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Abstract 

Objectives To describe Niemann‑Pick type C (NP‑C) behavioral symptoms (focusing on psychotic symptoms) and its 
relation to frontal lobe functioning.

Methods We retrospectively reviewed medical charts of NP‑C‑patients followed in the Lysosomal Diseases reference 
center in Paris Pitié‑Salpêtrière. We collected demographic data, psychiatric clinical manifestations, psychometric 
scales, and extended neuropsychological data including executive and behavioral frontal lobe functions evaluations.

Results Nineteen patients were included in the study with ten of them having experienced at least one acute psy‑
chotic episode, being inaugural for six of them. Most of the patients suffered from behavioral (15/17) and cognitive 
disorders (18/19) (including executive dysfunction (11/12), apathy (13/17), impaired social cognition (11/13) and ste‑
reotyped behaviors (5/10). For five patients, quality of life was significantly impaired by these abnormal behaviors. 
Concerning frontal neuropsychological evaluation, Facial emotion recognition was by far the most performed neu‑
ropsychological test (n = 8) and the score was always abnormal. It is noteworthy that psychotic symptoms were often 
drug resistant (8/9) and that Miglustat was associated with a better control of psychotic symptoms.

Conclusions We report a high frequency of psychiatric symptoms in NP‑C encompassing acute psychotic manifesta‑
tions, often presenting early in the course of the disease with atypical features. We also report disabling behavioral 
manifestations related to frontal dysfunction.
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Introduction
Niemann-Pick type C (NP-C) is a lysosomal storage 
disorder (LSD) resulting from bi-allelic mutations in 
NP-C1 or NP-C2 gene, with clinical manifestations that 
may begin from perinatal to adult life [27]. NP-C1 and 
NP-C2 genes code for NP-C1 and NP-C2 proteins, local-
ized respectively in the lysosome membrane and lumen, 
functioning together for cholesterol export from the lyso-
some, and leading when altered to subsequent cholesterol 
lysosomal accumulation, but also ganglioside secondary 
lysosomal accumulation especially in the nervous sys-
tem. NP-C1 is involved in 95% of patients, whereas NP-
C2 is involved in 5%, with reported more severe disease 
and exceptional adult onset forms. The prognosis of the 
disease, apart from the potentially fatal visceral neonatal 
form, is clearly related to the age of neurological onset, 
that defines the different forms of NP-C (ie early infan-
tile, late infantile, juvenile, or adolescent/adult). Children 
with NP-C, especially younger patients, may experience 
a very severe neurological disease with a psychomotor 
regression leading to death after a few years, associated 
with overt systemic disease (splenomegaly, hepatomeg-
aly, sometimes lung disease), whereas adults have a more 
protracted course with survival possible along sev-
eral decades. In addition to prognosis, clinical picture 
is clearly different in adults: NP-C mainly presents as a 
neuropsychiatric degenerative disease, that associates 
motor (cerebellar ataxia, dystonia, myoclonus), cogni-
tive and psychiatric manifestations with no or little sys-
temic involvement [26]. Blood diagnostic biomarkers are 
now currently used for NP-C screening, with high sen-
sitivity and specificity [22, 30]. Achieving an early diag-
nosis is crucial since patients can benefit from miglustat 
treatment, a substrate reduction therapy that has shown 
efficacy in stabilizing or slowing the disease progression, 
particularly in adults when neurological disability is not 
yet severe (ie, before the onset of dementia, loss of ambu-
lation, or need of gastrostomy feeding) [26, 29]. However, 
first NP-C manifestations are often non-specific, delaying 
diagnosis and treatment introduction.

Psychiatric manifestations in NP-C disease have been 
reported for more than two decades now, especially in 
the form of acute psychotic episodes, often as the ini-
tial manifestation of the disease [9, 26, 29]. However, as 
diagnosis of NP-C is usually achieved several years later, 
clues about the semiological key points of the first acute 
psychotic episode are scarce. There is nonetheless a need 
to rationally identify those patients who could benefit 
from a blood NP-C screening among the numerous ones 
presenting with an acute psychotic episode of unknown 
origin. Beyond psychosis, behavioral symptoms are less 
often reported, however we observed that these could 
represent a major burden in some NP-C patients, even 

more than motor and cognitive impairment [9]. There-
fore, we aimed to study the specific characteristics of 
behavioral manifestations in NP-C, during the first acute 
psychotic episode and beyond. For this, we report here 
detailed retrospective data from medical charts, includ-
ing semi-structured interviews, psychometric scales and 
neuropsychological evaluations from a single-center 
French cohort of adult patients with NP-C.

Material and methods
Participants
This retrospective study was performed from 2016 to 
2020 in the department of Neurology of Pitié-Salpêtrière 
hospital in Paris, France, hosting the Lysosomal Diseases 
Reference Center and a behavioral neuropsychiatric 
ward.

Patients included were seen in our center between 
2016 and 2020, or were identified in the Lysosomal Dis-
eases Reference Center database as NP-C patients who 
experienced a psychotic episode (30 NP-C patients in 
the database in 2020, all referred to our reference center). 
All included patients had a genetically confirmed NP-C 
disease (two mutations). Data from medical charts were 
reviewed and collected for all patients. This included 
demographical data, key items concerning NP-C disease 
(diagnosis, clinical features, evolution), description of the 
psychiatric manifestations, psychometric scales data and 
neuropsychological evaluation data. Notably, psychiatric 
manifestations were collected from psychiatric reports 
in different French centers involved along the whole psy-
chiatric history of the patients, and from semi-structured 
interviews (patients and/or parents) performed in the 
behavioral neuropsychiatric ward in Pitié-Salpêtrière 
Hospital (during consultations or phone calls). Psycho-
tropic drugs were listed, including all classes of psy-
chotropic medication. Absence of Anti-psychotic (AP) 
efficacy was defined as the persistence of symptoms 
despite more than 2 trials of adequate dose and duration 
of antipsychotic medication with documented adherence. 
Psychotropic drug intolerance was defined by the occur-
rence of well-known side effects related to the specific 
psychotropic medication prescribed to the patient and 
reported in the patient’s medical records.

Statistical analysis
Data analysis was performed using SPSS 26 (IBM). Con-
cerning continuous values: Mean and median values, 
standard deviation, and range were reported using SPSS 
data description function. Concerning categorical values: 
absolute or relative frequencies of categorical variables 
were reported using SPSS data description function.
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Ethical statement
This study was conducted according to French legisla-
tion and authorized by the National Commission on 
Informatics and Liberty (no. 2211991). The patients were 
informed about the utilization of their anonymized data 
in this study.

Results
Nineteen patients with NP-C followed in our center were 
included in the study (see demographic and NP-C related 
data in Table 1), with ten of them having experienced at 
least one acute psychotic episode. Due to missing data, 
we report the ratio of patients in whom a symptom was 
reported out of all the patients for whom the data was 
available. Whereas all patients were considered as adult-
onset NP-C (onset above 10  years-old), we observed 
subtle previous manifestations during childhood before 
onset of overt disease in 10/18 patients, including psy-
chomotor delay in 6/17, learning disorder in 6/17, and 
autistic symptoms in 3/13.

For the ten patients with an acute psychotic episode 
(see Table 2), this was considered as the first neuropsy-
chiatric manifestation of the disease in six of them, 
even though patient 9 also suffered from hearing loss 
in early childhood of unknown origin (and probably 
related to NP-C). Globally, the first acute psychotic epi-
sode occurred at a median age of 20.5  years old (yo) 
(range = 16–30). In 9/10 psychotic patients, NP-C diag-
nosis was made after the first psychotic episode, with 
a median delay of 5  years (range = 0–16  years).  Only 
patient 1 suffered from their first psychotic symptoms 
after NP-C diagnosis, with occurrence of isolated visual 
hallucinations in a sleep disorder context (diagnosed sec-
ondary narcolepsy) that both lasted a few months before 
spontaneous regression without anti-psychotic drug 
use. Delirium was frequently associated (8/10) as well 
as delusions (8/10) which were most frequently complex 
(5/8; defined as a delusion including multiple themes 
concomitantly), persecution-type being systematically 
reported. Auditory hallucinations were frequent (7/10 
including four patients with no verbal hallucinations, 
i.e. hearing non-discriminative noises), as well as visual 
hallucinations (5/9). During the acute psychotic episode, 
behavioral symptoms classically associated with frontal 
dysfunction were frequently observed: emotional hyper-
reactivity (7/10), excessive spending (5/10), impaired 
social cognition (7/7), affective blunting (4/8), disinhi-
bition (7/9), social retreat (8/9), apathy (9/10) and ste-
reotyped behaviors (4/4). 9/10 patients with psychosis 
received several psychotropic drugs (median = 8 differ-
ent molecules, range = 3–13), especially antipsychotic 
agents (median = 4, range = 1–6) as lack of efficacy was 

frequently reported (8/9 patients). One patient suffered 
from antipsychotic intolerance. Along a median follow-
up of 9  years (range = 1–17) after NP-C diagnosis, 5/10 
patients experienced a psychotic episode relapse, includ-
ing all three patients who had never been treated with 
miglustat. Miglustat was associated with better control 
of psychotic symptoms, including decreased of antip-
sychotic agents need (number and/or dosage) in 5/6 
patients (excluding patient 1, see above). To qualitatively 
illustrate semiological specificities and evolution of psy-
chosis in NP-C, we detail the anamnesis of three patients 
with inaugural psychosis (patients 5, 8 and 10; see Box 1) 
(Additional file 1).

Beyond psychosis, most of the patients suffered from 
behavioral (15/17) and cognitive disorders (18/19). The 
only patient without a cognitive complaint (whereas 
not formally tested) was one out of the two without any 
behavioral disorder detected. MMSE [10] mean score 
was 19.75 (SD ± 5.93, 9–28, n = 12), whereas FAB [11] 
mean score was 10.64 (SD ± 4.48, 3–15, n = 11) (see 
Fig. 1). Executive functions (based on frontal lobe func-
tioning) were altered in 11/12 patients tested. Numerous 
frontal abnormal behaviors were observed in our cohort: 
apathy (13/17), impaired social cognition (11/13) and ste-
reotyped behaviors (5/10). For five patients (patients 4, 8, 
12, 15 and 16) quality of life was markedly impaired by 
these abnormal behaviors, being the principal burden of 
the disease, as detailed for patient 15 (see Box 2). As for 
psychometric and neuropsychological tests evaluating 
social cognition underlying frontal behavioral disorders, 
facial emotion recognition test (FER) [14] was by far the 
most frequently performed (n = 8), as FER require mini-
mal cognitive skills. FER scores were abnormal in all of 
tested patients (see Fig. 1).

Discussion
We report a high frequency of psychiatric symptoms in 
NP-C encompassing acute psychotic manifestations, 
presenting often early in the course of the disease with 
atypical features, and disabling behavioral manifestations 
mostly due to frontal dysfunction.

Psychotic disorders are frequent in the general popula-
tion, with a pool incidence of 26.6 per 100,000 person-
years [18]. More interestingly, prevalence of Clinical 
High-Risk for Psychosis (defined by the presence of atten-
uated psychotic symptoms, functional impairment for 
more than a year and an accumulation of numerous risk 
factors for psychosis in a patient) is estimated at 1.7% in 
the general population and 19.2% in clinical samples [32]. 
Psychosis in childhood and in young adults is mostly 
related to paranoid schizophrenia but may sometimes 
be part of an inborn error of metabolism, rare genetic 
diseases that in some cases may have disease-modifying 



Page 4 of 11Morin et al. Orphanet Journal of Rare Diseases          (2023) 18:298 

Table 1 General characteristics and psychiatric manifestations in 19 adult NP‑C patients

Disease characteristics Development

Patient ID Gender Age at first 
manifestations

First 
manifestations

Psychosis Age at 
diagnosis

Age at last 
follow-up

Psychomotor 
delay

Learning 
disorder

Autistic 
symptoms in 
childhood

1 F 10 Ataxia, dysar‑
thria, dysphagia

 + 18 36a  +  − NA

2 F 12 VSGP, ataxia  + 22 34a  +  −  + 

3 M 15 Ataxia  + 23 32  +  − NA

4 M 16 Psychosis, cogni‑
tive

 + 32 38 NA NA  − 

5 M 16 Psychosis, cogni‑
tive

 + 24 40  −  +  + 

6 F 18 Psychosis, cogni‑
tive

 + 33 50a  +  −  − 

7 M 19 Ataxia, dysar‑
thria, dysphagia

 + 23 24  +  +  + 

8 M 20 Psychosis  + 25 33  −  − NA

9 F 25 Psychosis, ataxia, 
cognitive

 + 27 36  −  −  − 

10 F 30 Pyschosis  + 41 57a  −  − NA

11 F 13 Ataxia  − 22 31  −  +  − 

12 M 16 VSGP, dysarthria, 
cognitive

 − 20 28 NA NA NA

13 M 16 Ataxia, dysarthria  − 23 27  −  −  − 

14 F 16 VSGP  − 28 56a  −  +  − 

15 M 18 Cognitive  − 33 35  −  − NA

16 M 18 Deafness, cogni‑
tive and behav‑
ioural

 − 35 41  −  +  − 

17 M 27 Ataxia, deafness  − 36 44  −  −  − 

18 M 32 Deafness, cogni‑
tive

 − 33 42  +  + b  − 

19 F 50 Deafness  − 65 65  −  −  − 

Means 
or percent‑
age

11 M/8F 20.37 52 (10/19) 29.63 36.86 35 (6/17) 35 (6/17) 23 (3/13)

Thymic symptoms Behavioural symptoms Cognitive 
disorder

Treatment

Depressive 
symptoms

Anxiety 
symptoms

Emotional 
hyper 
reactivity

Excessive 
spending

Impaired 
social 
cognition

Affective 
blunting

Desinhibition Social 
retreat

Apathy Stereotypies Miglustat 
(Mgst)

 − NA  +  −  +  +  −  +  + NA  +  + c

 +  +  +  +  +  +  +  −  − NA  +  + 

 +  +  +  − NA  −  +  +  + NA  +  + 

 +  +  +  + NA NA  +  +  + NA  +  + 

 − NA  −  −  +  −  +  +  +  +  +  − 

 − NA  + NA NA NA NA NA  + NA  +  − 

 +  +  +  +  +  +  −  +  +  +  +  + 

 −  −  −  +  +  +  +  +  +  +  +  + 

 − NA  −  +  +  −  +  +  +  +  +  + 

 + NA  +  −  +  −  +  +  + NA  +  − 

 −  −  −  −  +  +  +  +  +  −  +  + 

NA NA NA NA NA NA NA NA NA NA  +  + 

 −  −  +  −  +  +  −  −  −  −  +  + 

 −  −  − NA  −  −  −  −  −  −  +  + d
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therapies, such as in NP-C [6–8, 13, 15],Psychotic symp-
toms in NP-C patients has been reported in up to 55% of 
patients [23]. Thus, diagnosing NP-C disease in patients 
presenting with an acute psychotic episode is critical but 
challenging for psychiatrists.

This series of NP-C patients aimed to reveal some 
atypical clinical features that should lead to blood bio-
marker screening for NP-C disease in patients with an 
acute psychotic episode: i) history of psychomotor delay 
and/or autistic symptoms before the onset of psychosis; 
ii) associated neurological symptoms (including delirium, 
cognitive symptoms and frontal behavioral symptoms); 
iii) complex delusion, defined as a delusion including 
multiple themes concomitantly; iv) exclusive visual hal-
lucinations and v) antipsychotic lack of efficiency and/or 
intolerance.

Concerning childhood reported manifestations, there 
is growing evidence of an overlap between autistic spec-
trum disorder and schizophrenia [4, 19, 34], and indi-
viduals at ultra-high risk for psychosis may present 
mild psychiatric or neurological symptoms during the 
prodromal phase such as thoughts, language, percep-
tion and motor disturbances, disorders of emotion and 
affect or impaired social ability [1, 2, 33]. Nevertheless, 
these prodromal neurodevelopmental symptoms remain 
relatively mild and do not impair psychomotor develop-
ment until late teenage years and young adulthood in 
patients with classical paranoid schizophrenia, which is 
not the case in NP-C patients with psychosis. In addition, 
schizophrenic patients may present with neurological 
soft signs, ie subtle deficits in sensory integration, motor 
coordination, and sequencing of complex motor acts 
altered. NP-C patients also suffer from motor manifes-
tations, mainly cerebellar ataxia and dystonia (that may 
be thought to be of iatrogenic origin), which are more 

prominent and disabling than the so-called neurologi-
cal “soft signs”. A characteristic manifestation of NP-C is 
Vertical supranuclear gaze palsy (VSGP), that was pre-
sent in all NP-C patients in this series. Unfortunately, this 
data was almost never available at first presentation, but 
as VSGP is described as an early manifestation of NP-C 
often without complaint, we consider that VSGP should 
be specifically looked for in evaluating psychotic patients, 
especially when atypical signs are described.

Considering the nature of the psychotic symptoms, 
although delusions (especially persecutory) are a hall-
mark of schizophrenia and one of the main diagnostic 
criteria for the disorder [3, 21], complex delusions are 
rather rare. Nonetheless, it was a frequent clinical feature 
reported in our patients. Exclusive visual hallucinations 
are classically highly suggestive of an associated organic 
disease, since visual hallucinations in schizophrenia are 
mostly complex and co-occur with auditory hallucina-
tions [35]. Interestingly, patients did not report being 
aware of the hallucination process, similarly to schizo-
phrenic patients.

Furthermore, almost all of our patients reported treat-
ment resistance (antipsychotic lack of efficiency) and/or 
treatment intolerance referred an atypical clinical feature 
in NP-C, but only in retrospective studies [31].

Little is known about the underlying mechanisms 
involved in such resistance. One hypothesis may be that 
the defect in transporting cholesterol and other fatty sub-
stances (lipids) inside of cells as seen in NP-C (leading 
to an abnormal accumulation of cholesterol) may play a 
role in AP efficacy. Some recent studies have raised that a 
change in polyinsaturated fatty acid levels may be associ-
ated with diminished AP treatment response in chronic 
psychosis [20]. Such association may explain why NP-C 
patients commonly report AP resistance.

Table 1 (continued)

Thymic symptoms Behavioural symptoms Cognitive 
disorder

Treatment

Depressive 
symptoms

Anxiety 
symptoms

Emotional 
hyper 
reactivity

Excessive 
spending

Impaired 
social 
cognition

Affective 
blunting

Desinhibition Social 
retreat

Apathy Stereotypies Miglustat 
(Mgst)

 −  −  −  + NA  + NA  +  + NA  +  + 

 +  +  + NA  +  +  −  +  +  −  +  + 

 − NA NA NA NA NA NA NA NA NA  +  + 

 −  − NA NA  +  +  +  +  +  +  +  + 

 −  −  −  −  −  −  −  −  −  −  −  + 

33 (6/18) 42 (5/12) 56 (9/16) 46 (6/13) 84 (11/13) 84 (1/13) 60 (9/15) 75 
(12/16)

76 (13/17) 50 (5/10) 95 (18/19) 84 (16/19)

a deceased patients
b intellectual disability
c 4 years after diagnosis
d 9 years after diagnosis
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In our NP-C patients, cognitive disorder was common 
(18/19) and in eight patients, extensive neuropsychologi-
cal evaluation was performed, where at least one abnor-
mal cognitive test pointing out frontal dysfunction was 
present in all eight patients. Although this has already 

been described by Heitz et al. [17], we present additional 
data regarding behavioral manifestations, that were pre-
sent in 15/17 patients. Interestingly, the main processes 
involved specifically in social cognition (facial emo-
tion recognition and Theory of Mind) were altered in all 

Box 1 Detailed history of three NP‑C patients who suffered from psychotic episodes

Patient 5 A 25‑year‑old man was referred to our Neurology Unit presenting with a 9‑year treatment‑resistant schizophrenia, and experiencing 
recent gait disturbances. He was a single child. His parents reported a speech delay and learning difficulties in his childhood. He dropped 
out of school at the age of 15. He was described as introverted, usually playing alone, with restricted interests (with very specialized knowl‑
edge in insects and horses). At the age of 16, the patient showed behavioral changes. He described that “cyber‑devils” were spying on him, 
which led him to jump out of a window from the first floor in order to escape them. He started to behave strangely, getting out of a super‑
market with a shopping cart full of food he did not pay for, or suddenly getting naked in front of his parents at home without being able 
to explain his behavior. He also presented with social isolation, apathy, and anosognosia. The patient was hospitalized in a Psychiatric Unit, 
with a diagnosis of acute psychotic episode. He was treated with Risperidone 2 mg od, with partial efficacy. To be noted, his psychiatrist 
already reported a comorbid space and time disorientation and reversible acute faecal incontinence at this time. A second acute psychotic 
episode occurred at the age of 19, with similar psychotic symptoms, along with irritability, fluctuating space and time disorientation, hyper‑
phagia, emotional blunting and discrete gait disturbances. A diagnosis of schizophrenia was eventually made. Various psychotropic drugs 
were prescribed (among which amisulpride, valproic acid, paroxetine, fluoxetine), alone or in association, without efficacy but with sig‑
nificant side effects such as extrapyramidal syndrome, dyskinesia and akathisia. It led to a switch for clozapine 200 mg od, with partial 
efficacy. A significant change in his behavior convinced his psychiatrist to refer him to a neurologist. He experienced stereotyped behaviors, 
endlessly repeating daily rituals (hairdressing, taking a shower several times a day, singing songs for hours for no reason, with uncontrollable 
laughter) and stereotyped speech (saying “that’s it” at the end of each sentence). His neurologist confirmed the presence of an associated 
cerebellar ataxia, with global slowness of movement, vertical supranuclear palsy, developmental delay and a more recent cognitive frontal 
syndrome. A diagnosis of Niemann‑Pick type C disorder associated with autism spectrum disorder with psychotic features was eventually 
made with positive NP‑C biomarkers (oxysterols) and genetic sequencing

Patient 8 A 25‑year‑old man was referred to our Neurology outpatient Clinics for exploration of a gait disturbance with cerebellar ataxia, dysarthria, 
dysphagia and behavioral changes. The patient reported a first psychotic episode at the age of 22, associated with a chronic history of can‑
nabis abuse, leading to an admission in psychiatric wards. At this period of time, he expressed a polythematic delusion (with persecution, 
megalomania, mysticism, shouting “I am not a fundamentalist!” and autobiographic misconceptions “I am Bryan’s father, a sick son who 
was born premature”), auditory hallucinations, along with anosognosia. He was agitated, with disinhibition (dealing drugs in the hospital), 
apathy, impairment in social cognition, affective blunting, sleep disturbances and social retreat. Neurological symptoms were already 
identified, with cognitive impairment, dysarthria, dysphagia, gait disturbance and oculomotor dysfunction. He was first treated with vari‑
ous antipsychotics without clinical improvement until Clozapine 200 mg once daily (od) was introduced, allowing the patient to clinically 
improve. Her sister was diagnosed with paranoid schizophrenia. A diagnosis of Niemann‑Pick type C disorder associated with a frontal lobe 
syndrome was eventually made after complementary investigations. Miglustat was introduced shortly after (200 mg three times per day), 
reducing drastically the course of the disease. The patient maintained a good level of autonomy through the years, with mild residual symp‑
toms such as a dysexecutive syndrome, gait disturbance and impulsivity. He could walk without help. The patient discontinued the miglus‑
tat treatment after 3 years for a period of five months, leading to a worsening of the neurologic and psychiatric symptoms (acute psychotic 
relapse, severe dysphagia). A clinical improvement was reported after having reintroduced the Miglustat and Clozapine. After two years 
of psychotic remission, Clozapine was discontinued by his psychiatrist, due to a severe apathetic syndrome. Clinical remission was obtained 
for three more years, until an acute psychotic relapse was diagnosed, in a context of cannabis use. The patient described a persecutory 
delusion towards his parents, accusing them of stealing money from him, showing an aggressive behavior and elated mood. The patient 
was hospitalised and successfully treated with Risperidone 4 mg od and Quetiapine 200 mg od. Until now, the patient has been treated 
with Miglustat and antipsychotic medication

Patient 10 A 41‑year‑old woman was referred to our Neurology Unit with a 10‑year treatment‑resistant schizophrenia associated with recently 
screened cognitive impairment. She did not report any psychiatric episode until the age of 30. She was working in a supermarket, and lived 
with her husband and two children. Her sister was described as physically disabled since the age of 10
The patient experienced her first acute psychotic episode at the age of 30. At first, she reported insomnia, fatigue and loss of appetite 
leading to weight loss, for several days after having been a victim of a robbery at work. Then, the patient experienced behavioral changes. 
She became apathetic, crying every day. She told her husband that one of her colleagues was jealous of her, insulting her at work. She 
also believed her husband had poisoned their son, which led her to make her son vomit. She was convinced that her neighbors wanted 
to kill her and her family. Along with these delusions of persecution, she felt guilty at work. She feared being blamed for her incompetence 
at work, incompetence which was not confirmed by her staff. She did not criticize these ideas. She was first treated with haloperidol 10 mg 
od and cyamemazine 50 mg twice daily when admitted to the Psychiatric Unit
During the next years, the patient was hospitalized 8 times, after having re‑experienced psychotic symptoms of persecution associated 
with auditory hallucinations. A diagnosis of schizoaffective disorder was made. Various psychotropic drugs were prescribed (among which 
Amisulpride, Chlorpromazine, Valproic Acid, Fluoxetine, Clomipramine), alone or in association, without efficacy for more than two months. 
At the age of 40, the patient discontinued her treatment, leading to a relapse of an acute psychotic episode. She was first treated with Olan‑
zapine 10 mg od. This treatment led to numerous side effects, including somnolence and acute delirium. A switch for Risperidone 1 mg 
od was eventually decided. At this time, one of the psychiatrists screened the patient for cognitive impairment. It revealed a dysexecutive 
and attentional syndrome, along with apraxia. A Brain Magnetic Resonance Imaging (MRI) was performed, revealing a right frontal lobe 
atrophy. She was then referred to a neurologist, who found a cerebellar ataxia and a vertical supranuclear palsy. The cognitive impairment 
was confirmed by the neuropsychological assessment. A diagnosis of Niemann Pick type C disease with psychotic features was eventually 
made after a positive filipin test on a cutaneous biopsy and genetic sequencing
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patients who underwent the tests. Considered together, 
one may argue that frontal lobe dysfunction may par-
ticipate in the development of behavioral symptoms in 
addition to cognitive impairment in NP-C patients, since 
social cognition impairment is related to orbitofrontal 
dysfunction [16, 28]. Moreover, cognitive impairment 
may contribute to the occurrence of psychotic symp-
toms, through the combination of two cognitive bias: the 
“jumping to conclusions” bias (tendency to make rushed 
and premature decisions on the basis of little evidence) 
and the “evidence integration” bias (impaired integration 
of disambiguating evidence) [24].

Cognitive/behavioral impairment in NP-C may be 
due to disruption in brain development, neurodegen-
eration, or a combination of both. Neurodevelopmental 
disorders are often associated with psychiatric features 
(psychotic and/or autistic symptoms) and have a major 
impact on cognition as the frontal lobe is developing 
until adulthood. Social cognition impairment is com-
mon to psychosis and autistic spectrum disorder [16, 
28]. Neurodegeneration with specific involvement of 

fronto-striatal circuits may also contribute to frontal 
lobe-predominant cognitive/behavioral impairment in 
NP-C patients, as some clinical characteristics (motor 
manifestations, executive dysfunction, apathy) may 
resemble Frontotemporal Dementia (FTD) [5, 12, 25, 
36]. No correlation can be made in our study in terms 
of the specific brain area involved, but further studies 
may help correlate MRI abnormalities and psychomet-
ric tests.

Miglustat has a positive impact on global cognition 
[17], and thus could be of great impact on frontal lobe 
dysfunction and its underlying behavioral disorders, at 
least to avoid progressive worsening. We did not have 
access to longitudinal specific psychometric scales 
to observe evolution of behavioral disorders. On the 
other hand, only 2/7 patients had a psychotic relapse 
under Miglustat treatment, and one of them (patient 
8) occurred after rapid reduction of anti-psychotics 
and cannabis use. Therefore, miglustat seemed to pre-
vent psychotic relapse, and this may could be partly 
explained by its effect on cognition.

Fig. 1 Scores of individuals NP‑C patients for Starkstein auto‑evaluation scales, FAB (Frontal Assessment Battery), FER (Facial Emotion Recognition), 
and MMSE (Mini Mental State Examination), displayed as box plots indicating median, interquartile range, and extreme values for each test. The blue 
line indicates the normal value limit (normal below the blue line for Starkstein, above for FAB, above for FER, and above for MMSE)

Box 2 detailed history of one NP‑C patient whose main disability was related to a frontal behavior manifestations

Patient 15 A 33‑year‑old man of Moroccan origin was referred to our Neurology outpatient Clinics for exploration of behavioral changes, along with a 
15 year‑long learning disability and more recent gait disturbances. The patient and his family reported no history of psychiatric/neurologic 
disorder. He was born from consanguineous parents (cousins’ siblings), at term, without jaundice. He started to experience learning dif‑
ficulties (mathematics) at the age of 18, repeating twice his last grade at high school. He could not properly work and stayed at his parents’ 
house. He did not invest his social life. His parents described him as more and more introverted since the age of 28. He started to experi‑
ence gait disturbances at the age of 30. His family reported insidious behavioral changes including apathy (spending the day watching 
TV) and personal neglect. He bought expensive pairs of shoes, mobile phones, without elaborating more about it. He withdrew large 
amounts of cash several times and started to answer to misleading advertising asking for money. The patient acted like he was not aware 
of this behavioral change. Apart from that, the patient did not report any delusion/hallucination, depressive symptoms or anxiety. After 
a neurological assessment, we suspected a cognitive and behavioral complication of a frontal lobe syndrome, along with learning disability, 
cerebellar ataxia and vertical supranuclear palsy. A brain Magnetic Resonance Imaging revealed a bifrontal atrophy. Neuropsychologi‑
cal assessment confirmed a dysexecutive syndrome and an attention deficit. A diagnosis of Niemann‑Pick type C disorder associated 
with a frontal lobe syndrome was eventually made with positive NP‑C biomarkers (oxysterols) and genetic sequencing
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Conclusion
Psychiatric symptoms in NP-C disease are common and 
can frequently appear in the form of an acute psychotic 
episode. Associated atypical signs, such as a history of 
psychomotor delay and/or autistic symptoms before 
the onset of psychosis, complex delusions, isolated 
visual hallucinations, treatment resistance or intoler-
ance, and/or neurological symptoms may prompt NP-C 
screening to permit the early initiation of appropri-
ate treatment, and may protentially prevent psychotic 
relapses. Behavioral manifestations in the form of a 
frontal syndrome may have a higher burden on qual-
ity of life that classically described motor and cognitive 
symptoms in NP-C patients.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13023‑ 023‑ 02851‑x.

Additional file 1. Table S1: exhaustive clinical and paraclinical data of the 
19 included NP‑C patients.

Additional file 2. Table S2: psychotropic treatments include also 
antidepressant, anxiolytics, and mood stabilizers of the 10 ncluded NP‑C‑
psychosis patients. 

Acknowledgements
Not applicable

Author contributions
Substantial contributions to the conception or design of the work (YN); the 
acquisition, analysis and the interpretation of data for the work (AM, GC, YN, 
AP). Drafting the work (AM, GC) and revising it critically for important intellec‑
tual content (YN, GF). Final approval of the version to be published (YN).

Funding
The authors have not receive any specific grant for this research from any 
funding agency in the public, commercial or not‑for‑profit sectors. Dr Nadjar 
reported grants from Takeda and Orchard therapeutics and has received 
honoraria from Sanofi Genzyme and Orphazyme. No other disclosures were 
reported.

Data availability
The datasets used and/or analysed during the current study are available 
publicly: https:// dispo se. aphp. fr/u/ yAgOk 2OIDq LaCA6V/ c49bb 020‑ 1479‑ 
4e12‑ 9e43‑ 8a218 bd179 02?l

Declarations

Ethics approval and consent to participate
This study was conducted according to French legislation and authorized by 
the National Commission on Informatics and Liberty.

Consent for publication
Patients consented to the use of their data on a national database, in order to 
be published.

Competing interests
The authors declare that they have no competing interests.

Received: 6 March 2023   Accepted: 3 August 2023

References
 1. Anon B. The Neurological Evaluation Scale (NES) Google Scholar. Avail‑

able from: https:// schol ar. google. com/ schol ar_ lookup? journ al= Psych 
iatry+ Res& title= The+ neuro logic al+ evalu ation+ scale+ (NES):+A+ struc 
tured+ instr ument+ for+ the+ asses sment+ of+ neuro logic al+ signs+ 
in+ schiz ophre nia& author= RW+ Bucha nan& author= DW+ Heinr ichs& 
volume= 27& publi cation_ year= 1989& pages= 335‑ 50& pmid= 27108 70&

 2. Anon. Diagnosing Schizophrenia in the Initial Prodromal Phase | Psychia‑
try and Behavioral Health | JAMA Psychiatry | JAMA Network. Available 
from: https:// jaman etwork. com/ journ als/ jamap sychi atry/ artic le‑ abstr act/ 
481713

 3. Association AP et al. DSM 5. American Psychiatric Association. 2013
 4. Barlati S, Deste G, Ariu C, Vita A. Autism spectrum disorder and 

schizophrenia: do they overlap. Int J Emerg Ment Health Hum Resil. 
2016;18:760–3.

 5. Bertoux M, Volle E, Funkiewiez A, de Souza LC, Leclercq D, Dubois B. Social 
cognition and emotional assessment (SEA) is a marker of medial and 
orbital frontal functions: a voxel‑based morphometry study in behavioral 
variant of frontotemporal degeneration. J Int Neuropsychol Soc JINS. 
2012;18:972–85.

 6. Bonnot O, Cohen D. Troubles psychiatriques et cognitifs associées aux 
maladies neurométaboliques. Rev Neurol (Paris). 2011;167:881–5.

 7. Bonnot O, Herrera PM, Tordjman S, Walterfang M. Secondary psychosis 
induced by metabolic disorders. Front Neurosci. 2015;9:177.

 8. Bonnot O, Klünemann H, Sedel F, Tordjman S, Cohen D, Walterfang M. 
Diagnostic and treatment implications of psychosis secondary to treat‑
able metabolic disorders in adults: a systematic review. Orphanet J Rare 
Dis. 2014;9:65.

 9. Bonnot O, Klünemann H‑H, Velten C, Torres Martin JV, Walterfang M. Sys‑
tematic review of psychiatric signs in Niemann‑Pick disease type C. World 
J Biol Psychiatry. 2019;20:320–32.

 10. Cockrell JR, Folstein MF. Mini‑mental state examination (MMSE). Psychop‑
harmacol Bull. 1988;24:689–92.

 11. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal assessment 
battery at bedside. Neurology. 2000;55:1621–6.

 12. Eslinger PJ, Moore P, Antani S, Anderson C, Grossman M. Apathy in fron‑
totemporal dementia: Behavioral and neuroimaging correlates. Behav 
Neurol. 2012;25:127–36.

 13. Fernández‑Eulate G, Carreau C, Benoist J‑F, Lamari F, Rucheton B, Shor N, 
et al. 2022. Diagnostic approach in adult‑onset neurometabolic diseases. 
J. Neurol. Neurosurg. Psychiatry [Internet]. Available from: https:// jnnp. 
bmj. com/ conte nt/ early/ 2022/ 02/ 09/ jnnp‑ 2021‑ 328045

 14. Funkiewiez A, Bertoux M, de Souza LC, Levy R, Dubois B. The SEA (Social 
cognition and Emotional Assessment): a clinical neuropsychological tool 
for early diagnosis of frontal variant of frontotemporal lobar degenera‑
tion. Neuropsychology. 2012;26:81.

 15. Giannitelli M, Consoli A, Raffin M, Jardri R, Levinson DF, Cohen D, et al. An 
overview of medical risk factors for childhood psychosis: implications for 
research and treatment. Schizophr Res. 2018;192:39–49.

 16. Green MF, Horan WP, Lee J. Social cognition in schizophrenia. Nat Rev 
Neurosci. 2015;16:620–31.

 17. Heitz C, Epelbaum S, Nadjar Y. Cognitive impairment profile in adult 
patients with Niemann Pick type C disease. Orphanet J Rare Dis. 2017. 
https:// doi. org/ 10. 1186/ s13023‑ 017‑ 0714‑1.

 18. Jongsma HE, Turner C, Kirkbride JB, Jones PB. International incidence of 
psychotic disorders, 2002–17: a systematic review and meta‑analysis. 
Lancet Public Health. 2019;4:e229–44.

 19. Konstantareas MM, Hewitt T. Autistic disorder and schizophrenia: diag‑
nostic overlaps. J Autism Dev Disord. 2001;31:19–28.

 20. Li N, Yang P, Tang M, Liu Y, Guo W, Lang B, et al. Reduced erythrocyte 
membrane polyunsaturated fatty acid levels indicate diminished treat‑
ment response in patients with multi‑ versus first‑episode schizophrenia. 
Schizophrenia. 2022;8:7.

 21. Maher BA. The relationship between delusions and hallucinations. Curr 
Psychiatry Rep. 2006;8:179–83.

 22. Mandia D, Plaze M, Le Ber I, Ewenczyk C, Morin A, Carle G, et al. High diag‑
nostic value of plasma Niemann‑Pick type C biomarkers in adults with 
selected neurological and/or psychiatric disorders. J Neurol. 2020. https:// 
doi. org/ 10. 1007/ s00415‑ 020‑ 10020‑4.

https://doi.org/10.1186/s13023-023-02851-x
https://doi.org/10.1186/s13023-023-02851-x
https://dispose.aphp.fr/u/yAgOk2OIDqLaCA6V/c49bb020-1479-4e12-9e43-8a218bd17902?l
https://dispose.aphp.fr/u/yAgOk2OIDqLaCA6V/c49bb020-1479-4e12-9e43-8a218bd17902?l
https://scholar.google.com/scholar_lookup?journal=Psychiatry+Res&title=The+neurological+evaluation+scale+(NES):+A+structured+instrument+for+the+assessment+of+neurological+signs+in+schizophrenia&author=RW+Buchanan&author=DW+Heinrichs&volume=27&publication_year=1989&pages=335-50&pmid=2710870
https://scholar.google.com/scholar_lookup?journal=Psychiatry+Res&title=The+neurological+evaluation+scale+(NES):+A+structured+instrument+for+the+assessment+of+neurological+signs+in+schizophrenia&author=RW+Buchanan&author=DW+Heinrichs&volume=27&publication_year=1989&pages=335-50&pmid=2710870
https://scholar.google.com/scholar_lookup?journal=Psychiatry+Res&title=The+neurological+evaluation+scale+(NES):+A+structured+instrument+for+the+assessment+of+neurological+signs+in+schizophrenia&author=RW+Buchanan&author=DW+Heinrichs&volume=27&publication_year=1989&pages=335-50&pmid=2710870
https://scholar.google.com/scholar_lookup?journal=Psychiatry+Res&title=The+neurological+evaluation+scale+(NES):+A+structured+instrument+for+the+assessment+of+neurological+signs+in+schizophrenia&author=RW+Buchanan&author=DW+Heinrichs&volume=27&publication_year=1989&pages=335-50&pmid=2710870
https://scholar.google.com/scholar_lookup?journal=Psychiatry+Res&title=The+neurological+evaluation+scale+(NES):+A+structured+instrument+for+the+assessment+of+neurological+signs+in+schizophrenia&author=RW+Buchanan&author=DW+Heinrichs&volume=27&publication_year=1989&pages=335-50&pmid=2710870
https://jamanetwork.com/journals/jamapsychiatry/article-abstract/481713
https://jamanetwork.com/journals/jamapsychiatry/article-abstract/481713
https://jnnp.bmj.com/content/early/2022/02/09/jnnp-2021-328045
https://jnnp.bmj.com/content/early/2022/02/09/jnnp-2021-328045
https://doi.org/10.1186/s13023-017-0714-1
https://doi.org/10.1007/s00415-020-10020-4
https://doi.org/10.1007/s00415-020-10020-4


Page 11 of 11Morin et al. Orphanet Journal of Rare Diseases          (2023) 18:298  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 23. Maubert A, Hanon C, Metton JP. Niemann‑Pick type C disease and psy‑
chosis: two siblings. L’Encephale. 2015;41:238–43.

 24. McLean BF, Mattiske JK, Balzan RP. Association of the jumping to conclu‑
sions and evidence integration biases with delusions in psychosis: a 
detailed meta‑analysis. Schizophr Bull. 2017;43:344–54.

 25. Migliaccio R, Tanguy D, Bouzigues A, Sezer I, Dubois B, Le Ber I, et al. 
Cognitive and behavioural inhibition deficits in neurodegenerative 
dementias. Cortex. 2020;131:265–83.

 26. Nadjar Y, Hütter‑Moncada AL, Latour P, Ayrignac X, Kaphan E, Tranchant 
C, et al. Adult Niemann‑Pick disease type C in France: clinical pheno‑
types and long‑term miglustat treatment effect. Orphanet J Rare Dis. 
2018;13:175.

 27. Nadjar Y, Vanier MT. Niemann‑Pick disease type C. In: Burlina AP, edi‑
tor. Neurometabolic hereditary diseases of adults. Cham: Springer 
International Publishing; 2018. p. 121–46. https:// doi. org/ 10. 1007/ 
978‑3‑ 319‑ 76148‑0_6.

 28. Penn DL, Sanna LJ, Roberts DL. Social cognition in schizophrenia: an 
overview. Schizophr Bull. 2008;34:408–11.

 29. Pineda M, Walterfang M, Patterson MC. Miglustat in Niemann‑Pick disease 
type C patients: a review. Orphanet J Rare Dis. 2018;13:140.

 30. Piraud M, Pettazzoni M, Lavoie P, Ruet S, Pagan C, Cheillan D, et al. 
Contribution of tandem mass spectrometry to the diagnosis of lysosomal 
storage disorders. J Inherit Metab Dis. 2018;41:457–77.

 31. Rego T, Farrand S, Goh AMY, Eratne D, Kelso W, Mangelsdorf S, et al. 
Psychiatric and cognitive symptoms associated with Niemann‑Pick type 
C disease: neurobiology and management. CNS Drugs. 2019;33:125–42.

 32. Salazar de Pablo G, Woods SW, Drymonitou G, de Diego H, Fusar‑Poli P. 
Prevalence of Individuals at clinical high‑risk of psychosis in the general 
population and clinical samples: systematic review and meta‑analysis. 
Brain Sci. 2021;11:1544.

 33. Schröder J, Niethammer R, Geider F‑J, Reitz C, Binkert M, Jauss M, et al. 
Neurological soft signs in schizophrenia. Schizophr Res. 1991;6:25–30.

 34. Stone WS, Iguchi L. Do apparent overlaps between schizophrenia and 
autistic spectrum disorders reflect superficial similarities or etiological 
commonalities? N Am J Med Sci. 2011;4:124–33.

 35. Waters F, Collerton D, Ffytche DH, Jardri R, Pins D, Dudley R, et al. Visual 
hallucinations in the psychosis spectrum and comparative informa‑
tion from neurodegenerative disorders and eye disease. Schizophr Bull. 
2014;40(Suppl 4):S233‑245.

 36. Zamboni G, Huey ED, Krueger F, Nichelli PF, Grafman J. Apathy and disin‑
hibition in frontotemporal dementia: Insights into their neural correlates. 
Neurology. 2008;71:736–42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/978-3-319-76148-0_6
https://doi.org/10.1007/978-3-319-76148-0_6

	Psychiatric burden in a cohort of adults with Niemann Pick type C disease: from psychotic symptoms to frontal lobe behavioral disorders
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Participants
	Statistical analysis
	Ethical statement

	Results
	Discussion
	Conclusion
	Anchor 15
	Acknowledgements
	References


