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Diurnal variation of essential and physiological
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Circadian rhythmicity is a common character-
istic for almost every physiological variable.'
Many patients with essential tremor (ET)
report diurnal variation of symptoms.23 We
studied the diurnal pattern of tremor power at
rest, and after fatigue and mass loading in
patients with ET and normal subjects with
physiological tremor (PT). We also investi-
gated the temporal profile of plasma
norepinephrine (PNE) as an indirect measure
of sympathetic nervous system activity.

Patients
Ten patients (seven males and three females)
with familial essential tremor (aged 20-56
years, mean 35 years) who complained of
tremor interfering with daily activities were
compared with ten healthy sex matched
subjects (aged 25-59 years, mean 40 years).
Patients included manifested postural tremor
with peak frequency of 4 1 to 8-2 Hz (table).
Blood chemistry and serum triiodothyronine
and thyroxine were within normal limits in all
patients. Two patients who had been taking

beta-adrenoreceptor antagonists discontinued
treatment for at least two weeks before the
assessment. All participants abstained from
drinks containing caffeine, alcohol or tobacco
for at least 12 hours before the assessment.

Methods
In all but two participants (one from each
g-roup) an iv catheter was inserted into a
forearm vein at 07.30 am. Collection of blood
samples and determination of PNE were
performed by methods previously described.4
In the course of the day seven recording
sessions were carried at 90 minute intervals
(from 08.30 to 17.30). After 30 minutes relaxa-
tion in a supine position, a venous blood sample
was drawn followed by a tremor recording. As
this study was designed to quantitate diurnal
variations of tremor power at baseline condi-
tions, all participants relaxed throughout the
study and clinical rating of the tremor
amplitude was not performed to avoid the
tremor-augmenting effects of mental stress. A
light lunch was taken between the third and
fourth recording session.
Each recording session consisted of four

trials of one minute each. The first two trials
were recorded without and the last two trials
with 1000 g mass loading. To evaluate the
influence of fatigue all trials were continuous
with no rest between the recordings. In ET
patients the most tremulous hand was selected
for tremor registration and the iv catheter was
inserted in the other arm. During the
measurements the subjects were seated and
rested their pronated forearm on a support,
with the wrist on the edge of the support. The
hand was thus unsupported. To limit the
degree of movement of the hand and fingers to
the wrist joint, the fingers were immobilised by
using a lightweight clamp (120 g). The clamp
consisted of padded dorsal and palmar splints
bound together. The clamp has the additional
advantage of providing a stable attachment for
the accelerometers and for the weights in the

Table Clinical characteristics of essential tremor patients

Diurnalfluctuations/crest
Patients Duration of tremor Body part involved Alcohol suppression time tremor activity

1 40 both hands yes none
2 8 both hands yes none
3 8 both hands, voice not known none
4 31 both hands, head not known none
5 20 both hands no none
6 20 both hands, head no none
7 21 both hands yes yes/morning
8 10 both hands yes none
9 5 both hands not known none
10 16 both hands, head yes yes/morning

Abstract
Evaluations were made of the diurnal
variations of tremor power at rest,
after fatigue and after mass loading,
and plasma norepinephrine in patients
with familial essential tremor and
normal subjects. Diurnal tremor power
rhythms for both essential and
physiological tremor pursued identical
temporal profiles. Plasma norepine-
phrine levels followed a congruent
diurnal pattern with later peak values
than the peak values of tremor power.
Sympathetic nervous system activity is
unlikely to be the cause of diurnal
tremor power variation. The consistent
diurnal rhythm of tremor power may
affect dosage schemes of tremorolytic
drugs.
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loading experiment. Tremor was evaluated
with three miniature linear piezo-electric
accelerometers (Nihon Kohden, MT-3T),
which were attached to the distal end of the
clamp, above the fingertips. The accelerometers
were placed at right angles to one another, to
enable a three-dimensional analysis of
movement. The accelerometers had a
frequency response extending from a steady
state acceleration to 18 Hz with a sensitivity
of a 100 mV output for 1 g of acceleration.
Accelerometer signals were recorded on an
Nihon-Kohden EEG signal analyzer.
Accelerometer signals were filtered with a high
frequency filter of70 Hz and a time constant of 1
second. Epochs of60 seconds were subjected to
on-line power spectral analysis. Each analysis
was based on 10 Fourier transforms of each 10
seconds. Power for the frequency band from
two to 17 Hz was computed from the power
spectra. The combined output of the three
accelerometers was used to compute the total
power. This total power may be said to
represent the amplitude and duration of
movements between two and 17 Hz.

Statistical methods
Because the tremor powers were skewed to the
right a logarithmic transformation was applied
before further analysis. The resulting variable
(log power) is more appropriate for parametric
statistical methods, but still represented the
amount of tremor. The results were analysed
by using regression analysis, analysis of
variance (ANOVA) and analysis of covariance
(ANCOVA). In theANOVA a split unit design
was used:5 the factor subject was considered to
be a random factor, which was nested within
the fixed factor "groups" and crossed with the
fixed factor "session". In this way we simulta-
neously analysed whether the factors "groups"
and "session" and the interaction "groups by
session" influenced the results. Accordingly, we
investigated differences between both groups
for mean tremor power values (taken over all
sessions), the existence of diurnal rhythmicity
(tremor power and PNE), and differences with
respect to their diurnal rhythmicity. P values
revealed by this analysis are given in the results
together with their meaning as outlined in this
section. ANCOVA was used to investigate
whether regression lines were parallel or
coincident. All tests were performed with a
significance level of p < 0 05.

Results
Diurnal variance of tremor power
In ET, the group mean tremor power (GMTP)
of each trial in all seven recording sessions was
significantly higher than in PT (trial 1-4:
p = 0O002, p = 0-001, p = 0-004, p = 0-003).
The two groups showed a similar diurnal
course ofGMTP (ANOVA; significant session
effect trial 1 p = 0-003 (fig 1), trial 2 p = 0 022
(fig 1), trial 3 p = 0-004 (not shown), trial 4
p = 0-022 (not shown)). No significant inter-
action was found between "subject group" and
''session number" for any of the four trials.
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Figure 1 Diurnal profiles ofgroup mean (SE) tremor
power of IO normal subjects (0 ) and 10 patients with
ET (*). The dashed line indicates thefirst unloaded
trial, the full line indicates the second unloaded trial.

Diurnal variance ofplasma norepinephrine
The temporal profile of the group mean PNE
(GMPNE) is shown in fig 2. There was no
significant difference between the values of the
two groups (ANOVA group effect p = 0 856).
Both groups clearly demonstrated a similar
pattern of diurnal variance (ANOVA; sig-
nificant session effect p < 0 001 and no
significant interaction between "group" and
"session", p = 0-63).

Effect offatigue and external loading
The results showed that tremor power followed
a similar diurnal course for both groups, in each
trial. For further analysis ofthe effects offatigue
and mass loading, the seven tremor power
values of one trial for each subject were added.
The sum of powers was thus obtained for all
four trials: two unloaded and two loaded trials.
The relationships between power values for
each subject are shown in figs 3a-c. In both PT
and ET a strong correlation was found between
the sum powers of the unloaded trials, and
likewise between those of the loaded trials
(ANCOVA: p > 0 IO for slope and intercepts
for both relationships). After pooling of data of
the two groups the regression lines of these
relationships are shown in fig 3a-c. In addition
to the ANCOVA, a Student's t test for paired
samples was used to analyse the change in mean
tremor power following external loading in the
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Figure 2 The diurnal profile of the mean level (SE) of
plasma norepinephrine (PNE in nmol/L) of nine normal
subjects (0 ) and nine patients with ET ( 0 ).
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Figure 3 Graphs
illustrating for each
normal subject (0) and
patient with ET (*) the
relationship between the
sum of unloaded tremor
powers of the first trial and
the sum of unloaded tremor
powers of the second trial
(A), sum of unloaded
tremor powers of the
second trial and the sum of
loaded tremor powers of
the third trial (B), sum of
loaded tremor powers of
the third trial and the sum
of loaded tremor powers of
the fourth trial (C).
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s- , that a degree of stress accompanying the inser-
4--. tion of the catheter influenced tremor power is

unlikely; the lowest tremor power values
3- . o occurred in the first recording. Furthermore, all
2- concentrations of PNE recorded were within
1 9O the normal range, rendering a continuous

,8%6 stressful effect ofthe indwelling catheter during0- =-7 -6 the day unlikely. Considerable controversy still
-1 r

=0-995 exists concerning the relationship between PT-2 - and ET.7-'0 It was, however, not the aim of our-2 -1 0 1 2 3 4 5 study to address this issue and our findings do
Sum of tremor powers (trial 1) not allow any conclusion on the role played by

central oscillators in the tremor mechanism.]03

~~~~~~~~~Theyonly suggest that the mechanisms, eitherc_,:~ central or peripheral, responsible for the
3- genesis ofPT or ET are influenced by the same

circadian pacemaker.

0

,-"!
Earlier reports have called attention to the1-- *diurnal variation of amplitude in PT." Others,0- -' ° without specification, reported that PT

y = 320 + 076X amplitude was quite variable in the same_1 r=089 individual from time to another.'2 Our
-2

I

1 0 1 2 3 4 findings accord with those of Tyrer and Bond,
-2 -1 0 1 2 3 4) who demonstrated a consistent diurnal pattern

Sum of tremor powers (trial 2) of amplitude in PT with a maximum at 11-00s-{- am.'3 Most of the patients with ET who
4 - E0 experience diurnal fluctuations in tremor inten-
3~ _i,* sity,report it to be worse in the morning.2
9- Koller and Royse observed diurnal variations

2- rC of amplitude in (untreated) ET as great as

1- 4' 50% .' Half of their patients noted that tremor3,42 was worse in the morning. contrast,0- °'y=3-42+ 0.98X and Findley observed considerable intra- and

-1
,"

r=0-98 inter-individual variation in amplitude of
-2 untreated ET, but no difference in mean tremor
-2 -1 2 3 4 levels in a diurnal study.'4 In their study,

Sum of tremor powers (trail 3) however, patients were examined in six-hourly
assessments and the hour of each assessment
was not specified. Furthermore, as many

rd trial. Without this mass loading, tremor extraneous factors are known to influence
iplitude would probably have increased tremor amplitude, these might also interfere
-ause of the continued presence of the factor with the expression of the diurnal rhythm. In
igue. However, the PT and ET group view of this, common daily activities are likely
)wed a mean (SD) change of1-93 (2 79)jiv2, to result in irregular diurnal fluctuations of
I -078 (5 09)jiv2, respectively, which was tremor amplitude, and intrinsic diurnal rhyth-
significantly different from zero p =0-06 micity can become overt only when properly

I p = 064, respectively. The amount of measured at frequent intervals under con-

nge was not significantly different for both trolled experimental conditions.
)ups (p = 016). No relationship between The circadian rhythm of plasma cate-

or power of each session and preceding cholamine levels, thought to reflect variations in
or power or PNE was found (regression sympathetic nervous system activity, shows a

ilysis) for both groups. gradual rise during the morning hours and a

peak around noon.'5 Circadian plasma cate-

cholamine rhythms are thought to be related to
scussion diurnal variations of blood pressure and heart
r results show consistent diurnal rhythms of rate.6167 Furthermore, recent epidemiological

an tremor amplitude at rest for both PT and studies on ET revealed an intriguing associa-

with identical temporal profiles. Fatigue tion with hypertension.'6 Much of the data

zond and fourth trial) followed a similar on cathecholamine effects relate to actions of

rnal course and increase of tremor epinephrine, not norepinephrine.' 120 Addition-
plitude for both PT and ET. This effect of ally, these studies showed that only plasma

gue on tremor amplitude has been levels of epinephrine comparable with those

viously reported in PT.' In the third trial, seen during stress and exercise caused an

effect of mass loading was superimposed on increase in tremor amplitude. Our main
;'enhanced" tremor state. Without this mass interest was whether tremor amplitude at rest

ding, tremor amplitude would probably was related to PNE as an indirect measure of
,e increased. However, mass loading sympathetic nervous system activity.2' Itis
owed a similar diurnal pattern, and no unlikely that lunch taken between11.30 am and
iificant change in amplitude from the 13.00 had any effect on the GMPNE; the peak
vious condition was found. The possibility value of the GMPNE of the ET group occurred
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before lunch and a significant increase of PNE
after meals could not be shown in one previous
study.22 We found a similar mean diurnal PNE
value and phase-relationship with tremor
power for ET and PT. The diurnal peaks of
GMTP and GMPNE show apparent phase-
differences which are of some functional
interest. Since the diurnal rhythm of GMTP
was phase-advanced with respect to GMPNE,
the temporal profile of tremor power cannot be
explained by the diurnal variations of PNE.
This finding may indicate that baseline tremor
power is not related to sympathetic nervous
system activity.

In our study evidence was presented show-
ing the diurnal nature of tremor amplitude.
Knowledge of a rhythmic pattern of symptoms
can be useful in selecting the most beneficial
therapeutic regimen. Against this background,
the use of chronobiological methods to inves-
tigate dosing schedules should be explored.

We are grateful to A R Wintzen for his critical comments, Vera
Reijns for technical assistance and Janita Molman for secretarial
help.
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