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Narcolepsy is a relatively common neurologic sleep disor-
der, with a prevalence of 1 per 2000 people. Because the 

disorder is chronic and typically has an early age of onset, nar-
colepsy may have a serious effect on the individual patient relat-
ed to social, family, quality-of-life, education, work, and health 
issues. During the past 20 years, significant progress has been 
made in understanding the underlying mechanism, diagnosis, 
and management of the disease. A major step in the pathogene-
sis of narcolepsy is destruction of hypocretin-producing cells in 
the ventral hypothalamus in genetically susceptible individuals 
who carry 1 or more alleles of HLA DQB1*0602, potentially 

related to immune or other processes.1-3 Significant progress 
has been made in treatment, and additional advances are to be 
expected with our further understanding of the brain processes 
underlying the disease. Despite this progress, most cases of nar-
colepsy are undiagnosed and, therefore, not treated.4,5 Recent 
studies have identified an increased socioeconomic impact of 
narcolepsy6-9 and a reduced quality of life.7, 9,12 To date, studies 
have been conducted using questionnaires in selected patients 
from outpatient clinics or telephone-based surveys, and esti-
mates of the economic burden have been extracted from this 
information.

In Denmark, however, it is possible to more precisely cal-
culate indirect and direct costs because medication, social, 
income, and employment data from all patients—including 
information from public and private hospitals and clinics in 
the secondary and primary sector—are registered in a central 
database, the National Patient Registry (NPR). We conducted 
the current study to evaluate the socioeconomic consequences 
of narcolepsy, as determined in a national population-based 
study.
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ScientiFic inveStigAtionS

Background: Narcolepsy is a chronic neurodegenerative disorder 
with a typical onset in childhood or early adulthood. Narcolepsy may 
have serious negative effects on health-, social-, education-, and 
work-related issues for people with narcolepsy and for their families. 
The disease may, thus, present a significant socioeconomic burden, 
but no studies to date have addressed the indirect and direct costs of 
narcolepsy.
Methods: Using records from the Danish National Patient Registry 
(1998-2005), we identified 459 Danish patients with the diagnosis of 
narcolepsy. Using a ratio of 1 patient record to 4 control subjects’ re-
cords, we then compared the information of patients with narcolepsy 
with that of 1836 records from age- and sex-matched, randomly cho-
sen citizens in the Danish Civil Registration System Statistics. We 
calculated the annual direct and indirect health costs, including labor 
supply and social transfer payments (which include income derived 
from state coffers, such as subsistence allowances, pensions, social 
security, social assistance, public personal support for education, 
etc.). Direct costs included frequencies and costs of hospitalizations 
and weighted outpatient use, according to diagnosis-related groups, 
and specific outpatient costs based on data from The Danish Ministry 
of Health. The use of and costs of drugs were based on data from the 
Danish Medicines Agency. The frequencies and costs from primary 

sectors were based on data from The National Health Security. In-
direct costs were based on income data derived from data from the 
Coherent Social Statistics.
Results: Patients with narcolepsy had significantly higher rates of 
health-related contact and medication use and higher expenses, as 
compared with control subjects. They also had higher unemployment 
rates. The income level of patients with narcolepsy who were employed 
was lower than that of employed control subjects. The annual total di-
rect and indirect costs were €11,654 (€ = Eurodollars) for patients with 
narcolepsy and €1430 for control subjects (p < 0.001), corresponding 
to an annual mean excess health-related cost of €10,223 for each pa-
tient with narcolepsy. In addition, the patients with narcolepsy received 
an annual social transfer income of €2588.
conclusion: The study confirms that narcolepsy has major socioeco-
nomic consequences for the individual patient and for society. Early di-
agnosis and treatment could potentially reduce disease burden, which 
would have a significant socioeconomic impact.
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MethodS

In Denmark, all patient contacts are recorded in the NPR by 
time of contact and include the primary diagnosis. The NPR in-
cludes administrative information, diagnoses, and diagnostic and 
treatment procedures using several international classification 
systems, including the International Classification of Disorders 
(ICD-10). Thus, the NPR is a time-based national database that 
includes data from all patient contacts; therefore, the data that we 
extrapolated are representative of all patients in Denmark who 
have received a diagnosis of narcolepsy in the primary or second-
ary sector in both public and private hospitals.

The economic consequence of narcolepsy was estimated by 
determining the yearly cost of illness per patient diagnosed with 
narcolepsy (ICD DG474) and comparing that calculation with 
the cost of healthcare in a matched control group. The health 
cost was then divided into annual direct and indirect healthcare 
costs.

The indirect costs, measured from the perspective of societal 
costs, included those related to a reduced labor supply and to 
social transfer payments. In Denmark, social transfer payments 
comprise income derived from state coffers. These payments 
include subsistence allowances, pensions, social security, so-
cial assistance, public personal support for education, and other 
payments. Direct costs included costs of hospitalization and 
outpatient cost weighted by use, according to diagnosis-related 
groups, and specific outpatient costs—all based on data from 
The Danish Ministry of Health. The use and costs of drugs 
were based on data from the National Danish Medicine Agency, 
which includes the retail price of the drug (including dispensing 
costs) multiplied by the number of transactions. The frequen-
cies and costs of consultations with general practitioners and 
other specialists were based on data from The National Health 
Security. Indirect costs were based on income numbers from 
Coherent Social Statistics data.

Cost-of-illness studies measure the economic burden result-
ing from disease and illness across a defined population, in-
cluding both direct and indirect costs. Direct costs are the value 
of resources used in the treatment, care, and rehabilitation of 
persons with the condition under study. Indirect costs represent 
the value of economic resources lost because of disease-related 
work disability or premature mortality. It is important to distin-
guish costs from monetary transfer payments, such as disability 
and welfare payments. Such payments represent a transfer of 
purchasing power to the recipients from the general taxpayers 
but do not represent net increases in the use of resources and 
are, therefore, not included in the total cost estimate.  

By reviewing the NPR, we identified all patients who were 
diagnosed with narcolepsy from 1998 to 2005. Then, using data 
from the Civil Registration System Statistics Denmark, we ran-
domly selected citizens who had the same age and sex as the pa-
tients with narcolepsy but who had no diagnosis of narcolepsy 
or hypersomnia. The ratio of control subjects to patients was 
4:1. Data from patients and matched control subjects that could 
not be identified in the Coherent Social Statistics database were 
excluded from the sample. (More than 99% of the observa-
tions in both groups were successfully matched.) Patients and 
matched control subjects were followed from diagnosis year 
until 2005. Costs were measured on a yearly basis and adjusted 

to 2005 prices using the health sector price index for health sec-
tor costs, and the general price index was applied to nonmedical 
costs. All cost were measured in DKK and converted into Euros 
(€1: DKK 7.45).

The study was approved by the Danish Data Protection 
Agency. Because the data handling was anonymous, individual 
or ethics approval was not mandatory. Statistical analysis was 
performed using SAS 9.1.3 (SAS, Inc., Cary, NC). Statistical 
significance of the cost estimates was generated using nonpara-
metric bootstrap analysis. 13

ReSultS

In total, 462 patients with narcolepsy were identified. Com-
plete data for cross-tabulations were available for 459 patients 
(218 men and 241 women) and 1836 control subjects without 
narcolepsy or other hypersomnias of central origin, resulting 
in observation years of 1907 for patients and 7692 for control 
subjects.

The age distribution of the patients is shown in Figure 1. 
The age distribution was relatively wide. The number of young 
patients with a new diagnosis of narcolepsy increased during 
the study period: in 1998, 9 of 55 patients were younger than 
30 years of age, and, in 2005, 22 of 53 patients were in this age 
group. These data probably reflect the increased awareness of 
narcolepsy among health care professionals.

direct costs as outpatient clinic costs, hospital costs, Primary 
care costs, and drug costs

More patients than control subjects were treated in outpatient 
clinics (53% vs 28%, p < 0.0001), were hospitalized (25% vs 
12%, p < 0.0001), and had contact with the primary care system 
(98% vs 94%). Eight-four percent of patients were taking medi-
cation, versus 76% of control subjects, with 67% of patients 
receiving public support for their medications, versus 42% of 
control subjects (p < 0.001).

indirect cost as Social costs, employment Rate, and income

More patients than control subjects received social services 
(62% vs 49%, p < 0.001). Fewer patients with narcolepsy than 
control subjects received income from employment (50% ver-
sus 64%, p < 0.01) (Figure 2). Patients with narcolepsy had 
lower employment rates and significantly higher social trans-
fer rates, as compared with control subjects (Table 1). The em-
ployment rate for patients steadily decreased for patients in the 
time period after they received a diagnosis of narcolepsy, com-
pared with the same period for control subjects (Figure 3). A 
corresponding increase in social transfer expenses took place, 
whereas the rate of retirement was similar in both groups (not 
shown).

total health costs Per Year

The sources of information and the average annual health 
cost per person year by cost categories in Denmark are pre-
sented in Table 2. Direct health costs (general practitioner ser-
vices, hospital services, and medication) and indirect costs (loss 
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of labor market income), sum of direct and indirect costs (be-
ing €10,303), and social transfer payments are all significantly 
different in patients with narcolepsy, as compared with that 
of control subjects. The social transfer payments for patients 
with narcolepsy was €8,107 per year versus €5,519 per year in 
the control group. To assess whether there was a difference in 
consumption of health services we assessed the total number 
of contacts before and after a diagnosis is made. Patients with 
narcolepsy have 22 contacts before and after diagnosis of a two 
year period, controls 12 and 11 contacts per two years

diScuSSion

This is the first study objectively evaluating the socioeco-
nomic impact of narcolepsy. The study is population based and 
includes all patients with a diagnosis of narcolepsy in Denmark. 
Patients with narcolepsy had significantly higher rates of con-
tact with the healthcare system, which included all healthcare 
sectors: general practice, outpatient clinics, and in-hospital ser-
vices. The patients had higher rates of medication use, includ-
ing public-supported medication. The total expenses were high-
er in the group of patients with narcolepsy, as compared with 
age- and sex-matched control subjects. Narcoleptic patients 
had lower employment rates; they were significantly more of-
ten receiving welfare payments; and, among employed patients, 
had lower incomes, compared with employed control subjects. 
Thus, narcolepsy has a significant socioeconomic impact. The 
differences between patients with narcolepsy and control sub-

jects are considerable: as compared with control subjects, the 
medication costs were more than 3 times higher in patients with 
narcolepsy, the hospital costs were 3 to 4 times higher, and the 
employment rate was more than 30% lower. Employed patients 
earned only two-thirds that of the control subjects’ income. 
Patients with narcolepsy had much higher social expenditures 
than did controls subjects. Because narcolepsy is a chronic dis-
ease with early disease onset, typically in the young age, the 
economic impact of the disease is considerable

The occurrence of a decrease in employment rate after the 
establishment of a diagnosis is well known in other chronic dis-
orders. Several factors may explain this: (1) patients may have 
symptoms long before the narcolepsy diagnose is made; (2) pa-
tients may not be able to seek a pension before they receive a di-
agnose and, thus, they maintain their employment before their di-
agnosis; and (3) finally, patients may only seek professional help 
when they have arrived at the point at which their social lives 
have reached an impasse and their symptoms have led to exhaus-
tion. Narcolepsy is often misdiagnosed or not recognized, and the 
symptoms may, therefore, be mistreated, leading to a significant 
health burden. We have not evaluated the data regarding morbid-
ity before the first narcolepsy diagnosis, but further extensions of 
the analysis of the data could evaluate such factors and should 
include types of comorbidities. If treatment and early interven-
tion for disease control are effective in terms of influencing the 
negative social prognosis, a huge potential exists to implement 
early intervention, thus sparing the patient and the community 
from the negative consequences of the disease.

Figure 1—Number and age distribution of patients receiving the 
diagnosis of narcolepsy from 1998-2005.
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Figure 2—Percentage of people with narcolepsy and control sub-
jects receiving any of the services (public or income).
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Figure 3—Employment rate at the time of diagnosis and in the 
years after diagnosis in patients with narcolepsy and control sub-
jects, all values: p < 0.0001 between patients and controls.
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Table 1—Percentages of Unemployment, Transfer Income, and 
Pension/Retirement in Patients with Narcolepsy and Control Sub-
jects

Demographic Patients with Control p Valuea

 narcolepsy subjects 
Employedb on leave 47 61  < 0.0001
Receiving transfer income 25 10  < 0.0001
Receiving pension benefits
  payable between early
  retirement and normal
  retirement pension 22 23 0.16
Other 6 5 0.66

Data are presented as percentages.
aBootstrap
bIncludes self-employed persons, salary earners, and students.
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Denmark who have narcolepsy to be 2500 to 3000. Narcolepsy 
is not a well-known disorder in most countries, resulting in nar-
colepsy often being undiagnosed and not treated.5 There are no 
data suggesting that people who have received a diagnosis of 
narcolepsy have a more-severe form of the disease, as com-
pared with people who have narcolepsy that is not diagnosed. 
Therefore, the estimates from this study suggest a significant 
health and economic impact of the disease.

Studies have shown that people with narcolepsy report hav-
ing a reduced quality of life,7,9,10,12,20,22 with the impact being 
comparable with that of other neurologic diseases, such as 
Parkinson disease and multiple sclerosis. Recent studies have 
suggested that narcolepsy may impart an increased socioeco-
nomic burden. The 2-part study by Dodel et al7 was based on 
a standardized telephone interview that they used to inquire 
about the disease and its burden, with additional health-related 
quality-of-life scales (SF-36 and EQ-5D) mailed to 75 people 
who responded affirmatively to having a diagnosis of narcolep-
sy. Direct and indirect costs were calculated from the societal 
perspective. Transfer income was not included. The total annual 
costs associated with a diagnosis of narcolepsy were estimated 
to be €14,790 ± €16,180. These estimates were based on the 
results of this analysis from a clinical population, and no data 
from control subjects were included. The major difference is 
that, in our analysis, we estimated the objective costs of health 
care, medication costs, and income and social costs for people 
with narcolepsy and compared these data with these same costs 
for age- and sex-matched controls. We included data in this na-
tional database from all patients with different disease severi-
ties for a longer period of time. We also included data from el-
derly patients, who have lower socioeconomic consequences, 
as compared with younger patients. The results of our analysis 
show that the total objective annual social and health-related 
costs of narcolepsy are €11,654, with an excess cost of €10,303, 
as compared with that of control subjects. In addition, the pa-with that of control subjects. In addition, the pa- that of control subjects. In addition, the pa-
tients with narcolepsy had an annual social transfer income that 
was €2588 higher than that of control subjects.

During the past few years, insight into the mechanism of nar-
colepsy has increased, and improvements have been made into 
the diagnosis and treatment of this disease. The validity of diag-
nostic criteria and electrophysiologic methods used to confirm the 

In the current study, we used the diagnosis based on reports 
from all Danish clinics or hospitals registered in the NPR, thus 
representing a complete national patient sample. This was possi-
ble because all Danes are registered using social security codes, 
and data include health, medication, social, and employment in-
formation. The data on the diagnosis of narcolepsy registered 
in this database are derived from clinical information with or 
without the results of polysomnography or Multiple Sleep La-
tency Tests, which would have provided an objective diagnosis. 
Conducting polysomnography or Multiple Sleep Latency Tests 
was not part of the current diagnostic requirement, although this 
lack of objective testing may have increased the risk that we 
included patients with diseases other than narcolepsy. The data 
were extracted from the period 1998-2005 and calculated for 
2005 prices. The control subjects were randomly selected from 
the background population without narcolepsy, which includes 
healthy and nonhealthy subjects, to evaluate the additional health 
and socioeconomic impact of narcolepsy. We used 4 randomly 
selected citizens to serve as controls for each patient (ratio 4:1) 
to reduce the variation among controls and to ensure that we had 
a representative control population. Statistical analyses prior to 
the study initiation found that the use of at least 4 control sub-4 control sub- control sub-
jects would equalize the variations in the sample population and 
increase the statistical power of the study.

No studies have been conducted that show whether people 
with narcolepsy have a higher risk of being involved in motor 
vehicle crashes or occupational accidents, but it is likely that 
people with narcolepsy have a higher risk of being involved in 
motor vehicle crashes.14-21 We did not extract the rate of motor 
vehicle crashes in the current study. The impact of narcolepsy 
on potential health and occupation consequences, yielding es-
timates of increased morbidity, and other direct and indirect 
estimates are included in the analysis because all primary and 
secondary health-related costs are included. However, the sec-
ondary effects of narcolepsy on accidents (eg, the impact of 
motor vehicle crashes on individuals or materials) and on fam-
ily members are not included because such estimates are very 
difficult to evaluate. Consequently, the economic estimates rep-
resent a conservative, but concrete and realistic, estimate of the 
consequences of narcolepsy. With the current estimates of the 
prevalence of narcolepsy, we expect the number of people in 

Table 2—Sources of Information and the Average Annual Health Cost (in Euros) per Person Year by Cost Categories in Denmark

Category of data  Sources Annual costs Annual costs p Valuea 
   narcolepsy controls  
Direct health costs    
 The primary sector The National Health 285 197 < 0.0001
  Insurance Security System   
 Inpatient cost Danish Ministry of Heath 2,646 705 < 0.0001
 Outpatient cost Danish Ministry of Heath 411 191 < 0.0001
 Drugs Danish Medicines Agency 821 257 < 0.0001
Total direct health costs  4,163 1350 
Labor market income
Indirect cost of narcolepsy  Coherent Social Statistics 13,657 21,147  < 0.0001
   7,490
Sum of direct and indirect costs  11,653 1350  < 0.0001
Net yearly costs of narcolepsy  10,303  
Social transfer payments  Coherent Social Statistics 8,107 5519  < 0.0001

aBootstrap
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diagnosis have been evaluated,23-25 and potential new methods of 
HLA typing26 combined with measurement of hypocretin-1 levels 
in cerebrospinal fluid27-32 have led to critical improvements in dis-
ease classification and the diagnosis and treatment of narcolepsy. 
These steps are vitally important because narcolepsy is often not 
diagnosed but is potentially treatable. The current treatment of 
narcolepsy is characterized by a number of different types of mo-
dalities. Although several lines of treatment have been suggested, 
only a few controlled trials have been conducted.33 Despite these 
limitations, the results of several studies suggest that treatment 
may improve quality of life in people with narcolepsy.20,34-36 
However, no evidence exists to support the notion that the early 
diagnosis of narcolepsy impacts the socioeconomic, education, 
or professional consequence of the disease, nor does providing 
information, education, and professional advice to these patients. 
Furthermore, no studies have presented evidence that medical 
treatment influences education level or employment status. The 
results of the current study, however, strongly suggest that such 
interventions are most relevant.

In conclusion, the current study, which includes data from 
all patients diagnosed with narcolepsy during a 6-year period, 
found that narcolepsy leads to significantly lower levels of 
employment and income and higher health-related and social 
transfer costs. It also identified a significant health-related im-
pact and socioeconomic aspect of the disease, revealing a great 
need to further address the relevance of diagnosing narcolepsy 
and measuring the effect of treatment. Professionals should be 
aware of the disease to ensure adequate management, including 
diagnosis, treatment follow-up, and patient information regard-
ing education and profession. Appropriate treatment must be 
provided not only to increase quality of life, but also to assist 
the patients in their ability to continue taking part in their fam-
ily and professional lives. There is a further need to focus on 
disease management and the effects of narcolepsy on quality 
of life, socioeconomic factors, work capabilities, and motor ve-
hicle crashes to reduce these costs for patients and society.
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