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Study Objectives: Narcolepsy is a chronic disorder with numerous adverse long-term consequences including increased obesity, high mortality rates, and 
decreased quality of life. With emerging attention to the long-term course of the disorder and importance of accurate diagnosis, the diagnostic stability of the 
Multiple Sleep Latency Test (MSLT)—the mostly frequently used test to identify narcolepsy—is often challenged.
Methods: In this study, we compared the baseline and follow-up demographic characteristics and body mass index (BMI) of patients with narcolepsy type 1. 
Moreover, MSLT results from repeated tests conducted on 48 patients with narcolepsy type 1 were compared, with mean follow-up of approximately 10 years.
Results: BMI from the baseline to the follow-up visit was significantly increased in the participants. There were no significantly different parameter changes in 
MSLT results.
Conclusions: MSLT has good test-retest validity in patients with narcolepsy type 1. Close surveillance for the detection and management of obesity is 
warranted in clinical settings.
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INTRODUCTION

Narcolepsy is well known for its chronic course, with a pen-
tad of symptoms: excessive daytime sleepiness, cataplexy, 
hypnagogic hallucination, sleep paralysis, and nighttime sleep 
disturbances.1,2 One epidemiological study demonstrated an 
increase of mortality rates as high as 1.5-fold in patients with 
narcolepsy when compared with those without narcolepsy,3 
and frequent incidences of the comorbidities from obesity, dia-
betes mellitus, sleep apnea, and lower back pain have been dis-
covered after the diagnosis of narcolepsy.4 Moreover, patients 
with narcolepsy suffer from diverse psychiatric comorbidities, 
including major depressive disorder and social anxiety disor-
der, further complicating the prognosis of the disease.5 With 
the aforementioned adverse long-term consequences, early 
diagnosis of the disorder and effective management of co-
morbidities have become important issues discussed in recent 
narcolepsy research.

In attempts to promote the need for early diagnosis and 
intervention for patients with narcolepsy, diagnostic modali-
ties for the diagnosis in patients with narcolepsy have been 
investigated and reevaluated to test diagnostic validity in 
clinical settings. The most frequently reported diagnostic 
modality has been the Multiple Sleep Latency Test (MSLT), 
with its test-retest validity frequently challenged as to ques-
tion its current role as a main diagnostic tool to diagnose nar-
colepsy.6,7 Despite increasing propositions against test-retest 
reliability of MSLT, limitations of previous studies should be 
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considered, including small number of participants and short 
interval of follow-up.6,8 Moreover, despite its clinical signifi-
cance, studies on long-term changes in MSLT parameters 
of patients with narcolepsy are still scarce, especially with 
respect to narcolepsy types.

Meanwhile, among the aforementioned comorbidities of 
narcolepsy, obesity and its relationship with narcolepsy pathol-
ogy has emerged as a major research interest. A symptomatol-
ogy study conducted during a 10-year period in China reported 
weight gain as one of the four prominent symptoms of patients 
with narcolepsy.9 Higher insulin sensitivity and reduced lipoly-
sis were purported culprits of frequent obesity in patients with 
narcolepsy in one study, but the number of participants was too 
small to generalize the results.10 Problems of obesity in pedi-
atric patients have been frequently reported, with subsequent 
exposure to risks of sleep apnea and poor sleep efficiency.11,12 

BRIEF SUMMARY
Current Knowledge/Study Rationale: The study was conducted 
to evaluate the long-term clinical course of patients with narcolepsy 
type 1. Obesity and validity of the Multiple Sleep Latency Test used 
to diagnose narcolepsy are key issues discussed in the current study.
Study Impact: This study will help clinicians understand the long-
term course of patients with narcolepsy type 1 and further clinicians’ 
focus on crucial issues such as obesity and the diagnostic validity 
of the Multiple Sleep Latency Test when treating patients with 
narcolepsy in clinical settings.
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To unravel a link between obesity and narcolepsy pathology, 
longitudinal studies are imperative. However, the longitudinal 
course of change in body mass index (BMI) and basal meta-
bolic rate (BMR) of patients with narcolepsy remain obscure 
until now. More evidence-based studies are needed to discover 
the relationship between obesity and narcolepsy, with accumu-
lation of longitudinal study results.

Due to a relatively low prevalence rate when compared with 
other mental health disorders in Korea, narcolepsy has not re-
ceived the governmental attention it deserves. A proper epide-
miological study has not been conducted. One epidemiological 
study on Korean adolescents in whom narcolepsy type 1 has 
been diagnosed proposed a prevalence rate estimate of 0.015%, 
but it is hard to generalize the result to the entire Korean popu-
lation.13 Recently, because of the Korean governmental insur-
ance regulations that require follow-up MSLT to ensure the 
maintenance of governmental insurance support for rare dis-
eases, patients with narcolepsy went through follow-up MSLT 
to continue receiving the benefit.

In the current study, we compared the baseline and follow-
up BMI, as well as results from MSLT in a group of Korean 
patients with narcolepsy type 1. This group of patients visited 
our clinic on a regular basis for nearly a decade, taking medi-
cations for the management of narcolepsy symptoms. We hy-
pothesize that there would be clinically meaningful changes in 
the BMI and MSLT parameters of participants measured dur-
ing the baseline and follow-up visits.

METHODS

Participants and Patient Evaluation
A chart review was conducted on 48 patients with narcolepsy 
type 1 who visited the sleep clinic of St. Vincent’s Hospital, 
the Catholic University of Korea. They all went through MSLT 
twice with an interval of almost 10 years. At their baseline, all 
the participants were drug-naive, and a diagnosis of narcolepsy 
with cataplexy was made using the International Classification 
of Sleep Disorders, Second Edition14 for the first time (please 
note that the updated terminology “narcolepsy type 1” is used 
throughout this article in place of “narcolepsy with cataplexy”). 
Confirmation on the presence of cataplexy was completed by a 
sleep specialist. Patients with any history of medical disorder 
associated with excessive daytime sleepiness were excluded. 

Every participant was drug-free for 7 to 10 days before the 
follow-up MSLT. They were asked to stop prescribed medica-
tions or over-the-counter drugs they were taking to control for 
their narcolepsy symptoms during the drug-free interval. This 
study was conducted after approval by the Institutional Review 
Board of the St. Vincent’s Hospital, the Catholic University of 
Korea. MSLT was conducted in each patient during their base-
line visit and the second visit.

Statistical Analysis
Demographic data from the patients were collected and dem-
onstrated with descriptive statistics, and subsequently, baseline 
and follow-up BMI, and sleep parameters from MSLT were 
compared with paired t test to observe the longitudinal thera-
peutic effects of narcolepsy medication. Wilcoxon signed-rank 
tests were performed with regard to changes in BMI between 
baseline and follow-up data, and these statistical analyses were 
conducted only on 26 participants (9 of them female and 17 
of them male) who had complete baseline and follow-up BMI 
data. An α value of .05 was used for all tests.

RESULTS

A total of 48 patients participated in the study, and the demo-
graphic characteristics of participants are shown in Table 1. 
Mean age of the participants at baseline were 29.79 ± 14.69 
years, and 58% of them were male. An average follow-up dura-
tion was 8.15 ± 3.03 years. Ninety-six percent of participants 
were on modafinil to control their excessive daytime sleepi-
ness. Only 33% of them were coprescribed methylphenidate, 
whereas 79% of the participants were coprescribed venlafax-
ine to control their episodes of cataplexy.

There was a statistically significant increase in BMI from 
25.99 ± 2.53 to 29.33 ± 5.13 for females and from 26.40 ± 3.67 
to 29.63 ± 4.90 for males. There was no statistical difference 
between baseline and follow-up mean sleep latency acquired 
from two instances of the MSLT (P = .875), and also, there was 
no statistical difference between frequency of sleep onset rapid 
eye movement period (SOREMP) (P = .281). Results are sum-
marized in Table 2 and Table 3.

DISCUSSION

To our knowledge, this is one of the few longitudinal, retrospec-
tive studies with BMI and sleep parameters attained from MSLT 

Table 1—Demographic characteristics of the participants 
(n = 48).
Age at baseline (mean ± SD) 29.79 ± 14.69
Sex (male, %) 58
Follow up duration (mean ± SD) (years) 8.15 ± 3.03
Prescription of modafinil (%) 96
Prescription of modafinil+methylphenidate (%) 33
Prescription of modafinil+venlafaxine (%) 79
Prescription of modafinil+methylphenidate+venlafaxine(%) 33

SD = standard deviation.

Table 2—Comparison of BMI between baseline and follow-
up (n = 26).

BMI (mean ± SD) Baseline Follow-up Sig.
Female (n = 9) 25.99 ± 2.53 29.33 ± 5.13 .042*
Male (n = 17) 26.40 ± 3.67 29.63 ± 4.90 .001*

* = P < .05. BMI = body mass index, SD = standard deviation, 
Sig. = significance.

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
49

.1
45

.2
34

.1
86

 o
n 

M
ar

ch
 2

4,
 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



1443 Journal of Clinical Sleep Medicine, Vol. 13, No. 12, 2017

YH Um, TW Kim, JH Jeong, et al. A Longitudinal Follow-Up Study of Patients With Type 1 Narcolepsy

during the baseline and follow-up visits in patients with narco-
lepsy type 1. A strength of this study is that the average follow-up 
duration (almost 10 years) for each participant was longer than in 
previous studies. Moreover, there are several clinically meaning-
ful implications that could be derived from our study results.

First, BMI was significantly increased in the participants 
from the baseline to the follow-up visit. The relationship be-
tween narcolepsy type 1 and obesity has become a major re-
search topic, because obesity significantly affects quality of 
life in individuals with narcolepsy.12 Our results are concordant 
with previous results, where BMI increase independent of time 
and narcolepsy type was observed.15 Moreover, a Chinese study 
on children with narcolepsy type 1 demonstrated some mean-
ingful results, with a steep increase of BMI and a decrease in 
basal metabolic rate in the early follow-up period.16 The authors 
suggested some possible underlying compensatory mecha-
nisms involved in the trajectory of illness course of patients 
with narcolepsy type 1 with regard to BMI increase, with stabi-
lization of BMI and BMR over time.16 Such stabilization seems 
to be evident in different age groups as well, with reduced BMI 
in older narcolepsy groups reported in one recent study.17 The 
underlying mechanisms for the aforementioned stabilization 
patterns should be supported by more evidence-based research.

Interestingly, our participants, both female and male, were 
obese at baseline and follow-up. Currently, in the Korean popu-
lation, obesity is defined as a BMI ≥ 25 kg/m2.18 According to a 
recent report by the Korean Agency for Technology and Stan-
dards, the mean BMI in 2004 for females and males in a 25- 
to 29-year age group was 21.6 and 23.6, respectively.19 As for a 
30- to 34-year age group in 2004, mean BMI for females and 
males was 22.1 and 24.4, respectively.19 We have also explored 
the mean BMI of the Korean population in 2015 for comparisons 
with our participants. Mean BMI for females and males in a 25- 
to 29-year age group in 2015 was 21.5 and 24.5, respectively.19 
As for a 30- to 34-year age group in 2015, mean BMI for females 
and males was 22.1 and 25.3, respectively.19 It is significant in 
that participants, even with consideration for their mean age, 
presented with high BMI at the time of their narcolepsy diagno-
sis. Hypocretin (orexin) has been a major mediating factor stud-
ied to link obesity and narcolepsy,20 and its deficiency has been 
implicated as a cause for decreasing energy expenditure, thus 
resulting in obesity.20 Hypocretin is also reported to be involved 
in promoting motivated behaviors,21 and therefore, hypocretin 
deficiency can lead to physical inactivity due to lack of motiva-
tion, which can lead to obesity. In addition to orexin, decreased 
sympathetic activity22 and sleep deprivation23 also have been 
proposed as reasons for decreased metabolic rate in patients 
with narcolepsy. The aforementioned findings could explain 
presentation of high BMI at baseline and significant increases of 
BMI in our patients during the follow-up visit. Obesity may be 
a comorbidity in the trajectory of narcolepsy and also a discrete 
symptom that could represent the pathology of narcolepsy.

Second, longitudinal changes were absent in MSLT vari-
ables including MSL and frequency of SOREMP. Multiple 
sleep latency alone measures the degree of excessive daytime 
sleepiness, and thus produces problems of false-positive test 
results in patients with insufficient sleep syndrome or obstruc-
tive sleep apnea.24 According to study results from a Wisconsin 

sleep cohort, the MSLT was affected by chronic sleep depri-
vation and shift work.8 Thus, diagnostic value and test-retest 
validity of MSLT in patients complaining of hypersomnia have 
been challenged.6,7 However, our results are somewhat differ-
ent from the aforementioned results questioning test-retest va-
lidity of MSLT. Absence of changes in MSLT parameters in 
our study indicated that MSLT was effective in diagnosis of 
narcolepsy type 1 in the same patient group when repeated af-
ter nearly 10 years. Indeed, high diagnostic stability of MSLT 
in patients with narcolepsy type 1 has been reported, with sen-
sitivity and specificity over 90% reported in one study.25 High 
repeatability of the test has been demonstrated in patients with 
narcolepsy type 1 in another study by Folkerts et al.26 However, 
such reliability of the test was significantly reduced in a narco-
lepsy type 2 and idiopathic hypersomnia group,25 and adjunc-
tive diagnostic tools will be needed to identify this subgroup 
of patients. Our results could support the advocacy of MSLT 
results as a trait marker in patients with narcolepsy type 1.27

There are several limitations in the study that should be 
taken into consideration. First, the study was based on a small 
number of patients, thus making it difficult to generalize our 
results. Second, because the participants were all from the same 
clinic, site selection bias may have confounded our results. 
Third, our study design only measured parameters two times, 
during the baseline visit and follow-up visit, thus limiting the 
demonstration of the detailed course of parameter changes. 
Fourth, because all patients were on different combinations of 
medications, and because the statistical data did not control for 
this confounding factor, it is difficult to generalize our results 
to represent the treatment effects of one specific medication or 
regimen. An additional consideration would be sodium oxy-
bate, a frequently prescribed drug to control excessive daytime 
sleepiness and cataplexy. It is not approved for prescription in 
Korea, and this could have influenced high BMI in our partici-
pants during the follow-up. Fifth, measurements on the severity 
of subjective sleepiness with regard to response to treatment 
were not attained. Last, sex and age effects on MSLT could have 
confounded the results. Despite the aforementioned limitations, 
we believe that our results contribute to important questions in 
the field of narcolepsy where more data on managing patients 
with and diagnosis of narcolepsy type 1 are needed.

ABBRE VI ATIONS

BMI, body mass index
BMR, basal metabolic rate

Table 3—Comparisons of sleep parameters between 
baseline and follow-up MSLT (n = 48).

MSLT Parameters (mean ± SD) Baseline Follow-up Sig.
Mean sleep latency (min) 1.52 ± 0.93 1.54 ± 1.12 .875
Frequency of SOREMP 3.56 ± 0.71 3.40 ± 0.71 .281

MSLT = Multiple Sleep Latency Test, SD = standard deviation, 
Sig. = significance, SOREMP = sleep onset rapid eye movement period.
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MSLT, Multiple Sleep Latency Test
SOREMP, sleep onset REM period
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