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Abstract

Objective: The CATSYS Tremor Pen has been used in several studies for measurement of tremor among
workers with occupational exposure to neurotoxins like mercury and manganese. The main purpose of this study
was to investigate whether recording time has an impact on the measured tremor characteristics. Other aims were
to investigate whether there are interactions between recording time and age, and between recording time and (self-
reported) nicotine use, respectively; to assess the test-retest repeatability of the instrument; to investigate a possible
practice effect when performing the test repeatedly; and to evaluate agreement with another tremor test.

Methods: The participants (n=44) consisted of former shipyard workers (mean age 67 years, range 59-76 years).
Postural hand tremor was evaluated using the CATSYS Tremor Pen. Five tremor recordings were made; the first
lasted 16.4 s, the next three lasted 8.2 s each and the fifth lasted 65.6 s.

Results: There was a significant association between recording time and harmonic index; longer recording time
produced higher harmonic index. There was no effect of nicotine use or age that was consistent over all recording
times, and no practice effect was seen. The agreement with another tremor test was moderate to good, as was the
test-retest reliability.

Conclusion: Some of the tremor characteristics are affected by length of recording time and hence care should
be taken when comparing results across studies or with follow-up. The results indicate that the use of a recording time

longer than 16.4 s seems to be of doubtful value.

Keywords: CATSYS; Tremor; Neurotoxic effect; Recording time;
Accelerometer; Practice effect

Introduction

Tremor is defined as ‘any involuntary, approximately rhythmic
and roughly sinusoidal movement of a body part. It is produced by
alternating or synchronous contractions of antagonist muscles [1]. It is
characterized by its frequency, which is the number of cycles per second
(Hz) and by its amplitude. The frequency of the mechanical component
of tremor is largely determined by the inertia and stiffness of the body
part, therefore the frequency of tremor is different for different body
parts [2]. For example, hand tremor has a frequency of 6-8 Hz [3];
elbow tremor has a frequency of 3-4 Hz [3] or 3-5 Hz [2], while the
shoulder joint has a frequency of 0.5-2 Hz [3]. Tremor frequency slowly
decreases with age [4] but amplitude is not necessarily affected. A slight,
barely visible physiologic tremor appears normally in all humans [4]
and may be enhanced in the presence of factors such as fatigue, anxiety
or certain medical conditions. Nicotine exposure also increases the
amplitude of physiologic tremor [1]. Exposure to several neurotoxins
has been reported to cause tremor, including neurotoxic metals such as
mercury [5] and manganese [6].

Measurement of tremor can be used to evaluate early adverse
effects on the central nervous system among workers with occupational
exposure to neurotoxic metals. Improvement in hygiene conditions has
successively reduced workplace exposure, and effects are consequently
expected to be smaller; hence, more sensitive tests are demanded.
Quantitative methods for tremor assessment have been introduced
over several years, including hole tremormeters and lightweight
accelerometers. When using these methods for evaluating the effects
of neurotoxic metals on tremor, it must be remembered that the results
can be affected by factors such as anatomical location of the recording,
duration of recording, and type of transducers used [7]. For example,
a hole tremormeter such as the Static Steadiness Test [8] measures
displacement amplitude, whereas an accelerometer uses acceleration

data. Moreover, tremor naturally fluctuates over time, and so one of
the major problems in measuring tremor is to obtain a representative
sample. Different researchers do not necessarily use the same recording
time and number of trials, which may contribute to discrepancies in
results [7]. A very short recording time may be insufficient to elicit
tremor, and thus the recording time needs to be prolonged or trials
repeated. The use of a longer recording time may generate fatigue, which
in turn may provoke tremor that is not obvious in normal conditions.
Repeated tremor measurements may give a more representative sample,
but apart from raising questions concerning the test-retest repeatability
of the test, repeated administration of an instrument may create a
practice effect; that is, better performance with more trials. Although
practice effects are widely known, the literature offers little guidance on
their interpretation and handling.

The CATSYS Tremor Pen [9] is a portable lightweight micro-
accelerometer that has been used in several studies for evaluation
of tremor among groups of workers with occupational exposure to
mercury vapour [10-13] and manganese [14-22]. The equipment
has been validated and standardized [23,24]. The use of the tremor
pen requires little effort, as the task is simply to hold the pen without
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performing any other tasks and no speeded component is included.
However, the default recording time (8.2 s) set by the CATSYS system
has been considered to be too short and a longer testing time has been
recommended [8]. There is still a lack of general agreement among
researchers regarding the most appropriate recording time and number
of trials. Moreover, the question of whether repeated exposure to this
kind of tremor test is subject to a significant practice effect has not been
settled.

The purpose of this study was to investigate whether recording time
has an impact on tremor characteristics. Specific aims were to investigate
i) whether the expected tremor characteristics are independent of
recording time (8, 16 or 65 s), ii) whether there is an overall effect of
age or nicotine use on tremor characteristics independent of recording
time, iii) whether there are interactions between recording time on
the one hand, and age or nicotine use respectively, iv) whether there
is any practice effect as a result of being exposed to the same tremor
test repeatedly, and v) the repeatability of the CATSYS Tremor Pen test.
We also wanted to evaluate agreement between tremor characteristics
measured using the CATSYS Tremor Pen and those from the Static
Steadiness Test.

Material and Methods

Study participants

The study group consisted of 44 former shipyard workers. The
participants were all male, and had previously worked as ship welders,
filers or electricians at the same shipyards in the southwestern part of
Sweden. Each participant completed a questionnaire about previous
and current diseases, medication, and current alcohol and tobacco
consumption in terms of the use of smoked tobacco or smokeless
tobacco in the form of moist snuff [25]. Additional information
concerning each participant’s state of health was collected via a
brief interview and a clinical examination, conducted by a physician

Age Nicotine use
All Under 65 Over 65 Users Non-users
(n=44) (n=21) (n=23) (n=9) (n=35)
Mean age 67.2 62.1 72.0 64.7 67.9
(range) (59-76) (59-65) (66-76) (59-76) (59-76)
Mean BMI 26.5 27.2 25.9 243 271
(range) (20.1-44.8) | (20.7-44.8) (20.1-32.4) | (20.7-26.3) (20.1-44.8)
Current
smokers (n) 14% (6) 24% (5) 4% (1) 67% (6) 0% (0)
Current nicotine o o o o o
users (n) 20% (9) 33% (7) 9% (2) 100% (9) 0% (0)
co :\s'::;:‘:i'om 65.0 87.4 445 72.7 62.9
(g/week) (0-268) (2-268) (0-225) (3-268) (0-225)
Use of
medication' 45% (20) | 38% (8) | 52% (12) 56% (5) | 43% (15)

Table 1: Background characteristics of the study participants (n=44).
('Self-reported)

Characteristics’ Definitions

Tremor Intensity (m/s?)

Center Frequency (Hz) and 50% is below.

Frequency Dispersion (Hz)

Harmonic Index . -
when the tremor is composed of many oscillations.

(GW). The participants were essentially healthy subjects in the upper
middle-age or older, and none of the participants had a history or
clinical signs of any neurologic disease. Forty-five percent of the
participants reported use of medication prescribed by a physician,
such as drugs for hypertension, hypercholesterolemia, or diabetes
mellitus; none of these drugs were known to cause tremor. The
background characteristics of the 44 study participants are given
in Table 1. The study was approved by the Ethics Committee of the
University of Gothenburg, and all participants gave their written
informed consent.

Tremor tests

CATSYS tremor pen: The CATSYS equipment consists of a data
logger which is connected with a serial cable to a portable PC. The data
logger records data from four sensors including the CATSYS Tremor
Pen, which consists of a biaxial micro-accelerometer embedded in a
low-mass stylus (12 cm x 0.8 cm). Tremor is recorded in a frequency
band varying from 0.9 Hz to 15 Hz. Tremor was recorded according
to the standard procedure described in the manual [9] and in another
paper [23]. The participant is asked to sit down in a chair and hold
the stylus as one would hold an ordinary pen with the elbow bent at
an angle of 90° and free of body contact or other obstacles. The stylus
is held horizontally, parallel to the abdomen at approximately 10 cm
in front of the navel. The participant is asked to look at the tip of the
stylus and to breathe normally during recording. Tremor registrations
are displayed in real time on a time axis plot on the computer screen.
The combined signal from the two perpendicular accelerometers is
transformed by the system’s software using fast Fourier transformation.
Four measures calculated by the CATSYS software were used in
the present study: Tremor Intensity, Center Frequency, Frequency
Dispersion and Harmonic Index (Table 2).

Static steadiness test: The Klgve-Matthews Static Steadiness Test is a
stylus and hole apparatus [8]. The participant sits in a chair without an
armrest and is not allowed to support their arm on the desk. The task is
to hold a stylus within each of nine successively smaller holes for 15 s
without it touching the sides. The cumulative number of and duration
of contacts between stylus and base plate are recorded.

Test procedures

The tremor tests were performed immediately after the clinical
evaluation and were conducted by the same investigator (GW). The
participants were requested to wear prescription glasses if necessary
and not to smoke or use wet snuff during the 60 min before testing
began. The tremor tests were administered in the same order to all
study participants; first the Static Steadiness Test and then the CATSYS
Tremor Pen. The Static Steadiness Test was administered once. For
the CATSYS Tremor Pen, five tremor recordings were made for each
hand; the first lasted 16.4 s, the next three each lasted 8.2 s and the
fifth lasted 65.5 s. The 8.2 s recording was made three times in order
to investigate whether repeated use of the CATSYS Tremor Pen could

Root mean square of accelerations recorded in the 0.9-15 Hz band. Larger values indicate more tremors.
Mean frequency of accelerations in the 0.9—-15 Hz band: 50% of the area under the spectrum is at frequencies above the center frequency

Standard deviation (SD) of the center frequency, indicating the degree of irregularity of the tremor; 68% of the power is dissipated within the
center frequency = SD. A regular tremor has small frequency dispersion, indicating that most of the area is within a narrow frequency band.

This index compares the tremor frequency pattern with the pattern of a single harmonic oscillation, which has an HI of 1.00. The Hl decreases

Table 2: Measures used to characterize postural arm tremor recorded with the CATSYS Tremor pen.

('Definitions of characteristics from Danish Product Development (2000))
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lead to improved results related to a potential practice effect. The
reason for applying the longer 65.5 s recording was to add a feature
of fatigue in the test, which might elicit tremor that is not obvious in
normal conditions. The five recordings are hereafter denoted 16, 8
8, 8 and 65.

ay
@7

Statistics

Repeated recordings on the same individual are likely to be
positively correlated and cannot be considered independent. When
investigating the effect of recording time, order of the recordings, and
practice effect, the following mixed model was used:

V=B +b+B,*t+B, . 4B Mt +e,,

where y, =CATSYS tremor outcome for participant i and recording j
and b, and e, are stochastic effects which are assumed to be independent
of each other with variances o’b and o, respectively. The variables
t, ..., t are indicator variables (value 0 or 1). In the analysis of the
effect of the length of recording time (8, 16 or 65 s), the two indicator
variables t, and t, represent the recording times 16 s and 65 s (8 ;) was
set as the reference); significance indicates that the outcome differed
depending on recording time. In the analysis of the effect of order, the
four indicator variables tyt,t, and t, represent the recordings 8(1), 8(2),
8(3) and 65, with the first recording, 16 s, being set as the reference. In
the analysis of practice effect, t, and t, represent the recordings 8 , and
8, and here 8 was set as the reference. The F-test in PROC MIXED

) )
in SAS was used in the analyses.

Correlation (Spearman rank) between the CATSYS tremor outcome
and recording time length was calculated for each participant and used
in a Wilcoxon test. A high absolute value of the average correlation
indicates a trend. A corresponding analysis was made to test for a
possible trend in order of recordings.

A test of a general age effect was made using the following model:
yij:ﬁ0+bi+Bl*tl+ﬁz*t2+ﬁgr*Group+eij,

where y,, b, and e, are defined as above, Group refers to age group
(up to 65 or older than 65), and t, and t, represent the 16 s and 65 s
recording times (8 , was the reference). A significant effect of Group
indicates a general age effect. A corresponding test was performed
with Group representing nicotine users versus non-users. We also
investigated whether there was a significant interaction between Group
and recording time, using the following model and the F-test in PROC
MIXED in SAS:

¥y =Byt +B, "t +B,*t,+B, *Group+B,_G*t,*Group+p, ..t,*Group-+e,

For Group=age group, “no interaction” means that the difference
in tremor between the age groups is the same at all three recording
times, and the difference between recording times is the same among
younger and older participants. Conversely, a significant interaction
indicates that the differences between the age groups are not the same
at different recording times, or that the differences between recording
times are not the same for both age groups. A corresponding analysis

Recording time Tremor Intensity (m/s?)

Center Frequency (Hz or s*')

was made for Group=nicotine use. If there was a significant interaction
between Group and recording time, the pairwise differences were tested
for significance (LSMEANS in PROC MIXED) using the Bonferroni-
Holm procedure for multiple testing [26].

Associations between the outcome variables from the Static
Steadiness Test and the tremor characteristics from the CATSYS tremor
pen were assessed using Spearman rank correlation.

Repeatability was assessed using the intra-class correlation (ICC)
estimated from the within-subject variance and the between-subject
variance (o} / (ot +o2), the coefficient of variation 100(si/ ¥; ) based on
the individual standard deviation and mean, and the standard error of
measurement (SEM) estimated from the within-subject variance. In
addition, pairwise comparisons were made using equivalence tests and
confidence intervals for the difference.

Results

Effect of recording time

The four tremor characteristics calculated by the CATSYS Tremor
Pen were analyzed using three different recording times (8, s, 16
s and 65 s) in all study participants (n=44). The mean values for the
outcome variables in the dominant hand are shown in Table 3 and the
distribution is shown in Figure 1.

We investigated if there was a trend related to recording time for
each of the four measures derived from the recordings with the CATSYS
Tremor Pen (Table 3). Harmonic Index (HI) was significantly related to
recording time (p<0.0001) and the association was monotonic; higher
values of HI were related to longer recording times (p<0.0001). A
significant association with recording time was also found for Center
Frequency (p=0.03), but further analysis showed no clear monotonic
trend. For Frequency Dispersion, the association was not statistically
significant (p=0.08). No association was found between Tremor
Intensity and recording time.

Effect of recording time in relation to age and nicotine use

We investigated whether there was a general effect of age (up to
65 years vs. older than 65) on tremor as assessed with the CATSYS
Tremor Pen; for example, if the older men had higher Tremor Intensity
independent of the length of the recording time. Since there were
a higher percentage of nicotine users among the younger men, we
performed the analysis on the non-users to avoid confounding between
age effect and nicotine effect. A corresponding analysis was made
regarding a possible general effect of nicotine, using only men up to 65
years of age. Not for any of the four measures (Tremor Intensity, Center
Frequency, Frequency Dispersion, and Harmonic Index), did we find a
general difference due to age that was consistent over all three recording
times (p-values between 0.45 and 0.85, F-test in a mixed model, data
not shown). We also found no general difference due to nicotine use
that was present at all recording times (p-values between 0.11 and 0.94,
for F-test in a mixed model, data not shown).

Frequency Dispersion (Hz) Harmonic Index

8, Mean (SD) 0.132 (0.061) 7.18 (0.96) 3.02 (0.90) 0.90 (0.05)

16 Mean (SD) 0.137 (0.060) 6.90 (1.10) 2.82(0.85) 0.92 (0.04)

65 Mean (SD) 0.134 (0.058) 7.04 (0.88) 2.89 (0.82) 0.95 (0.02)
Association with recording time?’ No (p=0.72) Yes (p=0.03) Borderline (p=0.08) Yes (p<0.0001)

Monotonic trend?? No (p=0.95) mean(r,)=0.02

Borderline (p=0.06) mean(r)=-0.18 = No (p=0.14) mean(r;)=-0.14 | Yes (p<0.0001) mean(r;)=0.52

Table 3: Mean and standard deviation of tremor recordings using the CATSYS Tremor Pen at different recording times (n=44 participants).
("Test of difference in tremor for different recording time, using a mixed model and an F-test; 2 The individual rS-values (Spearman correlation) are used in a Wilcoxon test
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Figure 1: Boxplots showing the distribution of the four tremor measures at different recording times: 8, 16 and 65 s (n=44 participants). The box shows the quartiles
and the circles represent outliers (values beyond 1.5*(q3-q1) from g1 and g3, respectively).

Possible interaction between age and recording time

No significant interaction was found between recording time and
age regarding Tremor Intensity, Frequency Dispersion and Harmonic
Index (p-values 0.36, 0.11 and 0.31). For Center Frequency, there was
a significant interaction between age and recording time (p=0.02); the
difference in Center Frequency between recording times was not the same
for both age groups. The older participants had lower Center Frequency
when measuring over 16 s compared to 8 s (means 6.69 and 7.25,
Pi<0-01) and when measuring over 16 seconds compared to 65 seconds
(means 6.69 and 7.19, P, oliBH<0.01). and when measuring over 16 seconds
compared to 65 seconds (means 6.69 and 7.19, padjBH<0.01).There was
no significant effect of recording time among the younger participants.

Possible interaction between nicotine use and recording time

We also investigated whether there was a significant interaction
between nicotine use and recording time. No significant interaction
was found for any of the four measures from the CATSYS Tremor Pen
(p-values 0.62, 0.92, 0.16 and 0.15).

Practice effects

We investigated if there was a relation to order of the recording,
when the recording time was held constant, using the three 8 s recording
sessions. A significant association with recording order was found for
Tremor Intensity (p=0.03). Further analysis revealed indications of a
monotonic trend in the opposite direction than expected (average

correlation 0.23, p=0.03). The participants tended to have worse
performance in the last trial compared to the first two (Figure 2) and
hence no practice effect was found.

We also examined the results from the tremor recordings in relation
to order of all recordings, irrespective of recording time (16, 8, 8 ,, 8,
and 65). Significant associations with recording order were found for
Center Frequency (p=0.0008) and Harmonic Index (p<0.0001). Further
analysis revealed no monotonic trend for Center Frequency. The test for
a monotonic trend was significant for HI (p=0.006). However, further
investigation showed that the lowest values were all recorded for the three
8 s recordings, followed by the first recording (16 s); the 65 s recording had
the highest value for HI (Figure 2). This indicates that the association was

with recording time, as shown in Table 3 and not with order of recording.
Reliability of the CATSYS tremor pen

The test-retest reliability of the CATSYS instrument was evaluated
over repeated 8 s recordings, both two and three trials, respectively.
For the 3 x 8 s recording, the ICC was highest for Tremor Intensity
(0.91) and lowest for Harmonic Index (0.45) (Table 4). The individual
coeflicient of variation (CV) had an average of 10% or less for Tremor
Intensity, Center Frequency and Harmonic Index. The standard error
of measurement (SEM) had a similar pattern, with highest value for
Frequency Dispersion. For all four CATSYS measures, the repeatability
was better for two trials (8 b and 8<2)) compared to three trials. For
Tremor Intensity, there was a significant difference between 8 ; and the
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Figure 2: Mean values for CATSYS tremor pen recordings of four tremor characteristics, in the order that the recordings were made (n=44 participants).

Tremor Intensity Center Frequency @ Frequency Dispersion Harmonic Index
Icc
8,848 0.91 0.80 0.78 0.45
cv” 10 (0, 16) 5(1,12) 14 (4, 34) 3(1,7)
(mean, p5, p95) ’ ’ ) )
SEM? (SEM%) 0.019 (14%) 0.45 (6%) 0.43 (14%) 0.036 (4%)
Bet“’ee"";‘:;“,;'dgl‘;" variance 0.0033 (0.0022-0.0054) 0.79 (0.52-1.32) 0.64 (0.42-1.09) 0.0010 (0.0006-0.0021)
(]
Within-individual variance
(95% C) 0.00034 (0.00026-0.00047) 0.20 (0.15-0.27) 0.18 (0.14-0.25) 0.0013 (0.0010-0.0018)
8, 8, ICC (rP?) 0.95 (0.95) 0.84 (0.845) 0.82 (0.81) 0.66 (0.67)
cv'
(mean, p5, p95) 7(0.15) 4(0,11) 11 (2, 28) 2(0, 6)
SEM? (SEM%) 0.013(10%) 0.39 (5%) 0.39 (13%) 0.029 (3%)
Bet“’ee"";‘:;“,;'dgl?' variance 0.0031 (0.0021-0.0051) 0.81 (0.53-1.37) 0.66 (0.43-1.13) 0.0017 (0.0010-0.0031)
0
Within-individual variance
(95% O) 0.0002 (0.0001-0.0003) 0.16 (0.11-0.25) 0.15 (0.10-0.24) 0.0008 (0.0006-0.0013)

Table 4: Reliability measures for the three 8 s recordings; intra-class correlation, coefficient of variation, standard error of measurement and between- and within-subject

variance (n=44 participants).

("The distribution of the individual coefficients of variation (mean, 5" and 95" percentile). 2Estimated using the within-individual variance and the intercept in the mixed

model. *Pearson correlation coefficient)

other two recordings, where equivalence could not be shown (p-values
for equivalence tests above 0.10, data not shown).

Comparison between CATSYS Tremor Pen and Static
Steadiness Test

We compared the results from the tremor recordings using the

CATSYS Tremor Pen with those from the Static Steadiness Test
performed on the same participant (n=43). The correlation (Spearman,
r) between Tremor Intensity as measured by the CATSYS Tremor Pen
and the Static Steadiness Test was highest for the 16 second recording
(Figure 3), both for number of contacts where r_ 0.56 (range: 0.47-0.50
for the other recording times) and duration of contacts where r_ 0.65
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Figure 3: Tremor intensity (16 s recording) vs. static steadiness test; number of contacts (left) and duration of contacts (right), n=43 participants.

(range: 0.57-0.62 for the other recording times). For the other tremor
characteristics derived from the CATSYS Tremor Pen, there were only
weak associations with the Static Steadiness Test (r <0.29).

Discussion
Summary of results

The main finding was a significant association between recording
time and Harmonic Index, with longer recording time producing higher
values of HI. We found no effect of nicotine use that was consistent
over all recording times, and no consistent effect of age in the studied
age segment (59-76 years). No practice effect could be shown for the
CATSYS Tremor Pen and the test-retest reliability for the instrument
was moderate to good. The agreement between Tremor Intensity and
another tremor test (Static Steadiness Test) was moderate to good; the
strongest association was found at the 16 s recording session.

Recording time

The default recording time (8.2 s) set by the CATSYS system has
been considered to be too short, and a longer testing time has been
recommended [8,24]. Thus, some studies have applied the tremor
test with a longer recording time of 16.4 s [22,27-29] or even 24.6
s [24]. However, in most cases the test was administered only once.
In a study by Wastensson et al. [13], the test was administered three
times for 8.2 s each time and the median time was used for statistical
calculations. In the present study, each participant was measured five
times for tremor, using the CATSYS Tremor pen: over 16.4 s, over 8.2
s (repeated three times), and finally over 65.6 s. Such a long recording
period could add a feature of fatigue to the test, which might provoke
tremor that is not obvious in normal conditions. On the other
hand, a longer recording time might provide a more precise tremor
assessment. Except for Harmonic Index, no signiﬁcant associations
were found between recording time and the tremor characteristics
derived from recordings with the CATSYS Tremor Pen. To our
knowledge, this is the first study comparing three different recording
times using the CATSYS Tremor Pen.

Recording time and harmonic index

The finding that the Harmonic Index increased with recording
time, with the highest value at the 65 s recording, is of special interest.
The HI has been used in several studies for evaluating possible adverse
effects of neurotoxic agents, but in most cases without significant

effects associated with this measure [13,18,20-22]. Bowler et al. [16]
reported impaired results in HI among manganese-exposed welders,
but the values indicate that the results were for a measure other than the
HI. In a study by Papapetropoulos et al. [30] increased HI was found
among patients with Parkinson’s disease in an 8.2 s session when the
participants were instructed to hold their hand in a relaxed position
(rest tremor). Other studies have omitted this measure [14] because it
has been suggested to be unreliable in test-retest experiments [31].

The Harmonic Index is defined as an index that compares the
tremor frequency pattern with the pattern of a single harmonic
oscillation (which has HI=1.00) and a value close to 1 should indicate
that the tremor consists of a few dominating frequencies compared to
the spectrally broader physiological tremor [23,31]. The association
between recording time and HI found in the present study might be due
to how this variable is calculated by the system’s software: a rectangle of
area R is formed to enclose the highest peak in the interval 0.9-15 Hz,
the area under the curve (AUC) is calculated and the HI is calculated
as 1-AUC/R. Thus if there is only one high peak, R will be very large in
relation to AUC (AUC/R close to zero) and then HI will be close to 1, as
pointed out by Edwards and Beuter [23]. It is likely that the probability
of getting at least one very high peak increases with recording time,
thus increasing the probability of a high HI value (close to 1). Other
measures of harmonicity which have been suggested instead of HI are
the center of mass of the sorted spectrum, Hecm, and a transformed HI
[31]. This suggested transformation (HI*=-log (1-HI)) was used in the
study by Wastensson et al. [13].

Recording time and nicotine use

Exposure to nicotine is mainly via cigarette smoking, but the use of
wet snuff is not uncommon in Sweden [25]. Experimental studies have
demonstrated that exposure to cigarette smoke induces an increase in
postural tremor amplitude [32-34]. Smoking habits have been pointed
out as an important potential confounder in epidemiological studies
which investigate the effect on tremor [35]. Some occupational studies
have reported effects of smoking habits on tremor characteristics
such as smaller Frequency Dispersion [10,14,27,35]. Regarding
Center Frequency, studies have reported varying results; lower Center
Frequency among smokers [13,36], no effect on Center Frequency
[10,14,35] or even higher Center Frequency among smokers [27]. We
found no nicotine effect on any of the tremor characteristics, probably
because the participants were asked not to smoke or use wet snuff before
examination. Moreover, in the present study, nicotine users were few.
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Recording time and age

Despres et al. [24] reported that Center Frequency and Frequency
Dispersion decreased with age and Edlund et al. [27] found that
Harmonic Index increased and Frequency Dispersion decreased with
age. One reason for the lack of significant associations between tremor
characteristics and age in the present study could be that almost all
participants were middle-aged or older (59-76 years); conversely, the
participants in the study by Després et al. [24] had an age span from
20 to 70 years. However, we did find an interaction between age and
recording time in the present study; Center Frequency was significantly
lower when measuring over 16 s, compared to 8 or 65 s, but only among
older participants.

Practice effects

Practice effects refer to the impact on performance of repeated
exposure to a test [37,38]. In general, the neuropsychological tests
most susceptible to the effects of practice are those with a speeded
component, those requiring an infrequently practiced response and
those with a single, easily conceptualized solution [37,38]. Practice
effects tend to be most pronounced with repetition of the same test,
but general test-taking exposure alone can also improve subsequent
performances [38].

Most studies of practice effects in psychological/neurobehavioral
testing have focused on cognitive tests in the form of intelligence tests
[38] a broader battery of neuropsychological tests [39] or scholastic
aptitude tests used to gain admission to higher education [40].

Indications of a practice effect have been reported in many studies
using intelligence tests [38]. One study found improved test results
after repeated testing with a one-year interval among age groups up
to 75 years in tests for verbal learning and memory and in tests for
attention/concentration [39]. Bast-Pettersen et al. [41] found improved
intelligence test scores (WAIS subtests) in a twelve year follow-up,
which might have been due to a practice effect.

Most studies including tremor tests have administered the test
once, with an 8.2 s presentation [8,18,20,23]. In a study by Cleeves and
Findley [42], tremor was recorded with an accelerometer every hour for
6 h in one group of untreated patients with essential tremor and on five
to seven occasions separated for at least one week in another group of
essential tremor patients; a significant trend towards lower amplitude
was found in the long-term assessment group. To our knowledge,
this is the first study examining the potential practice effect from
repeated presentation of the same tremor test among relatively healthy
participants without neurological diseases.

One way to test a possible practice effect would be to administer
the same test with the same recording time several times. The finding
that the participants tended to have higher Tremor Intensity (worse
performance) in the last of three 8.2 s sessions compared to the first two
indicates that there was no practice effect.

The use of the tremor pen requires little effort, as the task is simply
to hold the pen without performing any other tasks, and no speeded
component is included. In a study of repeatability of grip strength and
manual dexterity based on weekly testing over three weeks, participants
improved their results in the test for dexterity, which has a speeded
component, but not in the test for grip strength [43]. This could indicate
that a manual test is more likely to be subject to the practice effects if the
test has a speeded component.

Reliability

Several measures were used to assess repeatability. A high ICC
indicates that the within-subject variation is small, compared to the
total variation. Atkinson and Nevill [44] have categorized an ICC above
0.90 as “high”, and by this categorization, only Tremor Intensity had
a high ICC, which could indicate good reproducibility. Further, our
finding that the ICC was low for the HI supports the finding reported
in the study by Edwards and Beuter [23], where the Pearson correlation
between two repeats was low, 0.26. ICC is a relative measure of
reliability, and will decrease as the between-subject variability increases.
CV and SEM are both functions of the within-subject variation, and
are not affected by the between-subject variation. Furthermore, SEM
is an absolute index, given in the same unit as the measurements and
quantifying the precision of individual scores on a test [45]. For Tremor
Intensity, Center Frequency, and Harmonic Index, the individual
standard deviation was on average at most 10% of the individual mean.
ICC, CV and SEM in combination indicate that the repeatability is
moderate to good for Tremor Intensity and Center Frequency. Our
results show that the repeatability is better for the 2 x 8 s recording
session than 3 x 8 s recording session. To our knowledge, this is the first
study that has evaluated the test-retest reliability of the CATSYS Tremor
Pen using ICC, SEM and CV.

Comparison between CATSYS tremor pen and static
steadiness test

In the present study, the agreement between Static Steadiness
Test and the CATSYS Tremor Pen was investigated, using different
recording times. We found a moderate to good correlation between
Tremor Intensity, as measured by the CATSYS Tremor Pen and number
and duration of contacts, respectively, measured by the Static Steadiness
Test; the strongest association was found for the 16 s recording session.
There are several explanations why the agreement is not perfect such as
the time delay between the tests. A high association was shown between
different tremor variables derived from the CATSYS Tremor Pen and
a laser-based system when a simultaneous recording was performed
[23], but the systems produced different results when the recordings
were not simultaneous [13,23]. Furthermore, Static Steadiness Test
measures displacement amplitude, whereas an accelerometer uses
acceleration data. Finally, hand posture and duration of tests may also
be of importance.

Limitations

The number of participants in the present study was quite low. The
participants were men of middle age or older, which makes it difficult
to generalize the results to younger age-groups and women. When
taking into consideration that the test does not require neither speed
nor strength, functions where gender differences are well-known, the
reliability of the test is not expected to differ between men and women.
The number of nicotine users was few, limiting the possibilities to
evaluate any effects of nicotine use on tremor.

Conclusion

We found that some of the tremor characteristics are affected by
length of recording time, such as the Harmonic Index. The CATSYS
Tremor Pen is well suited to measuring tremor in occupational settings,
but care should be taken when comparing results across studies or with
follow-up. Our results indicate that the use of a recording time longer
than 16.4 s seems to be of doubtful value.
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