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Abstract
Objectives  The prevalence of restless legs syndrome 
(RLS) in functional movement disorders (FMD) is not 
known. Patients with FMD often present with multiple 
motor and sensory symptoms. Some of these symptoms 
might be due to comorbid RLS. Therefore, our objective 
was to evaluate possible association between FMD and 
RLS.
Design  Case–control study.
Setting  Movement Disorders Center, 1st Faculty of 
Medicine and General University Hospital in Prague, Czech 
Republic.
Participants  96 consecutive patients with clinically 
established FMD (80 females, mean age (SD) 45.0 (13) 
years), and 76 matched controls.
Primary and secondary outcome measures  The 
primary outcome measure was prevalence of RLS based 
on updated International RLS Study Group criteria. 
Secondary outcome measures included prevalence of 
periodic limb movements (PLM) using actigraphy; pain, 
motor and sensory symptoms in lower limbs; organic 
comorbidities and medication affecting RLS.
Results  RLS criteria were fulfilled in 43.8% of patients 
(95% CI 34 to 54) and in 7.9% of controls (95% CI 3 to 17, 
p<0.00001). Both RLS and PLM indices (PLMi) ≥22.5/hour 
were found in 21.2% of patients with FMD and 2.6% of 
controls. Patients with FMD with RLS had a higher mean 
PLMi (p<0.001) and a higher proportion of PLMi ≥22.5/
hour (p<0.01) than RLS-negative patients. Patients with 
RLS had higher prevalence of pain and sensory symptoms 
in lower limbs, no difference was found in medication and 
prevalence of organic comorbidities in patients with FMD 
with and without RLS.
Conclusions  We found an increased prevalence of 
RLS in patients with FMD. Clinical diagnosis of RLS was 
supported by actigraphic measurement of clinically 
relevant PLM in a significant proportion of patients with 
FMD. Although functional motor and sensory symptoms 
may mimic RLS, RLS may be unrecognised in patients 
with FMD. This finding may have clinical implications 
in management of FMD, and it raises the possibility of 
common pathophysiological mechanisms of FMD and RLS/
PLM.

Introduction  
Functional (psychogenic) movement disor-
ders (FMD) are common neurological 

manifestations, clinically defined by abnormal 
movement control that is significantly altered 
by distraction or non-physiological manoeu-
vres and that is clinically incongruent with 
movement disorders known to be caused by 
neurological disease.1 

Patients with FMD frequently present with 
a complex and variable motor phenotype. In 
addition, they often report sensory symptoms 
and pain in multiple body regions, mood 
disorders, fatigue and sleep problems.2 3 Rest-
less legs syndrome (RLS) is defined by an 
urge to move a body part (usually the lower 
limbs) typically accompanied by a wide range 
of sensory symptoms.4 Higher prevalence 
of RLS has been reported in numerous and 
pathophysiologically heterogeneous condi-
tions. However, a recent systematic review 
of evidence confirmed higher prevalence 
of RLS only in kidney disease and iron defi-
ciency and possible association in some 
cardiovascular diseases in women, diabetes 
(and neuropathy), migraine and dopami-
nergic treatment in Parkinson’s disease.5 RLS 
prevalence in patients with FMD has not been 

Strengths and limitations of this study

►► This is the first study to assess prevalence of rest-
less legs syndrome (RLS) in patients with clinically 
established diagnosis of functional movement dis-
orders (FMD) based on positive diagnostic signs of 
inconsistency and incongruence.

►► Case–control study design with relatively large sam-
ple of patients with FMD and matched controls was 
used.

►► Updated International RLS Study Group criteria for 
the diagnosis of RLS were applied.

►► Objective actigraphic assessment of PLM was per-
formed using validated methodology to control for 
false-positive RLS cases.

►► The main limitation of the study results from intro-
duction of new polysomnographic criteria for PLM in 
the course of the study which could not be imple-
mented in this actigraphic study.
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studied thus far. We hypothesised that patients with FMD 
may have a higher prevalence of RLS than is reported 
in the general population, and some of the sensory and 
motor phenomena observed in patients with FMD may be 
due to unrecognised RLS.

The main objective of this study was to assess the prev-
alence of RLS in a group of patients with FMD and/or 
functional weakness, compared with a matched control 
group. RLS was defined according to the current diag-
nostic criteria.4 In addition, the presence of periodic limb 
movements (PLM) that are considered as an objective 
biomarker of RLS was assessed by actigraphy.4 6

Illness beliefs and unexplained somatosensory input 
may play an important role in the development of func-
tional neurological symptoms.7 To find out whether RLS 
could contribute to the later development of FMD, we 
also aimed to analyse the time relationship between the 
onset of FMD and RLS.

Additionally, factors that can affect RLS prevalence (age, 
organic comorbidities including migraine, depression, 
anxiety and medication) were also considered in the anal-
ysis.8–10 Furthermore, we studied the relationship between 
the FMD phenotype, the prevalence of RLS/PLM and 
non-motor symptoms such as daytime sleepiness, fatigue 
and sensory symptoms and pain in lower limbs.

Methods
Subjects
We recruited 115 consecutive patients (94 females, mean 
age (SD) 44.8 (13) years) diagnosed with clinically defi-
nite FMD according to the diagnostic criteria of Gupta 
and Lang between October 2014–December 2016.11 The 
diagnosis of FMD was based on detailed clinical interviews 
and examination by an experienced movement disorders 
specialist (TS) finding positive signs of functional weak-
ness and/or abnormal movements inconsistent in time 
and incongruent with known movement disorders.1 12 13 
FMD duration was recorded.

During the same time period, 76 unrelated sex-matched 
and age-matched control subjects were recruited (66 
females, mean age (SD) 44.2 (11) years) from database of 
healthy subjects willing to participate in clinical studies. In 
all controls, a complete medical history was recorded, and 
full neurological examination was performed by TS or MS. 
Only controls without neurological symptoms or signs of 
nervous system disorder affecting motor function (except 
for those corresponding to RLS) were included in the study. 
Both patients and controls with known kidney disease, iron 
deficiency or pregnancy were not included in the study.5

Motor symptoms
All motor symptoms present during the examination in 
each patient with FMD were recorded and phenomeno-
logically classified as functional weakness, tremor, dystonia, 
myoclonus, gait disorder, parkinsonism, speech disturbance 
or eye movement abnormalities. The frequency of each 
phenotype was calculated. The presence or absence of any 

motor symptoms in lower limbs was recorded from face to 
face interview and physical examination.

Organic multimorbidity and medication
To evaluate the cumulative effect of organic comorbid-
ities on RLS frequency, we used a Comorbidity Index 
by Szentkiralyi et al which was calculated as a sum of the 
following conditions: diabetes, hypertension, myocardial 
infarction, obesity, stroke, cancer, renal disease, anaemia, 
thyroid disease, migraine and depression. One point was 
assigned for each present condition.9 Obesity was defined 
as current body mass index >30 kg/m2. The presence of 
general medical conditions included in the Modified 
Comorbidity Index was based on patients’ medical reports 
and clinical interview. Migraine was diagnosed from clin-
ical interview according to current diagnostic criteria.14

The subjects were considered to have depression 
either if they scored in Beck Depression Inventory (BDI-
II) ≥14 or scored lower with a proven history of depres-
sion treated with antidepressants.15 In each subject, we 
recorded presence or absence of medication possibly 
interfering with RLS and PLM prevalence. Use of any anti-
depressants, for example, selective serotonin reuptake 
inhibitors (SSRI), serotonin-norepinephrine reuptake 
inhibitors (SNRI), trazodone, mirtazapine or tricyclics in 
monotherapy or combination, was scored 1 if present, 0 if 
absent. Similarly, use of medication that may reduce RLS 
and PLM symptoms, for example, gabapentinoids (prega-
balin and gabapentin), dopaminergic drugs (dopamine 
agonists and levodopa) and opioids, was scored as 1 if the 
medication was present, 0 if absent. Additionally, we also 
recorded the use of betablockers that have been reported 
as related to RLS and PLM.10 The history of antidepres-
sants administration initiated prior to RLS onset was 
taken into account for evaluation of RLS prevalence while 
the use of antidepressants in the time of actigraphy was 
considered for PLM prevalence analysis.

Neurological comorbidities other than migraine were 
recorded and stratified according to their possible asso-
ciation with RLS and Neurological Comorbidity Index 
was calculated as follows5: the presence of a condition 
that has been associated with an increased frequency of 
RLS regardless of the level of evidence (ataxia, multiple 
system atrophy, multiple sclerosis, Parkinson’s disease, 
peripheral neuropathy, polyneuropathy and radiculop-
athy, muscle disorder and stroke)—1 point; neurological 
comorbidity without association with RLS or no known 
neurological comorbidity (pure FMD)—0 points.

RLS and PLM evaluation
All the patients and control subjects were interviewed 
for the presence of RLS. Subjects were classified as RLS 
positive (RLS+) if they met all five revised criteria of the 
International Restless Legs Syndrome Study Group: (1) 
an urge to move the legs usually accompanied by uncom-
fortable and unpleasant sensations, (2) symptoms begin-
ning or worsening during periods of rest or inactivity, (3) 
partial or total relief by movement, (4) occurrence or 
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worsening in the evening or night and (5) occurrence of 
the above features is not solely accounted for as symptoms 
primary to another medical or a behavioural condition. 
All known RLS mimics were considered and excluded.4 
Subjects with inconsistent reports on RLS symptoms and 
evident suggestibility during interview were classified as 
functional mimics and labelled as RLS negative (RLS−). 
Cases with atypical presentation of RLS symptoms and/or 
with possible confounds were additionally interviewed by 
an experienced sleep disorder specialist (KŠ, DK) and if 
there were any diagnostic doubts, the case was labelled as 
RLS−. In RLS+ subjects, the duration of their RLS symp-
toms, a family history of RLS in first-degree relatives and 
the severity of their RLS according to the International 
Restless Legs Scale (IRLS) were recorded.16

We determined the number of RLS+ patients in whom 
motor symptoms localised in lower limbs were attribut-
able exclusively to RLS, that is, were characterised by an 
urge to move the legs, beginning or worsening during 
periods of rest or inactivity, relieved by movement, with 
occurrence or worsening in the evening or night.

For detection of PLM, all control subjects and 96 patients 
with FMD, regardless of RLS status, underwent actigraphy 
from big toes for three consecutive nights at home. In 
19  patients  with FMD, actigraphic assessment was not 
available because of their refusal to participate or due to 
complicated logistics. The actigraphic measurement and 
assessment were performed as published previously.17 
We have evaluated the total number of limb movements 
and the total number of PLM. The PLM index (PLMi, 
number of individual movements per hour) was calcu-
lated by dividing the total number of PLM by number of 
hours in bed according to the subjects’ diary. For statis-
tical analysis, we considered the highest PLMi value out of 
three nights in each subject. A cut-off PLMi ≥22.5/hour 
(corresponding to PLMi ≥15/hour in polysomnography) 
consistent with the International Classification of Sleep 
Disorders 3rd edition criteria was used for clinically rele-
vant PLM positivity.6 10 17

Sensory symptoms and pain in lower limbs
The presence or absence of sensory disturbances 
(ie, paresthesias or dysaesthesias) in lower limbs was 
recorded from face to face interview and physical exam-
ination in each subject. We also determined the number 
of RLS+  subjects with sensory symptoms in lower limbs 
exclusively attributable to RLS, that is, accompanying the 
urge to move the legs, beginning or worsening during 
periods of rest or inactivity, relieved by movement, with 
occurrence or worsening in the evening or night.

The presence of pain in lower limbs was recorded 
if subjects marked lower limb region on a PainDetect 
body figure as location of an important pain.18 Addi-
tionally, the mean pain intensity in relation to the body 
parts marked on the body figure within the last 4 weeks 
was evaluated using a Visual Analogue Scale (0=no pain, 
10=maximum pain).

Questionnaires for non-motor symptoms
Along with the BDI-II, the subjects also completed self-ad-
ministered questionnaires to determine the prevalence 
of anxiety traits (State-Trait Anxiety Inventory, STAI X2), 
chronic fatigue (Fatigue Severity Scale) and daytime 
sleepiness (Epworth Sleepiness Scale, ESS).19–21

Statistics
Statistical analyses were performed using Dell Statis-
tica V.13 (​Software.​dell.​com, Dell, 2016). Testing for 
normality was performed using the Shapiro-Wilks W 
test. For descriptive statistics, continuous variables were 
summarised as mean±SD or median±IQR, whereas cate-
gorical variables were summarised as number of subjects 
and percentage. Continuous variables were compared 
using Student’s t-test or Mann-Whitney U test as appro-
priate, while categorical variables were compared using 
χ2 statistics. We used logistic regression models to assess 
the association between demographic, clinical and acti-
graphic variables and PLMi ≥22.5/hour. Statistical signif-
icance was defined as alpha 0.05, and the Bonferroni 
correction for multiple testing was used where necessary.

Patient and public involvement
No participants were involved with the study design.

Results
Clinical characteristics
Demographic and clinical characteristics from 96 patients 
with FMD and 76 control subjects who completed the 
study including actigraphy are summarised in table  1. 
Nineteen patients did not complete actigraphy due to 
personal, technical or logistical reasons and were not 
included in the statistical analysis.

There was a difference between the two groups in the 
Comorbidity Index which was higher in the patients 
group. This difference in the Comorbidity Index was due 
to significantly higher prevalence of migraine and depres-
sion in patients with FMD. Therefore, to control for somatic 
comorbidities we calculated a Modified Comorbidity 
Index (without including migraine and depression). No 
difference between patients with FMD and controls was 
found for the Modified Comorbidity Index, as well as for 
the rates of each of the somatic organic comorbidities (ie, 
diabetes, hypertension, myocardial infarction, obesity, 
stroke, cancer, anaemia and thyroid disease), and for the 
Neurological Comorbidity Index. Without considering 
migraine, 72 out of 96 patients had pure FMD, while in 24 
patients (25.0%) we observed a comorbid organic neuro-
logical condition. Two control subjects had incidental 
peripheral neuropathy without an impact on motor func-
tion. See table 1 and online supplementary material for 
details. Higher percentage of patients than controls was 
taking both antidepressants and drugs suppressing RLS/
PLM. No difference was found in the use of betablockers.

RLS and PLM
Results from the clinical RLS assessment and actigraphy 
are shown in detail in tables 2 and 3. RLS was diagnosed 

https://dx.doi.org/10.1136/bmjopen-2018-024236
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Table 1  Demographic and clinical characteristics

FMD patients vs controls RLS+ vs RLS− FMD patients

FMD patients
(N=96) Controls (N=76) P value

FMD/RLS+
(N=42)

FMD/RLS− 
(N=54) P value

Subjects

 � Age (years) (SD) 45.0 (13) 44.2 (11) 0.36 47.7 (11) 42.9 (14) 0.17

 � Females 83.3% 86.8% 0.52 88.1% 79.6% 0.27

 � Mean FMD duration 
(years) (SD)

6.0 (5) – – 7.0 (6) 5.1 (5) 0.03

Motor symptom (present/present as predominant)

 � Weakness 51.0%/31.3% – – 52.4%/28.6% 50.0%/33.3% 0.98/0.17

 � Gait disorder 53.1%/32.3% – – 76.2%/42.9% 59.3%/24.1%

 � Tremor 41.7%/22.9% – – 45.2%/19.0% 38.9%/25.9%

 � Dystonia 29.2%/9.4% – – 23.8%/9.5% 33.3%/9.3%

 � Myoclonus 10.4%/4.1% – – 4.8%/0.0% 14.8%/7.4%

 � Speech disturbance 9.4%/0.0% – – 11.9%/0.0% 7.4%/0.0% -

 � Convergence spasm 5.1%/0.0% – – 8.2%/0.0% 2.9%/0.0% -

Comorbidities

 � Comorbidity Index

 �  0 17.7% 44.7% 0.0008* 9.5% 24.1% 0.33

 �  1 35.4% 35.5% 42.9% 29.6%

 �  2 33.3% 15.8% 35.7% 31.5%

 �  3 7.3% 4.0% 7.1% 7.4%

 � >3 6.3% 0.0% 4.8% 7.4%

 �  Mean score (SD) 1.50 (1.1) 0.79 (0.9) 0.000009* 1.55 (0.9) 1.48 (1.3) 0.56

 � Migraine 35.4% 15.8% 0.0039* 45.2% 28.8% 0.08

 � Depression 56.3% 11.8% P<0.00001* 61.9% 51.9% 0.32

 � Modified 
Comorbidity Index

 �  0 61.5% 60.5% 0.82 69.1% 55.5% 0.48

 �  1 25.0% 27.6% 19.0% 29.6%

 �  2 9.4% 10.5% 9.5% 9.3%

 �  3 3.1% 1.4% 2.4% 3.7%

 � >3 1.0% 0.0% 0.0% 1.9%

 �  Mean score (SD) 0.57 (0.9) 0.53 (0.7) 0.93 0.45 (0.8) 0.67 (0.9) 0.27

 �  Neurological 
Comorbidity Index

 �  0 87.5% 97.4% 0.019 85.7% 88.9% 0.64

 �  1 12.5% 2.6% 14.3% 11.1%

Medication 

 � Antidepressants 50.0% 6.7% P<0.00001* 54.8% 46.3% 0.41

 � Medication 
suppressing

 � RLS/PLM

39.6% 0.0% P<0.00001* 47.6% 33.3% 0.16

 � Betablockers 13.5% 5.3% 0.07 9.5% 16.7% 0.31

All intergroup comparisons were performed using Mann-Whitney U test for quantitative parameters and χ2 for qualitative ones, p values stand 
for nominal uncorrected results.
*Significant results after correcting for three comparisons among demographics and for seven comparisons among comorbidities and 
medication (p<0.05).
FMD, functional movement disorder; PLM, periodic limb movements; RLS, restless legs syndrome.
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in 43.8% of patients and in 7.9% of controls (p<0.0001, 
corrected). The mean IRLS score was higher in the 
patients group. Sixty per cent of patients but no control 
subject had RLS symptoms present for more than 4 days in 
a week, 37.5% of patients but no control subjects had RLS 
symptoms duration longer than 3 hours per 24 hours. The 
prevalence of RLS, clinically relevant PLM (PLMi ≥22.5/
hour) and combination of both were all significantly 
higher in patients with FMD than in controls. Patients with 
FMD had higher mean PLMi than controls (p=0.0003). 
RLS− controls had lower PLMi than RLS− patients with 
FMD (p=0.03 uncorrected, Mann-Whitney U test). There 

was no significant difference in the proportion of subjects 
with PLMi  ≥22.5/hour between all controls and RLS− 
patients with FMD.

The duration of FMD symptoms did not significantly 
differ between the RLS+  and RLS− subgroup, although 
there was a trend towards longer FMD duration in the 
RLS+ group. In 2 out of 10 patients with positive family 
history, RLS preceded FMD onset.

Regarding the motor phenomena present in lower 
limbs in 42 RLS+ patients, 27 patients (64.3%) presented 
with functional gait disorder and/or functional weakness 
but no abnormal movements in lower limbs; 11 patients 
(26.2%) presented with abnormal movements, that is, 
functional tremor, dystonia or myoclonus in the lower 
limbs; 4 patients (9.5%) had no functional motor symp-
toms in lower limbs and their motor symptoms in the 
lower limbs were exclusively related to RLS.

Sensory symptoms and pain in lower limbs
Results of the assessment of sensory symptoms and pain 
in lower limbs are shown in table 4. Both sensory symp-
toms and pain were more frequently found in patients 
with FMD than in controls. Sensory symptoms related 
exclusively to RLS were present in 12.9% of all patients 
with FMD (ie, in 30.4% of RLS+ patients).

Questionnaires for non-motor symptoms
Patients with FMD suffered from significantly more 
severe depression, anxiety, fatigue and daytime sleep-
iness than control subjects. The scores are shown in 
table 5.

Comparison between RLS+ and RLS− patients with FMD
In the FMD group, no differences in demographic or 
clinical parameters were found between RLS+ and RLS− 
groups. No significant association between a specific 
motor phenotype and RLS status was observed (table 1).

On actigraphy, the RLS+ group showed a higher mean 
PLMi and a higher proportion of PLMi ≥22.5/hour than 
the RLS− group showed. Out of 96 patients with FMD 
who underwent actigraphy, 20 patients had both RLS and 
a PLMi ≥22.5/hour.

Both sensory symptoms and/or pain in lower limbs 
were more frequent in RLS+ than in RLS− patients. No 
difference in mean pain intensity in last 4 weeks was 
found in RLS+ and RLS− groups.

No difference between the RLS+  and RLS− patients 
group was found in scales rating depression, anxiety and 
sleepiness and fatigue.

Additional analysis
Logistic regression among assessed clinical motor and 
non-motor parameters did not find any significant 
predictors of RLS+ status in patients with FMD (p=0.5). 
All above presented results remained unchanged after 
patients with FMD and organic neurological comorbidi-
ties were excluded.

Table 2  RLS assessment

FMD patients vs controls

FMD patients 
(N=96)

Controls
(N=76) P value

RLS+ (N) 42 6 <0.00001*

 �  % (95% CI) 43.8 (34 to 54) 7.9 (3 to 17)

Mean IRLS score 
in RLS+ (SD)

23.6 (7) 7.0 (6) 0.00002*

Frequency of 
RLS (number of 
days in 1 week)

 � ≤1 12.5% 60% 0.03

 � 2–3 27.5% 40%

 � 4–5 30% 0%

 � 6–7 30% 0%

Duration of 
RLS symptoms 
(number of hours 
per 24 hours)

 � <1 20% 80% 0.04

 � 1–3 42.5% 20%

 � 3–8 25% 0%

 � ≥8 12.5% 0%

Positive family 
history of RLS in 
RLS+†

30.4% 33.3% 0.92

Mean RLS 
duration (years) 
(SD)

 7.5 (8) 5.8 (6) 0.64

Mean age at RLS 
onset (years) 
(SD)

40.2 (13) 34.5 (9) 0.30

RLS vs FMD 
onset

 �  RLS before 
FMD

26.8% – – 

 �  Concurrent 
onset

26.8% – – 

 �  RLS after FMD 46.3% – – 

*Significant results (p<0.05) after correcting for seven comparisons. 
†During interview, 22 patients did not know if RLS was present in 
their family history, and 18 patients had no family history of RLS. P 
values stand for nominal uncorrected results.
FMD, functional movement disorder; IRLS, International Restless 
Legs Scale; RLS, restless legs syndrome.
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Discussion
This is the first case–control study to assess the preva-
lence of RLS in patients with FMD. Forty-three per cent 
of patients with FMD met the diagnostic criteria for RLS 
while in the control group RLS was found in 8%, similarly 
to previous findings in population studies.22 The RLS 
presence was not associated with medication or organic 
comorbidities in patients with FMD.

However, only 21% of patients with FMD had both 
RLS and clinically relevant PLM detected by actigraphy. 
This result suggests there might be false-positive cases 
either due to suggestibility or due to functional symptoms 
mimicking RLS.

Known mimics included in the new RLS criteria were 
carefully excluded. Nevertheless, suggestibility inherent 
in an interview on symptoms that are not reported spon-
taneously and/or general tendency of patients with FMD 

to over-report symptoms might be a source of a diagnostic 
bias. Additionally, and perhaps more importantly, func-
tional motor and sensory phenomena may mimic RLS 
symptoms in this group of patients.

However, even if we take into account only RLS cases 
with comorbid clinically relevant PLM, our findings still 
suggest FMD is associated with a twofold higher prev-
alence of RLS compared with general population. Also 
in healthy controls, we detected both RLS and clinically 
relevant PLM only in a small proportion (2.6%) of cases.

RLS diagnosis was further supported by a higher occur-
rence of actigraphically detected PLM in RLS+ patients in 
comparison to both RLS− patients and controls.

The mean PLMi was higher in RLS− patients than in 
the control group, suggesting an association of PLM 
and FMD independent of RLS occurrence. Alterna-
tively, some false-RLS− cases could be also included in 

Table 3  Actigraphy

FMD patients vs controls RLS+ vs RLS− FMD patients

FMD patients
(N=96)

Controls
(N=76) P value FMD/RLS+ (N=42) FMD/RLS− (N=54) P value

Mean PLMi (PLM/hour) 
(SD)

21.2 (19) 11.8 (14) 0.00005* 28.3 (19) 15.7 (17) 0.00004*

PLMi ≥22.5/hour (N) 30 9 0.003* 20 10 0.002*

 �  % (95% CI) 31.3 (23 to 41) 11.8 (8 to 21) 47.6 (33 to 62) 18.5 (10 to 31)

RLS+/PLMi ≥22.5/hour 
(N)

20 2 0.0002* – – – 

 �  % (95% CI) 20.8 (14 to 30) 2.6 (1 to 9) – – – 

*Significant results after correction for five comparisons (p<0.05). 
All intergroup comparisons were performed using Mann-Whitney U test for quantitative parameters and χ2 for qualitative one. P values shown 
are nominal uncorrected results.
FMD, functional movement disorder; PLM, periodic limb movements; PLMi, periodic limb movement index; RLS, restless legs syndrome.

Table 4  Sensory symptoms and pain

FMD patients vs controls RLS+ vs RLS− FMD patients

FMD patients Controls P value FMD/RLS+ FMD/RLS− P value

Sensory symptoms

 � Number of 
subjects

96 76 – 42 54 –

 � Lower limbs 83.3% 9.2% <0.0001* 97.6%† 72.2% 0.0005*

 � Exclusively to 
RLS

12.9% 7.9% 0.087 30.4% – – 

Pain

 � Number of 
subjects

90 76 – 38 52 – 

 � Lower limbs 62.3% 11.8% <0.0001* 75.0% 48.2% 0.009*

 � Mean VAS in 
4 weeks (SD)

5.6 (3) 1.4 (2) <0.00001* 6.1 (2) 5.3 (3) 0.40

All intergroup comparisons were performed using Mann-Whitney U test for quantitative parameters and χ2 for qualitative ones, p values 
shown are nominal uncorrected results.
*Significant results after correction for multiple testing for four comparisons (p<0.05).
†Only one RLS+ patient did not report sensory symptoms as part of the RLS symptomatology, nevertheless he fulfilled the RLS criteria and 
his maximum PLMi was 33.
FMD, functional movement disorder; PLMi, periodic limb movement index; RLS, restless legs syndrome; VAS, Visual Analogue Scale.
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this group, especially in the subgroup with PLMi ≥22.5/
hour. However, PLM may be associated with antidepres-
sants intake which was higher in the FMD group and thus 
could contribute to PLM expression.10

Notably, no differences between RLS+  and RLS− 
patients were found in organic neurological and/
or somatic comorbidities, medication use or gender, 
suggesting that these factors do not affect RLS expression 
in patients with FMD.

The rate of familial RLS in our patients with FMD and 
control subjects was rather low compared with previous 
reports; however, in majority of cases the family history 
could not be reliably established. Low rate of familial 
cases would suggest stronger role of genetic factors in the 
development of RLS can be supposed only in a minority 
of patients with FMD.4 23

We did not find a relationship between the FMD 
phenotype and the presence of RLS or PLM. This result 
is in line with the current neurobiological model of FMD 
which suggests there may be common mechanisms acting 
in FMD, regardless of motor phenotype.7

To our surprise, in two-thirds of the RLS+ patients, RLS 
started concurrently with or after the FMD onset. In these 
patients, the burden resulting from a functional disorder 
might have contributed to RLS development rather than 
vice versa. However, FMD duration did not appear as a 
significant risk factor for RLS development.

The finding of the association between FMD and 
RLS/PLM suggests these conditions might share some 
common pathophysiological mechanisms. The genetic 
and molecular basis of FMD is still largely unknown. In 
RLS some pathophysiological genetic and molecular 

factors including dysfunction in iron homeostasis and 
iron–dopamine interaction, role of inflammation and 
hypoxia have been already elucidated.5 24 In RLS and 
PLM, clinical symptoms and also some neurophysiolog-
ical abnormalities, such as short intracortical inhibition 
(SICI) in RLS and lower threshold for the production of 
spinal flexor reflexes in PLM, can be improved with dopa-
minergic drugs.25 26 A loss of SICI has also been demon-
strated at least in functional dystonia.27 In Parkinson’s 
disease, where there is also loss of SICI, the deficit can be 
improved with dopaminergic drugs.28 Hence, a common 
state of reduced inhibition might be postulated due to 
dopamine deficiency.

Additionally, we may assume, similar environmental 
factors that trigger the manifestation of RLS symptoms, 
for example, cumulative number of diseases in a single 
individual, could also increase the risk of FMD in vulner-
able individuals.5 Indeed, organic neurological comor-
bidity was higher in patients with FMD than in controls. 
Migraine was the most frequent comorbidity. Headache 
seems to be a common problem in patients with FMD, 
and migraine can even play a role as precipitating factor 
in functional motor symptoms development.29 30

Twenty-five per  cent of patients were also diagnosed 
with other organic neurological condition. The co-oc-
currence of organic and functional disorders has been 
previously detected in patients diagnosed with psycho-
genic movement disorders and also in cohorts of patients 
with organic neurological disorders including movement 
disorders.2 31–33

RLS severity according to the IRLS scale including 
reported weekly frequency and daily duration of the 

Table 5  Non-motor symptoms subjective questionnaires

FMD patients vs controls RLS+ vs RLS− FMD patients

FMD patients Controls P value FMD/RLS+ FMD/RLS− P value

BDI-II (depression)

 �  Total (N) 91 76 39 52

 � ≥14 53.9% 10.5% <0.0001* (64.1%) (46.1%) 0.044

 �  Mean score (SD) 18.3 (14) 6.0 (6) <0.00001* 22.1 (14) 15.8 (13) 0.047

STAI-X2 (anxiety trait)

 �  Total (N) 90 76 40 50

 �  Mean score (SD) 47.0 (12) 37.8 (10) <0.00001* 49.8 (12) 44.7 (12) 0.044

FSS (fatigue) 

 �  Total (N) 90 76 38 52

 �  Mean score (SD) 5.5 (1) 3.0 (1) <0.00001* 5.8 (1) 5.2 (2) 0.17

ESS (daytime sleepiness)

 �  Total (N) 88 76 37 51

 �  Mean score (SD) 10.6 (5) 6.5 (4) <0.00001* 11.8 (5) 9.7 (5) 0.07

All intergroup comparisons were performed using Mann-Whitney U test for quantitative parameters and χ2 for qualitative ones, p values 
shown are nominal uncorrected results.
*Significant results after correction for multiple testing for four comparisons (p<0.05).
BDI-II, Beck Depression Inventory II; ESS, Epworth Sleepiness Scale; FMD, functional movement disorder; FSS, Fatigue Severity Scale; RLS, 
restless legs syndrome; STAI-X2, State/Trait Anxiety Inventory X2.
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symptoms was high in the patients group. Therefore, we 
believe RLS should be taken into account as a serious 
comorbid condition, despite the general assumption 
that patients with FMD tend to over-report symptoms 
severity. In line with previous studies, sensory symptoms 
and pain were present in the vast majority of patients with 
functional neurological disorders.29 34 Patients with RLS 
reported more sensory symptoms and pain in lower limbs 
than patients without RLS. Sensations in lower limbs 
clinically attributable exclusively to RLS were only found 
in a minority of RLS+  patients. RLS sensory symptoms 
thus constituted a part of a wider spectrum of sensory 
disturbances in majority of patients. Similarly, in the 
vast majority of patients there was an anatomical overlap 
in distribution of the functional motor symptoms and 
motor symptoms related to RLS. However, the majority of 
patients with FMD presented with abnormal patterns of 
gait and weakness in lower limbs which are easily distin-
guishable from motor phenomena related to RLS.

Association between RLS and pain in the lower limbs 
is difficult to interpret. In this study, we did not consider 
the aetiology and detailed characteristics of pain. The 
uncomfortable sensations are described as painful in 
up to 30%–50% patients with RLS.4 Therefore, at least a 
part of what has been previously considered as chronic 
pain actually could be attributable to RLS in patients with 
FMD.

In accordance with the previous studies on FMD and 
other somatoform disorders, patients with FMD had 
higher scores of depression, anxiety, fatigue and daytime 
sleepiness than controls.3 Epidemiological evidence 
also suggests that there is an association between mood 
disorders and both RLS and functional symptoms.3 8 33 
The causality of these factors is, however, impossible to 
determine.

Our study has limitations. Currently, polysomnog-
raphy is the gold standard and only clinically accept-
able means of quantifying periodic limb movements in 
sleep.6 We used a big toe-worn actigraphy to objectively 
assess nocturnal leg movements because of the logistic 
limitations of polysomnography use in this cohort size. 
However, the same actigraphic methodology was previ-
ously validated against polysomnography on the same 
night in our own laboratory which increases the reliability 
of this method.17Another limitation is that new polysom-
nographic criteria for PLM have been recommended 
in the course of the study.35 However, these new criteria 
could not be implemented in this actigraphic study using 
validated methodology based on older criteria for PLM 
detection.17 Additionally, considering the low absolute 
number of RLS+ subjects in the control group, compar-
isons of parameters related to RLS (such as positive 
family history or RLS duration) suffer from low statistical 
power. Finally, apart from the ESS, we did not measure 
sleep quality using other subjective or objective measures. 
Sleep disturbance or restriction often exacerbates or 
triggers RLS, and so it may be that FMD RLS+ patients 
have poorer sleep than RLS− patients. RLS would be then 

associated with poor sleep related to psychobehavioural 
profiles rather than being directly associated with FMD, 
and those with an underlying predisposition to RLS reach 
the threshold of clinical RLS.

Further studies are needed to determine the RLS and 
PLM prevalence in FMD. The diagnosis of RLS seems 
to be challenging. Controlling for inner consistency in 
reporting RLS symptoms over time may help to differ-
entiate RLS from functional symptoms. The efficacy of 
dopamine agonists would represent a supportive feature 
for the diagnosis and should be tested in clinical prac-
tice. However, evidence for dopamine agonists efficacy in 
this group should be studied in randomised control trials 
given the possible strong placebo effect in this group of 
patients.

On the other hand, based on these findings, functional 
motor and sensory symptoms could be considered as 
additional RLS mimics.

Conclusions
In conclusion, we found increased prevalence of RLS in 
patients with FMD. The presence of RLS was associated 
with a higher proportion of clinically relevant PLM and 
more frequent sensory symptoms and pain in lower limbs. 
However, further studies are needed to confirm these 
findings and determine the rate of false-positive diag-
nosis, that is, RLS mimics in this group of patients.

This finding could have several implications. RLS may 
be under-recognised in patients with FMD. Correct diag-
nosis and appropriate treatment of comorbid RLS may 
be important in patients with FMD as RLS is a common 
medical reason for sleep disturbance and impaired quality 
of life.36 Additionally, association between FMD and RLS/
PLM might be potentially relevant for future research of 
molecular and genetic factors in the pathophysiology of 
FMD which is still largely unknown.
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