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Study Objectives: We analyzed the potential predictive factors for precocious puberty, observed in some cases of childhood narcolepsy with
cataplexy (NC) and for obesity, a much more common feature of NC, through a systematic assessment of pubertal staging, body mass index (BMI),
and metabolic/endocrine biochemical analyses.

Design: Cross-sectional on consecutive recruitment.

Setting: Hospital sleep center and pediatric unit.

Patients: Forty-three children and adolescents with NC versus 52 age-matched obese children as controls.

Interventions: N/A.

Measurements and Results: Patients underwent clinical interview, polysomnographic recordings, cerebrospinal fluid hypocretin-1 measurement,
and human leukocyte antigen typing. Height, weight, arterial blood pressure, and Tanner pubertal stage were evaluated. Plasma lipid and glucose
profiles were analyzed. When an altered pubertal development was clinically suspected, plasma concentrations of hypothalamic-pituitary-gonadal
axis hormones were determined. Children with NC showed a high prevalence of overweight/obesity (74%) and a higher occurrence of precocious
puberty (17%) than obese controls (1.9%). Isolated signs of accelerated pubertal development (thelarche, pubic hair, advanced bone age) were
also present (41%). Precocious puberty was significantly predicted by a younger age at first NC symptom onset but not by overweight/obesity or
other factors. In addition, overweight/obesity was predicted by younger age at diagnosis; additional predictors were found for overweight/obesity
(short disease duration, younger age at weight gain and lower high-density lipoprotein cholesterol), which did not include precocious puberty. NC
symptoms, pubertal signs appearance, and body weight gain developed in close temporal sequence.

Conclusions: NC occurring during prepubertal age is frequently accompanied by precocious puberty and overweight/obesity, suggesting an
extended hypothalamic dysfunction. The severity of these comorbidities and the potential related risks require a multidiagnostic approach and a
tailored therapeutic management.
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INTRODUCTION to diagnostic delay and frequent misdiagnosis.®’ Close to NC

Narcolepsy with cataplexy (NC) is a rare central nervous sys-
tem hypersomnia occurring during childhood or adolescence in
half of the cases.! NC is characterized by the tetrad of exces-
sive daytime sleepiness (EDS) with irresistible sleep attacks,
cataplexy (a sudden loss of muscle tone mostly triggered by
emotions), sleep paralysis, and hypnopompic and hypnagogic
hallucinations, in addition to disrupted nocturnal sleep.? NC is
a chronic condition and symptoms are thought to be stable over
time.? The clinical manifestations of childhood NC can be vari-
able,* with frequent absence of the full classical tetrad® leading
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onset, EDS can manifest as paradoxical hyperactivity (similar
to attention deficit hyperactivity disorder) or may be considered
as laziness, or misinterpreted as a consequence of sleep apnea
syndrome. Hallucinations can be underrecognized because of
the difficulty for children to describe them and for the possible
coexistence of nightmares, rapid eye movement (REM) sleep
behavior disorder, sleep terrors, and confusional arousals.*>’
Children with NC also may not fulfill the conventional multiple
sleep latency test (MSLT) cutoffs established for adults, thus
challenging the diagnosis.*'® Recently, specific motor altera-
tions in addition to cataplexy have been described in children
with NC, characterized by an acute-onset movement disorder, '
as well as abrupt NC onset after HIN1 seasonal influenza or its
vaccination.'*"

Because of its specific manifestations, childhood NC re-
quires tailored patient assessments and investigations for
comorbidities that may not be observed in adults. Studies in
adult NC cases indicated metabolic and endocrine alterations
including excess body weight and obesity,'® high prevalence
of metabolic syndrome in young adults,'” and type 2 diabetes
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mellitus in older individuals,'® as well as hormonal alterations,
including those affecting gonadal function.' Children with NC
also appear to be overweight and/or obese,?® and an association
with precocious puberty was anecdotally reported, suggesting
the presence of a wider metabolic/hormonal derangement.?'
However, the endocrine and metabolic alterations in childhood
NC, which are likely to have implications for childhood devel-
opment and patient care, were poorly investigated. In the cur-
rent study, we systematically examined the potential metabolic
and endocrine abnormalities in a well-characterized cohort of
children with NC referred to our center for narcolepsy. More-
over, to assess the potential role of excess body weight, we
compared children with NC with a group of age-matched obese
children who did not have narcolepsy.

METHODS

Patients

Forty-three children or adolescents (23 boys, mean age 11.78
+ 3.64 years), referred to the outpatient clinic for narcolepsy of
the Department of Neurological Sciences, University of Bologna
(Italy), were recruited from June 2007 to October 2011. Twenty-
seven of these patients were also included in another indepen-
dent study.!" Each patient underwent a one-week hospitalization
to confirm NC diagnosis.” Brain magnetic resonance imaging
(MRI) was carried out to exclude secondary causes of NC.2 One
boy with secondary NC (holoprosencephaly at MRI) was ex-
cluded. Physical examination included height and body weight
measurements and pubertal development staging. The study
was approved by the local ethics committee; written parental in-
formed consent and written assent were obtained in all cases.

Narcolepsy Assessment

During the evaluation, each child was accompanied by a
parent and underwent nocturnal polysomnography followed
by a five nap-opportunity MSLT.? Blood and cerebrospinal
fluid samples were taken for human leukocyte antigen (HLA)
DQBI1*06:02 genotyping® and hypocretin-1?7 (hert-1, Human
orexin-A RIA Kit, Phoenix Pharmaceutical, Inc., Belmont, CA)
determination, respectively. A self-completed Epworth Sleepi-
ness Scale modified for children (mESS)*® was administered
(pathological score > 11).

Pubertal Status Assessment

Pubertal status was assessed by means of the visual Tanner
score scale.”?® If a misalignment between chronological age
and pubertal signs was clinically suspected, patients were re-
ferred to the pediatric endocrinology department. Pubertal
endocrine assessment included the gonadotropin-releasing
hormone (GnRH) stimulation curve—samples were collected
just before GnRH administration (gonadorelin, 50 mcg intra-
venously at 08:00) and after 30 and 60 minutes respectively (at
08:30 and 09:00)*'—X-ray of the nondominant wrist for bone/
chronological age ratio, pelvic ultrasound (girls), and brain
MRI of the hypothalamic-pituitary region. A prepubertal status
was identified in the case of absence or mild presence of axil-
lary/pubic hair (up to PH1 at Tanner scale), and/or thelarche
(up to B1 at Tanner scale), and/or testis enlargement (up to 4
mL). Precocious puberty was diagnosed when children fulfilled
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the following criteria’?: (1) appearance of secondary sexual
characteristics before the age of 8 or 9 years in girls or boys,
respectively (level 2 at Tanner scale and subsequent levels);
(2) markedly elevated plasma luteinizing hormone (LH) levels,
i.e., above 5 mIU/mL after GnRH stimulation (this provides
the ability to distinguish true central puberty from adrenarche),
compared with the normal range for the corresponding pubertal
stage; and (3) absence of brain MRI alterations.

Isolated advanced bone age at wrist X-ray and isolated signs
of accelerated pubertal development, namely isolated thelarche
(B2 at Tanner scale) and/or isolated presence of pubic hair (PH2
at Tanner scale), were also considered in children not fulfilling
the criteria for precocious puberty.

Anthropometric/Metabolic Assessment

For each child, height and weight were measured, body mass
index (BMI) was calculated, and BMI percentile was deter-
mined in comparison with the Italian growth percentile scales
for boys and girls.** Obesity was defined as BMI > 97" percen-
tile, overweight as BMI between the 85" and 97" percentiles,
and normal weight as BMI < 85" percentile.** The age of a rapid
increase in body weight (i.e., when the child started to develop
adiposity, over a time span of three months), defined as “age at
weight gain”, was identified using records from the children’s
general pediatrician. Additionally, family history of metabolic/
internal diseases was collected, including diagnoses of type 2
diabetes, obesity, other nonspecified endocrinopathies, dyslip-
idemia, and cardiovascular disease.

Blood samples were collected in the morning after fasting
from midnight onward. Analyses included: total lipoprotein,
high-density lipoprotein (HDL), and low-density lipoprotein
(LDL) cholesterol; triglycerides; and high sensitivity C-reactive
protein (hsCRP Assay Siemens®, Tarrytown, NY). An oral glu-
cose tolerance test with glucose and insulin measurements was
performed (1.75 g glucose/kg of body weight, maximal dose of
75 g, with blood samples taken at baseline and 30, 60, 90, and
120 minutes after glucose load). The responses of glucose and
insulin to the oral glucose tolerance test were analyzed by cal-
culating the area under the curve, using the trapezoidal method.

Controls

We assessed the prevalence of precocious puberty in obese
children without narcolepsy from the same geographic area of
our children with NC in a group of 52 consecutive patients re-
ferred to the Obesity Outpatient Center of the Pediatric Clinic,
S. Orsola-Malpighi General Hospital, Bologna, Italy. The diag-
nosis of obesity was based on the same criteria used for chil-
dren with NC. In this way, we recruited 29 boys and 23 girls
in the same age range of our patients with NC; their mean age
(+ standard deviation) was 11.6 + 3.12 years, weight 71.0 +
22.20 kg, height 153.3 + 16.86 cm, and BMI 29.4 + 4.74. We
clinically excluded severe sleep disorders in these subjects and
their mESS was 7.1 + 1.73. Precocious puberty was diagnosed
following the same criteria used in the NC group and was found
in one subject.

Statistical Analysis
The nonparametric Mann-Whitney U test for unpaired data
sets was used to analyze differences in the response of LH to
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Table 1—Demographic and sleep characteristics of the group of children
with narcolepsy?
Children with NC (n = 42)

Sex, male/female 22120

Body mass index, kg/m? 222+439

Age at observation, y 1.4 £3.59

Age at onset of first symptom (EDS or 8.7+2.88

cataplexy), years

Age at weight gain, y 8.8 +3.09

Disease duration, y 22+2.34

mESS score 1717

CSF hypocretin 1, pg/mL 27.9 £29.91

HLA DQB1*06:02, yes/no 39/3

Nocturnal total sleep time, min 489.2 £ 76.24

Nocturnal sleep efficiency, % 88 +12

MSLT sleep latency, min 3.7+£276

MSLT SOREMP number 42+0.94
Data are expressed as mean * standard deviation. CSF, cerebrospinal
fluid; EDS, excessive daytime sleepiness; HLA, human leukocyte antigen;
mESS, Epworth Sleepiness Scale modified for children; MSLT, multiple
sleep latency test; SOREMP, sleep-onset rapid eye movement period.

GnRH. The binomial logistic regression was used to deter-
mine the best predictors for the presence or absence of pre-
cocious puberty in the children with NC. We first conducted
a series of individual logistic regression analyses with the
puberty status used as a dependent variable and each single
parameter considered in this study as the predictor; after this
step, we included the predictors that yielded a statistically
significant result in an additional logistic regression analysis
using all these significant predictors at once. Finally, the odds
ratio of children with NC for developing precocious puberty
versus an age-matched obese controls was computed and its
statistical significance was estimated by means of the chi-
square test.

RESULTS

Demographic and Clinical Characteristics

Forty-two patients (22 boys, mean age 11.42 + 3.59 years)
entered the study (Table 1). All patients presented with EDS
(mESS mean score of 17 + 7),® confirmed by MSLT results
(mean MSLT of 3.73 + 2.76 min with 4.24 + 0.94 sleep-onset
rapid eye movement periods, SOREMPs). HLA DQB1*06:02
allele was present in 39 of 42 children (93%),* and mean ce-
rebrospinal fluid hert-1 concentration was in the low/unde-
tectable range (27.93 + 29.91 pg/mL), also in the three HLA
DQBI1*06:02 negative patients.” Mean age at onset of the first
symptom (either EDS or cataplexy) was 8.75 + 2.88 y, the mean
disease duration was 2.22 + 2.34 years, and the mean age at
weight gain was 8.78 + 3.09 years.

Children with NC presented with a mean BMI 0f22.19 +4.39
kg/m?, and its comparison with the Italian growth percentile
scales showed that 31 children (74%) satisfied pediatric crite-
ria for excess body weight or obesity.”*** The children’s gen-
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Pediatric Assessment
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Isolated signs of
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Figure 1—Flowchart of pubertal assessment. Precocious Puberty:
Children with precocious puberty. Still at Risk: Children without precocious
puberty but still at risk because of their young age (below precocious
puberty cutoff age: 8 y for girls; 9 y old for boys). Not at Risk: Children
without precocious puberty and no more at risk because of their older age
(above precocious puberty cutoff age: 8 y for girls; 9y for boys).

eral pediatric records and their parents’ history revealed a body
weight increase temporally close to NC onset in 25 children
(60%). Investigation for metabolic or cardiovascular disease
in patients’ relatives disclosed type 2 diabetes (42%), obesity
(39%), other nonspecified endocrinopathies (42%), dyslipid-
emia (50%), myocardial infarction (42%), stroke (28%), and
arterial hypertension (92%).

Pubertal and Anthropometric/Metabolic Characteristics

Physical examination led to the clinical suspicion of mis-
alignment between chronological age and pubertal signs in 22
of 42 children (52%) who therefore underwent the pubertal
assessment (Figure 1). A diagnosis of precocious puberty was
made in 7 of 22 children (32%, 4 girls and 3 boys, mean age
8.47+0.87 years; Figure 2 shows the curve of the LH level after
50 mcg GnRH stimulation). Precocious puberty was excluded
in the remaining children, who presented only advanced bone
age at wrist X-ray and/or isolated signs of accelerated puber-
tal development (both in 6 of 22, 27%, with possible overlap).
Overall, 9 of 22 patients (41%) displayed accelerated pubertal
development. On the basis of chronological age and presence
of precocious puberty, we defined three groups of patients with
NC: children with precocious puberty (7 of 42, 17%), children
still at risk for developing precocious puberty (9 of 42, 21%),
and children not at risk for developing precocious puberty (26
of'42, 62%). Isolated signs of accelerated pubertal development
were equally distributed between children still at risk and chil-
dren no longer at risk (Figure 1).

However, for the statistical analysis, we clustered patients
in two groups: one with precocious puberty (7 of 42, 17%)
and the other without precocious puberty (the remaining 35
subjects, 83%). Table 2 shows the details of the binomial lo-
gistic regression analysis run for several general, obesity- and
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sleep-related parameters, using the precocious puberty sta-
tus as a dependent variable. Only age at diagnosis and age at

307

—e— Precocious
25 1 puberty

---m--- Still at risk

157 P<0.03
P <0.045

LH, UL

Time, min

Figure 2—Curve of the luteinizing hormone (LH) level after 50 mcg
gonadotropin-releasing hormone stimulation in children with narcolepsy
with cataplexy and precocious puberty and those still at risk. Black-filled
squares and circles represent median values; whiskers represent 95%
confidence intervals.

onset of the first symptom (EDS or cataplexy) predicted the
appearance of precocious puberty. When these two variables
were used together for the final logistic regression, they still
yielded a significant predictive value for precocious puberty
(R?=0.138, P <0.02).

Table 3 shows the binomial logistic regression analysis of
possible predictive factors for the occurrence of obesity in pa-
tients with NC. Similar to the analysis reported previously, a
younger age at diagnosis of NC was predictive for obesity.
In addition, disease duration was shorter in obese children.
Among the expected obesity-related factors, a younger age at
weight gain and a lower HDL cholesterol level were also pre-
dictive for obesity. Including these four predictive variables
together for the final logistic regression, they still yielded a
significant and robust predictive value for obesity (R*=0.397,
P <0.015).

Finally, Table 4 reports the comparison between the preva-
lence of precocious puberty in patients with NC (16.7%) ver-
sus an age-matched obese controls (1.9%). The odds ratio of
children with NC for developing precocious puberty versus an
age-matched obese controls was estimated to be 10.2 and was
statistically significant (chi-square test and 95% confidence in-
terval nonoverlapping with zero).

NC without PP
(n=35)
General parameters
Sex, male/female 19/16
Age at onset of first symptom, y 9.2+293
Age at diagnosis, y 11+3.21
Disease duration, y 24+248
HLA DQB1*06:02, yes/no 3213
CSF hypocretin 1, pg/mL 32.3+30.55
Precocious puberty-related parameters
Overweight-obese, yes/no 24/11
Body mass index 21.8+4.24
Age at weight gain, y 9+3.26
Systolic blood pressure, mm Hg 109.5+13.63
Diastolic blood pressure, mm Hg 66.1+9.1
hsCRP 0.113£0.116
HDL cholesterol, mg/dL 53.2+13.77
LDL cholesterol, mg/dL 96.7 £19.78
Glucose AUC, mg/dL 13,926.8 +2,042.22
Insulin AUC, pU/mL 10,489.2 + 9,988.18
Fasting plasma glucose, mg/dL 75.7 £6.06
Fasting plasma insulin, pU/mL 1151578
Sleep-related parameters
mESS Score 14.2 +4.38
Nocturnal total sleep time, min 4931 +77.46
Nocturnal REM sleep latency, min 29.1+394
Nocturnal sleep efficiency, % 87.7+£13.49
MSLT sleep latency, min 3.9+279
MSLT SOREMP number 41+0.96

Table 2—Logistic regression analysis of possible predictive factors for the occurrence of precocious puberty in patients with narcolepsy?

Values are indicated as mean * standard deviation or number/number. AUC, area under the curve; CSF, cerebrospinal fluid; HDL, high-density lipoprotein;
HLA, human leukocyte antigen; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; mESS, Epworth Sleepiness Scale modified for children;
MSLT, multiple sleep latency test; NC, narcolepsy with cataplexy; NS, not significant; PP, precocious puberty; SOREMP, sleep-onset rapid eye movement period.

NC with PP Logistic regression
(n=7) R? P
3/4 0.017 NS
6.4+0.79 0.111 0.017
75+05 0.152 0.006
15+1.32 -0.007 NS
7/0 -0.009 NS
124 £15 0.053 NS
7/0 0.048 NS
245+493 0.026 NS
7.3+0.58 -0.011 NS
101.5+£5.97 0.009 NS
65.8 + 14.91 -0.030 NS
0.128 +0.132 -0.026 NS
44 £ 1197 0.018 NS
103 £ 20.07 -0.024 NS
14,268.8 + 3,449.55 -0.038 NS
8,548.5 + 5,774.46 -0.034 NS
774 +41 -0.018 NS
1.4 +493 -0.034 NS
17.8+4.19 0.064 NS
469.0 + 72.59 -0.014 NS
61.1+£98.83 0.027 NS
90.6 £4.79 -0.018 NS
27+25 0.004 NS
47+0.76 0.028 NS
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Table 3—Logistic regression analysis of possible predictive factors for the occurrence of overweight-obesity in patients with narcolepsy?

Logistic regression

NC without overweight-obesity ~ NC with overweight-obesity
(n=11) (n=31) R? P
General parameters
Sex, male/female 5/6 17114 -0.018 NS
Age at onset of first symptom, y 9.8+3.01 84279 0.025 NS
Age at diagnosis, y 125+ 34 9.7+287 0.129 0.011
Disease duration, y 34+£328 18+£1.77 0.076 0.042
HLA DQB1%06:02, yes/no 110 28/3 0.003 NS
CSF hypocretin 1, pg/mL 36.6 +40.09 26.3 +27.06 -0.015 NS
Obesity-related parameters
Precocious puberty, yes/no 011 7124 0.048 NS
Age at weight gain, y 11.8+05 8.2 +3.04 0.165 0.03
Systolic blood pressure, mm Hg 109.2 + 8.42 108.3 + 14.81 -0.029 NS
Diastolic blood pressure, mm Hg 66.5 + 8.18 65.8 £10.3 -0.029 NS
hsCRP 0.058 + 0.033 0.136 £ 0.13 0.065 NS
HDL cholesterol, mg/dL 59.8 +11.74 488+ 13.4 0.114 0.025
LDL cholesterol, mg/dL 97.6 +£24.78 97.2+£17.38 -0.033 NS
Glucose AUC, mg/dL 13,846.9 + 1,626.37 14,038.3 + 2,484.77 -0.040 NS
Insulin AUC, pU/mL 7,737.4 +4,474.62 11,239.3 £ 10,797.32 -0.009 NS
Fasting plasma glucose, mg/dL 77.3+7.81 754 +4.87 -0.005 NS
Fasting plasma insulin, pU/mL 11.3+3.15 16+64 -0.034 NS
Sleep-related parameters
mESS score 15.1+4.26 14.9 + 4.86 -0.066 NS
Nocturnal total sleep time, min 453.9 + 82.99 500.6 + 71.83 0.044 NS
Nocturnal REM sleep latency, min 34.2 £30.75 349 +61.17 -0.026 NS
Nocturnal sleep efficiency, % 89.5+6.59 87.8 £ 14.08 -0.022 NS
MSLT sleep latency, min 4.2 +2.66 3.6+£2.81 -0.013 NS
MSLT SOREMP number 3.8+1.03 44+0.88 0.049 NS

Values are indicated as mean + standard deviation or number/number. AUC, area under the curve; CSF, cerebrospinal fluid; HDL, high-density lipoprotein;
HLA, human leukocyte antigen; hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; mESS, Epworth Sleepiness Scale modified for
children; MSLT, multiple sleep latency test; NC, narcolepsy with cataplexy; NS, not significant; SOREMP, sleep-onset rapid eye movement period.

Without precocious

Total no. puberty
Patients with narcolepsy 42 35
Obese control patients 52 51

patients is also reported. Cl, confidence interval.

Table 4—Comparison between the prevalence of precocious puberty in patients with narcolepsy and in age-matched obese control subjects?

Chi-square 6.64, P = 0.01. Odds ratio 10.2; Cl + 95% 1.2-86.6. The odds ratio of the risk for precocious puberty of narcoleptic patients relative to control

Precocious puberty

With precocious

puberty Prevalence, % -95% ClI +95% ClI
7 16.7 8.4 30.7
1 1.9 0.4 10.1

DISCUSSION

This study, through a systematic assessment of precocious
puberty, proved the association between childhood NC and pre-
cocious puberty, which was previously only anecdotally

reported.?'?* The systematic physical examination and the en-
docrine/metabolic assessment of consecutive children with NC
revealed a precocious puberty prevalence of 17%, which striking-
ly increases up to 32% when considering children still at a critical
age for precocious puberty (i.e., excluding those already too old
at observation time). This prevalence is nearly 1,000 times higher
than that reported in the general population (0.015%). We also
found a doubled prevalence of excess body weight/obesity as
compared with the general Italian pediatric population (74% ver-
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sus 36%),% confirming previous observations,” and we showed
lower levels of HDL cholesterol in obese children with NC.

In 1983, Chisholm et al.?' described a 5.5-y-old girl with
NC, thelarche (B2 at Tanner stage), and advanced bone age,
and suggested that the very early onset of NC could account for
the precocious puberty. Subsequently, other studies*>* along
with Plazzi et al.,* reported the same association in seven hert-
1 deficient children with NC who also were concomitantly
overweight/obese and/or presented with other neuroendocrine
dysfunctions, such as corticotropic deficiency, polycystic ovar-
ian syndrome, and insulin resistance.

In the current study, adopting rigorous criteria for the diag-
nosis of precocious puberty and considering isolated signs of
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accelerated pubertal growth as a separate category,* we found
a large prevalence of true precocious puberty in pediatric NC.
Beyond a clear-cut precocious puberty, several children, among
those who underwent the pubertal assessment, presented iso-
lated signs of accelerated pubertal development (9 of 22, 41%).
Therefore, the routine clinical examination of children for the
detection of puberty revealed a high sensitivity of this simple
clinical approach (Figure 1) and the utility of an extended pedi-
atric evaluation in such patients. Children with precocious pu-
berty were more frequently obese rather than overweight.

The findings depict a subtype of childhood NC with a com-
plex phenotype characterized by obesity and pubertal altera-
tions. The close temporal link between the onset of NC, weight
gain, and pubertal alterations further suggests a tight associa-
tion between these three conditions. The association between
obesity and precocious puberty has already been reported in the
general population,®” but it is not confirmed evidence.*® It also
remains unclear whether pubertal changes are the cause or the
results of the increased body fat.** Moreover, overweight/obese
children with NC have dysmetabolic features (lower HDL),3¢
independent of familial predisposition, suggesting other deter-
minants for the increased BMI.

We have carefully analyzed the interdependencies between
NC, precocious puberty, and obesity in our group of patients
and we found that obesity was not a predictive factor for preco-
cious puberty in our children; conversely, precocious puberty
did not predict obesity in the same group. This independency
is further reinforced by the comparison with a control group of
obese children.

A younger age at onset of the first NC symptom is a predictor
of precocious puberty, suggesting that age at onset of NC is cru-
cial for this comorbidity. Moreover, a younger age at onset of
weight gain is a predictor of childhood obesity. Therefore, the
younger the child, the more pubertal timing and body weight
are likely to be affected in close temporal link with NC onset.

In addition to studies reporting specific features of child-
hood NC encompassing sleepiness manifestations, personal-
ity traits, severe motor abnormalities,*!" and laboratory sleep
characteristics, the current work further depicts the pediatric
NC phenotype, which now includes precocious puberty and
dysmetabolic obesity.

Whether this complex childhood NC phenotype is solely ex-
plained by the hert-1 deficiency at a young age is unclear. An
association between hypothalamic dysfunction, sleepiness, and
accelerated puberty has been described.* Studies in rats sug-
gest a direct action of hypocretin neurons on GnRH secretion,
crucial in the pubertal timing determination.*"** Therefore, this
action may be affected in hypocretin-deficient subjects, leading
to alteration in the pubertal timing with acceleration of puberty
up to a definite precocious puberty. In favor of this hypothesis,
other studies found maximal levels of plasma gonadotropins
and plasma hert-1 in the first year of life, when cerebrospinal
hert-1 also peaks, and just before the puberty.**

We acknowledge that our study design does not allow us to
identify the mechanisms leading to comorbid NC, obesity, and
precocious puberty in young children with NC. These three
conditions could represent the wide spectrum of a common ori-
gin, at least in a subgroup of vulnerable subjects. Nevertheless,
we believe that the reported findings strongly suggest the need
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for a new clinical multidiagnostic assessment of these children,
who should refer either to a sleep medicine center or to a pe-
diatric department. Larger groups of subjects and longitudinal
studies will be needed to deepen and confirm these preliminary
observations. Our findings also indicate the opportunity of re-
verse translational studies aiming to further define the role of
hert-1 in the regulation of the hypothalamic-pituitary-gonadal
axis across pubertal development.

In conclusion, we report for the first time a high comorbidity
between NC, precocious puberty, and obesity during childhood.
NC highly affects quality of life,* precocious puberty causes
psychological and auxological impairments,* and childhood
obesity is linked to adult obesity and future excess mortality.*
Early disease recognition and a multidiagnostic clinical assess-
ment are therefore mandatory.

ABBREVIATIONS
BMI, body mass index
CNS, central nervous system
CSF, cerebrospinal fluid
EDS, excessive daytime sleepiness
GABA, gamma-amino-butyric-acid
GnRH, gonadotropin-releasing-hormone
hert-1, hypocretin-1
HDL, high density lipoprotein
HLA, human leukocyte antigen
hsCRP, high sensitivity C-reactive protein
LDL, low density lipoprotein
LH, luteinizing hormone
mESS, Epworth sleepiness scale modified for children
MRI, magnetic resonance imaging
MSLT, multiple sleep latency test
NC, narcolepsy with cataplexy
OGTT, oral glucose tolerance test
PSG, polysomnography
SOREMPs, sleep onset rapid eye movement periods
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