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Abstract

Background: Premutation sized (55–200) CGG repeat expansions in the FMR1 gene cause 

Fragile X-associated Tremor Ataxia Syndrome (FXTAS). Most studies of premutation carriers 

utilized reverse ascertainment to identify cases, leading to a selection bias for larger repeats. As 

shorter CGG premutation repeats are common in the population, understanding their impact on 

health outcomes has a potentially large public health footprint.

Objectives: The study’s objective was to compare an unselected group of premutation carriers 

(n=35, 55–101 CGG repeats) with matched controls (n=61, 29–39 CGG repeats) with respect to 

FXTAS-type signs using structured neurological assessments.

Methods: Three neurologists independently rated signs, using an adapted version of the FXTAS 

Rating Scale (1). This was a double-blind study, as genetic status (premutation versus control) 

was known neither by the participants nor any of the neurologists. Analyses controlled potentially 

confounding comborbid conditions in the electronic health record (e.g., osteoarthritis, stroke) and 

probed the association of age with signs.

Results: Although there was no overall difference between carriers and controls, among 

individuals without any potentially confounding comorbid diagnoses, there was a statistically 

significant age-associated elevation in FXTAS-type signs in premutation carriers compared to 

controls.
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Conclusions: Among those who do not have other comorbid diagnoses, women who have 

CGG repeats at the lower end of the premutation range may be at greater risk for ataxia and 

parkinsonism than their age peers, although their overall risk of developing such clinical features 

is low. This study should provide reassurance to those who share characteristics with the present 

cohort.

The fragile X mental retardation 1 (FMR1) gene plays a critical role in normal neurological 

development and functioning, regulating the translation of approximately 30% of all 

transcripts in the synaptic proteome (2). Changes in the CGG repeat copy number within 

the 5’ untranslated region of FMR1 result in three distinct disorders – fragile X syndrome 

(FXS), fragile X-associated primary ovarian insufficiency (FXPOI), and fragile X-associated 

tremor/ataxia syndrome (FXTAS). FXS is a neurodevelopmental disorder that is the most 

prevalent inherited cause of intellectual disability and autism, resulting from expansions 

of >200 CGG repeats and transcriptional silencing of FMR1 (3). FXS is inherited from a 

mother who carries an FMR1 premutation (4). The premutation is defined by 55 to 200 

CGG repeats and occurs in approximately 1 in 150–200 females and 1 in 450 males (5, 

6). Premutation carriers are at risk for FXTAS and FXPOI, both of which are clinically 

and mechanistically distinct from FXS (7, 8). FXPOI is the most prevalent genetic cause of 

impaired ovarian functioning and infertility (7). FXTAS, which is the focus of the present 

research, is a late-onset and progressive neurodegenerative disorder, manifested in a subset 

of premutation carriers after age 50 (7, 9, 10).

FXTAS is defined clinically by intention tremor, gait ataxia, and cognitive decline 

due to memory issues and executive dysfunction. Pathologically, FXTAS presents with 

ubiquitinated inclusions in neuronal and non-neuronal cells, white matter disease, and global 

brain atrophy (11). Considerably more research on FXTAS has been conducted on men than 

women, due to the more severe manifestation and higher penetrance of the syndrome in 

men (affecting approximately 40% of carrier men vs.16% of carrier women over age 50). 

The lower prevalence and milder severity of FXTAS in women is due to the effect of the 

non-mutated FMR1 gene on the second X chromosome (12). Most past studies identified 

participants from specialized FXS clinics or via family cascade testing (13, 14), possibly 

resulting in ascertainment bias. For this reason, the prevalence and severity of FXTAS-type 

symptoms in premutation carriers in the general population have not been adequately studied 

and may differ from what is reported in the research literature.

Two major factors affect the diagnosis and manifestation of FXTAS in premutation carriers 

– age and CGG repeat number. After age 50, the diagnosis of FXTAS becomes increasingly 

likely (1), and is more frequent in those with more than 100 CGG repeats (1, 15). Although 

younger carriers, as well as carriers who have lower numbers of repeats, may manifest mild 

clinical features similar to FXTAS, this has been studied in only a few investigations (13, 16 

– 18).

Present Research

These gaps in past research shaped the present investigation, which was designed to advance 

understanding of FXTAS-type signs among premutation carriers in the general population. 
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To accomplish this, we accessed a unique biobank that included DNA samples from 20,000 

members of a single health care system (19). These DNA samples were screened to identify 

premutation carriers (20). Unlike past research, none of these individuals were identified 

based on family history of FXS or via a FXS specialty clinic, nor were they aware of 

their status as premutation carriers. Thus, study of this cohort offers a window into how 

FXTAS-type signs may be manifested in unselected premutation carriers in the general 

population. Given the more limited research on premutation women, the focus of the present 

study is on how premutation women differ in FXTAS-type signs from matched controls, 

based on a structured neurological assessment.

Importantly, this was a double-blind study where neither the participants nor the three rating 

neurologists were aware of who was a premutation carrier versus a control. When enrolling 

in the biobank, members consented to give access to their electronic health records (EHRs) 

for research, and thus, in addition to the neurological assessment, we reviewed the EHRs to 

identify any potentially confounding comorbid diagnoses (e.g., hip replacement, stroke) that 

might affect both patients and controls and that would need to be controlled in the present 

analysis.

We examined two research questions: Do premutation carrier women and controls differ 

in the severity of the neuromotor signs associated with FXTAS? Is there evidence of more 

severe FXTAS-related neuromotor signs associated with advancing age? We hypothesized 

that premutation carriers would have more FXTAS-related neuromotor signs than controls, 

and these would become greater with advancing age.

Methods

Participants were drawn from the Marshfield Clinic’s Personalized Medicine Research 

Project (PMRP), a population-based cohort (n=20,353, 40% of the eligible population of the 

Marshfield Epidemiologic Study Area, a 19-zip code region around Marshfield, Wisconsin, 

and a 9-zip code area in northern Wisconsin) who consented to share their EHRs and DNA 

for research. PMRP recruitment began in 2002. Health records were digitized back to 1979, 

and thus an average of 40 years of EHRs are available for these members. IRB approval was 

obtained from the Marshfield Clinic and University of Wisconsin-Madison. According to 

the initial protocol, participants consented at the time of enrollment in PMRP to contribute 

their de-identified EHRs and DNA to be used in research without expectation of return 

of research results. Additional written consent was obtained prior to the neurological 

assessment, which per IRB was not described as a study related to FMR1 or FXTAS.

Identification of Premutation Carriers and Controls

We screened all PMRP participants for whom DNA samples were available (n=19,989, 

including 11,526 females) using procedures described previously (20). The goal of screening 

was to identify premutation carriers (i.e., those with 55–200 CGG repeats), resulting in the 

identification of 72 premutation carrier women. Next, the specific number of CGG repeats 

within the premutation range was quantified for each carrier. Subsequently carrier status 

and repeat number were confirmed in an additional assay using the Asuragen AmplideX® 

Kit (21, 22), conducted in the Rush University Medical Center Molecular Diagnostics 
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Laboratory (supervised by author EB-K). Buccal swab kits were provided to participants 

who obtained their own samples, returned via courier packages. DNA was isolated using 

standard methods. The same CGG repeat assays were followed to identify a pool of control 

women (24–40 CGG repeats) who were matched with premutation carriers at approximately 

a 2:1 ratio (n = 137 controls) based on age and duration of receiving care in the Marshfield 

health care system.

Of these potential sample members, 10 carriers and 21 controls were unable to provide 

informed consent at the time of data collection for the present study due dementia, residence 

in long-term care settings, or death. An additional 10 carriers and 17 controls declined to 

participate in the larger study. The neurological assessment required an in-clinic visit and 

agreement to being video-recorded. Those who no longer lived in the area or who refused 

video recording were not included in the current report. The single exclusion criterion 

was having a child with a neurodevelopmental disorder (three premutation carriers, four 

controls).

Rates of participation of eligible carriers and controls were comparable (72.2% and 72.3%, 

respectively), and the two groups did not differ in rates of refusal, inability to participate due 

to dementia or residence in a long-term care setting, or death prior to this study. There was 

no association between participation and diagnoses of depression and anxiety, as noted in 

the electronic health record (F = 0.21, p = 0.644). Notably, the recruiter for the study was 

blind to premutation versus control group status.

Neurological Assessment

A video-recorded structured neurological assessment (FXTAS Rating Scale) (1) was 

administered to 35 premutation carriers and 61 controls by a clinical neurologist at the 

Marshfield Clinic (JB). In addition, the video recordings were independently rated by two 

movement disorder neurologists with expertise in performing FXTAS-related evaluations 

(DH and PT).

The FXTAS Rating Scale was the dependent variable in the present analysis. It was 

developed to assess the three major motor features of FXTAS -- tremor, ataxia, and 

parkinsonism (1, 23). We used an adapted version of the measure (adapted by DH), which 

is composed of 56 items from the Clinical Rating Scale for Tremor, the International 

Cooperative Ataxia Rating Scale, the Unified Parkinson’s Disease Rating Scale, and the 

Unified Huntington’s Disease Rating Scale. Most items were rated from 0 (normal) to 4 

(severe impairments), with 0 signifying normal in all items. For each item, the ratings from 

the three neurologists were averaged, and items were summed to create scores for the three 

subdomains as well as the total score. The percentage of agreement across raters for the total 

score averaged 93.2%. Since the current data set had many 0s (thus high rates of agreement 

among raters), an alternative to the Kappa statistic was employed (24). Gwet’s AC (25), 

which is a more appropriate metric of agreement in such instances, averaged 0.91. See Table 

S1 for the inter-rater reliability of the three sub-scale scores.
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Comorbidities in EHRs

The EHRs of participants were screened to identify potentially confounding comorbid 

diagnoses that might result in motor dysfunction not due to FXTAS. A list of such 

diagnoses was developed by one of the authors (PT). The EHRs of study participants were 

independently mined by another author (AM), and the specific codes that were found in 

the EHRs of study participants are listed in Table 1. Premutation carriers and controls were 

classified into two groups – those having any of the diagnoses, and those with no such 

diagnoses.

Statistical Analysis

The distribution of scores on the FXTAS Rating Scale and its sub-scales were first checked 

to determine if any would be considered statistical outliers (using Cook’s D). No outliers 

were detected. Subsequently, the statistical analysis included four steps. First, independent 

sample t-tests were used to compare premutation carriers and controls on the FXTAS Rating 

Scale. Second, to evaluate the effect of potentially confounding comorbid diagnoses in the 

EHR, two-way ANCOVAs were used to examine mean differences in FXTAS Rating Scale 

scores by premutation status and by having any of the comorbid diagnoses. Third, for the 

primary question addressed by this study, multiple regression was used to examine three­

way interactions to determine if the association between premutation status and FXTAS 

Rating Scale scores varies based on age and having any of the potentially confounding 

comorbid diagnoses. Fourth, we conducted two sensitivity analyses. We removed the 

eight participants (two premutation, six controls) who had comorbidities in their EHRs 

involving movement disorders that were not signs of FXTAS (e.g., abnormal involuntary 

movements, drug-induced akathisia; see Table 1, “Other Movement Disorders” category) 

and then repeated the analysis. Subsequently, following the approach of Leehey et al. (1), we 

restricted the analysis to participants age 50 or older to specifically focus on those at highest 

risk of FXTAS-type signs. Due to the small size of the sample, an alpha level of p = 0.05 

was used throughout.

Results

Descriptive Data

Participants averaged 57.2 years of age (s.d. = 13.7), with a range from 26 to 86. 

Most (n = 69, 71.9%) were age 50 or older. There was no significant age difference 

between premutation carriers and controls, due to matching. However, those with potentially 

confounding comorbid diagnoses were significantly older than those without such diagnoses 

(age 64.2 [s.d. = 12.9] vs. 52.2 [s.d. = 12.0], p < 0.001). The CGG repeat length of the 

controls ranged from 29 to 39 repeats (mean = 31.6). The CGGs of premutation carriers 

ranged from 55 to 101 (mean = 68.5), spanning the lower range of the premutation (Figure 

1). Among the premutation carriers, there was no association between CGG repeat number 

and FXTAS Rating Scale scores (total or any sub-scale scores, all ps > .24).

Table 2 presents comparisons between premutation and control participants regarding 

potentially confounding comorbid diagnoses in the EHR. Many participants had at least 

one such diagnosis, but there was no significant difference between premutation and controls 
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in the percentage with diagnoses (45.7% vs. 39.3%, respectively), nor were there group 

differences in individual diagnostic categories. The most common comorbid diagnosis was 

osteoarthritis of the knee.

Research Question 1: Comparison of Motor Sinds in Premutation Carriers and Controls

Next, we compared premutation carriers and controls with respect to the FXTAS Rating 

Scale and the sub-scales. The two groups did not differ significantly on either the total scale 

score (p = 0.458) or any of the subscales (ps > 0.412; see Supplemental Materials, Table S2). 

Next, to separate the effects of premutation status and potentially confounding comorbid 

diagnoses in the EHR, two-way ANCOVAs were conducted. There were significant 

interaction effects between premutation status and having comorbid diagnoses with respect 

to the total score of the FXTAS Rating Scale and the subdomains of parkinsonism and ataxia 

(ps < 0.05). The control participants with comorbid diagnoses had substantially more severe 

impairments than the other three groups (see Table S3).

Research Question 2: Age-Related Differences in Motor Severity

To examine whether the FXTAS Rating Scale scores of carriers and controls differed 

with advancing age, multiple regression analyses were carried out including a three-way 

interaction effect term (age X premutation status X presence vs. absence of comorbid 

diagnoses), predicting symptom severity. The three-way interaction term was the primary 

test of the study’s hypothesis. There were significant three-way interaction effects on the 

FXTAS Rating Scale total score (p < 0.001) and the two subdomains of ataxia (p < 0.001) 

and parkinsonism (p = 0.005), with a trend-level interaction for the tremor subdomain (p = 

0.052). See Table 3, Figure 2, and Supplementary Material Figures S1– S3. Among those 

women who had no potentially confounding comorbid diagnoses in their EHR, it was only 

among the premutation group where FXTAS signs were more severe with advancing age, a 

pattern not evident among the controls. In contrast, among those who had at least one such 

diagnosis, it was the control group that showed more severe signs associated with advancing 

age, likely due to the comorbidity, a pattern not evident among the carriers.

Sensitivity Analyses

We removed eight participants with potentially confounding other movement disorder 

diagnoses from the analysis (see Tables 1 and 2). The significant three-way interactions 

reported above (for the total score, parkinsonism, ataxia) remained significant when 

these eight participants were removed from the analysis. In addition, the interaction term 

predicting the tremor sub-scale became statistically significant in the regression models that 

did not include these participants (See Supplemental Materials, Table S4).

Subsequently, we restricted the analysis to participants who were age 50 or older (n = 69) 

to focus on those at or above the age at which clinical signs of FXTAS tend to be observed 

among premutation carriers. The same pattern of results was found as reported in Table 3, 

namely that among those without potentially confounding comorbidities, the premutation 

carriers had significantly greater impairments with advancing age, a pattern not evident 

among controls. (See Supplemental Materials, Table S5.)
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Discussion

Based on a population-based cohort, the present study yielded information about FXTAS­

type neurological signs in a group of premutation carriers not often evaluated in previous 

research – premutation women with lower numbers of CGG repeats, some of whom were 

younger than age 50, who were ascertained in an unbiased fashion. Overall, these women 

had FXTAS Rating Scale scores that were no different than their peers who had CGG 

repeats in the normal range. As premutation carriers with shorter repeat lengths are much 

more common in the population than those with repeats in the upper premutation range, the 

present results are significant from a public health perspective.

Although none of the participants was diagnosed with FXTAS, and although initial 

comparisons did not reveal greater evidence of mild clinical FXTAS-type neurological 

signs in premutation carriers than controls, after comorbid diagnoses were controlled, an 

age-associated vulnerability of premutation carriers was observed with respect to the total 

FXTAS Rating Scale and the ataxia and parkinsonism sub-scales. In other words, it was only 

among otherwise healthy carriers that we begin to see any impact of the CGG repeat. The 

same pattern was observed when we restricted the data to only those age 50 and older, and to 

those who had no other movement disorder-type comorbid codes.

What is the clinical significance of these findings? It is valuable to note that the CGG repeat 

is not the dominant driver of related signs and symptoms in this cohort of women. The 

participants in the present study differ from many participants in past studies who generally 

had larger numbers of CGG repeats than those evaluated here (1, 15, 26). Nevertheless, 

there was evidence of a statistically significant pattern of ataxia and parkinsonism signs 

in premutation carriers who did not have potentially confounding diagnoses. This may 

suggest that these women were manifesting early signs of FXTAS, or they have neurological 

signs that are not related to underlying FXTAS pathology, or they have other yet-to-be 

diagnosed movement disorders. Additional studies are warranted to determine which 

of these explanations accounts for the results. Future research should also probe the 

possible effect of reproductive aging on such symptoms, as premutation carriers experience 

menopause earlier than controls.

The study design addressed the risk of ascertainment bias by recruiting participants from 

a general health care system rather than from families of individuals with FXS or from 

FXS specialty clinics. Thus, study of this cohort can offer insights into how mild clinical 

FXTAS-type signs may be manifested in unselected premutation carrier women in the 

general population. A notable feature of the study is that it brought together sources of data 

– DNA, neurological assessments, and EHRs – that are not often integrated into a single 

research endeavor. Were it not for each of these diverse data sources and the integrative 

analytic approach, the underlying pattern of symptoms would not have been detected. 

Another strength of the present study was the double-blind approach and the inclusion of 

independent ratings from three neurologists with high inter-rater reliability.

The study was limited by a number of factors, particularly the small sample size, which 

limited statistical power. Due to this limitation, the present study warrants replication in 
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larger cohorts. Additionally, we did not have neuroimaging data needed for a formal FXTAS 

diagnosis. We also did not have access to activation ratios on participants, which have been 

found to be important in past studies using the FXTAS Rating Scale (1). Why the control 

group participants with confounding diagnoses were substantially more impaired than the 

other three groups is not clear. This pattern may be a chance finding of the present study 

or it might point to an area for investigation in future research. Further, the scale may 

be picking up neurological signs related to other co-morbidities rather than FXTAS itself. 

Finally, among women who did not have confounding diagnoses, an association between 

FXTAS Rating Scale scores and age was observed among premutation carriers but was not 

observed among controls; however this observation was based on cross-sectional data, and 

warrants confirmation in longitudinal research.

Conclusion

Women who have CGG repeats at the lower end of the premutation range may be at 

greater risk for ataxia and parkinsonism signs than their age peers, although their overall 

risk of developing such conditions is low. Importantly, the findings of the present study 

cannot be attributed to ascertainment bias. Rather, these signs were detected among an 

unselected group of premutation carrier women in the general population. The severity 

of such signs was more subtle than that which was observed in past studies of family 

members of children with FXS, and only evident among otherwise healthy carriers. This 

should provide reassurance to premutation carriers who share characteristics with the present 

cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG 1. 
Distributions of CGG Repeats by Premutation Carriers vs. Controls.
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FIG. 2. 
Scatter plots and fitted lines showing three-way interactions: Age, Premutation status, and 

Potentially Confounding Comorbid Diagnoses Codes on FXTAS Rating Scale Total score. 

The fitted lines are drawn from data points, illustrating the bivariate associations between 

age and the total FXTAS Rating Scale. For each fitted line, the unstandardized regression 

coefficient (simple slope), the standard error of the coefficient (in parenthesis) and the 

p-value are presented. (A) Participants who did not have potentially confounding comorbid 

codes. (B) Participants who had any potentially confounding comorbid codes.
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Table 1.

Potentially Confounding Comorbidity Diagnoses Recorded in Participants’ Electronic Health Records
a
.

Category Description ICD10

Cerebrovascular disease
Brain stem stroke syndrome G46.3

Cerebrovascular disease, unspecified I67.9

Gait problems

Abnormalities of gait and mobility R26

Ataxic gait R26.0

Difficulty in walking, not elsewhere classified R26.2

Other abnormalities of gait and mobility R26.89

Unspecified abnormalities of gait and mobility R26.9

Ataxia, unspecified R27.0

Hip osteoarthritis

Unilateral primary osteoarthritis, right hip M16.11

Unilateral primary osteoarthritis, left hip M16.12

Unilateral osteoarthritis resulting from hip dysplasia, unspecified hip M16.3

Osteoarthritis of hip, unspecified M16.9

Hip replacement

Presence of right artificial hip joint Z96.641

Presence of left artificial hip joint Z96.642

Presence of unspecified artificial hip joint Z96.649

Knee osteoarthritis

Bilateral primary osteoarthritis of knee M17.0

Unilateral primary osteoarthritis, unspecified knee M17.10

Unilateral primary osteoarthritis, right knee M17.11

Unilateral primary osteoarthritis, left knee M17.12

Osteoarthritis of knee, unspecified M17.9

Knee replacement

Presence of right artificial knee joint Z96.651

Presence of left artificial knee joint Z96.652

Presence of artificial knee joint, bilateral Z96.653

Presence of unspecified artificial knee joint Z96.659

Other movement disorders

Parkinson’s disease G20

Myoclonus G25.3

Abnormal involuntary movements R25

Essential tremor G25

Tremor, unspecified R25.1

Neuropathy

Idiopathic progressive neuropathy G60.3

Hereditary and idiopathic neuropathy, unspecified G60.9

Inflammatory polyneuropathy, unspecified G61.9

Polyneuropathy, unspecified G62.9

Idiopathic peripheral autonomic neuropathy G90.0

Radiculopathy Radiculopathy, lumbar region M54.16

Rheumatoid arthritis
Rheumatoid arthritis with rheumatoid factor of unspecified hip without organ or systems 
involvement M0/5.79
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Category Description ICD10

Rheumatoid arthritis with rheumatoid factor, unspecified M05.9

Rheumatoid arthritis, unspecified M06.9

Spondylolisthesis

Spondylolisthesis, site unspecified M43.10

Spondylolisthesis, lumbar region M43.16

Fusion of spine, site unspecified M43.2

Spinal stenosis

Spinal stenosis, site unspecified M48.00

Spinal stenosis, occipito-atlanto-axial region M48.01

Spinal stenosis, thoracic region M48.04

Spinal stenosis, lumbar region M48.06

Spinal stenosis, lumbar region without neurogenic claudication M48.061

Spinal stenosis, lumbar region with neurogenic claudication M48.062

a
Codes are organized in 12 categories using the ICD10 hierarchies or similarity of diagnoses.
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Table 2.

Comparison of Premutation Carriers and Controls Based on Potentially Confounding Comorbidity Code 

Categories in the Electronic Health Records.

Controls (n=61) Premutation Carriers (n=35) F-values p-values

% having at least one potentially confounding comorbidity code 
category

39.3% (24) 45.7% (16) 0.30 .582

Total number of unique categories of confounding comorbidity 
codes among individuals with at least one comorbidity codes

2.12 (1.5) [1, 7] 1.69 (1.2) [1, 5] 0.64 .430

% (n) with each category of potentially confounding comorbidity codes

 Cerebrovascular disease 1.6% (1) 0% (0) 0.61 .437

 Gait problems 11.5% (7) 5.7% (2) 0.94 .334

 Hip osteoarthritis 8.2% (5) 2.9% (1) 1.34 .250

 Hip replacement 4.9% (3) 0% (0) 2.06 .155

 Knee osteoarthritis 26.2% (16) 25.7% (9) 0.05 .831

 Knee replacement 1.6% (1) 8.6% (3) 2.61 .110

 Other movement disorders 9.8% (6) 5.7% (2) 0.47 .657

 Neuropathy 3.3% (2) 8.6% (3) 1.18 .280

 Radiculopathy 3.3% (2) 5.7% (2) 0.29 .589

 Rheumatoid arthritis 1.6% (1) 2.9% (1) 0.14 .713

 Spondylolisthesis 1.6% (1) 2.9% (1) 0.15 .696

 Spinal stenosis 6.6% (4) 5.7% (2) 0.05 .822
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