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Study Objectives: To evaluate the burden of narcolepsy--with respect to psychiatric comorbidities, Health-Related Quality of Life (HRQoL), direct costs for
healthcare resource utilization, and indirect costs for reported work loss—through comparison of patients to matched controls.

Methods: This analysis was conducted on data from the 2011, 2012, and 2013 US National Health and Wellness Survey (NHWS; 2011 NHWS n = 75,000,
2012 NHWS n = 71,157, and 2013 NHWS n = 75,000). Patients who reported a narcolepsy diagnosis (n = 437) were matched 1:2 with controls (n = 874) on
age, sex, race/ethnicity, marital status, education, household income, body mass index, smoking status, alcohol use, exercise, and physical comorbidity.
Chi-square tests and one-way analyses of variance were used to assess whether the narcolepsy and control groups differed on psychiatric comorbidities,
HRQolL, labor force participation, work productivity, and healthcare resource utilization.

Results: Patients with narcolepsy, in comparison to matched controls, reported substantially (two to four times) greater psychiatric comorbidity, HRQoL
impairment, prevalence of long-term disability, absenteeism, and presenteeism, and greater resource use in the past 6 mo as indicated by higher mean
number of hospitalizations, emergency department visits, traditional healthcare professional visits, neurologist visits, and psychiatrist visits (each p < 0.05).
Conclusions: These population-based data suggest that a narcolepsy diagnosis is associated with substantial adverse impact on mental health, HRQoL,
and key economic burdens that include work impairment, resource use, and both direct and indirect costs. Although this study is cross-sectional, the
results highlight the magnitude of the potential opportunity to improve mental health, lower costs, and augment work-related productivity through effective

assessment and treatment of narcolepsy.
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INTRODUCTION

Narcolepsy is a chronic disorder characterized by excessive
daytime sleepiness that can be associated with significant ef-
fect on quality of life and disability. Narcolepsy is also as-
sociated with obesity, nighttime sleep disturbances, and
functional impairment.* Narcolepsy typically presents dur-
ing teenage years or young adulthood and persists through
adulthood. Prevalence estimates range between 25 and 50 per
100,000 people.®*

Numerous studies have found health-related quality of
life (HRQoL) among narcolepsy patients to be significantly
impaired in comparison with healthy controls or the general
population.’ ™ Patients are impaired on several domains of
HRQoL including mood, psychopathology, and other areas
such as marital and work problems.>'* Narcolepsy has been
associated with a negative impact on work productivity includ-
ing increased unemployment," early retirement,'® accidents at
work,® welfare enrollment," time missed from work, general
impairment at work,® and lower wages."

Healthcare resource use in narcolepsy is high and has
been associated with approximately two times greater re-
source use and cost than observed among matched controls."”
Inpatient, outpatient, emergency department, and prescrip-
tion costs have all been found to be significantly higher
among narcolepsy patients compared with non-narcolepsy
controls.'15-17

BRIEF SUMMARY

Current Knowledge/Study Rationale: Although the burden of
narcolepsy has been documented, larger scale studies have yet

to examine health outcomes of interest. Therefore, the goal of

the current study was to evaluate the burden of narcolepsy using
respondents from a large general health survey to compare those
with narcolepsy to matched controls with regard to the following
outcomes: mental health, health-related quality of life (HRQoL), work
productivity loss, resource use, and direct and indirect costs.

Study Impact: The results suggest that there is a substantial
humanistic and economic burden associated with narcolepsy as
evidenced by higher observed rates of psychiatric comorbidities,
lower HRQoL, greater work-productivity loss, greater healthcare
resource use, and greater associated direct and indirect costs
among those reporting a narcolepsy diagnosis compared with
matched controls. The large adverse impact of narcolepsy observed
in this study suggests high unmet need in this population.

Although the burden of narcolepsy has been well-documented
across various health outcomes of interest, including psychiatric
disorders, few studies have examined this burden in relation to
its societal costs, from work productivity loss and healthcare re-
source use.">1722 Accordingly, larger-scale evaluations are re-
quired to better characterize the prevalence of these costly and
impactful psychiatric conditions in regards to HRQoL, direct
costs, and direct costs among patients with narcolepsy.

The aim of the current study, therefore, was to evaluate the
burden of narcolepsy by comparing patients with narcolepsy
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to matched controls from a large general health survey, with a
focus on several key outcomes: mental health, HRQoL, direct
costs based on measures of healthcare resource utilization, and
indirect costs based on reported work productivity loss.

METHODS

Source and Sample

This analysis was conducted on data from the 2011, 2012,
and 2013 US National Health and Wellness Survey (2011
NHWS n = 75,000, 2012 NHWS n = 71,157, and 2013 NHWS
n = 75,000). Respondents who took the survey more than once
during those 3 y were only counted once and their most recent
responses used yielding n = 176,093 unique respondents. The
NHWS is a self-administered, Internet-based survey of US
adults (aged 18 y or older). NHWS participants are selected
from an opt-in Internet panel maintained by Lightspeed Re-
search. A stratified random sample (with strata by sex and age)
was implemented to ensure that the demographic composition
of the sample is identical to that of the corresponding adult
population as measured by the US Census. Previous research
has revealed that the NHWS data compares favorably with es-
timates of US demographic composition according to the cen-
sus as well as estimates from other sources such as the National
Health Interview Survey.? 2 All participants were required to
read and write English, be at least 18 y of age or older, and
provide informed consent to participate. The study protocol
was approved a priori by the Essex Institutional Review Board
(Lebanon, NJ, USA).

The focal group for analyses were those individuals who re-
ported ever having been diagnosed with narcolepsy by a physi-
cian (n = 437). To evaluate baseline differences between those
with a narcolepsy diagnosis and those without (n = 175,656),
comparisons were examined for demographics and health
characteristics. However, for health outcome comparisons and
psychiatric comorbidities, a comparison group was created via
propensity matching (n = 837) from the remaining sample of
respondents in whom narcolepsy was not diagnosed.

Measures

Independent Variable

NARCOLEPSY DIAGNOSIS: Participants who reported a nar-
colepsy diagnosis were matched to those who did not via pro-
pensity score matching using a 2:1 control to target matching
algorithm (see Statistical Analyses). This resulted in a matched
control group (n = 874).

Covariates in Propensity Score Model

DEMOGRAPHIC AND HEALTH CHARACTERISTICS: The fol-
lowing demographic and health characteristic variables were
first examined between those with and without a narcolepsy
diagnosis and then included as covariates for propensity score
matching: age, sex, race/ethnicity, marital status, education,
income, body mass index (BMI), smoking status, pregnancy
status, whether or not they currently drink alcohol, exercise
status, and the Charlson Comorbidity Index (CCI).?
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Dependent Variables

COMORBIDITIES: Psychiatric comorbidities were also exam-
ined. These included self-reported diagnoses of depression, bi-
polar disorder, anxiety disorder, generalized anxiety disorder,
posttraumatic stress disorder, social anxiety disorder, panic
disorder, phobia disorder, obsessive compulsive disorder, and
total diagnosed anxiety.

HEALTH-RELATED QUALITY OF LIFE: HRQoL was mea-
sured via the Medical Outcomes Study Short Form-12 for 2011
NHWS and Medical Outcomes Study Short Form-36 for 2012
and 2013 NHWS. Specifically, the mental component sum-
mary (MCS) and physical component summary scores (PCS)
and the Health Utilities score were used; both SF versions yield
comparable scores.?’ 3

LABOR FORCE PARTICIPATION, DISABILITY STATUS, AND
WORK PRODUCTIVITY LOSS: Labor force participation
(employed full time, employed part-time, self-employed, or
not employed) was measured via one item. Additionally, pa-
tients were categorized into one of three disability statuses
(long-term, short-term, and not disabled) based on one ques-
tion. Work productivity loss and activity impairment were
measured via the Work Productivity and Activity Impairment-
General Health scale (WPAI-GH).*' The WPAI examines the
following constructs: presenteeism, absenteeism, overall work
impairment, and activity impairment over the past 7 d. Presen-
teeism measures the degree to which one’s work productivity
is affected by health problems, which is then converted into a
percentage of time one’s productivity is impaired while work-
ing. Absenteeism measures the amount of time one misses
work due to health problems, which is then converted to a per-
centage of work missed due to health problems. Overall work
impairment is a combination of presenteeism and absenteeism
which measures the percentage of time one’s work productiv-
ity is impaired overall. Last, activity impairment measures the
percentage of time one’s abilty to perform daily activities, out-
side of work, is impaired.

ESTIMATED DIRECT AND INDIRECT COSTS: Estimated
healthcare resource use costs were calculated by applying
unit costs extrapolated from the Medical Expenditure Panel
Survey (MEPS) and the Bureau of Labor Statistics (BLS) to
Healthcare Resource Use variables from the NHWS. Direct
(emergency department visits, hospitalizations, healthcare pro-
fessional visits) and indirect costs (absenteeism and presentee-
ism for employed participants only) were calculated separately
and totaled.

Statistical Analyses

Descriptive analyses were conducted to describe the so-
ciodemographic and health characteristics of the total
sample and the narcolepsy and control groups. Bivariate
analyses (chi-square tests for categorical variables and -
tests for continuous variables) were conducted to assess
whether patients with or without a narcolepsy diagnosis
differed significantly on any sociodemographic or health
characteristic variables.



Propensity score matching was carried out to match the
narcolepsy diagnosis group to a group of control individuals.
Specifically, all covariates identified a priori (age, sex, race/
ethnicity, marital status, education, household income, BMI,
smoking status, alcohol use, exercise status, and CCI) were en-
tered into a logistic regression predicting narcolepsy diagnosis.
The predicted scores for each individual (ranging from 0-1; i.e.,
the propensity score) were then saved. People in the two groups
were paired 2:1 (control to case) by propensity score using a
greedy matching algorithm. This resulted in a matched group
of those without a narcolepsy diagnosis (n = 874). Bivariate
analyses (chi-square tests for categorical variables and #-tests
for continuous variables) were then conducted to assess whether
the narcolepsy and control groups differed significantly on the
psychiatric comorbidities described in the Measures section,
or on HRQoL, work force participation, disability status, work
productivity, or healthcare resource utilization.

An examination of the matched variables (e.g., BMI) post-
match revealed a successful propensity score match. This was
determined by examining measures of standardized bias for
each covariate prematch and postmatch. A “good” match is de-
fined as one in which all measures of standardized bias are be-
low 0.25. Prematch, all measures except smoking status, BMI,
and CCI were below this criterion. Postmatch, all measures
were below 0.15, indicating a successful match.

All analyses were performed using IBM SPSS Statistics ver-
sion 20. The level of significance was p < 0.05.

RESULTS

Prematch Comparisons

Prior to propensity score matching analyses, all potential co-
variates (demographics and health characteristics) were ex-
amined for bivariate differences between subjects with and
without narcolepsy. Results suggested that marital status,
household income, smoking status, exercise behavior, and
BMI category differed significantly between groups (p < 0.05;
see Table 1). Notably, the groups also differed significantly
on comorbidity burden (CCI), with more than five times the
proportion of narcolepsy patients, in comparison to controls,
reporting three or more CCI comorbidities (p < 0.001).

Postmatch Comparisons

The matched groups differed substantially on every psychiatric
comorbidity examined (p < 0.001; see Table 2). Notably, nar-
colepsy patients in comparison to nonnarcolepsy patients were
nearly twice as likely to report depression, more than twice as
likely to report an anxiety disorder, and nearly three times as
likely to report bipolar disorder (each p < 0.001).

The narcolepsy group in comparison to the matched controls
reported substantially lower HRQoL (see Figure 1). Specifi-
cally, the narcolepsy group reported significantly lower mean
health utility, MCS, and PCS scores (each p < 0.001).

Work productivity loss was substantially higher among
narcolepsy patients than their control peers (see Table 3). In
particular, narcolepsy patients reported more than 70% greater
long-term disability (p = 0.004). Moreover, among employed
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individuals, narcolepsy patients in comparison to controls
reported greater mean percentages of absenteeism, presen-
teeism, overall work impairment, and activity impairment
(all p <0.001).

Healthcare resource use was also substantially greater
among narcolepsy patients than matched controls (see Table S1
supplemental material). Specifically, in the past 6 mo the nar-
colepsy group in comparison to matched controls reported, on
average, two to three times more hospitalizations, emergency
deparment visits, traditional healthcare professional visits,
neurologist visits, and psychiatrist visits (all p < 0.001).

Cost multipliers were applied to the aforementioned work
productivity loss and healthcare resource use data to derive
indirect and direct societal costs of narcolepsy (see Figure 2).
The narcolepsy group in comparison to matched controls had
significantly higher costs associated with absenteeism ($12,839
versus $7,631), presentecism ($7,013 versus $4,987), emer-
gency department ($3,667 versus $1,543), healthcare profes-
sional ($22,828 versus $12,667), and hospitalization ($27,642
versus $10,998) (each p < 0.001).

DISCUSSION

Data from this large, population-based comparison of patients
who report a diagnosis of narcolepsy and matched controls,
suggests that narcolepsy is associated with a serious and costly
impact on a range of patient outcomes. Those individuals with
a diagnosis of narcolepsy had greater psychiatric comorbidity,
lower HRQoL, higher activity and work impairment, higher
likelihood of long-term disability, and higher resource use.
Higher resource use and higher work productivity loss, in turn,
led to higher direct and indirect costs for the narcolepsy cohort
compared to controls. The magnitude of psychiatric comor-
bidities associated with narcolepsy was substantial. The pro-
portion of narcolepsy patients who also reported depression,
bipolar disorder, or an anxiety disorder was multiples larger
than the proportion of controls who reported those disorders,
respectively—even after matching narcolepsy patients and
controls with similar physical comorbidity status. Strengths
of this study include use of a large sample representative of
the US population and propensity score matching of the study
groups, which adjusted for physical morbidity and various so-
ciodemographic factors that otherwise might have biased the
results. Overall, the results highlight the potential impact that
narcolepsy may have on HRQoL, medical costs, and work-
place-related costs.

The current study corroborates previous reports that narco-
lepsy may be associated with psychiatric comorbidities such
as depression and anxiety. 8223233 However, the current study
demonstrates consistent and substantially higher prevalence of
several psychiatric disorders among narcolepsy patients com-
pared to matched controls. In addition, this study corroborates
previous findings that narcolepsy is strongly associated with
impairment in physical and mental HRQoL.> %1214

To our knowledge, few prior studies have reported the societal
costs that arise from the work productivity loss and healthcare
resource use associated with narcolepsy in the United States.”
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Table 1—Demographics and health characteristics for overall sample by narcolepsy diagnosis.

No Diagnosis (n = 175,656) Diagnosed (n = 437) Total (n =176,093)
Countor  Column % Countor  Column % Countor  Column %
Mean or SD Mean or SD Mean or SD p value?

Age 476 16.8 46.7 16.4 476 16.8 0.247
Sex

Female 93,016 53.0% 219 50.1% 93,235 52.9% 0.235

Male 82,640 47.0% 218 49.9% 82,858 47.1%
Ethnicity

Non-Hispanic white 125,302 71.3% 3N 71.2% 125,613 71.3% 0.585

Non-Hispanic black 20,090 11.4% 49 11.2% 20,139 11.4%

Hispanic 15,347 8.7% 45 10.3% 15,392 8.7%

Other ethnicity 14,917 8.5% 32 7.3% 14,949 8.5%
Received college degree

Yes 90,667 51.6% 222 50.8% 90,889 51.6% 0.733
Annual household income

< $25k 33,472 19.1% 97 22.2% 33,569 19.1% 0.031

$25k to $50k 46,925 26.7% 121 27.7% 47,046 26.7%

$50k to $75k 34,399 19.6% 94 21.5% 34,493 19.6%

> §75k 46,359 26.4% 104 23.8% 46,463 26.4%

Decline to Answer 14,501 8.3% 21 4.8% 14,522 8.2%
Married/living with partner

Yes 102,341 58.3% 229 52.4% 102,570 58.2% 0.013
Currently drinks alcohol

Yes 114,440 65.2% 298 68.2% 114,738 65.2% 0.183
Smoking status

Current smoker 31,427 17.9% 141 32.3% 31,568 17.9% <0.001

Former smoker 51,604 29.4% 115 26.3% 51,719 29.4%

Never smoker 92,625 52.7% 181 41.4% 92,806 52.7%
Exercise = 20 min = 1 times in past month

Yes 114,970 65.5% 265 60.6% 115,235 65.4% 0.035
BMI 284 7.0 31.6 9.5 284 7.0 <0.001
Charlson Comorbidity Index

CCl=0 132,259 75.3% 187 42.8% 132,446 75.2% <0.001

CCl=1 26,321 15.0% 98 22.4% 26,419 15.0%

CCl=2 10,124 5.8% 57 13.0% 10,181 5.8%

CCl=3 6,952 4.0% 95 21.7% 7,047 4.0%

ap values represent omnibus comparisons between those with and without narcolepsy. CCI, Charlson Comorbidity Index; SD, standard deviation.

Table 2—Diagnosis of psychiatric comorbidities among subjects with narcolepsy and matched controls.
2:1 Propensity Match

Controls (n = 874) Narcolepsy (n = 437) Total (n =1,311)
Count Column % Count Column % Count Column % p value?®
Depression 226 25.9% 211 48.3% 437 33.3% <0.001
Bipolar disorder 40 4.6% 62 14.2% 102 7.8% <0.001
Anxiety disorder 155 17.7% 178 40.7% 333 25.4% <0.001
Generalized anxiety disorder 34 3.9% 67 15.3% 101 7.7% <0.001
Posttraumatic stress disorder 31 3.5% 65 14.9% 96 7.3% <0.001
Social anxiety disorder 43 4.9% 78 17.8% 121 9.2% <0.001
Panic disorder 36 4.1% 70 16.0% 106 8.1% <0.001
Phobia disorder 15 1.7% 44 10.1% 59 4.5% <0.001
Obsessive compulsive disorder 29 3.3% 56 12.8% 85 6.5% <0.001
Any anxiety disorder 194 22.2% 223 51.0% 417 31.8% <0.001

ap values represent omnibus comparisons between those with and without narcolepsy.
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Figure 1—Health-related quality of life for those diagnosed with narcolepsy and matched controls.
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Error bars represent standard errors. All comparisons between subjects with and without narcolepsy, for each outcome, are significant at the p < 0.001 level.

Table 3—Labor force participation, disability status, and work productivity loss for those with a narcolepsy diagnosis and

matched controls.

2:1 Propensity Match

Controls (n = 874)

Narcolepsy (n = 437)

Total (n =1,311)

Countor Column % Count or
Mean or SD Mean

Currently in labor force 437 50.0% 200
Disability status

Not disabled 800 91.5% 376

Short-term disability 4 0.5% 1

Long-term disability 70 8.0% 60
Work productivity loss

Activity impairment 33.81 32.24 50.87

Overall work impairment® 2476 30.77 45.52

Absenteeism® 7.26 19.31 17.42

Presenteeism® 21.74 2747 40.16

Column % Countor Column %

or SD Mean or SD p value?®

45.8% 637 48.6% 0.148

86.0% 1,176 89.7% 0.004
0.2% 5 0.4%

13.7% 130 9.9%

3117 39.50 32.87 <0.001

35.53 31.23 33.71 <0.001

25.73 10.43 22.00 <0.001

32.14 27.57 30.24 <0.001

ap values represent omnibus comparisons between those with and without narcolepsy. Asked only of participants in the workforce (Control = 465;

Narcolepsy = 189; Total = 654). SD, standard deviation.

Black et al.” did find that compared to matched controls, pa-
tients in whom narcolepsy was diagnosed had approximately
twofold higher annual rates of inpatient admissions, emergency
department visits (without admission), hospital outpatient visits,
other outpatient services, and physician visits (all p < 0.001).
The current study found similar differences in physician visits
and number of inpatient and outpatient admissions. Addition-
ally, our findings suggest that the indirect costs related to work
productivity loss are substantially higher among narcolepsy
patients than their peers in the United States. As narcolepsy pa-
tients were matched to controls with similar sociodemographic
and health variables, the current results suggest that narcolepsy

itself may be a significant source of excess burden on the health-
care system and society at large.

The current cross-sectional data preclude assessment of
whether narcolepsy preceded putative outcomes, and can-
not prove cause-and-effect relationships. It seems somewhat
unlikely that greater provision of healthcare would increase
the likelihood of narcolepsy diagnosis because of the rela-
tive seriousness and well-defined nature of this sleep disor-
der. However, the relationship of psychiatric comorbidities
and narcolepsy may be more complicated and merit further
investigation. Prior research suggests that narcolepsy patients
commonly experience distress about their symptoms, which
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Figure 2—Annual direct and indirect costs for those with a diagnosis of narcolepsy and matched controls.
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Error bars represent standard errors. Absenteeism and Presenteeism costs were only calculated for participants in the workforce (Control = 465;

Narcolepsy = 189; Total

= 654). All comparisons between subjects with and without narcolepsy, for each outcome, are significant at the p < 0.001 level.

may be exacerbated by fear of accidents, concerns about their
employment, and functional limitations such as difficulty ob-
taining driving licensure.>**3° It seems likely that in patients
with a diagnosis of narcolepsy, psychiatric conditions develop
at least partly in response to, or as a comorbid component of,
the condition and, as a result, these patients are not fully func-
tional at work and have reduced quality of life. Moreover, they
seek medical help from general and specialist physicians, and
are admitted to inpatient and outpatient services in response to
their condition and its comorbidities.

Limitations

Because of the Internet-based method of sampling, the current
study may not have included older or more ill individuals. As
the study utilized matching to control for differences between
the narcolepsy and control groups, mean differences would
most likely not have been affected, but the descriptive statis-
tics presented here may be more indicative of healthier patients
than those who might have been sampled from the non—Inter-
net-using population. However, the current study controlled for
various potential confounders, including age and CCI, to en-
sure the validity of the relative differences between the study
groups. Resource use questions were not condition specific and
thus the observed differences in resource use cannot solely be
attributed to narcolepsy. However, these analyses did control
for general comorbidity via the CCI to account for variance at-
tributable to conditions included in the CCI. Still, unmeasured
and uncontrolled confounders may have biased the observed
differences. Study measures were self-reported, some misclas-
sification of disease status may have occurred, and diagnoses
could not be confirmed independently for each of the individu-
als in this sizeable sample.
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Implications and Future Directions

Current findings suggest that a diagnosis of narcolepsy could
have substantial impact on productivity, resource use, and
quality of life, as well as an increased risk for other comorbid
health conditions identified in this analysis. Given these find-
ings, future research should investigate how effective identi-
fication and treatment of narcolepsy could improve quality of
life, reduce psychiatric burden, save substantial health system
costs, and improve work-related outcomes.

ABBREVIATIONS

BLS, Bureau of Labor Statistics

BMI, body mass index

CCI, Charlson Comorbidity Index

ED, emergency department

HCP, healthcare professional

HRQoL, health-related quality of life

MCS, mental component summary

MEPS, Medical Expenditure Panel Survey

NHWS, National Health and Wellness Survey

PCS, physical component summary

SD, standard deviation

WPAI-GH, Work Productivity and Activity Impairment-
General Health
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