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Narcolepsy type 1 is a central disorder of hypersomnolence characterized by excessive daytime sleepiness, cataplexy and other rapid 
eye movement sleep-related manifestations. Neurophysiological studies suggest that narcolepsy type 1 patients may experience impair
ment in emotional processing due to structural and functional changes in limbic structures and associated areas. However, the only study 
exploring narcolepsy behavioural responses found no impairment in the ability to recognize emotions, possibly due to compensatory me
chanisms. The present study was designed to fill this gap in the literature by investigating the behavioural impairment related to emotional 
processing focusing on an advanced socio-cognitive skill, namely Theory of Mind, in paediatric narcolepsy type 1 patients. Twenty-two 
narcolepsy type 1 children and adolescents (six female; age range: 8.0–13.5) and 22 healthy controls matched for age and sex (six female; 
age range: 8.9–13.0) underwent a neuropsychological evaluation to assess socio-economic status, verbal abilities, working memory, social 
anxiety and Theory of Mind via a verbal task (i.e. Strange Stories task) and a visual task (i.e. Silent Films). Narcolepsy type 1 patients were 
also evaluated for disease severity. Patients exhibited impairment in Theory of Mind skills, as assessed both through both verbal (controls 
median = 8; patients median = 5; P = 0.009) and visual tasks (controls median = 8; patients median = 6; P = 0.003), compared to healthy 
controls. Correlation analyses showed that verbal and visual Theory of Mind was negatively related to narcolepsy severity (ρ = −0.45, P =  
0.035 and ρ = −0.52, P = 0.012), and daytime sleepiness (ρ = −0.48, P = 0.025 and ρ = −0.45, P = 0.038). Our study shows a selective 
impairment in the Theory of Mind domain in children and adolescents with narcolepsy type 1. In addition, our results highlight a link 
between symptom severity and Theory of Mind, suggesting that lower Theory of Mind levels are associated with higher symptom severity. 
Further, longitudinal studies are needed to disentangle the direction of this relation and to disambiguate if narcolepsy severity impaired 
children’s Theory of Mind or if Theory of Mind skills modulate the severity of narcolepsy symptoms by providing a greater ability to avoid 
cataplexy.
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Graphical Abstract

Introduction
Narcolepsy type 1 (NT1) is a central disorder of hypersom
nolence characterized by excessive daytime sleepiness 
(EDS), cataplexy (i.e. sudden episodes of loss of muscle 
tone triggered by emotions during wakefulness) and 
additional rapid eye movement (REM) sleep-related mani
festations (sleep paralysis, hypnagogic/hypnopompic 
hallucinations, disrupted nocturnal sleep and REM sleep 
behaviour disorder).1 NT1 is related to a selective defi
ciency of cerebrospinal hypocretin-1 (CSF hcrt-1), prob
ably due to an autoimmune process leading to the loss of 

hcrt-1-producing neurons in the lateral hypothalamus, 
and is therefore regarded as the in vivo model of hypocretin 
deficiency.2

The onset of NT1 typically occurs during childhood or 
adolescence.3 Cataplexy, the pathognomonic symptom of 
the disease, can be triggered by positive or negative emotion
al stimuli.4

However, the peculiar clinical features of paediatric pa
tients possibly manifesting EDS with behavioural changes 
and cataplexy as a hypotonic condition also in the absence 
of clear emotional triggers,1 coupled with the possible early 
onset of concurrent neuropsychiatric symptoms,5 can make 
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clinical suspect challenging, often leading to a delay in prop
er referral and adequate diagnostic workup.6

The role of emotions in triggering cataplexy suggests an 
intrinsic role of emotional processing in NT1 pathophysi
ology. Among the structures involved in emotion and emo
tional processing, the limbic system, with particular 
emphasis on the amygdala, and ventromedial prefrontal cor
tex, play a central role.7

On the other hand, CSF hcrt-1 levels are related to 
social interactions and subject-reported positive emotions 
or anger.8

Concerning patients with NT1, various studies suggest 
structural and functional changes in limbic structures, in
cluding the amygdala, and associated areas,9-11 supporting 
the existence of a link between emotion network dysfunction 
and NT1 in both adults and children.12

However, there is limited evidence regarding behavioural 
impairment related to emotional processing. Bayard et al.13

found no differences in facial emotion recognition between 
adult subjects with NT1, hypersomnia without cataplexy, 
and healthy controls, suggesting a possible alternative net
work, other than the amygdala, to deal with emotional pro
cessing. Additionally, de Zambotti et al.14 found that adult 
patients’ haemodynamic responses to pictures with positive, 
neutral, and negative valence mirrored those of healthy con
trols, but patients reported lower arousal scores and lower 
valence scores associated with positive stimuli.

No previous studies have evaluated emotional processing 
and related networks in paediatric subjects with NT1, despite 
that the high frequency of neuropsychiatric symptoms sug
gests an impact of childhood-onset NT1 on emotional 
well-being.15,16 Moreover, paediatric patients might show 
emotional impairment in suppressing their emotion-expressive 
behaviour in response to emotional stimuli to avoid cata
plexy. For these reasons, it might be interesting to investigate 
behavioural responses to emotional stimuli in younger sub
jects close to the onset of the disease, in order to reduce 
the long-term effect of NT1 on emotional development. 
Moreover, exploring more complex socio-cognitive func
tions that emotion recognition, namely Theory of Mind 
(ToM), could provide a more nuanced understanding of 
the emotional challenges faced by children with NT1. 
Indeed, ToM is the ability to attribute mental states (includ
ing emotions, beliefs, intentions, desires and knowledge) to 
self or others in order to predict behaviour (Box 1).17

We hypothesize that children with NT1 may exhibit reduced 
ToM abilities compared with healthy subjects and that patients’ 
ToM performances may be related to symptom severity.

Materials and methods
Participants
Consecutive children with NT1 diagnosis according to the 
International Classification of Sleep Disorders Third 
Edition30 aged 8–13 years attending the out-patients clinic 

at the child neuropsychiatry unit of the Gaslini Institute in 
Genoa and at the Narcolepsy Center of the Institute of 
Neurological Sciences in Bologna were recruited.

A group of healthy controls matched for age and sex was 
randomly selected from a more extensive database of chil
dren recruited from primary schools located in Northern 
Italy. All children had good Italian language proficiency 
and had no history of developmental delay.

All subjects and their parents gave their written informed 
consent to participate in the study, which was approved by 
the Liguria Regional Ethics Committee (453/2022—DB id 
12567).

Experimental procedures
NT1 patients and healthy subjects underwent a battery of 
tests and questionnaires to assess ToM abilities, as well as 
possible confounding variables such as socio-economic 

Box 1 Theory of Mind definition and development

The Theory of Mind (ToM) is a socio-cognitive ability that enables 
individuals to attribute mental states such as beliefs, desires, emotions 
and intentions to oneself and others, and to predict social behaviour 
based on these mental states.18

ToM is a complex ability made up of different components that 
develop at different age-stages from childhood and throughout the 
lifespan.19 The earliest precursor of ToM is children’s pointing. In the first 
year of life, children start to consider others by imitating their facial 
expressions and by pointing objects to request something (imperative 
pointing) and, later on, to draw others’ attention to an interesting object 
(declarative pointing). After the first year of life, children become more 
familiar with others’ mind, and they begin to use a mental lexicon, for 
referring to self and others’ mental states, to appreciate that others have 
desires and beliefs that can differ from their own, and then to understand 
that something can be true but someone might not know that.19 Between 
the ages of 3 and 5 years, children face a core developmental shift in their 
ability to use mental states (beliefs, intentions, knowledge, desires) to 
explain others’ behaviours. Indeed, they start to understand that others’ 
behaviours are driven by beliefs that can also be false. Accordingly, at 
around 4 and 6 years of age, typically developing children usually pass the 
first and second order false-belief tasks, respectively.20 ToM 
development extend into middle childhood when children become 
progressively better in understanding others’ false beliefs and mental 
states within complex social scenarios.21,22

ToM and social relationships are intertwined with each other. 
Evidence in the two directions can be summarized as follows: 

(a) ToM develops during childhood, within the context of social 
relationships.23-25 In support of this claim, individuals with 
impairments in ToM, such as those with autism spectrum disorder, 
have difficulty understanding others’ mental states and may struggle 
with social interactions.26 In addition, many studies demonstrated 
the influence of children’s early social experiences, such as family 
structures, maternal mind-mindedness and interactions with friends 
and peers, on later individual differences in ToM.27

(b) Individual differences in ToM play a crucial role in children’s social.28

In line with this, longitudinal studies found that difficulties in 
understanding mental states predict subsequently elevated peer 
rejection, while mastery ToM predicts later social competences and 
peer success.27,29 Thus, boosting ToM seems to be a simple yet 
effective way to improve children’s social adjustment.27
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status, verbal abilities and working memory. Children’s self- 
rated social anxiety and loneliness were also evaluated as 
variables of interest.

Children with NT1 underwent a clinical evaluation, in
cluding rating scales and questionnaires for the severity of 
narcolepsy symptoms.

NT1 patients were evaluated during the afternoon in an 
artificially lighted room after a 15–20-minute nap to minim
ize the potential effect of sleepiness on performance.

Theory of Mind measures
ToM was assessed through Strange Stories (SS) task31 and 
Silent Films (SFs) task.32

SS task measures children’s ability to understand other’s 
mental states within complex social scenarios presented in 
a written form. We administered five mental stories (two 
double bluffs, two misunderstandings and one persuasion) 
and three physical/control stories. After each story, chil
dren have to explain the reasons behind the main charac
ter’s behaviour in a written form. While mental stories 
require children’s ability to make context-appropriate in
ferences about the character’s mental states, physical stor
ies require children’s ability to make context-appropriate 
inferences about the physical (not psychological) cause of 
the character’s behaviour. According to the scoring guide
lines,33 0 points were assigned for incorrect and ‘don’t 
know’ answers, 1 point for partially correct and implicit 
answers and 2 points for full and explicit answers. The to
tal mental SS score was calculated by summing the per
formance obtained at each mental story of the SS task 
and could range from 0–10. The total physical SS score 
was calculated by summing the performance at each phys
ical story of the SS task and could range from 0–6 (Fig. 1) 
(Supplementary Fig. 1).

SF measures children’s ability to understand others’ men
tal states based on their behaviour. We administered five 
short clips (mean length = 25.4 s) from Harold Lloyd’s clas
sic silent comedy, Safety Last. After each clip, children are 
required to explain the behaviour of the main character. 
According to the scoring guidelines, 0 points were assigned 
for incorrect and ‘don’t know’ answers, 1 point for partially 
correct and 2 points for full and explicit answers. The 
total SF score was calculated by summing the performance 
at each clip of the SF task and could range from 0–10 
(Fig. 2).

Socio-emotional correlates
Children’s subjective feeling of loneliness was measured via 
the Loneliness & Social Dissatisfaction Questionnaire.34

The scale comprises 16 target items and five filler items rated 
on a scale ranging from 1 (‘never’) to 3 (‘always’). Nine items 
measure the level of perceived social inclusion, four items 
measure the perceived difficulties of making friends and 
three items measure the perceived loneliness. Following the 
scoring guidelines, we calculated three scores based on the 
sum of the responses to each item: a social inclusion score 
ranging from 9–27, a difficulty of making friends score ran
ging from 4–12 and a perceived loneliness score ranging 
from 3–9.

Social anxiety was measured via the Social Anxiety Scale 
for Children35 (SASC). The scale comprises 10 items rated 
on a scale ranging from 0 (‘never’) to 2 (‘always’). Six items 
measure the level of fear about receiving negative evaluation 
from others and the other four items measure the experience 
of distress in social situations and deliberate avoidance of 
those situations. According to the scoring guidelines, we cal
culated two scores given by the sum at each item: a fear of 

During the war, the red army arrests a member of the blue army and wants to know
where their tanks are. The red army knows they are at the sea or mountain. The red
army members also know that the prisoner does not want to tell where the tanks are
and will surely lie. The prisoner is courageous and diligent and will ensure they do not
find the tanks. The Blue Army tanks are located on the mountain. When the members
of the Red Army ask him where they are, he replies, "On the mountain."

Question: Why does the prisoner say so?

Correct answer: He knows that the enemy army will not believe him

Late at night, old Mrs. Bianchi is walking home. Mrs. Bianchi does not like walking
home alone at night because she fears someone might attack and rob her. She is
indeed a very nervous person. Suddenly a man emerges in the dark. He wants to ask
Mrs. Bianchi what time it is, so he approaches her. When Mrs. Bianchi sees the man
walking toward her, she trembles and says, ''Take my bag, but please don't hurt me!''

Question: Why does Mrs. Bianchi say that?

Correct answer: She does not know that the man does not intend to rob her

A

B

Figure 1 Examples of items from Strange Stories. (A) Double bluff story. (B) Misunderstanding story.
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negative evaluation score ranging from 0–12 and a social 
avoidance and distress score ranging from 0–8.

Control variables
We assessed socio-economic status through the Family 
Affluence Scale,36 a short child report on familial (material) 
wealth. The scale was made by four questions about (i) family 
car ownership (range: 0–2); (ii) having/not having unshared 
room (range: 0–1); (iii) number of computers at home (range: 
0–3); and (iv) number of times the participants went on a holi
day during the past year (range: 0–3). The total score was gi
ven by the sum of each response. In the present study, we 
excluded from the sum the last question (i.e. ‘number of times 
the participants went on a holiday during the past year’) con
sidering that clinical data collection takes place in a period 
still affected by travel restrictions due to COVID-19 pandem
ic (from April 2021–November 2021). Thus, the total socio- 
economic status score could range from 0–6.

We evaluated children’s verbal abilities via the Italian version 
of the Vocabulary subtest of the Primary Mental Abilities, 
Intermediate Form (PMA).37 During the task, children had to 
find in 6 minutes at best the synonyms of 50 target words, choos
ing among five alternatives. The total verbal abilities score was 
given by the number of correct responses (possible range 0–50).

We assessed working memory through the WISC-R 
Backward Digit Span task.38 During the task, children were 
asked to recall seven series of digits, just listened, in reverse or
der. Series were presented increasing the number of digits 
(from two to eight) and thus the level of difficulty. A total 
working memory score was calculated by summing the num
ber of correct answers (possible range 0–7).

Clinical evaluation
Children with NT1 underwent a clinical evaluation, includ
ing an interview designed to investigate the severity of symp
toms such as daytime sleepiness, cataplexy, sleep paralysis 
and hypnagogic hallucinations. In addition, the age of onset 
of narcolepsy, the diagnostic delay and the use of drugs and 
behavioural therapy were also assessed.

Epworth Sleepiness Scale for Children and Adolescents 
(ESS-CHAD)39 was administered for the measurement of 
subjective EDS. The questionnaire consists of eight items 
rated on a scale ranging from 0 (‘never’) to 3 (‘always’). 
Each item represents a situation in which patients must 
rate their chances of falling asleep.

An Italian-translated version of the Pediatric Narcolepsy 
Severity Scale (PNSS)40 was used to measure the subjective 
severity of narcoleptic symptoms.

A

B

Tom assessment questions:
Why did the men hide?

What does the woman think?

Correct answer:
The men didn’t want the woman to know what they were doing

She thinks/believes the men are not at home

Tom assessment questions:
What is the deliveryman feeling and why?

Correct answer:
He is scared because he thought he was carrying a mannequin; Scared because he

thought it came to life

Figure 2 Screenshots from the Silent Film task. (A) In this scene, we see two men talking in a room. When a woman knocks on the door, 
the men hide inside the coats hanging on the wall. Once inside the room, the woman looks around and does not see the two men, so she leaves. 
(B) In this scene, we see a delivery man carrying a mannequin that we discover is a man. When the fake mannequin sneezes, the terrified delivery 
man runs away. Images are from the Harold Lloyd silent film, Safety Last (copyright expired).
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The frequency of cataplectic attacks was assessed on a 
scale from 1–5, where 1 represents one or fewer cataplectic 
attacks per year, 2 represents more than one cataplectic at
tacks per year but fewer than one per month, 3 represents 
one or more attacks per month but fewer than one per 
week, 4 represents one or more attacks per week but fewer 
than one per day and 5 represents at least one cataplectic at
tack per day.41

Statistics
Data were examined for normal distribution performing the 
Shapiro–Wilk test. Since some variables were not normally 
distributed and due to the small sample size, we decided to 
use non-parametric tests.

Group differences were analysed by performing Mann– 
Whitney U test.

The relationships between ToM and clinical variables 
were explored with Spearman’s rank correlation coefficient.

Statistical analyses were performed with SPSS version 
28.0 for Windows (SPSS, Chicago, USA).

The level of significance was α < 0.05.

Results
Demographic and clinical 
characteristics
Demographic and clinical data are presented in Table 1.

Twenty-two children with NT1 (six female; age, 25% =  
9.10, median = 11.4, 75% = 12.1, range: 8.0–13.5) were in
cluded in this study. Twenty-two typically developing chil
dren were randomly selected from a more extensive 
database of children recruited from primary schools located 
in Northern Italy (six female; age, 25% = 9.6, median =  
11.5, 75% = 12.6, range: 8.9–13.0). The control sample 
was matched for age (U = 242.00, P > 0.999) and sex.

Patients with NT1 had a median age at disease onset of 7.95 
years (SD² 2.47) with a median diagnostic delay of 0.65 years 
(SD² 0.85). The median disease duration was 2.81 years (SD² 
3.15). All patients had CSF hcrt-1 level < 110 pg/mL, and 21 
(99.46%) had HLA-DQB1*0602. Five patients (23%) were 
treatment-naive, with 17 (77%) patients taking drug therapy 
and 9 (40.9%) using behavioural therapy. Concerning 

symptom severity, the median score at Pediatric Narcolepsy 
Severity Scale was 24 (SD² 70.26), the ESS-CHAD median 
score was 13 (SD² 18.26) and the median score at cataplexy 
frequency scale was 4 (SD² 1.71), with 2 patients reporting 
one or fewer cataplectic attacks per year, 2 referring one or 
more attacks per month but fewer than one per week, 9 report
ing one or more attacks per week but fewer than one per day 
and 9 reporting more than one cataplectic attack per day.

Theory of Mind
Healthy control children obtained higher scores in ToM 
measured via mental SS (U = 132.50, P = 0.009), and SF 
(U = 119.00, P = 0.003) (Fig. 3). Moreover, there was no dif
ference between groups in physical SS (U = 210.00, P =  
0.436) (Table 2).

Analysing the relationship between ToM and clinical vari
ables, our data showed that ToM, measured with mental SS 
and SF, negatively correlated with PNSS (ρ = −0.45, P =  
0.035 and ρ = −0.52, P = 0.012, respectively) and with 
ESS-CHAD (ρ = −0.48, P = 0.025 and ρ = −0.45, P = 0.038, 
respectively) (Fig. 4).

Conversely, we found no significant correlations between 
Mental Strange Stories and age at onset (ρ = 0.11; P =  
0.631), diagnostic delay(ρ = 0.03; P = 0.908), disease dur
ation (ρ = 0.26; P = 0.249) and cataplexy frequency (ρ =  
−0.25; P = 0.255), as well as between SF and age at onset 
(ρ = 0.14; P = 0.524), diagnostic delay (ρ = 0.15; P =  
0.496), disease duration (ρ = 0.23; P = 0.314) and cataplexy 
frequency (ρ = −0.09; P = 0.702) (Table 3).

Socio-emotional correlates
We found no difference between groups in perceived social 
inclusion (U = 241.50, P = 0.990), perceived difficulties of 
making friends (U = 203.50, P = 0.352), fear of negative 
evaluation (U = 214.00, P = 0.507) and social avoidance 

Figure 3 Theory of Mind tasks differences across the two 
groups. Group differences were analysed by performing Mann– 
Whitney U tests. Patients with narcolepsy type 1 obtained lower 
scores performing the Strange Stories task for the measurement of 
the verbal Theory of Mind and the Silent Films task for the 
measurement of the visual Theory of Mind. Significant differences at 
P < 0.05.

Table 1 Demographical and clinical characteristics

Median Q1–Q3 Range

Age at onset 7.95 6.86–9.28 4.81–10.72
Diagnosis latency 0.65 0.28–1.38 0.04–3.78
Duration of illness 2.81 1.28–4.16 0.98–6.90
ESS-CHAD 13.00 10.75–15.25 7.00–22.00
PNSS 24.00 21.75–30.50 8.00–46.00
Cataplexy frequency 4.00 4.00–5.00 0.00–5.00

ESS-CHAD, Epworth Sleepiness Scale for Children and Adolescents; PNSS, Pediatric 
Narcolepsy Severity Scale; MASC, Multidimensional Anxiety Scale for Children; CDI, 
Children’s Depression Inventory; RMET, Reading the Mind in the Eyes Test.
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(U = 190.50, P = 0.216). Children with NT1 showed higher 
perceived loneliness than healthy controls (U = 151.00, P =  
0.016) (Table 2).

We also found that social inclusion correlated negatively 
with diagnosis latency (ρ = −0.55, P = 0.008) and positively 
with PNSS (ρ = 0.45, P = 0.037) and with ESS-CHAD (ρ =  
0.46, P = 0.031) (see Table 3).

Control variables
Concerning control variables, we found that patients have 
fewer vocabulary skills compared to control (U = 117.50, 
P = 0.003), while there were no differences between groups 
in socio-economic status (U = 172.50, P = 0.091), and work
ing memory (U = 204.00, P = 0.326) (Table 2).

Supplemental analysis
To check if the differences in ToM abilities persist even when 
vocabulary is matched between groups, we repeated the ana
lyses selecting a control sample that did not differ from the 
clinical sample for vocabulary (P = 0.814). Even in this sam
ple, we found that healthy control children had higher ToM 
skills measured via mental SS (P = 0.049) and SF (P =  
0.003). We found that children with NT1 performed better 
than healthy controls, equally good at vocabulary, in physical 
SS (P = 0.027) (Supplementary Table 1).

Discussion
This is the first study aimed to investigate the existence of ToM 
impairment in children with NT1 and to examine the correla
tions between clinical variables and socio-cognitive skills. Our 
findings revealed that children and adolescents with NT1 have 
lower performances in ToM, assessed via mental SS and SF, 
but not in other cognitive skills, assessed via physical SS and 
working memory compared to healthy controls.

Assessing the other control variables, children with NT1 had 
lower vocabulary skills compared to healthy controls. To rule 

out the possible effect of this finding on ToM, we decided to con
trol by matching patients and healthy subjects for vocabulary 
skills. Hence, the ToM performance of NT1 patients was still 
worse than healthy controls. However, NT1 patients had a 
higher score at the physical SS. Therefore, it is possible that 
NT1 patients showed poor results in vocabulary since it is a 
time-constrained task, in line with NT1 patients’ longer reaction 
times and slowness in cognitive tasks compared with healthy 
controls.42,43 These results highlight the existence of a specific 
ToM impairment in children with NT1 that is not driven by 
more general cognitive difficulties. Moreover, patients showed 
a higher perception of loneliness compared to healthy children. 
This finding fits with developmental literature showing impair
ment in the social functioning of narcoleptic children that could 
derive from a coping strategy to inhibit or suppress social com
munication that usually triggers cataplexy.14,44 Together, our 
findings support the hypothesis that NT1 significantly affects 
overall functioning, interfering with social relationships and 
competencies, resulting in a higher feeling of loneliness and in 
the impairment of ToM skills that are known to develop during 
childhood within the context of social relationships.23,24

ToM deficits in NT1 could be explained by the early onset 
of NT1 that may interfere with normal psychomotor develop
ment, altering some cognitive domains, including ToM, with 
milder impairment than other disorders, such as autism spec
trum and schizophrenia, that are widely known to exhibit 
ToM deficits.45,46 In contrast to this hypothesis, we found 
no correlation between ToM impairment and the age of onset 
of narcolepsy or the duration of illness. Nevertheless, it is ne
cessary to consider that the median diagnosis latency in our 
patients was 0.65 years. These data make our sample a par
ticular pool of patients given that the literature showed that 
in Europe, the average delay in diagnosis of NT1 is 10 years.47

The earlier diagnosis and treatment might have reduced the 
neuropsychological impact of NT1 in our sample.

We found a negative correlation between verbal and visual 
ToM and symptoms’ severity that suggests that poorer ToM 
ability would result in greater exposure to the consequences 
of emotional stimuli, including cataplexy. Accordingly, NT1 

Table 2 Group differences within Theory of Mind, socio-emotional correlates and control variables

Healthy controls NT1

Median Q1–Q3 Range Median Q1–Q3 Range Mann–Whitney U P-value

SES 5.00 3–5 1–6 4.00 3–4.25 1–6 172.50 0.091
Voc 22.00 17.75–28.25 8–33 16.00 12–21 5–31 117.50 0.003**
WM 3.00 2–3 1–4 3.00 3–3 1–5 204.00 0.326
pSS 4.00 4–5 2–6 4.00 3–5 0–6 210.00 0.436
mSS 8.00 6–9 4–9 5.00 4–8 2–9 132.50 0.009**
SF 8.00 6–9.25 5–10 6.00 3.75–7 2–10 119.00 0.003**
LSDQ_SI 11.00 9–13 9–24 11.00 9–12.25 9–19 241.50 0.990
LSDQ_DMF 6.00 4–7 4–10 6.00 4.75–7 4–12 203.50 0.352
LSDQ_PL 3.00 3–3 3–8 4.00 3–5 3–8 151.00 0.016*
SASC_FNE 2.50 1–5 0–9 4.00 1.75–5 0–7 214.00 0.507
SASC_SAD 3.00 2–3.25 0–6 3.00 2–4 0–6 190.5 0.216

SES, socio-economic status; Voc, vocabulary; WM, working memory; mSS, Mental Strange Stories; SF, Silent Film; LSDQ, Loneliness & Social Dissatisfaction Questionnaire; SI, social 
inclusion; DMF, difficulty of making friends; PL, perceived loneliness; SASC, Social Anxiety Scale for Children; FNE, fear for negative evaluation; SAD, social avoidance and distress. 
**P < 0.01. *P < 0.05.
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patients are known to have a reduced expression of their own 
emotions, possibly as a coping strategy to inhibit or suppress 
those behaviours that usually trigger cataplexy.14 Recent stud
ies on the neural correlates of cataplexy in children with NT1 
showed that laughter episodes with cataplexy are accompan
ied by increased neural activity in a bilateral network that in
cludes cortical and subcortical regions involved in processing 
saliency and emotions, encompassing the anterior insular cor
tex, the amygdala, the VMPFC and the ventral striatum.48

Concerning laughter without cataplexy, patients with NT1 
showed stronger metabolic demand of a brain network encom
passing the motor-premotor cortex and subcortical structures, 
namely the left subthalamic nucleus/zona incerta and ventro
lateral and ventroposterior thalamic nuclei, when compared 
to healthy subjects. In addition, reduced activation of cortical- 
subcortical regions involved in humour detection and appreci
ation (the mesolimbic reward areas, the ventromedial prefrontal 
cortex, the temporo-occipital junction, the amygdala and the 
periaqueductal grey) has been found.49 These findings suggest 
a possible compensatory mechanism to avoid cataplexy by vol
untarily inhibiting the affective component of humour.

Focusing on the clinical aspects of NT1, evidence demon
strated dysregulation of REM sleep,50 and it is worth noting 
how dream experiences during REM sleep can help emotion
al regulation and provide a tool to simulate a new scenario 
with elements of emotional mastery.51

Moreover, poor sleep causes impairments in executive 
functions (EF) and emotional information processing, both 
of which are associated with poor ToM ability.52

Finally, it is also possible to explain the negative correl
ation between symptoms’ severity and ToM in the direc
tion that milder symptoms allow better participation in 
social situations prompting the development of ToM. 
Our data seem to confirm this evidence; specifically, we 
found that lower symptom severity is associated with high
er perceived social inclusion. This result fits with the litera
ture showing that relevant social impairment affected 45% 
of paediatric patients with NT1.44 Interestingly, our cor
relation analyses reveal that lower diagnosis latency is as
sociated with higher perceived social inclusion and 
remarks the importance of an early NT1 diagnosis to re
duce the disease burden and associated socio-cognitive 
impairment.53

Finally, the correlations of symptoms’ severity with both so
cial inclusion and ToM could also be explained by the fact that 
ToM skills are known to have a key role in children’s adjust
ment when facing new social contexts.54 Thus, lower ToM 
may have in turn worsened NT1 children’s social functioning 
impairment and the inhibition of their emotion-expressive 
behaviour.

NT1 is a sleep disorder with a complex interplay of neuro
logical, endocrinological and neuropsychiatric symptoms 
that can negatively impact patients’ overall outcome, espe
cially during childhood.1

The results of our study show that children with NT1 have 
reduced ToM abilities compared with healthy subjects and, 
thus, greater difficulties in relating with and inferring other’s 
behaviour. It is still unclear whether NT1 plays a role in the 
pathogenesis of ToM impairment or is just a coexisting con
dition. A recent study showed that paediatric-onset cranio
pharyngioma patients with hypothalamic lesions were less 
able to identify the correct emotional content of vocal ex
pressions and to infer others’ thoughts, feelings and inten
tions compared to healthy controls.55 However, there is 
still no evidence for a possible role of the hypocretinergic sys
tem in developing these cognitive functions.

Our results have important theoretical implications that 
fit the literature exploring emotional processing in NT1. 
Indeed, these findings provide evidence that behavioural 
manifestation of the NT1 neural alterations involving emo
tional processing could be detected through tasks assessing 
a socio-cognitive ability, namely ToM, that is more sensi
tive to individual differences than emotion recognition.56

We hypothesize that childhood-onset NT1 may interfere 
with the normal development of ToM and that subsequently, 
ToM abilities may modulate the severity of NT1 symptoms 
by providing a greater ability to avoid cataplexy.

The present study is not exempt from limitations. Indeed, 
a larger sample is needed to confirm our results. In addition, 
we adopted a cross-sectional design, further research should 
investigate how the trajectory of NT1 symptoms and ToM 
skills interact over time, adopting a longitudinal design.

In addition, our study significantly contributes to the un
derstanding of emotional processing impairment in NT1 
children. This opens the way for future studies to expand 
the scope of investigation by considering additional socio- 

Table 3 Correlations between Theory of Mind and clinical variables

Age at onset Diagnosis latency Disease duration ESS-CHAD PNSS Cataplexy frequency

mSS 0.11 0.03 0.26 −0.48* −0.45* −0.25
SF 0.14 0.15 0.23 −0.45* −0.52* −0.09
SASC-FNE −0.27 0.03 0.24 −0.11 −0.28 0.19
SASC-SAD −0.11 −0.26 −0.03 0.10 −0.09 0.16
LSDQ-SI −0.12 −0.55** 0.30 0.46* 0.45* −0.05
LSDQ-DMF −0.30 −0.39 0.27 0.22 0.13 −0.07
LSDQ-PL −0.05 −0.07 −0.03 −0.25 −0.03 −0.17

mSS, Mental Strange Stories; SF, Silent Film; ESS-CHAD, Epworth Sleepiness Scale for Children and Adolescents; PNSS, Pediatric Narcolepsy Severity Scale; SASC, Social Anxiety Scale 
for Children; FNE, fear for negative evaluation; SAD, social avoidance and distress; LSDQ, Loneliness & Social Dissatisfaction Questionnaire; SI, social inclusion; DMF, difficulty of 
making friends; PL, perceived loneliness. 
**P < 0.01. *P < 0.05.
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cognitive measures, such as emotion recognition, and to in
vestigate whether children NT1 have a specific impairment 
of advanced ToM or a broader impairment of emotional 
processing including emotion recognition.

Besides the theoretical implications, it leads the way for fu
ture studies to develop and test the efficacy of ToM training 
programmes aimed at improving ToM skills in NT1 patients 
and subsequently enhancing their social competencies.29,57

Moving the research in this direction would have important 
implications for improving the quality of life of NT1 pa
tients, given that their impairments in social functioning 
could impact, in a broader sense, their psychological 
well-being.
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