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Abstract
Study Objectives: To systematically determine subjective and objective outcome measures used to measure the efficacy of narcolepsy interventions in randomized 

controlled trials (RCTs) in adults and children and assess psychometric properties of patient-reported outcome measures (PROMs) used.

Methods: We searched bibliographical databases and clinical trial registries for narcolepsy RCTs and extracted objective and subjective outcome measures. If PROMs 

were used, we searched for psychometric studies conducted in a narcolepsy population using bibliographical databases and appraised using Consensus-based 

Standards for the Selection of Health Measurement Instruments (COSMIN) guidelines.

Results: In total, 80 different outcome measures were used across 100 RCTs. Epworth Sleepiness Scale (ESS) (n = 49) and Maintenance of Wakefulness Test (n = 47) 

were the most frequently used outcome measures. We found 19 validation studies of 10 PROMs in narcolepsy populations. There was limited evidence for validity or 

responsiveness of the ESS; yet sufficient reliability (pooled ICC: 0.81–0.87). Narcolepsy Severity Scale (NSS) had sufficient reliability (pooled ICC: 0.71–0.92) and both 

adult and pediatric versions had sufficient discriminant validity (treated/untreated). Content validity was only evaluated in pediatric populations for ESS-CHAD and 

NSS-P and rated inconclusive. Quality of evidence of the psychometric studies for all scales ranged from very low to low.

Conclusions: Although recognized by regulatory bodies and widely used as primary outcome measures in trials, there is surprisingly little evidence for the validity, 

reliability, and responsiveness of PROMs frequently used to assess treatment efficacy in narcolepsy. The field needs to establish patient-centered minimal clinically 

important differences for the PROMs used in these trials.
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Statement of Significance

This is the first systematic review that explores both the outcome measures used in randomized controlled trials (RCTs) of people with nar-
colepsy and the psychometric properties of frequently used patient-reported outcome measures (PROMs). Narcolepsy interventions focus 
exclusively on treating symptoms; thus, knowing what outcome measures are used in efficacy studies is important if patients’ expectation 
of treatment is to be met. Patient-reported outcome measures are frequently used in narcolepsy RCTs; however, there is limited evidence 
showing their appropriateness for use (i.e. validity, reliability, responsiveness). Furthermore, psychometric studies on existing PROMs or the 
development of ones that are narcolepsy-specific are needed before we can be confident that interventions are efficacious.
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Introduction

Five symptoms characterize narcolepsy: excessive daytime 
sleepiness (EDS), cataplexy, hypnogogic/hypnopompic hallu-
cinations, sleep paralysis, and disrupted nocturnal sleep [1]. 
The presence of cataplexy (sudden loss of skeletal muscle tone 
triggered by a strong emotion such as laughter) differentiates 
between the two subtypes of narcolepsy: narcolepsy with cata-
plexy—narcolepsy type 1 (N1); and narcolepsy without cata-
plexy—narcolepsy type 2 (N2) [2]. The most common approach 
to treating narcolepsy is pharmacological intervention, with 
current medications focused entirely on treating symptoms 
[3]. Nevertheless, those with narcolepsy continue to experi-
ence negative impacts on quality of life and daily function from 
symptoms, despite receiving standard treatment [3, 4].

Randomized controlled trials (RCTs) are the gold standard for 
establishing treatment efficacy [5]. Choosing outcome measures 
that accurately capture symptoms of narcolepsy is important 
not only to interpret the effects of treatment correctly but also 
to ensure the results are valuable to clinicians, people with nar-
colepsy, and other decision makers [6]. Outcome measures are 
generally categorized as either objective or subjective. Objective 
measures are quantifiable and independent of an individual’s 
opinion or experience (e.g. Maintenance of Wakefulness Test 
[MWT]), whereas subjective measures are based on personal 
experience (e.g. Epworth Sleepiness Scale [ESS]). An important 
subset of subjective measures are patient-reported outcome 
measures (PROMs). These are typically short, easy-to-answer 
questionnaires completed by patients and are designed to cap-
ture the patient experience of specific concepts/constructs such 
as symptoms and the impact of a health condition in a way that 
is considered meaningful to patients.

The ESS has been used as the primary endpoint for EDS in 
efficacy trials and is considered sufficient evidence for regula-
tory approval of narcolepsy treatments [7–9]. PROMs are often 
created to measure complex and often unobservable constructs 
based on individual perspectives. Care must be taken to ensure 
a PROM actually measures the construct of interest, particu-
larly if used in another population or for a different purpose 
than the one it was designed for [10]. The FDA has published 
guidelines on PROM use in therapeutic development, requiring 
evidence of the validity of PROMs to support medical product 
labelling claims [11]. Documented characteristics of the PROM 
are required (e.g. the number of items, and the population for in-
tended use), including evidence showing its adequacy in terms 
of measurement properties, commonly referred to as psycho-
metric properties (e.g. content validity, internal consistency). 
A PROMs usefulness can be determined by assessing its validity 
(i.e. the construct the PROM purports to measure is truly what 
is being measured), reliability (i.e. the PROM is free from meas-
urement error), and responsiveness (i.e. the PROM is able to de-
tect meaningful change) [12]. The Consensus-based Standards 
for the selection of health Measurement Instruments (COSMIN) 
guidelines provide uniform terminology of psychometric prop-
erties and standards/criteria by which psychometric properties 
of a PROM can be assessed [10].

The importance of showing adequate content validity of a 
PROM is stressed by the FDA, EMA, and COSMIN over other psy-
chometric properties [11, 12]. Content validity is “the degree to 
which the content of an instrument is an adequate reflection 
of the construct to be measured” [10]. Using a PROM in another 

population than the one it was designed for and validated in 
requires evidence that the two populations’ perception of the 
construct being measured is the same. Individual questions 
that make up a PROM need to be relevant to the specific con-
struct that is being measured (specific to each population and 
context of use) and comprehensive enough that the PROM thor-
oughly reflects a respondent’s perception of the construct [10]. 
Conversely, insufficient content validity can affect how other 
psychometric properties are interpreted [10]. For example, while 
a high Cronbach’s α demonstrates high internal consistency, it 
does not guarantee that the construct of interest is accurately 
captured or that all-important concepts are included. Similarly, 
high test–retest reliability or high responsiveness does not guar-
antee construct validity [10].

Our aim was to evaluate the extent to which PROMs are used 
in RCTs to measure treatment success in a narcolepsy popu-
lation and the adequacy of the PROMs used in a two-staged 
systematic review:

Stage 1: To identify the objective and subjective outcome 
measures used to measure narcolepsy treatment in RCTs 
involving adults and children.

Stage 2: To evaluate the published evidence of psychometric 
properties of PROMs frequently used in narcolepsy RCTs.

Methods

This two-stage systematic review was prospectively registered 
with the PROSPERO International Prospective Register of 
Systematic Reviews (CRD42020209827) and followed the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines and checklist [13]. This review 
also utilized the COSMIN initiatives guidelines for conducting a 
systematic review of PROMs in a target population [10, 14]. This 
includes guidance on searching for studies of each measure-
ment property of PROMs and criteria by which the methodo-
logical quality of each study and the results are assessed.

Stage 1: To identify the objective and subjective outcome 
measures used to measure narcolepsy treatment in RCTs 
involving adults and children

Eligibility criteria Publications and clinical trial protocols 
describing RCTs investigating the efficacy of treatment inter-
vention in people with narcolepsy were eligible for review. 
Participants of eligible studies were either adults or children 
diagnosed with narcolepsy (either type 1 or 2) using either the 
International Classification of Sleep Disorders (ICSD) or the 
Diagnostic and Statistical Manual of Mental Disorders 5th edi-
tion (DSM-5). No criteria were placed on the type of intervention 
used in RCTs, nor was any restriction placed on the date of pub-
lication. Publications or protocols written in a language other 
than English were excluded. If a publication cited a clinical trial 
protocol, the publication was excluded in favor of the clinical 
trial protocol.

Information sources and search strategy Medline (Ovid), Embase 
(Ovid), PsycINFO (Ovid), CINAHL, and Scopus and clinical trial 
registries (www.clinicaltrials.gov, www.clinicaltrialsregister.eu, 
and www.anzctr.org.au) were searched on the 24th of May 2022. 
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The search strategy for published RCTs combined a Cochrane 
filter used to identify RCTs (sensitivity-maximizing version) 
and keywords/MeSH terms specific to narcolepsy [15]. Clinical 
trial records were searched for intervention studies that in-
volved narcolepsy or cataplexy-specific populations. Our search 
strategy can be found in Supplementary A.

Study selection Title, abstract, and full-text screening of eli-
gible articles were independently performed by two reviewers 
(A.S. and D.N.) using Covidence, an online systematic review tool 
[16]. Disagreements were discussed among reviewers, and con-
sensus was reached, with a third reviewer (N.G.) adjudicating. 
Studies with both a Clinicaltrials.gov record and published art-
icles were only included once by comparing clinicaltrials.gov 
identifiers. Multiple publications from a single RCT were limited 
to the primary paper describing the trial results and main out-
come measures used.

Data items Outcome measures that were used to measure treat-
ment efficacy were extracted from eligible studies and categor-
ized as primary or secondary outcome measures independently 
by two authors (A.S. and D.N.) using information contained in 
study records. In the event published journal articles did not ex-
plicitly identify a measure as primary or secondary, the paper’s 
content and aims were reviewed (A.S., D.N., and N.G.) until a 
consensus was reached. Coprimary outcome measures were 
each counted as a primary outcome measure.

Classification of outcome measures Outcome measures identi-
fied were classified as either objective or self-reported meas-
urements (authors A.S.  and N.G.). Self-reported measures 
were further classified as either (1) PROMs if it assessed the 
status of a patient’s health condition using a standardized 
bank of items and responses were made directly by the pa-
tient, without interpretation by another person, or proxy re-
port (except if the patient was a child) or (2) used another 
method such as a visual analog scale, diary, or answered by 
another person (i.e. physician completing the Clinical Global 
Impressions Scales) [11].

Stage 2: To evaluate the published evidence of 
psychometric properties of PROMs frequently used in 
narcolepsy RCTs

Eligibility criteria

patient-reported outcome measures PROMs identified in stage 
1 of this review that either assessed narcolepsy symptoms and/
or associated disability and function were eligible for inclusion 
in stage 2. PROMs were included if used as an outcome measure 
in (1) at least two narcolepsy RCTs or (2) at least one narcolepsy 
RCT and were developed specifically for use in a narcolepsy 
population. Instances where a PROM may have been used (e.g. 
sleep diary) but no explicit PROM mentioned (e.g. consensus 
sleep diary) were not eligible. PROMs assessing constructs not 
specific to narcolepsy symptoms or associated disability (e.g. 
quality-of-life, function, mental health, etc.) were also excluded. 
Characteristics of identified PROMs were extracted from original 
development studies and presented using the recommended 
COSMIN tabular format (Table 1).

types of studies Psychometric studies of eligible PROMs were 
required to have been published in a peer-reviewed journal, 
with the full-text available in English. Cross-cultural adaptation 
studies were also included. Studies that investigated the psy-
chometric properties of a PROM in the context of diagnosing 
narcolepsy (i.e. discriminative validity) were excluded.

participants To be eligible, psychometric studies had to be 
conducted in a population diagnosed with narcolepsy (N1 or N2) 
using ICSD-1–3 or DSM criteria. Studies conducted in a mixed 
population (i.e. participants with various sleep disorders) were 
included if an analysis of the psychometric properties using a 
narcolepsy subsample was described. Studies utilizing both 
adult and children/adolescent populations were included

Information sources and search strategy for validation studies of in-

cluded  PROMs Published studies investigating content validity 
or other measurement properties of included PROMs were 
searched for on the 24th of May 2022. Studies were searched for 
using Medline (Ovid), Embase (Ovid), PsycINFO (Ovid), CINAHL, 
and Scopus bibliographical databases using an amalgamation 
of COSMIN recommended search strategies and Cochrane 
narcolepsy-specific search strategy (Supplementary A).

Data extraction and analysis of psychometric properties of PROMs 

using the COSMIN checklist One reviewer (A.S.) screened all title/
abstract and full-text articles to determine eligibility. The full-
text evaluation of the screened articles and data extraction were 
conducted independently by two authors (A.S. and Y.S.B.) using 
the COSMIN checklist. The checklist consists of questions that 
assess content validity and eight other measurement properties: 
(1) structural validity, (2) internal consistency, (3) cross-cultural 
validity/measurement invariance, (4) reliability, (5) measure-
ment error, (6) criterion validity, (7) hypotheses testing for 
construct validity (convergence and discriminative), and (8) re-
sponsiveness to change (in response to intervention) [10]. The 
COSMIN checklist was completed in three stages. The study de-
sign (methodology used) and potential risk of bias of each study 
exploring measurement properties of PROMs were rated using 
a four-point scale (excellent, good, fair, poor), with the lowest 
rating of any of the questions used as the overall rating.

Second, the results from each study of any one measure-
ment property of a PROM are rated against the criteria for what 
is considered a “good measurement property” (Supplementary 
Table S1). The criteria assess both the framework used to assess 
the measurement property and the result obtained against a 
specific standard (e.g. was Cronbach’s α used to assess internal 
consistency AND was the result ≥0.70). A  three-point rating 
scale is used for each result (sufficient, indeterminant, insuffi-
cient), with the ratings pooled together to give an overall score 
for the quality of the measurement property for each PROM 
(Supplementary Table S4).

Finally, an overall score of the quality of evidence for each 
pooled result of a measurement property is determined 
(Supplementary Table S3) using a modified version of the 
Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) [17]. A four-point scale is used (high, mod-
erate, low, very low), with each study starting with a “high” 
rating. The rating combines the first two components of the 
COSMIN checklist, and each study is subsequently downgraded 
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Table 1. Characteristics of the patient-reported outcome measures that are used in atleast two RCTs investigating treatment efficacy in people 
with narcolepsy or used in atleast one narcolepsy RCT and developed specifically for narcolepsy

PROM 
(reference to 
first article) Construct(s) 

Target 
population 

Recall  
period 

(Sub)
scale(s) 
(number 
of items) Response options Range of scores 

Original 
language 

Stanford 
 Sleepiness 
Scale (SSS)

Situational 
sleepiness, 
sleepiness at 
a given time

Any adult At time of 
measure

1 (1) (1) Feeling active and vital, (2) Func-
tioning at a high level, (3) Relaxed; 
awake, (4) A little foggy, (5) Foggi-
ness, (6) Sleepiness, (7) Almost in 
Reverie

1–7 (response option 
is score)

English

Epworth 
 Sleepiness 
Scale (ESS) 
[18]

Average sleep 
propensity in 
daily life

Adults with 
EDS or sus-
pected EDS

Prior  
month

1 (8)

(0) Would never doze, (1) Slight 
chance of dozing, (2) Moderate 
chance of dosing, (3) High chance 
of dosing

0–24; (higher scores 
indicate higher 
likelihood the 
scorer will fall 
asleep during the 
day)

English

Epworth Sleepi-
ness Scale—
Children and 
adolescent 
(ESS-CHAD) 
[19]

Average sleep 
propensity in 
daily life

Children and 
adolescents 
with EDS or 
suspected 
EDS

(0) Would never fall asleep, (1) Slight 
chance of falling asleep, (2) Mod-
erate chance of falling asleep, (3) 
High chance of falling asleep

Karolinska 
Sleepiness 
Scale (KSS) 
[20]

Situational 
sleepiness, 
sleepiness at 
a given time

Any adult At time of 
measure

1 (1) (1) Extremely alert, (2) Very alert, (3) 
Alert, (4) Rather alert, (5) Neither 
alert nor sleepy, (6) Some signs of 
sleepiness, (7) Sleepy—but no effort 
remaining awake, (8) Sleepy, but 
some effort to stay awake (9) Very 
sleepy, great effort to stay awake, 
(10) Extremely sleepy, can’t keep 
awake

1–10 (score repre-
sents sleepiness 
at given time)

English

Pittsburgh 
Sleep Quality 
Index (PSQI) 
[21]

Sleep quality, 
habits, and 
disturbances

Any adult Prior month 7 (19) (0) Very good, (1) Fairly good, (2) Fairly 
bad, (3) Very bad

0–21 (subscales 
scored 0–3). 
Higher scores 
indicates worse 
sleep quality

English

Brief Fatigue In-
ventory (BFI) 
[22]

Severity and 
impact of 
cancer-
related 
fatigue

Patients with 
fatigue due 
to cancer and 
cancer treat-
ment

Prior 24 h 1 (9) 11-Point numeric scale, with higher 
scores indicating higher levels of 
fatigue and interference with daily 
life

0–10 (global fatigue 
score obtained by 
averaging items. 
Higher scores 
indicate more 
fatigue)

English

Pediatric Day-
time Sleepi-
ness Scale 
(PDSS) [23]

Daytime sleepi-
ness

Students aged 
5–17 years 
old

No time 
frame

1 (8) (0) Never, (1) Seldom, (2) Sometimes, 
(3) Frequently, (4) Always

Higher scores in-
dicate increased 
sleepiness and 
are associated 
with poorer edu-
cational outcomes

English

Narcolepsy 
Symptom 
Assessment 
Question-
naire (NSAQ) 
[24]

Changes in 
narcolepsy 
status and 
symptoms

Individuals 
with narco-
lepsy*

Prior 24 h 26 ques-
tions 
across 
various 
domains

Varying (questions ask scorer to rate 
symptoms as increased, decreased, 
or remains the same, 5-point Likert 
scales)

— English

Narcolepsy Se-
verity Scale 
(NSS) [25]

The severity 
of main 
narcolepsy 
symptoms

Adults diag-
nosed with 
narcolepsy 
type 1

Prior  
month

1 (15)

Varying (4 and 6 Likert scale)

Mild (0–14), mod-
erate (15–28), 
severe (29–42), 
and very severe 
(43–57)

French

Narcolepsy Se-
verity Scale—
Paediatric 
(NSS-P) [26]

The severity 
of main 
narcolepsy 
symptoms

Children diag-
nosed with 
narcolepsy 
type 1

1 (14) Mild (0–14), mod-
erate (15–28), 
severe (29–42), 
and very severe 
(43–54)

 

PROM: Patient Reported Outcome Measure, ESS: Epworth Sleepiness Scale, ESS-CHAD: Epworth Sleepiness Scale—Children and Adolescent, PSQI: Pittsburgh Sleep 

Quality Index, NSS: Narcolepsy Severity Scale, NSS-P: Narcolepsy Severity Scale-Pediatric, SSS: Stanford Sleepiness Scale.
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based on the potential risk of bias in the studies, inconsistencies 
in the pooling of results, imprecision (i.e. total sample size), and 
indirectness (i.e. used partly in other populations or settings) 
(Supplementary Table S2).

Results

Stage 1: To identify the objective and subjective outcome 
measures used to measure narcolepsy treatment in RCTs 
involving adults and children

The systematic search identified 5511 records, of which 5357 
were sourced from bibliography databases and 154 from clin-
ical trial records (Figure 1). Following the removal of duplicates, 
3340 records underwent title and abstract screening. A total of 
343 records were selected for full-text screening, from which 100 
RCTs conducted in a narcolepsy population were identified and 
included.

Across these 100 RCTs, we identified 80 unique outcome 
measures used to assess treatment efficacy. Outcome measures 
used in at least two RCTs can be found in Figure 2, stratified by 
their use as a primary or secondary outcome measure. Thirty-
eight (48%) of the measures used were objective, and 42 (52%) 
were subjective. A  PROM, the ESS (n  =  49), was the most fre-
quently used of all outcome measures in these RCTs [18]. The 
most common objective outcome measures used were the MWT 
(n = 47, and also the most common primary outcome measure 
n  =  33 studies), polysomnography (PSG) (n  =  34) and multiple 
sleep latency test (MSLT) (n = 21), while the most common sub-
jective measures were the ESS (n = 49), clinical global impres-
sions scale (n = 33) and sleep/wake/activity diaries (n = 31) (Figure 
2). Nonstandardized weekly diaries (where the patient or parent 
records the number and severity of cataplexy attacks) were the 
most used subjective outcome measure for the symptom of 
cataplexy (n = 28).

Of the 100 RCTs identified, four were conducted in a pedi-
atric population (age < 18 years). A cataplexy diary was the most 
common primary outcome measure (n = 2) used, followed by the 
MSLT (n = 1), CGI-C (n = 1), and PDSS (n = 1). The ESS-CHAD was 
used once as a secondary outcome measure.

We identified 10 PROMs as having either been used in two 
or more RCTs or used in at least one RCT and developed to as-
sess symptoms/associated disability of narcolepsy (Table 1). Of 
these, the ESS was the only PROM to be used in two or more 
RCTs, having been used a total of 20 times as a primary outcome 
measure to assess narcolepsy symptoms and/or associated dis-
ability. Only one other PROM was used as the primary outcome 
measure: the Pediatric Daytime Sleepiness Scale (PDSS) [27].

Stage 2: to evaluate the published evidence of 
psychometric properties of PROMs frequently used in 
narcolepsy RCTs

We systematically searched for psychometric validation studies 
of the 10 PROMs frequently used in RCTs and identified 952 
records sourced from bibliography databases (Figure 3). Most 
of the articles found were related to the ESS (62%). Following 
the removal of duplicates, 603 records underwent title and ab-
stract screening. A total of 38 records were selected for full-text 
screening. Nineteen validation studies of the 10 PROMs were 
found. Most studies (n  =  9) related to the ESS, with six being 

retrospective analyses of RCT data and two being validation 
studies of a modified version of the ESS specific for children and 
adolescents (ESS-CHAD).

Characteristics of the ten PROMs frequently used in narco-
lepsy RCTs and included in stage 2 of this review can be found 
in Table 1. A summary of the 19 studies that explore the psycho-
metric properties of these PROMs can be found in Table 2.

Evaluating the evidence base supporting the use of 
PROMs in a narcolepsy population using the COSMIN 
methodology

A pooled summary of the findings from psychometric studies in-
cluded in this analysis can be found in Supplementary C, Table S4.

 1) Content validity

We found only one study that explored content validity; an 
evaluation of the Epworth Sleepiness Scale—Children and 
Adolescence (ESS-CHAD) [19]. Another briefly described the de-
velopment process of the Narcolepsy Severity Scale (NSS) [25]. 
No other PROMs, including the widely used ESS, had a published 
study evaluating the content validity in an adult narcolepsy 
population. Table 3 summarizes the appraisal of content validity 
using the COSMIN guidelines.

ESS-CHAD No development study was found for the ESS-CHAD 
(or for the ESS upon which it was based). The content validity 
study of the ESS-CHAD explored the relevance and comprehen-
sibility of the items but not comprehensiveness [19]. Relevance, 
comprehensiveness, and comprehensibility are equally im-
portant, and all three are required; thus, the ESS-CHAD received 
an overall content validity rating of “inconclusive.” Quality of 
evidence was found to be low due to the small size of the study 
population (n = 13 children, n = 19 adolescents), concerns that 
changes made to the ESS-CHAD following this study were not 
assessed, and the number of researchers involved in analyzing 
the qualitative interviews not described.

NSS No content validity studies were found for the NSS; how-
ever, one publication briefly described the development process 
[25]. While the paper briefly discussed the relevance and com-
prehensibility of the items, comprehensiveness was not men-
tioned. Overall, the quality of evidence was rated very low (due 
to the brief description), and overall content validity was rated 
inconclusive.

 2) Structural validity

COSMIN defines structural validity as a measure of the degree 
to which the scores of a PROM are an adequate reflection of the 
dimensionality of the construct being measured. If a PROM has 
sufficient structural validity, the whole PROM should be uni-
dimensional (i.e. all items measure a single construct), or the 
PROM should contain subscales (where all items in a subscale 
measure a unidimensional construct).

The requirement for sufficient structural validity only ap-
plies to PROMs that are based on a reflective questionnaire 
model. In a reflective model, all questions are manifestations 
of the same construct (i.e. the questions reflect aspects of a 
single construct) (Figure 4). Conversely, a formative model is 
where the construct does not exist naturally on its own and 
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is instead “formed” from different constructs (Figure 4). The 
General Anxiety Disorder-7 (GAD-7) is an example of a re-
flective model, as all questions measure manifestations of 
anxiety (a single construct). Conversely, the Pittsburgh Sleep 
Quality Index (PSQI) is an example of a formative model, as it 
contains subscales measuring different aspects of sleep (e.g. 
sleep duration, sleep disturbances) that are combined into a 
single construct of sleep quality. Structural validity is an im-
portant measurement property for reflective models as we 
expect questions measuring a single construct to be related, 
whereas it has no meaning in a formative model as there is 
no requirement for questions or constructs measured to be re-
lated to one another [10, 14, 28].

NSS and NSS-P The structural validity of the NSS and NSS-P was 
explored in several studies [25, 29–31]. However, these PROMs 
are designed as a single scale that purports to measure a con-
struct of symptom severity that does not naturally exist (i.e. they 
are “formative” models that assess the five different symptoms 

of narcolepsy (e.g. severity of EDS, severity of cataplexy) and 
combined into a single dimension).

 3) Internal consistency

Internal consistency refers to the interrelatedness of items 
within a unidimensional scale or subscale, measured using 
Cronbach’s α. For internal consistency to be correctly under-
stood and interpreted, sufficient evidence of structural validity 
is required as a prerequisite (i.e. scale is unidimensional or has 
subscales) [14]. Subscale internal consistency can be shown for 
PROMs based on formative models if the PROM subscale is uni-
dimensional and all items within a subscale measure the one 
construct) [14].

ESS-CHAD Internal consistency of the ESS-CHAD was assessed 
in a single study using retrospective clinical trial data [32]. Using 
an N1 population (n = 100), Cronbach’s α was 0.76 (95% CI: 0.68–
0.82). This score was rated indeterminant for internal consist-
ency as no evidence of structural validity of the ESS-CHAD (or 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram for identifying eligible randomized controlled trials in a narcolepsy 

population. RCT: Randomized controlled trial.
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ESS) in a narcolepsy population was found (considered a pre-
requisite for proper interpretation of the score) [14]. While struc-
tural validity has been explored in other cohorts, other reviews 
did find consensus on this psychometric property of the ESS [33].

NSS and NSS-P Internal consistency of the NSS and NSS-P was 
evaluated in the same papers as the construct validity [25, 
29–31] and assessed either between all questions or between 
questions grouped by the results of factor analysis. As neither 
the NSS and NSS-P measure a unidimensional construct nor 
contain subscales, the measurement property of internal con-
sistency was considered irrelevant (Table 4 and Supplementary 
Table S4). As per the COSMIN checklist, the findings were sum-
marized but not scrutinized [14].

PDSS Internal consistency of the PDSS was explored in one study 
using a narcolepsy population [27]. While internal consistency 
was found to be sufficient (Cronbach’s α  = 0.81), it lacked evi-
dence of structural validity in a narcolepsy population and thus 
rated indeterminant (Table 4 and Supplementary Table S4). The 
quality of evidence was graded very low due to the small popu-
lation size (n = 31).

 4) Test–retest reliability

Test–retest reliability refers to the proportion of total variance 
in a respondent’s PROM scores that is due to “true” differences 
between patients. It is a measure of the consistency of the score 
rather than its accuracy, and its proper interpretation of the 

statistic relies on the assumption that the respondent’s symp-
toms are stable across time points [34].

ESS The test–retest reliability of the ESS was measured in two 
studies that retrospectively analyzed RCT studies [35, 36]. Scores 
were compared across different time points in the RCT, with the 
population size of each analysis varying (lowest n = 52, highest 
n = 199). A pooled result of ICC: 0.81–0.87 was reported and rated 
sufficient against the criteria for good measurement properties 
(Table 4 and Supplementary Table S4). The quality of the evi-
dence was graded “very low” due to the RCT setting, as proper 
interpretation requires patients to be stable across time points 
(stability was assumed, no evidence reported), concerning RCT 
participants not being representative of the narcolepsy popula-
tion (due to clinical trial inclusion/exclusion criteria with one 
study requiring ESS score of >14) and potential incorporation 
bias [37].

ESS-CHAD Test–retest reliability of the ESS-CHAD was ex-
plored using retrospective analysis of clinical trial data [32]. 
Children and adolescents (n = 64) were assessed, with an ICC: 
0.76 reported. When separated by age, sufficient test–retest 
reliability was reported in children of 7–11 years (n = 21) (ICC: 
0.86), yet found to be insufficient in children of 12–17  years 
(n = 43) (ICC: 0.66). Like the ESS, evidence was rated very low 
due to the RCT setting, clinical trial population not neces-
sarily representative of the wider population, and small popu-
lation size.

0 10 20 30 40 50 60

Transcranial Magne
c S
mula
on

Wilkinson auditory vigilance task

Pediatric Day
me Sleepiness Scale (PDSS)

Kariolina Sleepiness Scale (KSS)

Sustained A�en
on to Response Task (SART)

Pi�sburg Sleep Quality Index (PSQI)

Brief Fa
gue Inventory (BFI)

Digit vigilance test

Work Produc
vity and Ac
vity Impairment…

Trail making test

Profile of Mood States

Driving test

Four Choice Reac
on Time Test

Psychomotor Vigilence test

Ac
graphy

Func
onal Outcomes of Sleep Ques
onnaire…

Stanford Sleepiness Scale (SSS)

EQ-5D

Visual Analogue Scales (mood/sleepiness etc)

Electroencephalogram (EEG)

36-Item Short Form Health Survey (SF-36)

Pa
ents' Global Impression

Mul
ple Sleep Latency Test

Cataplexy diary

Sleep/Wake/Ac
vity diary

Clinical Global Impression

Polysomnography (PSG)

Maitenenece of Wakefullness Test (MWT)

Epworth Sleepiness Scale (ESS)

Number of 
mes used

Primary Secondary

Figure 2. Outcome measures used in two or more RCTs in people with narcolepsy (as identified in the first stage of this systematic review) stratified by use as either a 

primary or secondary outcome measure.
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NSS Test–retest reliability of the NSS was explored across four 
studies using a narcolepsy population [25, 29–31]. A total popu-
lation of 86 persons diagnosed with N1 participated, and the 
pooled ICC: 0.71–0.92 was rated as sufficient against the criteria 
for good measurement properties (Table 4 and Supplementary 
Table S4). The quality of evidence was overall graded low due to 
the small population size and the long time interval between 
measurements (up to several months where there may have 
been a considerable change).

NSS-P Test–retest reliability of the NSS-P was explored in a 
single study of 32 participants diagnosed with N1 [26]. The result 
showed no significant difference between time points; however, 
this was rated indeterminant as a dependent t-test was used for 
statistical analysis between time points rather than interclass 
coefficient or weighted kappa (Table 4 and Supplementary Table 

S4) [14]. The quality of evidence was graded very low due to the 
small population size (n = 32) and unknown time interval used 
in the study.

 5) Hypothesis for testing construct validity—discriminant 
validity

Discriminant validity or known-group validity is a measure of 
the ability of a PROM to distinguish between groups, where the 
measurement of a specific construct is a priori assumed to differ 
between them (i.e. participants treated for sleepiness should be 
less sleepy than those who are untreated) [14]. This type of val-
idity relies on the assumption that the PROM validly measures 
a specific construct.

ESS-CHAD The capacity of the ESS-CHAD to discriminate be-
tween treated/non-treated cohorts and between sex in children 
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Figure 3. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram for identifying eligible psychometric studies of frequently used 

patient-reported outcome measures in narcolepsy randomized controlled trials. RCT: randomized controlled trial, ESS: Epworth Sleepiness Scale, ESS-CHAD: Epworth 

Sleepiness Scale—Children and Adolescent, PSQI: Pittsburgh Sleep Quality Index, NSS: Narcolepsy Severity Scale, NSS-P: Narcolepsy Severity Scale-Pediatric, SSS: 

Stanford Sleepiness Scale, BFI: Brief Fatigue Inventory, KSS: Karolinska Sleepiness Scale, NSSQ: Narcolepsy Sleep Status Questionnaire.
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Table 2. Validation studies of commonly used patient-reported outcome measures in RCTs investigating treatment efficacy in people with 
narcolepsy

PROM Ref Setting 

Population with narcolepsy Instrument administration

n 

Age, mean 
(SD, range), 
yr 

Gender 
% 
female Disease Inclusion criteria Country Language 

ESS [35] Retro-
spective 
analysis 
of clinical 
trial

231 36.2 (13.2, —) 65% N1, N2 Diagnosis using ICSD-3 or DSM-5, 
required to have baseline mean 
sleep latency <25 min on the 
MWT and usual nightly total 
sleep time ≥6 h. Key exclu-
sion criteria included usual 
bedtime later than 1:00 am, an 
occupation requiring nighttime 
or variable shift work, or any 
other clinically relevant med-
ical, behavioral, or psychiatric 
disorder associated with EDS

United 
States

English
[38]

[36] Retro-
spective 
analysis 
of clinical 
trial

95 Interven-
tion group 
A = 38.2 
(14.1, —), 
Interven-
tion group 
B = 39.3 (15.4, 
—)

45% N1, N2 ICSD-2 and a baseline score of 
≥14 on the ESS

Switzerland —

[39] Retro-
spective 
analysis 
of two 
clinical 
trials

228 Trial 1: 38.6 
(—)  
Trial 2: 40.5 
(—)  
Range of 
both (16–75)

Trial 1: 
65.4%  
Trial 2: 
51.8%,

N1, N2 Diagnosis of narcolepsy based 
on PSG and MSLT performed 
˂5 years; Currently experience 
EDS, cataplexy, and recurrent 
sleep attacks almost daily for 
at least 3 months. Women of 
child-bearing potential were 
required to use a medically 
accepted method of birth con-
trol unless surgically sterile or 
2 years postmenopausal

44 sites 
inter-
nation-
ally

—

[40] Retro-
spective 
analysis 
of clinical 
trial

522 41.7 (13.3,17–
68)

— N1 Diagnosis using ICSD-1, daily 
lapses into sleep ≥3 months, 
cataplexy, and mean sleep la-
tency ˂8 min on MSLT

United 
States

English

[41] Retro-
spective 
analysis 
of clinical 
trial

93 38.7 (12.1, 
18–70)

65% N1, N2 ICSD-2 and ≥10 score on the ESS 
and a mean baseline MWT 
sleep latency score of ≤10 min

United 
States

English

[42] Sleep dis-
orders 
clinic

23 32.0 (10.1, 
18–57)

83% N1, N2 ICSD-1 Mexico English

[43] Sleep dis-
orders 
clinic

10 15.6 (4.5, —) 20% N1 ICSD-2 including EDS, cataplexy, 
confirmation using PSG, and 
MSLT ≤8 min, with two or more 
SOREM

Taiwan Chinese

ESS-
CHAD

[19] Sleep clinics 29 11.6 (3.5, 
7–17)

48% N1 Diagnosed with N1, with ICSD 
criteria cited

United 
States

English

[32] Retro-
spective 
analysis 
of clinical 
trial

106 11.9 (2.39, 
7–16)

40% N1 ICSD-2 or 3, depending on when 
participant was diagnosed or 
undergoes an MSLT to confirm 
type 1 using ICSD-3 criteria. Ex-
clusion: various (e.g. unstable 
medical condition, inability to 
follow instructions)

United 
States 
(inc. 
several 
inter-
nation-
ally)

English
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Table 3. Content validity of PROMs used in RCTs of people with narcolepsy

PROM Relevance Comprehensiveness Comprehensibility Overall content validity score 

Epworth Sleepiness Scale — — — —
Epworth Sleepiness Scale—Children and Adolescence[19] Sufficient Indeterminant Sufficient Inconclusive

Narcolepsy Severity Scale [25] Sufficient Indeterminant Sufficient Inconclusive

Narcolepsy Severity Scale—Pediatric — — — —
Pediatric Daytime Sleepiness Scale — — — —
Pittsburgh Sleep Quality Index — — — —
Narcolepsy Symptom Assessment Questionnaire — — — —
Brief Fatigue Inventory — — — —
Karolinska Sleepiness Scale — — — —
Stanford Sleepiness Scale — — — —

Content validity results obtained in these studies were rated against COSMIN criteria for what is considered evidence of good content validity (sufficient, insufficient, 

inconclusive). The background color of each cell represents our confidence that the results obtained in these studies reflect the true content validity of the PROM, as 

assessed using the COSMIN GRADE approach (green = high, yellow = moderate, orange = low, red = very low). — A dash indicates no evidence was found assessing 

this measurement property.

PROM Ref Setting 

Population with narcolepsy Instrument administration

n 

Age, mean 
(SD, range), 
yr 

Gender 
% 
female Disease Inclusion criteria Country Language 

NSS [25] Sleep clinic/
univer-
sity

175 41.5 (17.4) 41% N1 ICSD-3, cataplexy, mean sleep la-
tency on MSLT ≤8 min with ≤2 
sleep-onset REM periods and 
CSF hypocretin-1 level <110 
pg/mL

France French

[29] Sleep clinic 122 26.1 (15.4) 34% — ICSD-3 criteria (N1) China Chinese
[44] Sleep clinic/

univer-
sity

381 38.9 (17.1, —) 47% N11 ICSD-3, cataplexy, mean sleep la-
tency on MSLT ≤8 min with ≤2 
sleep-onset REM periods and CSF 
hypocretin-1 level <110 pg/mL

France French

[30] Outpatient 
clinic

52 37.6 (12.0, 
18–70)

60% N1 ICSD-3 Brazil Spanish

[31] Sleep clinic 151 31.4 (11.5, —) 28% N1 Diagnosis using ICSD-3, com-
plaints of sleepiness for 
atleast 3 months, mean sleep 
latency of MSLT <8 min with 
≥2 SOREMPs, hypocretin-1 defi-
ciency (<110 pg/mL, n ¼ 37) or, 
if CSF hypocretin-1 unavailable, 
clear-cut cataplexy, and posi-
tive HLADQB1*0602

China Chinese

NSS-P [26] Sleep clinic 209 13.3 (2.6, 
6–17)

41% N1 Diagnosis using ICSD-3, presence 
of EDS for at least 3 months, 
mean sleep latency ≤8 min 
MSLT with at least 2 sleep-
onset REM periods, and typical 
cataplexy, or low CSF levels of 
orexin-A (<110 pg/mL).

France French

PDSS-C [27] Sleep dis-
orders 
clinic

31 12.6 (3.4, —) 32% N1 Diagnosis using the ICSD-2, 
diagnosis of narcolepsy with 
cataplexy using clinical inter-
views (confirmed by MSLT and 
PSG scores and human leuko-
cyte antigen [HLA] typing of 
DQB1*0602 positive)

China Chinese

PSQI-K [45] Regional 
sleep 
disorder 
clinic

50 26.7 (12.7, —) 44% N1, N2 ICSD-2 Korea Korean

SSS [46] Sleep dis-
order 
clinic

10 42 (—, 19–65) 70% N1 Sleep attacks and cataplexy — —

Table 2. Continued
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was assessed through retrospective analysis of clinical trial 
data (n = 100) [32]. A two-tailed t-test was used to calculate the 
mean difference between female/male (−0.68) and nontreated/
treated (2.84) participants. Furthermore, analysis showed that 
in participants aged 7–11  years (n  =  36), mean difference was 
assessed between female/male (−1.59) and non-treated/treated 
(1.30). Similarly, participants aged 12–16  years (n  =  64), mean 
difference was also reported between female/male (−0.27) and 
non-treated/treated (3.39). We found the ESS insufficient for dis-
criminative validity in children under 12 and sufficient for those 
aged 12–17 years. Quality of evidence was rated very low due to 
the population used (clinical trial participants who may not be 
representative of the entire population), incorporation bias, and 
small cohort size.

NSS Discriminant validity of the NSS was explored in three 
studies using 637 people with N1 [25, 29, 44]. A t-test was used 
to determine the mean difference between treated/non-treated 
adults (mean difference: 9.08, 7.70, and 4.60). The NSS was able 
to distinguish between medicated and non-medicated individ-
uals (p < 0.05), however quality of evidence was graded low due 
to the mix of interventions used and the structure of the PROM 

weighted towards the symptom EDS (i.e. we are unable to tell if 
the PROM can discriminate between people treated/untreated 
for single symptom domains like cataplexy) (Supplementary 
Table 4, S4).

NSS-P Discriminant validity of the NSS-P was explored in a 
single study of 160 participants diagnosed with N1 [26]. The 
NSS-P was able to distinguish between non-treated/treated 
individuals (mean difference = 3.71). (p < 0.05), with quality of 
evidence was graded low due to similar concerns raised in NSS 
(Supplementary Table 4, S4).

 6) Responsiveness to change (in response to intervention)

Responsiveness is the ability of a PROM to detect a change in a 
construct before and after an intervention. The result for this 
measurement property is rated using hypothesis testing, where 
authors determined a priori the size and direction of the effect 
a treatment would have on a PROM score [14]. This is typically 
informed by a minimal clinically important difference (MCID), 
the minimum threshold for an outcome score that a patient or 
physician would consider a given change to be meaningful or 
worthwhile [47]. This is typically calculated using anchor points 

Table 4. Summary of other measurement properties of PROMs used in narcolepsy RCTs

PROM 
Structural 
validity 

Internal 
consistency Reliability 

Discriminant 
validity (treated vs. 
untreated) Responsiveness 

Epworth Sleepiness Scale — — Sufficient — Indeterminant

Epworth Sleepiness Scale—Children 
and Aadolescence

— Indeterminant Sufficient (children 
7–11 years)

Insufficient (children 
7–11 years)

Indeterminant

Insufficient (children 
12–17 years)

Sufficient (children 
12–17 years)

Narcolepsy Severity Scale N/A* N/A* Sufficient Sufficient Indeterminant

Narcolepsy Severity Scale—Pediatric N/A* N/A* Indeterminant Sufficient Indeterminant

Pediatric Daytime Sleepiness Scale — Indeterminant — — Indeterminant

Pittsburgh Sleep Quality Index — — — — —
Narcolepsy Symptom Assessment 

Questionnaire
— — — — —

Brief Fatigue Inventory — — — — —
Karolinska Sleepiness Scale — — — — —
Stanford Sleepiness Scale — — — — —

Pooled results from each measurement property of each PROM were rated against COSMIN criteria for what is considered evidence of good measurement property 

(sufficient, insufficient, inconclusive). The background color of each cell represents our confidence that the results obtained in these studies reflect the true content 

validity of the PROM, as assessed using the COSMIN GRADE approach (green = high, yellow = moderate, orange = low, red = very low). — A dash indicates no evidence 

was found assessing this measurement property.

*An N/A rating was given where a measurement property was assessed in a study, but the measurement property was found to not be relevant. As per the COSMIN 

checklist, structural validity and internal consistency are irrelevant to PROMs that are based on formative question models.

Q1 Q2 Q3 Q4

Construct

Q1 Q2 Q3

Construct

Q4

Reflective Formative

Figure 4. Conceptual diagram representing the relationship between questions and the construct measured in reflective and formative question models.
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(other reference points or outcomes such as QoL measures) that 
show that an intervention has clinical significance. An MCID 
for any PROM is needed to adequately assess its responsive-
ness psychometric. It is common for psychometric studies to 
use a paired t-test to show the responsiveness, however, this is 
considered inappropriate. A paired t-test shows that a statistic-
ally significant difference exists between the mean scores of a 
PROM pre- and post-intervention (i.e. H0 = PROM score pre- and 
post-intervention is the same). Showing significance using a 
paired t-test does not assess if the magnitude of the difference 
in scores is clinically significant (informed by the MCID) [14, 48].

ESS Responsiveness of the ESS was explored in a single study 
consisting of 10 adults and children diagnosed with N1 [43]. The 
study found the ESS was able to show a statistically significant 
difference in means pre- and post-treatment; however, this was 
rated indeterminant due to the use of a paired t-test and no evi-
dence of an MCID used in the study. Quality of evidence was 
rated as very low due to the small population size and partici-
pants being a mix of adults/children, which is considered in-
appropriate due to differences in the presentation of narcolepsy 
in these two groups [49–51].

ESS-CHAD A retrospective analysis of clinical trial data was used to 
explore the responsiveness of the ESS-CHAD in children (<18 years) 
diagnosed with N1 (n = 59) [32]. The study found the ESS-CHAD 
was able to show a statistically significant difference in means 
pre- and post-treatment; however, this was rated indeterminant 
due to the use of a paired t-test and no evidence of an MCID used 
in the study. This contributed to a quality of evidence rating of 
very low, along with the small population size (7–10 cohort, n = 21).

NSS Four studies explored the responsiveness of the NSS using 
160 participants diagnosed with N1 [25, 30, 31, 44]. Pooled results 
showed a statistically significant difference of means between 
pre- and post-treatment scores using the NSS; however, this was 
calculated using paired t-test. Confidence intervals for the dif-
ference of means nor ΔSD were provided in any of these studies. 
No MCID for the NSS was found; thus, responsiveness was rated 
indeterminant. The quality of evidence was rated low due to a 
mix of interventions given to participants and the small popula-
tion size of each study. This is because the NSS does not contain 
subscales and is weighted more towards measuring EDS symp-
toms (75% of questions relate to EDS). It is unknown if the NSS 
is responsive to change when measuring interventions targeting 
symptoms other than EDS.

NSS-P A single study explored the responsiveness of the NSS-P 
using 33 participants diagnosed with N1 [26]. Pooled results 
showed sufficient responsiveness of the NSS, with a mean dif-
ference in score of 3.12  ±  7.12 reported between treated/ un-
treated cohorts. The study did suggest an MCID of 3.60–3.76; 
however, this was calculated using effect sizes (e.g. 0.5 × ΔSD), 
not in combination with any anchor points. This is not con-
sidered an appropriate calculation of MCID and thus is not a 
reflection of what people with narcolepsy would consider clin-
ically significant [52]. This, along with the use of a paired t-test, 
informed our rating of indeterminate. The quality of evidence 
was rated low due to the small population size and the mix of 
interventions given to participants, similarly seen in studies of 
responsiveness of the NSS (Supplementary Table 4, S4).

PDSS A single study explored the responsiveness of the PDSS 
using 31 participants diagnosed with N1 [27]. The study indi-
cated that the PDSS could detect change over time, but no re-
sults were published, thus rated as indeterminant. The quality of 
evidence was rated as very low due to the small population size 
and lack of information published in the study (Supplementary 
Table 4, S4)

 7) Hypothesis for testing construct validity—convergent 
validity

Convergent validity refers to how closely the PROM relates to 
other variables and measured constructs. In the context of nar-
colepsy, convergent validity can be difficult to interpret as some 
constructs are not well defined (i.e. ESS and MSLT measuring dif-
ferent aspects of sleepiness). Thus convergent validity was not 
assessed using the COSMIN (as per checklist), instead summar-
ized qualitatively (Supplementary Table S4).

ESS The ESS measures a different construct than its objective 
counterparts (i.e. MSLT and MWT) (Supplementary Table S5) [53]. 
We hypothesized a priori that there should be a strong negative 
correlation with the MWT and a strong positive correlation with 
the MSLT (considering all used as measures of sleepiness in 
EDS). Pooling the results of validation studies together, we found 
the correlation was smaller than expected (MWT r  =  −0.42 to 
−0.18, MSLT r = 0.41 to 0.27).

NSS The NSS was compared against the ESS, MWT, MSLT, and 
PSQI. While these outcome measures capture different con-
structs, a moderate, positive correlation with the ESS was ex-
pected and reflects that approximately 50% of the NSS questions 
relate to sleepiness/vigilance.

 8) Cultural validity, measurement error, and measurement 
invariance

No validation studies exploring cultural validity/measurement 
invariance and measurement error in a narcolepsy population 
were found. Criterion validity was not included in this study as 
no there is no gold standard of narcolepsy that PROMs could be 
compared against.

Discussion

The first stage of this systematic review identified the ESS (a 
PROM) as the most frequent outcome measure used in narco-
lepsy RCTs, followed in frequency by objective measures: the 
MWT and PSG. When assessing outcome measures used in 
narcolepsy child/adolescent RCTs, only four RCTs were found 
to have used a specific pediatric population. The clinical global 
impressions (change) were used four times, while cataplexy 
diaries, the MSLT, and the PDSS were all used twice. The modi-
fied version of the ESS designed for children and adolescents 
(ESS-CHAD) was used once as a secondary measure.

Overall, we identified ten PROMs used in either two or more 
RCTs or developed specifically to measure symptom/disability 
in people with narcolepsy. In the second stage of this review, we 
found very little evidence supporting the use of these 10 PROMs 
in RCTs measuring treatment efficacy in people with narcolepsy. 
Most PROMs assessed excessive daytime sleepiness (EDS), with 
few assessing other symptoms associated with narcolepsy [4]. 
Few high-quality psychometric studies were found assessing 
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these PROMs, with concerns around sample size, incorporation 
bias, and inappropriate statistical tests identified.

Content validity and the construct EDS

Content validity is considered the most important psychometric 
property as it refers to how well a PROM measures all aspects 
of a given construct. Our analysis showed that PROMs used to 
capture excessive daytime sleepiness in narcolepsy trials lacked 
evidence of content validity. This may be because of the way 
they construct of EDS is conceived. The definition of EDS varies 
across the literature (including academic and regulatory ap-
proval documentation), with “EDS” and “excessive sleepiness” 
often used interchangeably. A recent review describes EDS pre-
senting clinically as several sleep-related symptoms (e.g. exces-
sive sleepiness, sleep attacks, sleep inertia, etc.), while people 
with narcolepsy have stressed their experience of EDS extends 
beyond just sleepiness to include autonomic functions and cog-
nition [53]. If EDS is a multidimensional construct, clarity is 
needed around how best to capture these dimensions. Our re-
view found that both objective and subjective outcome meas-
ures purporting to assess EDS as the primary endpoint in RCTs 
(i.e. MWT, ESS, and MSLT) assessed dimensions of actual sleepi-
ness. Perhaps other dimensions of EDS should be used as the 
outcome in RCTs to better reflect patient concerns, as treatment 
may only be efficacious for excessive sleepiness but not sleep 
attacks or potentially less efficacious for this aspect of EDS than 
others. Variability in the items assessing EDS makes it difficult to 
compare treatment efficacies, as frequently used PROMs and ob-
jective measures in RCTs capture different aspects of sleepiness.

There was little variation in outcome measures used to cap-
ture cataplexy, with weekly cataplexy diaries commonly used. 
However, these diaries preclude the assessment of many meas-
urement properties due to the lack of standardization of items 
and responses and fail to capture nuances of the symptom (i.e. 
partial/full cataplexy attacks, whether residual cataplexy is tol-
erable) [4].

No specific outcome measures were identified for the other 
symptoms of narcolepsy.

Patient-reported outcome measures

ESS and ESS-CHAD The ESS was the most frequently used out-
come measure in RCTs in people with narcolepsy and the 
second-most frequently used primary outcome measure. 
Despite its frequency of use and acceptance by regulatory au-
thorities, we found surprisingly little evidence supporting its 
use in people with narcolepsy. No content validity studies were 
found for the ESS in adults, nor were studies found exploring 
structural validity and internal consistency using an adult 
narcolepsy population. There was evidence (from low-quality 
studies) for the convergent validity between the ESS and MSLT/
MWT, which demonstrated a weaker-than-expected correl-
ation, yet  all three outcome measures have been used as the 
primary endpoint for EDS in narcolepsy RCTs. Validity is the 
degree to which a PROM measures the construct it purports to 
measure, and given the frequency of use of the ESS in clinical 
trials (n = 49), it’s remarkable that limited quality studies have 
been completed. Only one study showed sufficient evidence of 
responsiveness to change; however, this was graded “very low” 

quality as the study population used was small (n = 10) and com-
prised of a mix of adults and children (considered inappropriate 
as an adult and pediatric narcolepsy differ in clinical presenta-
tion and severity) [43, 50, 51].

Most studies on measurement properties of the ESS in people 
with narcolepsy were retrospective analyses of RCTs. This in-
cludes two studies that showed sufficient test–retest reliability 
of the ESS; however, the quality of this evidence was rated very 
low. Inclusion/exclusion criteria of clinical trials are selective, 
and this needs to be taken into consideration when appraising 
validation studies that use this data. The cohort used should be 
representative of all those with narcolepsy, not an ideal clinical 
trial population (e.g. inclusion criteria of one RCTs used in a val-
idation study required an ESS score of ≥14, mean sleep latency of 
MWT <10 min, and women required to be on birth control, while 
also excluding many comorbidities [18]). Incorporation bias is 
also introduced when using RCTs for such studies, whereby the 
outcome measures are also used as the screening criteria, which 
may falsely lead to elevated sensitivity [37].

ESS-CHAD The ESS-CHAD was one of two PROMs used in child/
adolescent narcolepsy RCTs. Content validity was explored 
in one study, with sufficient relevance and comprehensibility 
shown, but comprehensiveness was not explored. Assessment 
of discriminatory validity in children 7–11 years found a mean 
difference of 1.30 between untreated/treated cohorts, whereas, 
in children 12–17 years, the mean difference was 3.39 between 
untreated/treated. It is unclear if a score of 1.30 is a MCID, 
with the result perhaps attributed to the advanced reading 
skill needed to interpret the items of the PROM; we calculated 
that a seventh-grade reading level is required (Flesch Reading 
Ease Score: 73.5) [54]. It may be that most children under 12 
do not understand the difference between a “high chance 
of falling asleep” and a “moderate chance of falling asleep.” 
Sufficient test–retest reliability was shown in children under 
12 (ICC: 0.856), with insufficient test–retest reliability in chil-
dren 12–17  years (ICC: 0.656). Given concerns around the in-
terpretability of the ESS-CHAD, it is reasonable to assume 
older children would have a higher test–retest score than the 
younger cohort; however, this was not observed. This may be 
attributed to the small population size used in under 12 years 
(n = 8 untreated/n = 13 treated) and calls for further validation 
studies to be undertaken.

NSS (adult and pediatric) Conversely, we found several valid-
ation studies of the NSS. Development was briefly detailed in 
Dauvilliers et al. and validated for use in an N1 population [25, 
26], but no content validity studies were found for either the NSS 
or the NSS-P. There are some concerns around the comprehen-
sion of the NSS-P, as one study stated that responses from 20% 
of participants were excluded from the study as they misunder-
stood the question/symptoms [26]. The NSS was created to as-
sess the traditional “five symptoms” of narcolepsy, with a final 
combined score reflective of overall symptom severity. Yet the 
NSS/NSS-P does not contain subscales, thus limiting its ability 
to evaluate change in the different symptoms of narcolepsy and 
limiting its applicability to N1 when it could also be used in an 
N2 population. Allowing the five symptom domains to be scored 
as individual scales would allow the assessment of individual 
symptoms whilst allowing for subscales to be assessed for ap-
propriate measurement properties and combined into an overall 
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final score. Further validation studies could be conducted using 
this format and across the five symptom domains (e.g. assessing 
responsiveness to EDS treatment, responsiveness to cataplexy 
treatment).

Other PROMs The evidence base for psychometric properties of 
other PROMs used in narcolepsy trials was either very limited or 
completely lacking.

Summary Based on the results of this review, no PROM can be re-
commended as a measure of treatment efficacy in a narcolepsy 
population. The ESS and ESS-CHAD purport to measure “average 
sleep propensity.” However, evidence suggests they may not be 
appropriate for use as an endpoint for EDS, as patients have 
reported EDS extends beyond sleepiness [4, 53]. High-quality 
psychometric property studies that are not retrospective ana-
lyses of clinical trials are needed to inform several psychometric 
aspects, particularly construct validity. To inform the property 
of responsiveness, identification of a MCID using anchor points 
(e.g. patient and/or clinician-based determinants of “change” or 
improvement) are required, as has been done with other condi-
tions (e.g. depression) [52]. Conversely, the NSS and NSS-P con-
tain questions related to EDS that extend beyond sleepiness, 
with “daytime sleep attacks” and “worry” around falling asleep 
throughout the day assessed. Neither the NSS nor NSS-P can 
be recommended for assessing treatment efficacy in RCTs as 
the PROM results in a final score comprised of five narcolepsy 
symptom domains combined. This raises questions about its 
appropriateness for assessing an intervention that only targets 
one symptom. The addition of subscales for each symptom and 
further psychometric testing are recommended.

Research agenda/future prospective

To accurately assess treatment efficacy in narcolepsy, EDS and 
other symptoms first need to be clearly defined in narcolepsy 
phenotypes (i.e. N1/N2, adult/child). Persons with narcolepsy 
have indicated in several forums that EDS extends beyond the 
feeling of sleepiness [4, 53]. Furthermore, work is needed to 
clarify these dimensions through qualitative study and extends 
to other symptom domains such as cataplexy. Only then can ap-
propriate outcome measures be chosen or developed to accur-
ately capture change in these domains.

To ensure PROMs used in narcolepsy RCTs are appropriate 
for use, both quality psychometric studies of existing PROMs 
and perhaps the development of PROMs specific to narcolepsy 
are needed. This includes validated measures for assessing cata-
plexy as diaries may not be able to distinguish from similar phe-
nomena (e.g. cataplexy mimicries such as epilepsy) [4]. Given 
the context of treatment efficacy in RCTs, priority should be 
given to the development of MCIDs using anchor points that 
are meaningful to people with narcolepsy (e.g. HR-QoL, ability 
to work, etc). This would allow for a better understanding of the 
responsiveness of each PROM in use.

Conclusion

This systematic review identified the most common out-
come measures used in RCTs in narcolepsy populations and 
assessed the psychometric properties of PROMs used. While 

the ESS is the most common outcome measure used in RCTs 
of narcolepsy treatments, there seems to be remarkably little 
evidence of its psychometric properties. Given the primacy of 
the ESS, a thorough validation study of its measurement prop-
erties seems overdue. Further study is needed around what 
aspects of EDS and other symptoms are important to people 
with narcolepsy before we determine how best to measure 
these. Our study points to the need for comprehensive PROMs 
to be developed for narcolepsy (tailored for subtypes and 
adults/children), as well as further high-quality validation 
studies of existing PROMs. Furthermore, identification of a 
minimal clinically important difference is needed from the 
patient perspective for each PROM before we can be confident 
that we are accurately measuring the symptoms experienced 
by persons with narcolepsy and to what extent interventions 
are efficacious.

Supplementary Material

Supplementary material is available at SLEEP online.
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