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Purpose: Essential tremor (ET) is the most common movement disorder in which dysau-
tonomia symptoms can be present. We aimed to evaluate the presence of orthostatic 
hypotension (OH) and its relationship with the clinical features.
Patients and Methods: Forty-four elderly patients with ET and 118 healthy elderly controls 
were included. OH was assessed via the head-up tilt table test and defined, according to the 
change in position, as a drop of at least 20 mmHg in systolic blood pressure and/or 10 mmHg in 
diastolic blood pressure. Tremor severity was evaluated using the Fahn-Tolosa-Marin Tremor 
Rating (FTMTR) Scale. All patients underwent geriatric comprehensive assessment.
Results: There were no differences between the controls and patients with ET regarding age 
and gender. The mean age was 72.8±6.1, the mean disease duration 19.1±13.5 years and the 
mean FTMTR score was 30.9±17.1 in patients with ET. The frequency of OH at the 
1st minute in patients with ET was higher than in controls (31.8% vs 17.8%, p=0.046). 
Furthermore, the frequency of jaw tremor in patients with OH was higher than in those 
without OH (35.7% vs 6.7%, p=0.025). About 28.6% of ET patients with OH had orthostatic 
symptoms.
Conclusion: We demonstrated that ET patients, particularly those with jaw tremors, had OH 
and that most of them were asymptomatic. Therefore, in order to protect patients from 
complications related to OH, it would be appropriate to evaluate OH in the follow-up and 
treatment of elderly patients with ET.
Keywords: essential tremor, orthostatic hypotension, head-up tilt table test, jaw tremor, 
elderly

Introduction
Essential tremor (ET) is a gradual progressive movement disorder common in the 
elderly of 60 and above, with a prevalence of 1% to 5%. It is characterized by 
approximately symmetrical postural or kinetic tremors in the hands and forearms, 
followed by head, voice and jaw tremors in some patients.1 Neuropathological 
studies in ET have revealed microstructural changes in the cerebellum.2 

Additionally, Lewy bodies mainly in the locus coeruleus of the brainstem were 
detected in some patients with ET.3 The locus coeruleus is an established structure 
regulating autonomic responses, resulting in modulation in blood pressure and 
baroreflex responses.4 Besides, recent evidence suggests that the cerebellum serves 
to mediate cardiovascular responses, thus contributing to the cortical autonomic 
network which plays a significant role in controlling cardiovascular changes occur-
ring in response to stressors like orthostatic challenges, such as orthostatic hypoten-
sion (OH).5–7
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OH, also accepted as a geriatric syndrome, can lead to 
several negative health outcomes in the elderly, such as 
increasing the risk of falls and fractures, cerebro- 
cardiovascular morbidity, and inability to perform activ-
ities of daily living.8,9 Therefore, screening of OH in 
elderly ET patients is of great importance in geriatric 
practices. Kim et al reported that ET cases displayed 
more orthostatic symptoms than controls but the frequency 
of OH in younger ET patients was similar to that of 
normal controls.10 Nonetheless, Damian et al found that 
with the exception of sialorrhea, there were no autonomic 
symptoms in ET cases.11 Thus, the issue of autonomic 
dysfunction in ET cases is still a topic of debate and 
reports addressing OH in the cases are scarce. Provided 
that both cardiovascular autonomic functions such as pos-
tural control of blood pressure and the source of the 
pathophysiology of ET appear to involve pathways 
through the cerebellum and locus coeruleus, certain ques-
tions arise such as “Can autonomic functions be affected in 
ET?” or “Can postural blood pressure changes be asso-
ciated with ET in the elderly?”

Therefore, the objective of the current study was to 
investigate whether, in comparison to normal controls, 
patients with ET experience OH during postural changes 
in the Head-up Tilt Table (HUT) test, and to explore the 
clinical features of ET cases with OH.

Participants and Methods
The Study Population
ET and healthy controls were included in this cross- 
sectional study. All participants were patients who had 
been admitted to the outpatient clinic at the Department 
of Geriatric Medicine in Dokuz Eylul University, Faculty 
of Medicine, Izmir, Turkey, during the period from 
December 2018 to December 2019. The study was 
approved by the local ethics committee of the University 
and was conducted in accordance with the Helsinki 
Declaration. Written informed consent was obtained from 
all study participants.

All patients were clinically diagnosed with ET based 
on recommendations of the Consensus Statement of the 
Movement Disorders Society.1 Patients who had no history 
of movement disorders, dementia, psychiatric disorders, 
no family history of ET or other neurodegenerative dis-
eases, or no evidence of vascular or other brain lesions on 
a standard structural CT scan in our outpatient clinic were 
included as a control group.

Participants who were not eligible for assessment of 
orthostatic blood pressure change, including severe anemia 
(hemoglobin<10 g/dL), critical mitral and/or aortic valve 
stenosis, acute or chronic renal insufficiency, decompen-
sated cardiac and/or hepatic insufficiency, severe carotid 
artery stenosis and/or severe coronary artery disease 
(CAD), acute myocardial infarction, dehydration, and 
electrolyte imbalances were excluded from the study. 
Additionally, participants who had been receiving digoxin, 
thyroxine, dopaminergic medications and/or anticholiner-
gic treatment and those with laboratory abnormalities in 
thyroid function, hepatic function and renal function were 
also excluded.

Comprehensive Geriatric Assessment 
(CGA)
Demographic features, physical examinations, neurologi-
cal examinations, and a set of scales were obtained from 
the medical records. The demographic features were gen-
der, age, family history of ET, medical and medication 
history, neurological history, and educational history. 
A family history of ET was defined as the presence of at 
least one first-degree relative with reported ET. The num-
ber of medications and the Charlson Comorbidity Index 
(CCI) were recorded. The set of scales included the Mini- 
Mental State Examination (MMSE) test for global cogni-
tive evaluation,12,13 the Geriatric Depression Scale 
(GDS),14 the timed-up-and-go (TUG) test,15 the Tinetti 
Performance Oriented Mobility Assessment (POMA),16 

and Basic and Instrumental Activities of Daily Living 
(BADL and IADL).17,18 Tremor severity was measured 
using the Fahn-Tolosa-Marin Tremor Rating (FTMTR) 
Scale in ET cases.19

Evaluation of Orthostatic Hypotension
The standardized tilt table was used (Gemesan® Tilt Table 
G-71, Istanbul, Turkey) in the HUT test. All participants 
were allowed to take their daily medications and warned 
not to smoke, drink caffeine, or drink alcoholic beverages. 
They were seated with a minimum of 1-hour pre- or post- 
lunch before the measurements were obtained. BP mea-
surement was taken following 30 minutes of rest in 
a reclining position in a silent room at a controlled tem-
perature of 20–24°C; then the patients were raised upright 
at 60–80° rapidly and fluently and the measurements were 
repeated for the same arm on the 1st, 3rd, and 5th minutes 
using a patient monitor (Biolight®, BIOM69, Australia) 
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with a reusable adult arm cuff.8 During the HUT, the 
patients were questioned concerning OH symptoms such 
as dizziness, lightheadedness, blackout, nausea, etc. OH 
was defined as a decrease of at least 20 mmHg in systolic 
blood pressure and/or 10 mmHg in diastolic blood pres-
sure upon the change in position in the HUT.20,21

Statistical Analysis
The study data were analyzed using SPSS v 22.0 (IBM 
Corp, U.S.A.). The descriptive statistics have been shown 
as mean ± standard deviation (SD) for variables with 
normal distribution, median (minimum to maximum) for 
non-normal distributions, and number of cases and percen-
tage (%) for nominal variables. The Kolmogorov–Smirnov 
test was performed to test the normality of continuous 
variables. Differences in categorical variables between 
patients with ET and the controls were tested using the chi- 
square test, or Fisher’s exact test when the assumptions for 
chi-square test were unmet. All comparisons of continuous 
variables between the two independent groups were per-
formed with the Mann–Whitney U-test. Binary logistic 
regression analysis was conducted to determine whether 
there was a relationship between significant variables, 
resulting from the comparisons between the groups, and 
OH. A probability of <0.05 was described as significant. In 
patients with ET, the correlation between the clinical para-
meters and the decrease in blood pressure obtained from 
the HUT was analyzed via the Spearman correlation coef-
ficient. Only correlations which were statistically signifi-
cant, and represented large-effect sizes, as defined by 
a correlation coefficient of 0.50 or higher, were presented 
in the results and considered for discussion.

Results
The demographic data and clinical characteristics of the 
controls (n=118) and patients with ET (n=44) have been 
summarized in Table 1. There was no difference between 
the groups with respect to age and gender.

The number of subjects with OH at the 1st minute after 
tilting was significantly higher in patients with ET than in 
controls (14 of 44 vs 21 of 118 patients, p=0.046). 
However, the presence of OH both at the 3rd minute and 
the 5th minute was similar in subjects with ET and con-
trols (p=0.484 and 0.918, respectively). CAD and the 
usage of beta-blockers and antidepressants were signifi-
cantly more prevalent in patients with ET than in controls 
(p=0.001, 0.001, 0.046, respectively) (Table 1). 
Subsequently, binary logistic regression analysis was 

used to analyze whether the use of beta-blockers, antide-
pressants, and CAD had any relationship with OH at the 
1st minute. The results indicated that the difference in OH 
was not related to these covariates in patients with ET (p= 
0.528, 0.980 and 0.054, respectively).

The mean disease duration was 19.1±13.5 years (range: 
5–55) and the mean FTMTR score was 30.9±17.1 (range: 
4–63) in patients with ET. Family history was positive in 
81.8% of 44 patients, voice tremors in 16 patients (36.4%), 
head tremors in nine patients (20.5%), and jaw tremors in 
seven patients (15.9%). There were no significant differ-
ences between ET patients with and without OH regarding 
age, gender, disease durations, and FTH scores and tremor 
localizations including the head and voice. However, the 
frequency of jaw tremors in patients with OH was higher 
than those without OH (35.7% vs 6.7%, p=0.025). In other 
words, most of the patients with jaw tremors had OH (5/7). 
The comparison data of ET patients with and without OH 
has been presented in Table 2. Only four (28.6%) out of 14 
ET patients with OH complained of feeling dizzy or light-
headed while standing.

In the ET patients with OH group, Spearman correla-
tion analysis revealed that the decrease in systolic blood 
pressure (SBP) upon the change from the supine position 
to the upright at the 1st minute in the HUT (Δ SBP) was 
correlated with age (r=0.560, p= 0.038) and with MMSE 
scores (r=−0.690, p=0.009).

Discussion
This cross-sectional study demonstrated that the frequency 
of OH in elderly patients with ET was higher than healthy 
controls and that the majority of those with ET did not 
exhibit orthostatic symptoms. Moreover, most of the 
patients with jaw tremors had OH.

The frequency of OH has not been studied sufficiently 
in the literature. Kim et al10 reported it to be 12%, whereas 
the frequency was shown to be 32% of our study popula-
tion. This discrepancy between both studies may be related 
to the differences such as the methodological approach and 
features of the patient groups. Compared to ours, the 
patients studied by Kim et al10 were younger with shorter 
disease durations. It is known that age is a risk factor for 
both hypertension (HT) and OH, and they often coexist 
due to their relation to autonomic and baroreflex 
dysfunctions.22 The prevalence of HT, an important 
cause of OH, in patients 60 years of age and above was 
reported as approximately 60–70%.23 Consequently, it is 
not surprising that the ET patients in the aforementioned 
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study, with a lower prevalence of HT (40% of their ET 
patients had HT and 16% of the 25 controls), exhibited 
lower frequencies of OH. In addition, the discontinuation 
of the patient’s antihypertensive medications 7 days before 
evaluating postural blood pressure changes may have been 
the reason behind this difference observed in that study.

Interestingly, in our study, approximately 36% of ET 
patients with OH experienced jaw tremors, a type of 

midline tremor, while it was observed in only 7% of the 
patients without OH. Hence, it is reasonable to investigate 
every ET patient, in terms of OH, particularly those with 
midline tremors, because we demonstrated that patients 
with jaw tremors, who had been suffering for 10 years, 
displayed higher scores on the tremor severity scale, and 
also had tremors of the head and/or voice, and might have 
more OH than those without jaw tremors. Furthermore, 

Table 1 Demographic and Clinical Characteristics of the Participants in the Study

ET n=44 Healthy Controls n=118 p

Age (y) 72.8±6.1 72.7±6.7 0.971
Gender female n (%) 30 (68.2) 94 (79.7) 0.125

Hypertension (%) 72.7 61.9 0.135

Diabetes mellitus (%) 22.7 31.4 0.282
Coronary artery disease (%) 34.1 11 0.001
Charlson Comorbidity Index 0.95±0.83 0.85±1.01 0.239

Drugs (n) 5.2±2.8 5.0±3.4 0.465
OH 1st n, (%) 14 (31.8) 21 (17.8) 0.046
OH 3rd n, (%) 12 (27.3) 26 (22) 0.484
OH 5th n, (%) 10 (22.7) 25 (21.2) 0.918

HBA1C (%) 6.8±1.1 7.3±1.8 0.684

TSH (mIU/L) 1.8±1.1 1.7±1.5 0.473
Beta blockers (%) 59.1 30.5 0.001
Antihypertensive drugs* (%) 68.3 58.1 0.251

SSRI (%) 45.5 28.8 0.046

Notes: *Includes calcium channel blockers, diüretic, ACE inhibitors, ARB inhibitors. Statistically significant differences are shown bold and the significance level is 0.05. 
Abbreviations: ET, essential tremor; n, number; OH, orthostatic hypotension; %, percent; SSRI, selective serotonin reuptake inhibitors; TSH, thyroid-stimulating hormone; 
y, years.

Table 2 The Demographic and Clinical Features of Patients with Essential Tremor

OH (+) n=14 OH (−) n=30 P

Age (y), mean± SD 74.5±5.2 72±6.5 0.300

Gender M n, (%) 6 (42.9) 8 (26.7) 0.232

Disease duration (y), mean± SD 14.1±8.7 19.7±13.7 0.343
FTMTR scale* 38 (6–60) 30 (4–63) 0.314

Family history of ET (%) 13 (92.9) 23 (76.7) 0.194**

Voice tremor (%) 3 (21.4) 13 (43.3) 0.159
Head tremor (%) 3 (21.4) 6 (20) 0.603*

Jaw tremor (%) 5 (35.7) 2 (6.7) 0.025**
MMSE* 28 (25–30) 28 (22–30) 0.802
Geriatric Depression Scale* 2 (0–12) 2 (0–12) 0.724

Basic ADL score* 95 (80–100) 95 (75–100) 0.927

Instrumental ADL score* 22 (11–23) 22 (13–13) 0.557
4-meter-walking speed m/sec* 1 (0.8–1.33) 0.96 (0.38–1.73) 0.973

TUG test, seconds* 11.89 (7–22) 11 (6–24) 0.485

POMA-total score* 27 (19–28) 28 (14–28) 0.333
Beta-blockers n (%) 9 (64.3) 17 (56.7) 0.632

Notes: Statistically significant differences are shown bold and the significance level is 0.05. *Median (minimum-maximum); **Fisher’s exact test. 
Abbreviations: ADL, activities of daily living; FTMTR Fahn-Tolosa-Marin Tremor Rating Scale; M, male; MMSE, mini-mental state examination test; POMA, Tinetti 
Performance-Oriented Mobility Assessment; SD, standard deviation; TUG, timed up and go test; y, years.
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considering that jaw tremors shared the same underlying 
pathophysiology of tandem gait difficulty in ET,24 it can be 
postulated that cerebellar dysregulation seems to be criti-
cal in the development of midline tremors. Additionally, 
considerable evidence suggests that control of postural 
blood pressure changes also involves pathways through 
the cerebellum of which disruption may result in deficits 
in adjustments during postural changes.7,25,26 

Consequently, cerebellar dysregulation may become pro-
minent in explaining the underlying pathophysiology of 
OH, at least, in patients with jaw tremors.

In addition to reduced GABAergic function within the 
locus coeruleus, and adrenergic changes following 
GABAergic dysfunction in ET patients,27 it can also be 
posited that autonomic dysfunction, such as OH, may be 
a result of this secondary locus coeruleus-noradrenergic 
deterioration in these patients. Nevertheless, these hypoth-
eses need to be confirmed in the autopsy series of ET 
patients with and without OH.

Several studies indicated that both ET and OH are 
related to cognitive impairment.28–30 The present study 
demonstrated that the decrease in the systolic blood pres-
sure within the 1st minute was correlated with lower 
MMSE scores. This may have been due to the fact that 
OH in SBP was commonly reported to be related to 
cerebrovascular events and vascular cognitive 
impairment.31–33 Nevertheless, prospective follow-up stu-
dies are needed to clarify this link between cognitive 
dysfunction in patients with OH and ET.

The unique aspect of this study is that, to the best of 
our knowledge, it is the first study of its kind to evaluate 
OH with HUT in elderly patients with ET. Also, all the 
patients underwent comprehensive geriatric assessment 
including clinical and neuropsychological assessment and 
OH was objectively evaluated using the HUT which is 
known to reveal satisfactory results on postural blood 
pressure changes. Furthermore, since patients with several 
comorbidities were included in the study, our results 
reflect real-life characteristics of older patients with ET. 
However, this study has a few limitations such as its 
retrospective design and small sample size.

Conclusion
To sum up, it appears that OH is a common accompanying 
condition in elderly patients with ET, particularly for those 
with jaw tremors, and as it is asymptomatic in most, it might 
be related to cognitive impairment in these patients. In 
addition, considering the potential complications of OH, it 

would be appropriate to evaluate OH in the follow-up and 
treatment of elderly patients with ET. In order to thoroughly 
evaluate the interrelationship between OH and ET in elderly 
patients, further longitudinal studies are needed.

Disclosure
The authors report no conflict of interest in this work.
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