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Study Objectives: Pediatric type 1 narcolepsy is often challenging to diagnose and remains largely undiagnosed. Excessive daytime sleepiness, disrupted 
nocturnal sleep, and a peculiar phenotype of cataplexy are the prominent features. The knowledge available about the regulation of circadian rhythms in 
affected children is scarce. This study compared circadian rest-activity rhythm and actigraphic estimated sleep measures of children with type 1 narcolepsy 
versus healthy controls.
Methods: Twenty-two drug-naïve type 1 narcolepsy children and 21 age- and sex- matched controls were monitored for seven days during the school week 
by actigraphy. Circadian activity rhythms were analyzed through functional linear modeling; nocturnal and diurnal sleep measures were estimated from 
activity using a validated algorithm.
Results: Children with type 1 narcolepsy presented an altered rest-activity rhythm characterized by enhanced motor activity throughout the night and blunted 
activity in the first afternoon. No difference was found between children with type 1 narcolepsy and controls in the timing of the circadian phase. Actigraphic 
sleep measures showed good discriminant capabilities in assessing type 1 narcolepsy nycthemeral disruption.
Conclusions: Actigraphy reliably renders the nycthemeral disruption typical of narcolepsy type 1 in drug-naïve children with recent disease onset, indicating 
the sensibility of actigraphic assessment in the diagnostic work-up of childhood narcolepsy type 1.
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INTRODUCTION
Type 1 narcolepsy (NT1) is a lifelong central nervous system 
disorder characterized by chronic hypersomnolence with 
multiple sleep attacks during daytime, cataplexy (sudden and 
transient loss of muscular tone usually evoked by emotions), 
dissociated rapid eye movement (REM) sleep manifestations 
such as sleep paralysis (temporary inability to move volun-
tary muscles) and/or hallucinations at the wake-sleep transi-
tion, and nocturnal sleep disruption.1,2 The disease is linked 
to the loss of hypothalamic hypocretin-producing neurons, 
which leads to cerebrospinal fluid (CSF) hypocretin-1 (hcrt-1) 
deficiency.1,3

NT1 is regarded as rare with estimated prevalence between 
25 and 50 per 100,000 in the general population4; however, 
a large proportion of the expected cases are undiagnosed or 
remain misdiagnosed in both adults and children.5,6 Until re-
cently, NT1 has been poorly recognized in children, although 
most patients report the onset of symptoms in childhood and 
adolescence.5 Indeed, the epidemiological data on pediatric 
NT1 are scarce7; nevertheless, the improving disease aware-
ness and the recent peak of incidence after H1N1 influenza 
pandemic and vaccine has led to a relevant increase in NT1 
diagnoses in children and adolescents.8,9

Diagnosis of childhood NT1 often remains challenging, 
especially close to symptom onset, given the frequent para-
doxical presentation of hypersomnolence as hyperactivity and 
the peculiar cataplexy phenotype with persistent and sponta-
neous hypotonic features and falls, intermingled with active 
movements and further enhanced by emotions.10–12 This vari-
able clinical presentation, and the still-scarce awareness about 
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Significance
Circadian rest-activity rhythm is altered in pediatric type 1 narcolepsy, showing nighttime increased activity, and a decrease of activity in the early 
afternoon hours. Recording motor activity by actigraphy promises to be a reliable objective marker in the complex diagnostic pathway of type 1 
narcolepsy in children. This simple and cheap screening could help to improve diagnosis, and may prove useful to assess disease severity and 
ecologically monitor treatments response.

this peculiar feature, has frequently led to misdiagnosis with 
behavioral, psychiatric, or neurological disorders, further de-
laying proper diagnosis and treatment.6,13

Recently, several studies have highlighted that actigraphy, 
an objective method for quantitative assessment of motor 
activity and indirect assessment of sleep based on wearable 
technology, offers unique potentialities in the clinical work-up 
of adult NT1 cases.14,15 Actigraphic monitoring discriminated 
NT1 from other central hypersomnias in patients and healthy 
controls,14 and quantified treatment response to wake-pro-
moting drugs and sodium oxybate.16,17

In addition to sleep assessment,18 prolonged actigraphic 
monitoring also offers a way to evaluate the robustness of the 
endogenous rhythms driven and synchronized by the master 
circadian pacemaker through direct evaluation of rest-activity 
rhythm.19 To date only a limited number of studies has investi-
gated circadian rhythms in NT1, describing increased daytime 
secretion of melatonin,20,21 whereas circadian rhythms of core 
body temperature and cortisol were essentially preserved.22 
However, these studies examined exclusively adult patients 
with a long disease history.

The main purpose of the current study is to investigate the 
rest-activity rhythm in pediatric NT1 patients versus healthy 
children by means of actigraphy. Actigraphy is a noninva-
sive method that provides circadian measures collected in the 
subject’s natural environment, thus representing a particu-
larly valuable approach to assess rest\activity behavior among 
pediatric populations.23,24 Furthermore, prolonged actigraphic 
monitoring allows the extraction of densely recorded time 
series of motor activity suitable to be analyzed with advanced 
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techniques for data modeling.25 The secondary aim of the study 
is to compare actigraphic estimated nocturnal and diurnal 
sleep measures of NT1 children with age- and sex- matched 
controls to explore whether actigraphic assessment shows 
good discriminant capability in pediatric NT1 cases, together 
with the analyses of correlates between clinical (body mass 
index [BMI] and hcrt-1), neurophysiological, and actigraphic-
derived sleep measures.

METHODS

Subjects
The study included 22 patients, drug-naïve children and ado-
lescents (10 males, mean age 12.09 ± 2.37 y, range 7–15 y), 
with a final diagnosis of NT1 evaluated at the Outpatient Clinic 
for Narcolepsy of the Department of Biomedical and Neuro-
motor Sciences, University of Bologna from January 2012 to 
September 2013.

Patients underwent the following diagnostic procedures: 
clinical assessment, at-home actigraphic monitoring, cerebral 
magnetic resonance imaging (to rule out secondary cases), and 
then hospitalization with 48-h continuous polysomnographic 
(PSG) recording, multiple sleep latency test (MSLT), cataplexy 
video documentation, human leukocyte antigen (HLA) typing 
to confirm DQB1*06:02 haplotype and, whenever possible, 
CSF hcrt-1 assay.26

Clinical evaluation was systematically conducted by the 
same sleep specialist (GP); it included the assessment of sub-
jective sleepiness with the Epworth Sleepiness Scale adapted 
for children and adolescents (aESS),27 and of circadian prefer-
ences by means of the Italian version of the reduced Morning-
ness-Eveningness questionnaire for Children and Adolescents 
(rMEQ-CA).28

All patients fulfilled the current International Classification 
of Sleep Disorders, Third Edition clinical criteria for NT1 pre-
senting severe cataplexy (n = 22/22) and daytime sleepiness 
(aESS score: 13.86 ± 3.37). Twenty of 22 cases had mean MSLT 
sleep latency (MSLT-sl) < 8 min with multiple sleep-onset 
REM periods (SOREMPs). Seventeen patients (including the 
two cases with MSLT-sl > 8 min) underwent lumbar punc-
ture and all had low (≤ 110 pg/mL) or undetectable CSF hcrt-1 
levels; all patients carried the HLA DQB1*06:02 allele.

Twenty-one age- and sex-matched healthy children (13 
males, mean age 10.95 ± 2.25 y, range 7–16 y), recruited at a 
school in Rome, were selected from the anonymous database 
of the Pediatric Sleep University Center, Sapienza University, 
Rome. This series of children belong to the same group of con-
trols used in a previously published study.29

The study was approved by the internal review board and 
written informed consent was signed by parents of children.

Procedure
Rest-activity rhythm was monitored during the school week, 
outside of holidays and vacation. Participants were required 
to wear the actigraph on the nondominant wrist for 1 w (be-
fore hospitalization for NT1 patients), providing five complete 
nycthemeral cycles, which are necessary to obtain a reliable 
description of sleep and rest-activity rhythm in children.30

The Micro Motionlogger Watch actigraph (Ambulatory 
Monitoring, Inc, Ardsley, NY), consisting of a triaxial ac-
celerometer with case temperature and ambient light sensors, 
was used in the current study. Actigraphs quantify motor ac-
tivity exceeding 0.01g at a sampling frequency of 32 Hz, the 
values for each sample are used to compute the average activity 
counts within the chosen time window (epoch). Devices were 
initialized for zero-crossing mode to collect data in 1-min ep-
ochs in accordance with the practice parameters for the use of 
actigraphy.23

Participants were asked to maintain their usual sleep/wake 
schedule during the recording period. Children wore the de-
vice continuously throughout the 24 h, except when bathing/
showering, and were instructed to push the event-marker 
button on the device to mark time in and out of bed.

In addition, a sleep diary was used to obtain subjective in-
formation from the children, for children younger than 11 y (i.e. 
five NT1 and 9 control children) we asked parents/caregivers to 
fill in daily the sleep diary and help them with the event-marker 
procedure, if necessary.

The information contained in the sleep diary included the 
bedtime, the wake time, and the rise time; additionally, we 
asked to record events that might bias the actigraphic recording 
such as periods of device removal.

Actigraphic recording was visually edited by an experi-
enced scorer who used the information provided by event-
marker points and sleep dairy to identify the major nocturnal 
sleep period. Periods of device removal detailed in the diary 
were further verified from the case temperature channel and 
excluded from analysis.

Circadian Rest-Activity Rhythm and Actigraphic Sleep 
Assessment
For circadian motor activity analysis we extracted raw activity 
data per minute (time series) using Action 4 software version 
1.16 (Ambulatory Monitoring, Inc) and processed them with R 
statistical software to apply Functional Linear Modeling (FLM) 
according to the model put forth by Wang and coauthors.31 FLM 
belongs to a broader family of statistical techniques (Functional 
Data Analysis) that represent observations arising from time-
series in the form of functions.25,32 This approach allows the 
analysis of the circadian features of motor activity through 
direct analysis of raw activity data. FLM replaces the motor 
activity counts with a function that models the data, reduces 
variability, and compares sets of functions to explore whether 
and when they statistically differ between groups.

We considered only data from 20:00 Sunday to 20:00 Friday, 
in order to avoid possible variations related to weekend days. 
Activity gaps during the daytime due to device removal were 
filled up with average activity values from the same time pe-
riod of the remaining days; days containing gaps longer than 1 
h were excluded from analysis.

The five continuous nycthemeral cycles of actigraphic data 
were averaged into a single 24-h motor activity pattern and 
converted into a function adopting a Fourier expansion model 
with n = 9 basis permutation fitted at a 24-h periodicity.

Actigraphic estimated sleep measures were computed with 
the Action W-2 software version 2.7.1 (Ambulatory Monitoring, 
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Inc); this software identified each epoch as sleep or wake using 
the mathematical model validated by Sadeh et al.33

Actigraphic recordings were divided into nighttime and 
daytime periods according to individual bedtime and wake-up 
time; mean daytime and nighttime parameters were computed 
across the school week for each subject.

We considered the following actigraphic measures for sleep 
timing: bed time (BT – clock time, in hours and minutes, when 
subject goes to bed and turns off the light), get up time (GUT – 
clock time, in hours and minutes, when subject gets out of bed 
in the morning), time in bed (TIB – time, in minutes, from BT 
to GUT), and midpoint of sleep (MS – clock time, in hours and 
minutes, that split in half the TIB). For the nighttime period 
the following measures were considered: estimated sleep onset 
latency (eSOL – interval, in minutes, between BT and sleep 
onset, the latter determined as the first epoch of a block of 20 
consecutive min after BT with no more than one epoch scored 
as wake); estimated total sleep time (eTST – sum, in minutes, 
of all sleep epochs between sleep onset and GUT); estimated 
wake after sleep onset (eWASO – sum of minutes scored as 
wake between sleep onset and GUT); estimated sleep efficiency 
(eSE% – the ratio of TST to TIB multiplied by 100); number 
of estimated awakenings (eAwk – number of wake episodes 
between sleep onset and GUT); estimated awakenings lasting 
more than 5 consecutive min (eAwk > 5); and sleep motor ac-
tivity (SMA – sum of all activity counts in 1-min epochs during 
TIB divided by TIB duration in minutes). From the daytime 
period we considered the following measures: daytime motor 
activity (DMA – sum of all activity counts in 1-min epochs for 
the time period between GUT and BT divided by its duration 
in minutes); daytime estimated total sleep time (eDTST – sum 
of minutes scored as sleep between GUT and BT); estimated 
nap frequency (eNap – number of sleep episodes between GUT 

and BT, where nap is defined as an interval of at least 10 min 
up to 3 h scored as sleep, preceded and followed by a period of 
at least 30 continuous min scored as wake); and mean duration 
of longest estimated nap (eNapD – mean duration, in minutes, 
of the longest daytime sleep episode).

Statistical Analysis
All continuous and categorical data were explored with de-
scriptive (mean ± standard deviation) and frequency statistics 
for each group. Differences between groups in demographical 
data, BMI, and scale scores were analyzed with chi-square and 
independent samples t-test.

Circadian activity patterns analysis was undertaken with R 
and the Actigraphy library in R; FLM was used to test differ-
ences in the time-course of motor activity between groups.

For each actigraphic measure independent sample t-tests 
were performed to compare NT1 and control children, fol-
lowed by effect size (Cohen d) computation.34

Finally, the relationship between clinical data (BMI 
and Hcrt-1 levels), questionnaire scores (aESS and rMEQ-
CA), neurophysiological measures (MSLT-sl and number of 
SOREMPs), and actigraphic-derived sleep measures were 
explored, separately for each group, with Pearson correlation 
coefficient analyses.

Statistical analyses were conducted using SPSS 19.0 (SPSS, 
Inc. Chicago, IL). Results with P < 0.05 were considered statis-
tically significant.

RESULTS
Table 1 shows demographic, clinical, and neurophysiological 
characteristics of the sample and questionnaire scores. De-
tailed nocturnal PSG features of the NT1 sample are reported 
in the Table S1 in the supplemental material. NT1 patients 

Table 1—Demographics, scale scores, neurophysiological data, and hypocretin-1 levels of children with type 1 narcolepsy and healthy controls.

Variable
Mean ± SD
NT1 (n = 22)

Mean ± SD
Controls (n = 21) P b ES

95% CI
Lower Upper

Demographic and clinical data
Male/female (10/12) (13/8) 0.28
Age, y 12.09 ± 2.37 10.95 ± 2.25 0.11 −0.28 2.56
Age at NT1 onset, y 9.66 ± 2.21
Diagnostic delay, y 3.09 ± 2.16 (range 0.2–8)

BMI 24.53 ± 6.83 19.83 ± 2.68  < 0.0005 0.9 1.48 7.93
aESS 13.86 ± 3.37 3.14 ± 3.17  < 0.0001 3.27 8.7 12.74
rMEQ-CA 15.32 ± 3.66 15.14 ± 3.07 0.87 −1.91 2.26
Chronotype (m\ i \e ) (7:13:2) (2:18:1) 0.14

MSLT and Hypocretin-1 Data
MSLT-sl, min 4.15 ± 3.02 (range 1–13 a)
SOREMPs, number 4.36 ± 0.85 (range 2–5)
CSF hcrt-1, pg/mL 18.64 ± 28.98 (n = 17; range 0–109.30)

a Two cases with MSLT-sl > 8 min. b P values derived from chi-square test or Student t-test as appropriate. aESS, adapted Epworth sleepiness scale; BMI, body 
mass index; CI, confidence interval of difference between means; chronotype: m, morning type; i, intermediate type; e, evening type; CSF, cerebrospinal 
fluid; ES, Cohen d; NT1, type 1 narcolepsy; rMEQ-CA, reduced Morningness-Eveningness questionnaire for Children and Adolescent; MSLT, multiple 
sleep latency test; MLST-sl, mean sleep latency at MSLT; SD, standard deviation; SOREMPs, sleep-onset REM periods; hctr-1, hypocretin-1. 
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displayed higher aESS scores and BMI than controls without 
differing in the distribution of circadian typologies or rMEQ-
CA scores.

Circadian mean motor activity profiles of each group re-
sulting from Fourier expansion are shown in Figure 1 (upper 
panel) together with F-statistics results (lower panel). Where 
the observed statistic (i.e., the red solid line) is above the 
blue dashed line (i.e., global critical test of significance with 
α = 0.05) the groups have statistically different activity counts 
at that specific time point (1 min time window). Both groups 
showed a preserved overall structure, with lower activity 
during night hours and higher activity during daytime, and 
comparable TIB. NT1 patients had significantly higher motor 
activity throughout nighttime (from 23:00 until 06:00), sim-
ilar motor activity during morning between 07:00 and 12:00, 
and a significantly marked decrease of motor activity in the 
afternoon starting from 12:00 until approximately 18:00, with 
no further differences from the latter time to 23:00 compared 
to controls.

Actigraphic sleep measures are reported in Table 2, together 
with significance values at t-test, Cohen d, and 95% confidence 
intervals (CI). NT1 patients and controls went to bed (BT) and 
woke up (GUT) at similar time, thus displaying comparable sleep 
phase. All actigraphic nighttime measures except TIB, eSOL, 
and sleep timing differed between the two groups: NT1 patients 
slept less during nighttime (eTST), displayed lower eSE% with 
increased frequency of sleep interruptions (eAwk) and pro-
longed awakenings (eAwk > 5), higher amount of eWASO, and 
enhanced SMA than controls. During daytime NT1 children 

had more eDTST with more frequent eNap occurrence, longer 
nap duration (eNapD), and lower motor activity during wakeful-
ness (DMA) than controls.

Pearson correlation analyses are reported in Table 3 for NT1 
patients and controls. In the NT1 group we found that: (1) BMI 
was positively correlated with aESS and SMA, and negatively 
with TIB, eTST, eSE%, eAwk, and DMA; (2) aESS was directly 
related to SMA and eWASO, and inversely related to eTST, and 
eSE%; (3) rMEQ-CA was positively correlated with TIB and 
eTST, and negatively correlated with SMA; and (4) CSF hcrt-1 
level was positively correlated with eTST and MSLT-sl, and 
negatively with eNap and aESS. In the control group, only a 
negative correlation between aESS and TIB reached statistical 
significance.

DISCUSSION
Our study was the first specifically aimed at analyzing rest-
activity rhythm in a sizeable group of drug-naïve NT1 chil-
dren, monitored in real-life setting during the school week. We 
found that, despite a comparable sleep phase, NT1 children 
showed an altered circadian rest-activity rhythm compared to 
age- and sex- matched healthy children.

Circadian analyses revealed that the most striking differ-
ences between our cohort of NT1 versus control children were 
time-locked to nighttime, when NT1 children presented higher 
motor activity levels maintained throughout the nocturnal pe-
riod, and to the early afternoon, when NT1 children displayed 
lower motor activity. Conversely, NT1 and control children 
showed similar activity levels during morning and evening 

Figure 1—Functional linear modeling for NT1 and controls. Plot (A) shows estimated activity patterns for the two groups. Plot (B) shows F-test result, the 
red curve represents the observed statistic, and the blue dashed and dotted lines correspond to a global and point-wise test of significance at α = 0.05. 
NT1, type 1 narcolepsy; CC, controls.

A

B
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hours. To our knowledge, the current report is the first investi-
gation on circadian rhythms in pediatric NT1 patients; nonethe-
less, the circadian rhythm abnormalities highlighted herewith 
are remarkably similar to those reported on adult NT1 patients.

In line with our findings, a recent study compared circadian 
pattern of melatonin secretion (through assay of plasma mela-
tonin concentration) of adult NT1 patients and controls and 
showed that, although average hormone concentrations across 
the 24-h did not differ between groups, the circadian pattern of 
melatonin release was altered in NT1, with patients presenting 
a higher proportion of melatonin secreted during daytime and 
a major peak of secretion in the early afternoon between 14:00 
and 16:00.21

Further evidences for altered circadian rhythmicity in NT1 
is supported by cognitive studies: Schneider and coauthors 
compared daytime variations of performances in cognitive 
task assessing alertness and selective attention in four groups 
of adults with sleep disorders (NT1, psychophysiological in-
somnia, and treated or untreated obstructive sleep apnea 
syndrome) and controls, highlighting a peculiar pattern of day-
time fluctuations in NT1 patients, along with the lowest mean 
performance in all cognitive functions.35 Performance of NT1 
patients was higher in the early morning (08:00); thereafter it 
quickly deteriorates until reaching a nadir in the early after-
noon (14:00) before rebounding again to levels similar to those 
of morning session at approximately 18:00. On the contrary, 

healthy controls and patients with other sleep disorders showed 
an initial increase in performance and did not presented such 
major fluctuations during daytime.

The aforementioned findings, along with our observations, 
suggest that the loss of hypocretinergic neurons may lead to an 
imbalance between the sleep-wake regulating homeostatic and 
circadian processes,36,37 weakening the circadian waking drive 
and its ability to oppose the homeostatic sleep pressure.38 As 
a result, the ultradian and semicircadian fluctuation of sleep 
propensity may became predominant with untimely intrusion 
of sleep, regardless of circadian phase.39,40

Analyzing actigraphic-derived nocturnal and diurnal sleep 
measures we highlighted the good discriminant capability of 
actigraphic monitoring in depicting the marked impairment 
of both nocturnal sleep and daytime wakefulness in a young 
cohort of drug-naïve NT1 patients. Indeed, our cohort of drug-
naïve NT1 children presented numerous sleep episodes and 
lower motor activity counts during daytime, associated with 
major nocturnal sleep fragmentation and enhanced motor 
activity during nighttime, as previously reported in adult 
NT1 drug-naïve cases.14 This peculiar nycthemeral disrup-
tion, already detectable by means of actigraphy in NT1 chil-
dren close to disease onset, should be regarded as an intrinsic 
disease hallmark.

Although actigraphy recommendations in the diagnostic 
work-up of NT1 are confined to rule out sleep deprivation and 

Table 2—Actigraphic nighttime, daytime, and sleep timing measures (means and standard deviation) of children with type 1 narcolepsy and healthy 
controls.

Variable
Mean ± SD
NT1 (n = 22)

Mean ± SD
Control (n = 21) t-test(41) P Cohen d

95 % CI
Lower Upper

Sleep Timing
BT 22:37 ± 00:51 22:22 ± 00:40 1.07 ns −0.22 0.72
GUT 07:06 ± 00:37 07:12 ± 00:24 −0.65 ns −0.42 0.22
MS 02:51 ± 00:33 02:47 ± 00:27 0.52 ns −0.23 0.39
TIB (min) 510.34 ± 59.12 532.10 ± 35.98 −1.45 ns −52.08 8.56

Nighttime Period
eSOL (min) 10.97 ± 3.70 11.31 ± 6.11 −0.22 ns −3.44 2.75
eTST (min) 326.84 ± 77.90 479.60 ± 39.53 −8.05  < 0.0001 −2.46 −191.09 −114.43
eSE% 63.89 ± 12.95 90.19 ± 5.20 −8.66  < 0.0001 −2.64 −32.44 −20.17
eWASO (min) 167.42 ± 65.34 39.05 ± 27.79 8.31  < 0.0001 2.54 97.17 159.56
eAwk (n°) 32.10 ± 7.60 15.10 ± 6.04 8.1  < 0.0001 2.47 12.76 21.24
eAwk > 5 (n°) 10.09 ± 2.63 3.07 ± 2.64 8.74  < 0.0001 2.66 5.4 8.64
SMA (counts) 30.54 ± 12.37 11.64 ± 4.18 6.64  < 0.0001 2.03 13.15 24.64

Daytime Period
DMA (counts) 197.66 ± 23.20 219.29 ± 17.69 −3.42  < 0.001 −1.05 −34.37 −8.87
eDTST (min) 66.93 ± 26.47 5.33 ± 7.79 10.24  < 0.0001 3.13 49.45 73.74
eNap (n°) 4.81 ± 1.76 0.29 ± 0.46 11.41  < 0.0001 3.48 3.72 5.32
eNapD (min) 38.53 ± 15.21 4.48 ± 7.36 9.27  < 0.0001 2.83 26.64 41.47

BT, clock time (in hours and minutes) when subject goes to bed and turns off the light; DMA, mean activity counts during daytime; eAwk, number of 
estimated awakenings; eAwk > 5, number of estimated awakenings longer than 5 consecutive minutes; eDTST estimated total sleep time during daytime 
(min); eNap, number of daytime estimated sleep episodes; eNapD, mean duration of longest estimated sleep episode (min); eSE%, estimated sleep 
efficiency (%); eSOL, estimated sleep onset latency (min); eTST, estimated total sleep time (min); eWASO estimated wake after sleep onset (min); GUT, 
clock time (in hours and minutes) when subject gets out of bed in the morning; MS, clock time (in hours and minutes) that split in half the TIB; TIB, time in 
bed (min); ns, not significant; SD, standard deviation; SMA, mean activity counts during TIB. 
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circadian rhythm disorders prior to MSLT,1 we showed the 
good discriminant capabilities of actigraphic assessment, both 
in adult and pediatric NT1 cases.14 Actigraphy also offers the 
possibility to monitor patients in their own environment, al-
lowing us to document long-lasting diurnal sleep episodes that 
are often reported in childhood NT1.41 The standard diagnostic 
approach, based on the nocturnal polysomnography followed 
by the MSLT, allows a proper neurophysiological diagnosis 
with high sensitivity and specificity, but does not give insight 
into this very common aspect of NT1 hypersomnolence.1

Finally, we reported that increased BMI, high subjective 
sleepiness and low CSF hcrt-1 levels were associated with the 
severity of nycthemeral disruption in childhood NT1, pointing 
to the possibility to further objectively stratify disease severity.

Some limitations of the current study need to be acknowl-
edged. First, although this cohort represents the largest acti-
graphic study on pediatric NT1, the sample is still relatively 
small and prevented us from categorizing children according 
to pubertal maturation. Second, we did not evaluate other 
markers of the circadian clock (e.g., melatonin or cortisol) in 
addition to the rest-activity rhythm to test whether the blunted 
motor activity pattern during daytime was coupled with al-
tered endocrine secretions.

Although actigraphy remains a screening method that 
cannot substitute the gold standard diagnostic protocol for 
NT1 (namely nocturnal polysomnography followed by MSLT 
and CSF hcrt-1 measurement), this monitoring may offer a 
complementary measure to support the diagnosis of pediatric 

NT1, especially enhancing the diagnostic probability of ques-
tionable cases, to track disease course over time, and to tailor 
supportive strategies. First, we showed that actigraphy can 
document different daytime and nighttime impairments in a 
more ecological and cost-effective way compared to labora-
tory procedures, and could represent an objective tool to as-
sess disease burden in real-life settings. Second, given that 
behavioral treatment (i.e., regularly scheduled naps) is a major 
management strategy for NT1,42 actigraphy can be used to 
objectively assess, and possibly adjust, the napping schedule. 
Third, different studies have shown the ability of actigraphy in 
assessing wake-promoting drugs and sodium oxybate effects, 
highlighting that actigraphy could represent a less expensive 
and ecological approach to assess treatment outcome and pro-
spectively track disease course.16,17 Fourth, the observation of 
a discrete circadian profile of blunted motor activity in NT1 
children provided additional insight into the nature of diurnal 
variation and suggested that the quantitative assessment of 
motor activity is a promising behavioral biomarker of NT1 
in young patients. Further studies are needed to test the reli-
ability of actigraphy for wide-scale epidemiological studies as 
a screening tool to steer toward proper diagnosis of NT1 and 
hopefully reduce diagnostic delay and disease burden.

REFERENCES
1.	American Academy of Sleep Medicine. International Classification 

of Sleep Disorders, 3rd ed. Darien, IL: American Academy of Sleep 
Medicine, 2014.
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rMEQ-CA – −0.40 –

aESS, adapted Epworth sleepiness scale; BMI, body mass index; DMA, mean motor activity counts during daytime; eAwk, number of awakenings; 
eAwk > 5, number of awakenings longer than 5 minutes; eDTST, daytime total sleep time; eNap, number of diurnal sleep episodes; eNapD, mean 
duration of longest diurnal sleep episode; eSE%, sleep efficiency; eSOL, sleep onset latency; eTST, total sleep time; eWASO, wake after sleep onset; 
hcrt-1, hypocretin-1; MSLT-sl, mean sleep latency at multiple sleep latency test; NT1, type 1 narcolepsy; rMEQ-CA, reduced Morningness-Eveningness 
questionnaire for Children and Adolescent; SMA, mean motor activity counts during nighttime; SOREMPs, sleep onset REM periods; TIB, time in bed. 
*P < 0.05; **P < 0.01.
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