) and
significantly different in univariate analyses, after adjusting for
covariates, ESS change was not different between groups (see
multivariable analyses in the next paragraphs). Those who used
SO saw a significant reduction in FSS scores and TST decreased
by almost 1 hour, whereas changeswere not significant for these
measures in the group not using SO.

Patients who used SO were different from those who did not
useSO in several domains. ThosewhousedSOweremore likely
to have narcolepsy (97% versus 39%, P < .001), higher base-
line ESS (16 versus 13, P = .012), higher STD (2.5 versus 0.67,
P < .001), and previous treatment (87% versus 61%, P = .013),
and less likely to have SDB (33.3% versus 58.1%, P = .026).

Analyses by Pharmacotherapy Number
PRO change by follow-up pharmacotherapy number are re-
ported in Table 3. Both monotherapy and polytherapy groups
saw statistically significant improvements in daytime sleepi-
ness and depressive symptoms. Although ESS improvements
were substantial and comparable between groups (decrease of
3.07 from 13.3 versus decrease of 4.47 from 15.7 in mono-
therapy and polytherapy, respectively), the mean ESS did not

Figure 2—Change in patient-reported outcomes overall and by diagnosis group.

Shown are patient-reported outcome changes (mean ± standard deviation) for the entire cohort and diagnostic groups (IH and narcolepsy). All changes were
significant with the exception of FSS for IH. CI = confidence interval, ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, IH = idiopathic
hypersomnia, PHQ-9 = Patient Health Questionnaire-9.

Table 2—Patient-related outcomes changes by SO use at follow-up.

Factor Group n Mean SD P

ESS No SO 62 −2.79 4.26 < .001

SO 30 −5.23 6.25 < .001

FSS No SO 59 −1.69 11.65 .270

SO 30 −6.27 13.44 .016

PHQ-9 No SO 53 −2.19 4.93 .002

SO 21 −4.00 5.68 .004

TST No SO 61 −0.23 2.00 .370

SO 30 −0.97 1.61 .003

ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, PHQ-9 = Patient Health Questionnaire-9, SD = standard deviation, SO = sodium oxybate,
TST = total sleep time.
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normalize (< 10) for either group. Those on polytherapy saw a
clinically significant decrease in PHQ-9 (mean reduction of
3.5 from median 11.0), reducing the average severity of de-
pressive symptoms from moderate to mild. Only the poly-
therapy group saw a significant reduction in TST. PRO
change was not significantly different between monotherapy
and polytherapy groups.

Groups who used monotherapy and polytherapy at follow-
up were different at baseline in several domains. The mono-
therapy group at follow-upweremore likely to use no therapy at
baseline (39.7%versus 14.7%;P= .012) and have a diagnosis of
IH (56.9% versus 17.6%; P < .001), whereas those who used
polytherapy had a higher mean ESS at baseline (15.7 versus
13.3, P = .029) and had a higher baseline STD (2.4 [1.2, 2.7]
versus 0.67 [0.0, 1.3]; P < .001).

Analyses by Pharmacotherapy Standardized Dose
Follow-up STD was significantly different between base-
line pharmacotherapy number groups: those who did not
use pharmacotherapy at baseline had a median STD of 0.95 at
follow-up, whereas STD for monotherapy and polytherapy
groups was 2.17 and 2.83 at follow-up, respectively (P < .001).
Those with narcolepsy (NT1 or NT2) had significantly higher
STD than IH at baseline (median 1.3 versus 0.33) and at follow-
up (median 2.33 versus 1.33). Baseline STDwas also predictive
of follow-up STD (P< .001). Overall, median STD increased by
0.67 (0.0, 1.3).

Multivariable Analyses
Multivariable analyses exploring change in ESS and PHQ-9
considering SO use, pharmacotherapy number, STD, and
covariates are shown in Table 4 (multivariable analyses ex-
ploring change in FSS and TST can be found in Table S1 in the
supplemental material). For all PROs, baseline values of the
measured PRO were significant predictors of change for that
PRO (P< .001 for all). For ESS, after adjusting for baselineESS,
baselineSTD, and follow-up time, ESSchangewas not different
between SO groups in multivariable models, but ESS increased
by 0.58 points for each 1-unit increase in STD at follow-up
(P = .056). Given that this was an unexpected trend, we ran
several STD change models with ESS parameters as primary
predictors of STD change. From these models we saw that after

adjusting for baseline STD and follow-up time, STD increased
by 0.06 per baseline ESS point (P = .034), by 0.09 per follow-up
ESSpoint (P= .007), and by0.07 for each 1point increase inESS
over time when modeled with baseline ESS (P = .056). Overall,
those with higher ESS scores at either baseline or follow-up
were more likely to show greater STD increase over time.

For PHQ-9, considering diagnosis group, SO use, and
pharmacotherapy number, greater baseline STDwas associated
with worsening depressive symptoms. In TST models, a di-
agnosis of NT1 was associated with decreased TST (−0.84
hours, 95% confidence interval −1.47 to −0.21, P = .009). No
significant associations were observed for FSS apart from as-
sociations with baseline values.

DISCUSSION

This is the first ever real-world CNS hypersomnolence cohort
study exploring the effects of various pharmacotherapies
with dose burden analyses on sleep-related PROs. We noted
the following results: (1) significant, comparable improvements
were found inESS, FSS andPHQ-9 scores in patientswithNT1,
NT2, and IH, but symptoms persisted in all groups; (2) sig-
nificant, comparable improvements were found in ESS, FSS,
and PHQ-9 in monotherapy and polytherapy groups, but those
on polytherapy also saw a reduction in TST; (3) an association
was found between SO and reduced FSS scores and decreased
TST but not ESS or PHQ-9, although scores numerically im-
proved; (4) there was a lack of association between higher STD
and improved outcomes, with greater baseline STD associated
with worsening depressive symptoms; and (5) there was a
relationship between high baseline and/or follow-up ESS and
increasing STD, with a nonsignificant trend between higher
STD and worsening ESS.

Our results are consistent with other studies which suggest
that, on average, pharmacotherapy reduces self-reported
sleep propensity in patients with narcolepsy and those
with IH.21,22 Similar to prior studies, ESS reduced by an average
of 3 to 4 points, but we did not see ESS normalization, with
mixed reports of normalization in the existing literature.23–25

Further, we found no significant differences in PRO change
betweenNT1, NT2 and IH groups or betweenmonotherapy and

Table 3—Patient-related outcomes changes by pharmacotherapy type at follow-up.

Factor Group n Mean SD P

ESS Monotherapy 58 −3.07 3.94 < .001

Polytherapy 34 −4.47 6.59 < .001

FSS Monotherapy 55 −2.33 11.07 .120

Polytherapy 34 −4.71 14.34 .064

PHQ-9 Monotherapy 50 −2.32 4.82 .001

Polytherapy 24 −3.50 5.90 .008

TST Monotherapy 57 −0.40 2.07 .150

Polytherapy 34 −0.59 1.62 .041

ESS = Epworth Sleepiness Scale, FSS = Fatigue Severity Scale, PHQ-9 = Patient Health Questionnaire-9, SD = standard deviation, TST = total sleep time.
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polytherapy groups other than decreased TST in NT1 and
polytherapy. ESS change values were comparable, but base-
line and follow-up values between diagnostic groups were
noticeably different, following a predictable pattern with more
severe symptoms in NT1and less in IH.23 Significant fatigue in
patients with CNS hypersomnolence has also been reported in
prior studies,26 but to our knowledge, ours is the first to eval-
uate FSS outcomes across NT1, NT2, and IH patient groups.
Depressive symptoms are common as well in CNS hyper-
somnias at similar rates to those seen in our study,27,28

but most use other scales for depression. To our knowl-
edge, ours is the first to evaluate PHQ-9 outcomes in a CNS
hypersomnolence population.

Although all diagnostic groups saw improvements in PROs,
our data indicate that the average patient did not experience
complete remittance of EDS, fatigue, or depressive symp-
toms. These data suggest that in a real-world, clinical setting,
symptoms persist after 6 to 24 months of treatment. Impor-
tantly, we chose a follow-up duration that could not be con-
firmed to be optimal therapeutically either by patients or
providers given the retrospective nature of our study. Further,
prospective studies of treatment optimization and patient re-
ported outcomes are needed.

Although many studies have investigated SO, our study is
one of few to describe changes in PROs by SO use in a real-
world setting for both narcolepsy and IH. A previous chart
review presented similar ESS improvements in IH and NT1
groups (−3.5 ± 4.5 versus −3.2 ± 4.2), but did not evaluate
patients with NT2.29 In our study, SO was associated with re-
duction in fatigue severity and TST in addition to the im-
provements inEDSas established in the literature.30,31Given the
prevalence of fatigue in NT1,32,33 this may represent an addi-
tional benefit of SO. The reduction in TST may be explained by
an improvement in sleep consolidation, which may shorten
overall nighttime sleep duration.29 However, it should be noted
that significantly more SO users had stimulant use as well
compared to SO nonusers (P < .01 at baseline and follow-up),
which may limit our ability to associate SO use with PRO
improvements. Although we did not find greater improvement
in EDS with SO as observed in up to 60% of patients (versus
other therapies) in other studies,34 our sample size was limited.
Additionally, given that the mean STD for SO users was 2.8,
these patients may bemore refractory to treatment. Even though
this and other studies have shown improvements in PROs in-
cluding depressive indices, clinical trials indicate a depression
incidence of 7% in patients using SO that can develop rapidly

Table 4—Key findings from multivariable Epworth Sleepiness Scale and Patient Health Questionnaire-9 change models.

PRO Model Primary Model Parameter Individual Parameter
Univariable Multivariable

Effect (95% CI) P Effect (95% CI) P

ESS (n = 92) Disease type (2 levels) Narcolepsy −1.11 (−3.24, 1.03) .31 0.35 (−1.75, 2.46) .74

ESS: baseline −0.59 (−0.75, −0.43) < .001 −0.58 (−0.75, −0.42) < .001

STD: baseline 0.08 (−0.52, 0.69) .78 0.21 (−0.43, 0.85) .51

SO use SO use −2.44 (−4.65, −0.24) .030 −0.78 (−2.86, 1.30) .46

ESS: baseline −0.59 (−0.75, −0.43) < .001 −0.56 (−0.73, −0.39) < .001

STD: baseline 0.08 (−0.52, 0.69) .78 0.33 (−0.30, 0.95) .30

Follow-up pharmacotherapy
number

Follow-up: polytherapy −1.40 (−3.58, 0.78) .20 0.04 (−2.04, 2.12) .97

ESS: baseline −0.59 (−0.75, −0.43) < .001 −0.58 (−0.75, −0.41) < .001

STD: baseline 0.08 (−0.52, 0.69) .78 0.26 (−0.40, 0.92) .43

Follow-up STD STD: difference −0.04 (−0.67, 0.59) .90 0.58 (−0.01, 1.16) .056

ESS: baseline −0.59 (−0.75, −0.43) < .001 −0.62 (−0.78, −0.45) < .001

STD: baseline 0.08 (−0.52, 0.69) .78 0.44 (−0.13, 1.00) .13

PHQ-9 (n = 74) Disease type (2 levels) Narcolepsy 0.44 (−1.98, 2.86) .72 −0.41 (−2.84, 2.03) .74

PHQ-9: baseline −0.43 (−0.59, −0.27) < .001 −0.45 (−0.61, −0.29) < .001

STD: baseline 0.50 (−0.16, 1.16) .14 0.77 (0.03, 1.50) .041

SO use SO use −1.81 (−4.46, 0.84) .18 −2.22 (−4.87, 0.44) .100

PHQ-9: baseline −0.43 (−0.59, −0.27) < .001 −0.42 (−0.58, −0.26) < .001

STD: baseline 0.50 (−0.16, 1.16) .14 1.00 (0.26, 1.74) .009

Follow-up pharmacotherapy
number

Follow-up: polytherapy −1.18 (−3.75, 1.39) .36 −1.49 (−4.27, 1.29) .29

PHQ-9: baseline −0.43 (−0.59, −0.27) < .001 −0.43 (−0.59, −0.26) < .001

STD: baseline 0.50 (−0.16, 1.16) .14 0.97 (0.19, 1.76) .015

Follow-up STD STD: difference −0.28 (−0.95, 0.39) .41 0.03 (−0.63, 0.70) .92

PHQ-9: baseline −0.43 (−0.59, −0.27) < .001 −0.43 (−0.59, −0.27) < .001

STD: baseline 0.50 (−0.16, 1.16) .14 0.49 (−0.18, 1.16) .15

CI = confidence interval, ESS = Epworth Sleepiness Scale, PHQ-9 = Patient Health Questionnaire-9, PRO = patient-reported outcome, SO = sodium oxybate,
STD = standardized dose.
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insomecases.35As such, current recommendations include close
monitoring for depressive symptoms during SO titration.36,37

Our study is also the first to use the WHO STD to evaluate
drug burden as it relates to PROs in patients with narcolepsy
and IH. A recent study assessing complications with high-dose
stimulant therapy in patients with IH and those with narcolepsy
found that higher baseline drug burden correlated with worse
depressive symptoms.38 Our results extend this observation by
showing that more symptomatic patients have higher STDs,
raising the possibility that the relationship between drug bur-
den and worsening depression is modulated by disease sever-
ity. Together, these findings and the known prevalence of
depression in patients with CNS hypersomnolence disor-
ders support routine screening for depressive symptoms in
this population.6,23,39,40

Additionally, although our data do not allow us to determine
the directionality of the relationships betweenESS and STD,we
found significant relationships between high baseline and
follow-up EDS (measured by ESS) and increasing STD, as well
as a nonsignificant but clinically interesting trend for increasing
STD associated with worsening EDS. Although it is not unex-
pected that patients with greater sleepiness at either time point
would be prescribed more medications, our findings suggest
that thosewith greater sleepinessmaymore often be prescribed
additional medications or higher doses rather than have their
overall drug burden maintained while switching medications.
These findings might also suggest the potential presence of a
ceiling effect for ESS improvement, whereby additional
STD may have no effect or worsen EDS. Such a relationship
would not be unprecedented, as other studies evaluating
specific medications, including zolpidem and sulpiride,41,42

have shown unexpected or even “paradoxical” relationships
with sleep propensity and theta EEG activity, attributed to loss
of receptor specificity, pharmacokinetic factors, and pre-
synaptic versus postsynaptic receptor sensitivity. Future re-
search should evaluate further the directional relationships
between sleepiness anddrugburden, aswell as evaluate the risks
of high STD in patients with CNS hypersomnolence.

Our study was strengthened by the use of an electronic
platform for PRO data collection at every visit that allowed by
repeated measures and their correlation with pharmacotherapy
dose over time. Further, we believe our findings can be gen-
eralized to other real-world settings. Although we saw the in-
clusion of more women than men and higher rates of comorbid
sleep- disordered breathing in patients with IH, narcolepsy is
more prevalent in women43 and rates of sleep-disordered
breathing were consistent with previous reports.2,44–46 These
consistencies suggest that our population was representative of
the broader clinical population.

Our study has several limitations, including the retrospective
nature of data collection, the inability to measure medication
compliance, the inability to determine directionality of several
observed associations, and the inability to confirm optimi-
zation of conservative management (such as sleep hygiene)
and pharmacotherapy. Given the real-world nature of this
study, follow-up duration was not consistent between all
patients. However, we did analyze the effect of follow-up
duration on PROs and found it not to be a significant predictor

of our outcomes, indicating that the effect of follow-up du-
ration was so little as to be undetectable. Also, given that the
ESS andMSLTdo not necessarilymeasure the same parameter
of sleepiness,47 and we did not study objective sleepiness
measures, our study does not provide a comprehensive analysis
of pharmacotherapy effectiveness. Further, we did not have
consistent and reliable data regarding socioeconomic status and
adverse effects, which would have contributed to a greater
understanding of the effectiveness of medical therapies in
this population.

Given the impending availability of new therapies for nar-
colepsy in the United States, this study expands existing
knowledge and provides a basis for future investigations of
functional outcomes in patients with disorders of CNS
hypersomnolence. Overall, substantial improvements in sleep-
related PROs are achievable with various pharmacotherapies
that appear to be independent of diagnosis and number of
agents used, highlighting the importance ofmedication dosage
considerations and individualized prescribing decisions for
this population.

ABBREVIATIONS

CNS, central nervous system
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
FDA, United States Food and Drug Administration
FSS, Fatigue Severity Scale
IH, idiopathic hypersomnia
NT1, narcolepsy type 1
NT2, narcolepsy type 2
PHQ-9, Patient Health Questionnaire 9
PRO, patient-reported outcome
SO, sodium oxybate
STD, standardized dose
TST, total sleep time
WHO, World Health Organization
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