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Abstract

Background Functional Motor Disorders (FMDs) represent a diagnostic and therapeutic challenge in pediatric neurology,
particularly among adolescents. Their clinical presentation is common but often nonspecific, leading to frequent misdiag-
noses and diagnostic delays. We aimed to characterize FMDs in adolescents and to examine the frequency of isolated and
combined phenotypes and their associations with demographic and clinical variables.

Methods In this observational study, data were obtained from the Italian Registry of FMDs, including patients with a clini-
cally definite diagnosis of FMD consecutively enrolled at 25 Italian tertiary movement disorders centers.

Results Among 847 patients, 93 (10.9%) had adolescent-onset FMDs. Motor phenotypes did not differ significantly between
adolescent- and adult-onset FMDs, with the exception of parkinsonism, which was observed only in the latter. Compared
with adult-onset FMDs, adolescent-onset FMDs were associated with a longer disease duration, a higher number of medical
consultations before diagnosis, and a higher frequency of functional seizures and infections, but with lower rates of insom-
nia, fatigue, and antipsychotic use. In multivariable analysis, adolescent-onset FMDs remained independently associated
with a greater number of medical consultations (adjusted OR 1.07; 95% CI 1.02—-1.13), the presence of functional seizures
(adjusted OR 2.06; 95% CI 1.09-3.8), and with lower occurrence of insomnia (adjusted OR 0.49; 95% CI 0.27-0.92) and
fatigue (adjusted OR 0.51; 95% CI 0.30-0.86). Pain was more likely to be associated with the combined FMDs phenotype.
Conclusions Adolescent-onset FMDs are common and are associated with several non-motor symptoms in tertiary movement
disorders centers. Early and accurate diagnosis may help to reduce unnecessary investigations and inappropriate treatments.

Keywords Functional neurological disorders - Functional motor disorders - Diagnosis - Adolescents

Introduction

Functional Motor Disorders (FMDs) represent a significant
diagnostic and therapeutic challenge in pediatric neurology,
particularly among adolescents. These disorders are charac-
terized by the presence of motor symptoms (e.g. weakness,
Christian Geroin and Tommaso Ercoli have equally contributed to tremor, dystonia, gait disturbances) and may be accompa-
this work. nied by other functional neurological disorders (FND) such
as sensory impairments (e.g. vision, auditory dysfunction)
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and functional seizures [1]. Their clinical presentation is
common but often similar to other neurological or psychiat-
ric diseases, therefore, leading to frequent misdiagnoses [2]
and diagnostic delays, which can extend up to 3.5 years in
patients with functional seizures [3].

Estimates of pediatric FMDs prevalence vary widely
(2.8%—23.1%). Although most studies report a female pre-
dominance [1, 4-7], others have described a higher propor-
tion of boys, with rates up to 63.6% [1, 8-10], highlight-
ing the marked heterogeneity of pediatric samples and
diagnostic approaches. For example, different diagnostic
criteria have been applied—including “conversion/psy-
chogenic movement disorder” [4, 10—15] or 'probable,’ or
"‘possible' FMDs [5-7, 10, 13, 15]- often without evaluation
by a movement disorder neurologist or pediatric neurolo-
gist [1]. The studied populations included pediatric patients
aged 3 to 21 years old [4-6, 9-12, 14-16], although the
FMDs diagnosis at early developmental stages is particularly
challenging due to the complex interplay of developmen-
tal, psychological, and social factors [17, 18]. In addition,
data have been collected in different clinical settings such as
pediatric emergency departments [14, 16], general pediatric
hospitals [5, 10, 11] and/or movement disorders clinics [4, 6,
13]. and the design of the study was often retrospective [4,
6, 7, 11-13] frequently involving small sample sizes. [4-6,
10, 12, 13, 15]. Finally, symptoms such as pain and fatigue,
though often reported by patients, were not systematically
documented.

Therefore, the characterization of FMDs/FNDs in the
pediatric population remains incomplete, especially when
patients are evaluated outside specialized movement disor-
der centers. Marked heterogeneity in study designs, diag-
nostic criteria, and clinical settings—together with evolving
and multifaceted presentation of symptoms during adoles-
cence—continues to complicate the distinction between
FMDs and other neurological or neuropsychiatric conditions
[2, 19-21]. This diagnostic uncertainty likely contributes to
delays in recognition and treatment, with potentially nega-
tive consequences for clinical outcomes and long-term dis-
ability [2].

However, no large multicenter study using a definite
FMDs diagnosis has systematically characterized adoles-
cent-onset cases, compared adolescents with adult-onset
patients, or examined the clinical correlates of isolated
versus combined motor phenotypes in this age group. To
address these gaps, the present study characterizes adoles-
cent-onset FMDs using the WHO definition of adolescence
and a definite diagnosis established by movement disorder
specialists. We further examine the frequency of isolated
and combined motor phenotypes and evaluate their associa-
tions with demographic and clinical variables, co-occurring
FNDs, and neurological or psychiatric comorbidities.

@ Springer

Methods
Study design

In this observational cross-sectional study, data were
extracted from the Italian Registry of Functional Motor
Disorders (IRFMDs), managed by the Department of Neu-
rosciences, Biomedicine and Movement Sciences, Univer-
sity of Verona, and by the Italian Academy for the Study
of Parkinson’s Disease and Other Movement Disorders
(Accademia LIMPE DISMOV RADAC project) and Fon-
dazione LIMPE. Full methods of the IRFMDs are reported
elsewhere [22].

Subjects

Consecutive outpatients with FMDs were recruited from
25 tertiary movement disorders centers. Inclusion criteria
were as follows: age at FMDs > = 10 years; a clini-
cally definite diagnosis of FMD based on Gupta and Lang
criteria, with the presence of positive signs and distract-
ibility maneuvers [23]; and the presence of one or more
FMDs phenotype including tremor, dystonia, weakness,
gait disorders, jerks, facial motor disorders, and Parkin-
sonism. Exclusion criteria included any cognitive or physi-
cal impairment that precluded the ability to provide an
informed consent.

At each participating center, a neurologist expert in move-
ment disorders assessed patients in a single session, confirmed
the diagnosis of FMDs, and conducted a structured interview
including several demographical and clinical variables. [] [22]
Demographic data included age and gender, while clinical
variables comprised age at FMDs onset and disease dura-
tion, the number of medical consultations before the definite
diagnosis of FMDs, FMDs phenotypes, such as weakness,
dystonia, jerks, tremor, facial disorders and tics, and gait
disorders. We recorded the presence of FMD phenotype as
well as patients’ self-reported nonmotor symptoms, includ-
ing pain, headache, insomnia (defined as patient-reported
difficulty falling asleep, maintaining sleep, or experiencing
non-restorative sleep, in line with commonly accepted clinical
definitions) [24], panic attacks, depersonalization/derealiza-
tion, anxiety, and fatigue). Additional information included
the presence of other FNDs, such as functional seizures, sen-
sory and visual functional symptoms, as reported during the
structured clinical interview. The assessment also included
assessment for psychiatric and neurological comorbidities;
predisposing and precipitating factors (e.g. physical and psy-
chological trauma); family history of neurological disease;
the presence of friends affected by neurological diseases; and
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therapeutic interventions (e.g. medications, physiotherapy and
other modalities of intervention).

We defined adolescence as the age range between 10
and 19 years, according to the World Health Organiza-
tion (WHO) definition [25], and stratified the total sample
into two groups: the adolescent-onset FMDs group (age at
onset > 10 and < 20 years) and the adult-onset FMDs group
(age at onset > 20 years). Age at FMDs onset was considered
as the year of the first clinical manifestation of FMDs, as
reported by the patients during the interview. Patients were
stratified according to age at FMD onset, regardless of their
age at the time of evaluation. To explore potential pheno-
type-related differences in clinical and demographic char-
acteristics, we further stratified the adolescent-onset FMDs
population into two groups: patients with a single FMD
phenotype (isolated FMD) and those with multiple FMDs
phenotypes (combined FMDs; e.g., dystonia plus tremor).
Within the adolescent-onset FMDs subgroup, we also com-
pared the distribution of motor phenotypes and the presence
of functional seizures. The study was approved by the local
ethics committee of the coordinator center (University of
Verona, Azienda Ospedaliera Universitaria Integrata Verona,
Prog. 1757CESC) and confirmed by the ethical committees
of each participating center. All patients (or their guardians)
were informed about the nature of the study and gave their
written consent (consent for research). Patients were free to
withdraw from the registry at any time.

Statistical analysis

Data are expressed as mean + standard deviation (SD) and
range for continuous variables, counts, and percentages for
categorical variables. For group comparisons, we employed
an unpaired t-test for continuous variables and the chi-square
test or Fisher’s test (in case of expected frequencies < 5) for
categorical variables. In the adolescent-onset FMDs sub-
group, we compared the various motor phenotypes and the
presence of functional seizures using the chi-square test or
Fisher’s test. Logistic regression models were created to esti-
mate the unadjusted and adjusted odds ratio (OR 95% con-
fidence interval [CI]) of adolescent-onset FMDs (depend-
ent variable) in relation to sociodemographic and clinical
characteristics (independent variables). In the adolescent-
onset FMDs subgroup, we ran a logistic regression model
to estimate the unadjusted and adjusted odds ratio (OR 95%
confidence interval [CI]) for combined FMDs (dependent
variable) in relation to sociodemographic and clinical char-
acteristics (independent variables). Independent variables
were chosen according to exploratory analysis results, clini-
cal relevance, and sample size. For all comparisons, p-values
less than 0.05 were statistically significant. Statistical analy-
ses were performed using SPSS statistical software (version
25; IBM-SPSS, Armonk, NY, USA).

Results

Clinical characteristics of the adolescent-onset
FMDs group

From a total of 847 patients with FMDs, 93 (10.9%)
were included in the adolescent-onset FMDs group.
Of these patients, 80.6% were female, with a mean age
of 24.2+11.3 years and a mean age at FMDs onset of
15.8 £2.6 years (Table 1). The most frequent phenotype
was weakness (52.7%), followed by tremor (41.9%), dys-
tonia (30.1%), and jerks (18.3%). In the adolescent-onset
FMDs group, 50 patients (53.7%) presented with a combined
phenomenology. As already noted, more than half of the
patients in this group (n=49, 52.7%) had weakness. Among
these, weakness was isolated in 15/49 (30.6%) patients and
combined with other phenotypes in 34/49 (69.4%). Over-
all, the distribution of weakness in adolescents-onset FMD
was as follows: 44/49 (89.7%) had lower limb involvement,
19/49 (38.7%) had upper limb involvement, and 2/49 (4.1%)
reported truncal weakness.

Demographic and clinical features
of the adolescent-onset and adult-onset FMDs
groups

When compared with the adult-onset FMDs group, the
adolescent-onset FMDs group showed a longer FMDs dura-
tion (p <0.001) and a higher number of medical consulta-
tions before receiving a diagnosis of FMDs (adolescents-
onset FMD: range 1-30; adults: range 1-32) (p=0.026),
but a lower frequency of insomnia (p =0.009), fatigue
(p=0.046), and antipsychotic drug use (p =0.046). We did
not find significant differences between the two groups in
terms of FMDs phenotypes, with the exception of Parkin-
sonism (p <0.001), which was more frequent in the adult-
onset FMDs group (Table 1, Fig. 1A). The adolescent-onset
FMDs group also showed a higher frequency of functional
seizures (p=0.014) as well as precipitating factors such as
infections (p =0.022) compared with the adult-onset FMDs
group (Table 1). Among adolescent-onset FMD, no signifi-
cant differences were found between motor phenotypes and
the presence of functional seizures (Fig. 1B). After mutually
adjusting for the variables reported in Table 1, the multi-
variate logistic regression model confirmed the association
between adolescent-onset FMDs and the following variables:
medical consultations before the definite diagnosis of FMDs
(adjusted OR 1.07; 95% CI 1.02-1.13), presence of insomnia
(adjusted OR 0.49; 95% CI 0.27-0.92), fatigue (adjusted OR
0.51; 95% CI 0.30-0.86), and functional seizures (adjusted
OR 2.06; 95% CI 1.09-3.8) (Table 2).
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Table 1 Comparison of
demographic and clinical
features of adolescent-onset
FMDs group and adult-onset
FMDs group

@ Springer

Adolescent- Adult-onset ~ P-value

onset FMDs FMDs (n.

(n.93) 754)
Female sex, n (%) 75 (80.6) 538 (71.4) 0.059
Age, y, mean (SD) 24.2+11.3 48.6+14.5 <0.001
Age at FMDs onset, y, mean (SD) 15.8+2.6 44.4+14.4 <0.001
FMDs duration, y, mean (SD) 84+11.3 42+53 <0.001
Medical consultations before the diagnosis, n, mean (SD) 4.4+59 3.4+34 0.026
FMD isolated phenotype, n (%) 43 (46.2) 344 (45.6) 0.91
FMD phenotype
Tremor, n (%) 39 (41.9) 306 (40.6) 0.8
Weakness, n (%) 49 (52.7) 386 (51.2) 0.79
Dystonia, n (%) 28 (30.1) 186 (24.7) 0.25
Jerks, n (%) 17 (18.3) 86 (11.4) 0.056
Facial motor disorders, n (%) 13 (14.0) 99 (13.1) 0.82
Parkinsonism, 7 (%) 0 42 (5.6) <0.001
Gait disorders, n (%) 27 (29) 271 (35.9) 0.18
Acute FMDs onset phenotype, n (%) 68 (73.9) 544 (72.7) 0.81
FMDs spontaneous remission, 7 (%) 51 (58) 348 (48.5) 0.09
Self-reported non-motor symptoms
Pain, n (%) 44 (47.3) 373 (49.5) 0.69
Migraine/headache, n (%) 31(33.3) 258 (34.2) 0.86
Insomnia, n (%) 18 (19.4) 246 (32.6) 0.009
Panic attack, n (%) 18 (19.4) 126 (16.7) 0.52
Dissociation/depersonalization, n (%) 16 (17.2) 82 (10.9) 0.072
Anxiety, n (%) 39 (41.9) 383 (50.8) 0.107
Fatigue, n (%) 39 (41.9) 399 (52.9) 0.046
Associated other FNDs
Functional seizures, n (%) 20 (21.5) 93 (12.3) 0.014
Visual symptoms, n (%) 11 (11.8) 111 (14.7) 0.45
Cognitive disorders, n (%) 13 (14) 122 (16.2) 0.58
Sensitive symptoms, n (%) 29 (31.2) 234 (31) 0.97
Fibromyalgia, n (%) 7(7.5) 91 (12.1) 0.19
Irritable bowel syndrome, n (%) 2(2.2) 32.(4.2) 0.33
Psychiatric comorbidities
Schizophrenia, n (%) 0 9(1.2) 0.29
Bipolar Disorders, n (%) 1(1.1) 16 (2.1) 0.49
Major Depression, n (%) 10 (10.8) 117 (15.5) 0.22
Anxiety disorders, n (%) 16 (17.2) 183 (24.3) 0.12
Impulse control disorder/obsessive compulsive disorder, n (%) 3 (3.2) 16 (2.1) 0.49
Fugue state, n (%) 3(3.2) 13 (1.7) 0.31
Somatoform disorder, n (%) 8 (8.6) 32 (4.2) 0.06
Eating disorders, n (%) 3(.2) 16 (2.1) 0.49
Sexual dysfunction, n (%) 1(1.1) 8(1.1) 0.99
Gender dysphoria, n (%) 0 1(0.1) 0.73
Personality disorders, n (%) 505.4) 17 (2.3) 0.074
Predisposing factors
Childhood physical trauma, n (%) 10 (10.8) 53 (7) 0.19
Childhood psychological trauma, n (%) 10 (10.8) 62 (9.2) 0.62
Neurological comorbidities
Multiple Sclerosis, n (%) 1(1.1) 11 (1.5) 0.77
Parkinsonism, n (%) 0 18 (2.4)
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Table 1 (continued)

Adolescent- Adult-onset ~ P-value

onset FMDs FMDs (n.

(n.93) 754)
Hyperkinetic movement disorders, n (%) 1(1.1) 17 (2.3) 0.46
Neuropathy, n (%) 1(1.1) 27 (3.6) 0.2
Epilepsy, n (%) 3(3.2) 15 (2.0) 0.43
Cerebrovascular disease, n (%) 1(1.1) 44 (5.8) 0.053
Migraine, n (%) 10 (10.8) 71 (9.4) 0.68
Familiarity
Familiarity for neurological diseases, n (%) 17 (18.3) 197 (26.1) 0.1
Friends with neurological diseases, n (%) 3(.2) 61 (8.1) 0.09
Precipitating factors
Physical trauma, n (%) 10 (10.8) 123 (16.3) 0.16
Psychological trauma, n (%) 24 (25.8) 200 (26.5) 0.88
Surgery, n (%) 10 (10.8) 110 (14.6) 0.32
General anesthesia, n (%) 505.4) 52 (6.9) 0.58
Adverse drug reaction, n (%) 4(4.3) 48 (6.4) 0.43
Infection, n (%) 8 (8.6) 27 (3.6) 0.022
Therapy
Physiotherapy, n (%) 29 (31.2) 256 (34) 0.59
Cognitive behavioural therapy, n (%) 15 (16.1) 94 (12.5) 0.32
Hypnosis, n (%) 1(1.1) 11 (1.5) 0.76
Transcranial Magnetic Stimulation, n (%) 1(1.1) 13 (1.7) 0.64
Botulinum toxin injections, n (%) 7(7.5) 80 (10.6) 0.35
Other therapy, n (%) 6 (6.5) 48 (6.4) 0.97
Drugs intake
Antipsychotic drugs, n (%) 2(2.2) 59 (7.8) 0.046
Benzodiazepines, n (%) 27 (29) 177 (23.5) 0.23
Antidepressant drugs, n (%) 25 (26.9) 229 (30.4) 0.48
Antiepileptic drugs, n (%) 16 (17.2) 127 (16.8) 0.93
Other drugs, n (%) 21 (22.6) 123 (16.3) 0.13

Bold indicates significant values; significant associations at P <0.05

FMDs, functional motor disorders; SD, standard deviation; FNDs, functional neurological disorders

Demographic and clinical features of isolated
and combined adolescent-onset FMDs

In the exploratory analysis, when the adolescent-onset FMDs
group was stratified into isolated and combined FMDs phe-
notypes, the combined phenotype (53.7%) was more com-
mon than the isolated one (46.3%). Adolescent-onset FMD
with a combined FMDs phenotype had consulted a greater
number of physicians before receiving a definite FMDs diag-
nosis (p=0.01) and more frequently presented with tremor
(p=0.003), weakness (p=0.001), dystonia (p =0.002),
jerks (p=0.038), and gait disorders (p =0.001). They also
reported more frequent pain (p <0.001), fatigue (p=0.03),
visual symptoms (p=0.047), and childhood psychological
trauma (p=0.01). In addition, they more often underwent
physiotherapy (p =0.004) and cognitive behavioral therapy
(p=0.02) (Table 3).

Variables associated with the combined FMDs pheno-
type at the univariable level were entered into a multivari-
able logistic regression model, excluding individual motor
phenotypes to avoid definitional overlap. In the final model
(Table 4), adolescents-onset FMD with a combined FMDs
phenotype was independently associated with the presence
of pain (adjusted OR 8.41; 95% CI 2.56-27.53) and with
the number of medical consultations before the definite
diagnosis of FMDs (adjusted OR 1.31; 95% CI 1.04-1.62).

Discussion

In this large multicenter study, we found that 10.9% of
patients were adolescent-onset FMD who presented their
first FMDs symptoms at a mean age of 15.8 years, a find-
ing consistent with previous reports [1, 9]. Compared

@ Springer
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Fig. 1 Panel A: percentage of
FMDs in adolescent and adult-
onset FMDs group; Panel B:
percentage of FMDs in adoles-
cent with and without functional
seizures
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with our cohort, earlier studies estimated the prevalence
of pediatric FMDs to range from 2.8% to 23.1%, with a
higher proportion of cases observed in girls [1, 4-7, 11,
26]. Our findings provide an estimate of the proportion of
adolescent-onset FMD within a large FMDs population
accessing tertiary movement disorders centers for adults
and confirm the higher frequency of females in this age
group. This female predominance is similar to what has
been reported in adult FMDs samples [7, 27, 28]. Within
this context, we compared adolescent-onset FMD with
patients whose FMDs onset occurred in adulthood. Mul-
tivariable regression analysis showed that adolescent-onset
FMDs were associated with a higher number of medical
consultations before receiving a definite diagnosis, a
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higher frequency of functional seizures, and a lower fre-
quency of insomnia and fatigue. Our study highlights the
relevance of recognizing FMDs during adolescence, a
period in which diagnostic challenges may be amplified.

Clinical characteristics of adolescent-onset FMDs

Functional weakness was the most frequently reported
FMDs phenotype in both the adolescent-onset and adult-
onset groups, which is consistent with previous studies
[8, 26]. We did not find statistically significant differences
between the two groups in any of the motor phenotypes,
with the exception of Parkinsonism, which was observed
only in the adult group. Parkinsonism, typically described
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Table 2 Clinical variables associated with adolescent-onset FMDs
group

Adjusted
Independent variable OR 95%CI P-Value
Female vs. male sex* 141 0769 2.61 0.26
Medical consultations before the 1.07  1.02 1.13  0.006
diagnosis, n

Insomnia, yes vs. no® 049 027 092 0.027
Fatigue, yes vs. no® 051 03 0.86 0.011
Functional seizures, yes vs. no® 2.06 1.09 3.8 0.024
Infection, yes vs. no® 229 0.87 6.03  0.09

Antipsychotic drugs, yes vs.no* 0.26  0.06 1.14  0.07

Bold indicates significant values; significant associations at P < 0.05
FMDs, functional motor disorders; FNDs, functional neurological
disorders; y, years

*Reference category; OR, odds ratio; CI, confidence interval

in adults as a combination of bradykinesia, rest tremor, and
rigidity, is rarely reported, or may be underreported, in ado-
lescent-onset FMD. In contrast, some studies in pediatric
populations have identified functional tremor (32.4%), dys-
tonia (29.5%), and jerks (24.3%) as the most common clini-
cal manifestations [1]. In line with these findings, tremor
(41.9%) and dystonia (30.1%) were also frequently observed
in our adolescent-onset FMDs cohort. Previous research sug-
gests that tremor is more common in adults, whereas jerks
may be more frequent in pediatric patients [9], but we did
not observe significant differences between the two groups.
A review estimated the prevalence of gait disturbances to
be approximately 9.8% [1], although other studies have
reported rates of up to 30%, while one case series described
them in only 13% of patients [6]. In our cohort, gait distur-
bances were slightly more common, affecting about 29% of
adolescent-onset FMD. Other findings have indicated that
functional gait disturbances are significantly more preva-
lent in individuals with elderly-onset FMDs compared with
younger patients [29].

Finally, because functional tic-like behaviors constitute
a heterogeneous spectrum of abnormal movements whose
clinical features overlap with primary tics (e.g., Tourette
syndrome) [30, 31] and with other functional motor symp-
toms [32], their true prevalence remains uncertain. However,
several studies have suggested a predominance in pediatric
populations and in females [30, 33]. In our study, due to
their low prevalence, these cases were grouped within the
category of facial motor disorders, which represents a limi-
tation of our work. Future studies should investigate func-
tional tic-like behaviors using the detailed phenomenology
only recently described in the literature [33]. Our patients
typically experienced an acute or abrupt onset of FMDs
with deterioration within a few days or weeks, consistent

with previous reports. This pattern did not differ from that
observed in the adult-onset FMDs group and has been asso-
ciated with shorter symptom duration and a more favora-
ble prognosis [1, 6, 9, 16, 34, 35]. In conclusion, we did
not identify a phenotype specific to adolescent-onset FMD,
suggesting that clinical features may not differ substantially
across the lifespan.

Early diagnosis and the duration of FMDs are closely
linked to patients’ prognosis. In our sample, the time from
symptom onset to diagnosis was longer in the adolescent-
onset group than in the adult-onset group. This may explain
the significantly higher number of medical consultations
before reaching a definitive FMDs diagnosis. Many of
these patients may have initially been evaluated by pediat-
ric neurologists who did not recognize FMDs, potentially
contributing to a pattern in which patients continue to seek
evaluation at different hospitals in search of a diagnosis or
additional opinions. It is important to note that previous
studies have reported a wide range in the time from symp-
tom onset to diagnosis, varying from 10 days to 10 years
(mean 20.5 months) [6, 13]. This variability reflects the
complexity of diagnosing FMDs and highlights the need
for prompt identification by pediatric neurologists with
expertise in movement disorders, particularly in emergency
settings or pediatric hospitals, where adolescents are more
likely to be assessed. Early diagnosis is critical, as prognosis
is considerably better in patients with a shorter symptom
duration [13]. Psychiatric comorbidities, including anxiety,
depression, obsessive—compulsive disorder, and neurodevel-
opmental conditions such as autism, are frequently observed
in adolescents with FMD, reflecting the clinical complexity
of this population [2, 4-8, 13, 20, 36]. Further complicat-
ing the clinical picture, several movement disorders can
mimic FMDs, including paroxysmal kinesigenic dyskinesia
[2], episodic ataxia, dopa-responsive dystonia, acute drug-
induced dystonia, and Tourette syndrome, as well as various
noninflammatory and inflammatory disorders [5, 10, 12].
Finally, in pediatrics, some diseases may initially present
with psychiatric manifestations and only later develop move-
ment disorders, as in Wilson disease [20].

Our data suggest that adolescent-onset-FMD were more
likely to experience functional seizures than adult-onset
FMD. These findings are in line with the results of the
CODES trial (Cognitive Behavioural Therapy vs Standard-
ised Medical Care for Adults With Dissociative Non-Epi-
leptic Seizures), which reported a predominantly young age
at onset, with a modal age of 19 years and a median onset
in the twenties [28, 37]. Previous studies using video-EEG
in pediatric populations have reported a prevalence ranging
from 3.5% to 20%, although it remains unclear whether this
prevalence is underestimated compared with adults [38].
Functional seizures are paroxysmal events that may be mis-
taken for epileptic seizures, but they lack the EEG correlates

@ Springer
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Table 3 Comparison of demographic and clinical features of adolescent-onset FMDs group with isolated phenotype and those with combined
phenotype

Isolated (n. 43) Combined (n. 50) P-value
Female sex, n (%) 35 (81.4) 40 (80) 0.86
Age, y, mean (SD) 224498 25.8+12.2 0.15
Age at FMD onset, y, mean (SD) 159+2.8 15.8+2.5 0.87
FMDs duration, y, mean (SD) 6.5+9.8 9.9+12.3 0.14
Medical consultations before the diagnosis, 7, mean (SD) 26+2.6 59+74 0.01
FMD phenotype
Tremor, n (%) 11 (25.6) 28 (56) 0.003
Weakness, n (%) 15 (34.9) 34 (68) 0.001
Dystonia, n (%) 6 (14) 22 (44) 0.002
Jerks, n (%) 4(9.3) 13 (26) 0.038
Facial motor disorders, n (%) 4(9.3) 9 (18) 0.22
Gait disorders, n (%) 1(2.3) 26 (52) <0.001
Acute FMDs onset phenotype, n (%) 32 (76.2) 36 (72) 0.64
FMDs spontaneous remission, n (%) 27 (64.3) 24 (52.2) 0.25
Self-reported non-motor symptoms
Pain, n (%) 12 (27.9) 32 (64) <0.001
Migraine/headache, n (%) 12 (27.9) 19 (38) 0.3
Insomnia, n (%) 5(11.6) 13 (26) 0.08
Panic attack, n (%) 5(11.6) 13 (26) 0.08
Dissociation/depersonalization, n (%) 8 (18.6) 8 (16) 0.74
Anxiety, n (%) 15 (34.9) 24 (48) 0.2
Fatigue, n (%) 13 (30.2) 26 (52) 0.03
Associated other FNDs
Functional seizures, n (%) 11 (25.6) 9 (18) 0.37
Visual symptoms, n (%) 24.7) 9 (18) 0.047
Cognitive disorders, n (%) 3(7) 10 (20) 0.07
Sensitive symptoms, n (%) 10 (23.3) 19 (38) 0.12
Fibromyalgia, n (%) 1(2.3) 6(12) 0.07
Irritable bowel syndrome, n (%) 24.7) 0 0.12
Psychiatric comorbidities
Bipolar disorders, n (%) 0 1(2) 0.35
Major Depression, n (%) 3(7) 7 (14) 0.27
Anxiety disorders, n (%) 7 (16.3) 9 (18) 0.83
Impulse control disorder / obsessive compulsive disorder, n (%) 0 3(6) 0.1
Fugue state, n (%) 24.7) 1(2) 0.47
Somatoform disorder, n (%) 24.7) 6 (12) 0.2
Eating disorders, n (%) 1(2.3) 24) 0.64
Sexual disorders, n (%) 0 12 0.35
Personality disorders, n (%) 24.7) 3(6) 0.77
Predisposing factors
Childhood physical trauma, n (%) 3(7) 7 (14) 0.27
Childhood psychological trauma, n (%) 12.3) 9 (18) 0.01
Neurological comorbidities
Multiple Sclerosis, n (%) 0 12 0.35
Hyperkinetic movement disorders, n (%) 0 1) 0.35
Neuropathy, n (%) 0 12 0.35
Epilepsy, n (%) 1(2.3) 24) 0.64
Cerebrovascular disease, n (%) 0 12 0.35
Migraine, n (%) 6 (14) 4 (8) 0.35
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Table 3 (continued)

Isolated (n. 43) Combined (n. 50) P-value
Familiarity
Familiarity for neurological diseases, n (%) 11 (25.6) 6 (12) 0.09
Friends with neurological diseases, n (%) 1(2.3) 2(4) 0.65
Precipitating factors
Physical trauma, n (%) 3(7) 7 (14) 0.27
Psychological trauma, n (%) 12 (27.9) 12 (24) 0.66
Surgery, n (%) 5(11.6) 5(10) 0.8
General anesthesia, n (%) 12.3) 4 (8) 0.22
Adverse drug reaction, n (%) 24.7) 24 0.87
Infection, n (%) 6 (14) 24) 0.88
Therapy
Physiotherapy, n (%) 7 (16.3) 22 (44) 0.004
Cognitive Behavioural Therapy, n (%) 3(7) 12 (24) 0.02
Hypnosis, n (%) 1(2.3) 0 0.27
Transcranial Magnetic Stimulation, n (%) 0 1(2) 0.35
Botulinum toxin injections, n (%) 1(2.3) 6 (12) 0.07
Other therapy, n (%) 4(9.3) 24) 0.29
Drugs intake
Antipsychotic drugs, n (%) 1(2.3) 1(2) 0.91
Benzodiazepines, n (%) 12 (27.9) 15 (30) 0.82
Antidepressant drugs, n (%) 12 (27.9) 13 (26) 0.83
Antiepileptic drugs, n (%) 8 (18.6) 8 (16) 0.74
Other drugs, n (%) 9 (20.9) 12 (24) 0.72

Bold indicates significant values; significant associations at P <0.05

FMDs, functional motor disorders; SD, standard deviation; FNDs, functional neurological disorders

Table 4 Clinical variables of adolescent-onset FMDs group associ-
ated with combined FMDs phenotype

Adjusted
Independent variable OR 95% CI P-value
Pain, yes vs. no* 8.41 2.56 27.53 >0.001
Medical consultations 1.31 1.04 1.62 0.01

before the diagnosis, n

Bold indicates significant values; significant associations at P <0.05

FMDs, functional motor disorders; FNDs, functional neurological
disorders; y, years

#Reference category; OR, odds ratio; CI, confidence interval

typically observed in epilepsy [39]. Misdiagnosis can lead
to diagnostic delays [40], unnecessary treatment with anti-
seizure medications, additional investigations, and increased
hospital visits [41, 42]. Functional seizures may also co-
occur with epileptic seizures, with rates as high as 58% in
patients with functional neurological disorders evaluated
in tertiary epilepsy centers [38]. Previous studies focusing
specifically on FNDs or mixed presentation have identified
functional seizures as the most common dominant symptom,

followed by weakness and sensory disturbances in children
[43]. In our cohort, weakness was the most frequent symp-
tom, and in adolescent-onset FMD functional seizures were
not linked to specific motor phenotypes (Fig. 1B). Children
with functional seizures have an increased risk of psychiat-
ric disorders at the time of diagnosis and during the subse-
quent two years compared with children with epilepsy and
healthy controls [44]. This finding highlights the importance
of evaluating possible comorbid psychiatric conditions in
this population [45—47]. Finally, once the diagnosis is made,
a Mind-Body program involving a prompt biopsychosocial
assessment and specific treatment should be implemented.
With a prompt multidisciplinary intervention, most young
people are able to return to full health and wellbeing. Early
intervention is associated with better outcomes [48].
Among the non-motor symptoms, fatigue appeared to be
more characteristic of the adult-onset FMDs group. In gen-
eral, fatigue affects 45% to 93% of patients with FMDs [22,
49, 50], and in our sample it was more frequent in the adult-
onset group (52.9%) and less common in the adolescent-
onset group (41.9%). These findings are in line with a large
international survey (n=1048) reporting fatigue in up to
93% of patients with functional neurological disorders [51].
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In our study, the lower occurrence of fatigue in adolescent-
onset FMD may relate to the smaller sample size in this
subgroup or to the challenges of identifying this symptom
in adolescence, particularly when coexisting with psychiat-
ric or neurological comorbidities. A significant proportion
of FMDs patients experience fatigue, even when compared
with individuals affected by other neurological disorders
[50], and fatigue is strongly associated with reduced qual-
ity of life and lower self-rated health, regardless of FMDs
severity. Its role should therefore be acknowledged in clini-
cal practice and addressed with tailored interventions. The
higher frequency of insomnia in the adult-onset FMDs
group is consistent with previous reports, which indicate
that sleep disturbances are common in adults, with rates up
to 58% [52]. In pediatric populations, sleep disorders are
not uncommon, but their prevalence has not been system-
atically investigated in a large cohort of adolescents with
FMDs. To date, the literature does not clarify how fatigue
and insomnia influence disability or quality of life in FMDs,
nor which therapeutic strategies may be most effective in
addressing them. Other non-motor comorbidities, such as
migraine, have been reported in pediatric FND, suggesting
a potential clinical overlap [53]. However, in our cohort,
migraine frequency did not differ between adolescent-onset
and adult-onset FMD.

Clinical features and symptom burden
in adolescent-onset FMD with combined FMDs

In the adolescent-onset FMDs group, we estimated the
overall frequency of isolated and combined FMDs to
examine their association with clinical variables. Some
symptoms—weakness, tremor, and dystonia—occurred
slightly more often in combination than in isolation. Sev-
eral factors were associated with combined FMDs in ado-
lescent-onset FMD, but only a few remained significant in
the multivariate logistic regression analysis, namely the
presence of pain and the number of medical consultations
before diagnosis. These factors may reflect the diagnostic
and therapeutic challenges encountered in patients with
FMDs as well as the difficulties in assessing mixed or mul-
tifaceted phenotypes [54]. Previous studies have reported
a wide range of prevalence rates for combined FMDs in
pediatric populations, from 29 to 64%, although these
studies differed in sample size and age ranges [13, 26].
The present study has both strengths and limitations.
The main limitation of this study is that all participating
centers were for adult at tertiary movement disorder clin-
ics, which may have led to an underestimation of the preva-
lence of FMDs in the adolescent-onset FMD population.
Within this context, our cohort may underrepresent milder
or self-limiting cases that do not require specialist refer-
ral. Therefore, our findings may not be generalizable to the
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entire spectrum of adolescent-onset FMD. Another limita-
tion is the cross-sectional design and the reliance on clinical
records and patient self-reports, which may introduce recall
bias. Moreover, some dichotomic variables (i.e. fatigue) may
not adequately capture the complexity of symptoms, and
the use of clinical scales would provide a more comprehen-
sive assessment. However, a major strength of the study lies
in the large, multicenter cohort, which is representative of
the number of adolescent-onset FMD presenting to tertiary
movement disorders centers across the Italian national ter-
ritory. The standardized collection of clinical data across all
centers allowed us to provide novel insights into FMDs in
both adolescents-onset FMD and adult-onset FMD, using
a definite diagnosis confirmed by neurologists specialized
in movement disorders. Additional strengths include the
use of 10 to 19 years as the cut-off for defining adolescent
onset, in line with WHO recommendations [25], and the
detailed characterization of psychiatric and neurological
comorbidities.

In conclusion, these findings emphasize the importance
of an accurate diagnosis in adolescent-onset FMD, as this
can support the effective management of symptoms and
the identification of associated psychiatric and neurologi-
cal comorbidities. Collaboration between neurologists and
pediatric neurologists specialized in movement disorders
is encouraged to promote timely and appropriate diagnos-
tic and therapeutic approaches. In adolescents, a missed or
incorrect diagnosis may lead to significant consequences,
including the initiation of unnecessary or potentially harmful
treatments for alternative psychiatric or neurological condi-
tions. These findings highlight the need for early diagnosis
and prompt recognition of FMD in adolescents by pediatric
neurologists, as well as pediatricians and general neurolo-
gists, who often represent the first point of clinical contact.
Early and accurate diagnosis may help reduce unnecessary
investigations and inappropriate treatments, while acknowl-
edging that some functional symptoms in adolescents may
follow a self-limiting course. Timely management may also
help prevent progression toward more complex or com-
bined FMDs presentations, but future longitudinal studies
will be essential to determine whether early recognition and
targeted interventions can modify the disease trajectory in
adolescent-onset FMD.
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