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Introduction: Functional Motor Disorders (FMDs) represent nosological entities with no clear phenotypic characterization, especially in patients with multiple (combined FMDs) motor manifestations. A data-driven approach using cluster analysis of clinical data has been proposed as an analytic method to obtain non-hierarchical unbiased classifications. The study aimed to identify clinical subtypes of combined FMDs using a data-driven approach to overcome possible limits related to “a priori” classifications and clinical overlapping.

Methods: Data were obtained by the Italian Registry of Functional Motor Disorders. Patients identified with multiple or “combined” FMDs by standardized clinical assessments were selected to be analyzed. Non-hierarchical cluster analysis was performed based on FMDs phenomenology. Multivariate analysis was then performed after adjustment for principal confounding variables.

Results: From a study population of n = 410 subjects with FMDs, we selected n = 188 subjects [women: 133 (70.7%); age: 47.9 ± 14.4 years; disease duration: 6.4 ± 7.7 years] presenting combined FMDs to be analyzed. Based on motor phenotype, two independent clusters were identified: Cluster C1 (n = 82; 43.6%) and Cluster C2 (n = 106; 56.4%). Cluster C1 was characterized by functional tremor plus parkinsonism as the main clinical phenotype. Cluster C2 mainly included subjects with functional weakness. Cluster C1 included older subjects suffering from anxiety who were more treated with botulinum toxin and antiepileptics. Cluster C2 included younger subjects referring to different associated symptoms, such as pain, headache, and visual disturbances, who were more treated with antidepressants.

Conclusion: Using a data-driven approach of clinical data from the Italian registry, we differentiated clinical subtypes among combined FMDs to be validated by prospective studies.
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Introduction

Functional Motor Disorders (FMDs) still represent nosological entities with no clear phenotypic characterization (1, 2). To be defined, they require evidence of clinical inconsistency and incongruence in the context of functional weakness or hypo-/hyperkinesia. Once defined, FMD characterization is still principally based on main clinical features (1, 2). However, in most cases, patients may present a combined phenomenology of two or more FMDs, leading to a clinical classification that is usually based on the predominant symptom judged by the referring clinicians and then potentially biased (2).

We have recently observed that individuals with single, isolated FMD without comorbid neurological disorders have largely overlapping demographic and clinical non-motor characteristics (2). On the other hand, the characterization of multiple or “combined” FMDs remains still difficult, considering the variability related to the clinical judgment, as well as the temporal inconsistency of the disorder.

Data-driven approach using clustering analysis of clinical data has been proposed as an analytic method to obtain non-hierarchical, unbiased classifications to be tested in clinical practice. It has been applied to detect possible disease phenotypes in different fields of movement disorders, including Parkinson's disease (3) and essential tremor (4).

In this study, we aimed to identify possible clinical subtypes of combined FMDs using a data-driven approach, to overcome possible limits related to “a priori” classifications and clinical overlapping.



Materials and methods


Study population and data collection

Data were obtained by the Italian Registry of Functional Motor Disorders (IRFMD), managed by the University of Verona and the Italian Academy for the Study of Parkinson's Disease and Other Movement Disorders (Accademia LIMPE-DISMOV RADAC project) and Fondazione LIMPE. Details about subjects' recruitment and data collection have been described elsewhere (1, 2).

In brief, consecutive outpatients with FMDs were recruited from 25 tertiary movement disorders centers (11 in northern, five in central, six in southern Italy, and three in Sardinia/Sicily) between 1 September 2018 and 31 August 2019. Inclusion criteria were: age ≥10 years; the presence of one or more FMDs; a clinically definite diagnosis of FMDs based on Gupta and Lang diagnostic criteria (1, 2). Each patient with FMDs underwent a detailed clinical assessment, including screening for possible associated comorbidities. Patients with comorbid neurological diseases were included in the study (1, 5). FMD phenotypes were defined based on their specific phenomenological features in (a) tremor, (b) weakness, (c) dystonia; (d) myoclonus-like jerks; (e) facial motor disorders; (f) parkinsonism; and (g) gait disorders (1, 2). For functional weakness, we applied clues for the functional cause suggested by the referred Gupta and Lang diagnostic criteria, including the presence of distractibility maneuvers and the demonstration of positive signs (1). Since we focused on the symptom of functional weakness without selecting cases based on any etiological assumptions, no specific DSM criteria were applied for the diagnosis. Exclusion criteria were the presence of cognitive or physical impairment that precluded signing the informed consent form for participation in the study, as well as data acquisition from the structured interview (1).

Patients identified with one (isolated FMDs) or multiple FMDs (combined FMDs; e.g., dystonia plus tremor) underwent standardized clinical assessments. Patients were assessed at each center in a single session by a neurologist specialized in movement disorders. Demographic and clinical data were systematically collected, including associated symptoms, comorbidities, and practiced treatment (1, 2).

Approval was obtained by the Institutional Ethics Committee of the Coordinator Center (University of Verona, Azienda Ospedaliera Universitaria Integrata Verona, Prog. 1757CESC) and confirmed by the Committees of each participating center. All patients (or their guardians) gave their written consent to participate.



Statistical analysis

Data are presented as mean ± standard deviation for continuous variables and frequency (percentage) for categorical variables.

Non-hierarchical cluster analysis using the k-means method was performed based on the main clinical phenomenology of FMDs: tremor, weakness, dystonia, myoclonus-like jerks, facial movement disorder, parkinsonism, and gait disorder (n = 7 variables). The Calinski-Harabasz pseudo-F stopping-rule criterion was used to evaluate the optimal number of clusters to be analyzed. We performed a cluster analysis by selecting the subgroup of patients with combined FMDs from the study population. The χ2 goodness of fit test was applied to determine if multicategorical variables distribution in the selected sample followed the expected distribution of the entire study population.

Differences in scalar variables among groups were tested using the independent-samples t-test, after testing for normality. Categorical variables were tested using the χ2-test. Unconditional logistic regression analysis was performed and for each study variable, we calculated Odds Ratios (OR), 95% Confidence Interval (CI), and p-value (two-tailed). Multivariate analysis was also performed after adjustment for principal confounding variables (age, sex, and disease duration). The significance level was set at p = 0.1.




Results

We analyzed data from a total sample size of n = 410 enrolled subjects [women: 291 (71%); age 46.6 ± 15.8 years; disease duration: 5.6 ± 6.8 years)] presenting isolated and combined FMDs. FMDs phenomenology distribution in the study population was: tremor [n = 167 (40.7%)], weakness [n = 180 (43.9%)], dystonia [n = 119 (29%)], myoclonus [n = 53 (12.9%)], facial movement disorder [n = 47 (11.5%)], parkinsonism [n = 24 (5.8%)], and gait disorder [n = 109 (26.6%)]. Detailed descriptive analysis of demographic and clinical data of the study population has been already reported elsewhere (1).

A study subgroup of n = 188 (45.8%) subjects [women: 133 (70.7%); age: 47.9 ± 14.4 years; disease duration: 6.4 ± 7.7 years] with combined FMD was selected to be analyzed with data clustering. FMDs phenomenology distribution in this study subgroup was: tremor [n = 109 (58%)], weakness [n = 106 (56.4%)], dystonia [n= 78 (41.5%)], myoclonus [n = 35 (18.6%)], facial movement disorder [n = 35 (18.6%)], parkinsonism [n = 22 (11.7%)], and gait disorder [n = 92 (48.9%)]. There were no differences between the selected sample and the entire population in terms of age (t = 0.96; p = 0.337), sex (χ2 = 0.003; p = 0.954), and disease duration (t = 1.28; p = 0.201). The frequency distribution of overall FMDs differed from those in the entire study population (goodness of fit χ2 = 76.6; p < 0.001).

Two independent groups of patients based on clustering parameters were identified (for n = 2 to six clusters: n = 2 pseudo F = 45.34; n = 3 pseudo F = 40.16; n = 4 pseudo F = 36.68; n = 5 pseudo F = 31.27; n = 6 pseudo F = 34.66): Cluster C1 (n = 82; 43.6%) and Cluster C2 (n = 106; 56.4%). The distribution of FMDs among groups is shown in Table 1. Statistically significant differences in evaluated clinical variables between the two clusters are shown in Table 2, including multivariate analysis adjusted for age, sex, and disease duration.


TABLE 1 Distribution of FMDs among identified clusters.
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TABLE 2 Differences in evaluated clinical variables between the identified clusters.
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As for the total population, the first detected Cluster C1 principally included subjects with functional tremor plus parkinsonism as the main FMDs clinical phenotype. The tremor was present in n = 59 (71.9%) patients: in n = 49 (83%) patients, it was distributed in the upper limb, in n = 18 (30.5%) patients in the lower limb, and in n = 15 (25.4%) patients in body parts other than limbs. Parkinsonism was instead present in n = 18 (21.9%) patients: in n = 15 (83.3%) patients, it was distributed in the upper limb, in n = 8 (44.4%) patients in the lower limb, and in n = 10 (55.6%) patients in body parts other than limbs.

Functional weakness was instead more represented in Cluster C2, being present in all n = 106 patients. In n = 42 (39.6%) patients, it was distributed in the upper limb, in n = 86 (81.1%) patients in the lower limb, and in n = 12 (11.3%) patients in body parts other than limbs. In Cluster C2, parkinsonism was present in n = 4 (3.8%) patients: in n = 3 (75%) patients, it was distributed in the upper limb, in n = 3 (75%) patients in the lower limb, and in n = 3 (75%) patients in body parts other than limbs. In all patients affected by parkinsonism, functional weakness principally affecting limbs was observed. Other hyperkinetic functional movement disorders were equally distributed in the two clusters.

Cluster C1 included older subjects with associated anxiety. They presented a diagnosis of parkinsonism as neurological comorbidity, even if the association was lacking in the multivariate analysis, and they were more treated with BTX and antiepileptics. Cluster C2 included instead younger subjects referring to more associated symptoms, such as pain, headache, visual disturbances, and feelings of depersonalization/derealization, even though this last factor lacked a significant association in the multivariate analysis. They were treated with antidepressants with respect to Cluster C1.



Discussion

In this study, we aimed to identify possible clinical subtypes of combined FMDs by clustering registry-based data. We used patients' main clinical features as clustering variables, then we looked at differences in terms of comorbidities associated with FMDs (5), precipitating and associated factors, as well as response to therapies among the identified groups.

When cluster analysis was applied to main clinical features with no “a priori” distinction on combined FMDs, two separate clusters were identified with different characteristics. The first cluster (Cluster C1) principally included subjects with functional movement disorders, specifically functional tremor plus parkinsonism. It also mainly included older subjects experiencing anxiety. They presented a diagnosis of parkinsonism as neurological comorbidity and they were treated with BTX and antiepileptics. The second cluster (Cluster C2) was characterized by weakness as the main clinical phenotype. The group principally included younger subjects referring to different associated symptoms, including headache, debilitating pain, visual symptoms, and feelings of depersonalization/derealization. Subjects in this group were more treated with antidepressants.

The high frequency of functional parkinsonism and tremor in Cluster C1 may reflect previous results showing that functional tremor represents one of the most frequent FMDs observable in elderly subjects (6). No specific differences in terms of gender distribution were obtained between the two groups, even though Cluster C1 included overall more men than Cluster C2. Previous reports highlighted a higher prevalence of conversion symptoms, including functional weakness and sensory symptoms in women with respect to men, probably explained by a higher rate of consultation for the referred condition in this group (7–9).

Concerning differences in associated conditions between groups, highlighted characteristics for Cluster C2 seemed in agreement with the previously reported association between functional weakness and sensory symptoms with respect to other phenotypes (1, 7, 8). By a pathophysiological state point, it has been argued that such results may be explained by the hypoactivity of subcortical circuits controlling sensorimotor function and driving both voluntary motor behavior and sensory loss, differently from what is hypothesized for functional symptoms characterized by excessive motor output (1, 10).

We also found a high prevalence of feelings of depersonalization/derealization in Cluster C2, in which functional weakness is more represented, with respect to Cluster C1. This may reflect a previous hypothesis postulating that functional weakness could be a form of “hemi-depersonalization” in which the relationship with the functional weakness could be explained in terms of immobility and/or increased attention paid to a specific body part (11).

Coexisting neurological comorbidities in FMDs, including parkinsonism, were already described in our study population (5). Patients with comorbid FMDs were usually older and more frequently had tremors (5), characteristics observed in Cluster C1. Systematic review already demonstrated that tremor is the most common FMD observed in Parkinson's disease, usually occurring in the most affected side (5, 12). It has been suggested that the underlying pathological process in Parkinson's disease predisposes patients to abnormal attention-to-movement production (12). The same abnormal attention toward movement has been demonstrated in FMD, a notion supported by the clinical evidence of functional movement normalization by shifting attention away from movement (12). Based on this assumption, it could be argued that Parkinson's disease pathology may produce vulnerability to develop functional symptoms. In the case of functional symptoms in the context of Parkinson's disease, they would be mainly motor symptoms linked phenomenologically to the physical deficit caused by the disease (12).

Our study has some limitations that should be considered. Selection bias cannot be excluded since the enrollment was carried out in tertiary, referral centers and collected data may be also biased by recall bias. Furthermore, data clustering was applied just to the combined FMDs, thus affecting the results generalizability. However, it should be underlined that the exclusion of the “isolated” FMDs from the data clustering was due to methodological limits. Indeed, the stopping-rule method could not be applied to identify an optimal number of clusters in the subpopulation of isolated FMDs because the optimal number of identifiable clusters overlaps with the number of the identified FMDs phenotypes used for the motor classification, as previously defined.

There are also strengths of the present study. This is the first study attempting an unbiased, data-driven classification of FMDs when combined, to overcome possible evaluation bias due to the subjective “a priori” classification. It also includes a large multicenter sample of FMDs patients which were systematically evaluated by a standardized protocol.

In conclusion, using a data-driven approach of clinical data from the Italian registry, we were able to detect clinical subtypes of combined FMDs to be validated by prospective studies. In future studies, it will be crucial to expand the ambition of diagnostic quality to postmortem studies.
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Combined FMDs Cluster C1 Cluster C2 x? )

(n =825 43.6%) (n = 1065 56.4%)

Tremor 59 (71.9%) 50 (47.2%) 11.65 (<0.001)**
Weakness 0 106 (100%) 188 (<0.001)**
Dystonia 37 (45.1%) 41(38.7%) 0.79 (0.374)
Myoclonus 19 (23.2%) 16 (15.1%) 199 (0.158)
Facial Movement Disorders 17 (20.7%) 18 (17%) 0.43(0.512)
Parkinsonism 18 (21.9%) 4(3.8%) 148 (<0.001)**
Gait disorder 40 (48.8%) 52 (49.1%) 0.001 (0.97)

**p <0.05.
EMDs, Functional Motor Disorders.
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Combined FMDs' Cluster C1 Cluster C2 OR (95% CI) P adjOR (95% CI) P

Age, years 5214136 448+ 142 0.96 (0.94-0.98) 0001 / /
Sex, male 29 (35.4%) 26 (24.5%) 059 (0.31-1.11) 0.107 / /
Disease duration, years 64+83 65473 1(0.96-1.04) 0967 / /
Education, years 119+ 4.1 11.6+37 0.98 (0.9-1.06) 0578 / /
Associated NMS

Pain 36 (49.3%) 68 (70.1%) 2.41(1.28-4.53) 0006+ 188 (0.96-3.67) 0.064*
Headache 20 (27.4%) 40 (41.2%) 1.86 (0.97-3.58) 0.063* 179 (0.91-3.53) 0.093*
Dep. / Der. 5 (6.8%) 16 (16.5%) 269 (0.94-7.71) 0.066* 2.1 (0.71-6.25) 0.180
Anxiety 53 (72.6%) 57 (58.8%) 0.54 (0.28-1.03) 0.063* 0.5(025-1) 0.051*
Associated ED

Visual FS 5 (14.7%) 26 (40.7%) 3.97 (1.36-11.59) 0012+ 2.89 (0.93-9.03) 0.066*
Comorbidities

PD and parkinsonism 6 (28.6%) 1(4.3%) 0.11 (0.01-1.04) 0.054* 0.13 (0.01-1.58) 0.110
Therapies

BTX Therapy 15 (42.9%) 10 (18.9%) 031 (0.12-081) 0017+ 0.31(0.11-0.84) 0.021%
Antidepressants 26 (54.2%) 49 (73.1%) 2.3 (1.05-5.04) 0037+ 229 (1.01-5.19) 0.047*
Antiepileptics 20 (41.7%) 18 (26.99%) 0.51(0.23-1.13) 0.098* 0.51(0.22-1.14) 0,099
“p < 0.05.

*p<0.1.

Cluster CI set as reference; adjusted OR (adjOR) with 95% Confidence Interval (95% CI) for age, sex, and disease duration.
EMDs, Functional Motor Disorders, NMS, Non-Motor Symptoms; Dep./Der., Depersonalization/Derealization; FD, Functional Disorders; FS, Functional Symptom; PD, Parkinson’s
Disease; BTX, Botulinum Toxin.

t Combined FMD: n = 188.
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