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Abstract

Objective. Functional movement disorder (FMD), the motor-dominant subtype of functional
neurological disorder, is a complex neuropsychiatric condition. Patients with FMD also
manifest non-motor symptoms. Given that patients with FMD are diagnosed based on motor
phenotype, the contribution of non-motor features to the neuropsychiatric syndrome is not well
characterized. The objective of this hypothesis-generating study was to explore potential novel,
neuropsychiatric FMD phenotypes by combining movement disorder presentations with non-
motor comorbidities including somatic symptoms, psychiatric diagnoses, and psychological
traits.

Methods. This retrospective chart review evaluated 158 consecutive patients with a diagnosis of
FMD who underwent deep phenotyping across neurological and psychiatric domains. Demo-
graphic, clinical, and self-report features were analyzed. A data-driven approach using cluster
analysis was performed to detect patterns when combining the movement disorder presentation
with somatic symptoms, psychiatric diagnoses, and psychological factors. These new neuro-
psychiatric FMD phenotypes were then tested using logistic regression models.

Results. Distinct neuropsychiatric FMD phenotypes emerged when stratifying by episodic
vs. constant motor symptoms. Episodic FMD was associated with hyperkinetic movements,
hyperarousal, anxiety, and history of trauma. In contrast, constant FMD was associated with
weakness, gait disorders, fixed dystonia, activity avoidance, and low self-agency. Pain, fatigue,
somatic preoccupation, and health anxiety were common across all phenotypes.

Conclusion. This study found patterns spanning the neurological-psychiatric interface that
indicate that FMD is part of a broader neuropsychiatric syndrome. Adopting a transdisciplinary
view of illness reveals readily identifiable clinical factors that are relevant for the development
and maintenance of FMD.

Introduction

Functional movement disorder (FMD), the motor-dominant subtype of functional neurological
disorder (FND), is a complex neuropsychiatric syndrome characterized by positive clinical
findings." Although FMD is diagnosed based on the dominant movement disorder, there are
often additional non-motor features present such as pain, fatigue, or other functional symptoms.
Debate persists about “lumping” or “splitting” FMD into phenotypic subgroups.”’ Recent
studies investigating patient differences between FMDs have not found clinically relevant sub-
groups, and up to half of patients may experience changes in the movement disorder during their
disease course.”” A recent study identified 2 distinct subtypes of EMD (tremor/parkinsonism
and weakness) when considering patients with multiple motor presentations; however, psycho-
logical factors were not included.”

Given that FMD is a complex neuropsychiatric illness, it is probable that phenotypic
differences do exist when broadening the view to include mental health factors alongside motor
symptoms. When seen through a transdisciplinary lens, many patients with FMD manifest
psychological traits, behavioral patterns, personality styles, and other factors that are relevant to
the development and maintenance of FMD.”'" These “FMD-relevant” factors span physical
domains (eg, signs of autonomic hyperarousal and a dysregulated stress response) and psycho-
logical domains (eg, perfectionism, low self-agency, and avoidance patterns).'”"” Importantly,
these “ingredients” are not inherently pathological, nor are they routinely assessed on psychiatric
evaluation, but nevertheless contribute to the expression of FMD acting as predisposing or
perpetuating factors, either alone or in combination.'”'*"'® These features may also intersect
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with the personal history (eg, adverse life events) which are recog-
nized risk factors for developing FMD."”'® Although psychiatry
has long understood the importance of many of these FMD-
relevant factors—and in particular their relevance for functional
symptom maintenance—substantial gaps remain in their integra-
tion with neurological considerations, especially FMD phenotype
recognition and treatment approaches. Integrated FMD clinics, in
which co-assessments by neurology, psychiatry, and allied health
occur, are uniquely poised to explore these concepts in a data-
driven way.

The primary objective of this retrospective chart review was to
explore potential novel, neuropsychiatric FMD phenotypes by
combining neurological, psychiatric, and FMD-relevant factor
assessments, to generate testable hypotheses that can direct future
research. In our clinical experience using an integrative assessment
process, we observed possible phenotypes such as patients with
episodic hyperkinetic movements having evidence of hyperarousal,
and weakness tending to be a constant symptom that co-occurred
with activity avoidance. We hypothesized that when incorporating
these FMD-relevant factors into an integrative assessment process,
phenotypes would emerge. Secondary aims were to use the detailed
neuropsychiatric database to further characterize and report con-
cepts previously identified in the literature, including triggering
events, changing FMD presentation over time, defining an FND
syndrome of non-motor features, and the contribution of adverse
life experiences to certain phenotypic presentations.

Methods
Study design

A retrospective chart and video review was performed of all con-
secutive patients with a diagnosis of FMD evaluated at the Toronto
Rehabilitation Institute Integrated Movement Disorders Program
(IMDP) in Toronto, Canada between July 2019 and December
2021.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008. This study
was approved by the University Health Network Research Ethics
Board (REB 21-6172, approved February 11, 2022).

Table 1. Description of FMD-Relevant Factors

G.S. Gilmour et al.

Eligibility criteria and clinical assessment

FMD was diagnosed based on clinical interviews and examination
by an experienced movement disorders specialist based on positive
clinical signs.'”* Initial assessment occurred in person at the
Toronto Western Hospital Movement Disorders Clinic, where
the diagnosis of FMD was confirmed and delivered, and referral
generated to the IMDP, a subspecialist FMD clinic providing
rehabilitation. At this visit, patients were assessed in person or
virtually by a movement disorders neurologist (S.C.L.) and neuro-
psychiatrist (L.M.) in an integrated fashion.”' The neuropsychiatric
clinical assessment was open-ended and qualitative in nature,
prioritizing a review of personal history and identification of
FMD-relevant factors (Table 1).

Inclusion criteria included: (1) clinical diagnosis of FMD,
agreed upon by 2 movement disorders neurologists; (2) at least
1 assessment in the IMDP; (3) documentation from 2 separate
clinic visits at 2 time points, that is, movement disorders clinic
consultation and IMDP consultation; and (4) age > 18 years.

Data extraction

Records reviewed included the initial movement disorders consul-
tation with video examination, IMDP assessment with video, and
intake questionnaire completed by the patient prior to the IMDP
visit. Demographic and clinical factors were extracted by a single
reviewer (G.S.G.) and verified by 2 additional reviewers (S.C.L. and
L.M.) on a case-by-case basis. Data extracted from the initial
movement disorders consultation included demographic variables
and movement disorders phenotype. Data extracted from the
IMDP consultation included: demographic variables, functional
movement symptoms, psychiatric diagnoses using DSM-5 criteria,
non-motor symptoms (including pain, fatigue, cognitive fog, func-
tional seizures, and other FND symptoms), FMD-relevant factors,
medical profile, family history, previous investigations/treatment,
and trauma/abuse history. Pain was reported by patients and could
include any origin (neuropathic and nociceptive), severity (not
typically quantified), and location of pain. The description of
cognitive fog was not systematically evaluated, but likely included
a variety of cognitive experiences such as forgetfulness, poor con-
centration, and excessive cognitive effort.”” Functional seizures
were defined as episodes resembling epilepsy or syncope, but not
caused by abnormal cortical electrical activity.”” Data extracted

FMD-relevant factors

Activity avoidance: Limiting activities due to the fear of symptom exacerbation either during or after the activity.

Emotional avoidance: Tendency to avoid experiencing or expressing uncomfortable emotions, either directly expressed by the patient, evident as a pattern in the
history, or clearly visible during the clinical interaction when discussing uncomfortable emotions.

“Go-go-go” coping style: Self-report of constantly keeping busy, highly productive, and discomfort with free time or when not attending to a goal.

Hyperarousal: Findings of elevated and sustained nervous system activation including hyper-talkativeness, diffuse hyperreflexia without upper motor neuron
signs, diaphoresis, frequent darting eye movements, visible muscle tension, and body language, such as fidgeting, fist clenching, or repeated leg crossing.

Low self-agency: Feeling of a lack of control over self or environment, tendency to allow others to provide care needs. Evident by historical behavioral patterns,
including a tendency to project helplessness and attribute responsibility for successes and failures to others, failure to improve despite multiple treatment
courses, and expressing statements such as “how will you fix me” to treatment team.

Propensity to dissociate: Tendency toward disconnection from one’s thoughts, feelings, actions, and sense of self. May be directly observed or described by

patients from experience.

Somatic preoccupation/health anxiety: Preoccupation and excessive worry/attention to bodily symptoms, time and energy spent on symptoms, and worry of
potential for serious illness. Evident when asked “how much time do you spend thinking about or worrying about your symptoms?”

Cluster B personality disorder traits: Not formally diagnosed with borderline personality disorder, but with overlapping traits including emotional dysregulation,
help-seeking-help-rejecting patterns, impulsivity, unstable self-image, and relationships.

Tendency toward people pleasing: Self-reported strong urge to attend to others’ needs and wants at the expense of their own; high responsibility taking.

Tendency toward perfectionism: Self-reported striving for perfection, critical self-evaluation, and pressure to achieve often unrealistic goals.

Abbreviation: FMD, functional movement disorder.
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from the patient intake forms included: FMD triggering events, the
top 3 most concerning symptoms, a review of symptoms checklist,
and functional capacity. Adverse life events history was assessed
based on self-reported data disclosed on the intake form, and
further explored during the IMDP assessment. Further details
regarding the reporting of trauma and abuse are included in the
Supplemental Methods.

Abnormal movements were classified into the following cate-
gories based on common FMD presentations: gait disorders,
tremor, appendicular jerks/myoclonus, axial jerks/myoclonus,
fixed dystonia, weakness, parkinsonism (appearance of increased
tone, slowness, with or without gait disorder and tremor), facial
movements, and tics. If multiple movement symptoms were
present, each was noted. Videos of the examinations were used
to confirm movement disorder presentations. Motor symptoms
were further classified as episodic or constant, based on the
combined features of history and examination. Episodic motor
symptoms were characterized as occurring either intermittently
or in discrete “attacks,” separated by definable periods without
motor symptoms, recognized and reported by the patient. The
examination could be normal unless motor symptoms occurred
during the assessment, either spontaneously or triggered. By
contrast, constant movement symptoms were reported by the
patient to be continuously present, and consistently visible
throughout the entire assessment to the examiner. Positive signs
of distractibility or inconsistency were not sufficient to classify a
movement symptom as episodic, and similarly, did not preclude a
symptom from being considered constant. Further characteriza-
tion of episodic vs. constant motor symptoms is described in the
Supplemental Methods.

We define FMD-relevant factors as recurrent, observable behav-
ioral patterns identified by clinicians with subspecialist experience
in evaluating and treating patients with FMD. These factors are
drawn from the psychiatric literature and clinical experience. Some
have been previously associated with FND, whereas others are well-
recognized phenomena in psychiatry without being specifically
linked to FND (eg, coping style and personality traits).”""
Although readily identifiable, most of these factors lack standard-
ized questionnaires or scales to evaluate. If present, these factors
were explicitly documented during the history and examination.
See Table 1 for a detailed list and description of the included FMD-
relevant factors.

Statistical analyses

All statistics were performed on SAS 9.4 (SAS Institute, Cary, North
Carolina, USA) for Windows. The sample size was based on the
number of eligible patients whose charts were available between
July 2019 and December 2021. Skewness was assessed in continu-
ous variables, and sparsity and homogeneity were assessed in
categorical variables. Univariate group differences were analyzed
by Fischer’s exact tests for categorical variables, independent ¢-tests
for continuous normally distributed variables, and Mann—Whitney
U tests for ordinal variables such as measures utilizing Likert scales.
Exploratory hierarchical cluster analyses using a leader algorithm
for movement disorder presentations and psychological traits were
performed to generate potential directional hypotheses for multi-
variable logistic regressions. Variables with sparse cell counts in the
variable-outcome contingency table were excluded from the
models. Cluster analyses included datasets with movement disor-
der phenotypes alone, and movement disorder phenotypes com-
bined with non-motor symptoms, psychiatric diagnoses, and
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FMD-relevant features. Logistic regression models were built to
analyze the relationships between variables of interest (OR, 95%
confidence interval [CI]). Variable selection for final exploratory
models was performed using backward elimination methods to
remove variables with small estimate values (<.001), homogeneous
and sparse variables. Collinearity was also assessed, and models
were compared with the variables coded separately and as com-
bined variables to determine model fit. Values are expressed as
mean (standard deviation [SD]) or median and interquartile range
(IQR; QI, Q3), as appropriate, for continuous variables, and as
counts and percentages for categorical variables. A P-value <.05
was considered statistically significant.

Results

Charts were reviewed for all consecutive 159 patients assessed with
a referring diagnosis of FMD. One patient was excluded due to a
revision of diagnosis to Parkinson’s disease without evidence of
FMD. In total, 158 patients were included in the final analysis.
Videos were available and reviewed from the movement disorders
clinic for 73 patients (46%), and from the IMDP for 64 patients
(40%). When a video was not available, a detailed movement
disorder description from the chart was sufficient for classification.
The mean time between visits was 8.2 (SD 8.3) months.

Patient characteristics

General patient demographics and FMD characteristics are pre-
sented in Tables 2-4. Most patients were female (71%). The mean
age at the time of assessment was 47.3 (SD 14.6) years. The mean
age of onset of FMD was 39.9 (SD 15.3) years, with a delay in
diagnosis of median 7.5 (IQR 3, 21.5) years. FMD triggering events
were identified in 86% of the patients (Table 3).

Movement disorder characteristics

Episodic movement symptoms (62%) were more common than
constant symptoms (36%). Gait disorders (42%), tremors (37%),
appendicular jerks/myoclonus (35%), and weakness (20%) were
most frequent, and 53% of patients had greater than 1 movement
disorder symptom. Notably, 94% of patients with appendicular
jerks/myoclonus demonstrated mixed symptoms with a combina-
tion of multiple hyperkinetic movements in addition to jerks,
including dystonia (59%), gait disorder (46%), tremor (39%) and
facial movements (24%) (Supplemental Figure 1). Thirteen
patients (24%) in this group had co-existing functional weakness.
Fifty-eight patients (42%) had a change in their movement disorder
presentation between assessments, which was not influenced by
symptom duration (P = .541) or the time that lapsed between
appointments (P = .575) (Supplemental Table 1). Symptoms typ-
ically remained as episodic (79% no change) or constant (72%).
Fourteen patients (9%) had resolution of their movement disorder
between assessments; however, all had persistent FND symptoms.

Non-motor symptoms

Non-motor symptoms were common, including pain (84%),
fatigue (65%), other FND symptoms (49%), cognitive fog (41%),
and functional seizures (21%) (Table 3). The mean self-reported
symptom count out of 49 possible symptoms was 19.3 (10.6).
Patients reported other functional symptoms predating the onset
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Table 2. Patient Demographics and Self-Reported Variables Table 2. Continued

Demographic and neurological sign/symptom (n = 158, Demographic and neurological sign/symptom (n = 158,

unless specified) Findings unless specified) Findings

Demographic characteristics Bipolar | disorder 12 (8%)
Female sex 112 (71%) Somatic symptom disorder 10 (7%)

Age of syndrome onset (years) 33.6 (17.6) Cluster B personality disorder 9 (6%)
Age of FMD onset (years) 39.9 (15.3) Panic disorder 8 (5%)
Age of FMD diagnosis (years) 46.3 (14.8) Schizophrenia 2 (1%)
Duration of FMD prior to diagnosis (years) 7.5 (IQR 3, 21.5) Cluster A personality disorder 1 (1%)
Age at FMD clinic assessment (years) 47.3 (14.6) >1 psychiatric disorder 67 (44%)

FMD phenotype Family history (n = 151)

Episodic symptoms 98 (62%) Psychiatric condition 93 (62%)
Constant symptoms 57 (36%) Neurological condition 82 (54%)
Both episodic and constant symptoms 9 (6%) Movement disorder 25 (17%)
Gait disorder 67 (42%) Previous health care utilization and treatment

Tremor 59 (37%) Emergency department visit 59 (37%)
Appendicular jerks/myoclonus 55 (35%) Admission to hospital 30 (19%)
Weakness 33 (20%) Physiotherapy/occupational therapy 89 (56%)
Facial movement 23 (15%) Psychotherapy 79 (50%)
Axial jerks/propriospinal myoclonus 13 (8%) Alternative healthcare provider 45 (28%)
Fixed dystonia 8 (5%) Chiropractor 44 (28%)
Parkinsonism 5 (3%) Speech and language pathology 16 (10%)
Tics 4 (3%) Abbreviations: FMD, functional movement disorder; POTS, postural orthostatic tachycardia
>1 FMD phenotype 83 (53%) Hatreported data.

No FMD 14 (9%)

Non-motor symptoms of FMD including chronic pain (29%), unexplained childhood
Pain 133 (84%) medical symptoms (14%), and FND without movement symptoms
Fatigue 102 (65%) (12%). The mean age of this non-motor functional symptom onset

was 33.6 (17.6) years, 6.3 years earlier than the onset of movement
Cognitive fog 68 (41%) symptoms.
Functional seizures 33 (21%)
Other functional neurological symptoms 77 (49%) L. .
Psychiatric profiles
>1 non-motor symptom 121 (77%)

Most patients (78%) had a DSM-5 psychiatric diagnosis either
previously received and confirmed by the psychiatrist during a
Medical condition 86 (54%) consultation, or diagnosed at the time of consultation. These
Neurological condition 85 (54%) included generalized anxiety disorder (GAD; 55%), major depres-
sive disorder (30%), and post-traumatic stress disorder (PTSD;
24%). One third (32%) of patients had a change of DSM-5 diagnosis
Fibromyalgia 30 (19%) at the time of subspecialist FND assessment, either through a new
diagnosis being made, or occasionally when a historical diagnosis

Comorbidities

Irritable bowel syndrome 42 (27%)

Chronic fatigue syndrome 15 (9%)

- = . N was revised due to lack of supportive evidence (Supplemental Table
Joint hypermobility (self-reported) 12 (7%) 2). The most common newly made psychiatric diagnoses included
POTS/Dysautonomia 4 (3%) GAD (n =24) and PTSD (n = 12).
>1 comorbidity 135 (85%)

DSM-5 psychiatric diagnosis (n = 152) EMD-relevant factors

Any psychiatric diagnosis 119 (78%)

Frequently identified FMD-relevant factors are summarized in
Table 4. Somatic preoccupation/health anxiety (73%), emotional
Major depressive disorder 46 (30%) avoidance (42%), low self-agency (32%), and activity avoidance
(30%) were most common. Signs of hyperarousal were observed in
55% of patients.

Generalized anxiety disorder 84 (55%)

Post-traumatic stress disorder 36 (24%)
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Table 3. Self-Reported Variables Table 4. FMD-Relevant Characteristics
Self-reported variables (n = 158, unless specified) Findings FMD-relevant characteristics (n = 157, unless specified) Finding
Syndrome prior to FMD Psychological traits
Chronic pain 46 (29%) Somatic preoccupation/health anxiety 114 (73%)
Unexplained childhood medical symptoms 22 (14%) Emotional avoidance 68 (43%)
FND 19 (12%) Low self-agency 51 (32%)
Post-concussion syndrome 14 (9%) Activity avoidance 47 (30%)
Chronic fatigue syndrome 11 (7%) Propensity to dissociation 41 (26%)
Cognitive fog 3 (2%) Cluster B personality traits 31 (20%)
Review of symptoms Tendency toward people pleasing 29 (18%)
Symptom count from checklist (/49) (n = 135) 19.3 (10.6) “Go-go-go” coping style 25 (16%)
Top 3 symptom: movement (n = 143) 127 (89%) Tendency toward perfectionism 18 (11%)
Top 3 symptom: pain (n = 143) 63 (44%) Alexithymia 9 (6%)
Top 3 symptom: fatigue (n = 142) 25 (18%) Examination features
Poor sleep (n = 137) 50 (36%) Hyperarousal 87 (55%)
FMD triggering event (n = 157) Abbreviation: FMD, functional movement disorder.
Emotional stress 53 (34%)
Physical injury (including head injury) 50 (32%) myoclonus, and hyperarousal; (3) constant symptoms, gait disorder,
Iness BT ac‘Fivit}l avoidance, and low self—agepcy; and .(4) constant sympt(?ms,
gait disorder, weakness, and emotional avoidance. Health anxiety/
Medical procedure 17 (11%) somatic preoccupation, pain, and fatigue were ubiquitously present in
Medication side effect 8 (5%) every cluster and so were combined as a single factor in the analysis.
Pregnancy/delivery 3 (2%) Movement disorder phenotypes
Vaccination 3 (2%) Exploratory logistic regression models were built to study the
Panic attack 2 (1%) possible association of episodic and constant symptoms with
No identified triggering event > (i) movement disorder presentations (Table 5). Phenotypes associated

History of adverse life events

Major life event/traumatic event (n = 141) 111 (79%)

Abuse of any form (n = 145) 85 (59%)
Any form of abuse in childhood (n = 129) 60 (47%)
Any form of abuse in adulthood (n = 128) 43 (34%)
Emotional abuse (n = 137) 60 (44%)
Sexual abuse (n =137) 47 (34%)
Physical abuse (n = 135) 40 (30%)
Chronic adversity/neglect (n = 129) 76 (59%)
Healthcare invalidation (n = 148) 42 (28%)

Abbreviations: FMD, functional movement disorder; FND, functional neurological disorder.

Exploratory neuropsychiatric phenotype analysis

Using cluster analysis, we examined the relationships between move-
ment disorder presentations and then explored if these were associ-
ated with distinct psychiatric diagnoses or FMD-relevant factors.
The exploratory cluster analysis revealed 3 distinct movement
disorder clusters, visually presented in Supplemental Figure 2a:
(1) episodic motor symptoms and tremor; (2) episodic motor symp-
toms and appendicular jerks/myoclonus; and (3) constant motor
symptoms and gait disorder. Clusters combining movement disorder
presentations with non-motor and FMD-relevant factors included
(Supplemental Figure 2b): (1) episodic symptoms, tremor, hyperar-
ousal, and cognitive fog; (2) episodic symptoms, appendicular jerks/
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with episodic symptoms included: appendicular jerks/myoclonus
(OR 11.32, 95% CI 4.11-31.14), tremor (OR 5.41, 95% CI 2.14-
13.71), and axial jerks (OR 20.86, 95% CI 2.33-187.09). There was a
negative association with gait (OR 0.35, 95% CI 0.15-0.84). In
contrast, phenotypes associated with constant symptoms included:
gait disorders (OR 7.32, 95% CI 3.07-17.48), weakness (OR 4.88,
95% CI 1.76-13.53), and fixed dystonia (OR 12.36, 95% CI 1.89-
80.94). There was a negative association with appendicular jerks/
myoclonus (OR 0.32, 95% CI 0.12-0.78).

Combined movement and psychological phenotypes
Exploratory logistic regression models were built to investigate the
association of movement disorder phenotype with psychiatric diag-
nosis and FMD-relevant psychological factors (Supplemental Table
3). Movement disorder presentations were not associated with
DSM-5 diagnoses, except for a negative association between depres-
sion and gait disorder (OR 0.37, 95% CI 0.15-0.91). Low self-agency
was associated with weakness (OR 2.53, 95% CI 1.06-6.02). Hyper-
arousal was associated with appendicular jerks/myoclonus (OR 2.14,
95% CI 1.03-4.46), but not tremor (OR 1.51, 95% CI 0.73-3.11).
Neither activity avoidance nor emotional avoidance was associated
with a constant movement disorder phenotype (OR 1.15, 95% CI
0.54-2.44; OR 0.73, 95% CI 0.36-1.47, respectively).

Psychiatric and FMD-relevant phenotypes

Exploratory logistic regression models were built to investigate
associations between psychiatric and FMD-relevant psychological
factors (Supplemental Table 4). PTSD and major depressive disor-
der were associated with cluster B personality traits (OR 4.74, 95%
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Table 5. Logistic Regression Models Examining Relationships between Functional Movement Disorder Phenotype and Episodic vs. Constant Symptoms

Episodic phenotype

Constant phenotype

Independent variables OR 95% ClI P OR 95% ClI P

Gait disorder 0.35 0.15-0.84 .019 7.32 3.07-17.48 <.0001
Tremor 5.41 2.14-13.72 .0004 0.83 0.36-1.95 .673
Weakness 0.70 0.24-2.07 522 4.88 1.76-13.53 .002
Appendicular jerks 11.32 4.12-31.14 <.0001 0.32 0.12-0.78 .013
Fixed dystonia 1.01 0.17-6.16 989 12.36 1.89-80.94 .009
Axial jerks 20.86 2.33-187.09 .007 0.45 0.08-2.56 .369
Facial movements 2.88 0.78-10.57 112 1.33 0.40-4.43 647
Parkinsonism 2.02 0.22-18.78 .538 0.40 0.05-3.33 .398

Abbreviations: Cl, confidence interval; OR, odds ratio.

CI 1.84-12.22; OR 2.61, 95% CI 1.01-6.45, respectively). Activity
avoidance was associated with low self-agency (OR 2.40, 95% CI
1.14-5.04), but emotional avoidance was not (OR 1.51, 95% CI
0.65-3.07) (Supplemental Table 3). Hyperarousal was associated
with GAD (Fischer’s exact 2-tailed test P < .0001), but not somatic
preoccupation/health anxiety (Fischer’s exact 2-tailed test
P = .136). Higher symptom count had an association with low
self-agency and propensity to dissociate (OR 3.98, 95% CI 1.97-
8.06; OR 3.05, 95% CI 1.48-6.27, respectively). Symptom count was
not associated with GAD (OR 1.01, 95% CI 0.51-1.98) or somatic
preoccupation/health anxiety (OR 1.84, 95% CI 0.66-5.15)
(Supplemental Table 3).

Adverse life events sub-analysis

A history of a life-threatening traumatic experience (79%), any
abuse (59%), and chronic adversity/neglect (59%) were commonly
reported (Table 3). Patients with a history of abuse reported it
occurring both in childhood and adulthood (P < .001). Similar rates
of abuse were present in men and women, except for history of
sexual abuse, which was more frequent in women than men (47%
women vs. 7% men, P < 0.0001). Adverse life events were not
associated with any specific movement disorder phenotype
(Supplemental Table 5). History of sexual abuse had a negative
association with a constant phenotype (OR 0.19, 95% CI 0.04-0.85),
but was not associated with episodic phenotype (OR 0.62, 95% CI
0.16-2.46). History of any abuse, sexual abuse, and chronic adver-
sity/neglect were associated with hyperarousal (OR 3.15, 95% CI
1.36-7.30; OR 2.24, 95% CI 1.02-4.91; and OR 2.36, 95% CI 1.11-
5.00, respectively).

Discussion

This retrospective chart review describes a sample of 158 consecu-
tive patients evaluated using an FMD subspecialist integrated
assessment. This transdisciplinary approach confirmed and
expanded upon previously described clinical features of FMD,
and also provided novel observations spanning the neurological-
psychiatric interface: (1) distinct FMD phenotypes emerge not
when stratifying by movement disorder phenomenology, but
instead when stratifying by episodic vs. constant motor symptoms;
(2) episodic FMD is characterized by hyperkinetic symptoms
including tremor and jerks, and is associated with anxiety, hyper-
arousal, and history of trauma; (3) constant FMD is characterized

https://doi.org/10.1017/51092852923002353 Published online by Cambridge University Press

by gait disorders, weakness, or fixed dystonia, and is associated with
activity avoidance and low self-agency; and (4) the movement
disorder is part of a broader FMD syndrome with prominent
non-motor symptoms. Although clearly only hypothesis-
generating at this stage, these results suggest that clinically mean-
ingful signals emerge when considering more domains of neuro-
psychiatric function beyond the movement disorder alone, which
can inform how we understand the development, maintenance,
and treatment of FMD. The clinical heterogeneity of FMD, how-
ever, reinforces that overlap can exist between these 2 groups, for
example, a patient presenting with a combined constant gait dis-
order and episodic tremor.

These results suggest that FMD can be broadly grouped into
episodic and constant movement phenotypes and that these
2 groups are associated with distinct neuropsychiatric/psycholog-
ical features (Figure 1). Functional symptoms fluctuate by their
very nature, but the presence of identifiable periods without motor
symptoms that is recognized by the patient separates the episodic
from the constant group. Episodic FMD is characterized by hyper-
kinetic movements experienced as discrete attacks, or intermit-
tently in specific situations, indicating triggering factors (known or
unknown to the patient) and sensitivity to environmental cues.”*
The relevant factors associated with episodic FMD include hyper-
arousal, anxiety, and a history of trauma and abuse. Hyperarousal is
challenging to define in neurological terms but is readily identified
in psychiatric illness on the mental status exam (eg, PTSD and
anxiety), and we argue is also relevant to the neurological exami-
nation, and neuropsychiatric disease in general.'>”>*® Little is
understood about how elevated sympathetic tone or a dysregulated
stress response modulates the neurological exam, for example, in
producing paratonia, altering reflexes, or gating of afferent sensory
information during dissociative states. Our results indicate that
hyperarousal was a reliable clinical signal strongly associated with
trauma and adverse life events, anxiety, and hyperkinetic move-
ments. Multiple studies implicate dysregulated arousal in the path-
ophysiology of FND.'>'>*” Our results suggest that trauma and
abuse history appear to be more relevant to the episodic group,
although do not predict the development of a specific motor
phenotype. Instead, we hypothesize that these experiences become
embedded within the developing nervous system and contribute to
adysregulated arousal response, which confers an increased risk for
the development and maintenance of some forms of FMD; how-
ever, further research in this area is certainly required.'””""*’

The pattern of deficit in constant FMD appears fundamentally
different from discrete attacks of hyperkinetic symptoms, with
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Constant FMD

Gait disorder

Fixed dystonia

Weakness
Low self-agency  Activity avoidance
High symptom Propensity to
count dissociate

Fatigue Somatic preoccupation

Motor retraining physiotherapy, graded activity,
support agency, address avoidance patterns

Figure 1. Conceptual figure illustrating new observations and patterns spanning the neurological-psychiatric interface. Episodic and constant FMD are associated with different
movement disorder phenotypes and associated psychological characteristics that can inform treatment planning. Pain, fatigue and somatic preoccupation are common to both.
Importantly, these patterns may overlap, and not any one factor can be considered etiological. Rather, if present, such factors can be considered potentially relevant as part of a

broader FMD syndrome, and targetable with treatment.

different associated non-motor features. Constant FMD is associ-
ated with gait disorders, fixed dystonia, and weakness, as well as low
self-agency and activity avoidance, and higher total symptom
counts. Clinically, these patients often require gait aids and have
prominent fatigue and or pain, and disability related to the constant
nature of their symptoms. Motor agency—the ability for one to
take ownership of one’s own movement—is a key mechanistic
element in FMD in general and localizes to the right temporopar-
ietal junction in multiple studies.”” In day-to-day life, reduced
agency is expanded into a behavior pattern where a lack of control
over movement extends to the self or environment, producing a
tendency to allow others to provide care needs. Activity avoidance
manifests as patterns of reduced participation in activities of daily
living and fear of symptom exacerbation, which may be reinforced
by prior experience, and lead to kinesiophobia and decondition-
ing.11

Identifying neuropsychiatric FMD phenotypes has important
treatment implications. In our experience, differentiating episodic
and constant FMD is an important early step for treatment plan-
ning since they benefit from different approaches to therapy.
Although this research is in the early days, episodic FMD symp-
toms can be successfully treated using strategies focusing on attack
treatment and prevention. In contrast, constant FMD symptoms
seem more amenable to motor retraining physiotherapy and
improving activity tolerance.”’ Our results suggest that tailoring
treatment plans further to include associated neuropsychiatric
factors might enhance recovery potential, given that many of the
FMD-relevant factors identified here are also considered perpetu-
ating factors in a biopsychosocial model. For example, in patients
with constant FMD, explicitly supporting a sense of self-agency, or
identifying and targeting activity avoidance patterns could enhance
an individualized physical rehabilitation program. In contrast,
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patients with episodic FMD could also benefit from the incorpo-
ration of anxiety reduction strategies, emotional regulation/dialec-
tic behavioral therapy principles, or boundary setting in parallel.
Regardless of phenotype, we would emphasize the critical role of
psychoeducation to help patients adopt a non-dualistic view of
their symptoms, recognize the role of stress on the nervous system,
and the importance of self-management in FND recovery. Treat-
ment specificity and response in FMD requires further research as
it is well recognized that one size does not fit all and about 30% of
patients remain refractory to treatment.”’ This initial analysis
might serve as a first step in identifying additional treatment targets
that if present, could result in more tailored—and hopefully effec-
tive—therapeutic plans, and further confirm the presence of clin-
ically meaningful neuropsychiatric phenotypes in FMD.

Our sub-specialist database enabled further probing of previ-
ously reported clinical FMD features. First, assessment at 2 different
time points indicated instability in the motor presentation, with
42% of patients having a change in movement symptoms, irrespec-
tive of the duration of symptoms or time between appointments.”’
The distinction between episodic and constant symptoms
remained somewhat more fixed, reinforcing a possible persistent
difference between these groups. Our results also indicate a prom-
inent non-motor syndrome in FMD, that importantly, often pre-
cedes the onset of motor symptoms, as is the case in many other
movement disorders including Parkinson’s disease.”””” Pain,
fatigue, and health anxiety were common in all phenotypic clusters,
in agreement with previous publications, and persisted in those
whose motor symptoms remitted.”” Taken together, these findings
reinforce the concept of an FMD syndrome that is not sufficiently
defined based on motor phenotype alone.”"*

Our results confirm previous reports of a mean diagnostic delay
of 6 years, and invalidating healthcare experiences experienced by
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patients.”””> We also identified a precipitating trigger for motor
symptom onset in 83% of individuals, which is higher than other
reports (48%-80%)."° We attribute this to the substantial time spent
in the assessment dedicated to understanding the symptom narra-
tive, and considering a broad range of possible triggers. Most
patients had greater than one movement disorder (52%), also
higher than previously reported (23%).” This may be accounted
for by the methods used for this study (ie, combining clinical
records and videos to note all symptoms present rather than
focusing solely on dominant symptoms). Careful evaluation of
patients with appendicular jerks/myoclonus indicated that almost
all of them had complex movements that combined jerks with
dystonic posturing, tremor, gait disorders, and facial movements,
suggesting that “mixed jerks” or “mixed hyperkinetic” may be more
appropriate terms. This difficulty in adapting nomenclature used in
other movement disorders to FMD has been acknowledged, owing
to the fact that abnormal functional movements, by definition, are
clinically incongruent with recognized neurological disorders."
Rather than trying to fit a “square peg in a round hole,” we advocate
instead to recognize FMD phenotypes as consisting of their own
unique, positive phenomena.

This study has a number of limitations. The main purpose of
this work was to explore patterns in neuropsychiatric symptom
expression from a more holistic starting point, without assuming
dominance of motor symptoms in the spectrum of FMD presen-
tations. This requires to some extent to approach the problem from
a non-siloed viewpoint, which is heavily subjective and dependent
on the observer. All patients were assessed by the same clinicians
who share a similar perspective on FMD, which may have intro-
duced bias, particularly in terms of how assessments are conducted
with attention to FMD-related factors. The list of FMD-related
factors is by no means complete, and several others could have been
included which are harder to measure and capture (eg, implicit
needs being met through illness). Crucially, we do not propose that
any of these factors are etiological for FMD. FND is complex and
heterogeneous in its development and maintenance, with multiple
interrelated aspects of neural function implicated at each stage that
are incompletely captured in a biopsychosocial model or formula-
tion. Nor can we say that simply by being associated, these factors
are part of the pathophysiology of the disorder. However, the
presence of any associations at all supports that observable patterns
do exist linking movement and psychological factors that warrant
prospective study.

This is a retrospective chart review with a modest sample size,
which introduces issues in the data relating to sparse cell counts
and numerous relevant symptoms and comorbid medical condi-
tions, and will require larger multi-center prospective research to
account for the initial sparse data. Due to limitations inherent to
retrospective data, intermittent and paroxysmal symptoms were
grouped together and defined as episodic, without differentiating
paroxysms/attacks of symptoms vs. symptoms that “come and
go.” Now that this initial observation has been made, further
refining of episodic vs. constant FMD can occur prospectively.
Similarly, a detailed evaluation of the nature of non-motor symp-
toms including pain and cognitive fog was not done, but should be
included in future research. Data were extracted from a subspeci-
alty clinic, and therefore include more complex and persistent
FMD cases, underestimating mild and remitted cases. The focus
on rehabilitation in the referral pool may have led to the over-
representation of tremor, jerks, and gait disorders, whereas other
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movement phenotypes such as fixed dystonia may have been
underrepresented. Validated scales were not used to assess func-
tional disability, psychiatric features, trauma history, or FMD-
related factors, and require further exploration in prospective
studies. Finally, a portion of the data was patient-reported
(although also informed by clinical interviews) and liable to recall
bias. A validated scale for trauma or adverse life events was not
used in this study. In all cases, clinicians did not feel that abnormal
functional movement was impacted by medication exposures, but
nevertheless medication history, as well as details of comorbid
neurological conditions should be included in future studies.
Despite these limitations, this study is the first to combine func-
tional movement presentations with psychological and psychiat-
ric factors in a more holistic way, the results of which provide a
number of directions for future integrated research.

Conclusion

This hypothesis-generating study provides deep phenotyping of
patients across multiple domains of brain function and illness
behavior, allowing for the unique exploration of disease expression
in FMD. We found significant patterns that suggest that looking
beyond the motor phenotype in FMD can reveal associated factors
that may be part of recognizable neuropsychiatric phenotypes.
Adopting a transdisciplinary view reveals readily identifiable clin-
ical factors as relevant perpetuators of illness, and importantly,
potential therapeutic targets. We propose that individual motor
presentations of FMD can therefore be “lumped” together, and
“split” along more holistic neuropsychiatric lines, which may offer
more fruitful avenues for understanding individual mechanisms
and treatment. Future interdisciplinary research should aim to
further characterize and confirm these episodic and constant phe-
notypes expanded to include objective and quantitative bio-
markers, continue to identify, define, and measure FMD-related
factors, and determine if and how such phenotypes inform treat-
ment specificity and success.
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