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ABSTRACT
Introduction: Essential tremor is a neurological disorder that causes involuntary shaking. The aim of this
study was to examine cardiac autonomic functions in patients diagnosed with essential tremor, as previous
studies have differed in their findings regarding whether cardiac autonomic functions are affected in essential
tremor patients.
Patients and Methods: The study included 32 patients diagnosed with essential tremor and 26 individuals
without any diseases as the control group. Consensus criteria were used for the diagnosis of essential tremor.
A clinical rating scale was utilized to measure the characteristics and degree of essential tremor. Based on this
scale, patients were classified as having a mild, moderate, marked, or severe disability. An exercise treadmill
test was performed in both the tremor and control groups. Chronotropic index values were used to evaluate
the sympathetic system, and resting heart rate index values were calculated to evaluate the parasympathetic
system. Heart rate recovery values were calculated at one, two, three, four, and five minutes after the exercise
treadmill test.
Results: The descriptive characteristics of the tremor and control groups were similar. The Chronotropic
index values were statistically different between the tremor and control groups, as they were significantly
decreased in the tremor group. This was evaluated as sympathetic incompetence. The resting heart rate index
values did not differ significantly between the tremor and control groups at minutes one or two, but they were
significantly higher in the tremor group at minutes three, four, and five. The parasympathetic activity was
found to be insufficient in the later period.
Conclusion: The findings suggest that cardiac autonomic functions may be affected in patients with essential
tremor.
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Esansiyel Tremorlu Hastalarda Kardiyak Otonomik Fonksiyonların İncelenmesi
ÖZET

Giriş: Esansiyel tremor istemsiz olarak ortaya çıkan titremelerle karakterize bir hastalıktır. Esansiyel tremor
semptomları olan hastalarda otonomik fonksiyonların inceleme sonuçları farklılık arz etmektedir. Bu çalışmanın amacı esansiyel tremor semptomları olan hastalarda kardiyak otonomik fonksiyonları incelemektir.
Hastalar ve Yöntem: Çalışmaya esansiyel tremor tanısı alan 32 hasta ve kontrol grubu olarak herhangi bir
hastalığı olmayan 26 kişi dahil edildi. Esansiyel tremor tanısında konsensüs kriterleri kullanıldı. Esansiyel
tremorun özelliklerini ve derecesini ölçmek için klinik derecelendirme skalası kullanıldı. Bu skalaya göre
hastalar hafif, orta, belirgin ve ağır disabiliteye sahip olanlar olarak sınıflandırıldı. Hem tremor grubu hem de
kontrol grubuna koşu bandı testi yapıldı. Sempatik sistemi değerlendirmek için kronotropik indeks değerleri,
parasempatik sistemi değerlendirmek için istirahat kalp hızı indeks değerleri hesaplandı. Kalp hızı toparlanma
indeks değerleri, koşu bandı testinden bir, iki, üç, dört ve beş dakika sonra hesaplandı.
Bulgular: Tremor grubu ve kontrol grubunun tanımlayıcı özellikleri benzerdi. Tremor ve kontrol grubu arasında kronotropik indeks değerleri istatistiksel olarak anlamlı oranda farklıydı ve tremor grubunda önemli
ölçüde azalmıştı. Bu durum sempatik yetersizlik olarak değerlendirildi. İstirahat kalp hızı indeks değerleri
tremor ve kontrol grupları arasında bir ve ikinci dakikalarda anlamlı farklılık göstermezken, tremor grubunda
üç, dört ve beşinci dakikalarda anlamlı derecede yüksekti ve geç dönem parasempatik aktivite yetersizliği
olarak değerlendirildi.
Sonuç: Bulgular, esansiyel tremoru olan hastalarda kardiyak otonomik fonksiyonların etkilenebileceğini düşündürmektedir.
Anahtar Kelimeler: Esansiyel tremor; otonom sinir sistemi; koşu bandı testi; kalp hızı
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INTRODUCTION
Tremors are the most common movement disorder. They
are defined as involuntary, rhythmic, oscillating movements
caused by simultaneous and alternating contractions of the agonist and antagonist muscle groups in one or more joint areas.
Tremors affect about 5% of the population, particularly those
around age 40. There are different classifications of tremor, including resting tremor and movement tremor. Tremors can also
be classified based on frequency, amplitude, and affected body
area. In clinical practice, action tremor is the most common.
Essential tremor and physiological tremor are the two most
common types of action tremor. Clinical assessment measures determine the severity of tremors and their response to
treatment. The classification of tremors informs the appropriate
treatment(1,2). An essential tremor is a symmetrical, gradual-onset postural tremor of the hands and forearms, with no underlying cause yet identified. The various causes, such as central
oscillatory system dysfunction and loss of cerebellar Purkinje
cells, have been suggested(3,4). It may or may not have a kinetic
component. Essential tremor includes different rates of both
postural and kinetic tremors. Its incidence increases with age.
It tends to be seen bimodally and is most common in the second
and sixth decades. Essential tremor occurs in the upper extremities in 95% of patients(5,6). Occasionally, it can also affect the
voice, head, and neck(3). Studies have shown that other parts
of the body are also affected in patients with essential tremor.
Some studies suggest that essential tremor may be comorbid
with cardiac autonomic dysfunction, neurodegenerative diseases, psychiatric diseases, sleep disorders, and smell and hearing
loss(1,5,7). Sympathetic and parasympathetic systems have been
tested to evaluate the cardiac autonomic functions of patients
with essential tremor, as cardiac functions are regulated by the
regular operation of both systems(8). Cardiac autonomic functions are controlled by the neuronal system. Cardiac autonomic
dysfunctions have several comorbid neurological diseases(9,10).
The results of previous studies on essential tremor and cardiac
autonomic functions are controversial. Some studies have concluded that autonomic disorder is not comorbid with essential
tremor(11), while others have concluded that it is(3,7).
The aim of this study was to examine whether cardiac autonomic functions are affected in a group of patients with essential tremor and no accompanying disease.
PATIENTS and METHODS
The study protocol was approved by the local ethics committee (Protocol number: 5/01, Date: 25.04.2017). Informed written consent was obtained from every participant enrolled in the
study. Patients diagnosed with essential tremor (tremor group;
TG) who had not received previous treatment and a control

group (CG) were included in the study. A detailed neurological
examination was performed on the TG. The orthostatic characteristics of the patient’s tremor and whether the tremor occurred
at rest were noted. Consensus criteria were used for the diagnosis of essential tremor. Using the time criterion in the diagnosis of essential tremor was not recommended by the consensus criteria, because hereditary essential tremor often starts at a
younger age(12,13). Based on these criteria, patients with bilateral,
symmetrical, permanent, and visible postural or kinetic tremors
involving the hands and forearms were included in the study.
There were no features of head tremors in the patients included in the study. Patients with abnormal neurological findings and those with a history or clinical findings thought to be
psychogenic tremor, isolated voice tremor, primary orthostatic
tremor, task-specific tremor, isolated tongue and jaw tremor, or
isolated leg tremor were not included in the study.

Blood biochemistry values and serum triiodothyronine and
thyroxine levels of the TG were within normal limits. Groups
were asked to avoid stimulants, such as coffee, tea, and nicotine
12 hours before the cardiac test(14). The study included patients
who did not have any systemic diseases or drug use.
To calculate the characteristics and severity of tremor, the
clinical rating scale for tremor proposed by Fahn et al.(15,16)
was used. This scale consists of three parts: A, B, and C and it
tests twenty-one functions. Each function was scored from 0 to
4, with 0= normal, 1= mildly abnormal, 2= moderately abnormal, 3= markedly abnormal, and 4= severely abnormal. In Part
A, the tremor was graded for various body parts. Part B rated
action tremors for the upper extremities. Handwriting, drawing, and liquid pouring tests were performed. Writing function
was tested only in the dominant limb. Functional disability was
tested in Part C. Speaking, eating, drinking, hygiene, dressing,
and working were tested. Then the total score of these three
sections was calculated. The highest possible score was 144.
If the total score was 0, there was no functional disability;
scores between 1% and 24% were classified as mild disability,
25-49% as moderate disability, 50-74% as marked disability,
and 75-100% as severe disability.
Patients were asked to participate in an exercise treadmill
test (ETT) (CS-200. Schiller, Baar, Switzerland). The test was
planned for 10 minutes and as symptom-limited. An automated
electrocardiogram was recorded before exercise, at peak exercise, and for every minute of the recovery period. The following parameters of autonomic dysfunction were recorded
for analysis: Heart rate, chronotropic index (CI), and heart rate
recovery (HRR) at minutes one, two, three, four, and five (HRR
1, HRR 2, HRR 3, HRR 4, HRR 5, respectively). The CI was
calculated using the formula: (peak HR - resting HR)/(max
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predicted HR - resting HR). Chronotropic insufficiency was
defined as a CI value< 0.80(17,18). HRR was calculated from
the absolute differences in heart rate values for each minute of
recovery from the peak heart rate. HRR values of ≤12 bpm at
minute one and ≤22 bpm at minute two were considered abnormal(19). The resting HR/HRR (RHR/HRR) index was calculated as (resting HR-HRR)/resting HR(20).
Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 22 (Version 22.0; IBM Corp., 2013). The normality of
distribution for continuous variables was confirmed with the

Shapiro-Wilk normality test. The homogeneity of variances
was confirmed with Levene’s test. An independent samples ttest and the Mann-Whitney U test were used to compare the
findings between groups. An ANOVA and Kruskal-Wallis test
were used to compare the relationship between tremor degree
and CI and RHR/HRR index (1-5) in the TG. A p< 0.05 was
considered statistically significant for all tests.
RESULTS
The descriptive characteristics of the TG and CG are shown
in Table 1. The study included 32 patients diagnosed with es-

Table 1. Demographic and clinical characteristics of the groups
Tremor Group
Age (years)

39.78 ± 19.66

x

Control Group
x

38.42 ± 14.07

34.50 (18–78) *

37.50 (20-70) *

Gender (male)

14

12

Gender (female)

18

14

Total

32

26

25.05 ± 3.44x

27.80 ± 4.61x

24.85 (17.99-33.08)*

27.00 (20.76-36.70)*

Body mass index (kg/m2)
Disease duration (years)
Systolic blood pressure at rest
Diastolic blood pressure at rest
Heart rate at rest
Maximum heart rate
Peak systolic blood pressure
Peak diastolic blood pressure
Level of Functional Disability

p
0.790b

0.858b
<0.05b

5.31 ± 4.56x
3.00 (1.00-20.00)*
132.31 ± 16.05x

124.96 ± 15.87x

132.50 (104-166)*

120.50 (100-164)*

84.12 ± 10.17x

82.19 ± 9.71x

81.50 (70-109)*

80.50 (60-97)*

93.75 ± 14.59x

88.92 ± 13.07x

94.00 (67-132)*

86.50 (63-125)*

159.06 ± 21.51x

167.88 ± 14.97x

159.50 (112–209)*

167.00 (135-188)*

175.15 ± 31.95x

187.50 ± 31.99x

171.50 (116-266)*

179.00 (133-255)*

85.46 ± 20.15x

97.42 ± 25.92x

82.00 (55-164)*

91.50 (59-152)*

0.87a
0.894a
0.195a
0.82a
0.149b
<0.05b

Average Scores

Mild (n= 18)

12.55 ± 4.17 13.00 (5-23)

Moderate (n= 7)

49.57 ± 8.48 47.00 (39-62)

Marked (n= 4)

83.75 ± 8.77 82.50 (75-95)

Severe (n= 3)

117.66 ± 4.50 118.00 (113-122)

Variables are shown as xmean ± standard deviation (SD), *median (minimum-maximum). When comparing the TG and CG, p< 0.05 was considered statistically significant.
a
Independent samples t-test was used.
b
Mann-Whitney U test was used.
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Table 2. Comparison of the groups in terms of CI and RHR/HRR index
Tremor Group
CI
RHR/HRR 1 index
RHR/HRR 2 index
RHR/HRR 3 index
RHR/HRR 4 index
RHR/HRR 5 index

0.76 ± 0.20

x

Control Group
0.85 ± 0.12

x

0.77 (0.29-1.26)*

0.83 (0.56-1.12)*

0.72 ± 0.15x

0.71 ± 0.14x

0.77 (0.44-0.92)*

0.74 (0.19-0.92)*

0.62 ± 0.17x

0.55 ± 0.15x

0.66 (0.27-0.88)*

0.58 (0.13-0.76)*

0.56 ± 0.18x

0.46 ± 0.15x

0.61 (0.19-0.83)*

0.49 (0.19-0.70)*

0.50 ± 0.19x

0.39 ± 0.13x

0.54 (0.16-0.76)*

0.40 (0.19-0.64)*

0.45 ± 0.19x

0.33 ± 0.13x

0.47 (0.10-0.74)*

0.35 (0.07-0.59)*

p
<0.05b
0.553b
0.11a
<0.05b
<0.05b
<0.05a

CI: Chronotropic index, RHR: Resting heart rate, HRR: Heart rate recovery. Variables are shown as xmean ± SD, *median (minimum–maximum). When comparing the TG
and CG, p< 0.05 was considered statistically significant.
a
Independent samples t-test was used.
b
Mann-Whitney U test was used.

sential tremor and, 26 people without any disease as the CG.
The groups had similar values. The body mass index value was
higher in the CG (p< 0.05). The peak diastolic blood pressure
value was higher in the CG than in the TG (p< 0.05). There was
no difference between other values. As seen in Table 1, there
was no difference that could have affected the research results.
The tremor group was divided into four subgroups according
to tremor score: Mild, moderate, marked, and severe functional
disability.

As shown in Table 2, CI values showing sympathetic system activity were calculated by the ETT for the TG and CG.
The CI was statistically different between the TG and the CG
(p< 0.05). The CI of the TG was lower than 0.80, which is considered chronotropic incompetence(17,18). The CI of the CG was
within normal limits.

The RHR/HRR index values that evaluate the parasympathetic system activity were measured one, two, three, four and
five minutes after exercise. The RHR/HRR index values of the
TG and CG were not statistically different at minutes one and
two (p= 0.553 and p= 0.11, respectively). However, as shown
in Table 2, they were statistically significantly different at the
minutes three, four and five (p< 0.05, p< 0.05, and p< 0.05,
respectively).

As shown in Table 3, the HRR values of the TG and
CG were not significantly different at minutes one and two
(p= 0.906, p= 0.124, respectively). The HRR values for both
the CG and TG were >12 at minute one and >22 at minute two

and were evaluated as normal. However, the HRR at minutes
three, four and five significantly decreased in the TG group
(p< 0.05, p< 0.05, p< 0.05, respectively).

As shown in Table 4, the CI and RHR/HRR index (1-5)
values of the TG subgroups were compared, and no statistical
difference was found (p= 0.087 for the CI; p= 0.621, p= 0.614,
p= 0.654, p= 0.597, p= 0.842, for RHR/HRR indices 1-5, respectively).
DISCUSSION
In the present study, The CI was statistically different between the TG and the CG. The CI of the TG was lower than
0.80 but the CI of the CG was within normal limits. The RHR/
HRR index values of the TG and CG were not statistically different at minutes one and two, but they were statistically significantly different at minutes three, four and five. The HRR
values of the TG and CG were not significantly different at
minutes one and two. The HRR values for both the CG and TG
were >12 at minute one and >22 at minute two and were evaluated as normal. However, the HRR at minutes three, four and
five significantly decreased in the TG group. The CI and RHR/
HRR index (1-5) values of the TG subgroups were compared,
and no statistical difference was found.
Many studies have evaluated the cardiac autonomic system
of patients with essential tremors and have found different results(5). The diagnosis of essential tremor is based on the patient’s history and neurological examination. There are no bio-

173

174

Koşuyolu Heart J 2022;25(2):170-176 ● Investigation of the Cardiac Autonomic Functions in Patients with Essential Tremor

Table 3. Comparison of HRR values between groups
Tremor Group
24.00 ± 10.27

HRR 1
HRR 2
HRR 3
HRR 4
HRR 5

Control Group

x

24.30 ± 9.18

p

x

0.906a

22.00 (9.00-50.00)*

24.00 (7.00-51.00)*

34.13 ± 13.70x

39.31 ± 10.78x

35.00 (11.00-70.00)*

36.00 (24.00-71.00)*

39.61 ± 14.01x

47.69 ± 11.19x

37.00 (16.00-72.00)*

45.00 (29.00-75.00)*

44.90 ± 13.51x

54.08 ± 9.83x

45.00 (20.00-75.00)*

55.00 (35.00-80.00)*

50.07 ± 13.86x

60.27 ± 10.06x

50.00 (22.00-80.00)*

62.50 (40.00-90.00)*

0.124a
<0.05a
<0.05a
<0.05a

HRR: Heart rate recovery. Variables are shown as xmean ± SD, *median (minimum–maximum). When comparing the TG and CG, p< 0.05 was considered statistically
significant.
a
Independent samples t-test was used.

Table 4. Comparison of CI and RHR/HRR index within the tremor group
Mild
Disability
CI
RHR/HRR 1 index
RHR/HRR 2 index
RHR/HRR 3 index
RHR/HRR 4 index
RHR/HRR 5 index

0.82 ± 0.12

Moderate
Disability
x

0.60 ± 0.22

Marked
Disability
x

0.74 ± 0.02

Severe
Disability
x

0.79 ± 0.45

p
x

0.80 (0.59-1.07)*

0.69 (0.29-0.84)*

0.74 (0.72-0.77)*

0.77 (0.36-1.26)*

0.74 ± 0.14x

0.67 ± 0.11x

0.72 ± 0.18x

0.69 ± 0.22x

0.77 (0.44-0.92)*

0.67 (0.54-0.85)*

0.79 (0.44-0.85)*

0.77 (0.44-0.87)*

0.61 ± 0.17x

0.57 ± 0.12x

0.65 ± 0.26x

0.72 ± 0.22x

0.67 (0.27-0.86)*

0.52 (0.46-0.80)*

0.75 (0.27-0.86)*

0.82 (0.47-0.88)*

0.54 ± 0.19x

0.52 ± 0.13x

0.59 ± 0.22x

0.67 ± 0.25x

0.60 (0.19-0.77)*

0.48 (0.39-0.75)*

0.67 (0.27-0.77)*

0.81 (0.38-0.83)*

0.50 ± 0.19x

0.46 ± 0.13x

0.52 ± 0.23x

0.56 ± 0.32x

0.53 (0.16-0.73)*

0.40 (0.33-0.70)*

0.61 (0.18-0.67)*

0.74 (0.19-0.76)*

0.45 ± 0.19x

0.40 ± 0.13x

0.45 ± 0.23x

0.52 ± 0.29x

0.48 (0.10-0.72)*

0.40 (0.28-0.65)*

0.54 (0.11-0.62)*

0.63 (0.19-0.74)*

0.087a
0.621b
0.614a
0.654a
0.597b
0.842a

CI: Chronotropic index, RHR: resting heart rate, HRR: Heart rate recovery. Variables are shown as xmean ± SD, *median (minimum–maximum). When comparing the
tremor subgroups, p< 0.05 was considered statistically significant.
a
ANOVA test was used.
b
Kruskal-Wallis test was used.

markers, imaging findings, or laboratory tests for diagnosis(3).
It has been reported that there is evidence of functional and
metabolic disorders and degeneration, especially in Purkinje
cells of the cerebellum, in patients with essential tremor. These
cells have an inhibitory effect on the cerebellar cortical system.
In case of degeneration or dysfunction of Purkinje cells, an essential tremor occurs because the inhibitory effect disappears.
Abnormalities in these cells of the cerebellum have been reported even in cases with Lewy body(21,22). It has been reported

that cardiac autonomic functions are affected by dysfunctions
of Purkinje cells(23,24). The detection of Lewy bodies in the locus coeruleus and the observation of autonomic dysfunction
in patients with essential tremor suggest that the effect of essential tremor on autonomic functions needs to be investigated further(7,25). The locus coeruleus consists of neurons with
noradrenergic activity. Locus coeruleus degeneration causes
sympathetic insufficiency by disrupting sympathetic system
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activity(26). Some studies have reported sympathetic system
dysfunction in patients with essential tremor(3). However, in
some studies, cardiac autonomic functions have been evaluated
as within normal limits in patients with essential tremor (5,8,11).

In the present study, impairment was observed in the cardiac
autonomic system in the TG. Both the sympathetic and parasympathetic systems were found to be affected. Chronotropic incompetence was observed in the sympathetic system. Sympathetic
denervation findings were detected. In the parasympathetic system evaluation, the HRR was calculated at minutes one, two,
three, four and five. Some studies have stated that HRR at minute one is more important in the evaluation of parasympathetic
function, but others have suggested that analysis performed at
minutes one and two should be evaluated together(27,28). Some
studies suggest that HRR in minutes three, four and five should
be calculated and that the evaluation of recovery in the first fiveminute period may give more accurate results in terms of reflecting the late period of parasympathetic function(29).
In this study, the RHR/HRR index at minutes one and two
was found to be similar to that of the CG. The RHR/HRR index at minutes one and two was within the normal limits reported in the literature(17,18). However, RHR/HRR index values
were found to be higher in the TG at minutes three, four and
five. HRR values were significantly lower in the TG at minutes
three, four and five. In the present study, cardiac parasympathetic dysfunction was observed at minutes three, four and five.
Parasympathetic dysfunction causes an increase in sympathetic
activity, which in turn causes an increase in cardiac rate, blood
pressure, and cardiac output. The sympathetic activity increase
can cause cardiac arrhythmias(26). In the TG, we examined
whether there was a difference in the tremor subgroups. No
significant difference was observed in the sympathetic and parasympathetic systems in the tremor subgroups.
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