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ABSTRACT

Objective/background: To assess the clinical and socioeconomic burden of narcolepsy and idiopathic hypersomnia
(IH) in Denmark.

Patients/methods: This retrospective cohort study using Danish National Patient Registry data included in-
dividuals diagnosed with narcolepsy or IH (1/1/2005-12/31/2017). Individuals with narcolepsy were matched
1:4 with controls without narcolepsy; matching was repeated for individuals with TH. Comorbidities, employ-
ment, income, and healthcare costs were assessed in the 3 years before and after diagnosis using logistic
regression and generalized linear models.

Results: 1183 individuals with narcolepsy (4728 controls) and 1801 individuals with IH (7204 controls) were
assessed. Before diagnosis, individuals with narcolepsy had higher odds (odds ratio [OR]; 95 % confidence in-
terval [CI]) of having nervous system (7.92 [6.46, 9.71]) or circulatory system diseases (2.45 [1.95, 3.07]) than
controls, in addition to higher unemployment (2.30 [1.79, 2.96]). Individuals with narcolepsy had lower mean
income before (€22,076 vs €26,538) and after (€21,786 vs €27,090) diagnosis and higher mean healthcare costs
before (€4547 vs €1909) and after (€7411 vs €2178) diagnosis. Before diagnosis, individuals with IH had higher
odds (OR [95 % CI]) of having nervous system (9.37 [7.93, 11.08]) or circulatory system diseases (1.80 [1.49,
2.16]) than controls, in addition to higher unemployment (1.73 [1.42, 2.10]). Individuals with IH had lower
mean income before (€31,947 vs €34,503) and after (€30,262 vs €35,139) diagnosis and higher mean healthcare
costs before (€4050 vs €1840) and after (€5124 vs €2106) diagnosis.

Conclusions: Danish individuals with narcolepsy or IH had a greater clinical and socioeconomic burden than
controls.

1. Introduction

hallucinations, and sleep paralysis [1]. Idiopathic hypersomnia, another
central disorder of hypersomnolence, is also primarily characterized by
EDS but is distinct from narcolepsy; cataplexy is absent, and the symptoms
of idiopathic hypersomnia are not adequately explained by another dis-

Narcolepsy is a central disorder of hypersomnolence primarily char-
acterized by excessive daytime sleepiness (EDS); people with narcolepsy
often experience cataplexy (present in narcolepsy type 1 [NT1] but not
narcolepsy type 2 [NT2]), disrupted nighttime sleep, sleep-related

* Corresponding author. Nordre Ringvej 57, 2600 Glostrup, Denmark.

order. Other symptoms of idiopathic hypersomnia include severe sleep
inertia, long and unrefreshing naps, prolonged nighttime sleep, autonomic
complaints, and cognitive impairment [1].
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Abbreviations used in manuscript

BEF Population Statistics Register (Befolkning)

CI Confidence Interval

DNPR  Danish National Patient Registry

EDS Excessive Daytime Sleepiness

H Idiopathic Hypersomnia

ICD-10 International Classification of Diseases, Tenth Revision

NT1 Narcolepsy Type 1
NT2 Narcolepsy Type 2

OR Odds Ratio

SD Standard Deviation

STROBE Strengthening the Reporting of Observational Studies in
Epidemiology

WHO World Health Organization

Several US- and European-based studies have described the hu-
manistic, clinical, and socioeconomic burden associated with narco-
lepsy. Previous studies have demonstrated that individuals with
narcolepsy experience a wide range of medical comorbidities [2-7] and
have lower health-related quality of life [8], higher healthcare utiliza-
tion, and higher medical costs compared with matched controls [9-11].
Prior studies using Danish National Patient Registry (DNPR) data found
that, compared with matched controls, individuals with narcolepsy had
higher morbidity across a wide range of domains, including metabolic,
psychiatric, neurological, and other diseases [6,12], as well as increased
socioeconomic consequences, including lower income and increased
healthcare utilization and costs [11,13].

While research assessing the burden experienced by individuals with
idiopathic hypersomnia is limited, the clinical and socioeconomic
burden observed is comparable to that experienced by individuals with
narcolepsy; compared with controls, individuals with narcolepsy or
idiopathic hypersomnia experience substantial symptom burden [14],
lower health-related quality of life [15], significantly higher prevalence
of a wide range of comorbid conditions [16-18], and greater healthcare
resource utilization and medical costs [19]. Other studies using the
DNPR have investigated the health and socioeconomic consequences of
hypersomnia; however, these studies were not specific to an idiopathic
hypersomnia diagnosis [20,21].

The objectives of this study were to assess the clinical and socio-
economic burden, including comorbidity prevalence, employment, in-
come, and healthcare costs from the healthcare system perspective,
among individuals with narcolepsy or idiopathic hypersomnia,
comparing each group with matched controls having neither narcolepsy
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nor idiopathic hypersomnia in Denmark. This analysis builds on prior
literature by aiming to evaluate the clinical and socioeconomic burden
experienced by individuals with narcolepsy and idiopathic hyper-
somnia, to determine whether this burden persists in Denmark, and to
compare the higher burden observed in US-based studies with the
burden experienced by individuals in Denmark.

2. Methods
2.1. Study design and data source

This study's methods and results follow Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines [22].
The current study was approved by Statistics Denmark (project number
706775) in compliance with Danish data protection laws and ethical
standards. The DNPR provides longitudinal monitoring of inpatient,
outpatient, and emergency department health service utilization in
Denmark and thereby constitutes a valuable research database covering
diseases, treatments, and diagnostic examinations [23]. This national
retrospective cohort study used de-identified DNPR data linked to other
Danish registries containing longitudinal sociodemographic informa-
tion—including the Civil Registration System, the National Health In-
surance Service, the Danish National Prescription Register, the
Population Statistics Register (BEF), and other Statistics Denmark reg-
isters containing data on the total Danish population [23]. The Civil
Registration System uses a unique personal identification number that is
assigned to all citizens in Denmark, which allows for individual linkage
across all registers used in this study. Since 1978, the DNPR has included
data on all individuals covered under Denmark's universal healthcare
system; it contains information on all hospitalized patients from 1977
onward, and all outpatient, emergency department, and psychiatric
visits from 1994 onward, though the DNPR's merge with the Psychiatric
Central Research Register was not completed until 1995. DNPR data are
updated continuously, and its content has changed over time [23]. From
2002 onward, the DNPR also has contained information on inpatient and
outpatient tariffs from the diagnosis-related groups of diagnoses and
procedures used to calculate healthcare costs.

2.2. Study population

To be included in this analysis, individuals were required to have a
record of contact with a hospital with a diagnosis of narcolepsy (Inter-
national Classification of Diseases, Tenth Revision [ICD-10], G47.4) or
idiopathic hypersomnia (ICD-10, G47.1) between January 1, 2005, and
December 31, 2017. The narcolepsy and idiopathic hypersomnia cohorts
were analyzed separately. Because of uncertainty regarding correct

within period January 1, 1994-December 31, 2020

Individuals diagnosed with narcolepsy or idiopathic hypersomnia
N=6191

_’| both narcolepsy and idiopathic

!

Narcolepsy

Excluded: N=449
| Individuals diagnosed with

I
| Individuals diagnosed with I
I

hypersomnia
I a

N=3636

| Excluded: N=1488 |
Individuals diagnosed with |

idiopathic hypersomnia before

| January 1, 2005 |

| Excluded: N=347 |

Individuals diagnosed with
idiopathic hypersomnia after
| December 31, 2017

N=1801

Fig. 1. Participant flow.
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Table 1
Cohort characteristics at index date.”
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Narcolepsy

Idiopathic Hypersomnia

Individuals (N = 1183)

Matched Controls (N = 4728)

Individuals (N = 1801) Matched Controls (N = 7204)

Sex, n (%)

Female 642 (54.3) 2564 (54.2)
Male 541 (45.7) 2164 (45.8)
Age, years, mean (SD) 38 (20) 38 (20)
Age group, n (%)
<18 years 168 (14.2) 672 (14.2)
18-29 years 362 (30.6) 1446 (30.6)
30-39 years 191 (16.1) 764 (16.2)
4049 years 138 (11.7) 552 (11.7)
50-64 years 162 (13.7) 648 (13.7)
>65 years 162 (13.7) 646 (13.7)
Marital status, n (%)
Married/cohabiting 466 (39.4) 1860 (39.3)
Living alone 717 (60.6) 2868 (60.7)
Education, n (%)"
Primary 397 (33.6) 1577 (33.4)
Secondary 135 (11.4) 583 (12.3)
Vocational 295 (24.9) 1160 (24.5)
College, short 43 (3.6) 163 (3.4)
College, medium 149 (12.6) 560 (11.8)
College, long + PhD 66 (5.6) 284 (6.0)
Unknown 98 (8.3) 401 (8.5)
Employment status, n (%)"
Employed 450 (38.0) 2157 (45.6)
Education 173 (14.6) 784 (16.6)
Unemployed 115 (9.7) 256 (5.4)
Sick pay (publicly funded) 38 (3.2) 55 (1.2)
Disability pension 79 (6.7) 163 (3.4)
Early retirement 11 (0.9) 51 (1.1)
Age pension 149 (12.6) 586 (12.4)
Child <18 years of age 168 (14.2) 672 (14.2)

905 (50.2) 3620 (50.2)
896 (49.8) 3584 (49.8)
41 (15) 41 (15)
74 (4.1) 296 (4.1)
424 (23.5) 1696 (23.5)
388 (21.5) 1552 (21.5)
390 (21.7) 1560 (21.7)
401 (22.3) 1604 (22.3)
124 (6.9) 496 (6.9)
1069 (59.4) 4276 (59.4)
732 (40.6) 2928 (40.6)
505 (28.0) 1964 (27.3)
166 (9.2) 714 (9.9)
621 (34.5) 2377 (33.0)
95 (5.3) 314 (4.9
274 (15.2) 1055 (14.6)
91 (5.1) 528 (7.3)
49 (2.7) 252 (3.5)
1076 (59.7) 4618 (64.1)
199 (11.0) 843 (11.7)
171 (9.5) 429 (6.0)
40 (2.2) 97 (1.3)
116 (6.4) 398 (5.5)
24 (1.3) 139 (1.9)
101 (5.6) 380 (5.3)
74 (4.1) 296 (4.1)

@ Characteristics were balanced between groups after matching on age, sex, marital status, and municipality (residence) at index year.

b Short and medium college education cycles typically have a duration of 1-2 and 24 years, respectively, and build upon an upper secondary education. Long-cycle
college education lasts 5 years in total and is typically divided into a 3-year bachelor's degree program and a 2-year master's degree program.

¢ Employment status based on Statistics Denmark variable SOCIO13 for labor market affiliation status in index calendar year; variable based on information
regarding most important source of income or employment for each person in year. https://www.dst.dk/da/Statistik/dokumentation/Times/personindkomst

/sociol3.
SD, standard deviation.

diagnoses, individuals diagnosed with both narcolepsy and idiopathic
hypersomnia during the period 1994-2020 were excluded from this
analysis. Additionally, individuals with either diagnosis before January
1, 2005, were excluded to ensure the cohorts were naive of a diagnosis
for narcolepsy or idiopathic hypersomnia. Only individuals between 18
and 64 years of age were included in models assessing income from
employment.

Individuals with narcolepsy or idiopathic hypersomnia were exact
matched 1:4 with controls who had neither narcolepsy nor idiopathic
hypersomnia (hereafter referred to as matched controls) based on key
demographic factors: age, sex, marital status, and geographic location/
municipality at time of diagnosis. Each matched control was randomly
selected from the total Danish population using the BEF. The linked
DNPR was then used to exclude those with narcolepsy or idiopathic
hypersomnia from the control pool. There was no overlap between the
control cohorts (ie, inclusion in one disqualified inclusion in the other).

For individuals with narcolepsy or idiopathic hypersomnia, the
diagnosis date (index date) was defined as the date of first hospital
contact with a primary or secondary diagnosis of narcolepsy or idio-
pathic hypersomnia during the period 2005 to 2017 (inclusion period).
The matched control's index dates were matched to the diagnosis date of
their counterparts with narcolepsy or idiopathic hypersomnia.

2.3. Outcomes

The outcomes assessed in this analysis in the 3 years before and 3
years after diagnosis included comorbidities represented by World

Health Organization (WHO) categories [24]; employment status; in-
come from employment; and direct total healthcare costs. Detailed co-
morbidity conditions assessed in the 3-year pre-index period included
hypertension (diagnosis or medication for hypertension), cardiovascular
disease (diagnosis other than hypertension), type 2 diabetes (diagnosis
or medication for type 2 diabetes), high cholesterol (diagnosis or
medication for high cholesterol), obesity (diagnosis), mental disorder
(diagnosis or medication for a mental disorder), and sleep disorder
(diagnosis other than narcolepsy or idiopathic hypersomnia).
Employment status was derived from the Statistics Denmark variable
SOCIO13, which is based on information about the most important in-
come source for the person in the year; data were available only for
individuals between 18 and 64 years of age. Income from employment
was calculated from Danish Income Register data. Healthcare costs were
calculated from data from the DNPR (inpatient admissions, outpatient
services, psychiatric services), the Danish National Prescription Registry
(medication costs), and the Danish Health Insurance Registry (costs of
health services within the Danish public health insurance system). Rate
tariffs, or national averages of hospital operating costs within each
diagnosis-related group, were used to calculate hospital costs in euros
(€) using the fixed exchange rate of 7.45 Danish kroner to €1. Income
and costs were weighted by person-year and reported in 2020 prices
using the Statistics Denmark consumer price index. No additional ad-
justments were applied to address secular trends over the 12-year
diagnosis window, as matching controls to individuals with either con-
dition upon index was considered sufficient for temporal comparability.
WHO comorbidity category, employment, income, and cost
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A. Narcolepsy Cohort 3 Years Before Index Date

Narcolepsy  Controls
(n=1183) (n=4728)
n (%) n (%)
Diseases of the nervous system 301 (25.4) 197 (4.2)
Symptoms, signs, and abnormal clinical and

laboratory findings 360 (30.4) 516 (10.9)

Mental and behavioral disorders 209 (17.7) 325 (6.9)

Diseases of the respiratory system 143 (12.1) 250 (5.3)

Factors influencing health status and contact

with health services 781(66.0) 2138 (45.2)
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0Odds Ratio
(95%) CI

—e—i 7.92 (6.46-9.71)
[ 3.86 (3.27-4.54)
—e—i 2.98 (2.46-3.61)
——i 2.58 (2.06-3.22)
o 2.57 (2.24-2.96)
—o—i 2.45 (1.95-3.07)
—e—i 2.31(1.76-3.03)
—e—i 2.27 (1.83-2.81)
—o—i 2.24 (1.83-2.76)
i 1.99 (1.49-2.67)
—o—i 1.96 (1.64-2.34)
—e—i 1.82 (1.35-2.47)
——— 1.78 (1.12-2.82)
—e— 1.74 (1.22-2.48)
——i 1.72 (1.05-2.81)
—e—i 1.65 (1.34-2.05)
o 1.63 (1.42-1.87)
—e—i 1.54 (1.16-2.03)
— e 1.49 (0.62-3.57)
—e—i 0.55 (0.38-0.79)

Diseases of the circulatory system 166 (14.0) 351 (7.4)
Diseases of the eye and adnexa 91 (7.7) 171 (3.6)
Endocrine, nutritional, and metabolic diseases 159 (13.4) 324 (6.9)
Diseases of the digestive system 161 (13.6) 317 (6.7)
Certain infectious and parasitic diseases 71 (6.0) 148 (3.1)

Diseases of the ml;?]%ulctgsnkneeliﬁllesgseurg 226 (19.1) 524 (11.1)
Diseases of the skin and subcutaneous tissue 65 (5.5) 148 (3.1)
Diseases of the blood and blood-forming organs 27 (2.3) 62 (1.3)
Diseases of the ear and mastoid process 47 (4.0) 112 (2.4)
Congenital malformations, deformations, and o3 (1.9) 54 (1.1)

chromosomal abnormalities

Diseases of the genitourinary system 137 (11.6) 353 (7.5)

Injury, poisoning (external causes) 444 (37.5) 1294 (27.4)
Neoplasms 78 (6.6) 214 (4.5)
External causes of morbidity and mortality 7 (0.6) 19 (0.4)
Pregnancy, childbirth, and the puerperium 42 (3.6) 264 (5.6)

0.1

Odds higher in controls

1 10
Odds ratio (95% CI; log scale)

—_—
Odds higher in narcolepsy

Fig. 2. Odds ratios and 95 % confidence intervals of WHO clinical comorbidities before and after diagnosis.?
#Comorbidities by World Health Organization classification groups based on International Classification of Diseases, Tenth Revision codes. While there are 21 World
Health Organization classification groups, the category “Certain conditions originating in the perinatal period” was not assessed in this analysis.

CI, confidence interval; WHO, World Health Organization.

outcomes were assessed by year over 6 years (3 years before and after a
diagnosis of narcolepsy or idiopathic hypersomnia) or until death or
emigration from Denmark. The 3-year period before and after diagnosis
was based on cost and income data availability from January 1, 2002, to
December 31, 2019, and was used to ensure a sufficiently large popu-
lation for robust analysis.

2.4. Statistical analysis

For individuals with narcolepsy or idiopathic hypersomnia and their
matched controls, odds ratios (ORs) for having comorbidities were
estimated separately for the 3 years before and the 3 years after diag-
nosis. The ORs and corresponding 95 % confidence intervals (CIs) of
having a comorbidity in individuals with narcolepsy or idiopathic
hypersomnia, compared with matched controls, were estimated using
conditional logistic regression models. A 2-step generalized linear model
regression with a gamma distribution and log link function was used to
assess significant differences in income and health costs for individuals
with narcolepsy or idiopathic hypersomnia and matched controls. This
2-part specification was implemented to address skewness and zero mass
[25].This model accounted for individuals who died during the year by
incorporating weight for person-years. Multinomial logistic regression
models were used to assess employment, adjusting for education level. P
values were not adjusted for multiplicity.

3. Results
3.1. Study population

In total, 1183 individuals with narcolepsy (with 4728 matched
controls) and 1801 individuals with idiopathic hypersomnia (with 7204
matched controls) were identified for analysis (Fig. 1). The narcolepsy
cohort was 54.3 % female, had a mean age of 38 years, and 38.0 % were
employed; the idiopathic hypersomnia cohort was 50.2 % female, had a
mean age of 41 years, and 59.7 % were employed (Table 1).

3.2. Comorbidities

The WHO clinical comorbidity categories with the highest ORs be-
tween individuals with narcolepsy and matched controls before diagnosis
were diseases of the nervous system (excluding narcolepsy and idiopathic
hypersomnia, OR [95 % CI]: 7.92 [6.46, 9.71]); symptoms, signs, and
abnormal clinical and laboratory findings (3.86 [3.27, 4.54]); mental and
behavioral disorders (2.98 [2.46, 3.61]); diseases of the respiratory system
(2.58 [2.06, 3.22]); and factors influencing health status and contact with
health services (2.57 [2.24, 2.96]). The OR (95 % CI) for diseases of the
circulatory system was 2.45 (1.95, 3.07) (Fig. 2A).

Before diagnosis, individuals with narcolepsy had higher odds of all
assessed comorbid conditions compared with matched controls,
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B. Narcolepsy Cohort 3 Years After Index Date, Including Index Date

Narcolepsy  Controls
(n=1183)  (n=4728) Odds Ratio
n (%) n (%) 95%) CI
Diseases of the nervous system 505 (42.7) 206 (4.4) —8— 17.93 (14.44-22.25)
Symptoms, signs, and abnormal
clinical and laboratory findings 486 (41.1) 688 (14.6) e 4.36 (3.75-5.06)
Mental and behavioral disorders 271 (22.9) 381 (8.1) Ho— 3.50 (2.94-4.18)
Diseases of the respiratory system 164 (13.9) 310 (6.6) —eo—i 2.41(1.95-2.97)
Factors influencing health status
and contact with health services 878 (74-2) 2308 (48.8) 3.45 (2.96-4.02)
Diseases of the circulatory system 216 (18.3) 418 (8.8) —eo— 2.90 (2.36-3.57)
Diseases of the eye and adnexa 96 (8.1) 178 (3.8) —e— 2.31(1.78-3.00)
Endocrine, nutritional, and
metabolic diseases 298 (17.6) 358 (7.6) —o— 2.82(2.32-3.42)
Diseases of the digestive system 190 (16.1) 378 (8.0) e 2.24 (1.85-2.71)
Certain infectious and parasitic diseases 74 (6.3) 170 (3.6) —e—i 1.81 (1.36-2.40)
Di of the musculoskeletal
system and connective tissue 244 (20.6) 592 (12.5) o 1.87 (1.58-2.22)
Diseases of the skin and
subcutaneous tissue 84 (71 173 (3.7) —e—i 2.02 (1.54-2.65)
Diseases of the blood and 36 (3.0) 78 (1.6) b0y 1.90 (1.27-2.86)
blood-forming organs
Diseases of the ear and mastoid process 58 (4.9) 148 (3.1) —e—i 1.63 (1.19-2.24)
Congenital malformations, deformations, 44 (3.7) 57 (1.2) —e— 3.19 (2.14-4.77)
and chromosomal abnormalities ) ’ ' ’ '
Diseases of the genitourinary system 176 (14.9) 406 (8.6) —eo— 1.91 (1.57-2.32)
Injury, poisoning (external causes) 420 (35.5) 1222 (25.8) lagl 1.60 (1.40-1.84)
Neoplasms 101 (8.5) 272 (5.8) —e—i 1.62 (1.25-2.09)
External causes of morbidity
and mortality 17 (14) 21(0.4) e 3.18 (1.68-6.03)
Pregnancy, childbirth, and
the puerperium 75 (6.3) 294 (6.2) —e—i 1.03 (0.76-1.39)
0.1 1 10

Odds ratio (95% CI; log scale)
Odds higher in controls

QOdds higher in narcolespy

Fig. 2. (continued).

including hypertension (OR [95 % CI]: 1.59 [1.29, 1.95]), cardiovas-
cular disease (2.48 [1.95, 3.171), type 2 diabetes (1.62 [1.18, 2.22]),
high cholesterol (1.70 [1.33, 2.18]), obesity (2.38 [1.63, 3.48]), mental
disorder (5.83 [4.99, 6.80]), and sleep disorder other than narcolepsy or
idiopathic hypersomnia (39.48 [23.98, 65.02]) (Fig. S1A).

After diagnosis, the WHO clinical comorbidity categories with the
highest ORs between individuals with narcolepsy and matched controls
included diseases of the nervous system (excluding narcolepsy and
idiopathic hypersomnia, OR [95 % CI]: 17.93 [14.44, 22.25]); symp-
toms, signs, and abnormal clinical and laboratory findings (4.36 [3.75,
5.06]); mental and behavioral disorders (3.50 [2.94, 4.18]); factors
influencing health status and contact with health services (3.45 [2.96,
4.02]); and congenital malformations, deformations, and chromosomal
abnormalities (3.19 [2.14, 4.77]). The OR (95 % CI) for diseases of the
circulatory system was 2.90 (2.36, 3.57) (Fig. 2B).

In individuals with idiopathic hypersomnia compared with matched
controls, the WHO clinical comorbidity categories with the highest ORs
before diagnosis included diseases of the nervous system (excluding
narcolepsy and idiopathic hypersomnia, OR [95 % CI]: 9.37 [7.93,
11.08]); symptoms, signs, and abnormal clinical and laboratory findings
(3.70 [3.23, 4.22]); factors influencing health status and contact with
health services (3.18 [2.82, 3.58]); mental and behavioral disorders
(3.03 [2.57, 3.57]); and diseases of the blood and blood-forming organs
(2.70 [1.84, 3.97]). The OR (95 % CI) for diseases of the circulatory
system was 1.80 (1.49, 2.16) (Fig. 2C).

Before diagnosis, individuals with idiopathic hypersomnia versus
their matched controls had higher odds of comorbid hypertension (OR
[95 % CI]: 1.90 [1.64, 2.19]), cardiovascular disease (1.79 [1.47, 2.20]),

type 2 diabetes (1.90 [1.49, 2.43]), high cholesterol (1.89 [1.56, 2.29]),
obesity (2.01 [1.49, 2.71]), mental disorder (4.33 [3.83, 4.90]), and
sleep disorder other than narcolepsy or idiopathic hypersomnia (49.14
[33.64, 71.771) (Fig. S1B).

After diagnosis, the WHO clinical comorbidity categories with the
highest ORs between individuals with idiopathic hypersomnia and
matched controls included diseases of the nervous system (excluding
narcolepsy and idiopathic hypersomnia, OR [95 % CI]: 15.38 [12.98,
18.22]); symptoms, signs, and abnormal clinical and laboratory findings
(4.38 [3.87, 4.96]); factors influencing health status and contact with
health services (3.50 [3.08, 3.97]); mental and behavioral disorders
(3.47 [2.97, 4.07]); and diseases of the respiratory system (3.15 [2.63,
3.771). The OR (95 % CI) for diseases of the circulatory system was 1.90
(1.60, 2.26) (Fig. 2D).

3.3. Employment

Both individuals with narcolepsy (Fig. 3A) and individuals with
idiopathic hypersomnia (Fig. 3B) had higher odds of unemployment
from 3 years before through 3 years after the diagnosis of their respec-
tive conditions compared with their respective matched controls (OR
range for individuals with narcolepsy: 1.76-2.79; OR range for in-
dividuals with idiopathic hypersomnia: 1.46-2.63).

3.4. Income from employment

Compared with their respective matched controls, individuals with
narcolepsy had lower mean income in the overall periods before and
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C. Idiopathic Hypersomnia Cohort 3 Years Before Index Date

Idiopathic
Hypersomnia Controls
(n=1801)  (n=7204) Odds Ratio
n (%) n (%) (95%) Cl
Diseases of the nervous system 504 (28.0) 299 (4.2) 8- 9.37 (7.93-11.08)
Symptoms, signs, and abnormal clinical
and laboratory findings 505 (28.1) 713 (9.9) gl 3.70 (3.23-4.22)
Factors influencing health status and 4547 (72.6) 3478 (48.3) o 3.18 (2.82-3.58)
contact with health services : : : ! :
Mental and behavioral disorders 284 (15.8) 428 (5.9) o 3.03 (2.57-3.57)
Diseases of the blood and ——
blood-forming organs 44.(24) 66(0.9) 2.70 (1.84-3.97)
Diseases of the respiratory system 184 (10.2) 313 (4.3) —o— 2.53 (2.09-3.07)
External causes of morbidity and mortality 9 (0.5) 17 (0.2) ———— 2.39 (1.00-5.74)
Diseases of the eye and adnexa 105 (5.8) 187 (2.6) —e— 2.37 (1.85-3.04)
Endocrine, nutritional, and 510 (11.7) 415 (5.8) o 2.19 (1.84-2.62)
metabolic diseases
Diseases of the ear and mastoid process 70 (3.9) 147 (2.0) —e— 1.99 (1.48-2.68)
Certain infectious and parasitic diseases 78 (4.3) 164 (2.3) —o— 1.95 (1.48-2.57)
Congenital malformations, deformations,
and chromosomal abnormalities 35 (1-9) 75(1.0) ¢ 1.91(1.27-2.87)
Di of the musculoskeletal system 374 50 6) 875 (12.2) - 1.91 (1.66-2.19)
and connective tissue
Diseases of the digestive system 221 (12.3) 514 (7.1) o 1.84 (1.55-2.17)
Diseases of the circulatory system 195 (10.8) 481 (6.7) —e— 1.80 (1.49-2.16)
Diseases of the skin and
subcutaneous tissue 90 (5.0) 207 (2.9) —o— 1.78 (1.38-2.29)
Diseases of the genitourinary system 209 (11.6) 538 (7.5) —e— 1.66 (1.39-1.97)
Injury, poisoning (external causes) 621 (34.5) 1779 (24.7) 2 2] 1.63 (1.46-1.83)
Neoplasms 121 (6.7) 310 (4.3) —o— 1.63 (1.31-2.04)
Pregnancy, childbirth, and the puerperium 74 (4.1) 503 (7.0) —e—i 0.47 (0.35-0.62)
0.1 1 10
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Fig. 2. (continued).

after diagnosis (before: €22,076 vs €26,538; P < 0.001; after: €21,786 vs
€27,090; P < 0.001). Individuals with idiopathic hypersomnia also had
lower mean income in the overall periods before and after diagnosis
compared with matched controls (before: €31,947 vs €34,503; P <
0.001; after: €30,262 vs €35,139; P < 0.001). Income was lower for
individuals with narcolepsy (Fig. 4A) and for individuals with idiopathic
hypersomnia (Fig. 4B) compared with their respective matched controls
each year during the 3 years before and after diagnosis.

3.5. Direct total healthcare costs

Compared with their matched controls, individuals with narcolepsy
had higher mean total healthcare costs per person-year in the overall
periods before and after diagnosis (before: €4547 vs €1909; P < 0.001;
after: €7411 vs €2178; P < 0.001). Individuals with idiopathic hyper-
somnia also had higher mean total healthcare costs per person-year in
the overall periods before and after diagnosis compared with matched
controls (before: €4050 vs €1840; P < 0.001; after: €5124 vs €2106; P <
0.001). Mean direct total healthcare costs per person-year were consis-
tently higher for individuals with narcolepsy (Fig. 5A) and individuals
with idiopathic hypersomnia (Fig. 5B) compared with their respective
matched controls each year during the 3 years before and after
diagnosis.

4. Discussion

Previous research has described the substantial clinical comorbidity

burden, healthcare resource utilization, and healthcare costs for in-
dividuals with narcolepsy or general hypersomnia in Denmark [6,
11-13,21,26]. The results of this Danish registry study demonstrate that
this clinical and socioeconomic burden persists in individuals with
narcolepsy and is present in individuals with idiopathic hypersomnia.
Comorbidity prevalence and unemployment were higher in individuals
with narcolepsy and idiopathic hypersomnia compared with matched
controls. Individuals with narcolepsy or idiopathic hypersomnia had
lower mean income and higher mean direct total healthcare costs than
matched controls. Although healthcare costs were numerically lower in
the 2 years following their peak in the index year, they were still
consistently higher than those experienced by the matched controls
without either condition.

The clinical comorbidity burden observed in this study aligns with
previous research in narcolepsy. Several US-based studies have found
that people with narcolepsy have higher odds of comorbidities across
several domains, including nervous system, respiratory, cardiovascular,
and psychiatric comorbidities [5,7,27]. Two previous studies utilizing
the DNPR similarly found that people with narcolepsy had higher odds
of several comorbidities, including nervous system disorders, compared
with matched controls [6,12]. There are more limited data in idiopathic
hypersomnia in the literature; however, the higher prevalence of mental
health, cardiovascular, and cardiometabolic comorbidities observed in
individuals with idiopathic hypersomnia in the present study were also
observed in previous US-based research [16-18].

The present study found that, compared with matched controls, in-
dividuals with narcolepsy or idiopathic hypersomnia had lower income
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D. Idiopathic Hypersomnia Cohort 3 Years After Index Date, Including Index Date

Idiopathic
hypersomnia Controls
n=1801 n=7204 Odds Ratio
n (%) n (%) 95%) Cl
Diseases of the nervous system 716 (39.8) 309 (4.3) e+ 15.38(12.98-18.22)
S SO, st i 675 (37.5) 901 (12.5) ro 4.38 (3.87-4.96)
Factors influencing health status and 1385 (76.9) 3756 (52.1) . 3.50 (3.08-3.97)
contact with health services
Mental and behavioral disorders 339 (18.8) 477 (6.6) O 3.47 (2.97-4.07)
Diseases of the blood and blood-forming organs 51 (2.8) 102 (1.4) —e— 2.04 (1.45-2.87)
Diseases of the respiratory system 236 (13.1) 343 (4.8) o 3.15 (2.63-3.77)
External causes of morbidity and mortality 9(0.5) 14 (0.2) —e———1 2.83 (1.16-6.91)
Diseases of the eye and adnexa 125 (6.9) 244 (3.4) e 2.16 (1.73-2.71)
Endocrine, nutritional, and metabolic diseases 296 (16.4) 508 (7.1) O 2.67 (2.28-3.13)
Diseases of the ear and mastoid process 82 (4.6) 161 (2.2) —e—i 2.16 (1.63-2.86)
Certain infectious and parasitic diseases 83 (4.6) 183 (2.5) —o—i 1.88 (1.44-2.46)
Congeta malators ST Ss20)  89(12) —— 164111242
Di of the musculosk conne@{f\'}g’{l‘szzg 444 (24.7) 958 (13.3) . 2.18 (1.91-2.48)
Diseases of the digestive system 266 (14.8) 619 (8.6) o 1.89 (1.61-2.22)
Diseases of the circulatory system 233 (12.9) 560 (7.8) o 1.90 (1.60-2.26)
Diseases of the skin and subcutaneous tissue 94 (5.2) 202 (2.8) —o— 1.92 (1.49-2.48)
Diseases of the genitourinary system 227 (12.6) 585 (8.1) [ 1.66 (1.41-1.96)
Injury, poisoning (external causes) 560 (31.1) 1643 (22.8) Y] 1.56 (1.39-1.75)
Neoplasms 140 (7.8) 384 (5.3) o 1.54 (1.25-1.89)
Pregnancy, childbirth, and the puerperium 102 (5.7) 522 (7.2) —o—i 0.69 (0.54-0.90)
0.1 1 10
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Fig. 2. (continued).

and higher healthcare costs. These findings are consistent with previous
US-based studies based on participant-reported data from the National
Health and Wellness Survey. In those studies, healthcare utilization and
healthcare costs were higher for individuals with narcolepsy than for
matched controls [8] and higher for individuals with idiopathic hyper-
somnia than for matched controls [19]. These results suggest similar
clinical and socioeconomic burden associated with narcolepsy and
idiopathic hypersomnia in Denmark and the United States.

The DNPR is a valuable population-based registry that provides
detailed longitudinal data and complete coverage for all outpatient,
inpatient, and emergency department contacts made by the Danish
population dating from 1978 [23]. DNPR's link with several other Sta-
tistics Denmark registers allowed for comprehensive assessment of
longitudinal sociodemographic information, including education, in-
come, public transfers, employment status, immigration/emigration,
and death, and thus comprehensive understanding of each cohort's de-
mographics, clinical and socioeconomic conditions. To ensure a more
representative sample, controls were randomly selected from the total
Danish population, excluding individuals with a narcolepsy or idio-
pathic hypersomnia diagnosis. While individuals with narcolepsy and
individuals with idiopathic hypersomnia were examined separately, the
comparison of both cohorts' results with those of their respective
matched controls allows for greater understanding of the challenges
experienced by individuals with central disorders of hypersomnolence.
The 3-year periods before and after diagnosis were utilized to demon-
strate accumulated disease prevalence before diagnosis and continuing
disease burden after diagnosis while maintaining a robust study

population size. Both narcolepsy and idiopathic hypersomnia are
commonly associated with significant diagnostic delay [1,28]; this
analysis underscores the disease burden that accrues in the
pre-diagnostic period.

Despite these strengths, there were several study limitations. Inclu-
sion in the narcolepsy or idiopathic hypersomnia cohort required only
one diagnosis code for either condition; it is possible that conditions
were misclassified, given the challenges in diagnosing these conditions
[28]. This limitation is mitigated by the Danish requirement for multiple
sleep latency testing, polysomnographic monitoring, and, for NT1,
assessment of hypocretin levels to diagnose these central disorders of
hypersomnolence [1]. The higher ORs for clinical comorbidities re-
ported in the 3 years after diagnosis compared with the 3 years before
diagnosis may be attributable to more frequent medical professional
visits among individuals with either condition compared with their
controls; this increased contact with medical professionals may create
opportunities for identifying comorbidities in individuals with narco-
lepsy or idiopathic hypersomnia. Although this study used Danish reg-
istry data that may limit generalizability to populations outside
Denmark, the results of this analysis align with the clinical and economic
burden reported for US populations [2,5,7,27].

5. Conclusions

The clinical comorbidity and socioeconomic burden were greater in
individuals with narcolepsy or idiopathic hypersomnia than in their
respective matched controls. These findings corroborate the known
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Fig. 3. Odds ratios and 95 % confidence intervals of unemployment before and after diagnosis.

CI, confidence interval.

clinical and socioeconomic burden experienced by people with narco-
lepsy or idiopathic hypersomnia and provide increased awareness of the
comorbidities and potential negative social outcomes associated with
these conditions. Future research topics may include the evaluation of
disease-related costs to provide a clearer understanding of the sources of
disease burden, an assessment of the impact of age and sex on disease
burden to better inform intervention, and a comparison between treated
and untreated individuals to promote early identification and treatment.
During treatment selection, careful consideration of the substantial co-
morbidity burden of these populations may prevent or limit exacerba-
tion of underlying risk.
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