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ARTICLE INFO ABSTRACT

Keywords: Introduction: To explore the prevalence, clinical course and associated features of lower limb tremor in the most
Tremor common tremor syndromes.

Lower limb tremor Methods: This retrospective chart review studied lower limb tremor patients as defined by a Tremor Rating Scale
Leg tremor

score =1 in either lower limb. We compared and correlated their characteristics, also comparing them with
patients without lower limb tremor.

Results: Of the 283 patients with lower limb tremor (58.3% males, age: 65.0 + 16.0 years, tremor duration:
25.6 *= 17.9 years), 255 patients within six tremor syndrome groups were included in the final analysis.
Prevalence of patients with lower limb tremor (either rest, postural or kinetic) was lowest (28.6%) in the es-
sential tremor (ET) group and highest (69%) in the parkinsonian tremor (PT) group. Lower limb tremor score
was higher in patients classified as having intention tremor (IT) compared to ET and dystonic tremor (DT). Total
tremor score was highest in IT and lowest in ET. We found a positive correlation between total lower limb tremor
score and total tremor score in most groups. In addition, there was a positive correlation between lower limb
tremor score and upper limb tremor score. Finally, compared to patients without lower limb tremor, all diag-
nostic groups with lower limb tremor, with the exception of functional tremor (FT), had worse total tremor
score; and disease duration was longer in ET-plus, DT and PT patients with lower limb tremor compared to those
without.

Conclusions: Lower limb tremor is less commonly observed in ET than other tremor syndromes, is a marker of
symptom severity of the underlying disease condition in all tremor syndromes except FT, and reflects longer
disease duration in ET-plus, DT and PT.

Essential tremor

1. Introduction tremor rating scale could therefore provide additional clinical clues to
help distinguish between different tremor etiologies. One of the com-

Lower limb tremor is a well-established feature of orthostatic tremor monly used tremor rating scales in clinical practice is the Fahn-Tolosa-

but is also observed in other tremor syndromes [1,2]. Some studies have
reported that lower limb tremor is an uncommon clinical feature in
essential tremor (ET) [3,4]. However, relatively little is known about
the clinical characteristics of lower limb tremor in other tremor groups.

In the absence of reliable biomarkers or diagnostic tests, clinicians
continue to depend on history and examination when diagnosing
tremor. Studying lower limb tremor characteristics using a standardized

Marin Tremor Rating Scale (TRS), which includes a section to assess
rest, postural and kinetic/intention tremor (with separate scores for
lower and upper limbs) [5,6].

The objectives of this study were to explore the prevalence and
associated demographic and clinical features of lower limb tremor in
the most common tremor syndromes, as well as to contrast these
characteristics with patients without lower limb tremor.
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2. Methods
2.1. Study design

This was a retrospective chart review of patients with lower limb
tremor who were seen at the Movement Disorders Clinic in Toronto
Western Hospital between January 2000 and August 2017.

2.2. Standard protocol approvals, registrations, and patient consents
The study was approved by the institution's research ethics board.

2.3. Search method and data collection

We searched our electronic medical records system using the key-
word “tremor”. This electronic system is used to record demographic
and clinical information from all patients during clinical consultations,
as well as to document the results of any rating scales. After removal of
non-relevant and duplicate results, a total of 2927 patients were iden-
tified. Patients with no TRS evaluation (N = 2291) and patients with a
diagnosis of orthostatic tremor (N = 43) were excluded. Patients with
TRS evaluation (N = 593) were identified for further chart review.
Patients were defined as having lower limb tremor if they had TRS score
=1 at any visit in either lower limb (N = 283). Patients were defined as
‘non-lower limb tremor’ cases if the lower limbs TRS was 0 (N = 310)
(Fig. 1). Patients were classified according to the new International
Parkinson and Movement Disorder Society tremor criteria [1]. Six
tremor syndrome groups with the greatest sample sizes were chosen:

Electronic database
search result for
tremors [N=2927]
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ET, ET-plus, parkinsonian tremor (PT), dystonic tremor (DT), intention
tremor (IT) and functional tremor (FT). Patients who did not fall into
one of the six groups were excluded from the final analysis on the basis
of their small sample size, a potentially reversible etiology in some
cases (e.g. drug-induced), or the presence of an indeterminate tremor
with uncertain etiology. Classic parkinsonian tremor and classic par-
kinsonian tremor with antecedent ET were combined into a single ‘PT’
group, while patients with dystonic tremor and tremor associated with
dystonia were combined into a single ‘DT’ group. IT syndromes are
defined as those with intention tremor (amplitude of tremor increases
during visually-guided movements toward a target at the termination of
the movement) at < 5Hz, with or without other localizing signs [1].
For this study, the IT frequency was based on a clinical estimate.

Data on demographics, clinical characteristics, and TRS scores (ex-
cluding disability sub-score) were extracted from the electronic medical
records. For patients who had more than one TRS performed (N = 179),
the assessment containing the worst lower limb tremor score was in-
cluded in the analysis. This was done to enable differences in tremor
phenotype across tremor groups to be more easily identified, and before
the medications could have an effect.

2.4. Statistical analysis

We tested for normal distribution using a combination of Shapiro-
Wilk tests, alongside visual inspection of Q-Q plots and skewness of
histograms. All variables were non-normally distributed. Descriptive
statistics are presented as mean *+ standard deviation (SD) for con-
tinuous variables, and as percentages for categorical variables. We

Fig. 1. Study flow chart. Abbreviations: ® Tremor groups
with TRS <1 in lower limbs (essential tremor-plus
[N = 105]; essential tremor [N = 52]; dystonic tremor
[N = 49]; tremor associated with dystonia [N = 1]; classic

1 parkinsonian tremor [N = 13]; classic parkinsonian tremor

with antecedent essential tremor [N = 5]; drug-induced
parkinsonism with antecedent essential tremor [N = 2];
intention tremor [N = 9]; functional tremor [N = 8]; en-
hanced physiological tremor [N = 12]; Holmes tremor
[N = 7]; indeterminate tremor syndrome [N = 26]; Isolated
task-specific tremor [N = 4]; Isolated voice and head tremor

L
1
TRS completed Exclusion criteria
[N=593] [N=2334]
New IPMDS * No TRS [N=2291]
tremor criteria :> » Orthostatic tremor
applied [N=43]
I 1

‘Lower limb tremor’:
TRS 21 in either lower
limb [N=283]

[N=310

‘Non-lower limb tremor’:
TRS =0 in lower limbs

[N =1]; Isolated postural tremor syndrome [N =1];
Isolated tremor syndrome [N = 15: axis 2 = drug-induced
in 11; Wilson's disease in 1; Huntington's disease in 1; brain
injury in 1; neuropathy in 11).

33 patients were excluded as indeterminate tremors (both
lower limb tremor and non-lower limb tremor) due to these

Tremor groups included
in analysis [N=255]

—| Essential tremor [N=20] |

—I Essential tremor plus [N=110] |

Classic Parkinsonian tremor
[N=30] + Classic parkinsonian
tremor with antecedent ET [10]

Dystonic tremor [N=58] + tremor
associated with dystonia [N=6]

Other tremor groups with smaller
sample size excluded from
analysis [N=28]

* Isolated tremor syndrome (axis
2= drug-induced) [N=10]

* Drug-induced parkinsonism
with antecedent essential
tremor [N=5]

* Holmes tremor [N=4]

¢ Indeterminate tremor [N=7]

* Enhanced physiologic tremor
[N=1]

* Isolated tremor syndrome (axis
2=neuropathic) [N=1]

Intention tremor [N=13]

Functional tremor [N=8]
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reasons: they did not meet the 3 years' cut-off for ET ac-
cording to the new tremor criteria, not fit into an established
tremor syndrome or further observation is needed to clarify
the tremor syndrome.

77 non-lower limb tremor patients were excluded from the
final analysis because they belonged to a tremor group with
a very small sample size, a potentially reversible etiology
(e.g. drug-induced), or an indeterminate tremor of uncertain
etiology, as well as for not meeting the diagnostic criteria
for the six tremor syndrome groups selected for comparison
against the lower limb tremor patients.
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compared the groups using the non-parametric Kruskal-Wallis test for
continuous variables and chi-square test for categorical variables. Post-
hoc Mann-Whitney U tests were performed for each significant Kruskal-
Wallis. As for correlations, we carried out Spearman's Rho correlation
analysis.

Initially, we determined the prevalence of lower limb tremor within
each tremor group by calculating the percentage out of the total
number of tremor patients of the same diagnostic group (i.e. including
those with non-lower limb tremor). Subsequently, we compared the
demographic and clinical characteristics of lower limb tremor patients
across the six tremor groups. The latter included the severity of lower
and upper limb tremor, upper/lower limb tremor ratio, distribution of
tremor type (rest, postural and kinetic). In addition, we correlated
tremor duration and lower limb tremor score with total tremor score.
We also correlated lower limb tremor score with upper limb tremor
score. Finally, we compared these characteristics in patients with and
without lower limb tremor.

Statistical analyses were performed using SPSS version 22. All tests
were two-tailed and P value < 0.05 was considered statistically sig-
nificant. Bonferroni corrections for multiple comparisons were applied
to all pair-wise comparisons (p < 0.0033 were deemed to be sig-
nificant).

3. Results
3.1. Frequency of lower limb tremor

Out of the 283 patients with lower limb tremor (58.3% males, age:
65.0 *+ 16.0 years, tremor duration: 25.6 * 17.9 years), 255 patients
within six tremor groups were included in the final analysis. 233 non-
lower limb tremor patients from the same six tremor groups were also
included in the final analyses.

The prevalence of lower limb tremor within each tremor group is
shown in Fig. 2. Overall, there was a significant difference across the
groups (P < 0.001). The lowest prevalence was seen in ET (28.6%),
followed by ET-plus (51.4%), DT (56.1%), FT (57.1%) and IT (59.1%).
The highest prevalence was seen in PT (69.0%).

100 A . P=0.017 ,
; P <0.001 )
J P =0.009
90 : P=0.038 :
! P <0.001 '
80 - " P<0.001
70 A 69.0

60

50

40

Lower limb tremor %
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20

10

ET DT FT IT PT

ET-plus

Fig. 2. Prevalence of lower limb tremor in the six tremor groups. Patients with
incomplete data were excluded (2 ET, 1 ET-plus, 4 DT and 2 FT patients in the
non-lower limb tremor cohort). Abbreviations: ET: essential tremor; FT: func-
tional tremor; DT: dystonic tremor and tremor associated with dystonia; IT:
intention tremor; PT: classic parkinsonian tremor and classic parkinsonian
tremor with antecedent ET.
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3.2. Demographic and clinical characteristics

The characteristics of the six tremor groups are presented in Table 1.
Age at last visit, age at tremor onset, tremor duration, site of tremor
onset, and family history of tremor were different across the groups. At
the last visit, compared to the other groups, ET-plus and PT patients
were older and had an older age of tremor onset. PT, FT and IT patients
had the shortest tremor duration. DT patients were more likely than
others to present with head tremor, whereas FT patients were the only
group in whom a whole body distribution of tremor was present at
onset. ET-plus patients had a positive family history of tremor more
frequently than other groups (Table 1).

As for tremor characteristics, there were significant differences
across the groups for total tremor score, severity of lower and upper
limb tremor, and distribution of tremor types (Table 1). The lower limb
tremor score was higher in IT compared to ET and DT. Rest tremor in
the lower limbs was higher in PT compared to ET-plus and DT. Kinetic
tremor of the lower limbs was more common in IT compared to ET, PT
and DT (details on the pair-wise comparisons are presented in Table 1).
Interestingly, compared to other tremor groups, the lowest upper/lower
limb TRS ratio (i.e. more homogenous tremor severity in upper and
lower limbs) was found in FT but the comparison did not survive
Bonferroni correction.

3.3. Correlation analyses

We found a correlation between total lower limb tremor score and
total TRS tremor score in ET (p=.557, P = 0.011), ET-plus (p=.580,
P < 0.001), DT (p=.593, P < 0.001), PT (p=.729, P < 0.001) and
FT (p=.976, P < 0.001). Furthermore, there was a correlation be-
tween tremor duration and total TRS for tremor score in ET (p=.503,
P = 0.024), ET-plus (p=.293, P = 0.002) and DT (p=.301, P = 0.017).

In addition, we found a correlation between lower limb tremor score
and upper limb tremor score for the whole sample of patients (p=.349,
P < 0.001). Among the individual tremor groups, there was a corre-
lation between lower limb tremor score and upper limb tremor score in
ET-plus (p=.296, P = 0.002), PT (p=.425, P = 0.006), DT (p=.300,
P = 0.016), and FT (p=.864, P = 0.006).

3.4. Lower limb tremor vs. non-lower limb tremor

Comparison of baseline characteristics and TRS tremor scores in
patients from each diagnostic group with and without lower limb
tremor is shown in Table 2. ET-plus, DT and PT patients with lower
limb tremor had a longer tremor duration compared to those without
lower limb tremor. In addition, the total TRS tremor score was sig-
nificantly higher for each group with lower limb tremor compared to
those without any lower limb tremor in all tremor groups, with the
exception of FT (details on the post-hoc analyses are presented in
Table 2).

4. Discussion

In this study, we described the prevalence and associated features of
lower limb tremor in the most common tremor syndromes. We also
compared the clinical characteristics in patients with and without lower
limb tremor.

The prevalence of patients with lower limb tremor was lowest
(28.6%) in the ET group compared to the other groups. This is in
keeping with previous studies reporting that ET less commonly affects
the lower limbs compared to the upper limbs [3]. One study reported
leg tremor in 13.8% of ET cases in rural Sweden [7], with another study
observing leg tremor in 13.7% of 350ET cases [8]. However, these
studies did not report on the tremor severity or describe the lower limb
tremor characteristics. Poston et al. compared leg tremor in ET patients
with age-matched controls and found that nearly half (28/63, 44.4%) of
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Table 1
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Comparison of baseline characteristics and TRS scores of the six tremor groups only including patients with lower limb tremor.

ET (N = 20) ET-plus (N = 110)  PT (N = 40) DT IT (N = 13) FT (N = 8) P-value
(N = 64)

Gender (% male) 14(70.0) 69(62.7) 27(67.5) 29(45.3) 6(46.2) 6(75.0) 0.090
Age at last clinic visit (y) 52.3 + 17.6*® 70.8 + 13.0*%%¢  74.9 + 10.9>"®" 589 + 151%f 50.8 + 16.4%¢ 554 + 14.9°" < 0.001
Age at tremor onset* (y) 26.2 + 19.8*° 38.1 = 20.9*%%e1 54,1 + 185581 311 + 20.8%7 38.4 + 11.19¢ 428 x 16.2° < 0.001
Tremor duration* (y) 261 + 16.2  32.8 = 18.4%¢! 20.9 * 16.0% 27.7 + 15.05 9.5 = 9798k 126 + 12.8° < 0.001
Site of tremor onset: < 0.001

Hand (%) 18(90.0) 98(89.1) 34(85.0) 39(60.9) 7(53.8) 2(25.0)

Arm (%) 1(5.0) 6(5.5) 2(5.0) 7(10.9) 5(38.5) 0

Head/Neck (%) 0 5(4.5) 2(5.0) 16(25.0) 1(7.7) 0

Leg (%) 1(5.0) 1(0.9) 2(5.0) 1(1.6) 0 1(12.5)

Foot (%) 0 0 0 1(1.6) 0 1(12.5)

Whole body (%) 0 0 0 0 0 4(50.0)
Asymmetry at onset* (%) 8(100.0) 50(90.9) 32(80.0) 31(100.0) 6(85.7) 4(100.0) 0.341
Family history of tremor* (%) 13(65.0) 83(79.0) 23(43.4) 38(60.3) 4(33.3) 1(12.5) < 0.001
TRS score analysis
Total TRS score 11.4 + 3.28M 17,0 + 7.4%d 16.8 + 7.5° 15.4 + 7.5  25.4 = 11.24%% 20.8 + 16.9 < 0.001
Upper limb TRS score 6.5 = 2.2% 9.5 + 3.7° 9.2 + 4.1 8.0 = 3.5 12.4 + 4.8¢ 9.3 + 7.3 < 0.001
Lower limb TRS score 34 + 1.4 42 + 31 41 + 23 3.4 + 2.2 7.3 = 4.3 7.4 + 59 0.004
Upper/lower limb TRS ratio 23+ 1.3 3.4 + 238 29 + 25 32+ 23 32 * 4.9 1.4 + 1.0 0.019
Asymmetry of lower limb tremor (%) 5(25.0) 39(35.5) 18(45.0) 29(45.3) 5(38.5) 3(37.5) 0.561
Lower limb rest TRS score - 0.6 + 1.2° 1.3 = 1.6" 05 + 1.1° 07 =15 2.3 + 27 < 0.001
Lower limb rest tremor: degree of asymmetry - 0.1 + 0.4 0.3 £ 0.6 0.2 = 0.4 0.1 + 0.3 0.5 + 0.8 0.013
Lower limb postural TRS score 2.0 = 1.3 21 + 1.4 1.7 + 1.4 1.6 + 1.3 31 +19 29 = 1.8 0.007
Lower limb postural tremor: degree of asymmetry 0.2 = 0.4 0.2 = 0.4 0.5 = 0.7 0.3 = 05 0.3 = 0.5 0.4 = 0.7 0.491
Lower limb kinetic TRS score 1.4 = 1.0 1.5 + 1.6 1.2 + 1.28 1.2 + 1.1% 3.5 + 1,98k 23 + 25 0.003
Lower limb kinetic tremor: degree of asymmetry 0.2 = 0.4 0.1 = 0.4 0.3 = 0.4 0.2 = 0.4 0.2 = 0.6 - 0.302

+

Data are presented as mean
lighted in bold.

SD if not otherwise specified, significant differences after Bonferroni correction for multiple

comparisons (p < 0.0033) are high-

Abbreviations: *: age of tremor onset unknown in 1 ET-plus, 1 DT, and 1 IT patients; symmetrical vs. asymmetrical side of tremor onset unknown in 12 ET, 55 ET-
plus, 7 PT, 33 DT, 6 IT, and 4 FT patients; family history of tremor unknown in 5 ET-plus, 1 PT, 1 DT, and 1 IT patients; The following post-hoc comparisons are
significant at p < 0.0033: % ET vs. ET-Plus ®: ET vs. PT ©: ET-plus vs. DT %: ET-plus vs. IT & ET-plus vs. FT & PT vs. DT &: PT vs. IT ™ PT vs. FT & ET-plus vs. PT/: ET vs.
IT X DT vs. IT; ET: essential tremor; PT: classic parkinsonian tremor and classic parkinsonian tremor with antecedent ET; DT: dystonic tremor and tremor associated
with dystonia; IT: intention tremor; FT: functional tremor; TRS: Fahn-Tolosa-Marin Tremor Rating Scale.

ET patients had a mild or greater kinetic leg tremor in either leg (rated
=>1) versus 9/63 (14.3%) controls [4]. The same study, however, found
that of these patients, 9/63 ET cases (14.3%) had moderate kinetic
tremor in either leg (rated =1.5) versus only one (1.6%) control [4].

We observed the highest total and lower limb tremor score in IT, in
keeping with the notion that outflow cerebellar tremor is associated
with disability resulting from lack of adequate treatment response
[9,10]. Furthermore, except for FT, the total TRS tremor score was
higher in all groups with lower limb tremor compared to patients
without lower limb tremor, indicating that lower limb tremor may be
regarded as a marker of overall tremor severity. This was further con-
firmed by the positive correlation between total lower limb tremor
score and total TRS tremor score. We also found a positive correlation
between lower limb tremor score and upper limb tremor score in-
dicating that lower limb tremor is associated with more severe upper
limb tremor. A higher kinetic tremor score in the IT group and a higher
rest tremor score of the lower limbs in the PT group also reflects the
greater symptom burden resulting from more advanced underlying
disease.

Disease duration was significantly longer in ET-plus, DT and PT
when a lower limb tremor was present compared to patients with only
upper limb involvement. There was also a positive correlation between
tremor duration and total TRS for tremor score in ET, ET-plus and DT.
Therefore, lower limb tremor may be a marker of longer tremor dura-
tion in certain tremor disorders. Most of the patients in our lower limb
tremor cohort had tremor onset in the upper limbs. This again points to
the likelihood that tremor progresses to involve other body parts as the
disease progresses.

In contrast, FT group had a relatively short tremor duration and
were likely to present with whole body distribution at tremor onset. FT
has well-known clinical features such as variability and inconsistency

168

[11]. Therefore, our data indicate that a lower limb tremor with whole
body distribution of tremor at onset or any inconsistent characteristics
combined with shorter tremor duration, are possible clues to the di-
agnosis of FT. It is worth mentioning that none of the patients with FT
had additional ‘organic’ tremor in our tremor cohort.

In the PT group, only 2 (5%) patients had tremor onset in the legs.
The disease onset in these individuals were at an older age. No genetic
testing was performed on either of these two patients. It has been shown
in a previous study of young onset PD patients that tremor starting in,
or restricted to, the lower limbs can be a feature of Parkin gene muta-
tions [12].

There are some limitations to our study. First, this is a retrospective
study from a single, tertiary centre. It is possible that the patients re-
cruited either had severely expressed tremor or less typical tremor
syndromes. The severity of lower limb tremor maybe be inflated by our
decision to choose worst lower limb tremor score to compare across
disease groups. However, we felt that this was a more robust way to
explore the differences in tremor phenotype. Second, our study only
included lower limb tremor patients evaluated with TRS. Therefore,
classic parkinsonian tremor patients are underrepresented because very
few PD patients were assessed with TRS. In fact, in our movement
disorder clinic PD patients are routinely assessed with UPDRS.
However, tremor-dominant PD patients are also assessed with TRS re-
gardless of the occurrence of lower limb tremor. Although this is cer-
tainly a small proportion, this subgroup of patients can be seen as a
proxy of all PD patients with tremor. Likewise, patients with IT in the
context of cerebellar ataxia may be assessed with other scales (such as
the Scale for the Assessment and Rating of Ataxia), however in our
center TRS is used in all tremor patients other than PD regardless of the
tremor type and its cause. Third, the TRS assessments were performed
by multiple different clinicians, which may be relevant since it has been
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shown that inter-rater reliability can vary according to the rater's
background [6]. Fourth, in PD patients with antecedent ET, we lacked
precision in terms of the onset of lower limb tremor to know whether
the tremor was due to PD or ET. It has been suggested that a patho-
physiological relationship exists between the two or this might be pure
coincidence. At this point, we cannot make any conclusion about
whether a relationship exists between ET and PD, and this has been
covered comprehensively elsewhere [13]. In this study, we only iden-
tified 10 PD patients with antecedent ET after applying the new tremor
criteria as strictly as possible, while taking into account the time of
onset of ET symptoms before developing parkinsonism. Further re-
search involving longitudinal cohorts is needed to determine if an as-
sociation exists between ET and PD or the co-occurrence of these two
disorders is by chance alone. Fifth, the results of the IT and FT groups
have to be interpreted with caution because of their relatively small
sample sizes. Sixth, orthostatic tremor is not included in our study since
there have been numerous studies on the characteristics of lower limb
tremor in orthostatic tremor patients and not many in other common
tremor syndromes. Therefore, our study excluded orthostatic tremor
patients in order to focus on lower limb tremor characteristics in these
other tremor syndromes. Seventh, the tremors were classified according
to the recently published tremor criteria [1], which presented a few
challenges in the application of the ET-plus criteria as discussed in a
separate paper [14]. Lastly, ET was retrospectively divided into a ‘pure’
ET subtype and ‘ET-plus’ subtype on the basis of the new tremor cri-
teria, even though there is currently no evidence that they differ on a
genetic or biological basis and further studies are needed to understand
if these differences exist.

In conclusion, lower limb tremor may be observed in ET, however,
less commonly and with reduced severity in comparison to other tremor
syndromes. Lower limb tremor may be a marker of longer disease
duration and overall symptom severity of the underlying disease con-
dition for most tremor subtypes, with the notable exception of FT.
Future studies involving electrophysiological studies, in addition to
clinical ratings, in a cohort with more evenly distributed sample sizes
across tremor groups is needed to confirm our findings.
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