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INTRODUCTION
Narcolepsy with cataplexy (NC) or without cataplexy (NwC) 

is a relatively common neurological sleep disorder found in 
one of 2,000 individuals. It is characterized by instability of 
sleep-wake regulation (daytime sleepiness, short sleep latency, 
disrupted nocturnal sleep with awakenings) and instability of 
REM sleep regulation and motor tonus regulation (hypnago-
gic hallucinations, sleep paralysis, cataplexy, and REM sleep 
behavior disorder).1,2 The main aspect of the pathophysiology 
is loss of the sleep-wake and motor tonus-regulating hypo-
cretinergic neurons in the hypothalamus,3,4 resulting in low or 
undetectable cerebrospinal fluid hypocretin-1 (hcrt-1) levels in 
the majority of NC patients, but in only a small proportion of 
NwC patients.5,6 Hypocretin neuron loss most probably has an 
autoimmune cause, mainly based on the very close association 
of specific HLA-types.7,8 The pathophysiology of NC/NwC pa-
tients with normal hcrt-1 levels is less clear.

We have previously shown a strong link between narcolepsy 
and health care usage, employment, and economy.9 Further-
more, existing studies suggest that narcolepsy is often unrec-
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ognized and has a delayed diagnosis.10,11 It is associated with 
reduced quality of life12 and increased patient and societal bur-
dens.9,13-16 However, our knowledge of long-term morbidity and 
the mortality consequences of narcolepsy is limited. We used 
the Danish National Patient Registry [NPR] to evaluate the 
factual mortality and morbidity before and after a narcolepsy 
diagnosis, including both NC and NwC.

METHODS

Subjects
In Denmark, all in-hospital and ambulatory contacts are 

obligatory recorded in the National Patient Registry (NPR) with 
respect to the time of contact and with information about prima-
ry and secondary diagnoses. The NPR is controlled and owned 
by the Danish State and includes administrative information, 
diagnoses, and diagnostic (e.g., polysomnography [PSG], mul-
tiple sleep latency test [MSLT]) and treatment procedures using 
several international classification systems, including the In-
ternational Classification of Disorders (ICD-10). The NPR is a 
time-based national database containing data from all inpatient 
and outpatient contacts, so the data are representative of all pa-
tients in Denmark who have received a diagnosis of narcolepsy, 
irrespective of other diagnoses. As data are available from the 
entire observation period, patients can be traced retrospectively 
and prospectively relative to the time of their diagnosis. Fur-
thermore, all contacts in the primary sector and medication use 
are recorded in the databases of the National Health Security 
and the Danish Medicine Agency, respectively. There is a small 
risk of underestimating the number of patients with narcolepsy, 
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as patient contacts but not the specific diagnoses are registered 
in the primary sector. Specific clinical information, such as 
age of narcolepsy onset, delay to diagnosis time, body mass 
index (BMI), laboratory assessments, and results from PSG and 
MSLT, was not considered in this study, since these data are 
incomplete in the NPR.

Using the NPR, we identified all patients who were diag-
nosed with narcolepsy between 1997 and 2009. For the nar-
colepsy diagnoses, we used the International Classification of 
Disease (ICD-9) codes (G474) in Denmark, which are assigned 
after patient evaluation in each hospital (e.g., based on PSG, 
MSLT, lumbar puncture) or on the basis of clinical informa-
tion. It is possible to record the presence of cataplexy or sec-
ondary narcolepsy, but we regard this information as inaccurate 
because it is recorded by the different clinics. Using data from 
Denmark’s Civil Registration System Statistics, we then ran-
domly selected matched control subjects with same age, sex, 
and marital status as the patients, but without a central hyper-
somnia diagnosis (essential hypersomnia or narcolepsy). Parity 
of socioeconomic status (SES) was achieved by selecting con-
trols from each patient’s individual county. A control-to-patient 
ratio of 4:1 was used to reduce variation among controls. Data 
from patients and control subjects who could not be identified 
in the Coherent Social Statistics database were excluded from 
the sample. All of the observations in both groups were success-
fully matched. The patients and control subjects were followed 
from their year of diagnosis until 2009. To ensure sufficient ob-
servation time, our analysis included only patients who were 
represented in the data at least one year before the diagnosis 
date; for this reason, the number of cases in the population were 
reduced from 816 to 757.

Evaluation of Morbidity before, and Morbidity/Mortality after a 
Narcolepsy Diagnosis

Information before and after the narcolepsy diagnosis was 
extracted from the database for the years 1998-2009. Morbidity 
data were extracted as primary and secondary diagnoses and 
further classified into main disease groups, in accordance with 
the World Health Organization (WHO) ICD-10 criteria. A con-
ditional logit model was developed, yielding outputs expressed 
as odds ratios (ORs) with 95% confidence intervals (CIs). First, 

a conditional logit was estimated for the main diagnoses. A 
conditional logit was then estimated for diagnoses occurring in 
≥ 1% of patients or controls. Diagnostic codes were grouped 
manually and reported on the basis of their statistical signifi-
cance (P < 0.05) and relevance. Additionally, mortality data 
were extracted from patients and controls.

Ethics
The study was approved by the Danish Data Protection 

Agency. Data handling was anonymous, so individual and ethi-
cal approval was not mandatory.

Statistical Analysis
Statistical analyses were done with SAS 9.1.3 (SAS, Inc., 

Cary, NC, USA). These took the form of conditional logit mod-
els. In the first of these, the dependent variable was the binary 
variable for case-control groups, and the independent variables 
were dummies for the 21 diagnosis groups. A second analy-
sis included dummies for ICD-10 diagnosis occurring in > 1% 
of individuals in the case or control group. ICD-10 diagnostic 
groups with ≤ 1% of the sample were combined in the main 
diagnosis groups. Only estimates for the ICD-10 diagnosis are 
reported in the results for the second analysis, but the dummies 
for the main groups (including only the remaining diagnosis) 
were included in the regression. A patient could belong to more 
than one diagnostic group or ICD-10 diagnosis in the 3 years 
before the diagnosis.

Not all patients had the full 3-year observation period before 
diagnosis, since during the first 3 years of the period, the patient 
could only have data for 1 or 2 previous years. However, since 
this was also the case for the control group we included the data 
for these shorter periods in our analysis.

The results are presented as ORs with their associated 95% 
CI’s and P-values. Extreme values were manually validated, 
and no errors were identified.

RESULTS
The age distribution of the 757 patients and 3,013 control 

subjects is shown in Table 1.

Comorbidity Before Narcolepsy Diagnosis
Patients with narcolepsy presented higher morbidity at least 

3 years before their diagnosis (Table 2). The most common 
contacts with the health system for narcolepsy were classified 
into 4 main groups: endocrine, nutritional and metabolic sys-
tem; nervous system; musculoskeletal system; other abnormal 
symptoms and laboratory findings (Table 1).

The most common significant diagnoses in the sub-analy-
ses before the narcolepsy diagnosis were sleep apnea (44.5, 
13.1-151.3, P < 0.001), central hypersomnias or other sleep dis-
orders (32, 3.9-263.6, P < 0.001), lower back pain (1.9, 1.2-3.2, 
P < 0.001), induced abortion (2.6, 1.2-5.7, P < 0.05), injuries to 
the head (1.5, 1.1-2.1, P < 0.05) or to the trunk/extremities (1.3, 
1.1-1.7, P < 0.05), observation of neurological diseases (8.5, 
4.7-15.3, P < 0.001), observation of other diseases (3.6, 2.1-6.2, 
P < 0.001), other laboratory abnormalities (6.7, 1.6-28.9, 
P < 0.01), and control evaluations (2.7, 1.2-6.1, P < 0.05). Epi-
lepsy and diabetes were common before diagnosis (2.2, 0.9-5.7, 
NS, and 1.3, 0.6-3.0, NS, respectively).

Table 1—Age distribution

Age N %
< 20 years 74 9.8 
20-29 years 153 20.2 
30-39 years 112 14.8 
40-49 years 95 12.5 
50-59 years 130 17.2 
60-69 years 97 12.8 
70-79 years 61 8.1 
80+ years 35 4.6 

All 757 100 

The 757 patients with narcolepsy were matched with 3,013 control 
subjects: 45.6% were male; 46.7% of cases and 51.4% of controls were 
married or cohabiting.
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Comorbidity and Mortality after Narcolepsy Diagnosis
After diagnosis, narcolepsy was most commonly associated 

with diseases of the endocrine, nutritional and metabolic sys-
tem, the nervous system, the eye and adnexa, the respiratory 
system, and the musculoskeletal system. The most common 
diagnoses in the sub-analyses were sleep apnea and obesity 
(Table 3). The most significant diagnoses were diabetes (2.4, 
1.2-4.7, P < 0.01), obesity (13.4, 3.1-57.6, P < 0.001), sleep 
apnea (19.2, 7.7-48.3, P < 0.001), sleep disorders other than 
narcolepsy (78.5, 11.8-523.3, P < 0.001), chronic obstructive 
pulmonary disease (2.8, 1.4-5.8, P < 0.01), lower back pain (2.5, 
1.4-4.2, P < 0.001), arthrosis/arthritis (2.5, 1.3-4.8, P < 0.01), 
observation of neurological diseases (3.5, 1.9-6.5, P < 0.001), 
observation of other diseases (1.7, 1.2-2.5, P < 0.01), and 
re habilitation (5.0, 1.5-16.5, P < 0.005).

Moreover, 12-year survival showed a trend towards in-
creased mortality in the narcolepsy group (0.83, 0.78-0.87) 
compared with controls (0.86, 0.84-0.88) (hazard ratio = 0.80, 
P = 0.07; Table 3 and Figure 1).

DISCUSSION
This national case/control study shows that narcolepsy pa-

tients register a wide range of comorbidity diagnoses before 
their narcolepsy diagnosis. Comorbidities were represented 
mainly by endocrine disorders and neurological and musculo-
skeletal diseases. With respect to specific diagnoses, the most 
frequent were sleep apnea/central hypersomnias, as well as un-
specific contacts with the health care system and use of labora-
tory investigations. We also detected a higher incidence of pain, 
injuries to the head and trunk, and induced abortions.

After a diagnosis of narcolepsy, we found two general pat-
terns: (1) the use of the health care system increased further, and 
(2) the number of comorbidity diagnoses increased: endocrine 
(diabetes, obesity), sleep-related conditions (sleep apnea, other 
sleep disorders), nervous system, and musculoskeletal diseases 
(pain, arthritis) continued to be associated with the narcolepsy 
diagnosis, but there were additional associations with diseases 
of the eye and respiratory system (including chronic obstructive 
pulmonary disease).

Interestingly, the prevalence of common differential di-
agnoses to narcolepsy—major psychiatric disorders or epi-
lepsy—were not significantly elevated either before or after a 
narcolepsy diagnosis.

Finally, the overall mortality was slightly but not significant-
ly higher among narcolepsy patients than in the controls.

The current study was performed to evaluate potential 
(known and unidentified) comorbidities before and after a nar-
colepsy diagnosis had been established. On the basis of case or 
case-series reports, narcolepsy has previously been associated 
with the presence of sleep apnea, periodic leg movements, and 
overweight,17-26 but systematic controlled studies are scarce. In 
particular, psychiatric diagnoses and epilepsy are suspected to 
be common misdiagnoses before a correct narcolepsy diagnosis 
is established.10

Consistent with this, we also detected a very high incidence 
of sleep apnea/central hypersomnia before and after diagno-
sis, and of possible metabolic syndrome (obesity and diabetes 
[NS]) after diagnosis. Obesity has been consistently reported 
in narcolepsy,27 which has partly been linked to hypocretin de-
ficiency28 but not verified in other studies.17 The causal effect 

Table 2—Morbidities three years before a diagnosis of narcolepsy, by major disease groups

Disease group

Narcolepsy
Cases Control Odds ratio

% % OR 5% 95% P
Infectious and parasitic diseases 2.6 1.3 1.45 0.79 2.68 NS
Neoplasms 5.0 2.9 1.39 0.90 2.16 NS
Blood and immunological diseases 1.1 0.4 1.23 0.45 3.32 NS
Endocrine, nutritional, and metabolic diseases 4.9 1.9 2.10 1.32 3.33 < 0.001
Mental and psychiatric disorders 4.0 1.8 1.46 0.89 2.40 NS
Nervous system disorders 10.8 1.9 5.27 3.65 7.60 < 0.001
Diseases of the eye and adnexa 4.2 2.8 1.26 0.80 2.01 NS
Ear, nose, and throat diseases 4.0 2.3 1.85 1.13 3.02 0.02
Circulatory/cardiovascular diseases 9.2 6.4 0.97 0.69 1.37 NS
Respiratory diseases 5.8 3.2 1.27 0.84 1.94 NS
Gastrointestinal diseases 7.5 5.4 1.03 0.72 1.47 NS
Skin and subcutaneous tissue diseases 3.6 2.3 1.17 0.72 1.91 NS
Musculoskeletal system and connective tissue diseases 15.6 9.0 1.59 1.23 2.05 < 0.001
Genitourinary diseases 8.9 5.2 1.36 0.97 1.91 NS
Pregnancy, childbirth, and puerperium 2.6 5.2 0.29 0.17 0.51 0.001
Certain conditions originating in the perinatal period 0.0 0.0 0.00 0.00 0.00 NS
Congenital malformations, deformations, and chromosomal abnormalities 1.2 0.7 1.25 0.52 3.00 NS
Abnormal clinical, and laboratory findings 14.5 6.3 1.66 1.25 2.22 < 0.001
Injury, poisoning, and certain other external causes 31.7 23.8 1.31 1.07 1.59 < 0.01
External causes of morbidity and mortality 0.0 0.0 0.00 0.00 0.00 NS
Other factors influencing health status and contact with health services 34.3 21.8 1.61 1.31 1.98 < 0.001
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of obesity and metabolic diseases/diabetes in narcolepsy have 
not been identified, though a relation to glucose response has 
been suggested.29 Recently, hypocretin deficiency has also been 
linked to reduced reward, feed seeking behavior and sponta-
neous physical activity.30 Sleep apnea may occur more often 
among narcoleptic patients due to overweight, although the 
occurrence may also be partially explained by a selection bias 
arising from the greater availability of non-PSG screening be-
fore diagnosis and the incidental detection of sleep apnea on 
PSG after diagnosis in the same population.

The incidence of musculoskeletal pain was increased as 
compared to controls. Pain records and perceptions have been 

speculated to be linked to sleep quantity and possibly depres-
sion in patients with narcolepsy.31 Hypocretinergic neurons 
modulate nociception.32 Likewise, it is interesting that injuries 
were significantly more frequent before, but not after diagnosis, 
suggesting that undiagnosed/untreated cataplexy could be pres-
ent at that time.

In contrast with some previous studies, we found the incidence 
of psychiatric diagnosis to be slightly but not significantly higher 
among narcoleptic patients compared with controls. However, in 
accordance with previous studies of psychiatric comorbidity in 
narcolepsy,33,34 the present study points to the fact that although 
narcoleptic patients may suffer from mood problems or symp-
toms that may mimic primary psychiatric diseases, the patients 
were not diagnosed with major psychiatric disorders when in 
contact with the secondary health sector. The overlapping sleep 
related diagnostic criteria of depression and narcolepsy, and pos-
sibly also definition overlap between hypnagogic hallucinations 
and psychosis can explain some of the past disagreement on psy-
chiatric comorbidity in narcolepsy populations.

Likewise, an epilepsy diagnosis was only slightly and not 
significantly more frequent before diagnosis, a result that differs 
from those of an earlier study suggesting that narcolepsy may 
be misdiagnosed as one of a range of epileptic disorders.10 We 
also detected that nervous system disorders were significantly 
common both before and after a diagnosis of narcolepsy. Prior 
to—but not after—diagnosis, this could partly be explained by 
that clinicians are unaware of the specific diagnosis and just 
conclude an overall observation diagnosis. After diagnosis, the 
cause is more unclear, as no specific neurological disorder was 
sufficiently prevalent (1%) to be selected in the subanalyses. In 

Table 3—Morbidities three years after a diagnosis of narcolepsy, by major disease groups

 
Disease group

Narcolepsy
Cases Controls Odds ratio

% % OR 5% 95% P
Infectious and parasitic diseases 3.8 1.3 1.86 1.00 3.45 < 0.05
Neoplasms 6.3 4.6 1.01 0.66 1.55 NS
Blood and immunological diseases 1.4 0.8 0.81 0.32 2.08 NS
Endocrine, nutritional, and metabolic diseases 8.5 2.9 2.31 1.51 3.54 0.001
Mental and psychiatric disorders 3.7 1.7 1.14 0.64 2.05 NS
Nervous system disorders 24.4 2.7 9.19 6.80 12.41 0.001
Diseases of the eye and adnexa 5.4 2.8 1.80 1.10 2.93 < 0.05
Ear, nose, and throat diseases 5.6 2.6 1.67 1.03 2.71 < 0.05
Circulatory/cardiovascular diseases 10.8 8.0 0.79 0.55 1.14 NS
Respiratory diseases 7.0 3.5 1.84 1.21 2.81 < 0.001
Gastrointestinal diseases 9.8 6.3 1.40 0.99 1.98 NS
Skin and subcutaneous tissue diseases 3.1 1.7 1.05 0.58 1.92 NS
Musculoskeletal system and connective tissue diseases 16.1 8.3 1.70 1.28 2.26 < 0.001
Genitourinary diseases 8.1 6.2 0.96 0.67 1.38 NS
Pregnancy, childbirth, and puerperium 3.3 5.5 0.35 0.20 0.61 < 0.001
Certain conditions originating in the perinatal period 0.3 0.0 9.82 0.61 158.58 NS
Congenital malformations, deformations, and chromosomal abnormalities 0.7 0.5 0.99 0.32 3.09 NS
Abnormal clinical and laboratory findings 14.5 7.2 1.27 0.92 1.74 NS
Injury, poisoning, and certain other external causes 28.9 21.0 1.19 0.95 1.48 NS
External causes of morbidity and mortality 0.0 0.0 0.00 0.00 0.00 NS
Other factors influencing health status and contact with health services 38.9 23.5 1.75 1.39 2.21 < 0.001

Figure 1—Twelve-year survival of narcolepsy patients and controls shows 
nonsignificantly higher mortality in the narcolepsy group (0.83, 0.78-0.87) 
compared with the controls (0.86, 0.84-0.88) (hazard ratio = 0.80, P = 0.07).
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particular, an interesting relation between narcolepsy and Par-
kinson disease has previously been suggested.35,36 We have also 
previously reported on increased REM sleep behavior disorder 
in narcolepsy—a phenomenon originally regarded as part of the 
synucleinopathies.2 Hypocretin levels have been found lower 
in advanced Parkinson disease, which may support potential 
narcoleptic subtypes and presence of cataplexy.37 Furthermore 
in case reports, development of Parkinson disease has been ob-
served in narcoleptic patients.38,39 However, in the current study 
design, it should be noted that small number of patients with 
disease onset early in life makes it difficult to detect late-occur-
ring degenerative disorders such as Parkinsonian syndromes.2

We found that induced abortion was more frequent than in 
controls, both before and after diagnosis. We have previously 
shown that social effects and morbidity can be identified up 
to eight years before a diagnosis of narcolepsy.40 We believe 
this is because narcolepsy is often diagnosed at a time when 
the disease has already affected the patient’s social functioning 
and morbidity. Hence, the increased abortion rates might reflect 
patients’ consequent lower ability than controls to cope with 
pregnancy and child care.

This study has several limitations: it is based on hospital and 
clinic reports to the NPR; the diagnostic accuracy depends on 
each clinic’s presentation and reporting of the diagnosis and co-
morbidities; confounder variables (e.g., BMI and results of labo-
ratory investigations) were not recorded; symptoms and clinical 
evaluation results (e.g., PSG, MSLT) were not considered, so we 
cannot relate the findings to disease severity. Although NwC and 
NC are classified separately, we did not evaluate these two con-
ditions separately in the current study, as this would require the 
validation of these records from the other departments. We did 
not exclude diseases, especially narcolepsy or other sleep disor-
ders among the controls, but narcolepsy is so rare that very few 
subjects would be expected to be present in the control group. 
We included all ages at the time of first diagnosis, but no infor-
mation was available about the first symptom.

The strength of the NPR is that it is a national database con-
taining all identified patients; it is time-locked (all reports must 
be associated with the patient contacts), and it includes a sub-
stantial follow-up time. With the current identified subjects, the 
number of patients identified is approximately one-fifth to one-
sixth of the expected number of patients in Denmark.

In conclusion, the current study shows that patients with nar-
colepsy have significant morbidity at least three years before a 
diagnosis of narcolepsy. Morbidities following such a diagnosis 
include diseases of the endocrine, nutritional, metabolic, ner-
vous, respiratory, and musculoskeletal systems, of the eye and 
adnexa, and diffuse central nervous symptoms like hypersom-
nia. The most common diagnoses were sleep apnea, diabetes, 
obesity, and musculoskeletal symptoms associated with pain; 
but notably, there was no significantly greater incidence of di-
agnoses of psychiatric conditions or epilepsy. Although not sig-
nificant, narcolepsy showed a trend towards an overall greater 
mortality compared to controls.
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