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Abstract

Background Essential tremor (ET) is a prevalent movement disorder that may be linked to neurodegenerative
changes. It is marked by a mix of motor and non-motor symptoms, which include disturbances in the autonomic
nervous system. Aim of the study: We aimed to assess autonomic dysfunction in individuals with essential tremor.
Thirty patients with essential tremor (Group 1) and 30 age and sex-matched healthy subjects as the control group
(Group 2) were recruited. Comprehensive medical and neurological examinations were conducted on all partici-
pants, followed by electrophysiological assessments of autonomic function, including heart rate variability (HRV)

tests (E/I ratio, Valsalva ratio, 30:15 ratio), adrenergic tests (blood pressure responses to active standing and sustained
hand grip), and sympathetic skin response (SSR) tests. Finally, the results of these tests were classified according

to the Ewing classification of autonomic failure. Results: The study revealed significant differences between ET patients
and the control group. Heart rate variability tests showed a marked difference between the groups. Adrenergic tests,
measuring sympathetic innervation, also displayed a significant difference. The sudomotor function test exhibited
noteworthy differences in onset latencies and amplitudes in the palm and sole, with ET patients showing prolonged
onset latencies and decreased amplitudes. Moreover, the study found a significant correlation between disease sever-
ity and autonomic function test results and the Ewing score. Conclusion: The study highlights the presence of auto-
nomic dysfunction in essential tremor patients, with disease severity being associated with the level of autonomic
affection, as evidenced by various autonomic function tests and the Ewing score.
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Introduction

Essential tremor (ET) is prevalent across individuals from
various ethnic backgrounds. It is estimated that 0.32—
1.33% of the global population is affected by ET. The
prevalence of ET rises by 74% with every decade of age
increase, surpassing 20% in the elderly [1]. The underly-
ing pathology of ET remains not completely understood.
Some researchers believe that the symptoms of ET pri-
marily arise from a dysfunction in the central abnormal
oscillator located within the Guillain—-Mollaret triangle.
Additionally, a noticeable decline in Purkinje cells in the
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cerebellum of patients, compared to healthy individu-
als, emphasizes the significance of the cerebellum in ET’s
development [2]. Growing evidence suggests that ET
exhibits a range of motor and non-motor symptoms. The
previous notion that ET is a simple, benign movement
disorder has evolved into an understanding that it might
be a neurodegenerative condition with a broad array of
both motor and non-motor symptoms [3]. Autonomic
dysfunction is recognized in neurodegenerative diseases
like Parkinson’s disease and Alzheimer’s disease. Given
that ET is also a neurodegenerative condition with non-
motor symptoms, it has been hypothesized that it could
potentially impact autonomic functions [2]. Based on
these hypotheses, we designed this study to assess the
presence and extent of autonomic dysfunction in individ-
uals diagnosed with ET.

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41983-023-00754-z&domain=pdf
http://orcid.org/0000-0003-0215-7629

Nassar et al. Egypt J Neurol Psychiatry Neurosurg (2023) 59:156

Methods

This cross-sectional study was conducted at the Neu-
ropsychiatry Department, Faculty of Medicine. We
enrolled 30 patients ET (group 1) diagnosed according
to Consensus Statement on the classification of trem-
ors (ET is a tremor syndrome characterized primarily
by bilateral upper limb action tremor that has been pre-
sent for at least 3 years. The tremor typically involves
rhythmic oscillations of both arms, seen during vol-
untary movements. While the arms are most affected,
essential tremor may also manifest as tremor in other
locations like the head, voice, or lower limbs. Impor-
tantly, essential tremor is not associated with other
neurological signs of disease such as dystonia, ataxia,
or parkinsonism [4], from 1st of January to the end of
March 2023. The severity of ET was evaluated using
the Tremor Research Group Essential Tremor Rating
Scale (TRETRS) [5]. Another 30 age- and sex-matched
healthy individuals were recruited to serve as the con-
trol group (group 2).

The exclusion criteria for this study included several
conditions. Firstly, patients who exhibit tremors due to
other medical conditions, such as liver failure, chronic
renal failure, hyperthyroidism, or Wilson’s disease (Wil-
son’s disease was clinically excluded due to the absence of
Kayser—Fleischer rings, normal liver function test results,
and a normal liver size as indicated by ultrasound. The
patient with elevated liver function levels, hepatomegaly,
or presence of Kayser—Fleischer ring was ruled out), were
excluded. Secondly, the authors also exclude those with
autonomic neuropathy resulting from other causes like
diabetes mellitus or renal disease. Lastly, patients diag-
nosed with cardiac arrhythmias and ischemic heart dis-
ease were also excluded from this study.

All participants underwent the following: com-
prehensive medical history review, general and neu-
rological  examinations.  Furthermore, laboratory
investigations including fasting and postprandial blood
glucose levels, serum electrolytes, renal function tests,
liver function tests, abdominal ultrasonography, ophthal-
mological assessment, and thyroid hormonal profile were
performed. Patients’ beta-blocker medication was dis-
continued three days prior to the examination to prevent
potential interference with the tests.

All participants underwent electrophysiological assess-
ment of cardiovascular autonomic nervous system func-
tion using the TruTrace EMG7®, Deymed Diagnostic,
Kudrnécova, Hronov, Czech Republic which included the
following tests:

1- Heart rate variability (HRV) test: This test evaluates
cardiovagal innervation, which is the parasympa-
thetic innervation of the heart.
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A-HRV with deep breathing by measuring expiratory/
inspiratory ratio (E/I): The patients were instructed
to lie supine and breathe steadily and deeply at a pace
of six breaths per minute. Each inhalation and exha-
lation lasted five seconds without pausing or gasping.
The E/I ratio was measured by calculating the mean
maximum R-R interval during expiration (RRmax)
divided by the minimum R-R interval during inspi-
ration (RRmin). A normal value is considered to
be>1.21, with a borderline value between 1.11 and
1.20. Values <1.10 are considered abnormal [6].

B- HRV with Valsalva maneuver by measuring Val-

salva ratio (VR): The Valsalva maneuver was per-

formed to assess HRV. The patient was instructed to
lie down and blow into a mouthpiece connected to

a mercury manometer, maintaining an average pres-

sure of 40 mmHg for 15 s. The onset and termina-

tion of the expiration were abrupt. To calculate the

VR, the longest R-R interval immediately following

the maneuver (RRmax) was divided by the shortest

R-R interval during the maneuver (RRmin). A nor-

mal value for VR is considered to be>1.21, with a

borderline value between 1.11 and 1.20. Values <1.10

are considered abnormal [7].

HRV with active standing by measuring 30:15 ratio:

To assess HRV during active standing, the patient

was instructed to stand up after having a continu-

ous electrocardiogram while lying in the supine posi-
tion. During the first 30 to 45 s of active standing,
the R-R interval at approximately the 30th beat (the
slowest heart rate at that time) and the R-R interval
at approximately the 15th beat (the quickest heart
rate at that time) were recorded. The 30:15 ratio was
calculated by dividing the R-R interval at the 30th
beat by the R-R interval at the 15th beat. A normal

value for the 30:15 ratio is considered to be>1.04, a

borderline value falls between 1.01 and 1.03, and val-

ues <1 are considered abnormal [8].

2- Adrenergic (sympathetic innervation) tests: blood

pressure (BP) responses to active standing and sus-

tained hand grip:

Systolic blood pressure response to active standing:

Prior to standing, the patient remained in a supine

position for a duration of 5 to 20 min. Blood pressure

measurements were taken at this point. Blood pres-
sure was measured again at 1 and up to 3 min After
standing. The normal response was characterized by

a decrease in systolic blood pressure of less than 10

mmHg, a borderline decline ranging from 11 to 29

mmHg, and an abnormal drop exceeding 30 mmHg

[9].

B- Diastolic blood pressure (DBP) response to sustained
hand grip: Blood pressure measurements were taken

Q
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at 3-min intervals in the non-tested arm while the
patient applied force on a hand dynamometer, equiv-
alent to or exceeding 30% of their maximal voluntary
contraction force during fist closure. “The DBP meas-
urement just prior to releasing the hand grip was
subtracted from the DBP measurement before initi-
ating the hand grip. A normal response was defined
as an increase in diastolic blood pressure of more
than 16 mmHg, a borderline increase ranging from
11 to 15 mmHg, and an abnormal response if the
increase in DBP was less than 10 mmHg [9]”

3- Sudomotor function test: Sympathetic skin response
(SSR) is utilized to assess the sweating pathway. This
test involves stimulating the median nerve for hand-
to-hand measurements and the tibial nerve for foot-
to-foot measurements. The recording electrode is
placed on the palms of either hand or the soles of
either foot, while the reference electrodes are posi-
tioned on the dorsal surface. The presence and onset
latency of the SSR response are evaluated. During the
test, stimulation is applied at randomized intervals
with variable intensity (ranging from 10 to 40 milli-
volts) and a duration of up to 0.5 ms. This variability
in stimulation parameters aims to prevent habitu-
ation effects. In terms of interpretation, a normal
amplitude is more than 1 mV for the hand and more
than 0.2 mV for the foot. The mean palmar onset
latency is 1.4+ 0.1 s, while the plantar onset latency is
1.9+0.1s. [10]

4- Ewing classification of autonomic failure:

The Ewing classification of autonomic failure involves
categorizing the results of each autonomic test as normal
(0), borderline (0.5), or abnormal (1). Based on this classi-
fication, patients are then classified into different groups
according to their test results. Normal: patients are clas-
sified as normal if all test results are normal or if they
have only one borderline result. Early: patients fall into
the early category if they have one abnormal result in any
of the three heart rate tests or if they have two borderline
results. Definite: patients are classified as definite if they
have two or more abnormal results in the heart rate tests.
Severe: patients fall into the severe category if they have
two or more abnormal results in the heart rate tests, as
well as one or both abnormal blood pressure tests, and
if they have both blood pressure tests with borderline
results. Atypical: patients with any other combination of
test results that do not fit into the above categories are
classified as atypical [11].

The severity of autonomic dysfunction is further
divided into two categories: Severe: this category
includes patients classified as definite, severe, or atypical.
Minor: patients are considered to have minor autonomic
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dysfunction if their test results fall into the normal or
early categories. The Ewing classification system provides
a framework to assess the severity and type of autonomic
dysfunction based on the results of various autonomic
tests [11].

A signed informed consent was obtained from all par-
ticipants as well as their first-degree relatives (three of
our patients were illiterate so their relatives signed the
consent for them). The study protocol, under the code
number 36264PR4/1/23, was approved by the ethical
committee.

The statistical analyses were performed using IBM
SPSS Statistics version 20, released in 2013 (IBM Corpo-
ration, Armonk, NY, USA). To assess the statistical differ-
ences between the groups being studied, an independent
sample t-test was conducted for numerical variables. A
significance level of P<0.05 was considered to indicate
statistical significance. Pearson’s correlation test was uti-
lized for conducting correlation analysis. All data will be
available on request.

Results

The current study included 30 ET patients, of whom
13 were female and 17 were male patients. The control
group comprised 13 female and 17 male subjects, with no
significant difference between both groups regarding sex
and age distribution as illustrated in Table 1.

The heart rate variability (HRV) test results, including
E/I ratio, Valsalva ratio, and 30:15 ratio, showed a statisti-
cally significant difference between ET patients and the
control group, as demonstrated in Table 2.

The results revealed a statistically signifcant difference
between ET patients and the control group regarding
systolic blood pressure (SBP) response to active standing
and diastolic blood pressure (DBP) response to sustained
hand grip, as presented in Table 3.

The current study’s results showed a statistically sig-
nificant difference between ET patients and the control
group regarding the onset latencies and amplitudes of
sympathetic skin response (SSR) in the palm and sole.
The patient group exhibited a prolongation of onset
latencies and decreased amplitudes of SSR in both palm
and sole, as shown in Table 4.

Table 1 Demographic data and heart rate variability (HRV) tests
in the study groups

Control ET patients P-value
Sex Male 17 17 1.00
Female 13 13
Age (mean+SD) 615+18 622+23 0.728
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Table 2 Heart rate variability (HRV) tests in the study groups
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Table 3 Adrenergic function tests results in the study groups

Group Mean Std. Devi t sig

Heart rate variability (HRV) tests

E/l ratio Control 1.26 0.060 3.553 0.001
ET patients 1.15 0.131

Valsalva ratio Control 1.28 0.038 3.760 0.000
ET patients 1.14 0.155

30:15 ratio Control 1.07 0.023 3.561 0.00
ET patients 1.02 0.071

Independent sample t-test. E/I: expiratory/inspiratory ratio. HRV: heart rate
variability

Our study revealed that autonomic dysfunction (sym-
pathetic and parasympathetic) occurred in approximately
40% of ET patients (12 out of 30). According to the Ewing
classification of autonomic failure, 60% of the ET patients
were diagnosed as normal (18 out of 30), including 10
borderline and 8 classified as normal. The remaining
ET patients in our study, accounting for 40% (12 out of
30), were diagnosed as abnormal, including 4 with early
autonomic dysfunction, 6 with definite dysfunction, and
2 with severe dysfunction. Among the ET patients diag-
nosed as abnormal (12 out of 30), they were further sub-
divided into two groups: those with severe autonomic
dysfunction (definite or severe), representing approxi-
mately 66.7% of the abnormal group, and those with
minor autonomic dysfunction (normal or early), repre-
senting about 33.3% of the abnormal group.

Our results showed a statistically significant correlation
between TRETRS and autonomic function tests as well
as the Ewing score. We observed that as disease sever-
ity increased, there was a greater impact on autonomic
function tests. Additionally, we found a negative correla-
tion between TRETRS and heart rate variability (HRV)
tests (including E/I ratio, Valsalva ratio, and 30:15 ratio),
diastolic blood pressure response to sustained hand grip,
and amplitudes of sympathetic skin response (SRR) of the
palm and sole. On the other hand, there was a positive
correlation between TRETRS and onset latency of sym-
pathetic skin response (SSR) of the palm and sole, as well
as systolic blood pressure response to standing. Further-
more, we observed that the severity of autonomic system
affection, as evaluated by the Ewing score, increased with
the severity and progression of the disease. These results
are shown in Table 5.

Discussion

There is growing appreciation for the prominence of
non-motor symptoms in patients with movement dis-
orders, including ET. Prospective studies have deline-
ated a diverse range of non-motor features associated

Adrenergic function Group Mean Std. t Sig
tests Devi

Systolic blood pressure  Control 965 098 —3.954 0.001
(SBP) response to active ET 2025 1191

standing patients

Diastolic blood pressure  Control 20.95 2.06 7.240 0.001
(DBP) response to ET 1330 447

sustained hand grip patients

Independent sample t-test
SBP systolic blood pressure. DBP diastolic blood pressure

Table 4 Sympathetic skin response (SSR) results between both

groups

Group Mean Std. Devi t Sig
SSR (palm) Control 1.2 0.085 -3.023 0.004
onset ET patients 145 033
latency (s)
SSR (palm) Control 1.21 0.093 4156  0.001
amplitude g1 patients 1.01 021
(mv)
SSR (sole)  Control 1.5500 0.14327 —-4654  0.001
onset ET patients 2.0000 041879
latency (s)
SSR (sole)  Control 037 0.065 9.535 0.001
amplitude  £1 patients 0.20 0061
(mv)

Independent sample t-test. SSR: sympathetic skin response

with ET, leading to the hypothesis that these symptoms
likely antedate the emergence of tremor and thus repre-
sent early manifestations of underlying neural pathology
rather than secondary responses. Dysfunction within
central autonomic pathways may constitute an intrinsic
non-motor component of ET with the potential to signif-
icantly impair patient quality of life [3].

In an early study by Damian et al,, it was concluded
that, using the SCOPA-Aut questionnaire, patients with
PD showed increased autonomic dysfunction in various
domains, while those with ET did not exhibit significant
autonomic dysfunction, except for sialorrhea [12]. This
study has several limitations. Firstly, it relied solely on a
subjective questionnaire, which may not provide com-
prehensive and objective information about autonomic
dysfunction. Secondly, the study did not consider the
potential influence of educational, cognitive, and psychi-
atric manifestations within the studied population. These
factors could have a significant impact on their results.

In another study, researchers utilized SSR tests to
objectively evaluate autonomic functions in patients
with essential tremor ET. The results revealed the pres-
ence of sympathetic dysfunction, but no abnormalities
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were found in the parasympathetic system. However, the
exact reason for the lack of parasympathetic dysfunction
remains uncertain and could potentially be attributed to
technical issues. Overall, the study’s findings suggest the
presence of sympathetic dysfunction in patients with ET
[13].

Building on inconclusive findings from previous stud-
ies, we conducted our research to explore the potential
presence of autonomic system dysfunction in patients
with ET. For our investigation, we compared 30 ET
patients with a control group consisting of 30 subjects.
Both groups did not show significant differences in terms
of gender distribution or age. Nevertheless, our results
revealed significant variations between the two groups in
various aspects of autonomic function.

Firstly, HRV test, including E/I ratio, Valsalva ratio, and
30:15 ratio, demonstrated a statistically significant differ-
ence between ET patients and the control group, suggest-
ing alterations in autonomic regulation in the ET patient
group. These results differ from the previous work of Kim
et al,, [13] who found no significant differences in heart
rate between ET patients and the control group. We can
explain the difference in results by considering some limi-
tations in the Kim et al., [13] study. Firstly, the ET-patient
group had a higher prevalence of hypertension compared
to the control group. Furthermore, patients were tested
after stopping antihypertensive medications for a week,
which raises concerns about the potential influence of
drug withdrawal on the results. Another limitation is the
discrepancy in sample sizes between the patient and con-
trol groups, and this may affect the interpretation of the
study’s findings.

The current study revealed notable variations in
the SBP response during active standing and the DBP
response during sustained hand grip in ET patients com-
pared to control subjects, providing further evidence
of autonomic dysfunction in ET patients. Interestingly,
these results differed from a study conducted by Kim
et al. [13], where they did not observe a statistically sig-
nificant connection between cardiovascular autonomic
dysfunctions (e.g., orthostatic hypotension, supine/noc-
turnal hypertension, non-dipping of blood pressure) and
ET patients.

A more recently conducted exercise treadmill tests on
two groups: individuals with essential tremor and a con-
trol group. Chronotropic index values, indicative of sym-
pathetic nervous system function, were notably lower
in the tremor group, suggesting impaired sympathetic
activity. Initially (at one- and two-minutes post-test), the
resting heart rate index values—indicative of parasympa-
thetic system function—showed no significant difference
between the two groups. However, these values were sig-
nificantly higher in the tremor group at three, four-, and
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five-minutes post-test, suggesting reduced parasympa-
thetic activity during the recovery phase. Thus, the study
concludes that individuals with essential tremor may
have abnormalities in cardiac autonomic functions, with
evidence of deficits in both the sympathetic and parasym-
pathetic systems [14]. These results confirm our findings.

Additionally, the results showed significant differ-
ences in the onset latencies and amplitudes of SSR in
the palm and sole between the two groups. ET patients
exhibited prolonged onset latencies and decreased
amplitudes of SSR in both palm and sole, pointing
towards autonomic involvement in ET.

A prospective study was conducted at Razi Hospital
[15], including patients with ET. The sympathetic nerv-
ous system was assessed using the SSR, evaluated at all
four limbs. The parasympathetic system was evaluated
according to Ewing’s battery. The researchers reported
neurophysiologic dysautonomia in 74% of ET patients,
with reduced heart rate variability in 60% of the cases.
Early parasympathetic dysfunction was observed in
86.7% of patients and definite dysfunction in 13.3%.
Sympathetic dysautonomia was identified in 30% of
patients. These findings confirm the high prevalence of
autonomic dysfunction in ET, affecting both parasym-
pathetic and sympathetic systems as assessed through
electrophysiological methods. Our results are in align-
ment with these conclusions.

Moreover, we found significant correlations between
the TRETRS and various autonomic function tests
and the Ewing score. As the severity of ET increased,
there was a greater impact on autonomic function
tests. Notably, TRETRS showed a negative correla-
tion with HRV tests, diastolic blood pressure response
to sustained hand grip, and amplitudes of SSR in the
palm and sole. Conversely, a positive correlation was
observed between TRETRS and the onset latency of
SSR in the palm and sole, as well as systolic blood pres-
sure response to standing. These findings indicate that
as the disease progressed, autonomic system involve-
ment became more pronounced.

Reduced GABAergic function within the locus coer-
uleus, and subsequent adrenergic changes due to this
GABAergic dysfunction in ET patients, have been pro-
posed as potential explanations for autonomic dysfunc-
tions, such as orthostatic hypotension. However, these
hypotheses require validation through autopsy studies
of ET patients, both with and without orthostatic hypo-
tension [16].

Becktepe et al. demonstrated differences in the pupil-
lary light response between early-onset and late-onset
ET patients of the same chronological age. Their find-
ings are interpreted as reflecting age-related biologi-
cal differences between these two ET subgroups. This
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supports the concept that late-onset ET represents a
distinct form of aging, affecting the brain stem, which
in turn influences autonomic nervous system functions
[17].

Conclusion

The study indicates that individuals with essential tremor
(ET) may experience dysfunction in their autonomic
nervous system. Both parasympathetic tests and adren-
ergic sympathetic tests were used to assess this dysfunc-
tion. The research highlights a significant correlation
between the severity of autonomic dysfunction in ET
patients and the overall severity and advancement of the
disease.

Study limitations

We sincerely apologize for the poor and short discussion
of the current manuscript. We conducted a comprehen-
sive web search on Google Scholar and PubMed, but
unfortunately, we did not come across any prior studies
that have compared the Total Tremor Rating Scale with
various autonomic functions. This lack of existing lit-
erature has limited our capacity to enhance and expand
upon our discussion.
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DBP Diastolic blood pressure.

£/l Expiratory/inspiratory ratio.

ET Essential tremor.

HRV Heart rate variability.
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TRETRS  Tremor Research Group Essential Tremor Rating Scale.

VR Valsalva ratio
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