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Abstract Increased Body Mass Indices (BMIs), in-
creased prevalences of non insulin-dependent diabetes
and sleep apnoe syndrome have been reported to be as-
sociated with narcolepsy. Our objective was to explore
and possibly confirm the association of narcolepsy and
increased BMI. In addition, we addressed the question
whether increased BMIs also occur in relatives of nar-
coleptic patients. Together with narcolepsy-related clin-
ical parameters we measured body weight and height of
132 narcoleptic patients who agreed to participate in
our narcolepsy research program. In addition, 52 first
degree relatives of 22 index patients, mostly from multi-
plex families, were included in the study. Data were com-
pared to published general population surveys, recently
conducted in Germany and Switzerland as well as to col-
lective of 104 psychiatric inpatients. Narcoleptic pa-
tients had significantly increased BMIs in comparison to
general populations or psychiatric controls. BMIs of first
degree relatives were lower than those of index patients
but significantly higher than those found in the general
population. BMIs were not related to symptom severity
or to medication status. Thus, the elevated BMIs ap-
peared not to be secondary to behavioral consequences
of narcolepsy but may reflect a trait at least partially
common to index patients and relatives.
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Introduction

Narcolepsy is conceptualized as a dysregulation of dif-
ferent sleep and wake stages. Its main symptoms are ir-
resistible daytime sleepiness, sleep attacks, sometimes
preceded by episodes of automatic behavior and so-
called REM-associated symptoms such as cataplexies,
sleep related hallucinations and sleep paralysis.

It has been noted that narcoleptic patients tend to be
more obese than population controls [15,26]. Although
relevant to the psycho-social well-being of many nar-
coleptic patients, the relation between obesity and nar-
colepsy has not attracted a great deal of scientific in-
terest and the early findings were not replicated in
adequate samples. If the reported associations are true,
the question arises whether increased measurements of
obesity ought to be viewed as a primary symptom of
narcolepsy or as secondary to disease-related changes
and adjustments. For example, reduced locomotion,
avoidance of sports, preference to stay home or in-
creased food intake due to a hypothetical relative lack of
non-food reward could be plausible explanations for the
occurrence of obesity in narcoleptic patients. Alterna-
tively, obesity in general or specific subtypes of obesity
could predispose to narcolepsy. Apart from the theoret-
ical interest, the exploration of this question may also be
justified by the fact that many of our patients expressed
grief about their body weight and some have undergone
specific psychotherapy aimed at their presumed eating
disorder. Because the medications used in the treatment
of narcolepsy may affect appetite and food intake, the in-
teraction of medication and body weight needs to be
specifically addressed in narcoleptic patients.

Recently the hypothalamic orexin system has been
implicated in the pathophysiology of narcolepsy by
studies conducted in narcoleptic dogs [17], orexin-defi-
cient transgenic mice [5] and by orexin measurements
in the cerobrospinal fluid of narcoleptic patients [22].
Because orexins are believed to play a role in the main-
tenance of energy homoeostasis [25] these discoveries
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provide a putative link between the disturbed regulation
of the sleep-wake cycle and the clinical observation of
increased obesity.

To further explore the relationship between nar-
colepsy and obesity we examined 132 patients with id-
iopathic narcolepsy, 52 first degree relatives of 22 of the
patients and four monozygotic twin pairs for the occur-
rence of obesity.

Subjects

This study is part of a broader effort to clinically and ge-
netically charcterize narcolepsy patients [18,6,10]. For
the present analysis data from 132 narcoleptic patients
(74 female, 58 male; mean age + SD: 47.7 £ 16.6 years),
including four monozygotic discordant twin pairs, were
used. Of the 132 patients 129 reported cataplexies, the
remainig three still fullfilled DSM criterion B (occur-
rence of either cataplexies or hallucinations or sleep
paralysis). Of the patients 71 % were suffering from sleep
paralysis, 78% from sleep related hallucinations, and
86% reported episodes of automatic behavior. Nar-
coleptic patients were either from the Department of
Psychiatry, Mainz or recruited with the help of the
Deutsche Narkolepsie-Gesellschaft, a nationwide Ger-
man patients’ organization. Most narcoleptic patients
visited our department to participate in the narcolepsy
research program; others who were unable or unwilling
to come but eager to participate were visited by a mem-
ber of the research team at home.

In addition 52 healthy (no narcolepsy) first degree
relatives from 22 index patients, mostly from multiplex
families, agreed to participate (29 female, 23 male; mean
age + SD: 42.1 £ 16.3 years). For additional control pur-
poses, the BMI and age data from 104 (55 female, 49
male; mean age + 43.9 £ 14.4 years) psychiatric inpa-
tients (depression (n=41); alcohol dependence (n=17);
schizophrenia (n=16); substance dependence (n=10);
other (n=20) randomly chosen from a register of recent
patients of the Department of Psychiatry, Mainz, were
used. All participants gave written, informed consent.
The study design was approved by the local ethics com-
mittee.

All patients fulfilled diagnostic criteria of the Diag-
nostic and Statistical Manual of Mental Disorders, 4t
edition (DSM 1V) [8] and the International Classifica-
tion of Sleep Disease (ICDS) [20] of the American Sleep
Disorders Association for narcolepsy.

Procedure

The narcoleptic patients had been diagnosed with nar-
colepsy either in the Department of Psychiatry, Mainz
or in a certified sleep medicine unit elsewhere prior to
the start of the study. Nine patients had not undergone
polysomnography and Multiple Sleep Latency Test
(MSLT) prior to the study; however they suffered from

unambiguous cataplexies, additional REM symptoms
and severe day time sleepiness. To exclude rare cases of
symptomatic narcolepsy, the patients medical history
was specifically assessed and a neurological check was
performed.

The diagnostic reevaluation of the patients and the
patients’ relatives for the purpose of the study was per-
formed through a clinical interview that included actual
complaints or symptoms as well as medical, family and
personal history. The interview was complemented by a
symptom checklist that included all DSM criteria. In ad-
dition, medical records were obtained. All diagnoses
were checked by an experienced physician (N.D.).

Assessments

For the structured assessment of symptoms, all patients
and the patients’ relatives filled out the Stanford Center
for Narcolepsy Sleep Inventory, a 146 item questionnaire
organized into nine sections. Section I and II report de-
mographic information, section III includes the Ep-
worth Sleepiness scale, section IV covers sleeping habits,
section V-VIII contain items on cataplexy, hallucina-
tions, sleep paralysis and automatic behavior, whereas
section IX offers an opportunity to the patient to give re-
marks on items not already mentioned in the question-
naire. The cataplexy part of this questionaire has recently
been published and validated in 983 sleep-disorders pa-
tients [2]. Body weight was measured using a calibrated
electronic balance, in some cases (patients who were vis-
ited at home) self-reported interview data were used.
Special consideration was given to the medication status
of the patients, because many drugs used in the treat-
ment of narcolepsy are known to exert effects on ap-
petite and food intake in psychiatric patients as well as
in healthy controls.

Data were compared to the results of recent German
and Swiss population-based general surveys on eating
and health, which included BMI and age data [9, 12-14].
Because the mean age of the narcoleptic patients was
slightly higher than that of the relatives (p=0.04) and of
the psychiatric controls (p=0.07) comparisons were
made with the respective age group of the population
surveys. In addition to mean data percentiles were used,
because percentiles have been shown to be more infor-
mative in regard to diagnostic evaluation and can be
more easily related to norm populations [13].

In the statistical comparisons of groups, two-sided
unpaired t-tests were used. For the comparison of pro-
portions, the Chi square test was used. Bonferroni ad-
justment of o error was applied where appropriate.

Results

The body mass indices (BMIs) of the narcoleptic pa-
tients were significantly increased in comparison to
published population surveys as well as to the psychi-
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Table1 Comparison of mean body mass index +
standard deviation

All Women Men
Narcoleptic patients 282+55 272+58 295+438
(74 female, 58 male;
mean age: 47.7 years)
First degree relatives 25.3 +3.8%* 251+39 25.6 +3.6**
(29 female, 23 male (p=0.0006; t=3.5) (p=0.08; t=1.8) (p=0.0007; t=3.5)
mean age: 42.1 years)
Psychiatric controls 245 + 4.7%** 244+56 245 +3.3%**

(55 female, 49 male

mean age: 43.9 years)

General population

(1386 female, 1365 male
(age group: 35—-44 years)

General population

(1294 female, 1191 male
age group: 45-54 years)

(p<0.0001;t=55)  (p=0.007;t=2.7) (p <0.0001;t=6.)
23.5+3.58§

(p=0.001; t=3.3)

224+378§
(p=0.0003; t=3.7)

246432
(p=0.16; t=1.4))

24.4 £ 3.7%%%
(p < 0.0001; t=8.0)

23.2 £3.9%%
(p <0.0001; t=4.6)

25.5 £ 3.4%%%
(p <0.0001; t=7.4)

Symbols indicate statistical significance (three symbols: p < 0.001; two symbols: p < 0.01; two sided t-test, cor-
rected for multiple testing). Asterisks: comparison with narcoleptic patients, §: comparison with first degree rel-
atives. General population data are from ref. 9. Narcoleptic patients were compared to the age group 45-54 years
and first degree relatives to the age group 35-44 years.

atric control group. First degree relatives’ BMI was
higher than the BMIs of the general population but
lower than the BMIs of the narcoleptic patients (Table
1).

Whereas 25.4 % of the German [14] and 24.7 % of the
Swiss [9] population are reported to be slightly obese
(BMI 25-30), this number was 42 % for the narcoleptic
patients, 43 % for first degree relatives and 27 % of the
psychiatric controls. More strikingly, 5.5% of the Ger-
man and 5.2% of the Swiss population are reported to
be moderately to severely obese (BMI > 30), this figure
was 32 % in the narcoleptic patients, 8 % for first degree
relatives and 15% in the psychiatric controls. When the
data where analyzed in relation to the percentiles of BMI
of the German National Nutrition Survey [12, 13], the
dysproportional representation of particularly obese
subjects among the narcoleptic patients became appar-
ent. For example, roughly 18% of the narcoleptic pa-
tients were beyond the 97 % BMI percentile of the Ger-
man National Nutrition Survey (Fig. 1).

The increase of BMI was also seen in the comparison
of affected and unaffected siblings (without twins). Here
the mean BMIs were 29.6 £ 6.6 vs.25.3 = 2.9 (n=15,
p=0.026; unpaired t-test). The relation between disease
status and obesity was also apparent in the comparison
of the four (discordant) monozygotic twins pairs among
the patients. In two of the twin couples the narcoleptic
twin had a higher BMI than the non-narcoleptic one, the
BMIs were 24.9 vs.20.3 and 30.5 vs.26.6, respectively.
However, additional factors were found in both cases
that plausibly could have contributed toward the diffe-
rences in BMI. In one case the affected twin had gained
weight after being recovered from a stroke that had oc-
curred years after the onset of narcoleptic symptoms; in
the other case, the non-affected twin was suffering from
a chronic colitis. In the two remaining twin couples the
BMIs were essentially identical (21.6 vs 21.6 and 29.4
vs.29).

On the day of the study 64.9% of the patients were

taking prescription drugs, 29% amphetamines, 27.5%
antidepressants, 6.9 % sedatives and 47.3 % other pre-
scription drugs. Of these classes of drugs, antidepres-
sants are particularly relevant to the present study, be-
cause many antidepressants and virtually all tricyclic
antidepressants show the side effect of increased body
weight. However, the observed BMI increases could not
be attributed to medication status. We dichotomized the
patients into two groups, one with a tricyclic antide-
pressant therapy history of less than one month (-AD)
and one group that had a positive lifetime history of tri-
cyclic antidepressant medication of more than one
month (+AD). Mean BMIs were not significantly diffe-
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Fig.1 Percent of patients within the percentiles of the German National Nutrition
Survey. The proportion of patients above the 75! precentile s statistically increased
in the narcoleptic patients and in the first degree relatives of the narcoleptic pa-
tients but not in the psychiatric controls in comparison with the controls of the Ger-
man National Nutrition survey (Chi-squre test, two-sided). There was no significant
difference between patients with a lifetime tricyclic medication of less than one
month (-AD) and more than one month (+AD).

*** < 0.05. Percentiles are derived from ref. 12.

* p<0.001.
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rent in either group: 27.9 £ 4.6 (+AD,n=61) vs.28.9%6.1
(-AD,n=71; n.s.) (Fig.1).

Likewise, the BMI was unaffected by the severity of
day time sleepiness, the frequency of cataplexies or the
occurrence of the accessory symptoms hallucinations,
sleep paralysis and automatic behavior. For this calcula-
tion, patients were dichotomized into a group of patients
displaying the respective symptom rather predomi-
nantly and the other group that showed the symptom
only to a lesser degree (in the case of cataplexies and day
time sleepiness) or not at all (in the case of hallucina-
tions, sleep paralysis and automatic behavior). BMIs
were not significantly different between the respective
groups.

Discussion

In our study we showed that narcolepsy patients are
more obese than the average population. For example,
roughly 18 % of the narcoleptic patients were beyond the
97 % BMI percentile of the German National Nutrition
Survey [12, 13]. In this study 23209 representative sub-
jects from 11141 independent households out of 24632
subjects contacted between 1985 and 1989 reported an-
thropomorphic data for body height and weight. In a
sub-study it was shown that self-reported data had been
correctly within a 5% error margin by over 80 % of the
participants. The data of the German National nutrition
survey are consistent with those reported in the Swiss
National Health survey [9] from 1992/1993 in which
7358 women and 7930 men were contacted by phone and
of additional surveys that were primarily aimed at gen-
eral public health aspects [14], so that relating to the
published data appeared not to be likely to generate un-
acceptable cohort effects or other biases. However, as an
additional safeguard, the BMI data of the narcoleptic pa-
tients were also shown to be elevated in comparison to
psychiatric inpatients that were used as an additional
clinical control group.

The examination of 15 sibling pairs and of four dis-
cordant twin pairs revealed the same pattern of diffe-
rence between the siblings or twins, respectively, al-
though in two twin pairs other relevant factors apart
from narcolepsy were observed, which plausibly could
also have contributed to the BMI differences.

The data reported here confirm previous observa-
tions [15, 26] of increased body weight in narcoleptic
patients. Therefore it is suggestive to view narcolepsy/
obesity as a syndrome. This finding is of clinical
importance, as many patients experience guilt and
shame because of their increased body weight. The
recognition of their weight problem as related to nar-
colepsy might help these patients cope psychologically,
although it does not free anyone from the task to control
body weight and food intake.

The increase of BMI was not due to the intake of
antidepressive medication frequently administered to
reduce REM-associated symptoms. This might be per-

ceived as surprising; however, the doses of antidepres-
sants needed in the treatment of narcolepsy are fre-
quently rather small, e.g. 25-50mg anafranil [11] and
many patients only took antidepressants during limited
periods of time, so that short-term weight gains might
have been reversed.

The BMI increase appeared to be independent of
symptom severity or the occurrence of the accessory
symptoms hallucinations, sleep paralysis and automatic
behavior. In addition, first degree relatives of patients
were heavier than expected from general population
surveys, but lighter than their narcoleptic relatives. Both
observations could suggest that the increase of body
weight is controlled in part by genetic factors, which are
also relevant, albeit to a lesser degree, in a non-nar-
coleptic context.

From an behavioral view we can presently only offer
anecdotal evidence towards possible explanations for
the increased BMIs. Many patients reported atypical
binge eating-like attacks that occur preferentially during
night hours and periods of sleepiness. The combination
of sleeping abnormalities and nocturnal hyperphagia
has been described as “night eating syndrome” [28] and
abetter defined related if not overlapping syndrome has
been labeled “sleep related eating disorder” [29]. The
combination of behavioral desinhibition together with
hypersomnia is known to occur in patients suffering
from Kleine-Levin syndrome [19] another hypersomnic
disorder with unknown etiology. Certainly, investiga-
tions of eating patterns of narcoleptic patients seem
warranted. In addition, exploring the time relationship
between narcolepsy symptom onset and obesity or
changes in eating related behavior will be of interest.

The implication of the orexinergic system in the
pathophysiology of narcolepsy [1,27] is intriguing in the
context of the increased BMI of narcoleptic patients.
Orexins are believed to play a mediating role in the con-
trol of appetite and body weight. For example, injection
of orexin 1 in the cerebrospinal fluids of animals leads to
the initiation of feeding behavior [25]. However, this re-
lation might be of a more complex nature since orexin-
ergic neurotransmission may actually be reduced in
narcoleptic patients [22, 24] and since genetic variants
of known orexinergic genes might not play a major role
in the majority of narcoleptic patients [21, 24].

In summary, our study confirms the association of
narcolepsy and obesity and suggests that obesity may be
an unspecific symptom of narcolepsy, although it can
not completely be ruled out that obesity predisposes to-
wards narcolepsy as this topic never has never been for-
mally studied. Moreover, it points towards the existence
of hitherto unknown genetic factors common to the
obesity of narcoleptics and narcolepsy.
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