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Abstract
Background/Aims: The distribution of age of onset of essential tremor (ET) is unclear, with discrepancies in the literature.
Some data suggest a bimodal distribution and other data 1
late-life peak. We studied age of ET onset in 2 distinct settings: a population-based study and a tertiary referral center.
Methods: Age of onset data were collected. Results: In the
population, there was only a small peak at the age of ^30
years (14.1% of cases) but a clear peak in later life (85.9% of
cases). In the tertiary referral center, a bimodal distribution
was apparent with 1 large peak (42.2% of cases) at the age of
^40 years and the second large peak (57.8% of cases) in later life. Familial cases accounted for only 52.6% of young-onset cases from the population, yet 82.7% from the tertiary
center. Discussion: In the population-based study, a peak in
later life was clearly present but a young-onset peak was
barely discernable, comprising few cases. By contrast, in a
tertiary referral center, age of onset was clearly bimodal.
While age of ET onset is often said to be bimodal, this may
be due to the preferential referral to tertiary centers of patients with young-onset, familial ET.
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Introduction

Among the fundamental issues in neurological epidemiology are disease frequency (prevalence and incidence
rates), age of onset and gender distribution, and risk factors and etiology [1]. Data on age of onset can provide
initial insights into the developing and aging brain’s susceptibility to particular diseases.
The age of onset of essential tremor (ET) is often said
to have a bimodal distribution, with peaks occurring
during the second or third decades and seventh or eighth
decades of life [2–5]. For neurological disorders, such bimodality is relatively uncommon. Furthermore, this bimodal distribution of age of onset, which has mainly
been observed in clinic-derived patient samples, seems at
odds with data from epidemiological studies. The incidence of ET increases with age [6, 7], with no peak in incidence during early life [6], and the prevalence of ET also
increases with age [8, 9], with no abundance of cases during the initial decades of life [8]. As a result, the distribution of age of onset of ET is not clear, with apparent discrepancies in the literature. To date, there has not been a
data-driven study with a primary focus on the age of onset of ET.
The goal of the current study was to examine and compare the age of tremor onset in ET using patients sampled
from different settings including a tertiary referral center
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in the USA and a population-based epidemiological study
in Turkey. In each setting, the method of case evaluation
and diagnostic criteria was identical. The data generated
from these analyses were also compared to the data in the
literature to formulate a consistent statement about age of
onset of ET.

Methods
Two ET case samples were used, including 1 from a tertiary
referral center and 1 population-based sample. Both studies defined ET based on the presence of moderate amplitude action
tremor of the arms or head tremor in the absence of alternative
diagnoses; diagnostic criteria have been published in detail for
each study [10–13]. All cases signed written informed consent at
the time of enrollment.
Description of the Sample from a Tertiary Referral Center
All ET cases were enrolled in a study of the environmental
epidemiology of ET [10, 11]. As described previously [10, 11],
these ET cases were adult patients (aged 618 years) seen at the
Neurological Institute of New York, Columbia University Medical Center. They were identified from a computerized database
listing names and diagnoses of all patients billed within the past
3 years supplemented by a computerized database at the Center
for Parkinson’s Disease and other Movement Disorders, Columbia University Medical Center, which listed names and diagnoses of patients seen within the past 10 years. Each patient had
received a diagnosis of ET from their treating neurologist at the
Institute. All ET patients were selected for enrollment. Office
records were reviewed and patients with diagnoses or physical
signs of dystonia, Parkinson’s disease or spinocerebellar ataxia
were excluded [10, 11]. After enrollment, each patient was examined using a standardized tremor evaluation and a neurological
examination to assess signs of parkinsonism and other movement disorders. The tremor examination included 1 test for postural tremor and 5 tests for kinetic tremor performed with each
hand (12 tests total). Based on the examination, a study neurologist then independently assigned a diagnosis of ET using published diagnostic criteria, which required the presence of moderate or greater amplitude kinetic tremor during 13 tests or a
head tremor (as in the Turkish study below) [10, 11]. Demographic data and information on age of onset and family history
were collected. The age of tremor onset was known in 249 of 261
ET cases.

2002. Each resident was examined using a standardized tremor
examination and a neurological evaluation to assess signs of parkinsonism and other movement disorders. The tremor examination included 1 test for postural tremor and 5 for kinetic tremor
performed with each hand (12 tests total). Based on examination,
each neurologist independently assigned a diagnosis of ET using
published diagnostic criteria, which required the presence of
moderate or greater amplitude kinetic tremor during 13 tests or
a head tremor (as in the tertiary referral center) [12, 13]. As described previously [12, 13], there were 89 prevalent ET cases. Demographic data and information on age of onset and family history were collected as well. The age of tremor onset was known in
71 of 89 ET cases.
Statistical Analyses
All analyses were performed in SPSS (version 13.0). Student’s
t tests and !2 tests were used. Bimodality was assessed by examining the distribution of age of onset with a histogram; additionally,
we used a Student t test to assess whether the means of the identified peaks differed. In each study, a positive family history was
defined as the presence of 61 first-degree relative who was reported to have ET. Second-degree relatives were not included in
this definition because the high population prevalence of ET
would have limited the ability to make meaningful comparisons
between studies using such a definition.

Results

Description of the Population-Based Sample in Turkey
A population-based study of the prevalence of ET was conducted in Mersin, an administrative province on the Mediterranean coast of Turkey (area = 776,000 km2, population of 386,777
individuals 1 40 years of age) [12, 13]. As described previously [12,
13], the target study population consisted of 2,500 adults who represented 0.65% of the Mersin population 1 40 years old. The epidemiological survey used door-to-door interviews and examinations. Four study neurologists performed the evaluations; each
evaluation was conducted by 2 of the 4. The neurologists visited
the 2,500 residents in their homes between July and December,

The ET cases from the population-based study in Turkey were younger than the ET cases from the tertiary referral center (t = 4.07, p ! 0.001, table 1). Although the
mean ages of tremor onset were similar in the 2 studies
(t = 1.21, p = 0.23), the distributions (i.e., age of onset by
decade) differed between the 2 studies (!2 = 21.53, p =
0.006). The distribution of age of tremor onset is shown
for each of the ET case samples (fig. 1, 2). In the tertiary
referral center, a bimodal distribution was readily apparent (fig. 1); there was 1 large peak at the age of ^40 years
[105 (42.2%) of 249 cases] and a second large peak after
the age of 40 years [144 (57.8%) of 249 cases]. The means
of the 2 peaks differed (20.3 8 9.4 vs. 58.3 8 12.6 years,
p ! 0.001). There were 232 ET cases aged 640 years, and
the age of onset was known in 221 of these. In an analysis
restricted to these 221, a bimodal distribution remained
apparent; there was 1 large peak at the age of ^40 years
[77 (34.8%) of 221 cases] and a second large peak after the
age of 40 years [144 (65.2%) of 221 cases]. In the population-based sample from Turkey, a very small peak at the
age of ^30 years was barely discernable [10 (14.1%) of 71
cases] and there was a clear second peak after the age of
30 years [61 (85.9%) of 71 cases]; the means of the 2 peaks
differed (20.9 8 3.0 vs. 51.5 8 11.6 years, p ! 0.001;
fig. 2).
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Fig. 1. The distribution of age of onset in the ET case sample from
the tertiary referral center. A bimodal distribution was apparent;
there was 1 large peak prior to the age of 40 years [105 (42.2%) of
249 cases] and a second large peak after the age of 40 years [144
(57.8%) of 249 cases].
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Fig. 2. In the population-based sample from Turkey, a small peak
was discernable prior to the age of 30 years [10 (14.1%) of 71 cases]
and a second larger peak after the age of 30 years [61 (85.9%) of
71 cases].

Table 1. Current age and age of tremor onset in 2 ET case samples

Patients
Current mean age 8 SD, years
Age of tremor onset, years
Age of tremor onset by decade
0–10 years
11–20 years
21–30 years
31–40 years
41–50 years
51–60 years
61–70 years
71–80 years
81 years and older
Proportion of ET cases with a
positive family history of ETa

Tertiary referral center

Population: Turkey

249
66.4816.1 [18–95]
45.1821.7 [3–90]

71
58.0812.2 [40–83]
48.4814.6 [17–78]

15 (6.0)
36 (14.5)
22 (8.8)
32 (12.9)
32 (12.9)
44 (17.7)
43 (17.3)
21 (8.4)
4 (1.6)
161 (65.7) of 245

0 (0.0)
6 (8.5)
4 (5.6)
9 (12.7)
22 (31.0)
16 (22.5)
12 (16.9)
2 (2.8)
0 (0.0)
31 (49.2) of 63

Statistical significance
t = 4.07, p < 0.001
t = 1.21, p = 0.23
!2 = 21.53, p = 0.006

!2 = 5.82, p = 0.016

Figures in square brackets are ranges and values in parentheses represent percentages.
Excluding cases with no family history information.

a
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Approximately two thirds of the cases from the tertiary referral center had a positive family history of ET; in
the population-based study, this proportion was smaller
but still comprised nearly one half of ET cases (!2 = 5.82,
p = 0.016, table 1). A large proportion of the young-onset
cases (defined as ^40 years) had the familial form of ET.
Indeed, familial cases accounted for 86 (82.7%) of the 104
young-onset cases with family history data from the tertiary referral center and 10 (52.6%) of 17 young-onset cases with family history data from the population-based
sample in Turkey.

In review articles [2, 5], the age of onset of ET is often
said to be bimodally distributed. For neurological disorders, however, such bimodality is relatively uncommon;
furthermore, this bimodal distribution of age of onset
seems at odds with limited data from epidemiological
studies [6, 8]. Summary statistics (e.g., mean, range) on
age of onset are sometimes reported in ET case series, although the distributions themselves are rarely presented
[3–5]. Indeed, until now, there has not been a study whose
analyses were primarily focused on the age of onset of ET,
nor has there been a study that assessed age of onset in
different settings using the same evaluation and diagnostic tools. We studied age of ET onset in 2 distinct settings:
a population-based epidemiological study and a tertiary
referral center. We found in the population-based study,
while a late-life peak was clearly discernable, a young-onset peak could barely be identified, comprising very few
cases. By contrast, in a sample of cases from a tertiary referral center, the age of onset exhibited a clear bimodal
distribution; a young-onset peak prior to the age of 30 or
40 years was sizable, comprising nearly 1 in 2 ET cases
and a second major peak occurred in later decades of life.
This difference between clinic-based and populationbased samples may be due to the preferential referral to
tertiary centers of patients with young-onset, familial
forms of ET. In a population-based sample, the early-life
peak was more difficult to discern, comprised mainly of
a small group of familial cases.
We previously demonstrated that clinic cases were
4.73 times more likely to report an affected relative than
were community-based cases [14]. In each of our case
samples, the majority of the young-onset cases had the
familial form of ET; this was most marked in the tertiary
referral center but still apparent in the population-based
sample (82.7 vs. 52.6%, Fisher’s p = 0.07). Also, we have

previously presented data that suggest that younger-onset ET is more likely to be familial [15]. Similarly, in other movement disorders (e.g., Parkinson’s disease), a high
proportion of young-onset cases have a familial form of
the disease [16]. Having an underlying susceptibility gene
for a disorder may result in the earlier clinical manifestation of symptoms and signs. Alternatively, persons with
familial ET may notice their tremor and seek medical advice at an earlier age than those with a nonfamilial form
of the disease.
Similar to what was observed in the current study, previous clinic-based samples of ET cases have noted the
presence of large young-onset peaks [3–5]. By contrast, in
epidemiological studies, a young-onset peak has been
more difficult to appreciate. The one incidence study of
ET that enrolled persons of all ages did not report a bimodal distribution of newly diagnosed ET [6]. In that
study, the incidence of ET per 100,000 increased with age:
2.3 (0–19 years of age), 5.4 (20–39), 13.9 (40–49), 34.6 (50–
59), 58.6 (60–69), 76.6 (70–79) and 84.3 (680), with no
peak in incidence during early life. However, incidence
data were presented in 20-year age strata and it is conceivable that presentation of age of onset data in smaller age
intervals (e.g. yearly intervals) could have revealed a small
early-life peak. Prevalence studies in general have not
sampled younger age groups so that data are scanty; however, available data suggest that young-onset ET is rare
[8]. Furthermore, prevalence studies report age of onset
in large (e.g., 620-year) age strata and data on current
age rather than age of onset. Hence, one cannot exclude
the possibility of a small young-onset peak from published epidemiological data.
Our samples were from a tertiary referral center and
an epidemiological study in Turkey. The former excluded
prevalent cases who were !18 years of age and the latter
!40 years of age. While it is apparent that young ages of
tremor onset were observed in both samples (e.g., 3 years
of age in the tertiary referral center and 17 in the study in
Turkey), the exclusions of young prevalent cases may have
resulted in an underascertainment of young-onset cases,
particularly in the sample from Turkey. Although population-based studies demonstrate that prevalent cases
who are young comprise a small proportion of all ET cases (e.g., !2.5% were !40 years of age in 1 study [8]), this
source of bias cannot be excluded.
A limitation of this study is that it is difficult to validate reported age of tremor onset. However, we have
demonstrated in a previous study that the reported age of
onset is reliable [17]. The study had several strengths. We
used a large dataset from a tertiary referral center and
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also utilized a case sample from a population-based epidemiological study. In both settings, ET was evaluated
and diagnosed identically. The current study was unique
in that it focused primarily on age of onset, presenting
data on the primary variable of interest (age of onset) as
well as other important factors (e.g., family history).
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