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HIGHLIGHTS
(1) Orexin has a direct effect on autonomic regulatiand narcoleptics exhibit
sympathetic dysfunction.
(2) Exploration of cardiac sympathetic adrenergic nexgtivity in narcolepsy by MIBG
scintigraphy.
(3) Absence of cardiac sympathetic denervation in nepsy but association with REM

sleep deregulation.



ABSTRACT

Objective: To compare cardiac sympathetic adrenergic nervevitgctin patients with
narcolepsy type 1 (NT1) and controls usitfd-MIBG myocardial scintigraphy, and to
determine the clinical and neurophysiological Valéa associated with?3-MIBG
scintigraphy results in NT1.

Methods. Fifty-six NT1 patients and 91 controls without nelogical diseases underwent a
cardiac scintigraphy. MIBG uptake was quantifieddeyayed heart/mediastinum (H/M) ratio.
Clinical, neurophysiological and biological detenaunts of a low H/M were assessed in NT1.
Results: MIBG uptake did not differ between NT1 and contrabs crude and adjusted
associations. Five patients had low MIBG uptake421first decile of controls), often with
advanced age, cardiovascular (CV) diseases, stitsulatake, and REM sleep behavior
disorder. Patients with H/M<1.62 (lowest tertilegn& older, with higher BMI, microarousal
index and CV comorbidities. A three-fold increaéloasic/tonic REM sleep motor activities
was found in those patients, confirmed in a subyamalof 40 drug-free patients. No
association was found with CSF hypocretin levels.

Conclusion: A direct measure of the heart adrenergic nerveiictievealed no sympathetic
denervation in NT1.

Significance: Our results indicate normal cardiac sympatheti@imation in NT1. However,
few patients with low MIBG uptake also presented @mnorbidities and REM sleep motor

deregulation, potentially at high CV risk, requgia careful follow-up.

Keywords. narcolepsy, orexin/hypocretin, cardiac MIBG sajrdphy, autonomic

dysfunction, sympathetic, REM sleep behavior disard



1. Introduction

Narcolepsy type 1 (NT1) is an orphan sleep disocdeised by the selective and irreversible
loss of hypocretin/orexin neurons that widely pobj® brain, brainstem and intermediolateral
nucleus neurons of the spinal cord, and have kieg in autonomic and cardiovascular (CV)
regulation (Dun et al. 2000; Dauvilliers et al. ZQGGrimaldi et al. 2014). Hypocretin-
deficient mice show lower arterial blood pressB®) during wakefulness and blunted non-
rapid eye movement (REM) sleep and REM sleep-reIBt@ decreases compared with wild
type animals (Bastianini et al. 2011; Lo Martire @&t 2012). Intracerebroventricular
administration of hypocretin in rats stimulate aaluand elevate arterial BP, heart rate (HR),
and plasma catecholamine levels in a dose-depentiemer (Samson et al. 1999; Shirasaka
et al. 1999). These results seem to be mainly rtestliby the activation of sympathetic
preganglionic neurons in the spinal cord and thesequent increase of the sympathetic
outflow (Antunes et al. 2001).

Several clinical autonomic dysfunctions have beescdbed in patients with NT1, such as
pupillary abnormalities, non-dipper BP profile, medlic and heart rate variability alterations
(Plazzi et al. 2011; Dauvilliers et al. 2012). Turederlying mechanisms remain unclear with
conflicting results in drug-naive patients with N@liring wakefulness. Some studies found
an increased sympathetic activation (Grimaldi et28l10, 2012), whereas a recent study
revealed a decreased sympathetic tone in drugaiemleptic patients (Donadio et al. 2014),
a result more in line with preclinical findings. Wever, these studies in patients with NT1
focused on the peripheral sympathetic outflow owligh no direct assessment of the cardiac
sympathetic function.

Meta-iodobenzylguanidine (MIBG, a physiological epinephrine analogue) cardiac
scintigraphy is a reliable method for the objectaxaluation of cardiac adrenergic nerve

activity. This sensitive test assesses norepinephpresynaptic neuronal uptake and the



integrity of myocardial presynaptic nerve termingdssson et al. 1987; Gill et al. 1993). A
reduced delayed heart to mediastinum (H/M) ratitecés a cardiac sympathetic dysfunction
(Yamashina and Yamazaki 2007).

In the present study, we aimed to explore the aargympathetic adrenergic nerve activity in
NT1 by comparing the delayed H/M ratio calculatééra®3-MIBG myocardial scintigraphy
in patients with NT1 and control subjects, and ssisg clinical and neurophysiological

determinants of?1-MIBG scintigraphy results in NT1.

2. Methods

2.1. Participants

Fifty-six patients with NT1 (38 men, median ageS3gears, range 13-86) were recruited at
the National Reference Centre for Narcolepsy of tdellier, France. The diagnosis of NT1
was confirmed according to the ICSD-3 criteria (AMMSAmerican Academy of Sleep
Medicine 2014): mean sleep latency <8 minutes emihltiple sleep latency test (MSLB?2
sleep onset REM periods (SOREMPS), and definiteptexy. All patients were positive for
HLA DQB1*06:02 typing. Lumbar puncture was perfouia 43 patients (76.8%), and all
had low cerebrospinal fluid (CSF) hypocretin-1 lefwel 10 pg/ml).

Ninety-one control subjects (42 men, median aggez8s, range 10-87) were selected from
the local control database of the Department ofl@arcMedicine of Montpellier Hospital to
determine the normal values of the MIBG uptake patars. This methodology is often used
in MIBG scintigraphy studies as pathological cacdMIBG values often differed between
centers in the literature, depending on the inwblpepulations, but mostly on the acquisition
and processing conditions (Yamada et al. 2003; ama and Yamazaki 2007). Those
subjects had no neurological or sleep disorder$ieaot failure, no diabetes mellitus, no drugs

that may affect the results of MIBG myocardial $igiraphy. They often underwent3-



MIBG cardiac scintigraphy for another reason, nmyogilexclude a pheochromocytoma. Only
age, gender and body mass index (BMI) were availabihose subjects.

This study was approved by the institutional revievards of Montpellier University, France.
The study protocol was designed and performed aordance with the approved guidelines.

Informed consent was obtained from all subjects.

2.2. Clinical and cardiovascular evaluation

Age at NT1 onset, disease duration, severity ofessive daytime sleepiness (EDS), and
presence of REM sleep behaviour disorder (RBD) wietermined using a standardized
clinical interview. Comorbid RBD in patients withTl was defined as the presence of motor
behaviours associated with dreaming, occurring nduthe REM sleep, and the video-
polysomnography (PSG) confirmation of REM sleephaiit atonia (AASM: American
Academy of Sleep Medicine 2014). Patients with Nifidlerwent a physical examination with
measurement of BMI. Comorbid CV and metabolic disos were assessed, and defined as:
(1) CV disorders (e.g., coronary artery diseasmruh heart failure, arrhythmia or stroke), (2)
hypertension (systolic BP140 mmHg and diastolic BP90 mmHg) and/or treatment with
antihypertensive drugs, (3) medical history of éias mellitus and/or use of antidiabetic
drugs, and (4) dyslipidaemia and/or use of lipidoing drugs. Metabolic syndrome was
diagnosed according to the National CholesterolcBtian Program Adult Treatment Panel
[l criteria (Lorenzo et al. 2007). Regular tobacand alcohol consumption, and physical
inactivity were reported. Ambulatory BP was morgiifor 24 hours in all patients with NT1
to determine the mean systolic and diastolic BP lagalt rate (HR) over 24-hour, during

daytime (from 7am to 11pm) and during night-timmigh 11pm to 7am).

2.3. Polysomnogr aphic evaluation



All drug-free patients with NT1 underwent one nightleo-PSG recording in the sleep
laboratory. Sleep stages, micro-arousals, perilatiic movements during sleep (PLMS) and
apnoea-hypopnea index (AHI) were manually scoredomling to standard criteria (lber C,
Ancoli-Israel S, Chesson A, Quan S, for the Amariéecademy of Sleep Medicine 2007).
REM sleep was scored without the chin electromyoigia(EMG) criterion allowing for the
maintenance of muscle tone during REM sleep. A &fbsd-epoch of REM sleep was
defined as tonic, if tonic chin EMG activity wasepent for-50% of the epoch. Phasic EMG
activity was scored from the chin EMG recording aepresented the percentage of 2-second
mini-epochs of REM sleep containing phasic EMG eésedefined as any burst of muscle
activity lasting from 0.3 to 5 seconds with ampléuthat exceeded four times the baseline
EMG signal. REM sleep without atonia was definedres presence of a tonic REM EMG
activity that exceeded 30% of the total REM sleepaton. Phasic EMG activity was

considered abnormal when higher than 15% (Montpleisal. 2010).

2.4. Cardiac scintigraphy

All participants underwent?3-MIBG cardiac scintigraphy. Images were acquiredhdirs
(delayed phase) after intravenous injection of Mg *I-MIBG using a General Electric
INFINIA Hawkeye 4 gamma camera (GE Healthcare, tT@armel, Israel) with low energy
and high resolution collimators. Cardi¥d-MIBG uptake was assessed on planar images.
For this purpose, rectangular regions of interB€Ij of 7x7 pixels were drawn on the heart
(H) and mediastinum (M) in each planar image (Fbtet al. 2010). Cardiat™I-MIBG
uptake was assessed by calculating the delayed adfiity ratio, the most reliable MIBG
biomarker, taking the average count per pixel @mROI. Scintigraphic data were analysed by

nuclear medicine specialists, blinded to the subgtatus.



At the time of scintigraphy, 16 patients with NTEewm treated (14 patients with stimulants
and anticataplectic drugs and two with a stimulahdne), 22 patients had stopped
psychostimulant medicatior’s2 weeks prior to the evaluation, and 18 patientsevwsgug-

naive. The median delay between cardiac scintigrayolal video-PSG recording was one day.

2.5. Statistical analysis

Categorical variables are presented as percentagesjuantitative variables as medians with
ranges (distributions tested with the Shapiro-Wékt were mostly skewed). Associations
between demographic and clinical characteristia$ the two groups (controls and patients
with NT1) were analysed using logistic regressiamdeis. Variables associated with NT1 at
p<0.10 in the univariate regression models were oeduin multivariate logistic models to
estimate the adjusted association between delay®drétio and the two groups. To assess
the determinants of cardiac sympathetic dysfunciioNT1, patients were divided into two
groups, those with a delayed H/M ratio <1.62 (cdesdd as patients with a low delayed H/M
ratio) and those with a delayed H/M ratit.62 (considered as patients with a high delayed
H/M ratio). The cut-off of 1.62 corresponded to &st/tertile of the delayed H/M ratio in NT1
patients. Comparisons between a low and high delay® ratio were studied using logistic
regression models. However, due to the small nuroberutcome events per independent
variable, the results were only adjusted for ageabse the fitted regression model was not
accurate when adjusted for two covariates or midom-parametric tests (Mann Whitney U
Test or Fisher’s exact test, according to the tfpeariables) were used to compare drug-free
(at scintigraphy) patients with low and with highg other two tertiles) delayed H/M ratio.
Spearman’s rank order correlations were used termdrie associations between two
continuous variables. The significance level wdsas@<0.05. Analyses were performed with

SAS (version 9.4; SAS Inc., Cary, North Carolina).



3. Reaults

3.1. Clinical characteristicsand PSG results

Among the 56 patients with NT1, 19.6% were obede8% overweight, and 8.9% met the
criteria for metabolic syndrome. Twenty-five pateid4.6%) had at least one comorbid CV
disease. Among them, 15 (60%) had hypertensionlu@img 11 with antihypertensive
medication), 17 (68%) dyslipidaemia (including fiweth lipid-lowering drugs), one (4%)
type 2 diabetes (with antidiabetic treatment), an@6%) a cardiac disorder (two with mild
myocardial infarction, one with chronic heart fadu one with stable angina, and five with
arrhythmia). Twenty-three patients with NT1 (41%j)owed a non-dipping BP pattern,
defined as a fall of the nocturnal BP lower thafol@lative to the daytime BP (Hansen et al.
2005). Eleven patients (19.6%) had moderate (AHWwben 15 and 30/hour) and eight
(14.3%) severe (AHE30/hour) sleep apnoea syndrome. Finally, 34 patiemth NT1
(60.7%) had clinically defined RBD. Among the catgr(n=91), 17.5% were obese.
Compared with patients with NT1, controls were oldad more frequently women.
Therefore, the subsequent analyses were adjustedgf and sex, and also for BMI that

tended to be higher in the NT1 group than in cdrgroup (p=0.1)Table 1).

3.2. Cardiac MIBG uptake in patientswith NT1 and controls

The delayed H/M ratio (taking as a continuous \@ear as a categorical variable) did not
differ between patients with NT1 and controls inde and adjusted analys€Bable 1).
Similar results were obtained when comparing ordyigmts with NT1 and age- and sex-
matched controls (n=48/group), or the subgroupatiepts with NT1 not taking any drug at

the time of scintigraphy (n=40) with controls (datat shown).



As no pathological H/M ratio values were validated, decided to choose the first decile of
the H/M ratio from our local control group (1.42) define low threshold values. Using this
cut-off, only five patients with NT1 (8.9%, amondh@m four were men; median age 77 years
[range 56-84]; median BMI 28.3 kgfi25.7-47.8]) had low MIBG uptake (median delayed
H/M ratio = 1.28 [1.20-1.33]). Among these five ipats, three were above 75 year old, four
were treated with psychostimulant and anticatajetrugs, four had at least one comorbid
CV disease and three had a non-dipping BP prdflleteover, four of these patients had

clinically-defined RBD and three of them met thiéezia for REM sleep without atonia.

3.3. Determinants of low MIBG uptake in patientswith NT1

Patients with NT1 and delayed H/M ratio <1.62 (i#e lowest tertile) were older, with
higher BMI, higher treatment intake for NT1 and en@V comorbidities than those with
H/M ratio in the other two tertiles. Delayed H/Mtimwas negatively correlated with age
(R=-0.48, p=0.0002) and with duration of evolutia@i NT1 (R=-0.40, p=0.002). No
association was found between H/M ratio and meaR Rypocretin-1 level. Moreover, the
H/M ratio was not significantly different betweeatgnts with detectable>{0pg/mL) and
undetectable (<10pg/mL) CSF hypocretin-1 level22fhws n=18 respectively). Delayed H/M
ratio <1.62 was associated with higher microaroims##x (unadjusted analyses and also after
adjustment for age), and with sleep efficiency, Athid mean 24-hour, daytime, and night-
time systolic, and diastolic BP and HR values (anlynadjusted analyse@)able 2), but not

with the non-dipping blood-pressure profile.

Clinically-defined RBD was not associated with ¢acdMIBG uptake. Conversely, patients
with delayed H/M ratio <1.62 had three-fold highghasic or tonic REM sleep EMG
activities than those with H/M ratie1.62; however this difference remains significamt i

unadjusted analyses only. Similarly, patients ViWthl and REM sleep without atonia (i.e.,
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with >30% tonic or>15% phasic REM sleep EMG activities) had lower @ard/IBG uptake
than those with preserved REM sleep atonia (deldayd ratio: 1.61+0.24 vs 1.80+0.25,
p=0.029). We further compared diagnostic performasfceardiac MIBG uptake using ROC
analysis to discriminate patients with REM sleephaiit atonia (i.e. phasie15% and/or
tonic EMG activity >30%). The best cut-off value of delayed H/M rat® discriminate
patients with NT1 and REM sleep without atonia Wa®0, according to the Youden Index
(area under the curve: 0.70, 95%CI=[0.52-0.88]hwitspecificity of 77.27% and a sensitivity
of 58.33%.This value of 1.60 is closed to the threshold of 1.62. the lowest tertile of the
delayed H/M ratio in NT1), and none of NT1 patiehésl a delayed H/M ratio between 1.60
and 1.62. The delayed H/M ratio was also negatigelyelated with tonic EMG activity in
REM sleep in the NT1 population (r=-0.35, p=0.00Bally, no association was found

between microarousal index in REM sleep and del&y/@tiratio.

3.4. Deter minants of low MIBG uptake in drug-free patientswith NT1

As the unadjusted analyses revealed that treatofedT 1 (i.e. stimulant and anticataplectic
drug) at the time of scintigraphad a significant effect on the cardiac MIBG uptékeble

2), additional analyses were performed exclusivelthm 40 drug-free patients with NT1. In
this subgroup, the frequency of CV comorbiditiesl @he microarousal index were higher
patients with H/M ratio <1.62 than in those withMHfatio >1.62, with a similar trend for
BMI (Table 3). Moreover, in drug-free patients with H/M ratio.82, tonic and phasic EMG
activities in REM sleep were significantly incredsgp=0.007 and p=0.008). Three (37.5%)
patients with low H/M ratio values had REM sleepghweut atonia compared with only two

(6.2%) in the H/M rati@-1.62 group.

4, Discussion
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This study compared the cardiac sympathetic adgémererve activity using **1-MIBG
myocardial scintigraphy in a population of well-cheterized (drug-free and treated) adults
and children with NT1 and in a local clinical caitgroup composed of subjects without
cardiac or neurological disorders but who have deted this exam mostly to exclude a
pheochromocytoma. Cardiac MIBG uptake was not Bagmtly different between patients
with NT1 and controls in crude associations and afer taking into account some potential
confounders (age, sex and BMI). Our results indidhft overall, the cardiac sympathetic
innervation is not impaired in patients with NTA,liroad agreement with preclinical findings
obtained in hypocretin-deficient mice showing nestural evidence of myocardial damage
in middle-aged narcoleptic mice, but without quicdtion of cardiac sympathetic
innervation (Silvani et al. 2014).

NT1 is frequently comorbid with sleep fragmentateamd CV risk factors, such as obesity,
diabetes mellitus, metabolic syndrome, sleep apsgadrome, and non-dipping BP profile
(Dauvilliers et al. 2012; Jennum et al. 2013; Omag0613). Patients with NT1 also need life-
long treatments with psychostimulants that maycaffiee autonomic nervous system, leading
to increased BP and HR and higher long-term riskCdf diseases (Bosco et al. 2018).
However, the incidence of CV disease morbidity amattality remains uncertain in NT1 and
difficult to assess prospectively because of NM fwevalence and the frequent young age at
onset. Therefore, we decided to assess the cliaiwdlneurophysiological determinants of
low *2-MIBG uptake in untreated and treated patientshwifT1. *34-MIBG myocardial
scintigraphy is a validated sensitive technique assess the function of myocardial
postganglionic presynaptic sympathetic nerve ergjirgnd to predict impaired cardiac
sympathetic innervation, heart failure, sudden ieardeath and arrhythmic disorders (Nakata
et al. 1998) (Merlet et al. 1992). We found thadueed delayed H/M ratio values were

associated with CV disorders, and also with obgegityagreement with previous studies in
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non-narcoleptic obese subjects (Grassi et al. 198%)also detected an association between
H/M ratio<1.62 and microarousal index, even afwjustment for age, in the whole patient
population and also in the subgroup of drug-fretiepgs. The threshold to define pathological
cardiac MIBG values is challenging, with severatofis proposed between centres in the
literature, from 1.4 to 2.8, with differences reldtto the involved populations, sample size,
but especially to the procedure and scanning metitioel., the different camera-collimator
combinations) (Yamashina and Yamazaki 2007). Dueth® absence of standardized
normative cardiac MIBG values, we used the lastlel@t the H/M ratio in our local control
group (n=91 subjects) to define the threshold of V@lues (1.42). Using this value, only five
patients with NT1 had low MIBG uptake. These fiaipnts were old (median age 77 years),
had frequent comorbid CV disorders and RBD, as wasglhigh stimulants intake, and thus
they underwent a very close clinical follow-up. Rekably, one of them developed atrial
fibrillation one year after this cardiac evaluation

Previous studies on the autonomic control in NTd e contradictory results (increased,
decreased or normal sympathovagal balance duriegpsbnd wakefulness) (Calandra-
Buonaura et al. 2016). Hypocretin neurons projeickely to brain areas that modulate the
autonomic nervous system; however hypocretin dafiy might not have an exclusive role
in the autonomic dysfunction in NT1, with severalidses reporting discordant results
(Grimaldi et al. 2010, 2012; Donadio et al. 201@ur scintigraphy results (no differences
between patients with NT1 and controls, and no@ason between delayed H/M ratio and
CSF hypocretin-1 levels) favour the hypothesis lté tibsence of a direct effect of the
hypocretin system on the cardiac adrenergic nectigity. Several studies in patients with
NT1 suggest an enhanced sympathetic activity withlumted decrease of nocturnal BP
(Grimaldi et al. 2010; Dauvilliers et al. 2012).dantrast, a previous study found a decreased

sympathetic tone in patients with NT1 (Donadio et2014), in line with the findings
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obtained with most of the orexin-knockout or orexiauron-depleted mouse models of
narcolepsy (Kayaba et al. 2003; Bastianini et @l1)(Zhang et al. 2006). However, in this
study (Donadio et al. 2014) the sympathetic agtiwas recorded by microneurography, an
intraneural technique that selectively quantifidse tperipheral sympathetic outflow.
Conversely, we measured in the present study tltgacaadrenergic nerve activity.

The state-dependent sympathetic-parasympathetidatemn of the cardiovascular autonomic
system could be a key issue in NT1. Previous ssufitiend attenuated HR responses to leg
movements in NREM sleep in patients with NT1, sistigg a reduced sympathetic response
(Dauvilliers et al. 2011(Sorensen et al. 2013). Other works on patientl WiT1 reported
higher systolic BP specifically in REM sleep (Gridiaet al. 2012), and an association
between non-dipping profile and higher percentag®BM sleep (Dauvilliers et al. 2012).
Here, we found that tonic and phasic EMG activitiesing REM sleep were increased in
patients with delayed H/M ratio <1.62 during wakeéss, a result confirmed in the analysis
focused on drug-free patients. The delayed H/Moratas also negatively correlated with
tonic EMG activity in REM sleep the NT1 population.

However, we did not detect any association betwed#BG uptake and clinical RBD in
patients with NT1. This is in agreement with a reécgudy showing lower delayed H/M ratio
in patients with idiopathic RBD than in patientswNT1 and comorbid RBD (Barateau et al.
2018). Altogether, the mechanisms underlying therm@amic dysfunctions in NT1 appear
complex. Hypocretin deficiency may be involved e tregulation of the cardiovascular
autonomic dysfunction and REM sleep deregulatinrodr study, only few patients with NT1
had low MIBG values, non-dipping BP patterns, disstied REM sleep features, and clinical
RBD, although almost all of them were hypocretificent.

This study has some strengths. We used myocadimigsaphy, a very sensitive technique to

assess the cardiac adrenergic nerve activity, wekrdefined population of patients with

14



NT1, a rare disease. The study was conducted imgéescentre to limit potential recruitment

and procedure biases. We took into account a lamgmber of potential confounders,

including socio-demographic features, lifestyle, €dmorbidities, 24-hour ambulatory BP

monitoring, and objective sleep parameters.

This study also has some limitations. The contagbysation used to determine the normal
values for MIBG parameters was not a healthy pdjmniaa methodology often used in

MIBG studies, as this examination is invasive (Figbhet al. 2010)(Miyamoto et al. 2006).

We cannot provide more clinical details for thisntol group, as data came from an
anonymized database that generates normative yabassd on our local acquisition and
processing conditions. The MIBG scintigraphy resulf some patients (n=34, all NT1

patients with comorbid RBD) and controls (n=78) &veeported in a previous article, with a
different rationale and methodology focusing on RBoly (Barateau et al. 2018). In this

previous study, we found MIBG cardiac uptake ddfere between patients with NT1-RBD
and iRBD, a result supporting the hypothesis offedént processes involved in RBD

pathogenesis. We also found that early H/M ratid aashout rate, other MIBG indices of
interest but not available here for controls, weoerelated with delayed H/M ratio (r=0.89,

p<0.0001; r=-0.45, p=0.0083 respectively) in pasewith NT1 (Barateau et al. 2018), the
latter being the best MIBG biomarker to discrimsdhe groups and the most reliable in
according to the literature (Imamura et al. 1998k&jima et al. 2018).

The relative low sample size, the frequent comadtibil and intake of drugs for NT1 could

have affected the MIBG uptake results. However,alg® analysed a subgroup of drug-free
NT1 patients and the results remained unchangewllfi we did not assess for clinical

autonomic manifestations, cardiac autonomic regrasuch as the heart rate variability

analysis, and for circulating norepinephrine comions.
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5. Conclusions

To conclude, by using a direct measure of the hedmnergic nerve activity, we show the
absence of global cardiac sympathetic denervatiodTil. However, few patients with NT1

had low MIBG uptake, with comorbidities and REMeglemotor deregulation, potentially at
high risk for CV disease morbidity and mortalitiius requiring a careful clinical follow-up.

Further studies are needed to better understandaimplex deregulation of the autonomic
nervous system in NT1, with reliable CV markerstioé sympathovagal balance during

wakefulness and REM sleep.
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Table 1. *®|-MIBG cardiac scintigraphy resultsin patients with narcolepsy type 1 (NT1)

and contrals.
ngtgzls nliTsle Model 09 Model 1 Model 2
n % n % p-value p-value p-value

Sex (men) 42 46.15 38 67.86 0.01
Age,years® 53.00 (10.00;87.00) 38.50 (13.00;86.00) 0.02
Age, years

<38 20 21.98 26 46.43 0.007

[38-61] 38 41.76 13 23.21

>61 33 36.26 17 30.36
Body mass indexg/n? 24.95 (15.90;37.00) 26.60 (17.00;47.80) 0.10
Delayed heart/mediastinum raffb  1.70 (1.22;2.65) 1.77 (1.20;2.29) 0.62 0.62 0.54
Delayed heart/mediastinum raffb

<1.61 31 34.07 17 30.36 0.66 0.87 0.39

11.61-1.82] 31 34.07 17 30.36

>1.82 29 31.87 22 39.29

) Continuous variables are expressed as mediansnminivalue-maximum value]
@ Tertiles for the whole study population (NT1 andhizols)

©®) Model 0: crude associations

® Model 1: adjustment for age, sex
® Model 2: adjustment for age, sex and body massind
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Table 2. Clinical and neurophysiological determinants of low heart/mediastinum ratio (<1.62) in
patientswith narcolepsy type 1 (NT1).

Delayed heart/mediastinum ratio

<:£§3* ilzgg Model 0° Model 1
Variable n % n % p-value  p-value
Clinical characteristicsand biological results
Sex (men) 12 66.67 26 68.42 0.90 0.54
Age, years ™ 60.50 (19.00;84.00)  32.50 (13.00;86.00)  0.005 -
Body mass indexg/m? @ 29.60 (22.50;47.80)  26.00 (17.00;43.40)  0.01 0.02
Body mass indexsg/m?
<25 1 5.56 15 39.47 0.007 0.01
[25-30[ 9 50.00 20 52.63
>30 8 44.44 3 7.89
Treatment for NT1 at time of scintigrapl 10 55.56 6 15.79 0.004 0.26
(ves)
ESS scoré 18.00 (14.00;24.00)  19.00 (7.00;23.00) 0.62 0.32
RBD, clinically defined (yes) 14 77.78 20 52.63 0.08 0.28
Age at EDS onseyears® 24.00 (14.00;45.00)  18.00 (10.00;48.00)  0.13 0.85
CSF hypocretin-1 levehg/ml @ 5.00 (0.00;71.00)  16.00 (0.00;104.00)  0.45 0.17
Cardiovascular risk factorsand comorbidities
Regular alcohol use (yes) 9 50.00 20 52.63 0.85 0.91
Regular tobacco use (yes) 9 50.00 18 47.37 0.85 0.53
Physical inactivity (yes) 10 55.56 18 47.37 0.57 0.88
Metabolic syndrome (yes) 5 27.78 0 0.00 NA NA
Cardiovascular comorbidities (y&3) 14 77.78 11 28.95 0.001 0.03
+ Diabetes melitus type 2 (yes) 1 5.56 0 0.00 NA NA
« Cardiac disorders (yes) 4 22.22 5 13.16 0.39 0.37
«  Hypertension (yes) 9 50.00 6 15.79 0.01 0.49
« Dydipidaemia (yes) 9 50.00 8 21.05 0.03 0.09

Ambulatory blood pressure monitoring

24-hour measures
Mean 24 h systolic BP, mmHY 131.00 (105.00;153.0C 121.00 (102.00;164.0C  0.03 0.81
Mean 24 h diastolic BP, mmHY 81.00 (67.00;122.00) 71.00 (55.00;98.00)  0.008 0.24
Daytime measur es
Daytime systolic BP, mmHg 133.50 (106.00;158.0C 122.00 (106.00;171.0C  0.04 0.91
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Daytime diastolic BP, mmHg 81.50 (69.00;124.00) 74.00 (57.00;103.00)  0.01 0.29
Night-time measures

Night-time systolic BP, mmH§’ 124.50 (97.00;160.00° 113.00 (90.00;145.00  0.02 0.52
Night-time diastolic BP, mmHg’ 75.00 (53.00;113.00) 64.00 (51.00;89.00)  0.006 0.21

Polysomnography results

Total sleep timeminutes 366.50 (186.00;481.0C 421.00 (164.00;522.0C  0.05 0.76
Night sleep latencyminutes @ 4.50 (0.00;22.00) 3.50 (0.00;38.00) 0.79 0.72
Night REM sleep latencyminutes ® 28.50 (0.00;288.00)  6.50 (0.00;328.00) 0.76 0.26
Sleep efficiency, % 76.47 (43.07;90.93) 83.74 (35.61;95.55)  0.04 0.68
Stage 1, %" 14.15 (4.16;27.96) 9.16 (2.42;34.14) 0.07 0.46
Stage 2, %" 46.74 (30.20;78.05)  47.64 (27.97;62.03)  0.23 0.53
Stage 3, % 14.05 (0.00;28.70)  17.64 (2.74;38.19) 0.08 0.49
REM sleep, %" 21.22 (1.81;37.62)  23.70 (6.96;54.67) 0.21 0.53
AHI, /hour @ 15.56 (0.50;59.39) 5.15 (0.00;60.00) 0.04 0.59
Mean Sa@ % ® 94.50 (87.00;98.00)  95.00 (91.00;98.00)  0.10 0.48
PLMS index, /houf” 15.91 (0.13;161.89)  5.28 (0.00;138.59) 0.07 0.44
Microarousal index, /houP 25.30 (3.30;68.57)  15.02 (2.64;42.50) 0.01 0.02
Microarousal index in REM sleep, /hdlir  17.81 (0.00;86.40)  15.11 (1.04;54.61) 0.14 0.14
Phasic EMG activity in REM sleep, % 9.15 (4.09;27.50) 4.07 (0.60;31.67) 0.09 0.39
Tonic EMG activity in REM sleep, % 19.15 (1.20;94.00) 2.95 (0.00;96.43) 0.06 0.26
Phasic £15%) or 7 38.89 5 13.16 004 0.3

Tonic EMG activity £30%) (yes)

@ Continuous variables are expressed as mediansnminivalue-maximum value]

@ cardiovascular comorbidities: diabetes type 2ser of antidiabetic drugs, cardiac disorders (hystor
of coronary artery disease, chronic heart failuaeshythmia), hypertension or treatment with

antihypertensive drugs, dyslipidaemia or treatmetit lipid-lowering drugs, history of stroke.
® Model 0: crude association

“ Model 1: adjustment for age

* Lowest tertile for the population with NT1

Abbreviations. AHI = apnoea-hypopnea index, BP = Blood pressure, CSF, cerebrospinal, EMG =
electromyography, EDS = excessive daytime sleepiness, ESS = Epworth deepiness scale, NA = Test
non applicable, NT1 = narcolepsy type 1, PLMS = periodic leg movements during deep,
PSG=polysomnography, RBD = REM deep behaviour disorder, REM sleep = rapid eye movement
deep, SA0,, oxygen saturation.
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Table 3. Clinical and neur ophysiological determinants of low heart/mediastinum ratio in
drug-free patients with narcolepsy type 1 (NT1) at the time of the MIBG scintigraphy.

Delayed heart/mediastinum ratio

<1.62 >1.62
n=8 n=32
Variable n % n % p-value
Clinical characteristicsand biological results
Sex (men) 4 50.00 10 31.25 0.42
Age,years 36.50 (19.00;82.00) 28.50 (13.00;71.00) 0.15
Body mass indexg/n? © 29.03 (22.50;35.00) 26.05 (17.00:43.40) 0.06
ESS scoré” 19.00 (14.00;22.00) 19.00 (9.00;23.00) 0.50
RBD, clinically defined (yes) 5 62.50 16 50.00 0.70
Age at EDS onseyears 20.00 (14.00;32.00) 18.00 (10.00;45.00) 0.37
CSF hypocretin-1 levepg/ml @ 5.00 (0.00;38.00)  14.53 (0.00;104.00) 0.51
Cardiovascular risk factorsand comorbidities
Regular alcohol use (yes) 4 50.00 17 53.13 0.99
Regular tobacco use (yes) 5 62.50 16 50.00 0.70
Physical inactivity (yes) 4 50.00 15 46.88 0.99
Metabolic syndrome (yes) 1 12.50 0 0.00 0.20
Comorbidities (ye$) 5 62.50 7 21.88 0.04
« Diabetes mellitus type 2 (yes) 0 0.00 0 0.00 NA
« Cardiac disorders (yes) 1 12.50 2 6.25 0.50
* Hypertension (yes) 1 12.50 2 6.25 0.50
« Dydipidaemia (yes) 5 62.50 6 18.75 0.02

Ambulatory blood pressure monitoring

24-hour measur es

Mean 24 h systolic BP, mmHY 120.50 (105.00;129.01120.00 (103.00;164.0( 0.73
Mean 24 h diastolic BP, mmHY 76.00 (67.00;85.00) 70.00 (55.00;98.00) 0.25
Polysomnography results
Total sleep timeminutes 411.50 (346.00;481.0 439.50 (264.00;522.0( 0.93
Night sleep latencyminutes @ 3.00 (0.00;5.00) 3.00 (0.00;31.00)  0.65
Night REM sleep latencyninutes 1.50 (0.00;163.00)  5.00 (0.00;255.00) 0.36
Sleep efficiency, %" 79.25 (75.83;90.93) 83.74 (58.93;95.55) 0.44
AHI, /hour® 8.95 (0.50;59.39)  4.60(0.00;29.70)  0.33
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PLMS index, /houf” 12.87 (0.13;161.89)  4.95 (0.00;60.49)  0.54
Microarousal index, /houP 31.15 (12.30;68.57)  14.95 (2.64;42.50) 0.005
Microarousal index in REM sleep, /hddr  25.80 (5.66;71.25)  16.36 (1.04;54.61)  0.20
Phasic EMG activity in REM sleep, % 8.50 (4.30;24.50)  3.85(0.60;20.90)  0.008
Tonic EMG activity in REM sleep, % 15.32 (1.70;38.90) 2.15 (0.00;36.00)  0.007

Phasic £15%) or 3 37.50 2 6.25 0.05
Tonic EMG activity £30%), (yes)

@ Continuous variables are expressed as mediansnfminivalue-maximum value]

@ cardiovascular comorbidities: diabetes type 2sar of antidiabetic drugs, cardiac disorders (hystor
of coronary artery disease, chronic heart failuaeshythmia), hypertension or treatment with
antihypertensive drugs, dyslipidaemia or treatmeétit lipid-lowering drugs, history of stroke.

Abbreviations. AHI = apnoea-hypopnea index, BP = Blood pressure, CSF, cerebrospinal fluid, EMG
= electromyography, EDS = excessive daytime deepiness, ESS= Epworth sleepiness scale, NA = Test
non applicable, NT1 = narcolepsy type 1, PLMS = periodic leg movements during deep,
PSG=polysomnography, RBD = REM deep behaviour disorder, REM sleep = rapid eye movement
deep, SA0,, oxygen saturation.
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