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Abstract

We performed an association analysis of fragile X mental retardation 1 (FMR1) CGG repeats in 

321 essential tremor (ET) cases and 296 controls at Columbia University. In addition to analyzing 

the allele distribution (10–49 CGG repeats) in the entire sample, we also performed a screen for 

ET cases with the FMR1 premutation allele (55–200 CGG repeats), and evaluated an association 

between ET and FMR1 alleles that included gray zone alleles (41–54 CGG repeats). CGG 

premutation alleles and gray zone alleles were rare in ET cases, and we found no evidence for 

association of premutation or gray zone alleles with ET. These data suggest that FMR1 CGG 

repeats are not a genetic risk factor for ET.
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Introduction

Essential tremor (ET) is a chronic, progressive neurologic disease [1]. The hallmark feature 

of ET is a 4–12 Hz kinetic tremor (i.e., tremor occurring during voluntary movements) of 

the arms, which may also eventually spread to involve the neck, voice, and jaw [2]. ET is 

among the most prevalent neurological diseases [3]. It shares a number of clinical features 

with Fragile X associated tremor/ataxia syndrome (FXTAS), which is caused by a 

premutation of the fragile X mental retardation 1 (FMR1) gene, especially among male 

carriers [4]. Three previous studies have screened 71 ET cases [5], 81 ET cases [6], and 196 

ET cases [7] for the FMR1 premutation allele. Although ET cases carrying the permutation 

allele (55–200 CGG repeats) were not identified, ET cases with CGG repeats falling within 
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the “gray zone” (41–54 CGG repeats) were observed in 0.0% [5], 1.6% [6], and 1.5% [7] of 

ET cases. Recently, there has been increased interest in performing genotype-phenotype 

correlations of gray zone alleles in neurological diseases [8]. In the current study, we expand 

the sample size considerably to 321 ET cases and 296 controls; hence, the number of ET 

cases is similar magnitude to that of all prior studies combined. As a departure from prior 

studies, our enlarged sample size also allowed us to stratify ET cases based on important 

clinical features. In addition to analyzing the allele distribution (10–49 CGG repeats) in the 

entire sample, we also performed a screen for ET cases with the FMR1 premutation allele 

(55–200 CGG repeats), and evaluated an association between ET and FMR1 alleles that 

included gray zone alleles (41–54 CGG repeats).

Patients and Methods

Subjects

As described [9], 321 ET cases and 296 controls were enrolled in a clinical-epidemiological 

study at the Neurological Institute of New York, Columbia University, New York (2000 – 

2007). All participants underwent a demographic and medical history questionnaire, a 

family history questionnaire (any first- or second-degree relative with ET), and a videotaped 

neurological examination. ET diagnoses were assigned using research criteria [9]. The study 

was approved by the Institutional Review Board at Columbia University.

Genotyping

PCR amplification of genomic DNA was performed using the expand long template PCR 

system (Roche Applied Science) and fragment analysis was performed using an automated 

DNA sequencer (ABI prism 3100). Allele sizes were determined using GeneScan (Applied 

Biosystems). Primers and PCR conditions have been described previously [10]. Female 

subjects with single peaks (apparently homozygous) corresponding to ≤ or ≥ 40 repeats were 

not further evaluated by Southern blot analysis to determine the presence of a second 

expanded allele in the heterozygous state (>100 repeats) undetectable by fragment analysis. 

Fragments were detectable and allele sizes were determined in all male subjects included in 

the analysis indicating the absence of expanded alleles (>100 repeats) in the premutation or 

full mutation range.

Statistical Analysis

Allele frequencies were calculated from observed genotypes. CLUMP analysis, used for 

association testing when markers produce sparse contingency tables, was used to test 

differences in allele distribution between ET cases and controls. Linear regression and 

Pearson’s correlation was used to calculate the relationship between CGG repeat size and 

age at onset of ET and the correlation coefficient (r) was determined.

Results

Demographic and Clinical Characteristics of ET Cases and Controls

The demographic and clinical characteristics of subjects included in the study are shown in 

Table 1. The mean age at tremor onset was 44.2 (±22.0) years and 29.3% of ET cases 

Clark et al. Page 2

Neurosci Lett. Author manuscript; available in PMC 2016 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reported a family history of ET. The ethnicity included non-hispanic whites (93.8% ET 

cases and 86.1% controls), non-hispanic blacks (2.2% ET cases and 5.7% controls) and 

hispanics (2.5% ET cases and 4.1% controls). A subset of the sample reported Ashkenazi 

Jewish (AJ) ancestry (28.8%).

Analysis of Premutation and Gray Zone alleles

We did not detect CGG premutation alleles (55–200 CGG repeats) in any of the 488 × 

chromosomes of ET cases (154 males and 167 females) or 469 × chromosomes of controls 

(123 males and 173 females). There were 37 alleles ranging in size from 10–49 CGG 

repeats. A total of 7/321 (2.2%) ET cases and 16/296 (5.4%) controls carried gray zone 

alleles (41–54 CGG repeats); this difference was significant (Chi square=4.69, p=0.03). The 

largest repeat size observed in 617 subjects was 49 (1 female control). We also stratified the 

analysis by clinical and demographic features, including age at ET onset (≤40 years vs. > 40 

years and ≤50 years vs. > 50 years), family history of ET, gender, ethnicity (non-hispanic 

black, nonhispanic white, hispanic) and ancestry (Non hispanic white AJ vs. others) (Figure 

1, Figure 2 and Figure 3). In non-hispanic blacks, we observed a significant association of 

alleles in the size range 29–30 CGG repeats (Chi square=20.87, p=0.04). However, the 

sample size of non-hispanic blacks included in this study is small (7 cases and 17 controls) 

and, therefore, the result should be treated with caution. There was no evidence of 

association with FMR1 CGG repeat alleles or premutation or gray zone alleles in any of the 

other stratified analyses and there was an absence of correlation between repeat size and age 

at onset of ET. (Data not shown for stratified analysis of family history of ET).

Discussion

We performed an association analysis of the FMR1 CGG repeat in a large case-control study 

of ET. Our results, and those of prior studies, suggest that CGG premutation alleles or gray 

zone alleles are rare in ET cases. We found no evidence for a positive association of 

premutation or gray zone alleles with ET. When we stratified the analysis with age at onset 

that is consistent with FXTAS (≤50 years vs. > 50 years) we still did not observe an 

association of CGG premutation alleles with ET. Our enlarged sample size also allowed us 

to stratify ET cases based on important clinical features. These analyses similarly did not 

detect evidence of an association of FMRI CGG repeat alleles with ET. In the AJ ET cases 

and non-AJ ET cases that we analyzed in the current study we did not observe a higher 

proportion of premutations. It is possible that had we enriched for ET cases with a family 

history of offspring with intellectual disabilities we may have observed an association; 

however, information about family history of intellectual disability was not ascertained in 

our cohort. A subset of the sample in our study is AJ. A recent study that evaluated 4,344 AJ 

and 4,985 non-AJ subjects reported a higher rate of premutations in the 55–59 repeat range 

(1:114 vs. 1:277) among the AJ women and concluded that AJ women have a high fragile X 

syndrome carrier rate and mostly low-range premutations [11]. In the AJ ET cases 

(including AJ ET females) and non-AJ ET cases that we analyzed in the current study we 

did not observe a higher proportion of premutations.
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In conclusion, these data suggest that FMR1 CGG repeats are not a genetic risk factor for 

ET.
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Highlights

• ET shares clinical features with Fragile X associated tremor/ataxia syndrome.

• Analyzed FMR1 CGG repeats in 321 ET cases and 296 controls.

• Analysis included overall allele distribution, premutation and gray zone alleles.

• We found no evidence for a positive association of FMR1 CGG repeat alleles 

with ET.
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Figure 1. Distribution of CGG allele frequency in ET cases and controls
A: All cases and controls; B: all cases and controls, stratified by gender; C: restricted to 

cases and controls of non-hispanic white ethnicity; D: restricted to cases and controls of 

non-hispanic white Ashkenazi Jewish ancestry.
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Figure 2. Distribution of CGG repeat allele frequency stratified by age at onset ≤55 years vs. >55 
years in ET cases
A: ET cases and all controls stratified by age at onset ≤55 years in ET cases; B: ET cases 

and all controls stratified by age at onset >55 years in ET cases
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Figure 3. Correlations Between Age of Onset and Repeat Size
A) Correlation between age at onset and CGG repeat size in all ET cases.

B) Correlation between age at onset and CGG repeat size. ET cases are stratified into those 

with age of onset •40 years (red) and age onset >40 years (blue).

C) Correlation between age at onset and CGG repeat size. ET cases are stratified into those 

with age of onset •55 years (red) and age onset >55 years (blue).
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Table 1

Demographic and Clinical Characteristics of Genotyped Subjects

ET Cases
(N=321)

Controls
(N=296)

Statistical
test p-value

% Male (n) 48.0 (154) 41.65 (123) χ2=2.31 0.1285

Mean age at tremor onset (years) (SD) 44.2 (22.0) NA NA NA

% with family history of ET (n) 29.3 (94) NA NA NA

% Ashkenazi Jewish ancestry (n)* 38.6 (124) 19.6 (58) χ2=25.92 <.0001

% Age at onset • 40 yr (n)** 39.9 (128) NA NA NA

% Age at onset > 40 yr (n)** 56.1 (180) NA NA NA

% Age at onset ≤ 55 yr (n)** 60.4 (194) NA NA NA

% Age at onset > 55 yr (n)** 35.5 (114) NA NA NA

% Non-hispanic White (n)*** 93.8 (301) 86.1(255) χ2=9.2 0.0024

% Non-hispanic Black (n)*** 2.2(7) 5.7(17) χ2=4.32 0.0377

% Hispanic (n)*** 2.5(8) 4.1(12) χ2=0.75 0.3865

% Non-hispanic White-AJ (n)* 38.0(122) 18.9(56) χ2=26.41 <.0001

*
P<.0001;

**
Age at onset data not available for 13 ET cases.

***
Ethnicity data not available on 5 ET cases and 12 controls. NA, Not applicable;
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