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Influence of alcohol on gait in
patients with essential tremor

S. Klebe, MD; H. Stolze, MD; K. Grensing; J. Volkmann, MD, PhD; R. Wenzelburger, MD, PhD;
and G. Deuschl, MD, PhD

Abstract—Objective: To study the effect of ethanol on gait in patients with essential tremor (ET). Methods: Using a
three-dimensional opto-electronic gait analysis system, the authors analyzed gait at free-speed walking, at a given
velocity, and during tandem gait. Patients with ET with advanced disease were examined before and after a small oral
dose of ethanol. The results of the patients with ET were compared with those from age-matched healthy controls (HCs).
The primary outcome criteria were the number of missteps and the ataxia score during tandem gait. Results: Before
alcohol, patients with ET had more missteps and an abnormal ataxia score compared with HCs. The ingestion of alcohol
with a mean blood level of 0.45%0 led to a significant improvement of the ataxia score and the number of missteps. HCs
showed a worsening of the ataxia score and an increase of the number of missteps after alcohol, which failed to reach
significance. Conclusions: Orally administered ethanol improved gait ataxia in patients with essential tremor (ET). This
may reflect a reversible effect of ethanol on receptors being involved in the pathology of ET. Ethanol may act via an

influence of the inferior olive or directly on alcohol-sensitive y-aminobutyric acid receptors within the cerebellum.
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Essential tremor (ET) presents with postural and
action tremor of the upper extremities.' The patho-
physiology of this often-inherited disease is still un-
clear. An abnormal olivocerebellar oscillation of the
Guillain—Mollaret triangle was assumed.? This hy-
pothesis was derived from animal studies with the
harmaline model of tremor,®> PET studies,*® and re-
cent electrophysiologic studies of goal-directed arm
movements®’ and eye movements.® The latter stud-
ies found a subgroup of patients with advanced ET
indistinguishable from patients with a cerebellar
malfunction.

The pathophysiologic concept of a cerebellar in-
volvement was further supported by studies of the
lower extremity demonstrating a gait disorder with
an abnormal tandem gait performance in patients
with ET,>!* confirmed with an objective quantitative
study.’ The latter showed that the gait disorder in
ET could not be distinguished from the cerebellar
gait disorder in cerebellar degenerations.'-'3

The tremor-suppressing potential of ethanol on
ET for the upper extremity was first reported in
1975 and later confirmed by several studies.'>'¢
The effect of low blood levels of ethanol on ET seems
to be stronger than that of two of the most prescribed
drugs, propranolol and primidone, especially when
administered orally.!” Ethanol most likely acts cen-
trally via a reduction of cerebellar overactivity,
which results in a reduced tremor amplitude,
whereas the frequency remains unaffected.!>181°

This study was designed to clarify if not only
tremor but also the cerebellar disturbances seen in

ET can be influenced by alcohol ingestion. Gait anal-
ysis has proven to be the most reliable examination
of the cerebellar disturbance according to our earlier
studies.!* Therefore, we have chosen gait analysis
using a three-dimensional opto-electronic gait analy-
sis system to study normal gait either at a self-
chosen speed or at a given velocity and tandem gait
of advanced patients with ET before and after a
small oral dose of ethanol. The results of the patients
with ET were compared with those of age-matched
healthy controls (HCs).

Methods. Patients with ET were randomly selected from the
patient database of the Department of Neurology if they had ET
and intention tremor according to the following criteria: Patients
with ET were included only if they fulfilled the diagnostic criteria
of classic ET as defined by the consensus statement of the
Movement Disorders Society’ and had substantial intention
tremor on the finger-to-nose test, as proposed elsewhere,! or a
clinical gait disturbance during tandem gait examination. The
examination was performed by movement disorder specialists
at the department.

All 16 patients (4 women, 12 men) were included between 2002
and 2003. Their ages ranged from 23 to 78 years (mean 59.31 + 14
years). Disease duration ranged from 4 to 50 years (mean 20.5 *
13.9 years). Nine patients reported a positive family history for
ET in first-degree relatives. Eleven patients spontaneously re-
ported a positive effect after ingestion of small doses of ethanol on
ET. Three reported no significant effect, and two patients never
tested the effect of ethanol.

Eleven age-matched individuals of both sexes (seven women,
four men) ages 50 to 80 (mean 63 = 10 years) served as HCs. The
subjects were excluded if either the history or the neurologic ex-
amination showed a hindrance that interfered with an unre-
strained gait.

None of the patients with ET or HCs had a history of ethanol
abuse. The patients were currently not treated with medication.
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All patients with ET and HC gave their informed consent to par-
ticipate in the study, which was approved by the local ethical
committee.

The clinical assessments were performed by movement disor-
ders specialists. Tremor was rated according to the Clinical
Tremor Rating Scale® on a 5-point scale (0 to 4) for each side of
the upper and lower extremities and the head. Intention tremor
was defined as described elsewhere.! Intention tremor was rated
in the terminal period of the finger-to-nose test and the heel-to-
shin test. Subscales for the upper (Items 5 and 6 of Part A) and
lower (Items 8 and 9 of Part A) extremities were constructed.

Additionally, the missteps during tandem gait were counted
(see below). The clinical scores were performed at baseline and 30
minutes after oral ingestion of ethanol. Therefore, patients with
ET and HC received 0.25 mL of 10% ethanol. Thirty minutes after
ethanol ingestion, venous blood samples were taken, and the eth-
anol blood level was measured in each patient.

The effect of ethanol on gait was assessed by use of a three-
dimensional gait analysis system in patients with ET and HC
before (baseline) and 30 minutes after ethanol ingestion. The nat-
ural walking speed of each subject was measured during over-
ground locomotion twice, before baseline gait analysis and after
ethanol ingestion. For this purpose, the subjects were instructed
to walk a distance of 13 m at their own selected comfortable speed
on a walkway. In the central part of the 13-m walkway, two
infrared light barriers were installed 5 m apart. The gait velocity
was calculated by measuring the time each subject needed to
cover the 5-m distance (mean of four runs), and the mean gait
velocity was selected for further analysis.

Subsequently, a complete gait analysis was carried out bare-
foot on a motor-driven treadmill (Woodway; length 2.2 m, width
0.7 m) in three different conditions: First, the treadmill speed was
adjusted exactly to the subject’s individual gait velocity measured
during normal gait. Second, a standard gait velocity of 2 km/h was
chosen that every patient could perform to compare the ethanol
effect at the same velocity in all patients and HCs. Third, tandem
gait was analyzed at a velocity of 1 km/h, which was used in our
earlier study.!! Subjects were trained to walk with their hands
folded over their necks (if possible) to avoid different strategies of
balance control, for example, walking with horizontally out-
stretched arms. If necessary, the patients were additionally se-
cured with a safety belt suspended from the ceiling of the
laboratory (without weight support). Further missteps during tan-
dem gait, defined as those steps taken with the whole foot outside
the bounds of a red tape, were counted over 60 seconds. The red
tape had a diameter of 1.5 cm and was placed in the middle of the
treadmill. During normal locomotion on the treadmill, the subjects
were instructed to let their arms swing freely.

Before recording, the subjects were given 5 minutes to famil-
iarize themselves with treadmill locomotion and again 2 minutes
before the recording of tandem gait.

The quantitative off-line analysis was performed using an in-
frared movement analysis system (Qualisys, Sandvélen, Sweden),
which has been described elsewhere.?!

The following standard variables were calculated: gait velocity,
stride length, cadence, step width, foot angle (outward rotation
denoted as positive), step height, gait cycle time, stance, swing,
and double-limb support phase duration. The ataxia ratio measur-
ing the regularity of the strides was calculated as a ratio of the
standard deviation of foot placement in all three room directions
([SD of step length + SD of step width + SD of step height]/3)."*
The coefficients of variation were calculated for stride length and
step width to quantify the intraindividual variability.

Using the Kolmogorov—Smirnov test of normality, we found
normal distribution for all experimental data. Therefore, we used
the Student paired sample ¢ test to analyze clinical scores and gait
analysis between baseline and after ethanol ingestion. The ataxia
ratio and the number of missteps were determined as the primary
variables of this study. The difference between ET and HC sub-
jects was analyzed using the Student independent sample ¢ test.
Correlation coefficients between gait analysis data and clinical
scores were analyzed by using Pearson r. The level of significance
was set at p < 0.05.

Results. Clinical data. The demographic data and clin-
ical results are summarized in tables 1 and 2.
Both populations were matched by frequency matching

for age, sex, weight, and leg length. In addition, mean
serum ethanol levels 30 minutes after ingestion of ethanol
were 0.47% in the patients and 0.45%o0 in the HCs and were
statistically not different. However, there was a large in-
terindividual variability between 0.2 and 1.2%o.

Tremor was scored before and 30 minutes after ethanol
ingestion. At baseline, the total tremor score was 32.6 *
19.7 (mean = SD; range 14 to 81) in patients with ET.
After ethanol ingestion, the tremor score improved signifi-
cantly to 21.8 = 14.2 (range 1.5 to 57). Both upper extrem-
ity (p = 0.01) and lower extremity (»p = 0.031) tremor
subscores showed a reduction.

Gait analysis. We investigated tandem gait at 1 km/h.
In addition, normal bipedal gait was studied on a treadmill
at the natural walking speed or at a defined velocity of 2
km/h. The results of gait analysis are summarized in table
3 and in figures 1 and 2.

The ataxia score was significantly larger in the patients
compared with control subjects before ethanol (ET: mean
24.7 = 10.9; HC: mean 12.6 * 4.7). After ethanol ingestion,
the patients improved significantly (ET: mean 18.2 =+
10.4). The score worsened slightly but not significantly for
the HCs (mean 15.1 *= 8.9). At baseline, the patients exhib-
ited 8.8 = 12.6 missteps/min (mean * SD; range 0 to 50
missteps/min) compared with 0.4 *= 0.7 missteps/min in
HCs (range 0 to 2 missteps/min). This difference was sig-
nificant (p < 0.005). After ethanol ingestion, the number of
missteps decreased in patients with ET to 5.6 = 8.4
(range 0 to 30 missteps/min) and increased in the HCs to
0.7 = 1.3 (range 0 to 4 missteps/min). Within each
group, the changes before and after ethanol showed the
decrease of the number of missteps were significant in
patients with ET (p < 0.05), but the increase in HCs
failed significance.

Step length and width are not completely independent
from the ataxia score and are reported here for further
illustration. Both for the step width and for the step
length, the variability was increased in the patients. For
the step length, the difference between patients and HCs
was significant before ethanol (p < 0.01) but failed to reach
significance after ethanol (p > 0.464).

Normal bipedal gait at the subjects’ own comfortable
velocity and forced gait at a standard velocity of 2 km/h
showed only small abnormalities in patients with ET. As
in the tandem gait condition, the variability of step length
was larger for the forced speed condition in the patients
than in the HCs but not significantly different at normal
walking speed.

During both normal gait conditions, the step width was
reduced by alcohol ingestion both in the patients and in
the subjects at normal walking speed and in the forced
speed condition.

Correlations between gait analysis and clinical scores.
Correlations for the patients with ET were found only be-
tween the ataxia score during tandem gait and the missteps
after ethanol ingestion (p = 0.038), and there was a meaning-
ful trend before ethanol (p = 0.053).

No correlation occurred between the Clinical Tremor
Scale and the ataxia score during the natural walking
speed, the forced velocity, or the tandem gait condition.

Further, no significant correlation could be found be-
tween the Clinical Tremor Scale and the subscores or be-
tween the demographic data (age, duration) or serum
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Table 1 Characteristics of patients with ET and HC

Subject no. Sex Age, y Weight, kg Size, cm Leg length, cm
ET1 M 60 81 172 87
ET2 M 68 80 176 90
ET3 M 71 83 182 102
ET4 M 78 72 174 84
ET5 M 23 98 190 109
ET6 M 57 100 193 104
ET7 M 64 85 182 104
ET8 M 65 92 183 97
ET9 F 71 54 172 91
ET10 M 71 80 170 98
ET11 F 43 62 164 89
ET12 M 66 98 170 90
ET13 F 65 60 158 82
ET14 F 44 54 163 94
ET15 M 44 71 176 102
ET16 M 59 83 185 106
Mean ET 59.31 = 14 78.3 = 15.1%7 175.6 = 9.8*% 95.6 *= 8.3*%%
HC1 F 61 73 172 97
HC2 F 50 68 164 93
HC3 M 58 80 183 102
HC4 M 69 75 165 88
HC5 F 60 72 172 96
HC6 F 77 65 161 91
HC7 M 59 97 185 102
HCS8 M 57 86 178 97
HC9 F 70 54 150 89
HC10 F 53 61 168 100
HC11 F 80 60 162 97
Mean HC 63 = 10 71.9 + 12.4% 169.1 + 10.3%% 95.6 = 4.9%
Total 60.9 + 12,5 75.7 = 14.2%F 172.9 = 10.3%% 95.6 = T*%

Correlations between the variables are calculated using the Pearson rank correlation. Correlation is significant at the 0.01 level (two

tailed).

* Correlation with leg length.
T Correlation with size.
I Correlation with weight.

ET = essential tremor; HC = healthy control.

ethanol levels with clinical scores or gait analysis data.
Correlations between weight, size, and leg length are indi-
cated in table 1.

Discussion. We sought to assess the effect of
orally administered ethanol on lower extremity func-
tions and gait in advanced patients with ET. We
could confirm the earlier observation that patients
with advanced ET have an ataxic gait pattern.'%112?
The disturbance is best visible with tandem gait and
consists of an abnormal ataxia score and an in-
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creased number of missteps.'* The surprising result
of this study is the modulation of this abnormality by
the ingestion of ethanol.

Recent studies favor an abnormality of the cere-
bellum in ET. The cerebellum is considered to be
organized in different subsystems, which are labeled
as the vestibulocerebellum (vestibular and oculomo-
tor functions), the spinocerebellum (adjusting of
stance and gait), and the neocerebellum (differential
hand functions).'*?32¢ In ET, all three subsystems of



Table 2 Mean = SD values for Clinical Tremor Rating Scale and
missteps at baseline and after ethanol of patients with ET

ET Baseline Ethanol
Total 32 +19.7 21.8 + 14.2F
Subscore arm 57+ 45 3.4 + 3.4%
Subscore leg 21 =17 1.5+ 1.7*%
Missteps/min 8.8 +12.6 5.6 *+ 8.4%

Significance after ethanol ingestion:

*p < 0.05.
+p < 0.005.

ET = essential tremor.

the cerebellum seem to function abnormally, but to a
different amount. Patients have severe abnormali-
ties of the neocerebellar system with an overshoot of
goal-directed movements, slowness of voluntary
movements,” and a disturbance of the agonist—
antagonist coupling of voluntary arm move-
ments.%2526 More subtle abnormalities were found for
stance and gait functions with an increased amount
of missteps'®?? and an abnormal ataxia score.’ Only
the impaired tandem gait is clinically visible. The
most subtle abnormalities were found for oculomotor

functions with an impaired smooth pursuit initiation
and a pathologic suppression of the vestibulo-ocular
reflex time constant by head tilts.® The oculomotor
abnormalities cannot be observed clinically. A simple
but convincing clinical argument for a critical role of
the cerebellum in ET is the disappearance of tremor
after an ipsilateral cerebellar stroke.?’

The cause for these cerebellar abnormalities is un-
known. It could indicate either a receptor-mediated
or a morphologic abnormality. fMRT and PET stud-
ies have shown functional abnormalities of the cere-
bellum and the brainstem in patients with
ET 45192830 Recently, two MR spectroscopic studies
have demonstrated an abnormal relation of choline
and N-acetylaspartate in ET,***2 which might indi-
cate a morphologic abnormality despite the fact that
earlier pathologic studies were not able to show a
consistent abnormality on pathologic examination of
patients.?® One of the important questions emerging
from these studies therefore concerns if the cerebel-
lar abnormality in ET is indicating a “neurodegen-
erative” process of the cerebellum.

To our knowledge, this is the first study investi-
gating the effect of ethanol on lower extremity func-
tions and gait in patients with advanced ET. Ethanol
has a pronounced effect on ET'* and is considered

Table 3 Mean * SD values for comparison of gait analysis data and missteps between patients with ET and HC and within groups
using Student independent sample t test at given velocity (2 km/h), normal walking speed, and tandem gait condition

Normal gait (walking speed)

Tandem gait

2 km/h standard

Individually preferred

ET HC ET HC ET HC

Ataxia score

Baseline 24.7 = 10.9 12.6 = 4. 7% 13.8 = 6.1 8.6 + 2.27%%* 134 = 4.7 12.1 + 4.8

Alk. 18.2 = 10.47 15.1 £ 8.9 12.1 = 3.3 10 = 2.2 12.8 4.9 11 + 2.2
Missteps

Baseline 8.8 +12.6 0.4 = 0.7%%* NA NA NA NA

Alk. 5.6 + 8.4F 0.7 + 1.3 NA NA NA NA
Step width, cm

Baseline 57.6 = 45.8 34.3 = 20.5 156.9 = 116.1 157.7 = 67.3 156.7 = 101.1 154.1 = 62.7

Alk. 48.8 + 455 35.8 = 32.5 127.2 = 120.477F 133.9 = 68.8 131.9 + 106.4777 131.8 £ 70.5
CV Step width

Baseline 64.3 = 46.1 40.5 =241 8.9 +44 9+6.6 123 =54 14.3 £10.1

Alk. 73.3 =772 53.3 = 34.9 12.5 = 5.37 16.1 = 11.2 13.8 £ 5.8 17.8 + 114
Velocity m/s

Baseline NA NA NA NA 1.1 +0.2 1.2 +0.2

Alk. NA NA NA NA 1.1+0.2 1.2 +0.2
CV Step length

Baseline 17.6 +17.2 4.6 £ 1.4%* 9.1=8.9 4 +1.8% 3.8+1.6 3+1.3

Alk. 12.7 + 144 8.8 =10.1 58 *25 4.9+ 1.7 +3 2.7*+1.2

* Level of significance between ET and HC. T level of significance within the patients with ET (*/f = p < 0.05; /i1 = p < 0.01;
kA = p < 0.005).

ET = essential tremor; HC = healthy control; Alk. = after ethanol.
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Figure 1. Traces of markers attached to the forefoot in a view from lateral (I) and above (II) (see schematic drawing at the
top) for patients with essential tremor (A, B) and healthy control subjects (C, D) at baseline and after ethanol. Recordings
were made during walking with natural walking speed on the treadmill over 20 seconds of continuous measurement.

the most potent drug for the treatment of ET.** On
the other hand, it is common experience that ethanol
at higher dosages induces a specific disturbance of
gait, which is considered a model of cerebellar gait
abnormalities.?* Therefore, the dosage of ethanol is
critical for such effects. We have chosen an oral ap-
plication and dosage that are able to produce effects
on ET without clinically visible gait disturbances in
normal humans. Profound effects on tremor and gait
were found for the patients but not much of an effect
on the gait of normal subjects despite a wide varia-
tion of blood ethanol levels. Of course, a more indi-
vidual titration of alcohol might have led to more
pronounced effects, but this was practically impossi-
ble in the setting of our study. We have further cho-
sen to test the effect of ethanol on gait functions, as
the abnormality of gait in ET is clinically visible but
does not correlate with the scoring of tremor of the
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Figure 2. Ataxia score for patients with essential tremor
and healthy control subjects calculated as a ratio of the
standard deviation of foot placement in all three room di-
rections ([SD of step length + SD of step width + SD of
step height]/3) during gait analysis (left) and number of
missteps during tandem gait at baseline and after ethanol
(right). Base = baseline; alc = after ethanol; NWS = nor-
mal walking speed. *p < 0.05, **p < 0.0, ***p < 0.005.
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leg and thus seems to represent an abnormality that
is independent of leg tremor. This finding confirms
our earlier study. We want to stress the argument
that the cerebellar disturbance of ET is independent
of the severity of tremor: First, subgroup analysis of
the Clinical Tremor Rating Scale revealed no influ-
ence of ethanol on the postural and intention tremor
of the leg. Second, even patients without cerebellar
abnormalities of the lower extremities are known to
develop an ataxic gait pattern. Finally, no correla-
tion was found between clinical and instrumental
measures of ataxia and the severity of tremor of the
legs. This is important for our argument that the
positive effect of ethanol on gait might otherwise be
simply due to an improvement of the postural and
intention tremor of the lower extremities.

Thus, we conclude that the cerebellar malfunction
in ET is reversible by a potent drug, in this case
ethanol. With respect to the “neurodegeneration hy-
pothesis” of ET, the current data allow only limited
conclusions. If the ataxia had not been reversible
following medication, our results would have favored
a permanent lesion of cerebellar functions (e.g., neu-
rodegeneration). But as this is not the case, our find-
ings indicate either that the degenerated functions
can be compensated by a system activated by alcohol
or that the alcohol effect is a purely pharmacologic
one in a morphologically intact system.

Ethanol has many different actions, which could
explain the observed effects. One of them has been
elaborated with the harmaline model of tremor in
rats sharing some features with human ET.?* Pur-
kinje cells are the principal output cells of the cere-
bellum. The spontaneous discharge pattern of
cerebellar Purkinje cells consists of randomly distrib-
uted simple and complex spikes. The inferior olive
neurons are responsible for complex spikes. Harma-



line activates rhythmic complex spikes and eliminates
simple spike activity.?®?” Ethanol administration de-
creases complex spikes and increases single-spike ac-
tivity generated in the inferior olive and might
thereby antagonize the action of harmaline®® at the
level of the inferior olive. A similar mechanism may
also work for octanolol,?** another alcohol with ex-
cellent therapeutic effect on rat harmaline tremor.
Two recent studies have demonstrated a therapeutic
effect of octanolol in patients with ET.*-*> Following
this line of reasoning, the rhythmic activity of com-
plex spikes in the cerebellum in patients with ET
may interfere with the function of the cerebellum,
providing feed-forward function, which is necessary
for the execution of smooth and regular move-
ments.*® The result is an ataxic gait being specifi-
cally activated during tandem gait. Ethanol may
inhibit or desynchronize inferior olive cell activity.
Such normalization of the discharge pattern may be
the mechanism for the normalization of gait after
ingestion of ethanol. A second option would be a di-
rect action of alcohol on cerebellar receptors. It is
known that the N-methyl-p-aspartate subtype of glu-
tamate receptor is sensitive to ethanol,** and this re-
ceptor seems to be specifically expressed in the
cerebellum. It may be hypothesized on the basis of
these results that this receptor could function abnor-
mally in ET. Further studies are necessary to clarify
the existing hypothesis.
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