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Abstract
Study Objective—To assess comorbidities in a community-based cohort of narcolepsy.

Methods—A 2000-2014 community-based narcolepsy cohort was identified in Olmsted County,
Minnesota. Records were reviewed by a certified sleep specialist for accuracy of diagnosis and
comorbidities were extracted and analyzed. Comorbidities in narcolepsy subjects, both at
diagnosis and upon follow up were compared with those from an unaffected, age and sex-matched
cohort using conditional logistic regression.

Results—At diagnosis, there was increased association of narcolepsy with anxiety (OR 4.56,
95%CI 1.99-10.44), thyroid disease (3.07, 1.19-7.90), hypertension (2.69, 1.22-5.93), and
hyperlipidemia (2.49, 1.05-5.92). At the end of the prolonged observation period of 9.9 years (SD
7.27 years), there was increased association of narcolepsy with peripheral neuropathy (11.21,
1.16-108.11), non-migrainous headache (6.00, 1.73-20.83), glucose intolerance (2.39, 1.05-5.45),
and automobile-related trauma (2.43, 1.08-5.45). Persistently increased both at diagnosis and after
a prolonged observation period were associations of narcolepsy with obstructive sleep apnea
(69.25, 9.26-517.99 decreasing to 13.55, 5.08-36.14), chronic low back pain (5.46, 2.46-12.11 to
2.58, 1.39-4.77), depression (4.88, 2.45-9.73 to 3.79, 2.12-6.79), psychiatric disorders in general
(4.73, 2.49-9.01 to 3.40, 1.94-5.98), endocrinopathies (4.15, 1.81-9.56 to 2.45, 1.33-4.49), and
obesity (2.27, 1.13-4.56 to 2.07, 1.15-3.7).

Conclusions—In this community-based study of narcolepsy co-morbidities, both at diagnosis
and after prolonged follow-up, persistent comorbidities were revealed including obstructive sleep
apnea, chronic low back pain, psychiatric disorders in general, endocrinopathies, and obesity. The
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comprehensive management of narcolepsy requires monitoring for, and managing, these important
associated health conditions.
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1. Introduction

Narcolepsy is a life-long disorder of excessive sleepiness affecting about 1 in ~2000 people,
with onset typically in the first through third decades of life.[1] The key feature of cataplexy
helps differentiate narcolepsy type 1 (with cataplexy) from type 2 (without cataplexy). The
past two decades have seen a rise in public awareness of the disorder, reduced delay in
diagnosis,[2] and improved treatment options for narcolepsy, consequently raising hopes for
better outcomes. Recent studies, however, describe increased narcolepsy-associated
morbidity and mortality.[3-9] Typically, these studies utilized large national[5, 8, 9] or
commercial insurance[6] databases of aggregated ICD diagnosis codes and demographics.
While shedding more light on mortality and morbidity in narcolepsy, their study designs did
not allow for exact verification of coded diagnoses nor of the pathognomonic findings on
nocturnal polysomnography (PSG) and multiple sleep latency testing (MSLT). This issue
limits the generalizability of these otherwise impotant studies. A need remains therefore for
community- or population-based studies of comorbidity and/or mortality that capture a//
narcolepsy patients within a defined population, with diagnoses being verified by careful
review of PSG and MSLT data, and followup documentation by sleep specialists. Further,
comorbidities that emerge at the time of narcolepsy diagnosis may differ from those that
develop during follow up. Recently, Jennum et al, approached this issue by examining
comorbidities present three years prior to and after initial coding of a narcolepsy diagnosis
in the Danish Civil Registration System.[8, 9] Here, we utilized the Rochester Epidemiology
Project (REP) to examine the comorbidities of narcolepsy in Olmsted County, Minnesota
between 2000 and 2014, which additionally allows for accurate study of early and late onset
comorbidities via prolonged access to a complete population’s set of medical records.

The REP is a centralized medical records linkage system that stores multi-decade medical
and demographic information pertaining to over 95% of the population of Olmsted County,
Minnesota. This allows for in-depth, longitudinal study of disease-related trends at the
community level.[10] From 2000-2014, the population of Olmsted County grew from
~130,000 to ~150,000. With an amalgamated institutional and community-based ethics
review board, the complete medical records for almost the entire population can be analyzed
for epidemiological study.[11] Relatively low emigration rates also allow for prolonged
periods of observation of cohorts, and permit assessment of incidence trends over time. All
patients in Olmsted County receive care at either one or the other of its two medical
facilities, Olmsted Medical Center or Mayo Clinic, both of which have had accredited sleep
centers and board-certified sleep specialists. This arrangement optimizes the likelihood of
capturing all narcolepsy subjects in the cohort.
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2. Materials and Methods

2.1. Study participants and design

After approval by the Institutional Review Boards of both Olmsted Medical Center and
Mayo Clinic, we utilized the REP database to identify all residents, aged three years and
older, assigned with a primary hypersomnia diagnosis code as per the 9t revision of the
International Classification of Disease between January 15, 2000 and December 315, 2014.
These codes were 327.1 (organic hypersomnia), 327.10 (organic hypersomnia, unspecified),
327.11 (idiopathic hypersomnia with long sleep time), 327.12 (idiopathic hypersomnia
without long sleep time), 347.xx (narcolepsy, including all subtypes), and 780.54
(hypersomnia, unspecified). To avoid overestimates from inadvertent inclusion of secondary
hypersomnia etiologies, patients with medical records only containing the diagnosis code
780.53 (hypersomnia with sleep apnea, unspecified), were excluded. From the pool of
gathered subjects, we identified subjects who underwent Multiple Sleep Latency Test
(MSLT) studies, as indicated by the Current Procedural Terminology (CPT) code 95805,
since this test is used as standerized objective supporting data for diagnosing narcolepsy.
The records of all hypersomnia patients with MSLT studies were reviewed manually to
identify subjects with narcolepsy, as per the International Classification of Sleep Disorders,
Third Edition.[12] Records of all cases of narcolepsy were reviewed by a certified sleep
specialist (SK) to confirm accurate diagnosis and categorization into type 1 and type 2. For
all cases, the estimated date of symptom onset, date of diagnosis, and details of the sleep
evaluation and treatment were recorded. As noted in other studies, in many of our cases, the
exact date of symptom onset was difficult to pinpoint as patients’ recollection of symptoms
was likely of variable precision [13-16]. As such, while obtaining an accurate list of
comorbidities based on date of symptom onset, while epidemiologically ideal, was deemed
impractical and date of diagnosis is used as the index date, similar to recent studies.[5, 6, 8,
9] In the presence of sleep apnea, narcolepsy was only diagnosed after full control of sleep
disordered breathing. Since the construct of the REP allows for review of the entire medical
record of over 95% of the Olmsted County population, no missing data was encountered.
Though not the main objective of the study, incidence and prevalence rates of narcolepsy
were calculated in order to gain an understanding of the trends in the data.

2.2 Selection of controls and determination of comorbidities in narcolepsy

For each narcolepsy case, four age- and sex-matched controls were identified from the REP
database using a matching schema. The controls were randomly chosen among the pool of
unaffected residents at the time of the patient’s narcolepsy diagnosis, i.e., the index date for
the case-control group. For the narcolepsy subjects, comorbid diagnoses at the time of
narcolepsy diagnosis (index date) and at the last documented complete medical visit were
abstracted by manual review. A complete medical visit was defined as a patient-physician
encounter where a past medical and surgical history was clearly obtained or reviewed and
documented in the medical record. A complete list of categories and diagnoses that was
abstracted is available in Table S1. Automobile accidents and other trauma requiring medical
attention were identified by review of Emergency Department notes in patients’ medical
records. Dates and causes of death were also determined by medical record review.
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2.3 Analysis of comorbidities associated with narcolepsy

Associations between narcolepsy-related comorbidities were assessed using conditional
logistic regression analysis to account for matching. Results are presented as odds ratios and
95% confidence intervals. All tests were two-sided and p-values less than 0.05 were
considered statistically significant. Analysis was performed using SAS version 9.4 (SAS
Inc., Cary, NC).

2.4 Incidence and prevalence calculation for estimation of generalizability

Incidence rates were calculated using date of new narcolepsy diagnoses between January 15,
2000 and December 315, 2014, divided by Olmsted County population counts for each year.
Prevalence of narcolepsy was calculated using a cohort with verified Olmsted County
residency on January 15, 2010.

2.5 Narcolepsy-associated mortality

3. Results

Death occurred in 2/68 patients during our examined time period. As such, our study was
underpowered to analyze narcolepsy associated mortality.

We identified 3,101 residents in Olmsted County who had been assigned a hypersomnia
diagnosis code in the period 2000 to 2014, of which 468 patients underwent MSLT for
suspected narcolepsy. A manual review of the sleep history, PSG, and MSLT records
established that 68/468 patients met diagnostic criteria for narcolepsy; 28/68 (41.2%) were
type 1 (Table 1). The remaining 400/468 patients were diagnosed with hypersomnia related
to other health conditions, or were found to not have hypersomnia based on MSLT, for
example, symptoms instead represented fatigue. The overall incidence rate of narcolepsy
was 2.56 per 100,000 person-years with a female-to-male ratio of 1.5:1. The overall
prevalence of narcolepsy on January 15, 2010 was 32.4 per 100,000.

Some health conditions were significantly increased in the narcolepsy group as compared to
controls only at the time of the initial diagnosis of narcolepsy (Table 2). They included
anxiety disorder (4.56, 1.99-10.44, p = 0.0003), thyroid disease (3.07, 1.19-7.90, p =
0.020), hypertension (2.69, 1.22-5.93, p = 0.014), and hyperlipidemia (2.49, 1.05-5.92, p =
0.039). Conversely, the odds were increased for having one of four disorders at the end of
the observation period: peripheral neuropathy (11.21, 1.16-108.11, p = 0.037), non-
migrainous headache (6.00, 1.73-20.83, p = 0.005), diabetes or glucose intolerance (2.39,
1.05-5.45, p = 0.039), and automobile-related trauma (2.43, 1.08-5.45, p = 0.031). For four
separate comorbidities, the odds were increased both at the time of narcolepsy diagnosis and
at the end of the observation period. They included obstructive sleep apnea (at diagnosis:
69.25, 9.26-517.99, p < 0.0001; at end 13.55, 5.08-36.14, p < 0.0001), chronic low back
pain (at diagnosis 5.46, 2.46-12.11, p < 0.0001; at end 2.58, 1.39-4.77, p = 0.003),
depression (at diagnosis: 4.88, 2.45-9.73, p < 0.0001; at end 3.79, 2.12-6.79, p < 0.0001),
and obesity (at diagnosis: 2.27, 1.13-4.56, p = 0.021; at end 2.07, 1.15-3.7, p = 0.015). The
proportion of cases and control subjects affected are also shown in Figure 1.
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4. Discussion

Using the Rochester Epidemiology Project, this community-based study characterized a
near-complete narcolepsy cohort over several years. We found persistent elevations in
comorbid obstructive sleep apnea, chronic low back pain, obesity, and depression in our
narcolepsy cohort, both at diagnosis and at the end of a prolonged observation period.
Obstructive sleep apnea was the most prevalent comorbidity, as was observed in the Danish
cohort.[5] A recent cross-sectional study of adults with narcolepsy also found increased
prevalence of sleep-disordered breathing in one third of type 1 narcolepsy patients,
especially if they were older.[17] The increased sleep apnea prevalence in narcolepsy has
practical implications for management, as weight reduction and positive pressure breathing
may be indicated for enhancing alertness when OSA is detected. Weight gain in narcolepsy
has been well-documented in patients from other geographic regions of the world as well,
often in particular association with narcolepsy with cataplexy. [18—-20] Our study was able to
verify at a community/population level the presence of excessive weight gain at the time of
narcolepsy diagnosis. The etiology of this weight gain is likely multifactorial, and may
include hypocretin deficiency, decreased energy expenditure, increased sedentary behavior
due to sleepiness, and concomittent depression. Persistent weight gain observed at the end of
the observation period suggests that the management of narcolepsy remains at less than
optimum, and may be due in part to the use of tricyclic medications in some patients. As
sleep specialists, we might be prioritizing the pharmacological treatment of sleepiness and
cataplexy over a more holistic management of narcolepsy that would include a stronger
emphasis on diet and physical exercise. Based on our data, a weight-loss effect from
stimulant medication use appears unlikely.

Depression was also highly comorbid with narcolepsy, affecting 39.7% of patients at
diagnosis with an increase to 50% after prolonged observation. Depression and narcolepsy
likely have a complex, bidirectional relationship,[21] and a histaminergic basis for
depression in narcolepsy can be posited.[22, 23] Inocente et. al. have also recently reported
depressive feelings in a large cohort of children with narcolepsy.[24] The co-occurrence of
narcolepsy and depression also has cautionary management implications, since drugs such
as sodium oxybate may exacerbate depression.

The rates of anxiety disorder, thyroid disease, hypertension, and hyperlipidemia were
significantly elevated at the time of diagnosis, but all become non-significant after
observation due to increasing incidence in the control cohort. The association of narcolepsy
with thyroid disease is interesting, as it supports the hypothesis of a co-existing or causal
autoimmune disorder,[25] however it should be noted that our sample size may have
precluded detection of additional autoimmune conditions with lower prevalence numbers.
[26] Separately, while we found a significant increase in automobile-related trauma in our
narcolepsy cohort, the absolute proportion of patients affected was low. In most cases, we
could not ascertain from the medical record whether the patient was driving or was simply a
passenger or victim. A more detailed study of accidents (vehicular or otherwise) is needed in
narcolepsy to directly assess this particular comorbidity with significant public safety and
qualify of life importance.[27] Additionally, it should be noted that since there is an
inevitable yet variable delay between onset of symptoms and time of diagnosis, some of the
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elevated risk of comorbidities at the time of diagnosis may be directly due to the physiologic
effects of narcolepsy. Similarly, a causal relation between several of the comorbidities, e.g.,
diabetes mellitis leading to peripheral neuropathy, while likely, would require an alternative
study design to verify or refute.

The current study is consistent with larger studies finding prevalence typically between 25
and 50 cases per 100,000 person-years.[1] We also found a higher frequency of narcolepsy
without cataplexy (type 2) than narcolepsy with cataplexy (type 1). This runs counter to
previous epidemiologic studies of narcolepsy,[28] but is consistent with a recent large
Wisconsin Sleep Cohort study that similarly analyzed narcolepsy prevalence in the general
population [29, 30] and also found a higher frequency of type 2 (0.20%, 95% CI: 0.07-
0.58%) compared with type 1 (0.07%, 95% ClI. 0.02-0.37%).[30] Taken together, our
findings suggest that narcolepsy type 2 may be more frequent in the general population than
previously estimated. The exact reasons for the higher proportion of patients with type 2
narcolepsy compared to type 1 in our cohort are not entirely clear. Analysis of the long-term
outcomes of large groups of narcolepsy patients with positive MSLT findings without
cataplexy may warrant further study to address this finding. It is also possible that this is a
changing trend that needs study over a longer period of time and in a larger cohort from a
wider geographical region.

While the composition of the Olmsted County population is changing over time, it remains
less diverse, more highly educated, and wealthier than the U.S. population at large,[11]
which may affect generalizability to other study populations. Furthermore, the on-going
management of narcolepsy patients in our accredited sleep centers may have biased the
study towards greater likelihood of detecting coexisting obstructive sleep apnea.

The strengths of our study include the capturing of a near-complete cohort of narcolepsy that
was also followed for a prolonged period of time (9.9 years). Our study utilized accurate,
fully reviewed medical records. Each narcolepsy diagnosis was verified by a sleep medicine
specialist on chart review, thus eliminating potential inaccuracies that can occur when
narcolepsy cases are gathered from large databases using diagnostic codes. Further, we
examined comorbidities separately, both at diagnosis and at the end of such a long period of
follow up (9.9 years).

4.1 Conclusions

This study adds significantly to the understanding of comorbidities in narcolepsy, providing
a useful comparison to recent large-scale studies that ascertained narcolepsy cases using
diagnosis codes.[5, 6, 8, 9] We found significant comorbidities in narcolepsy at diagnosis
and upon long-term follow up including obesity, depression, obstructive sleep apnea and
thyroid disease that warrant attention for comprehensive management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

This population-based study analyzed co-morbidities at diagnosis and after
prolonged follow up (mean 9.92 yrs).

At diagnosis, narcolepsy was associated with anxiety, thyroid disease,
hypertension, and hyperlipidemia.

Obstructive sleep apnea, low back pain, depression, anxiety, and thyroid
disease were persistently elevated, both at diagnosis and after follow up.

Attention to these comorbidities is important in the comprehensive
management of patients with narcolepsy
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Figure 1. Percentage of patients affected by narcolepsy-associated comorbidities at the time of
diagnosis and after prolonged observation

Percentage of patients with narcolepsy (cases) and control cohort affected by individual
comorbidities at the time of diagnosis or index date (A), and after prolonged observation
(B). Stars indicate significantly elevated odds ratios.
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Age at diagnosis and sex distribution patients with narcolepsy in Olmsted County, Minnesota

Age Groups  Female Male  Total %
0-4 0 0 0

5-14 1(1) 4(4) 5 74
15-24 14(4)  5(@3) 19 279
25-34 12 (6) 5(1) 17 250
35-44 4(0) 4(Q1) 8 118
45-54 6(3) 7(2 13 191
55 — 64 2(1) 3(1) 5 74
65— 74 1(1) 0 1 15
75-84 0 0 0

85+ 0 0 0

Totals: 40 (16) 28(12) 68 100

Numbers in parentheses denote patients with cataplexy
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