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Abstract

Background—Mild action tremor occurs in most normal people. Yet this tremor mainly has 

been studied within the context of advanced age rather than the vast bulk of adults who are not 

elderly. Whether this tremor worsens during young and middle age is unknown. Using cross-

sectional data from a large population-based study of young and midlife (ages 18 – 60) normal 

adults, we assessed whether increasing age is associated with more severe action tremor.

Methods—2,524 adults in Araihazar, Bangladesh drew an Archimedes spiral with each hand. 

Tremor in spirals was rated (0 - 3) by a blinded neurologist and a spiral score (range, 0 – 6) was 

assigned.

Results—Spiral score was correlated with age (r = 0.06, p = 0.004). With each advancing decade, 

the spiral score increased (p = 0.002) so that the spiral score in participants in the highest age 

group (age 60) was approximately twice that of participants in the youngest age group (18-19 

years)(p = 0.003). In the regression model that adjusted for potential confounders (gender, 

cigarettes, medications, asthma inhalers, tea and betel nut use), spiral score was associated with 

age (p = 0.0045).

Conclusions—In this cross-sectional, population-based study of >2,500 young and mid-life 

normal adults, there was a clear association between age and tremor severity. Although the 

magnitude of the correlation coefficient was modest, tremor severity was higher with each passing 

decade. These data suggest that age-dependent increase in tremor amplitude is not restricted to 

older people, but occurs in all adult age groups.
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Introduction

Mild hand tremor occurs in most normal people.1, 2. While caffeine and nicotine may 

exacerbate this action tremor, beta blockers can relieve it.3, 4 It is well-established that this 

tremor increases in advanced age, leading to the commonly-used term “senile tremor”.5, 6 

This normal form of action tremor has been studied primarily within the context of advanced 

age (>65 years), yet its more general relationship with age, among the vast bulk of adults 

who are not elderly, has been the subject of little study.

In 2000, 78.1% of adults in the United States were young or midlife adults, falling between 

the ages of 18 and 59 years,7 making the health of this age group, which forms the bulk of 

the nation’s workforce, of sizable importance. It would be valuable to know in this age 

group whether tremor covaries (i.e., increases in severity) with age, as hand tremor is 

functionally and occupationally important in many settings. Tremor may impair precise hand 

control in professional musicians,8 and is a source of impaired motor performance in 

professional sports,9 among surgeons,10–12 in airplane pilots,13 and it can impede effective 
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shooting performance in military personnel.14–17 The expected progression of such action 

tremor from young adulthood through middle age years is of prognostic significance. This 

information would be useful in other settings. First, in occupational medicine and toxic 

epidemiology, which often focus on neurological outcomes (e.g., hand tremor),18 it is 

important to establish whether, even among the unexposed, tremor is expected to increase in 

severity with advancing age strata. Second, in genetic studies, background levels of tremor 

are important to gauge; for example, should one as a matter of course expect more action 

tremor in a 50 year old than an 18 year old study subject? At present, there are too few data 

to answer this simple question.

Utilizing cross-sectional clinical data on hand tremor in >2,500 young and midlife normal 

adults (ages 18 – 60 years) recruited for a population-based epidemiological study, our aim 

was to assess whether action tremor covaries with age such that higher age is associated with 

more severe tremor.

Methods

Study Population and Sampling Frame

The Health Effects of Arsenic Longitudinal Study (HEALS) is a prospective 

epidemiological study of health outcomes in adults in Araihazar, Bangladesh, a rural area 

east of Dhaka with relatively homogenous socio-cultural characteristics.19–22 Between 

October 2000 and May 2002, we recruited individuals age ≥18 years who were (1) married 

(an eligibility criterion to keep loss to follow-up to a minimum), (2) residents of the study 

area for ≥5 years and (3) primarily drinking water from local wells. Using a pre-cohort 

survey, we enumerated a total of 65,876 individuals residing in Araihazar, from which we 

identified a sampling frame of 14,828 eligible residents (Figure). Of these 14,828, 2,778 

were not at home during any of three attempted recruiting visits. Of 12,050 remaining 

eligible residents, 11,746 (97.5%) were enrolled (Figure).19–22 Follow-up evaluations were 

conducted on a scheduled basis: follow-up 1 (September 2002 - May 2004), follow-up 2 

(June 2004 - August 2006) and follow-up 3 (January 2007 - February 2009).

In-Person Evaluations

As part of baseline and follow-up evaluations, six medical doctors, who were assisted by 

trained field staff, collected demographic and medical data. This study was approved by the 

Columbia University Medical Center Internal Review Board and the Bangladesh Medical 

Research Council; informed consent was obtained in Bengali from all participants.19, 20

Assessment of Tremor

As an addition to this broad health survey, a brief assessment of action tremor (spiral 

drawing) was added in 2006, although there were no data linking arsenic or well water 

exposure to action tremor. First, a pilot study of the feasibility of spiral drawing was 

conducted over a 10-day period in February 2005.19 Each of 100 consecutively-enrolled 

participants was asked to use their dominant hand to draw an Archimedes spiral. As 

described,19 spirals were drawn freely on a blank, standard 8.5 × 11 inch sheet of paper 

using a ballpoint pen while the participant was seated at a table. The paper was centered at 
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right angles (horizontally) directly in front of them and held down by their other hand. 

Participants started at the center of the page, without lifting their pen. This was repeated 

with the nondominant hand, yielding two spirals.19 Tremor in each spiral was later rated by 

a blinded neurologist who specializes in movement disorders (E.D.L.). The neurologist used 

an ordinal clinical rating scale from 0 to 3, and including ratings of 0 (none), 0.5 (very mild), 

1 (mild), 1.5 (mild-to-moderate), 2 (moderate) and 3 (severe)(see examples of drawings 

rated as such in prior population-based studies23), assigning a spiral score (range = 0 [no 

tremor] – 6) to each participant. One week later, the spirals were re-rated and spiral scores 

obtained from the two ratings were similar (r = 0.96; p <0.0001), indicating that the ratings 

were reliable.19 Not unexpectedly, the pilot study failed to detect an association between 

tremor severity (on spirals) and urinary arsenic levels.19

Cross-Sectional Study of Tremor

In January 2006, during the second follow-up evaluation, the spiral drawing protocol was 

instituted. Each participant evaluated after that point was asked to draw two spirals, as 

described above. Tremor in these two spirals was rated by a blinded neurologist specializing 

in movement disorders (E.D.L.).

During the evaluation, participants were also asked whether they had been diagnosed with 

Parkinson’s disease (PD) and each participant was asked about their use, on the day of the 

evaluation, of any medications and of the following substances: betel quid, tea, cigarettes, 

caffeinated soda, and asthma inhalers, each of which may produce or exacerbate tremor.19 

For religious reasons, ethanol is not consumed in the study area; similarly, coffee drinking is 

an extremely rare practice in this rural setting in Bangladesh.

Diagnosis of ET

As in our prevalence study in New York,23 ET diagnosis was based on an examination of 

handwriting samples. Using guidelines proposed by Bain et al.,24 who conducted a detailed 

assessment of tremor in spirals in ET cases and controls, we assigned a preliminary 

diagnosis of ET based on the severity of tremor in the two spirals. We also required that a 

second movement disorder neurologist (R.N.A.) independently confirm these diagnoses 

using criteria for ET proposed in the Consensus Statement on Tremor by the Movement 

Disorder Society (bilateral, largely symmetric postural or kinetic tremor involving hands and 

forearms that is visible and persistent).25

Final Subject Selection

Although 2,714 consecutive participants (age 18 – 60 years) drew spirals, 2 (0.07%) 

participants were missing one of the spirals, leaving 2,712 participants with a complete set 

of two spirals. We further excluded the 63 ET cases (2.3% of 2,714) and 21 PD cases (0.8% 

of 2,714), as our aim was to study tremor in normal individuals without neurological 

disease. This left 2,628 participants. We also excluded 104 (3.9%) participants with 

incomplete demographic or medical data, leaving a final sample of 2,524 participants 

(Figure).
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Statistical Analyses

The spiral score was not normally distributed (Kolmogorov-Smirnov z = 8.73, p <0.001). 

Non-parametric tests used in bivariate analyses of this variable included the Mann-Whitney 

test and Kruskal-Wallis test for group differences and Spearman’s r for correlations. We first 

examined the association between spiral score and age using a Spearman’s correlation 

coefficient and then stratified age into decades, examining differences between age decades 

in spiral score (Kruskal-Wallis test). Noting that the variance of the spiral score tended to 

increase with its mean, we used a negative binomial model for spiral score, with the main 

predictor being age, in order to examine the association between spiral score and age while 

controlling for the effects of potential confounding factors (gender, medications and usage of 

betel quids, tea, cigarettes, caffeinated soda, and asthma inhaler). To aid in interpretation, in 

each model, a mean ratio and 95% confidence interval (CI) was derived from the estimated 

parameter.

Results

Participants ranged in age from 18 to 60 years (mean = 36.1, median = 35 years); the vast 

majority (2,232 [88.4%]) were between age 20 and 49 years. Very few took medication 

(Table 1). The mean spiral score was 0.79 ± 0.58 (Table 1).

In bivariate analyses, the spiral score was correlated with age (r = 0.06, p = 0.004)(Table 2). 

The spiral score differed by betel quid usage, tea usage, cigarette usage, and asthma inhaler 

usage (Table 2). Participants who took medication, on average, had lower spiral scores (less 

tremor) than did those who did not take medication (Table 2).

To further examine the association between higher spiral score and older age, we stratified 

age into decades. With each advancing decade, the spiral score tended to increase (Table 3, 

Kruskal-Wallis test statistic = 18.83, p = 0.002). The spiral score in participants in the 

highest decade group (represented by participants = age 60 years, n = 25) was almost twice 

that of participants in the youngest decade group (ages 18 and 19, n = 18) (Mann-Whitney 

statistic z = 2.97, p = 0.003, Table 3). Exclusion of 122 participants who were taking 

medication yielded similar results (i.e., with each advancing decade, the spiral score tended 

to increase (Table 3, Kruskal-Wallis test statistic = 16.06, p = 0.007). Further collapse of 

participants into a smaller number of age categories yielded a similar result, with a 

significant difference between the youngest and highest age group (Mann-Whitney z statistic 

= 2.53, p = 0.01, Table 3).

Using maximum likelihood methods, spiral score was associated with age (mean ratio = 

1.05, 95% CI = 1.02 – 1.08, p = 0.007) in a univariate model. In the negative binomial 

regression model, the association between spiral score and age persisted (mean ratio for each 

ten-year increase in age = 1.05, 95% CI = 1.02 – 1.09, p = 0.0043); in that model, higher 

spiral score was also associated with gender (mean ratio of female vs. male was = 1.12, 95% 

CI = 1.04 – 1.22, p = 0.003), cigarette use on the day of evaluation (mean ratio = 1.11, 95% 

CI = 1.02 – 1.21, p = 0.02), and inhaler use on the day of evaluation (mean ratio = 1.35, 95% 

CI = 1.02 – 1.79, p = 0.036). It was marginally associated with tea consumption on the day 

of evaluation (mean ratio = 1.08, 95% CI = 0.99 – 1.18, p = 0.067) and no use of medication 
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(mean ratio of no use vs. use was = 1.14, 95% CI = 0.99 – 1.32, p = 0.06). It was not to a 

significant degree associated with betel nut use on the day of evaluation (mean ratio = 1.05, 

95% CI = 0.98 – 1.12, p = 0.14). Consumption of caffeinated soda was nearly non-existent 

(only eight participants); therefore, it was not included as a covariate in the model.

Discussion

In this population-based sample of more than 2,500 young and mid-life normal adults (age 

18 – 60), there was a consistent association between age and tremor severity. Although the 

magnitude of the correlation coefficient was modest (r = 0.06), in these cross-sectional 

analyses, the tremor seemed to increase with each passing decade. These data suggest that 

age-dependent increase in tremor amplitude is not restricted to older people, but occurs in all 

age groups.

Our initial data indicate approximately twice as much tremor in 60 years olds than in 18 - 19 

year olds. In additional analyses that controlled for the effects of confounding factors (e.g., 

caffeine, smoking etc) so that the effect of age, alone, on tremor could be estimated, we 

found that each ten year increase in age was associated with on average a 0.05 point increase 

in the spiral score. The occupational consequences, during peak work years (ages 18 – 60) 

among surgeons, military personnel, pilots and others, of such a cumulative age-associated 

increase in action tremor have yet to be assessed.

While the association between tremor severity and age has been studied in the elderly, there 

have been few studies of this phenomenon among the vast majority of adults who have yet to 

reach advanced ages. One small study examined hand steadiness and line tracing, comparing 

a group of 14 younger (mean age 24.8 years) to 14 older (mean age 51.8 years) normal 

subjects, showing slightly poorer performance in these aspects of motor control in the older 

age group.26 Accelerometry was used to assess the total power of postural tremor in a group 

of 117 normal individuals aged 20 – 94 years, including a smaller subsample of 80 

individuals age 20 – 59 years;27 the authors reported that total power did not differ to a 

significant degree between the different age groups, although data on power by age group 

are not presented. A third study used accelerometry to assess tremor amplitude in 66 normal 

individuals aged 21 to 59 years; although there was no significant association between age 

and amplitude, the data plots (age by amplitude), indicate a greater preponderance of higher 

amplitudes in the 50 – 59 year old than the 20 – 29 year old age group.28 These studies26–28 

had small sample sizes (n = 28, 66, 80), and, as a result, modest increase in tremor severity 

with age, as we observed, would not have been detected.

Cigarettes, inhalers and tea were associated with higher spiral scores in our regression 

model. Nicotine, in cigarettes, is well-known to exacerbate tremor,3, 29 as are caffeine30 and 

methylxanthines,31 in tea. Similarly, asthma inhalers are well-known to exacerbate tremor.32 

In a pilot study,19 we had demonstrated that betel quid use was associated with increased 

tremor. In the current study, betel quid use was associated with higher spiral scores in 

bivariate analyses; in a regression model with multiple covariates, the effect was attenuated. 

A small proportion of study participants (<5%) was using medication. Of interest is that 

medication use was associated with marginally diminished tremor in our regression model. 
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While some medications are known to exacerbate tremor,33 others (e.g., benzodiazepines, 

bet-blockers, etc) may lessen tremor. In our participants, the net effect of medication was 

ameliorative.

This study had limitations. First, we used a clinical rating scale rather than accelerometric 

recordings of tremor. The latter would have increased the precision of our estimates of 

tremor severity. The lower relative precision likely biased our results towards the null 

hypothesis, causing us to underestimate the magnitude of the association between tremor 

severity and age. Despite this, however, we were able to detect an association. One problem 

with accelerometry is that, unlike the use of clinician-rated spiral drawings, which evaluate 

differences that are evident to a clinician, small electrically-measurable differences in 

amplitude do not necessarily have clinical significance. Second, we were careful to exclude 

all participants with PD or ET, although recognize that our sample may have contained a 

small number of these as well. Nevertheless, the number is likely to be very low. The mean 

age of participants was only 36.1 years, and the prevalence of PD and ET is low at such 

ages. Furthermore, the prevalence of PD was 0.80% in this sample, which is similar to or 

even higher than that reported in other populations with this age structure (e.g., 0.01% in 

Nigeria,34 0.03% in India,35 and 0.04% in China36) suggesting that we missed few PD cases. 

Similarly, the prevalence of ET (2.3%) was comparable or even higher to that found in other 

population-based studies of this age group.37 Third, other neurological disorders may cause 

tremor. Given the very low population-prevalence of primary writing tremor (1/200 that of 

ET)38 and dystonia (0.01% - 0.3%);39 however, we would expect only 0.29 cases of primary 

writing tremor and somewhere between 0.25 – 7.6 cases of primary dystonia in our entire 

sample of 2,524 participants.

This study had considerable strengths. First, it was a population-based study that included a 

standardized assessment of tremor severity in >2,500 persons in the age groups of interest. 

The large sample size allowed us to detect associations that would not have been evident in 

smaller studies, and the use of multivariate modeling allowed us to dissect out and examine 

the independent contributions of a variety of factors to tremor severity.

In summary, in this large, population-based sample of >2,500 young and mid-life adults, a 

clear cross-sectional association between age and tremor severity was evident. Although the 

magnitude of the correlation coefficient was modest, these data suggest that age-dependent 

increase in tremor amplitude is not restricted to older people, but occurs in all age groups.
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Figure. 
Study profile
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Table 1

Characteristics of 2,524 Study Participants

Age in years 36.1 ± 9.6 (35.0, 18 – 60)

Female Gender 1,532 (60.7)

Spiral score 0.79 ± 0.58 (1.0, 0 - 3)

Chewed betel quid* 729 (28.9)

Number of betel quids chewed* 0.6 ± 1.1 (0, 0 - 12)

Drank tea* 358 (14.2)

Number of cups of tea* 0.2 ± 0.7 (0, 0 - 6)

Smoked cigarettes* 558 (22.1)

Number of cigarettes smoked* 0.8 ± 1.8 (0, 0 - 15)

Drank caffeinated soda* 8 (0.3)

Number of cups of caffeinated soda* 0.0 ± 0.1 (0, 0 - 2)

Used asthma inhaler* 18 (0.7)

Taking medication 122 (4.8)

Values are mean ± standard deviation (median, range) or number (percentage)

*
On the day of the evaluation.
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Table 2

Spiral Score by Demographic and Clinical Characteristics

Characteristics Correlation (r)** with spiral score or mean ± SD spiral score

Age in years r = 0.06, p = 0.004

Gender

 Male 0.79 ± 0.58

 Female 0.79 ± 0.58

Mann Whitney, p = 0.71

Chewed betel quid*

 Yes 0.85 ± 0.60

 No 0.77 ± 0.58

Mann Whitney, p = 0.006

Number of betel quids chewed* r = 0.05, p = 0.007

Drank tea*

 Yes 0.86 ± 0.59

 No 0.78 ± 0.58

Mann Whitney, p = 0.01

Number of cups of tea* r = 0.05, p = 0.02

Smoked cigarettes*

 Yes 0.84 ± 0.61

 No 0.78 ± 0.57

Mann Whitney, p = 0.06

Number of cigarettes smoked* r = 0.04, p = 0.07

Drank caffeinated soda*

 Yes 0.94 ± 0.62

 No 0.79 ± 0.58

Mann Whitney, p = 0.51

Number of cups of caffeinated soda* r = 0.01, p = 0.51

Used asthma inhaler*

 Yes 1.06 ± 0.61

 No 0.79 ± 0.58

Mann Whitney, p = 0.08

Taking medication

 Yes 0.73 ± 0.58
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Characteristics Correlation (r)** with spiral score or mean ± SD spiral score

 No 0.80 ± 0.58

Mann Whitney, p = 0.03

*
On the day of the evaluation.

**
Correlation coefficients are Spearman’s correlation coefficients.
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Table 3

Spiral Score by Age Decade in 2,524 Study Participants aged 18 - 60

Age in Years by Decade Number of Participants Spiral score*

2nd decade (18 and 19 years) 18 0.69 ± 0.52

3rd decade (20 – 29 years) 696 0.76 ± 0.58

4th decade (30 – 39 years) 908 0.80 ± 0.58

5th decade (40 – 49 years) 628 0.80 ± 0.58

6th decade (50 – 59 years) 249 0.83 ± 0.57

7th decade (60 years) 25 1.30 ± 0.65

<20 – 29 714 0.76 ± 0.57

30 – 39 908 0.79 ± 0.58

40 – 49 628 0.80 ± 0.58

50 – 60 274 0.87 ± 0.59

*
Values are mean ± standard deviation

For top row, Kruskal-Wallis test statistic = 18.83, p = 0.002. The spiral score in participants in the highest decade group (represented by participants 
= age 60 years, n = 25) was almost twice that of participants in the youngest decade group (ages 18 and 19, n = 18) (Mann-Whitney statistic z = 
2.97, p = 0.003). Exclusion of 122 participants who were taking medication yielded similar results (i.e., with each advancing decade, the spiral 
score tended to increase (data not shown, Kruskal-Wallis test statistic = 16.06, p = 0.007). Few participants were in the lowest and highest decade 
strata. Therefore, in a secondary analysis (bottom row), categories were further collapsed (18 and 19 year olds were combined with 20 – 29 year 
olds, and 60 year olds were combined with >50 year olds). Kruskal-Wallis test statistic = 6.57, p = 0.087. The spiral score in participants in the 
highest age group (age 50 - 60 years) was higher than that of participants in the youngest age group (ages 18 – 29 years) (Mann-Whitney statistic z 
= 2.53, p = 0.01).
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