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a b s t r a c t

Background: This study analyzed a privately insured pediatric population with and without narcolepsy to
determine the impact of pediatric narcolepsy on comorbidities, health care utilization, and cost. Addi-
tional analyses compared narcolepsy type 1 and type 2.
Methods: This retrospective cross-sectional study identified US patients with narcolepsy <18 years of age
with �2 claims with a diagnosis code of narcolepsy using Truven MarketScan® data 2011 to 2015.
Patients were matched to controls without narcolepsy. Comorbid conditions, health care utilization, and
costs were measured by calendar year. P values are nominal, and no adjustments for multiplicity or
multiple comparisons were made.
Results: A total of 1427 pediatric patients with narcolepsy were identified and matched with 4281
controls from 2011 to 2015. Patients with narcolepsy had more comorbid conditions (mean 5.8 vs 2.4,
nominal P < 0.001). Respiratory diseases and mood disorders were more common in patients with
narcolepsy than controls (57% vs 32% and 56% vs 14%, respectively; both nominal P < 0.001). Compared to
controls, patients with narcolepsy underwent more diagnostic tests (electroencephalogram, EEG [0.13 vs
0.0053]) and brain computed tomography, CT/magnetic resonance imaging, MRI (0.26 vs 0.022; both
nominal P < 0.001). Mean annual inpatient days (0.71 vs 0.15), emergency department visits (0.51 vs
0.15), and outpatient office visits (8.6 vs 2.3) were higher for patients with narcolepsy than controls (all
nominal P < 0.001). Annual mean health care costs were higher for patients with narcolepsy versus
controls ($15,797 vs $2449, nominal P < 0.001).
Conclusion: Pediatric patients with narcolepsy had greater comorbidity, higher health care utilization,
and higher costs than patients without narcolepsy.
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1. Introduction

Narcolepsy is a rare, lifelong neurological disorder characterized
by excessive daytime sleepiness (EDS) and the inability to regulate
sleepewake cycles [1]. In addition to EDS, the clinical symptoms of
narcolepsy include cataplexy, hallucinations during transitions
from wakefulness to sleep or sleep to wakefulness, sleep paralysis,
and disrupted nighttime sleep [1]. The International Classification
of Sleep Disorders, Version 3 and the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition provide detailed diag-
nostic criteria for narcolepsy [1,2]. However, the diagnostic criteria
are not specific to the pediatric population, and little work has been
done in pediatric patients to validate the tests upon which the
diagnostic criteria rely.
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Only a few epidemiological studies have been conducted in
narcolepsy, mostly in small populations. A US population-based
study estimated the prevalence of adults with narcolepsy to
range from 35.8 to 56.3 per 100,000 people for those with narco-
lepsy with cataplexy and narcolepsy overall, respectively [3]. A US
study of medical and prescription claims estimated the prevalence
of narcolepsy in pediatric patients to be 0.7 per 100,000 for patients
0e6 years of age, 6.9 for 7e11 years of age, and 24.0 for 12e17 years
of age [4]. Furthermore, the prevalence of US pediatric patients
with narcolepsy �9 years of age was shown to be 12.7 per 100,000
for females and 85.2 per 100,000 for males [3].

The onset of narcolepsy usually occurs after five years of age
and most typically takes place between the ages of 10 and 25
years [1]. Frequently, many years elapse between the onset of
narcolepsy symptoms and a diagnosis of narcolepsy [5e8]. Fac-
tors contributing to delayed diagnosis include lack of recognition
of narcolepsy symptoms by health care providers, school
personnel, and parents; partial symptom overlap with more
common sleep disorders, such as obstructive sleep apnea (OSA);
the lack of a simple diagnostic test that is validated in pediatrics;
and a high rate of medical and psychiatric comorbidities in pa-
tients with narcolepsy [5e8]. In younger pediatric patients, the
presence of behaviors often observed in attention-deficit hyper-
activity disorder (ADHD) and the use of ADHD medications may
mask narcolepsy symptoms [5]. Pediatric narcolepsy also may be
initially misdiagnosed as a neuromuscular disorder, epilepsy,
depression, conversion disorder, or psychosis [9,10]. Furthermore,
cataplexy may present atypically in pediatric patients initially
[11e13], and pediatric patients may be reluctant or unable to
describe their symptoms [7,13,14].

Studies have documented considerable economic, clinical, and
humanistic burden of disease in the adult and overall population of
people with narcolepsy. Narcolepsy often has a negative impact on
patients' educational attainment, income, or ability to work
[15e17]. Compared to adults without narcolepsy, those with nar-
colepsy have an increased burden of medical and psychiatric co-
morbidity, such as OSA and other sleep disorders, mood disorders,
anxiety disorders, diabetes, obesity, and headache/migraine
[18e20]. Reduced quality of life and significantly higher utilization
of health care services and per-patient average costs have been
observed in adults with narcolepsy compared to similar patients
without narcolepsy [16,17]. Narcolepsy is also a risk factor for ac-
cidents [21,22]. Furthermore, adult patients with narcolepsy of all
age groups have higher mortality compared to those without the
disorder [23].

However, the health care burden of narcolepsy in children has
not been comprehensively studied in large US populations. The
objective of this study was to examine comorbid conditions,
health care utilization, and health care costs in a large sample of
pediatric patients with narcolepsy compared with pediatric con-
trols without narcolepsy. A secondary objective was to compare
comorbidity, health care utilization, and health care costs in pe-
diatric patients with narcolepsy type 1 and those with narcolepsy
type 2.
2. Methods

This was a retrospective cross-sectional study. The primary
analysis examined the burden of illness among pediatric patients
with narcolepsy compared to patients without narcolepsy of
similar age, sex, geographic region, and insurance type in the
United States. A subgroup analysis examined burden of illness
among patients diagnosed with narcolepsy type 1 compared to
patients diagnosed with narcolepsy type 2.
2.1. Data source

This US-based study used data from the Truven Health Analytics
MarketScan® Commercial Claims and Encounters (CCAE) database,
from 2011 to 2015, which is representative of those with employer-
provided health insurance in the United States. The data are
deidentified administrative health care claims. The CCAE database
includes the health care claims of employees and their dependents
of mostly large- and medium-sized, self-insured employers.
Coverage is provided under a variety of fee-for-service, fully capi-
tated, and partially capitated health plans, including preferred
provider organizations, point-of-service plans, indemnity plans,
and health maintenance organizations. The CCAE database includes
all benefits received by the patient and covered partially or wholly
by the health plan. Data on member enrollment; patient, provider,
and hospital demographics; inpatient and outpatient services and
costs; diagnoses; medical procedures; and prescription drug use
and costs for medications filled through outpatient pharmacies are
recorded in the database.

2.2. Patient identification

Over five years, cohorts of patients <18 years of age who had
existing or newly diagnosed narcolepsy were identified between
January 1, 2011 and December 31, 2015. In each year, narcolepsy
was identified on the basis of �2 claims with a diagnosis code of
narcolepsy, with or without cataplexy (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes:
347.0x, 347.1x; 10th Revision (ICD-10-CM) code: G47.4x). To ensure
a confirmatory diagnosis of narcolepsy, the 2 claims must have
occurred on separate days and �1 claim must have been non-
diagnostic (ie, �1 claim must not have an indication of multiple
sleep latency test [MSLT]/polysomnography [PSG] testing [current
procedural terminology (CPT) code: 95805] or other diagnostic
testing; Supplementary Table 1).

Patients not continuously enrolled during the entire calendar year
were excluded. Patients whomet the criteria in�1 year (2011e2015)
were included in the study. For prevalent patients appearing in mul-
tiple calendar years, we randomly selected one year per patient to
create a prevalent cohort of unique patients with narcolepsy.

For the comparison of patients with versus without narcolepsy,
a control group of pediatric patients who did not have any diagnosis
claims for narcolepsy and who were continuously enrolled during
the relevant calendar year was drawn from a 5% random sample of
commercially insured enrollees. These patients were matched to
pediatric patients with narcolepsy, in a 3:1 ratio, by calendar year,
age, sex, US census region or census division, and insurance type.
Thus, control patients represented a general population of pediatric
patients without narcolepsy.

For the subgroup analyses, patients with �1 claim for a narco-
lepsy type 1 diagnosis code (ICD-9-CM code: 347.00; ICD-10-CM
code: G47.411) were classified as narcolepsy type 1; patients with
no claims for narcolepsy type 1were classified as narcolepsy type 2.

2.3. Study measures

Comorbid conditions, health care utilization, and health care
costs (allowable medical and pharmacy insurance charges) were
measured annually.

Specific comorbid conditions were measured using diagnosis
codes (ICD-9-CM and ICD-10-CM) to describe the total comorbidity
burden. Specific comorbid conditions and autoimmune conditions
previously associated with narcolepsy or associated with narco-
lepsy misdiagnoses in children were selected as comorbid condi-
tions of interest [24,25]. The presence of potential comorbid



Table 1
Patient characteristics.

Characteristic Narcolepsy (n ¼ 1427) Control (n ¼ 4281)

Age cohort, n (%)
�6 years 38 (2.7) 114 (2.7)
7e11 years 213 (14.9) 639 (14.9)
12e17 years 1176 (82.4) 3528 (82.4)

Sex (female), n (%) 687 (48.1) 2061 (48.1)
Cataplexy present, n (%)a 515 (36.0) NA

NA, not applicable.
a Cataplexy was defined as the presence of �1 diagnosis for narcolepsy with

cataplexy.
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conditions was defined based on the presence of �1 claimwith the
diagnosis (ICD-9-CM or ICD-10-CM codes). Comorbid conditions of
interest are shown in Supplementary Table 2, and autoimmune
conditions are listed in Supplementary Table 3. The Agency for
Healthcare Research and Quality/Healthcare Cost and Utilization
Project (AHRQ/HCUP) Clinical Classifications Software (CCS) “body
system” classification has a range of 0 to 18 systems. Amodified CCS
scoring system that excluded narcolepsy codes was employed in
this study to measure the number of body systems affected by
chronic and/or acute comorbid conditions [26].

Inpatient, outpatient medical, and outpatient pharmacy use was
also measured. Inpatient utilization was measured by mean annual
number of hospitalizations and length of stay. In addition to all-
cause utilization, inpatient utilization associated with psychiatric
care was measured by mean annual number of psychiatric hospi-
talizations and length of stay. Outpatient medical utilization was
measured by mean annual number of emergency department (ED)
visits, non-ED outpatient service visits, diagnostic sleep tests (MSLT
and PSG), and radiology/imaging tests (electroencephalography
[EEG] and brain computed tomography [CT]/magnetic resonance
imaging [MRI]). Outpatient pharmacy utilization was examined by
the following measures: the proportion of patients receiving any
narcolepsy-related prescription medication (including medications
used to treat narcolepsy and other neurological medications); the
proportion of patients receiving medications from 1, 2, or �3 drug
categories; and the mean number of dispensing events with a 30-
day supply equivalent (fills of <30 days were considered 1 event).
Medications included those presumed to treat narcolepsy symp-
toms (sleepiness and cataplexy): modafinil, armodafinil, sodium
oxybate, methylphenidate, amphetamines, selective serotonin re-
uptake inhibitors (SSRIs), serotoninenorepinephrine reuptake in-
hibitors (SNRIs), and tricyclic antidepressants [27]. Other
neurological medications that are used to treat potentially comor-
bid conditions in pediatric patients or misdiagnosed narcolepsy
symptoms also were examined: monoamine oxidase inhibitors,
other antianxiety medications, anticonvulsants, nonstimulant
ADHDmedications, and antipsychotics. A complete listing of health
care utilization measures is provided in Supplementary Table 4.

Total health care costs and cost by type of service were esti-
mated as a per-patient annual average. All costs were reported as
means with standard deviations and inflation adjusted to 2015 US
dollars. The analysis of health care costs included: total health care
costs (medical and pharmacy costs), medical costs (inpatient hos-
pitalization costs, ED service costs, and non-ED outpatient service
costs), and pharmacy costs (total pharmacy costs and narcolepsy-
related medications). A complete listing of health care cost mea-
sures is provided in Supplementary Table 5.

2.4. Data analysis

Descriptive statistics were calculated, including means and
standard deviations for continuous data and relative frequencies
and percentages for categorical data. Medians and interquartile
ranges were calculated for continuous variables where appropriate.
Additionally, statistical tests were performed according to distri-
butional assumptions (eg, t test orWilcoxon test for means and chi-
square or Fisher's exact test for proportions). Multiple comparisons
were performed without adjustments for multiplicity; as such,
nominal P values are presented.

Study measures (comorbid conditions, utilization, and costs)
were reported for all years combined (2011e2015), stratified by
cases versus controls. The studymeasures also were reported for all
years combined among patients with narcolepsy, stratified by
narcolepsy type 1 versus narcolepsy type 2. Costs incurred by
matched control patients were subtracted from costs experienced
by patients diagnosed with narcolepsy in order to calculate burden
of illness. Each component of health care costs (eg, inpatient) was
also expressed as a share of total costs, separately for cases and
controls. This was calculated as the average annual cost per patient
for the component (eg, inpatient) divided by the average annual
total cost per patient, and expressed as a percentage.

All data transformations and statistical analyses were per-
formed using SAS© version 9.4.
3. Results

A total of 1427 unique pediatric patients with narcolepsy were
matched with 4281 controls between 2011 and 2015 (Table 1). Two
patients with narcolepsy who were not completely matched with
controls were excluded from analysis, except where noted. More
than 80% of patients with narcolepsy were 12 to 17 years of age, and
51.9% were male.
3.1. Comorbid conditions

Compared to controls, pediatric patients with narcolepsy had
more chronic and acute comorbid conditions, based on the body
system index (modified CCS score, Table 2). In patients with nar-
colepsy versus controls, the mean number of body systems affected
by chronic conditions was 2.5 versus 0.6, respectively, and the
mean number of body systems affected by chronic and/or acute
conditions was 5.8 versus 2.4 (nominal P < 0.001 for both com-
parisons). For 16 of the 18 body systems groups evaluated by CCS,
the level of comorbidity was higher in patients with narcolepsy
compared to controls. The largest excess prevalence in the narco-
lepsy group compared with the control group was observed for
symptoms, signs, and ill-defined conditions (56.2%), and diseases of
the nervous system and sense organs (eg, eyes and ears; 51.9%).
Very few patients had claims in the two CCS body systems inwhich
the narcolepsy and control groups did not differ (“complications of
pregnancy, childbirth, and the puerperium” and “certain conditions
originating in the perinatal period”).

Analyses were conducted to identify the frequency of claims for
selected conditions known to be associated with pediatric narco-
lepsy. The frequency of claims with diagnostic codes for 11 of these
conditions was higher in patients with narcolepsy compared to
patients without narcolepsy (nominal P < 0.001 for each compar-
ison). Claims with diagnostic codes for these 11 conditions were
identified in >10% of patients with narcolepsy (Fig. 1). These con-
ditions included sleep disorders (circadian rhythm sleep disorders,
OSA, sleep-related movement disorders, and insomnia), obesity,
allergic or respiratory conditions (asthma, allergic disorders, and
upper respiratory infections), anxiety, fatigue, and injury (trauma
or burns). Injuries (trauma or burns) and autoimmune disorders
were diagnosed in nearly twice as many patients with narcolepsy
compared with controls (30.3% vs 16.7%, respectively, for injuries
and 2.7% vs 1.1%, respectively, for autoimmune disorders).



Table 2
CCS comorbid conditions among pediatric patients with narcolepsy versus controls.a

Patients with comorbidity Excess prevalence

Narcolepsy (n ¼ 1427) Control (n ¼ 4281)

Chronic condition indicator (excluding narcolepsy), mean (SD) 2.5 (1.6) 0.6 (1.0) e

Number of affected body systems (chronic and acute; excluding narcolepsy), mean (SD) 5.8 (2.7) 2.4 (2.4) e

Infections and parasitic disease, n (%) 310 (21.7) 536 (12.5) 9.2%
Neoplasms, n (%) 87 (6.1) 135 (3.2) 2.9%
Endocrine, nutritional, and metabolic diseases and immunity disorders, n (%) 393 (27.5) 224 (5.2) 22.3%
Diseases of blood and blood-forming organs, n (%) 115 (8.1) 70 (1.6) 6.5%
Mood disorders, n (%) 794 (55.6) 593 (13.9) 41.7%
Diseases of the nervous system and sense organs (excluding narcolepsy), n (%) 1011 (70.8) 807 (18.9) 51.9%
Diseases of the circulatory system, n (%) 163 (11.4) 92 (2.1) 9.3%
Diseases of the respiratory system, n (%) 816 (57.2) 1379 (32.2) 25.0%
Diseases of the digestive system, n (%) 263 (18.4) 277 (6.5) 11.9%
Diseases of the genitourinary system, n (%) 241 (16.9) 330 (7.7) 9.2%
Complications of pregnancy, childbirth, and the puerperium, n (%) 2 (0.1) 11 (0.3) �0.2%
Diseases of the skin and subcutaneous tissue, n (%) 475 (33.3) 754 (17.6) 15.7%
Diseases of the musculoskeletal system, n (%) 550 (38.5) 802 (18.7) 19.8%
Congenital anomalies, n (%) 115 (8.1) 111 (2.6) 5.5%
Certain conditions originating in the perinatal period, n (%) 1 (0.1) 3 (0.1) 0.0%
Symptoms, signs, and ill-defined conditions, n (%) 1189 (83.3) 1160 (27.1) 56.2%
Injury and poisoning, n (%) 518 (36.3) 808 (18.9) 17.4%
Factors influencing health status and contact with health services, n (%) 1082 (75.8) 2089 (48.8) 27.0%

CCS, Clinical Classifications Software; SD, standard deviation; AHRQ, Agency for Health Research and Quality; HCUP, Healthcare Cost and Utilization Project.
a Mean number of body systems affected by chronic and/or acute conditions as measured by the CCS provided by the AHRQ/HCUP. The modified CCS tallies the number of

affected body systems based on diagnosis claims and a hierarchical classification system. The number of possible systems ranges from 0 to 18.

Fig. 1. Selected conditions known to be associated with pediatric narcolepsy that were diagnosed in >10% of patients with narcolepsy. OSA, obstructive sleep apnea. All differences
nominal P < 0.001.
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3.2. Health care utilization

Analysis of annual health care utilization showed that pediatric
patients with narcolepsy underwent a higher annual mean number
of both MSLT (0.672 vs 0.0007) and PSG tests (0.7834 vs 0.0051;
nominal P < 0.001 for both comparisons; Fig. 2A) compared with
controls. EEG diagnostic tests and brain CT/MRI tests were more
frequently conducted in narcolepsy patients, with annual mean
numbers of EEG and brain CT/MRI tests of 0.13 and 0.26 for patients
with narcolepsy versus 0.0053 and 0.022 for controls (nominal
P < 0.001 for both comparisons; Fig. 2A). Furthermore, pediatric
patients with narcolepsy used outpatient care at higher rates than



Fig. 2. Utilization rates of outpatient care, including (A) annual tests and (B) annual visits in pediatric patients with narcolepsy compared to controls. EEG, electroencephalography;
CT, computed tomography; MRI, magnetic resonance imaging; MSLT, multiple sleep latency test; PSG, polysomnography; OP, outpatient. P values are nominal and correspond to the
absolute difference.
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those without narcolepsy. Compared to controls, patients with
narcolepsy had a higher annual mean number of outpatient office
visits (8.59 vs 2.34) and outpatient psychiatric visits (0.46 vs 0.11;
nominal P < 0.001 for both comparisons; Fig. 2B).

Pediatric patients with narcolepsy also used inpatient and
emergency care at higher rates than controls. Compared to the
control group, the narcolepsy group had more mean all-cause
inpatient admissions (0.13 vs 0.02), psychiatric inpatient admis-
sions (0.06 vs 0.01), and ED visits (0.51 vs 0.15; nominal P < 0.001
for all comparisons; Fig. 3A). Patients with narcolepsy also had a
greater annual mean number of all-cause inpatient days (0.71 vs
0.15) and psychiatric inpatient days (0.41 vs 0.07) than controls
(nominal P < 0.001 for both comparisons; Fig. 3B).

Analysis of patients who had �1 prescription pharmacy claim
for narcolepsy-relatedmedications (ie, any prescription medication
used to treat narcolepsy symptoms or neurological medications)
showed differences in drug utilization patterns in pediatric patients
with and without narcolepsy (Supplementary Fig. 1). Among
Fig. 3. Utilization rates of inpatient and emergency care, including (A) annual admissions or
controls. IP, inpatient; ED, emergency department. P values are nominal and correspond to
patients in narcolepsy and control groups, respectively, 76% and
10% had pharmacy claims for narcolepsy-related medications, and
72% and 9% had claims for any narcolepsy treatment. The medica-
tions most commonly prescribed for patients with narcolepsy were
amphetamine, methylphenidate, SSRIs, modafinil, and armodafinil.
In patients with narcolepsy and controls, respectively, percentages
of patients with �1 filled prescription for one of these medications
were 26% versus 4% for an amphetamine, 23% versus 3% for
methylphenidate, 21% versus 4% for an SSRI, 19% versus 0% for
modafinil, and 13% versus 0% for armodafinil (nominal P < 0.001 for
all comparisons). Percentages of patients with narcolepsy and
controls, respectively, who had �1 filled prescription for another
neurological medication were 9% versus 1% for antipsychotics, 7%
versus 2% for a nonstimulant ADHD medication, 7% versus 1% for
another anxietymedication, and 3% versus 0% for an anticonvulsant
(nominal P < 0.001 for all comparisons).

As expected, therewere differences in the number of narcolepsy-
related prescription medications taken by pediatric patients with
visits and (B) annual inpatient days, in pediatric patients with narcolepsy compared to
the absolute difference.
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narcolepsy and controls (Supplementary Fig. 2). In the narcolepsy
and control groups, respectively, 24% and 90% of patients did not
take narcolepsy-relatedmedications, 35% and 7% took 1medication,
22% and 2% took 2 medications, and 19% and 1% took �3 medica-
tions. Thus, 41% of the narcolepsy group and 3% of the control group
took�2 narcolepsy-related medications. The annual mean number
of dispensing events for medications dispensed in outpatient
pharmacy claims was 18.6 and 4.2 for pediatric patients with nar-
colepsy and controls, respectively (nominal P < 0.001).

3.3. Health care costs

Pediatric patients with narcolepsy had higher health care costs
than controls (Table 3). Total annual mean health care costs were
$13,348 higher for patients in the narcolepsy group than for those in
the control group ($15,797 vs $2449; nominal P < 0.001). Diagnostic
testing andmedical services, including inpatient andoutpatient visits,
accounted for more than half ($8185) of this cost differential. Outpa-
tient pharmacy costs were $5163 higher for patients with narcolepsy
than for controls ($5656 vs $493; nominal P < 0.001). Costs of
narcolepsy-related medications (including medications used to treat
narcolepsy and other neurological medications) accounted for nearly
three-quarters ($4351) of the pharmacy cost differential.

3.4. Patients with narcolepsy type 1 versus narcolepsy type 2

Comorbid conditions for which there were differences between
patients with narcolepsy type 1 and narcolepsy type 2 are shown in
Table 3
Health care costs in pediatric patients with narcolepsy compared with controls.

Narcolepsy
(n ¼ 1427), $

Control
(n ¼ 4281), $

Difference, $

Inpatient admissions 1899 557 1341
ED visit (without

admission)
440 116 323

Outpatient physician visit 1139 259 880
Other outpatient 3666 825 2841
Total medical care

services
10,140 1956 8184

Outpatient pharmacy 5656 493 5163
Narcolepsy and related
Rx

4481 130 4351

Other Rx 1175 364 812
Total costs (medical þ

pharmacy)
15,797 2449 13,348

ED, emergency department; Rx, prescription.

Table 4
Comorbid conditions for which there were differences between pediatric patients with n

Comorbid condition Patients

All (n ¼
ADHD 82 (5.7)
Allergic disorders 320 (22.
Epilepsy/seizures 78 (5.5)
Movement disorders 27 (1.9)
Obesity 150 (10.
Schizophrenia 3 (0.2)
Sleep-related movement disorders 167 (11.
CCSM 5 Mental Illness Categories
Attention-deficit, conduct, and disruptive behavior disordersc 296 (20.
Delirium, dementia, and amnestic and other cognitive disordersd 32 (2.2)

ADHD, attention-deficit hyperactivity disorder; CCSM, Clinical Classifications Software M
a Includes 2 patients who were not completely matched with control patients.
b All nominal P values.
c CCSM 5 Mental Illness Category 5.3.
d CCSM 5 Mental Illness Category 5.4.
Table 4 (two patients not completely matched with controls are
included). Epilepsy/seizures, movement disorders, obesity, schizo-
phrenia, and sleep-related movement disorders were reported
more frequently in patients with narcolepsy type 1; while ADHD,
allergic disorders, and the CCS Multilevel (CCSM) 5 Mental Illness
Categories for attention deficit, conduct, and disruptive behavior
disorders and delirium, dementia, and amnestic and other cogni-
tive disorders were more frequent in patients with narcolepsy type
2 (all nominal P < 0.05; Table 4).

Although health care utilizationwas similar across patients with
narcolepsy, analyses comparing pediatric patients with narcolepsy
type 1 and narcolepsy type 2 identified some differences. A greater
proportion of patients with narcolepsy type 1 than patients with
narcolepsy type 2 had a brain CT/MRI (23.7% vs 17.8%; P¼ 0.008) and
received narcolepsy-related medication (82% vs 72%; nominal
P< 0.001). In patients with narcolepsy type 1 and narcolepsy type 2,
respectively,18% and 28%of patients did not take narcolepsy-related
medications, 33% and 36% took 1 medication, 24% and 20% took 2
medications, and 25% and 16% took �3 medications (nominal
P < 0.001 for comparison). A greater proportion of patients with
narcolepsy type 1 than with narcolepsy type 2 had any inpatient
hospitalization (10.5% vs 6.7%; nominal P¼ 0.011), but patients with
narcolepsy type 1 had a lower number of mean psychiatric hospital
days among patients with psychiatric hospitalization than patients
with narcolepsy type 2 (7.1 vs 14.4; nominal P ¼ 0.039).

Pediatric patients with narcolepsy type 1 had higher health care
costs than patients with narcolepsy type 2. Total annual mean
health care costs were $5757 higher for patients with narcolepsy
type 1 than for those with narcolepsy type 2 ($19,474 vs $13,717;
nominal P < 0.001). Pharmacy costs were responsible for much of
this differential; total mean pharmacy costs were $5479 higher for
patients with narcolepsy type 1 than for patients with narcolepsy
type 2 ($9155 vs $3676; nominal P < 0.001). Costs of narcolepsy-
related medications accounted for nearly all ($5310) of this cost
differential.
4. Discussion

This retrospective cross-sectional study using the US Truven
MarketScan® database compared comorbid conditions, health care
utilization, and health care costs in pediatric patients diagnosed
with narcolepsy. The key findings of this study indicate that pedi-
atric patients with narcolepsy have more comorbid conditions and
higher levels of health care use and costs in the index year
compared to pediatric patients without narcolepsy.
arcolepsy type 1 and narcolepsy type 2.

with narcolepsy, n (%) P valueb

1429a) Type 1 (n ¼ 515) Type 2 (n ¼ 914)

21 (4.1) 61 (6.7) 0.002
4) 98 (19.0) 222 (24.3) 0.022

37 (7.2) 41 (4.5) 0.015
14 (2.7) 13 (1.4) 0.011

5) 66 (12.8) 84 (9.2) 0.032
3 (0.6) 0 0.006

7) 73 (14.2) 94 (10.3) 0.028

7) 81 (15.7) 215 (23.5) <0.001
5 (1.0) 27 (3.0) 0.015

ultilevel.
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Nearly all comorbid conditions examined were more prevalent
among patients with narcolepsy than in thosewithout the disorder,
although not all comorbid conditions may be truly comorbid, given
the extent of misdiagnoses reported prior to the diagnosis of nar-
colepsy [28]. Future work should examine changes in claims for the
treatment of comorbid conditions after the narcolepsy diagnosis in
children and adolescents to better understandwhich conditions are
truly comorbid. Notable comorbidity differences between pediatric
patients with narcolepsy and controls were observed for allergic
disorders, anxiety, asthma, ADHD, depression, upper respiratory
infections, injury (trauma or burns), and mean number of affected
CCS body systems.

The increases in overall comorbidity burden and prevalence of
specific comorbid conditions observed in our study are similar to
findings reported in 2017 by Jennum et al. [29]. In this national
population-based study that used data from the Danish National
Patient Registry, pediatric patients with narcolepsy had a signifi-
cantly greater comorbidity burden than controls, as measured by
the number of main World Health Organization (WHO) group di-
agnoses [29]. Furthermore, compared to controls, pediatric pa-
tients with narcolepsy had a significantly greater prevalence of
neoplasms; endocrine, nutritional, and metabolic diseases; mental
and psychiatric disorders; nervous system disorders; musculo-
skeletal system and connective tissue diseases; and abnormal
clinical and laboratory findings [29]. Other investigations have also
reported high rates of comorbid obesity, other sleep disorders,
depression, and anxiety in pediatric patients with narcolepsy
[30e33]. The findings of our study also closely parallel those of the
Burden of Narcolepsy Disease (BOND) study [16,18,19]. When
examining the prevalence of comorbidities using the CCS grouping
system, CCS scores tend to be lower in a healthy population
without narcolepsy, as reflected by the control group. Further-
more, adult patients with narcolepsy showed significant excess
prevalence compared with matched controls for conditions pre-
viously reported to be associated with narcolepsy (eg, rapid eye
movement behavior disorder and sleep apnea) [18]. An analysis of
psychiatric comorbidity found that all categories of mental illness
were significantly more prevalent in adult patients with narco-
lepsy than in controls, with the greatest excess prevalence for
anxiety disorders and mood disorders [19]. A retrospective
registry-based French study found that 11.1% of pediatric patients
with narcolepsy and no controls had an autoimmune disease
(P ¼ 0.01) [34].

It has previously been shown that for other chronic health
conditions (eg, asthma, epilepsy), there is a cost burden for these
childrenwith special health care needs (CSHCN) [35,36]. Likewise,
the current study has demonstrated that the cost burden of nar-
colepsy is also substantial, and confirms the importance of
assessing health care utilization and costs associated with pedi-
atric narcolepsy. Compared to patients in the control group, pa-
tients in the narcolepsy group were more likely to be hospitalized
and had more total mean hospital days, ED visits, and physician
office visits. Some imaging tests, such as EEG and brain CT/MRI,
also were more common among pediatric patients with narco-
lepsy versus controls. Health care costs, including total costs,
inpatient medical costs, outpatient medical costs, and pharmacy
costs, were higher among patients with narcolepsy compared to
controls. For pediatric patients with narcolepsy, physician office
visits and sleep tests made up a substantial portion of outpatient
costs, while most drug costs could be attributed to medications
used for the treatment of narcolepsy. The greater use of expensive
diagnostic tests, increased hospital admissions, and increased
outpatient visits in patients with narcolepsy are substantial con-
tributors to the economic burden of narcolepsy. Understanding
health care utilization and costs associated with pediatric
narcolepsy is critical when assessing a patient's disease outlook in
the years following a diagnosis of narcolepsy. To this end, an
analysis of claims data from the Truven Health Analytics Mar-
ketScan® database demonstrated that health care utilization and
the number of comorbid conditions in newly diagnosed pediatric
patients generally decreased after diagnosis [37]. Total health care
costs remained stable before and after diagnosis, with a decrease
in medical services costs and an increase in pharmacy costs in the
years following diagnosis [37]. These data suggest that timely
diagnosis and treatment decreases utilization and costs prior to
diagnosis.

An analysis of health care utilization and costs in the BOND
study showed that adults with narcolepsy had significantly higher
annual utilization rates compared with their matched controls [16],
consistent with the findings in pediatric patients with narcolepsy
presented here. For all inpatient and outpatient services analyzed,
annual utilization rates in the narcolepsy cohort were generally
twice as high as those observed for the control group, and drug
utilization was significantly higher in the narcolepsy group [16].
Annualized per-patient costs were also significantly higher in pa-
tients with narcolepsy versus controls.

Within the cohort of patients with narcolepsy in our study,
outcomes were compared for pediatric patients diagnosed with
narcolepsy type 1 and narcolepsy type 2. In contrast to the com-
parisons between patients with and without narcolepsy, the com-
parison between patients with narcolepsy type 1 and narcolepsy
type 2 revealed fewer and smaller differences in comorbidity,
health care utilization, and health care costs. Pediatric patients with
narcolepsy type 1 had a higher frequency of some conditions, such
as seizures and sleep-related movement disorders, but lower rates
of other conditions, such as allergic disorders and ADHD, compared
with patients with narcolepsy type 2. Health care utilization was
generally similar between patients with narcolepsy type 1 and
narcolepsy type 2, but inpatient hospitalization, brain CT/MRI
testing, and use of narcolepsy-related medications were more
common in patients with narcolepsy type 1. Total health care costs
were greater among patients with narcolepsy type 1 compared to
those with narcolepsy type 2, and these increased costs were
largely attributable to differences in costs for narcolepsy-related
medications.

A notable finding of our study is that 18% of pediatric patients
with narcolepsy type 1 and 28% of those with narcolepsy type 2
did not appear to be taking a narcolepsy-related prescription
medication. Among respondents to the US-based Unite Narco-
lepsy survey, 92% of whom were adults, 18% were not taking
medication prescribed by a health care provider [7]. The results
of the current study and others suggest that narcolepsy in pe-
diatric patients may be undertreated. Possible explanations are
that some physicians may not recognize the varied symptoms of
childhood narcolepsy, may minimize the detrimental impact of
sleep disorders, may have limited experience diagnosing or
treating pediatric narcolepsy, or may be reluctant to prescribe
medications that are not specifically indicated for pediatric pa-
tients because of concerns about adverse effects and effective-
ness. Additionally, type of provider, types of symptoms that
prompt consultation and/or diagnosis, and parental influence
are factors that may explain the undertreatment of pediatric
narcolepsy. For example, parents or patients may prefer non-
pharmacologic management of their narcolepsy symptoms,
including scheduled napping [38]. In contrast, some pediatric
patients had a high medication burden in our study. Our find-
ings demonstrated that 19% of pediatric patients with narco-
lepsy type 1 and narcolepsy type 2 received �3 narcolepsy-
related medications, thus adding additional challenges for
these patients.
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The most important strength of our study is that it includes a
large population of geographically dispersed pediatric patients in
the United States with narcolepsy type 1 and narcolepsy type 2.
Matching pediatric patients with narcolepsy to similar patients
without narcolepsy made it possible to characterize differences in
patterns of comorbid conditions, health care utilization, and health
care costs between the two groups. Representation of large cohorts
of pediatric patients with narcolepsy type 1 and narcolepsy type 2
allowed the differentiation of these disorders in terms of their
somewhat different comorbidity, health care utilization, and health
care cost profiles. To our knowledge, this is the only extensive
comparison of patients with narcolepsy type 1 versus narcolepsy
type 2 that has been undertaken. Our data suggest that pediatric
patients with narcolepsy belong to a category of CSHCN and require
more care for their physical, developmental, behavioral, and
emotional differences than their typically developing peers. Early
recognition and diagnosis of narcolepsy, as well as judicious use of
medications that target both sleepiness and cataplexy, may reduce
overall diagnostic and treatment health care utilization.

A significant limitation of this study is that the data are taken
from a claims database, which only captures diagnoses that are
recorded for billing purposes and may not fully capture the undi-
agnosed and uninsured population. Additionally, it is not possible
to determine how rigorous patients' diagnostic processes were, and
whether some patients diagnosed with narcolepsy type 2 actually
had narcolepsy type 1, given the atypical features of cataplexy in
many recently diagnosed pediatric patients. Clinical variables were
also not available to determine narcolepsy type 1 in the absence of a
diagnosis code. For this analysis, we identified all patients with
evidence of narcolepsy type 1 and classified the rest as narcolepsy
type 2. Furthermore, patients who were not continuously insured
throughout the year for any reason and those insured by Medicaid
or not insured at all are not represented. Uninsured children or
children with Medicaid represent children of poor socioeconomic
status and decreased health care access, who have cost limitations
on diagnostic and therapeutic interventions and may experience
significant delays in diagnosis or medical care, who have not been
examined by this data analysis. Further work is needed to examine
the interactions between the number or type of narcolepsy-related
medications with outcomes (eg, ER visits, inpatient stays, costs), as
well as to understand changes in health care utilization and costs
from before to after diagnosis.

The full burden of narcolepsy includes humanistic elements
such as high rates of discrepancy between verbal and nonverbal
abilities, academic problems, frequent school absenteeism,
behavior and adjustment problems, deficient social competence,
psychosomatic symptoms, and diminished health-related quality of
life [10,14,30,32,34,39]. However, these humanistic elements are
beyond the design of the study, which only captures costs to the
health care system from a payer perspective. Additional insight into
these major consequences of narcolepsy is needed.

In conclusion, our findings demonstrate that insured pediatric
patients who are diagnosed with narcolepsy have a greater co-
morbidity burden, as well as higher health care utilization and
health care costs for both medical services, including diagnostic
testing, inpatient and outpatient visits, and outpatient pharmacy,
compared to a general population of insured pediatric patients
without a diagnosis of narcolepsy. Overall, respiratory and mental
health comorbidities were more prevalent in patients with narco-
lepsy, and patients with narcolepsy had higher numbers of diag-
nostic tests, inpatient days, and medical visits compared with
controls. In addition to some differences in comorbidity burden,
our analysis identified some differences in health care utilization
between pediatric patients with narcolepsy type 1 and narcolepsy
type 2. Studies related to other types of narcolepsy-associated
burden, such as the psychological impact or the impact on quality
of life in pediatric patients, may be worthwhile to investigate in
future studies.
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