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Essential tremor in Rochester, Minnesota: a 45-year
study
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SUMMARY A 45-year (1935-79) retrospective study of essential tremor based on original medical
records on residents of Rochester, Minnesota, is presented. The age and sex adjusted incidence
for the most recent 15 year period was 23-7 per 100 000 for US white population. The prevalence
rate, age and sex adjusted to 1970 US white population on January 1, 1979 was estimated at
305 6 per 100 000. Survival after diagnosis of essential tremor is comparable to age and sex
matched population of West North Central United States. Mean age at diagnosis was 58 (range
2-96) years. Age adjusted annual incidence rate was not different in males (18.3/100 000) and
females (17.1/100 000). Functional handicap was reported by four (1.5%) of the 266 incidence
cases in school, 13 (5%) cases at work and five cases (2%) retired prematurely. Excessive use of
alcohol was noted in 16% and 6% were diagnosed as alcoholic. Torticollis was diagnosed in 3%
cases and an additional diagnosis of Parkinson's disease after the index date was made in 2% of
incidence cases. Subsequent emergence of Parkinsonism was regarded as incidental. Diagnosis of
hypertension was made at some time in 30% of incidence cases during the period (mean 37
years) for which the medical records were available. Risk of hypertension after onset of essential
tremor in the cases was not different from that in a control group.

Tremor is the most prevalent involuntary movement
disorder' and essential tremor is one of the most
common varieties seen in neurological practice.
Essential tremor primarily involves upper limbs
and/or head, and unlike the resting tremor of Par-
kinson' s disease, it is evident during action and posi-
tioning the limbs. It is inherited as an autosomal
dominant trait but the expression is variable.2 There
has been clinical interest in this disorder for more
than a hundred years,3 but research activity
increased substantially after the report of successful
tremor control on propranolol.4 We present a
descriptive study of essential tremor conducted on
the population of Rochester, Minnesota. In the past
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this population has proved to be a dependable
source of neuro-epidemiological data base for many
conditions.5 All formal medical diagnoses for resi-
dents of Rochester made by a Mayo Clinic physician
at the clinic or at Mayo-affiliated hospitals, the
physicians at Olmsted Medical Surgical Group, the
Rochester State Hospital, the University of Min-
nesota or Veterans Hospital in Minneapolis, and
hospitals anywhere in and around Olmsted County,
are entered in the central computerised registry at
the Mayo Clinic. Patients with various diagnostic
entities can be readily identified and their original
comprehensive medical records reviewed, simplify-
ing the longitudinal follow-up for any given illness.5
Located in Olmsted County of southern Min-

nesota, Rochester has a population of approxi-
mately 61 000 which is primarily of Northern and
Western European descent. The local economy is
based on farming, health care and light industry.
The Mayo Clinic, with more than 720 physicians at
present, is the largest multidisciplinary group prac-
tice in the United States,5 and has provided the
primary care for most of the population of Roches-
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ter and surrounding areas since the early 1900's.
There are 42 qualified neurologists at the clinic,
many of whom are involved in active training and
research programmes.

Methods

Medical records on all patients diagnosed as having tremor
over a 45-year period (1935-79) were reviewed by one of
us (AHR). Those patients with an established diagnosis of
essential tremor made by a neurologist with or without
further qualification (senile, juvenile, hereditary, familial,
etc.) were included in the study. Also included were those
patients whose diagnosis had been made by a non-
neurologist if an adequate description of postural and/or
action tremor was noted so that the reviewer was satisfied
that the tremor was not a manifestation of cerebellar dys-
function, Parkinson's disease or other systemic problem.
Handwriting samples, available in most cases, were used to
strengthen the clinical diagnosis as was a positive family
history. Those patients who had unilateral, postural and/or
action tremor noted once in the medical record but who
did not have contralateral involvement over the subse-
quent five years were excluded from the study.

Medical records on the patients were abstracted for
mean of 27-4 years before and 9-7 years after the diagnosis
of essential tremor. For the purpose of brevity the date on
which essential tremor was diagnosed in each case will be
referred to as the index date. The following information
was abstracted from the medical records-date of birth,
sex, occupation, ethnic background, place of birth, family
history of tremor, date of diagnosis of essential tremor,
presence of focal or generalised dystonia, psychiatric dis-
orders, history of functional handicap, history of alcohol
consumption, history of hypertension, emergence of other
neurological features, for example, Parkinsonism after the
index date and the date and cause of death, where approp-

riate. A diagnosis of chronic illness was abstracted only
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when it had been made on at least two separate occasions.
The frequency of hypertension was recorded in the inci-
dence cases (N = 266) for the entire period (mean 37
years) the medical records were available. Of interest was
development of hypertension subsequent to the index date.
For each of the 234 cases that were 45 years or older at the
time of last evaluation an index age and sex-matched con-
trol from Rochester citizens was identified. In the matched
pairs, if either one had hypertension on or before the index
date, the pair was excluded from further consideration. In
the remaining 155 pairs risk of developing hypertension
after the index date was assessed. Statistical analysis
included the standard chi-square test for association in a
two way contingency table, two sample t test and log-rank
test.6 Two-tail p values with conventional cut-off value of
0-05 were used throughout.

Results

During 45 years (1935-79) essential tremor was

diagnosed in 266 residents of Rochester and an
additional 18 cases moved to the city after diagnosis.
Among the 266 incidence cases were 153 females
and 113 males. The mean age at diagnosis was 58
(range 2-96) years for the incidence cases. Although
date of diagnosis was easy to obtain from the medi-
cal records, the date of onset of tremor could not be
satisfactorily established in most cases.
Age and sex specific annual incidence rates over

the 45 year period are shown in table 1. The age
specific incidence rises sharply after age 49 and
reaches the peak (84.3/100 000 annual) in those 80
and above. The 45 year period was divided into
three 15 year intervals. The age specific incidence
during each 15 year interval are illustrated in table
2. The incidence of cases diagnosed after age 39

Table 1 Age and sex specific annual incidence rates per (100 000) in Rochester, Minnesota (1935-79)

Age Range Females Males Total
(yrs) Number Incidence Number Incidence Number Incidence

0-19 6 1-9 8 2-7 14 2-3
20-39 19 6-2 10 4-4 29 5-4
40-49 15 14-9 11 12-6 26 13-9
50-59 22 25-7 31 46-1 53 34-6
60-69 41 61-7 25 54-1 66 58-6
70-79 35 80-7 18 69*7 53 76-6
80+ 15 74-0 10 106-6 25 84*3
Total (unadjusted) 153 16-2 113 14-8 266 15-6

Table 2 Essential tremor age specific rate per (100 000) in males and females combined in Rochester, Minnesota

Years Age 1935-49 1950-64 1965-79

0-19 0.0 2-5 2-9
20-39 2-9 6-3 6-3
40-49 12-3 8-3 19-2
50-59 16-7 31-5 46-8
60-69 17-2 65-1 72-6
70-79 8-2 68-0 105-8
80+ 0-0 24-2 135-7



Table 3 Annual incidence ofessential tremor in Rochester, Minnesota per 100000 population (adjusted to 1970 US white
population)

Cakndar Age adjusted Age adjusted Total age Total age and
period For females for males adjusted sex adjusted

1935-49 6-0 5-4 5-8 5-8
1950-64 15-2 16*8 15-8 15-9
1965-79 22-6 25-0 23-5 23-7
1935-1979 Total 17-1 18-3 17-6 17-6

years increased substantially during the last (1965-
79) interval. There was a remarkable rise in cases
diagnosed after age 49 years in the post-World War
II period. Table 3 shows annual incidence rates per
100 000 age and sex adjusted to 1970 US white
population. There is no difference in age adjusted
incidence rates between males (18 3) and females
(17.1). The estimated prevalence rate on January 1,
1979 adjusted for age and sex to the 1970 US white
population was 305*6 per 100 000. Aside from the
fact that most females were housewives, there was
no association between essential tremor and occupa-
tion. A family history of tremor was reported in 103
(39%) of the incidence cases.
The mean length of medical records was 27-4

years before and 9-7 years following the diagnosis of
essential tremor. At the last follow-up, 85 of the 266
incidence cases were deceased, with the most com-
mon cause of death being bronchopneumonia (13)
and complications of malignancy (11) cases. Life
expectancy in essential tremor cases is very similar
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Fig Survival following diagnosis ofessential tremor in 266
incidence cases compared to the expected survival for
persons oflike age and sex and calendar year ofbirth from
the West North Central region of US. In parentheses are
number ofessential tremor cases at S year intervals
following diagnosis.

to that of the general population of the West North
Central region of the USA for persons of like age
and sex (fig). In only a small percentage of cases
handicap due to tremor occurred during school
years (1.5%) or at the job (5%). Two patients
changed jobs because of the tremor, while five (2%)
others retired prematurely.

Psychoneurosis was diagnosed in 16% cases prior
to the index date. Excessive use of alcohol was
reported in 42 (16%) cases. Among these were 16
cases diagnosed as alcoholic-six before, three at,
and seven following the index date. Torticollis was
diagnosed in seven (2.6%) cases-four before, two
concurrent, and one following the index date.
Ataxia was noted in six (2%) cases-one before,
three at, and two after the index date. Parkinson's
disease was suspected in eight cases before the index
date but the diagnosis was later rescinded. Addi-
tional diagnosis of Parkinsonism was made in six
(2%) cases after the index date. Hypertension was
diagnosed in 80 (30%) cases-46 before, eight at,
and 26 after the index date. In the 155 pairs where
neither the case nor control had hypertension as of
index date, subsequent development of hyperten-
sion was estimated using actuarial survival techni-
ques and the log-rank test.6 The log-rank test did
not detect a difference in the risk of developing
hypertension between the two groups (p > 0.10).

Discussion

The first epidemiological study on essential tremor
was that reported by Larsson and Sjogren in 1960'
in an isolated Northern Sweden community. These
workers had deliberately chosen this area of high
prevalence to ensure cooperation of the population.
They reported a prevalence rate of 1700/100 000.
This study has been criticised for using diagnostic
criteria that are at variance with the accepted
definition of essential tremor and all patients were
not examined by a qualified physician.8 The high
prevalence rate probably reflects a long history of
perpetuation of essential tremor gene in this rela-
tively isolated community which was known for high
frequency of intermarriage and consanguinity. Hor-
nabrook and Nagurney9 studied essential tremor in
different regions of Papua, New Guinea. Essential

.
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tremor was known to occur quite frequently in some
regions and was thus well known to the general
population. Such awareness was so common in some
areas that 96% of the cases were identified during
census patrols. They noted wide regional differences
in prevalence of essential tremor with no cases in
some and 21 000 cases per 100 000 population in
other areas.
There are two recent reports'0 " on the preval-

ence of essential tremor in populations that were not
known for a high frequency of this disorder. These
two studies are of the same basic design-the popu-
lation was surveyed with a questionnaire to identify
possible cases following which those suspected of
essential tremor were examined by a neurologist.
The diagnostic criteria were however different, one
group included only those patients that had hand
function or speech impairment due to tremor" while
the other study utilised less stringent requirements.'0
Haerer et al'" estimated prevalence rate of 414-6
while Rautakorpi'° noted 5500/100 000 population.
These differences are so vast that differences in
diagnostic criteria alone would not be a satisfactory
explanation. While Rautakorpi et al'° studied a rela-
tively homogeneous Finnish population, Haerer et
all' evaluated a population consisting of mixed
European descent and of African ancestry. Both
these studies utilised mass survey and included only
those persons who were 40 years or older. In con-
trast we surveyed the medical records and included
all Rochester residents regardless of age. These dif-
ferences in methodology may account for lower pre-
valence rate (305.6/100 000) in our study when
compared to that reported by Haerer et al" (414-6/
100 000).

Essential tremor has been reported to be more
common in males by some workers7 10 and in females
by others.91 We found no difference in age adjusted
incidence rates in males (18x3) and females (17-1).
When the three 15 year intervals of our study are
considered there has been a progressive increase in
incidence rate (table 3). We attribute this rise to
greater physician awareness of essential tremor and
availability of better medical care for the older
population after World War II and consequent to
Medicare in the US. The annual incidence rate of
23-7/100 000 for the most recent 15 year period we
believe is representative for today. There are no
incidence studies on essential tremor in English lit-
erature but the incidence in the United Kingdom is
believed to be similar to that of Parkinson's dis-
ease.'2 Our data indicate that indeed this may be the
case for Rochester as well, since the annual inci-
dence of Parkinsonism for the same period is 20 5/
100 000.13 Since the mortality rate for Parkinsonism
is higher while for essential tremor it is similar to
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general population (fig). The prevalence rate for
essential tremor at any given point would therefore
be higher than that of Parkinson's disease. Like
other reports'0 I' we found an increase in incidence
with advancing age.

In the past essential tremor was regarded as a
monosymptomatic disorder,8 1415 but more recent
studies provide some contrary evidence. A strong
association between essential tremor and focal or
regional dystonia has been reported by several
workers.'6-20 Torticollis was noted in 7% cases in
one study'7 while in the present report only 3% had
torticollis noted in the medical records at any time.
It is possible that mild torticollis cases in our patients
were not commented upon.
The relationship between essential tremor and

Parkinsonism is not fully established and the inabil-
ity to distinguish the two disorders is not uncom-
mon.2' At a late stage of essential tremor, resting
tremor (which is typical of Parkinsonism) may be
present in these cases.2' 22 When the distinction bet-
ween essential tremor and Parkinsonism is not poss-
ible on clinical valuation, no other investigations
may help differentiate these two conditions.23-25 A
strong association between essential tremor and
Parkinson's disease was reported by Hornabrook
and Nagurney.9 They noted that the risk of develop-
ing Parkinson's disease was 35 times higher in those
patients who had essential tremor as contrasted to
those who did not. Barbeau and Pourcher26 have
reported a strong family history of essential tremor
in those Parkinsonian patients whose disease began
at a relatively young age. In our series only six (2%)
of the 266 incidence cases had an additional diag-
nosis of Parkinson' s disease subsequent to the index
date. Parkinson's disease is a common condition
with 2*5% cumulative lifetime risk and prevalence
rate of 1% over age 60 years.27 The concurrent
diagnosis of essential tremor and Parkinson's dis-
ease in our series we believe is incidental.

Systematic hypertension was noted in 31% of
essential tremor cases in one preliminary report
from a referral centre.28 We attempted to verify that
observation. Hypertension was diagnosed in 30% of
the incidence cases at some time during the course
of follow-up (mean 37 years). Because similar
information is not available in comparable popula-
tion, it is not possible to establish whether the
lifetime risk of hypertension in essential tremor
cases is different from expected. In those cases who
at last evaluation were 45 years or older we
identified age and sex matched controls. Among the
234 so matched pairs were 155 in whom neither the
patient nor his or her control had hypertension up to
and including the index date. These 155 pairs were
then analysed in a retrograde fashion to determine



470

the frequency of hypertension occurring after the
index date. There was no significant difference (p >
0.10) between cases and controls for risk of hyper-
tension subsequent to the diagnosis of essential tre-
mor. We recognise this is less than an ideal method
of definitely answering the question.
The effectiveness of alcohol in symptomatic con-

trol of tremor is well recognised in some cases.23
Those who benefit from alcohol with time would
often require larger quantities to obtain relief. Lars-
son and Sjogren7 noted no case of alcoholism among
the essential tremor patients. Schroeder and Nasrul-
lah,29 on the other hand, noted that the frequency of
excessive alcohol intake and alcohol dependence in
essential tremor patients was more than double that
in the control population. In our patients, 16%
abused alcohol and 6% were diagnosed as alcoholic,
yet 39% of the essential tremor patients had never
used alcohol.

It has been generally accepted that essential tre-
mor does not lead to functional handicap or shor-
tened life expectancy. Hence the term benign essen-
tial tremor is frequently used. Functional handicap
in these patients may be the direct result of tremor
or due to psychological factors.9 18 30 In the present
study only a small number of cases reported prob-
lems at school or job. Since this study was based on a
review of medical records and was not designed as a

patient survey to evaluate disability it is presumed
that only those cases who had significant problems
reported them to the physician. Although essential
tremor could produce functional handicap in some
cases and as such is not benign the life expectancy in
these cases is comparable to that of the general
population and from that point of view it could
genuinely be classified as a benign disorder.
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