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Abstract
Objectives: To characterize the rapid weight gain (RWG) phenotype associated with 
the onset of childhood narcolepsy and to determine whether it could constitute a 
marker of severity of the disease.
Methods: RWG was defined using the BMI z-score slope reported to one year (>0.67 
SD) from symptom onset to disease diagnosis. We compared the clinical, meta-
bolic, and sleep characteristics between patients with or without RWG at diagnosis. 
Pharmacological management, anthropometric, and clinical progression were also 
evaluated during the follow-up.
Results: A total of 84 de novo narcoleptic pediatric patients were included; their me-
dian age at diagnosis was 12.0 years; 59.5% boys, 90.5% cataplexy, and 98.7% HLA-
DQB1*06:02, 57% had RWG profile. RWG patients were younger at diagnosis than 
non-RWG patients, despite a shorter diagnostic delay. They had a higher BMI z-score 
and a higher prevalence of obesity at diagnosis, but not at symptom onset, and higher 
adapted Epworth Sleepiness Scale and Insomnia Severity Index scores than non-RWG 
patients. No differences on nocturnal polysomnography and multiple sleep latency 
tests were found between groups at disease diagnosis. After a median follow-up of 
5 years, RWG patients still had a higher BMI z-score and a higher prevalence of obe-
sity despite benefiting from the same therapeutic management and displaying im-
provement in sleepiness and school difficulties.
Conclusions: Narcoleptic RWG patients were younger, sleepier, and the prevalence 
of obesity was higher at diagnosis despite a shorter diagnostic delay than that of 
non-RWG patients. These patients had also a higher risk of developing a long-term 
obesity, despite a positive progression of their narcoleptic symptoms. RGW could 
then represent a maker of a more severe phenotype of childhood narcolepsy, which 
should inspire a prompt and more offensive management to prevent obesity and its 
complications.
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1  |  INTRODUC TION

Narcolepsy is a rare neurological disorder characterized by exces-
sive daytime sleepiness (EDS) and abnormal rapid eye movement 
(REM) sleep manifestations including cataplexy, hypnagogic hal-
lucinations, and sleep paralysis.1 For more than half of narcoleptic 
patients, symptoms appear before the age of 18 years.2 The human 
leukocyte antigen (HLA) DQB1*0602 genotype is closely associated 
with narcolepsy.3 It is generally believed that a hypocretin neuro-
nal loss in the lateral hypothalamus4 constitutes the direct cause 
of narcolepsy with cataplexy (NC). As the human leukocyte anti-
gen (HLA) DQB1*0602 genotype is closely associated with narco-
lepsy,3 this disappearance of hypocretin cells is generally imputed 
to autoimmune mechanisms.5,6  NC with cerebrospinal fluid (CSF) 
hypocretin-1  levels ≤110 ng/ml is also called narcolepsy type 1 or 
hypocretin-deficient (NT1). Hypocretins are not only involved in 
sleep-wake control but have also been involved in feeding behavior 
and energy balance regulation.7 More than 50% of narcoleptic chil-
dren are obese/overweight8,9 (higher prevalence than among adult 
patients),10 and more than 80% of them experience a rapid weight 
gain (RWG) soon after symptom onset,11 which has drawn increasing 
clinical attention.12 The clinical picture and mechanisms involved in 
RWG remain poorly illustrated, even though the rapid body mass 
index (BMI) increment in NT1 children has been attributed to a de-
creased energy expenditure at symptom onset.13

Notably, the characteristics of the patients who developed RGW 
have never been addressed. Although Ponziani et al. have analyzed 
the anthropometric characteristics of 30 NT1 children over a 2-year 
period before NT1 onset and have found a weight gain starting close 
to NT1 onset,12 only the comparison between narcoleptic children 
with or without obesity has been made. It is noteworthy that some 
narcoleptic patients have developed obesity without RWG, and that 
some patients are not obese at diagnosis despite having experienced 
RWG. The present study sought to determine whether narcoleptic 
children with/without RWG after symptom onset had distinct clini-
cal and polysomnographic characteristics in order to assess whether 
this RGW criteria could constitute a marker of the severity of the 
disease. Firstly, we compared the clinical, anthropometric, endocri-
nological, metabolic, and sleep characteristics at diagnosis between 
narcoleptic patients with and without RWG. Secondly, we evaluated 
over a follow-up their pharmacological management, clinical and an-
thropometric changes, and academic achievements.

2  |  METHODS

2.1  |  Patients

In this retrospective study, data regarding de novo pediatric narco-
leptic patients were collected from the pediatric sleep unit of the 
Hôpital Femme Mère Enfant (Hospices Civils de Lyon, Lyon, France) be-
tween 2008 and 2019. No patient was treated before being referred 
to the mentioned sleep center. All patients and their parents were 

informed of the research procedure, and parents signed a written 
informed consent. This study was approved by the local ethic com-
mittee and by the Commission nationale de l'informatique et des liber-
tés (CNIL: French national data protection agency, CNIL register n ° 
19–087).

2.2  |  Diagnostic procedure

Patients filled up a sleep log during the 15 days preceding the sleep 
laboratory evaluation. Each patient underwent nocturnal polysom-
nography (PSG) followed by the multiple sleep latency test (MSLT) 
with 4 or 5 nap opportunities; this assessment was stopped after 
20  min if no sleep occurred, and after 15-min asleep if sleep oc-
curred.14  The polysomnography included eight electroencephalo-
gram (EEG) electrodes, two electrooculograms (EOG), and surface 
electromyograms (EMG); the latter were located on the mentalis 
muscle, the left and right anterior tibialis muscles, and the oral ther-
mistor, thoracic, and abdominal belts; electrocardiogram and nasal 
pressure were recorded using cannulae.14 Sleep stages, arousals, and 
respiratory events were scored visually according to standard pedi-
atric criteria by an experienced sleep specialist (PF).14

2.3  |  Criteria for idiopathic narcolepsy diagnosis

The criteria for the diagnosis of idiopathic narcolepsy15 were: (1) 
complaints of excessive daytime sleepiness for at least 3  months, 
(2) symptoms not better explained by other medical or psychiat-
ric disorders, (3) absence of secondary narcolepsy, (4) presence or 
absence of clear-cut cataplexy, and (5) mean sleep latency ≤8 min 
and ≥2 sleep onset REM periods (SOREMPs) on MSLT or during the 
previous night PSG. However, due to the occurrence of borderline 
MSLT results in pediatrics (mean sleep latency ≥8 min or only one 
SOREMP), a recent study has defined the MSLT criteria in childhood 
NT1 as a mean  sleep latency ≤8.2  min  or ≥2 SOREMPs on MSLT 
including previous night PSG.16 HLA-DQB1*0602  genotyping was 
determined for all patients, and CSF hypocretin levels were meas-
ured for some patients. Brain magnetic resonance imaging was car-
ried out to exclude secondary narcolepsy.

2.4  |  Questionnaires

During the hospitalization for the diagnosis of narcolepsy, daytime 
sleepiness was evaluated using the adapted Epworth Sleepiness 
Scale (AESS),17 for which a score >10 is considered pathological. 
The severity of cataplexy (1=moderate weakness, for example, head 
drop or jaw opening; 2=can maintain posture with external support; 
3=loss of posture and falls to the ground)18 and the frequency of 
cataplexy attacks (0: <1 attack/year; 1: ≥1 attack/year; 2: ≥1 at-
tack/month, 3: ≥1 attack/week; 4: ≥1 attack/day)19 were evaluated. 
Depressive feelings were evaluated using the Children's Depression 
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Inventory (CDI),20 for which a score ≥16 is considered pathological. 
Attention-deficit/hyperactivity disorder symptoms were scored by 
parents using the revised version of the Conners Parents Rating 
Scale,21 for which a score ≥65 or ≥75 corresponds to moderate or 
severe symptoms, respectively. Insomnia was evaluated using the 
Insomnia Severity Index (ISI),22 for which a score ≥10 is considered 
pathological. The severity of the disease was assessed using the 
Narcolepsy Severity Scale (NSS),23 a self-administered 15-item scale 
evaluating the severity, frequency, and impact of five narcolepsy 
symptoms (EDS, cataplexy, hallucinations, sleep paralysis, and dis-
rupted nighttime), the item regarding driving was ignored, and higher 
scores indicating the more severe symptoms.

2.5  |  Anthropometric measurements

Height and weight at diagnosis were measured in upright posi-
tion during the hospitalization and those at symptom onset were 
collected from the carnet de santé (record of all anthropometric, 
vaccinal, and health-related data about a child from birth by a pedia-
trician). Anthropometric data at a time-point close to symptom onset 
were considered for analysis when there were no available data at 
symptom onset. Symptom onset was defined as the occurrence of 
sleepiness because it appears before other symptoms, such as cata-
plexy in the population studied herein. The time of PSG evaluation 
corresponded to the diagnostic time. The BMI was computed at 
symptom onset and disease diagnosis. Overweight and obesity were 
defined as BMI was > +1 standard deviation (SD) and > +2 SD for 
sex and age in children >5 years old, respectively, and as BMI was > 
+2 SD and > +3 SD for sex and age in children ≤5 years old, respec-
tively, in accordance with the criteria recommended by the World 
Health Organization (WHO).24 BMI z-score (i.e., weight adjusted for 
height, sex, and age) was also computed at symptom onset and dis-
ease diagnosis.25 No underweight child was included in our study. 
The RWG phenotype was defined by a BMI z-score slope reported 
to one year (difference between the BMI z-score at symptom onset 
and at disease diagnosis divided by the diagnostic delay expressed 
in years) >0.67 SD; the non-RGW phenotype was defined by a BMI 
z-score slope reported to one year ≤0.67 SD. A similar criterion 
has been used in the evaluation of RGW in infancy and early child-
hood.26,27 A gain >0.67 SD may be clinically interpreted as upward 
centile crossing through at least one of the centile bands in child-
hood growth charts (e.g., 2nd, 10th, 25th, 50th, 75th, 90th, and 98th 
centile lines).26,28

2.6  |  Metabolic/endocrine measurements

Fasting blood samples were collected at 8 a.m. The concentrations 
of total cholesterol, high-density lipoprotein (HDL) and low-density 
lipoprotein (LDL) cholesterol, triglycerides, fasting blood glucose, 
basal insulin, leptin, and ghrelin were determined. Metabolic syn-
drome (MetS) was defined when ≥3 of the following criteria were 

met, as used previously29: (1) BMI ≥IOTF-30 for age and sex,30 (2) 
elevated systolic or diastolic blood pressure defined as a value ≥90th 
percentile for age, sex, and height,31 (3) HDL-C ≤0.4 g/L,32 (4) TG 
triglycerides ≥1.3 g/L,32 and (5) homeostasis model assessment of 
insulin resistance (HOMA-IR) ≥75th percentile for age and sex.33

The levels of thyroid-stimulating hormone (TSH), serum thyrox-
ine (T4), and serum triiodothyronine (T3) were determined.

Precocious puberty was determined by breast-tanner stage 2 in 
girls and testicular volume >4 ml in boys (genital tanner stage 2) and 
confirmed by the endocrinologist with plasma luteinizing hormone 
(LH), follicle stimulating hormone (FSH) levels, bone age, and pelvic 
ultrasound in girls if necessary.

2.7  |  Personal history

Personal history of children regarding birth weight, narcolepsy his-
tory, current cataplexy symptoms, hypnagogic hallucinations, sleep 
paralysis, night eating, academic situation (school difficulties, grade 
repetition, and absenteeism), and H1N1 vaccination (yes/no an-
swer for all these characteristics) were also collected by the pedi-
atric sleep specialist. The socioeconomical level (SEL) was evaluated 
based on the parents’ occupational levels.

2.8  |  Follow-up

Patients were treated following the French recommendations for 
the management of narcoleptic patients (modafinil, methylpheni-
date, and sodium oxybate) associated or not with venlafaxine for 
cataplexy.34,35 BMI, BMI z-score, AESS, and academic situation were 
collected at the last follow-up visit. All the patients were treated and 
followed by the same pediatrician sleep specialist (P.F). Only children 
for whom the duration of follow-up was ≥1 year were included in 
the analyses.

Overall, our primary objective was to compare at the diagnosis 
time, the narcoleptic symptoms and comorbidities (anthropometry, 
metabolic, and endocrinal characteristics) between RWG and non-
RWG groups; the second objective was to study at diagnosis the 
polysomnographic characteristic of these two groups; finally, we 
evaluated if the pharmacological management and the follow-up 
outcomes (clinical and anthropometric changes and academic 
achievements) were different between these patients.

2.9  |  Statistical analyses

Statistical analyses were conducted using the R software (version 
3.6.3, Vienna, Austria).

Continuous variables were expressed as median (range). 
Dichotomous and polytomous variables were expressed as count 
(percentage). Comparisons between groups (RWG vs non-RWG) 
were performed using the unpaired Wilcoxon tests for continuous 
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variables because of the nonnormality of the distribution assessed 
by the Shapiro–Wilk test. The Fisher's exact test was used for di-
chotomous variables,  and a χ² test was performed for polychoto-
mous variables. The comparisons between disease diagnosis and 
last follow-up were conducted using the paired Wilcoxon tests for 
continuous variables and the Fisher's exact test for dichotomous 
variables.

A bivariate analysis was conducted and identified factors that 
were assessed in a multivariable linear model at disease diagnosis, 
in order to evaluate their association with the BMI z-score slope re-
ported to one year adjusted for sex (these factors were BMI z-score 
at symptom onset, age at diagnosis, and Epworth Sleepiness Scale 
score at diagnosis). A square root transformation (sqrt) was used to 
correct the skewed distribution of the slope. For a better readability, 
figures report BMI z-score slope per year without square root trans-
formation. Statistical significance value was set to a p-value <0.05.

3  |  RESULTS

3.1  |  Demographic and general characteristics

A total of 84 narcoleptic pediatric patients were included in the 
study; there were 48 patients (57%) in the RWG group and 36 pa-
tients (43%) in the non-RWG group (Table 1; Figure 1). The median 
(range) BMI z-score slope was 1.8 (0.7–6.2) for RWG patients and 
0.2 (−0.6–0.6) for non-RGW patients, i.e., significantly higher in the 
RWG group (p < 0.001; Figure 2). There was a tendency for more 
boys in the RWG than no-RWG group, but no significant difference 
was reached. The median age at diagnosis was significantly lower for 
RWG patients (10.4 vs 12.9 years, p = 0.018). Additionally, the me-
dian diagnostic delay was shorter in the RWG group (1.1 vs 2.1 years, 
p < 0.001). CSF hypocretin levels were evaluated for 35 patients and 
were <110 pg/ml for all of them. There was no significant difference 
in terms of CSF hypocretin concentrations, HLA-DQB1*06:02 posi-
tivity, H1N1 vaccination prior to symptom onset, birth weight, and 
parents’ socioeconomic levels between RWG and non-RWG groups 
(Table 1).

3.2  |  Narcoleptic symptoms and comorbidities

No difference regarding the severity of cataplexy (type 1, 2, 3) or 
frequency of different types of cataplexy was observed between 
the two groups (Supplementary Table 1). There was no difference 
between groups regarding hypnagogic hallucinations and sleep pa-
ralysis. Similarly, the frequency of night eating was not significantly 
different between groups. Compared to non-RWG patients, narco-
leptic patients with RWG had a significantly higher median AESS 
score (17.0 vs 15.5, p = 0.013) and had higher % of patients with AESS 
score greater than 10 (100.0% vs 86.1%, p  =  0.012) Additionally, 
narcoleptic patients with RWG had a higher ISI score (14.5 vs 11.0, 
p = 0.021) and tended to have a higher Conners score (12.5 vs 9.0, 

p = 0.056). The depression and severity of the disease scores were 
similar between patients with and without RWG (Table 2). There was 
no significant difference in terms of academic problems (school dif-
ficulties, grade repetition, and absenteeism) between both groups 
(Supplementary Table 2).

3.3  |  Anthropometric characteristics

The median BMI z-score was significantly higher among narcoleptic 
patients with RWG than that of non-RWG patients at disease diag-
nosis (3.5 vs 2.0, p = 0.001); however, no significant difference was 
found at symptom onset (1.3 vs 1.8, p = 0.274). The proportion of 
obese patients was higher among RWG patients at disease diagno-
sis (75.0 vs 44.4%, p = 0.009), but not at symptom onset (25.0 vs 
30.6%, p = 0.786). No significant difference regarding height delta 
(height difference between symptom onset and disease diagnosis) 
was found between groups (Table 3).

3.4  |  Metabolic and endocrinal characteristics

There was no difference regarding the total cholesterol, HDL cho-
lesterol, LDL cholesterol, triglycerides, fasting glucose, basal insulin, 
HOMA, leptin, ghrelin, TSH, T3, and T4 levels between groups. No 
difference regarding the blood pressure was noted between the two 
groups. A total of 5/29 (17.2%) RWG narcoleptic children displayed a 
MetS, whereas none did in the non-RWG group (p = 0.142). No dif-
ference in terms of precocious puberty or hypothyroidism was noted 
between groups (Supplementary Table 3).

3.5  |  Sleep-related characteristics

No significant difference was noticed between the two groups in 
terms of nocturnal respiratory parameters and sleep characteristics 
such as total sleep duration, sleep quality, and alteration of sleep 
architecture (Table 4). Regarding MSLT, it was evaluated with 5 nap 
opportunities for 13 patients and with 4 for the remaining 71 pa-
tients. There were 3 out of 84 patients who had a mean sleep la-
tency ≥8 min (8, 8.18, 9.4), and all of them presented at least two 
SOREMPs. Two patients had only one SOREMPs while their mean 
sleep latency was 4 min (<8 min). There was no significant differ-
ence regarding mean sleep latency, REM latencies, and SOREMPs 
between groups (Table 4).

3.6  |  Follow-up

No follow-up after diagnosis occurred for 4 patients, and 3 patients 
were excluded as their follow-up lasted less than 1 year. Most narco-
leptic children were followed-up until they were 18-year-old by the 
same pediatrician sleep specialist (P.F.) they consulted at diagnosis 
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(Figure  1). The age at the last follow-up visit was similar between 
groups. The follow-up duration was longer for RWG patients than 
that for non-RWG patients due to the earlier disease diagnosis among 

patients with RWG. At last follow-up, narcoleptic children with RWG 
still had a higher BMI z-score (3.4 vs 1.9, p = 0.011; Figure 3) and 
were more frequently obese (50.0% vs 21.2%, p = 0.033) compared 

TA B L E  1  Demographic and general characteristics among narcoleptic patients with and without rapid weight gain (RWG)

Total n RWG N Non-RWG n p

Male, n (%) 50 (59.5) 84 33 (68.8) 48 17 (47.2) 36 0.072

Age at sleepiness onset, 
y

10.0 (4.2–15.5) 84 9.0 (4.2–15.5) 48 10.8 (5.6–14.7) 36 0.311

Age at cataplexies onset, 
y/patients with 
cataplexy (n)

11.0 (4.3–16.6) 65/76 9.8 (4.3–16.6) 36/42 12.0 (6.0–16.6) 29/34 0.539

Age at disease diagnosis, 
y

12.0 (5.3–17.5) 84 10.4 (5.3–17.5) 48 12.9 (7.4–16.8) 36 0.018

Diagnostic delay, y 1.4 (0.3–5.6) 84 1.1 (0.3–5.0) 48 2.1 (0.5–5.6) 36 <0.001

HLA-DQB1*06:02 
positivity, n (%)

76 (98.7) 77 43 (100.0) 43 33 (97.1) 34 0.442

CSF hypocretin−1 
concentration, pg/ml

10 (0–90) 35 10 (0–90) 21 21 (1–50) 14 0.830

H1N1 vaccination prior 
onset, n (%)

12 (17.9) 67 5 (13.2) 38 7 (24.1) 29 0.338

Birth weight, g 3.3 (1.9–5.4) 75 3.3 (2.8–5.4) 43 3.3 (1.9–4.1) 32 0.834

Precocious puberty 12 (14.3) 84 5 (10.4) 48 7 (19.4) 36 0.346

SEL of mothers, n (%) 65 39 26 0.419

Farmers 3 (4.6) 1 (2.6) 2 (7.7)

Artisans, shopkeepers 1 (1.5) 0 (0.0) 1 (3.8)

Executive and 
intellectual 
professions

9 (13.8) 6 (15.4) 3 (11.5)

Intermediate 
professions

21 (32.3) 12 (30.8) 9 (34.6)

Employees 20 (30.8) 12 (30.8) 8 (30.8)

Workers 3 (4.6) 1 (2.6) 2 (7.7)

Students and 
pensioners

0 (0.0) 0 (0.0) 0 (0.0)

Unemployed 8 (12.3) 7 (17.9) 1 (3.8)

SEL of fathers, n (%) 61 39 22 0.542

Farmers 1 (1.6) 1 (2.6) 0 (0.0)

Artisans, shopkeepers 6 (9.8) 5 (12.8) 1 (4.5)

Executive and 
intellectual 
professions

13 (21.3) 7 (17.9) 6 (27.3)

Intermediate 
professions

10 (16.4) 6 (15.4) 4 (18.2)

Employees 7 (11.5) 5 (12.8) 2 (9.1)

Workers 16 (26.2) 9 (23.1) 7 (31.8)

Students and 
pensioners

1 (1.6) 0 (0.0) 1 (4.5)

Unemployed 7 (11.5) 6 (15.4) 1 (4.5)

Note: Data are expressed as median (range) or count (percentage).
Abbreviations: CSF, cerebrospinal fluid; HLA, human leukocyte antigen; RWG, rapid weight gain; SEL, socioeconomical level. The significance level 
was set at 5%; y, years.
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to those with non-RWG; however, no difference regarding the 
Epworth score and school difficulties was noted between the two 
groups. After accounting for the duration of follow-up (normaliza-
tion), no difference between groups was found regarding the total 
number of treatments administered. No difference in terms of num-
ber of patients administered levothyroxine, sodium oxybate, or an-
ticataplectic treatments was noted between RWG and non-RWG 
patients. The total number of treatments and the number of patients 
receiving anti-cataplectic treatments at last follow-up visit was simi-
lar between the two groups of patients (Table 5).

There was no difference in BMI z-score between diagnosis 
and last follow-up visit for neither RWG (3.6 vs 3.4, p = 0.695) nor 
non-RWG (2.0 vs 1.9, p = 0.685) patients. However, the proportion 
of obese patients was significantly lower among RWG patients at 
the last visit compared to the time of diagnosis (50.0% vs 77.3%, 
p = 0.008), whereas this difference was not significant for narcolep-
tic patients with non-RWG (21.2% vs 42.4%, p = 0.171). At the last 
follow-up visit, both RWG and non-RWG groups had a significantly 
lower Epworth score (8 vs 18, p < 0.001 and 9 vs 15, p < 0.001, re-
spectively), lower % patients with an Epworth score >10 (34.1% vs 
100.0%, p < 0.001 and 45.5% vs 84.8%, p = 0.002, respectively) or 
with school difficulties (29.5% vs 53.5%, p  =  0.030 and 18.2% vs 
50.0%, p = 0.015, respectively) compared to the time of disease di-
agnosis (Table 6).

3.7  |  Multivariable regression

The adjusted analysis, explaining 28% of the BMI z-score slope per 
year variability, found significant independent associations between 
the BMI z-score slope per year and the age at disease diagnosis 
(p < 0.001, Figure 4) and the Epworth Sleepiness Scale at diagnosis 
(p = 0.003, Figure 5). The higher the increase of BMI z-score slope, 
the lower the age at diagnosis and the worse the Epworth Sleepiness 
Score at diagnosis. There was no other significant effect.

4  |  DISCUSSION

Compared to non-RWG patients, despite a shorter diagnosis delay, 
RWG narcoleptic patients were younger, sleepier, and their preva-
lence of obesity was higher at disease diagnosis but not at symp-
tom onset, which is indicative of a more accelerated pathological 
process. At last follow-up, both groups displayed improvement in 
sleepiness and school difficulties; however, RWG patients still had 
a higher BMI z-score and a higher prevalence of obesity compared 
to that of non-RWG patients, despite in the RWG group, a decrease 

F I G U R E  1  Flowchart in pediatric RWG and non-RWG 
narcolepsy. BMI, body mass index; RWG, rapid weight gain

F I G U R E  2  BMI z-score slope (reported to one year) in pediatric 
narcoleptic patients with and without rapid weight gain. Each 
line corresponds to the BMI z-score slope (reported to one year) 
of a patient, which is the difference between the BMI z-score at 
symptom onset and at disease diagnosis divided by the delay in 
years between both. The red segments represent RWG patients 
(slope >0.67), the grey ones represent non-RWG patients (slope 
≤0.67). The red bold line and the grey bold line correspond to the 
median BMI z-score slope (reported to one year) of RWG patients 
(slope =1.8) and non-RWG patients (slope = 0.2), respectively. The 
difference of the slope was represented using asterisk (*p < 0.05, 
**p < 0.01,***p < 0.001). BMI, body mass index; RWG, rapid weight 
gain
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in the proportion of obese patients compared to disease diagnosis 
(Figure 6).

Studies investigating the prevalence and the pathophysiol-
ogy of obesity in narcoleptic adults remain controversial.36,37 An 
early age at disease diagnosis seems to increase the susceptibility 
of developing obesity.8,12 Due to the fast growth, metabolism, and 
weight changes occurring during childhood and adolescence, the 
loss of hypocretin might yield exaggerated weight gain, perhaps 
due to relatively decreased activities and metabolic consumption.13 
Additionally, an impairment in histamine neurotransmission, from 
another brain wake-promoting system located in close proximity to 
hypocretin neurons, has been reported in the CSF of NT1 pediat-
ric patients,38 but not in those of adults.39 Histaminergic neurons 
could also be involved in the rapid weight gain process as a mild obe-
sity has been observed in knockout mice lacking either histamine 

or hypocretins.40,41  While the CSF histamine levels remained to 
be determined in RWG and non-RWG patients, there was no sig-
nificant difference regarding the CSF hypocretin levels between 
groups herein, likely due to the small number of patients involved. 
Moreover, various evidence from animal models and adult patients 
have supported the idea that both a decreased metabolism and sub-
tle changes in eating behavior (rather than in calorie intake) are re-
sponsible for the positive energy balance leading to obesity in the 
context of narcolepsy.26,30 However, in the present study, no differ-
ence regarding night-eating behaviors was found between groups.

Nonetheless, as a consequence of maturation, children need 
more sleep, particularly nonrapid eye movement (NREM) sleep. 
RWG patients had a higher insomnia severity index score and day-
time sleepiness, suggesting that they experienced severer sleep dis-
turbance compared to non-RWG patients. Interestingly, poor quality 

TA B L E  2  Narcoleptic symptoms and comorbidities of narcoleptic patients with and without rapid weight gain (RWG)

Total n RWG n Non-RWG n p

Cataplexy, n (%) 76 (90.5) 84 42 (87.5) 48 34 (94.4) 36 0.457

Hypnagogic hallucinations, 
n (%)

39 (46.4) 84 21 (43.8) 48 18 (50.0) 36 0.660

Sleep paralysis, n (%) 17 (20.7) 82 11 (22.9) 48 6 (17.6) 34 0.595

Night eating, n (%) 16 (25.8) 62 10 (31.2) 32 6 (20.0) 30 0.390

AESS score 17.0 (6.0–23.0) 84 17.0 (11.0–23.0) 48 15.5 (6.0–23.0) 36 0.013

AESS >10, n (%) 79 (94.0) 84 48 (100.0) 48 31 (86.1) 36 0.012

CDI score 11.0 (0.0–38.0) 62 11.0 (2.0–38.0) 36 10.0 (0.0–30.0) 26 0.737

Conners score 10.0 (0.0–23.0) 63 12.5 (0.0–23.0) 38 9.0 (0.0–17.0) 25 0.056

ISI score 13.0 (2.0–22.0) 61 14.5 (2.0–22.0) 38 11.0 (4.0–19.0) 23 0.021

NSS 23.0 (10.0–53.0) 54 22.5 (11.0–53.0) 36 23.0 (10.0–44.0) 18 0.963

Note: Data are expressed as median (range) or count (percentage).
Abbreviation: AESS, adapted Epworth Sleepiness Scale; CDI, Children's Depression Inventory; ISI, Insomnia Severity Index; NSS, Narcolepsy Severity 
Scale; RWG, rapid weight gain. The significance level was set at 5%.

TA B L E  3  Anthropometric characteristics of narcoleptic patients with and without rapid weight gain (RWG)

Total n RWG n Non-RWG n p

Symptom onset

BMI z-score 1.5 (−1.3–7.4) 84 1.3 (−1.1–6.0) 48 1.8 (−1.3–7.4) 36 0.274

BMI classification 84 48 36 0.786

Normal, n (%) 36 (42.9) 22 (45.8) 14 (38.9)

Overweight, n (%) 25 (29.8) 14 (29.2) 11 (30.6)

Obesity, n (%) 23 (27.4) 12 (25.0) 11 (30.6)

Disease diagnosis

BMI z-score 3.1 (−1.3–9.0) 84 3.5 (0.5–9.0) 48 2.0 (−1.3–8.6) 36 0.001

BMI classification 84 48 36 0.009

Normal, n (%) 15 (17.9) 4 (8.3) 11 (30.6)

Overweight, n (%) 17 (20.2) 8 (16.7) 9 (25.0)

Obesity, n (%) 52 (61.9) 36 (75.0) 16 (44.4)

Height delta (diagnosis 
- onset), cm

9.0 (0.0–30.0) 83 5.5 (0.0–30.0) 48 10.0 (0.0–30.0) 35 0.071

Note: Data are expressed as median (range) or count (percentage).
Abbreviation: BMI, body mass index; RWG, rapid weight gain. The significance level was set at 5%.
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of sleep has been reported in overweighed children and adolescents 
even without sleep breathing disturbances,42 perhaps due to endo-
crine alterations such as decreased levels of leptin, increased lev-
els of ghrelin, and compromised insulin sensitivity.43 However, we 
did not find significant differences in terms of sleep duration, sleep 
quality, or alteration of sleep architecture between groups with this 
limited sample.

On the other hand, obesity could be also considered as a risk fac-
tor for sleep disturbance, as an increased BMI has been associated 
with a higher risk of obstructive sleep apnea (OSA).44 Obstructive 
sleep breathing may result in frequent awakenings and altered sleep 
quality and duration,44 even if we found no significant difference in 
respiratory parameters.

The shorter delay between symptom onset and disease diag-
nosis argues for a faster disease progression. The RWG in narco-
leptic children could be a marker of severity of the disease, with 
more pronounced symptoms at onset that could reflect a more 
invasive autoimmune-inflammatory attack. Indeed, autoimmune 
processes could play a determinant role in the pathophysiology of 
narcolepsy;6,45,46 H1N1 influenza or streptococcus infections could 
stimulate autoreactive T-cells or B-cells, then an enhanced perme-
ability of the blood–brain barrier provoked by fever and inflamma-
tion could facilitate autoreactive T-cell transfer into the brain that 
may induce a transient autoimmune attack of hypocretin cells.47 
In addition, interactions between sleep and innate immunity are 
considered as bidirectional, as immune activation alters sleep, and 
sleep disturbance in turn could affect immune functions.48 Until 
now, immunotherapies in narcoleptic patients have reported poor 

TA B L E  4  Sleep-related characteristics of narcoleptic patients with and without rapid weight gain (RWG)

Total n RWG n Non-RWG n p

Polysomnography

TST, min 467 (270 −593) 81 456 (270–593) 45 478 (359–561) 36 0.159

Sleep efficiency, % 84.1 (52.5–95.2) 80 81.6 (52.5–95.2) 45 85.1 (60.8–95.2) 35 0.131

Sleep latency, min 4.3 (0.0–78.0) 80 4.0 (0.0–78.0) 45 5.0 (0.0–30.0) 35 0.763

REM latency, min 5.0 (0.0–225.0) 79 9.0 (0.0–225.0) 45 4.0 (0.0–211.0) 34 0.510

N1 sleep, % TST 14.3 (0.2–35.8) 77 14.3 (2.7–35.8) 44 14.1 (0.2–28.3) 33 1.000

N2 sleep, % TST 40.4 (16.1–64.7) 77 40.4 (16.1–64.7) 44 40.4 (19.8–58.3) 33 0.853

N3 sleep, % TST 20.6 (7.4–59.5) 80 20.6 (9.1–59.5) 45 20.8 (7.4–43.0) 35 0.705

REM sleep, % TST 22.4 (10.5–39.3) 80 22.3 (10.5–39.3) 45 22.9 (10.6–32.6) 35 0.528

AHI, n/h 0.6 (0.0–11.9) 81 0.6 (0.0–11.9) 45 0.6 (0.0–9.4) 36 0.841

Minimal oxygen 
saturation, %

92.8 (30.0–98.0) 71 93.0 (74.0–98.0) 41 92.6 (30.0–97.0) 30 0.567

Multiple sleep latency test

N 5 test, n (%) 13 (15.5) 84 4 (8.3) 48 9 (25.0) 36 0.065

Mean sleep latency, min 2.7 (0.3–9.4) 84 2.3 (0.3–9.4) 48 3.4 (0.5–7.8) 36 0.619

REM sleep latency, min 4.5 (1.0–14.3) 68 4.0 (1.0–11.0) 40 5.3 (1.5–14.3) 28 0.170

SOREMPs, n 4 (1–5) 84 4 (2–4) 48 4 (1–5) 36 0.686

SOREMPs, % 100 (25–100) 84 100 (40–100) 48 80 (25–100) 36 0.209

Note: Data are expressed as median (range) or count (percentage).
Abbreviation: AHI, apnea–hypopnea index; REM, rapid eye movement; RWG, rapid weight gain; SOREMPs, sleep onset rapid eye movement periods; 
TST, total sleep time. The significance level was set at 5%.

F I G U R E  3  BMI z-score progression over time in pediatric 
narcoleptic children with and without rapid weight gain The red 
line represents the BMI z-score progression in RWG patients, three 
red points represent the median BMI z-score at symptom onset, 
disease diagnosis, and last follow-up of RWG patients, respectively; 
the grey line represents the BMI z-score progression in non-RWG 
patients, three grey points represent the median BMI z-score at 
symptom onset, disease diagnosis, and last follow-up of non-RWG 
patients, respectively. The difference between RWG patients 
and non-RWG patients was presented using asterisk (*p < 0.05, 
**p < 0.01, ***p < 0.001) at symptom onset, disease diagnosis, and 
follow-up, respectively. The difference between symptom onset, 
disease diagnosis, and follow-up was presented using hashtag (# 
p < 0.05, # # p < 0.01, # # # p < 0.001) within RWG patients and 
within non-RWG patients, respectively. BMI, body mass index; 
RWG, rapid weight gain
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TA B L E  5  Follow-up of narcoleptic patients with and without rapid weight gain (RWG)

Total n RWG N Non-RWG n p

Follow-up duration, years 5.1 (1.2–11.4) 77 5.4 (2.2–11.4) 44 4.4 (1.2–9.1) 33 0.016

Age, years 17.4 (8.0–19.7) 77 17.4 (8.0–19.7) 44 17.4 (13.3–18.7) 33 0.955

BMI 24.2 (16.2–49.5) 77 25.6 (16.2–49.5) 44 23.1 (17.6–40.9) 33 0.023

BMI z-score 2.4 (−0.8–12.7) 77 3.4 (−0.6–12.7) 44 1.9 (−0.8–10.3) 33 0.011

BMI classification 77 44 33 0.033

Normal, n (%) 29 (37.7) 14 (31.8) 15 (45.5)

Overweight, n (%) 19 (24.7) 8 (18.2) 11 (33.3)

Obesity, n (%) 29 (37.7) 22 (50.0) 7 (21.2)

Epworth score 8 (1–19) 77 8 (3–17) 44 9 (1–19) 33 0.951

School difficulties 19 (24.7) 77 13 (29.5) 44 6 (18.2) 33 0.295

Treatments

Total number of treatments 4 (1–8) 77 4 (1–8) 44 3 (1–7) 33 0.017

Total number of treatments/year 0.7 (0.1–4.1) 77 0.7 (0.2–2.1) 44 0.7 (0.1–4.1) 33 0.963

Number of patients who received 
anticataplectic treatments

26 (33.8) 77 14 (31.8) 44 12 (36.4) 33 0.808

Number of patients who received 
sodium oxybate

31 (40.3) 77 19 (43.2) 44 12(36.4) 33 0.641

Number of patients who received 
levothyroxine

4 (5.2) 77 2 (4.5) 44 2 (6.1) 33 1.000

Total number of treatments at the 
last visit

2 (1–6) 77 2 (1–6) 44 2 (1–4) 33 0.392

Number of patients with 
anticataplectic at the last visit

16 (20.8) 77 7 (15.9) 44 9 (27.3) 33 0.264

Note: Data are expressed as median (range) or count (percentage).
Abbreviation: BMI, body mass index; RWG, rapid weight gain. The significance level was set at 5%.

TA B L E  6  Comparison between diagnosis and last follow-up of narcoleptic patients with and without rapid weight gain (RWG)

Diagnosis n Last follow-up n p

RWG patients

BMI 22.9 (16.1–31.6) 44 25.6 (16.2–49.5) 44 <0.001

BMI z-score 3.6 (0.5–9.0) 44 3.4 (−0.6–12.7) 44 0.695

BMI classification 44 44 0.008

Normal 3 (6.8) 14 (31.8)

Obesity 34 (77.3) 22 (50.0)

Overweight 7 (15.9) 8 (18.2)

Epworth score 18 (11–23) 44 8 (3–17) 44 <0.001

Epworth >10 44 (100.0) 44 15 (34.1) 44 <0.001

School difficulties 23 (53.5) 43 13 (29.5) 44 0.030

Non-RWG patients

BMI 21.5 (15.9–31.6) 33 23.1 (17.6–40.9) 33 0.002

BMI z-score 2.0 (−0.5–6.3) 33 1.9 (−0.8–10.3) 33 0.685

BMI classification 33 33 0.171

Normal 10 (30.3) 15 (45.5)

Obesity 14 (42.4) 7 (21.2)

Overweight 9 (27.3) 11 (33.3)

Epworth score 15 (6–23) 33 9 (1–19) 33 <0.001

Epworth >10 28 (84.8) 33 15 (45.5) 33 0.002

School difficulties 15 (50.0) 30 6 (18.2) 33 0.015

Note: Data are expressed as median (range) or count (percentage).
Abbreviation: BMI, body mass index; RWG, rapid weight gain. The significance level was set at 5%.
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beneficial results.49 However, immunotherapy intervention in tar-
geted patients such as RWG children could give the opportunity 
to stop the autoimmune process and thus reduce the hypocretin 
neuronal loss at the early stages of the disease. More studies are 
required to understand the underlying pathophysiological mecha-
nisms related to RWG.

This RWG phenotype could also have long-term repercussions 
such as a high risk of obesity at adulthood. Obesity is a burden 
for their future adult life and is associated with a series of po-
tential complications such as cardiovascular diseases, metabolic 
syndrome, diabetes, and poor quality of life.50 Although during 
follow-up these children benefited from multidisciplinary man-
agement for obesity with endocrinologists, nutritionists, physical 
therapists, and psychologists and although their daytime sleep-
iness had been significantly improved after therapeutic man-
agement, the group of RWG patients still had at last follow-up a 

higher BMI z-score and a higher prevalence of obesity. Sodium 
oxybate has been showed to improve sleepiness, frequency of 
cataplexy, and sleep quality,34,35 but also to prevent weight gain 
in children.12,51 Thus, European guidelines and expert statement 
on the management of narcolepsy in 2021 recommended that so-
dium oxybate should be proposed to narcoleptic children, espe-
cially those with obesity. In France, sodium oxybate received the 
agreement of the public health for narcoleptic children only during 
the summer 2021. Since then, patients and parents were often 
reluctant to accept this treatment.

The present study suffers from several limitations. First, we could 
assume that these results concerned NT1 children. However, not all 
children with narcolepsy had cataplexy and/or CSF hypocretin level 
determined. CSF hypocretin concentrations were measured in less 
than half of the included patients. Consequently, this number was in-
sufficient to assess the role of hypocretins in metabolism. However, 

F I G U R E  4  BMI z-score slope (reported 
to one year) according to age at disease 
diagnosis in pediatric narcoleptic patients. 
Each point represents one patient: 
triangles for RWG narcoleptic children and 
circles for non-RGW children. A significant 
decrease of the BMI z-score slope was 
observed with the increase of the age at 
diagnosis. RWG, rapid weight gain

F I G U R E  5  BMI z-score slope (reported 
to one year) according to AESS score in 
pediatric narcoleptic patients. Each point 
represents one patient: triangles for RWG 
narcoleptic children and circles for non-
RGW children. A significant increase of 
the BMI z-score slope was observed with 
the increase of the AESS score. RWG, 
rapid weight gain
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all the tested patients were hypocretin-deficient (<110 pg/ml) and 
a majority of patients presented cataplexy except for 8 patients, 
and among them 3 had low CSF hypocretin levels. Second, this is a 
retrospective study, the BMI z-score was determined only at symp-
tom onset and at disease diagnosis, and there were no consecutive 
data available regarding weight and height between these two time 
points, or before symptom onset. The definitions of rapid growth are 
various among published studies. Variations greater than +0.67 SD 
in weight-for-age z-scores between two separate evaluations have 
been used in previous studies,28,52 as well as variations greater than 
+0.67 SD in weight-for-age, height-for-age, and weight-for-height z-
scores.53 Using weight-for-age variation greater than +1 SD z-score 
has also been reported to assess rapid growth,54 and did not change 
significantly the results presented here, except than the RWG chil-
dren were also younger at disease onset. Moreover, to understand 
the mechanisms involved in the RWG phenotype, some data such 
as genetic, antenatal, and postnatal environmental risk factors,28,53 
but also serum and CSF proinflammatory cytokine levels and auto-
reactive CD8+/CD4+ T-cells at symptom onset were missing.45,46,55

In conclusion, despite a similar BMI z-score at symptom onset 
and a shorter diagnostic delay, narcoleptic pediatric patients with 
RWG were younger, sleepier, and more obese in proportion than 
non-RWG patients. Given that the autoimmune etiology of narco-
lepsy plays a critical role in its pathophysiology, RGW in narcoleptic 
children could reflect severer autoimmune-inflammatory attacks and 
could inspire the design of specific treatments such as immunological 

therapy in these patients.56,57 RWG could represent a more severe 
phenotype of the disease with a long-term persistence of obesity 
at follow-up. As the persistence of obesity could represent a risk of 
developing metabolic and cardiorespiratory complications and poor 
quality of life, we recommend to assess the growth curve of the nar-
coleptic children to determine if they display a RWG profile, and to 
ensure a prompt and more offensive management to prevent obesity 
and its complications.

ACKNOWLEDG MENTS
The authors thank all the patients for their collaboration and Hélène 
Boyer for help in English revision of this manuscript. Min Zhang is 
supported by a PhD fellowship from China Scholarship Council.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS
P.F., M.Z., M.T., A.G., S.P., and CO.I. designed the study. P.F., CO.I., 
and N.V. collected the data. S.P. and M.T. conducted the statistical 
analysis. P.F., M.Z., M.T., A.G., JS.L., S.P., L.A., and C.V. interpreted 
the results. P.F. and M.Z. drafted the manuscript. P.F., M.Z., M.T., 
A.G., JS.L., S.P., L.A., and C.V. contributed to the manuscript revision.

DATA AVAIL ABILIT Y S TATEMENT
Data available upon request to the authors.

F I G U R E  6  Characterization of rapid weight gain (RWG) and non-RWG phenotype of childhood narcolepsy. Compared to non-RWG 
patients, RWG narcoleptic children had shorter diagnosis delay, were younger, more obese, sleepier with more dyssomnia at diagnosis, but 
were also more obese at follow-up. RGW could represent a maker of a more severe phenotype of childhood narcolepsy. BMI, body mass 
index; RWG, rapid weight gain



840  |    ZHANG et al.

ORCID
Min Zhang   https://orcid.org/0000-0002-6069-0264 
Jian-Sheng Lin   https://orcid.org/0000-0002-2004-6079 
Patricia Franco   https://orcid.org/0000-0001-6079-9166 

R E FE R E N C E S
	 1.	 American Academy of Sleep Medicine. International Classification of 

Sleep Disorders – Third Edition (ICSD-3). American Academy of Sleep 
Medicine; 2014.

	 2.	 Dye TJ, Gurbani N, Simakajornboon N. Epidemiology and 
pathophysiology of childhood narcolepsy. Paediatr Respir Rev. 
2018;25:14-18.

	 3.	 Mignot E, Lin L, Rogers W, et al. Complex HLA-DR and -DQ interac-
tions confer risk of narcolepsy-cataplexy in three ethnic groups. Am 
J Hum Genet. 2002;68:686-699.

	 4.	 Peyron C, Faraco J, Rogers W, et al. A mutation in a case of early 
onset narcolepsy and a generalized absence of hypocretin peptides 
in human narcoleptic brains. Nat Med. 2000;6:991-997.

	 5.	 Cvetkovic-Lopes V, Bayer L, Dorsaz S, et al. Elevated Tribbles ho-
molog 2-specific antibody levels in narcolepsy patients. J Clin Invest. 
2010;120:713-719.

	 6.	 Aran A, Lin L, Nevsimalova S, et al. Elevated anti-streptococcal 
antibodies in patients with recent narcolepsy onset. Sleep. 
2009;32:979-983.

	 7.	 Skrzypski M, Le TT, Kaczmarek P, et al. Orexin A stimulates glucose 
uptake, lipid accumulation and adiponectin secretion from 3T3-
L1 adipocytes and isolated primary rat adipocytes. Diabetologia. 
2011;54:1841-1852.

	 8.	 Poli F, Pizza F, Mignot E, et al. High prevalence of precocious pu-
berty and obesity in childhood narcolepsy with cataplexy. Sleep. 
2013;36:175-181.

	 9.	 Inocente CO, Lavault S, Lecendreux M, et al. Impact of obesity in 
children with narcolepsy. CNS Neurosci Ther. 2013;19:521-528.

	10.	 Zhang M, Inocente CO, Villanueva C, et al. Narcolepsy with cat-
aplexy: does age at diagnosis change the clinical picture? CNS 
Neurosci Ther. 2020;26:1092-1102.

	11.	 Aran A, Einen M, Lin L, Plazzi G, Nishino S, Mignot E. Clinical and 
therapeutic aspects of childhood narcolepsy-cataplexy: a retro-
spective study of 51 children. Sleep. 2010;33:1457-1464.

	12.	 Ponziani V, Gennari M, Pizza F, Balsamo A, Bernardi F, Plazzi G. 
Growing up with type 1 narcolepsy: Its anthropometric and endo-
crine features. J Clin Sleep Med. 2016;12:1649-1657.

	13.	 Wang Z, Wu H, Stone WS, et al. Body weight and basal meta-
bolic rate in childhood narcolepsy: a longitudinal study. Sleep Med. 
2016;25:139-144.

	14.	 Iber C, Ancoli-Israel S, Chesson A, Quan SF. The AASM manual for 
the scoring of sleep and associated events: rules, terminology and 
technical specification. J Clin Sleep Med. 2007;3:752.

	15.	 American Academy of Sleep Medicine. International classification 
of sleep disorders, 2nd Ed. Diagnostic and Coding Manual. American 
Academy of Sleep Medicine; 2005.

	16.	 Pizza F, Barateau L, Jaussent I, et al. Validation of multiple sleep 
latency test for the diagnosis of pediatric narcolepsy type 1. 
Neurology. 2019;93:e1034-e1044.

	17.	 Snow A, Gozal E, Malhotra A, et al. Severe hypersomnolence after 
pituitary/hypothalamic surgery in adolescents: clinical characteris-
tics and potential mechanisms. Pediatrics. 2002;110:e74.

	18.	 Murali H, Kotagal S. Off-label treatment of severe child-
hood narcolepsy-cataplexy with sodium oxybate. Sleep. 
2006;29:1025-1029.

	19.	 Dauvilliers Y, Montplaisir J, Molinari N, et al. Age at onset of nar-
colepsy in two large populations of patients in France and Quebec. 
Neurology. 2001;57:2029-2033.

	20.	 Kovacs M. The children’s depression, inventory (CDI). 
Psychopharmacol Bull. 1985;21:995-998.

	21.	 Goyette CH, Conners CK, Ulrich RF. Normative data on revised 
conners parent and teacher rating scales. J Abnorm Child Psychol. 
1978;6:221-236.

	22.	 Bastien CH, Vallières A, Morin CM. Validation of the insomnia se-
verity index as an outcome measure for insomnia research. Sleep 
Med. 2001;2:297-307.

	23.	 Dauvilliers Y, Barateau L, Lopez R, et al. Narcolepsy severity scale: a 
reliable tool assessing symptom severity and consequences. Sleep. 
2020;43:1-11.

	24.	 De Onis M, Lobstein T. Defining obesity risk status in the general 
childhood population: which cut-offs should we use? Int J Pediatr 
Obes. 2010;5:458-460.

	25.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard 
definition for child overweight and obesity worldwide: interna-
tional survey. BMJ. 2000;320:1240-1243.

	26.	 Ong K, Loos R. Rapid infancy weight gain and subsequent obesity: 
systematic reviews and hopeful suggestions. Acta Paediatr Int J 
Paediatr. 2006;95:904-908.

	27.	 Monteiro POA, Victora CG. Rapid growth in infancy and child-
hood and obesity in later life - A systematic review. Obes Rev. 
2005;6:143-154.

	28.	 Ong KKL, Ahmed ML, Emmett PM, Preece MA, Dunger DB. 
Association between postnatal catch-up growth and obesity in 
childhood: prospective cohort study. BMJ. 2000;320:967-971.

	29.	 Roche J, Corgosinho FC, Dâmaso AR, et al. Sleep-disordered breath-
ing in adolescents with obesity: When does it start to affect car-
diometabolic health? Nutr Metab Cardiovasc Dis. 2020;30:683-693.

	30.	 Cole TJ, Lobstein T. Extended international (IOTF) body mass 
index cut-offs for thinness, overweight and obesity. Pediatr Obes. 
2012;7:284-294.

	31.	 National High Blood Pressure Education Program Working Group 
on High Blood Pressure in Children and Adolescents. The fourth 
report on the diagnosis, evaluation, and treatment of high blood 
pressure in children and adolescents. Pediatrics. 2004;114:555-576.

	32.	 Girardet J-P. Management of children with hypercholesterolemia. 
Arch Pediatr. 2006;13:104e10.

	33.	 Aradillas-García C, Rodríguez-Morán M, Garay-Sevilla ME, Malacara 
JM, Rascon-Pacheco RA, Guerrero-Romero F. Distribution of the 
homeostasis model assessment of insulin resistance in Mexican 
children and adolescents. Eur J Endocrinol. 2012;166:301-306.

	34.	 Lopez R, Arnulf I, Drouot X, Lecendreux M, Dauvilliers Y. French 
consensus. Management of patients with hypersomnia: which 
strategy? Rev Neurol (Paris). 2017;173:8-18.

	35.	 Bassetti CLA, Kallweit U, Vignatelli L, et al. European guideline and 
expert statements on the management of narcolepsy in adults and 
children. Eur J Neurol. 2021;28:2815-2830.

	36.	 Chabas D, Foulon C, Gonzalez J, et al. Eating disorder and metabo-
lism in narcoleptic patients. Sleep. 2007;30:1267-1273.

	37.	 Dahmen N, Tonn P, Messroghli L, Ghezel-Ahmadi D, Engel A. Basal 
metabolic rate in narcoleptic patients. Sleep. 2009;32:962-964.

	38.	 Franco P, Dauvilliers Y, Inocente CO, et al. Impaired histaminergic 
neurotransmission in children with narcolepsy type 1. CNS Neurosci 
Ther. 2019;25:386-395.

	39.	 Dauvilliers Y, Delallée N, Jaussent I, et al. Normal cerebrospinal 
fluid histamine and tele-methylhistamine levels in hypersomnia 
conditions. Sleep. 2012;35:1359-1366.

	40.	 Anaclet C, Parmentier R, Ouk K, et al. Orexin/hypocretin and his-
tamine: distinct roles in the control of wakefulness demonstrated 
using knock-out mouse models. J Neurosci. 2009;29:14423-14438.

	41.	 Parmentier R, Ohtsu H, Djebbara-Hannas Z, Valatx J-L, Watanabe 
T, Lin J-S. Anatomical, physiological, and pharmacological charac-
teristics of histidine decarboxylase knock-out mice: evidence for 

https://orcid.org/0000-0002-6069-0264
https://orcid.org/0000-0002-6069-0264
https://orcid.org/0000-0002-2004-6079
https://orcid.org/0000-0002-2004-6079
https://orcid.org/0000-0001-6079-9166
https://orcid.org/0000-0001-6079-9166


    |  841ZHANG et al.

the role of brain histamine in behavioral and sleep-wake control. J 
Neurosci. 2002;22:7695-7711.

	42.	 Liu X, Forbes EE, Ryan ND, Rofey D, Hannon TS, Dahl RE. Rapid eye 
movement sleep in relation to overweight in children and adoles-
cents. Arch Gen Psychiatry. 2008;65:924-932.

	43.	 Gangwisch JE, Malaspina D, Boden-Albala B, Heymsfield SB. 
Inadequate sleep as a risk factor for obesity: analyses of the 
NHANES I. Sleep. 2005;28:1289-1296.

	44.	 Quintas-Neves M, Preto J, Drummond M. Assessment of bariat-
ric surgery efficacy on obstructive sleep apnea (OSA). Rev Port 
Pneumol. 2016;22:331-336.

	45.	 Latorre D, Kallweit U, Armentani E, et al. T cells in patients with 
narcolepsy target self-antigens of hypocretin neurons. Nature. 
2018;562:63-68.

	46.	 Pedersen NW, Holm A, Kristensen NP, et al. CD8 + T cells from 
patients with narcolepsy and healthy controls recognize hypocretin 
neuron-specific antigens. Nat Commun. 2019;10:1-12.

	47.	 Kornum BR, Faraco J, Mignot E. Narcolepsy with hypocretin/orexin 
deficiency, infections and autoimmunity of the brain. Curr Opin 
Neurobiol. 2011;21:897-903.

	48.	 Irwin MR, Opp MR. Sleep Health: Reciprocal Regulation of Sleep 
and Innate Immunity. Neuropsychopharmacology. 2017;42:129-155.

	49.	 Giannoccaro MP, Liguori R, Plazzi G, Pizza F. Reviewing the clinical 
implications of treating narcolepsy as an autoimmune disorder. Nat 
Sci Sleep. 2021;13:557-577.

	50.	 Neuhauser HK. The metabolic syndrome. Lancet. 
2005;366:1415-1428.

	51.	 Bassetti CLA, Adamantidis A, Burdakov D, et al. Narcolepsy — clin-
ical spectrum, aetiopathophysiology, diagnosis and treatment. Nat 
Rev Neurol. 2019;15:519-539.

	52.	 Cameron N, Pettifor J, De Wet T, Norris S. The relationship of rapid 
weight gain in infancy to obesity and skeletal maturity in childhood. 
Obes Res. 2003;11:457-460.

	53.	 Monteiro POA, Victora CG, Barros FC, Monteiro LMA. Birth size, 
early childhood growth, and adolescent obesity in a Brazilian birth 
cohort. Int J Obes. 2003;27:1274-1282.

	54.	 Stettler N, Kumanyika SK, Katz SH, Zemel BS, Stallings VA. Rapid 
weight gain during infancy and obesity in young adulthood in a co-
hort of African Americans. Am J Clin Nutr. 2003;77:1374-1378.

	55.	 Lecendreux M, Libri V, Jaussent I, et al. Impact of cytokine in type 
1 narcolepsy: role of pandemic H1N1 vaccination ? J Autoimmun. 
2015;60:20-31.

	56.	 Giannoccaro MP, Sallemi G, Liguori R, Plazzi G, Pizza F. 
Immunotherapy in Narcolepsy. Curr Treat Options Neurol. 2020;22:2.

	57.	 Seong MJ, Hong SB. Autoimmunity and immunotherapy. Sleep Med 
Res. 2017;8:1-7.

SUPPORTING INFORMATION
Additional supporting information may be found in the online 
version of the article at the publisher’s website.

How to cite this article: Zhang M, Thieux M, Inocente CO, 
et al. Characterization of rapid weight gain phenotype in 
children with narcolepsy. CNS Neurosci Ther. 2022;28:829–
841. doi:10.1111/cns.13811

https://doi.org/10.1111/cns.13811

