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Abstract

Objective: The purpose of this paper is to review the typical cognitive and motor impairments 

seen in fragile X-associated tremor/ataxia syndrome (FXTAS), essential tremor (ET), Parkinson 

disease (PD), spinocerebellar ataxias (SCAs), multiple system atrophy (MSA), and progressive 

supranuclear palsy (PSP) in order to enhance diagnosis of FXTAS patients.

Method: We compared the cognitive and motor phenotypes of FXTAS with each of these other 

movement disorders. Relevant neuropathological and neuroimaging findings are also reviewed. 

Finally, we describe the differences in age of onset, disease severity, progression rates and average 

lifespan in FXTAS compared to ET, PD, SCAs, MSA and PSP. We conclude with a flow chart 

algorithm to guide the clinician in the differential diagnosis of FXTAS.

Results: By comparing the cognitive and motor phenotypes of FXTAS with the phenotypes of 

ET, PD, SCAs, MSA, and PSP we have clarified potential symptom overlap while elucidating 

factors that make these disorders unique from one another. In summary, the clinician should 

consider a FXTAS diagnosis and testing for the Fragile X mental retardation 1 (FMR1) gene 

premutation if a patient over the age of 50 (1) presents with cerebellar ataxia and/or intention 
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tremor with mild parkinsonism, (2) has the middle cerebellar peduncle (MCP) sign, global 

cerebellar and cerebral atrophy, and/or subcortical white matter lesions on MRI, or (3) has a 

family history of fragile X related disorders, intellectual disability, autism, premature ovarian 

failure and has neurological signs consistent with FXTAS. Peripheral neuropathy, executive 

function deficits, anxiety, or depression are supportive of the diagnosis.

Conclusions: Distinct profiles in the cognitive and motor domains between these movement 

disorders may guide practitioners in the differential diagnosis process and ultimately lead to better 

medical management of FXTAS patients.

Keywords

FXTAS; essential tremor; Parkinson disease; spinocerebellar ataxia; multiple system atrophy; 
progressive supranuclear palsy

Introduction

Fragile X-associated tremor/ataxia syndrome (FXTAS) is a late onset neurodegenerative 

disorder that occurs in some individuals with a “premutation (PM) size” 55–200 CGG repeat 

expansion in the fragile X mental retardation 1 (FMR1) gene. Although core motor features 

include tremor and cerebellar ataxia, there is high phenotypic variability with some carriers 

demonstrating parkinsonism, peripheral neuropathy, executive function deficits, dementia, 

and neuropsychiatric problems (E. Berry-Kravis et al., 2007; J. Grigsby et al., 2014; R. J. 

Hagerman et al., 2001; M. A. Leehey, 2009; A. L. Seritan et al., 2008). Because FXTAS was 

first reported in the literature relatively recently (R. J. Hagerman et al., 2001) and has high 

phenotypic variability and overlap of symptoms with other more well-known movement 

disorders, it is frequently initially diagnosed as other diseases at the time of onset (D. A. 

Hall et al., 2005). This is especially true when patients are seen by a primary care physician 

or general neurologist, or at a non-fragile X-associated clinic where FXTAS may not be 

readily recognized. Thus, we aim to compare and contrast the cognitive and motor 

phenotype in FXTAS to the movement disorders which FXTAS patients are most frequently 

misdiagnosed with. These include essential tremor (ET), Parkinson disease (PD), 

spinocerebellar ataxias (SCAs), multiple system atrophy (MSA), and progressive 

supranuclear palsy (PSP). This information will guide practitioners in the differential 

diagnostic process and may provide some insight into potential common pathophysiological 

mechanisms for these movement disorders.

This review is divided into three major sections:

I. The cognitive phenotypes in these disorders with emphasis on the known 

similarities or differences with FXTAS. This section was further subdivided into 

A. Executive function, B. Global Cognition, Memory, Mild Cognitive 

Impairment (MCI) and Dementia, C. Other Cognitive Functions: Language and 

Visuospatial Processing, D. Neuropsychiatric Disturbances including depression, 

anxiety, emotions, hallucinations, and psychosis. Other genetic factors, 

neuroimaging, and neuropathological findings are included when relevant. The 

comparisons and known prevalence rates of each of these cognitive and 
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neuropsychiatric disorders in FXTAS and each of these other movement 

disorders are presented in Table 1.

II. The motor phenotypes in these disorders with emphasis on the known 

similarities or differences with FXTAS. This section reviews the motor 

phenotype of FXTAS as it compares to the phenotypes seen in ET, PD, SCAs, 

MSA, and PSP. For each movement disorder, motor profiles are presented as a 

summary of the respective tremor, cerebellar ataxia, parkinsonism, and eye 

movement abnormality symptoms as they compare to those seen in FXTAS. Case 

reports are described in which patients given an initial diagnosis were later 

identified as being FMR1 PM carriers, a subset of which were given a new 

diagnosis of FXTAS. The epidemiological data is presented through a review of 

studies screening for the FMR1 premutation in these other disorders. Results of 

imaging studies have been reviewed when relevant. The known prevalence rates 

of motor symptoms and signs in each movement disorder are presented in Table 

2.

III. A brief comparison of the age of onset, disease severity and progression, and 

average lifespan in these disorders which is summarized in Table 3.

Finally, we summarize the data with a flow chart suggesting the appropriate differential 

diagnosis of FXTAS (Figure 1).

Methods:

To identify relevant publications for this literature review, we performed a PubMed search 

using a combination of the following key search terms:

FXTAS, FMR1 premutation carriers, screening studies, essential tremor, Parkinson disease, 

spinocerebellar ataxias, multiple system atrophy, progressive supranuclear palsy, executive 

function, working memory, verbal fluency, dementia, cognitive impairment, visuospatial, 

language, neuropsychiatric symptoms, apathy, anxiety, depression, hallucinations, psychosis, 

age of onset, disease progression, longevity, life expectancy.

I. Cognitive Phenotypes

We begin by reviewing the cognitive features of FXTAS. We then review these same features 

in ET, PD, SCA and MSA, and PSP, concluding each section with a summary comparison 

between each of these other movement disorders and FXTAS. Table 1 contains a summary 

of these comparisons. Other genetic factors, neuroimaging, and neuropathological findings 

are included when relevant.

The term “cerebellar cognitive affective syndrome” was coined to describe the cognitive 

impairment and psychiatric symptoms in patients with various types of cerebellar disease 

(Bodranghien et al., 2015; Schmahmann & Sherman, 1998). This syndrome is characterized 

by deficits in executive function, working and verbal memory, visuospatial processing, and 

language, as well as emotional problems. It is postulated that this constellation of cognitive 

and affective signs are due to disruption in cerebro-cerebellar circuits (Bernard et al., 2012; 
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Bernard et al., 2013; Ramnani, 2012), as well as subcortical structures that connect with the 

prefrontal cortex, including the basal ganglia and limbic structures (Heyder, Suchan, & 

Daum, 2004; Middleton & Strick, 2000b). Evidence supports the idea that the basal ganglia 

and cerebellum form reciprocally connected loops with the prefrontal cortex mediating 

cognitive functions (Middleton & Strick, 2000a). This anatomical and functional circuitry 

suggests that pathology in one region may cause dysfunction in the other.

Executive function comprises several cognitive capabilities including disinhibition, working 

memory, attentional regulation, and verbal fluency (Gilbert & Burgess, 2008). One aspect of 

executive function is the ability to self-regulate one’s behavior by initiating purposeful 

behaviors while inhibiting socially inappropriate or irrelevant behaviors (Beer, John, 

Scabini, & Knight, 2006; Jurado & Rosselli, 2007). Working memory is the capacity to 

temporarily store information in the brain and then manipulate that information to 

accomplish complex cognitive tasks (Baddeley, 2010). Attention is the ability to prioritize 

salient information while other extraneous information is competing for cognitive resources 

(Alvarez & Emory, 2006; Fan et al., 2009; Lavie, Hirst, de Fockert, & Viding, 2004). Verbal 

fluency is a higher ordered cognitive function that requires information retrieval from 

memory (Alvarez & Emory, 2006; Lavie et al., 2004). This retrieval requires executive 

functions including selective attention and self-monitoring, response generation and 

inhibition, and mental set shifting. The brain regions thought to mediate executive functions 

include the fronto- parietal attentional network (Fox et al., 2005; Markett et al., 2014) and 

fronto-cerebellar pathways (Bernard et al., 2012; Krienen & Buckner, 2009). More specific 

networks also exist which are devoted to working memory and verbal fluency and are 

modality specific. These include the temporal, parietal and occipital lobes for sensorimotor 

processing and subsequent multimodal areas in the frontal and parietal lobes which maintain 

and manipulate task specific information (Rama, 2008; Zimmer, 2008).

Mild cognitive impairment (MCI) is a diagnostic category for the “symptomatic, pre-

dementia phase” of individuals with a trajectory of cognitive decline (Albert et al., 2011). 

Individuals with MCI, in contrast to those with dementia, have preserved activities of daily 

living and no significant deficits in social or occupational function (Petersen, 2011). 

Amnestic versus non-amnestic sub-categories of MCI have also been defined based on the 

number and types of cognitive domains affected and whether memory impairments exist 

(Petersen, 2011). MCI is typically diagnosed by cut-off scores on the Montreal cognitive 

assessment (MoCA) or the Mini-mental state examination (MMSE), although the MoCA is 

thought to have greater sensitivity for distinguishing MCI (Trzepacz et al., 2015).

Fragile X-Associated Tremor / Ataxia Syndrome (FXTAS)—Four recent reviews 

have extensively detailed the literature regarding the cognitive and neuropsychiatric 

phenotypes observed in PM carrier men and women, with and without FXTAS (Besterman 

et al., 2014; Birch, Cornish, Hocking, & Trollor, 2014; J. Grigsby et al., 2014; Wheeler et 

al., 2014). This paper provides a more general overview in order to compare these 

phenotypes with those seen in ET, PD, SCAs, MSA, and PSP. In addition, literature on PM 

carriers with FXTAS will be emphasized in order to allow for direct comparisons with other 

diagnosed movement disorders and not PM carriers without FXTAS because it is not yet 

known whether cognitive deficits in this population represent early prodromal signs of 
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FXTAS or a neurodevelopmental effect of the PM. It is important to emphasize that detailed 

cognitive studies in FXTAS may be more sparse than these other movement disorders, 

especially PD, PSP and MSA because FXTAS was first discovered in 2001.

A. Executive Function: Many recent studies have documented and further refined the 

evidence for specific cognitive deficits in PM carriers with FXTAS. Men with FXTAS have 

been more extensively studied than women. The primary cognitive phenotype appears to be 

one of deficits in executive function (Brega et al., 2008; J. Grigsby et al., 2007; Yang et al., 

2013; Yang et al., 2014) that may then progress to widespread cognitive deficits including 

dementia in advanced disease stages (Bacalman et al., 2006; Bourgeois et al., 2006; 

Bourgeois et al., 2007; A. L. Seritan et al., 2008). Working memory dysfunction (Cornish et 

al., 2009; J. Grigsby et al., 2007) and deficits in attentional control, response inhibition and 

self-regulation (Cornish et al., 2008; J. Grigsby et al., 2007), and verbal fluency (J. Grigsby 

et al., 2007) have all been reported in men with FXTAS. Reduced information processing 

speed has also been reported in men with FXTAS (J. Grigsby et al., 2007; A. Seritan, 

Cogswell, & Grigsby, 2013). Recent reports indicate that women with FXTAS also have 

deficits in executive function including areas of response inhibition and performance 

monitoring (Yang et al., 2013; Yang et al., 2014). Some women with FXTAS also have 

abnormal semantic processing and verbal learning skills (Yang et al., 2014).

Interestingly, men with FXTAS have reduced inferior frontal cortical activity while 

performing a working memory task (Hashimoto, Backer, Tassone, Hagerman, & Rivera, 

2011). This cortical area appears to be important in encoding and memory formation 

(Blumenfeld & Ranganath, 2007). Indeed, neuroimaging studies have correlated 

dysfunctional frontal and cerebellar networks with alterations in cognitive function in PM 

carriers with FXTAS. Significant grey matter loss in the left inferior frontal cortex and 

anterior cingulate cortex in men with FXTAS has been associated with poor working 

memory performance (Hashimoto, Javan, Tassone, Hagerman, & Rivera, 2011). The anterior 

cingulate cortex appears to be important for executive function and working memory tasks 

that require attention, self-monitoring of performance, and cognitive effort (Paus, 2001). In 

addition, abnormal fronto-parietal attentional network dynamics appear to underlie some of 

the executive function deficits seen in FXTAS (Yang et al., 2013). Interestingly, frontal 

assessment battery scores were correlated with hyperintensities in the splenium of the corpus 

callosum in men and women with FXTAS (Apartis, Blancher, & Meissner, 2012). 

Significant reductions in connectivity of the superior and middle cerebellar peduncles 

(MCP), representing the outflow and inflow connections between the cerebellum and 

cerebral cortex, respectively, has been found in men with FXTAS (Hashimoto, Srivastava, 

Tassone, Hagerman, & Rivera, 2011). A recent neuroimaging study found that reduced 

functional connectivity in the MCP and the genu of the corpus callosum were associated 

with lower executive function and information processing speed in PM carriers with and 

without FXTAS (Filley et al., 2015). Lower microstructural integrity in the splenium of the 

corpus callosum was also correlated with reduced information processing speed. Since the 

MCP contains fronto-pontocerebellar fibers, its reduced connectivity supports the suggestion 

that the dysexecutive syndrome in FXTAS is mediated, at least in part, by abnormal fronto-

cerebellar connections (J. Grigsby et al., 2014).
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The executive dysfunction phenotype in FXTAS appears to be similar to that observed in 

many movement disorders, especially those that overlap with FXTAS phenomenology, 

including ET, PD, the SCAs, MSA, and PSP. These overlapping, non-motor symptoms make 

the differential diagnosis difficult, but information obtained from their severity and 

prevalence might help distinguish patients for placement into the appropriate diagnostic 

classification.

B. Global Cognition, Memory, MCI, and Dementia: Verbal and non-verbal learning and 

memory deficits including delayed recall (Moore et al., 2004; Yang et al., 2014) and reduced 

processing speed (J. Grigsby et al., 2007) have been reported in men with FXTAS. Older 

men with FXTAS have a higher incidence of dementia that may coincide with motor 

symptom onset or even precede it (Bacalman et al., 2006; Bourgeois et al., 2007; A. L. 

Seritan et al., 2008; Sevin et al., 2009). The reported frequency of dementia in older men (> 

55 years) with FXTAS may be as high as 50% (A. Seritan et al., 2013; A. L. Seritan et al., 

2008). The dementia observed in men with FXTAS is suggested to be similar to “white 

matter dementia” (J. Grigsby et al., 2014), given the similarities in cognitive dysfunction 

between patients with FXTAS and those with subcortical white matter lesions 

(Schmahmann, Smith, Eichler, & Filley, 2008). Others, however, have described the 

dementia in FXTAS to be one of mixed cortical and subcortical dementia (Besterman et al., 

2014; A. Seritan et al., 2013; A. L. Seritan et al., 2008), which may be consistent with the 

global cerebellar and cortical gray matter loss (including the frontal cortex) (Brunberg et al., 

2002; R. J. Hagerman et al., 2001; Jacquemont et al., 2003) and high densities of 

intranuclear inclusions in the hippocampus and cerebral and cerebellar cortex of post 

mortem FXTAS patients (Greco et al., 2002; Greco et al., 2006; Greco et al., 2008; Tassone 

et al., 2012), as well as subcortical white matter lesions (R. J. Hagerman et al., 2001; 

Jacquemont et al., 2003) seen in FXTAS. Additionally, the report of correlations between 

reduced IQ scores and reductions in cortical, cerebellar and hippocampal volume in men 

with FXTAS (Cohen et al., 2006) supports the role for these areas in the cognitive decline 

seen in the disease. The dementia in FXTAS patients may be different from that in 

Alzheimer disease (AD) because FXTAS patients have been shown to display less severe 

explicit memory and attentional deficits that those with MCI or early AD (A. L. Seritan et 

al., 2008; Yang et al., 2014). However, working memory and verbal fluency and language 

deficits may be similar in demented FXTAS patients and those with AD (A. L. Seritan et al., 

2008).

Although the prevalence and severity of FXTAS symptoms in PM carrier women is 

significantly lower than that in men (Coffey et al., 2008; R. J. Hagerman et al., 2001; 

Jacquemont et al., 2003; M. A. Leehey, 2009), dementia has been reported in a small 

number of women with FXTAS (Al-Hinti, Nagan, & Harik, 2007; R. J. Hagerman et al., 

2004; Karmon & Gadoth, 2008; L. Rodriguez-Revenga et al., 2010; A. L. Seritan et al., 

2008; Tassone et al., 2012; Yang et al., 2014) and in a woman carrier who had parkinsonism, 

but no action tremor or cerebellar ataxia (Yachnis, Roth, & Heilman, 2010). In one specific 

case series, dementia was reported in four out of eight women with FXTAS suggesting the 

incidence might be higher than previously thought (Tassone et al., 2012). Post mortem 

neuropathological studies of these FXTAS women demonstrated increased intranuclear 
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inclusions in the frontal and superior temporal gyrus and hippocampus, which was similar to 

the findings previously reported in men with FXTAS (Greco et al., 2002; Greco et al., 2006). 

However, three of the women with dementia also had cortical amyloid plaques and 

neurofibrillary tangles suggesting they may have had co-occurring AD, while the fourth had 

cortical Lewy bodies typically seen in Lewy body dementia. More studies examining the 

incidence and type of dementia in PM carrier women are needed. In addition, the 

examination and establishment of criteria for MCI versus dementia in FXTAS has not been 

rigorously examined like the PD criteria discussed below. Prospective studies regarding the 

age-dependent prevalence of MCI and dementia and rates of conversion in FXTAS are 

needed.

Intelligence quotient scores have been reported to be in the normal range in non-demented 

FXTAS patients (J. Grigsby et al., 2008; Loesch, Churchyard, & Brotchie, 2005) but global 

cognition is frequently impaired (J. Grigsby et al., 2007; J. Grigsby et al., 2008). Reduced 

cognitive event-related potentials (ERP) using verbal learning tasks as electrophysiological 

indices of verbal memory skills have been found in patients with mild FXTAS (Olichney et 

al., 2010). However, the exact pattern of ERP findings was found to be different from that in 

patients with MCI or early AD (Olichney et al., 2008; Olichney et al., 2013). Specifically, 

men and women with FXTAS showed relative sparing of memory encoding and recognition 

processes, while both groups had similar indices of poor semantic and word repetition 

priming (Yang et al., 2014). In general, verbal and implicit memory as determined by ERPs 

appears to be intact in women with FXTAS (Yang et al., 2014).

C. Other Cognitive Functions: Language and Visuospatial Processing: General 

expressive and receptive language appear to be intact in men with FXTAS (Brega et al., 

2008; J. Grigsby et al., 2008), although mild dysnomia (J. Grigsby et al., 2006; J. Grigsby et 

al., 2008) has been reported. Visuospatial deficits have been reported in men with FXTAS (J. 

Grigsby, Brega, & Leehey, 2007; J. Grigsby et al., 2008). Specifically, men with FXTAS 

were found to perform significantly lower than controls on the Block Design subtest of the 

Wechsler Adult Intelligence Scale-Third Edition (WAIS-III).

D. Neuropsychiatric Disturbances: Studies suggest that PM carriers men and woman 

with FXTAS have high levels of depression, anxiety, and social phobia (Bourgeois et al., 

2007; Bourgeois et al., 2011). Specifically, the lifetime prevalence rates of mood (65%) and 

anxiety (52%) disorders is significantly higher in FXTAS than in the general population 

(Bourgeois et al., 2011). The incidence of a major depressive disorder specifically has been 

reported to be 43.5%. It has been suggested that some of these affective symptoms in women 

may be impacted by the stress of raising a child with FXS (Hunter, Sherman, Grigsby, 

Kogan, & Cornish, 2012). The amygdala, hippocampus and medial prefrontal cortex all 

appear to play a role in learning and expressing fear and anxiety (Tovote, Fadok, & Luthi, 

2015). One report found an association between reduced right hippocampal volume and 

anxiety in women with FXTAS and paranoid symptoms in men with FXTAS (P. E. Adams et 

al., 2010). Imaging studies have demonstrated significant grey matter loss in the amygdala 

and limbic cortical regions in FXTAS patients (Hashimoto, Javan et al., 2011) but other 

groups have not found reductions in amygdala volume in FXTAS (Selmeczy et al., 2011). 
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Reduced left amygdala volume has been associated with depression and obsessive-

compulsive behaviors in FXTAS patients (Hashimoto, Javan et al., 2011). Reduced 

connectivity in the fornix and stria terminalis previously reported in men with FXTAS 

(Hashimoto, Srivastava et al., 2011) could possibly be associated with the increased 

depression and anxiety observed in these patients. Similarly, the reduced amygdala volume 

reported in men with FXTAS (Hashimoto, Javan et al., 2011) and the reduced amygdala 

activation when viewing fearful faces seen in some PM carrier men (Hessl et al., 2007) may 

be linked to the lack of affect, apathy, (Bacalman et al., 2006), and/or social phobia (17.4% 

lifetime prevalence) (Bourgeois et al., 2011)shown by some PM carriers with FXTAS. 

However, frontal lobe deficits could also contribute to the apathy seen in FXTAS as this had 

been shown in patients with various types of frontal lobe degeneration (Barrash, Tranel, & 

Anderson, 2000; Chow, 2000; R. Levy & Dubois, 2006; R. Levy & Dubois, 2006; 

Niedermeyer, 1998). More research is needed on the prevalence of apathy in FXTAS 

because existing studies were done with very low subject numbers.

In general, psychotic symptoms are rare in FXTAS (A. Seritan et al., 2013). However, visual 

hallucinations have been reported in one woman PM carrier who had an atypical 

presentation with rapidly progressing dementia followed by hallucinations and paranoid 

delusions, loss of expressive language and then parkinsonian motor symptoms (Yachnis et 

al., 2010). Another case series of four PM carrier sisters reported hallucinations, delusions 

and psychosis in one sister with FXTAS (D. A. Hall et al., 2016).

Essential Tremor (ET)—ET is one of the most comment adult movement disorders and is 

characterized by symmetrical action tremor in the upper limbs and less commonly the head, 

face, jaw, voice, tongue, trunk, and lower limbs (Benito-Leon & Louis, 2011). Recently, ET 

has been categorized into subtypes based on age of onset: hereditary and sporadic ET, both 

with onset prior to age 65, and senile ET with onset over age 65 (G. Deuschl & Elble, 2009). 

ET patients that develop symptoms later in life are most likely to be confused with FXTAS 

patients who typically develop symptoms after the age of 50. Many investigators dispute the 

notion that ET is benign because accumulating evidence over the past decade suggests that it 

is a heterogeneous, progressive neurodegenerative disorder with cognitive and 

neuropsychological impairments including dementia, depression, and changes in personality 

(Benito-Leon & Louis, 2011; Jhunjhunwala & Pal, 2014). These cognitive profiles overlap 

significantly with FXTAS. While there are few reports of neuropathological changes in ET, 

those that exist report significant cerebellar atrophy, axonal swelling (also termed torpedo 

formation), loss of Purkinje cells, Bergmann gliosis, cortical gray matter atrophy, and 

ubiquinated, intranuclear inclusions in the cerebral cortex, hippocampus and Purkinje cells 

(E. D. Louis et al., 2007; E. D. Louis et al., 2012). Strikingly, all these neuropathological 

findings have been reported in FXTAS (Greco et al., 2002; Greco et al., 2006; Greco et al., 

2008; Tassone et al., 2012).

A. Executive Function: ET may be associated with executive function deficits including 

attention, verbal memory and working memory, and verbal fluency impairments (Benito-

Leon & Louis, 2006; Lombardi, Woolston, Roberts, & Gross, 2001; Sinoff & Badarny, 

2014; Troster et al., 2002). These deficits were originally reported to be mild but new studies 
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are emerging which demonstrate global cognitive function deficits that are associated with 

greater functional disability (E. D. Louis, Benito-Leon, Vega-Quiroga, Bermejo-Pareja, & 

Neurological Disorders in Central Spain (NEDICES) Study Group, 2010a). Moreover, the 

constellation of non-motor features of ET may occur in a prodromal phase (E. D. Louis, 

2015), which is similarly seen in PM carriers. These executive function deficits are thought 

to be of the cortico-frontal type suggesting pathology in the cerebello-thalamic-frontal 

regions and interconnecting pathways (Walterfang & van de Warrenburg, 2014). This has 

been supported by: 1) diffusion tensor imaging (DTI) studies showing significant 

correlations between executive function test scores and integrity in the frontal white matter, 

cingulum, inferior superior longitudinal and uncinate fasciculi, anterior thalamic radiations, 

and posterior lobe of the cerebellum in ET patients (Bhalsing et al., 2015) and 2) grey matter 

loss in the cerebellum, medial frontal, anterior cingulate, and insular cortices which 

correlated significantly with neurocognitive and neuropsychological functioning (Bhalsing 

et al., 2014).

B. Global Cognition, Memory, MCI, and Dementia: Recently, the prevalence of MCI in 

middle aged ET patients (mean age 56 years) was shown to be as high as 69% with 8% 

converting to dementia within 2 years, while another 25% without MCI converted to 

dementia (Sinoff & Badarny, 2014). Previously the total incidence of both MCI and 

dementia in ET was reported to between 20–25% (Benito-Leon & Louis, 2011; Benito-

Leon, Louis, Mitchell, & Bermejo-Pareja, 2011; Thawani, Schupf, & Louis, 2009). 

Moreover, a review of 18 ET studies demonstrated that those with elderly-onset ET (> 65 

years) were 57% more likely to have MCI (Benito-Leon et al., 2011) and 70% more likely to 

have dementia than controls (Benito-Leon et al., 2011; Romero, Benito-Leon, & Bermejo-

Pareja, 2012), suggesting an age-related neurodegenerative process. A prospective study of 

135 non-demented patients with ET compared to over 2,000 controls showed a seven times 

faster rate of cognitive decline in ET patients over a three year period after adjusting for age 

and education (E. D. Louis, Benito-Leon, Vega-Quiroga, Bermejo-Pareja, & Neurological 

Disorders in Central Spain (NEDICES) Study Group, 2010b). Prospective studies regarding 

the age-dependent prevalence of MCI and dementia and rates of conversion in FXTAS are 

needed.

C. Other Cognitive Functions: Language and Visuospatial Processing: Reduced 

visuospatial functions (Sahin et al., 2006; Troster et al., 2002) and naming difficulties 

(Lombardi et al., 2001) have also been reported in ET patients. However, there are no reports 

demonstrating specific language deficits in ET.

D. Neuropsychiatric Disturbances: Depression and anxiety are now being recognized 

and studied in greater detail in ET (E. D. Louis, 2015). The prevalence of depression is ~18 

% and that of anxiety is 25% (Sinoff & Badarny, 2014). A recent study suggested that higher 

rates of depression rather than the tremor severity in ET patients is associated with lower 

quality of life ratings (E. D. Louis, Huey, Gerbin, & Viner, 2012b). In fact, certain groups 

have suggested that the association of higher self-reported ratings of depression is associated 

with increased risk for ET, suggesting this may be a prodromal, non-motor feature of the 

disorder (E. D. Louis, Benito-Leon, Bermejo-Pareja, & Neurological Disorders in Central 
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Spain (NEDICES) Study Group, 2007). Increased apathy is also seen in some ET patients, 

which appears to be independent of depressive symptoms and may occur in the prodromal 

phase (E. D. Louis, Huey, Gerbin, & Viner, 2012a). Increased apathy has also been reported 

in FXTAS (Bacalman et al., 2006). The presence of hallucinations and/or psychosis has not 

been reported in patients with ET.

E. Comparison Between FXTAS and ET: Studies suggest that executive function deficits 

may be milder and less prevalent in ET than FXTAS. However, the incidence of MCI is 

reportedly high in ET, but it is difficult to compare this data to FXTAS because to date MCI 

has not been specifically studied as a distinct entity in FXTAS. Studies of dementia indicate 

that its incidence may be lower in those with younger onset ET than in FXTAS but similar to 

those with late onset or senile ET (> 65 years), although more studies with aged matched 

populations are need to confirm this statement. Mild dysnomia occurs in both FXTAS and 

ET as does visuospatial processing difficulties. Rates of anxiety and depression appear to be 

much higher in FXTAS than in ET. Hallucinations are very rare in FXTAS and have not 

been reported in ET. Overall, the prevalence of executive function deficits, dementia, and 

anxiety and depression appear to be much higher in FXTAS than in typical, younger onset 

ET and examining these cognitive and psychiatric profiles may be helpful in distinguishing 

these two disorders.

Parkinson Disease (PD)

A. Executive Function: The cognitive phenotype in prodromal, early, and late PD is 

characterized by executive function deficits including those in the domains of attention and 

working memory (C. A. Antoniades, Demeyere, Kennard, Humphreys, & Hu, 2015; 

Goldman, Williams-Gray, Barker, Duda, & Galvin, 2014; Lanni et al., 2014; Ohta et al., 

2014; Siepel et al., 2014; Weintraub et al., 2015). Numerous studies have also shown 

reduced verbal fluency in PD patients compared to healthy controls (Dadgar, Khatoonabadi, 

& Bakhtiyari, 2013; Pettit, McCarthy, Davenport, & Abrahams, 2013; Siepel et al., 2014; 

Weintraub et al., 2015), although not all groups have found this deficit in their cohorts (C. A. 

Antoniades et al., 2015; Lanni et al., 2014). Furthermore, it has been observed that the level 

and type of verbal fluency deficits are dependent on PD disease severity (Koerts et al., 

2013). The APOE ε4 allele was also associated with impaired semantic verbal fluency in 

645 PD patients without dementia (Mata et al., 2014). As noted above, all of these executive 

function impairments have been observed in PM carriers with and without FXTAS 

(Besterman et al., 2014; Birch et al., 2014; J. Grigsby et al., 2014; Wheeler et al., 2014), 

which could possibly represent prodromal markers. Significant associations between white 

matter integrity in the prefrontal cortex and executive functioning have been found in PD 

patients (Auning et al., 2014), similar to that described above in FXTAS. In PD, attentional 

deficits may result from low dopamine levels in the frontal cortex and abnormal 

dopaminergic frontal-striatal networks (Fallon, Hampshire, Williams-Gray, Barker, & Owen, 

2013; Fallon, Williams-Gray, Barker, Owen, & Hampshire, 2013). It was previously thought 

that executive function deficits in PD were predictive for the development of dementia 

(Janvin, Aarsland, & Larsen, 2005; G. Levy et al., 2002). However, a recent ten year follow 

up study revealed that this was not the case and instead semantic memory and visuospatial 

processing deficits were predictive for later dementia (Williams-Gray et al., 2013).
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B. Global Cognition, Memory, MCI, and Dementia: MCI, especially in the memory 

domain, may be as high as 42.5% in newly diagnosed PD patients (Yarnall et al., 2014), and 

higher rates of depression were also reported in this same group. Previous reports noted a 

lower prevalence of MCI (~ 19–36%) in early PD (Aarsland et al., 2010; I. Litvan et al., 

2011), but this was before the adoption of a recently revised diagnostic criteria for MCI in 

PD (I. Litvan et al., 2012). Presently, the definition of MCI in PD includes executive 

function deficits as well as language, working memory, or visuospatial deficits. In FXTAS, 

this diagnostic distinction has not been established. Lower episodic memory, visuospatial 

function, semantic fluency and mental flexibility in PD patients with MCI is associated with 

greater conversion to dementia (Hobson & Meara, 2015). Dementia develops in up to 46–

82% of PD patients that live 10 (Williams-Gray et al., 2013) to 20 years (Hely, Reid, Adena, 

Halliday, & Morris, 2008) after the initial diagnosis, and MCI is a predictor for its 

occurrence (Aarsland, Tandberg, Larsen, & Cummings, 1996; Aarsland et al., 2010). This is 

much higher than the prevalence of dementia in FXTAS, which ranges from 37–50% in men 

with FXTAS over the age of 55 (A. Seritan et al., 2013; A. L. Seritan et al., 2008). The 

dementia in PD may be of either the fronto-subcortical or cortical/hippocampal type (Janvin 

et al., 2006). It is presently thought that these cognitive deficits are due to Lewy body 

development, AD-like pathology, or dysfunction in non-dopaminergic mechanisms 

(Goldman et al., 2014) which has not been fully researched in the dementia seen in FXTAS.

C. Other Cognitive Functions: Language and Visuospatial Processing: Some studies 

have reported visuospatial impairments in PD (Tang et al., 2016; Williams-Gray et al., 2009; 

Williams-Gray et al., 2013), whereas others have not (Ohta et al., 2014). However, PD 

patients who carry the glucocerebrosidase (GBA) mutation or the E326K polymorphism 

within the GBA gene do show a significant reduction in visuospatial abilities (Mata et al., 

2014). One study showed language/praxis deficits in 50% and visuospatial/constructional 

deficits in 46% of 26 PD-MCI patients compared to 54 PD patients without MCI (Pfeiffer, 

Løkkegaard, Zoetmulder, Friberg, & Werdelin, 2014). PD-MCI patients scored significantly 

lower than PD patients with normal cognition in domains of language, verbal fluency, and 

visuospatial function (Karrasch, Laatu, Martikainen, & Marttila, 2013), although another 

study found no significant differences in visuospatial abilities between these groups (Noh et 

al., 2014).

D. Neuropsychiatric Disturbances: Reports of the prevalence of depressive symptoms in 

PD patients range from 37–70% (Aarsland et al., 1999; Aarsland et al., 2009; Goldman et 

al., 2014) and can develop in the premotor stage (Aarsland, Pahlhagen, Ballard, Ehrt, & 

Svenningsson, 2011). Depression has been reported to be significantly higher (up to 58%) in 

those with dementia (Aarsland et al., 1996; Karantzoulis & Galvin, 2013; Klatka, Louis, & 

Schiffer, 1996). Apathy is also a common symptom (27–40%) as is anxiety (Aarsland et al., 

2009; Aarsland, Marsh, & Schrag, 2009). The lifetime prevalence of anxiety in PD has been 

reported to be between 20 and 49% (Gallagher & Schrag, 2012). Anxiety may co-occur with 

depression in 40% of PD patients (Aarsland et al., 1999). Clinically significant 

neuropsychiatric symptoms were found to be associated with more severe parkinsonian 

symptoms (Aarsland et al., 2009) and impaired quality of life for patients and their family 

members (Aarsland & Kramberger, 2015).
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Visual hallucinations are relatively common in PD patients (Aarsland et al., 1999; Aarsland, 

Larsen, Cummins, & Laake, 1999; Bertram & Williams, 2012) and were previously thought 

to be due to chronic dopaminergic therapy, but are now thought to be secondary to neuronal 

loss and Lewy body pathology in ventral and temporal regions of the brain (D. R. Williams 

& Lees, 2005). These hallucinations have recently been reported to occur in the premotor 

stage in 33% of PD patients (Pagonabarraga et al., 2015). They are present in approximately 

30 to 42% of diagnosed patients, but prevalence rates have been shown to be as high as 50% 

in a 5 year longitudinal study (Zhu, van Hilten, Putter, & Marinus, 2013). Delusions have 

been reported in ~15 to 20% of PD patients and are even more common in demented PD 

patients, with prevalence rates up to 29% (Aarsland et al., 1999; Aarsland, Larsen, Cummins 

et al., 1999). Recently, the prevalence of psychosis in PD patients that live 20 or more years 

after initial diagnosis was reported to be as high as 70% (Levin, Hasan, & Hoglinger, 2015). 

Both visual hallucinations and delusional thoughts are significantly associated with age, 

stage and severity of the disease, and the presence and severity of cognitive dysfunction and 

depression (Aarsland, Larsen, Cummins et al., 1999).

E. Comparison Between FXTAS and PD: Cognitive deficits in the domains of executive 

function (which are included in the criteria for MCI in PD) are reportedly higher in PD than 

in FXTAS. Studies suggest that the incidence of dementia is also significantly higher in 

patients with PD than in men with FXTAS. In addition, the language deficits in PD patients 

with MCI have prevalence rates of up to 50%, while only mild dysnomia has been reported 

in FXTAS. There are conflicting reports of visuospatial processing deficits in PD patients 

except in those with MCI, these deficits do exist in FXTAS. Depression rates may be more 

prevalent in PD while anxiety is much higher in FXTAS than in PD. Hallucinations and 

psychosis are very rare in FXTAS but have very high prevalence rates in PD, especially in 

advanced disease stages. Thus, the presence or absence of language deficits and 

hallucinations and psychosis in patients presenting with a parkinsonian like movement 

disorder might help distinguish FXTAS from PD.

Spinocerebellar Ataxias (SCAs)—The spinocerebellar ataxias (SCAs) are a 

heterogeneous group of autosomal dominant genetic disorders characterized by progressive 

neurodegeneration of the cerebellum and its connections (Durr, 2010). Besides cerebellar 

ataxia and kinetic tremor, other neurological signs may include cognitive impairment, 

peripheral neuropathy, ophthalmoplegia, pyramidal, and extrapyramidal signs (Manto & 

Lorivel, 2011). Although over 40 SCAs have been identified, the most common SCAs are 

caused by CAG repeat expansions in a variety of genes. There are genetic similarities in 

many cases of SCAs where the underlying etiology is a polyglutamine trinucleotide repeat 

expansion and FXTAS. While expansions account for about 45% of SCA cases, up to 50% 

of SCAs are presently of unknown genetic etiology. Neurodegeneration in the SCAs 

typically includes the cerebellar cortex, Purkinje cells, dentate and inferior olivary nuclei, 

the pons, and their interconnections (C. Brenneis, Bösch, Schocke, Wenning, & Poewe, 

2003; Estrada, Galarraga, Orozco, Nodarse, & Auburger, 1999; O’Hearn et al., 2015). 

Atrophy in several regions of the frontal lobe have also been reported (C. Brenneis et al., 

2003; Estrada et al., 1999). Intra-nuclear inclusions containing polyglutamine are common 

in many of the degenerative brain regions involved in the SCAs (Legros & Manto, 1999), a 
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finding that is similar to those found in portmortem brains of FXTAS patients (Greco et al., 

2002; Greco et al., 2006; Greco et al., 2008; Tassone et al., 2012). In this review, we will 

limit our discussion to SCAs 1–3, 6, 8, 14, 17, 19, and dentatorubropallidoluysian atrophy 

(DRPLA) due to the presence of cerebellar ataxia and cognitive impairment documented in 

these diseases which overlap with the findings in FXTAS.

A. Executive Function: In SCA1, cognition is relatively spared early in the disease, but 

executive dysfunction and impaired verbal memory may develop in later stages (Burk et al., 

2001; Bürk et al., 2003). SCA2 has a preclinical phase characterized by executive function 

deficits and imaging studies have demonstrated reduced functional connectivity between the 

cerebellum and frontal-parietal cortices which correlated with patient’s neuropsychological 

deficits (Hernandez-Castillo et al., 2015). As noted above, FXTAS may also have a similar 

stage of executive function deficits prior to the development of motor signs (Besterman et 

al., 2014; Birch et al., 2014; J. Grigsby et al., 2014; Wheeler et al., 2014). SCA3, also known 

as Machado-Joseph disease, has quite robust similarities in the cognitive and 

neuropsychiatric disturbances seen in FXTAS. These include executive dysfunction (Braga-

Neto, Pedroso et al., 2012; Radvany, Camargo, Costa, Fonseca, & Nascimento, 1993; 

Zawacki, Grace, Friedman, & Sudarsky, 2002), abnormal visual attention and visual 

processing (Maruff et al., 1996), verbal fluency, and verbal and visual memory deficits 

(Braga-Neto, Pedroso et al., 2012; Braga-Neto, Pedroso, Barsottini, & Schmahmann, 2015; 

Y. Kawai et al., 2004). Like FXTAS patients, SCA3 patients may have global cortical 

atrophy in the frontal, temporal, parietal, occipital, and limbic lobes, but white matter 

atrophy is absent except in the cerebellum (D’Abreu et al., 2012). In SCA8 (Lilja, 

Hamalainen, Kaitaranta, & Rinne, 2005; Torrens et al., 2008), SCA14 (Klebe et al., 2005), 

and SCA19 (Schelhaas et al., 2003) there is relatively frequent loss of executive function 

which may be similar to the frontal-executive dysfunction seen in FXTAS.

Numerous studies have found that SCA patients, like some patients with FXTAS, have 

verbal fluency deficits as a form of impairment in executive function (Braga-Neto, Pedroso 

et al., 2012; Bürk et al., 2003; Fancellu et al., 2013; Feng et al., 2014; Y. Kawai et al., 2008a; 

Y. Kawai et al., 2004; Orsi et al., 2011; Rodríguez-Labrada et al., 2014; Suenaga et al., 2008; 

Zawacki et al., 2002). These include SCA1, SCA2, SCA3, and SCA6. However, two studies 

did not find differences in verbal fluency between SCA3 and SCA6 patients and healthy 

controls (Globas et al., 2003; Lopes et al., 2013).

B. Global Cognition, Memory, Mild Cognitive Impairment (MCI) and Dementia: In 

contrast to FXTAS, dementia is rarely seen in SCA3 (Braga-Neto, Pedroso et al., 2012; Y. 

Kawai et al., 2004; Maruff et al., 1996; Radvany et al., 1993; Zawacki et al., 2002), which 

could be partially explained by the lack of subcortical white matter loss despite widespread 

cortical atrophy seen in SCA3 patients (D’Abreu et al 2012). DRPLA is another 

spinocerebellar degenerative disease caused by a CAG trinucleotide expansion in the 

atrophin 1 gene (I. Kanazawa, 1998). Patients with the late onset (> 40 years of age) form of 

the disease tend to present with cerebellar ataxia, choreoathetosis, delusions, and dementia 

(Naito & Oyanagi, 1982; Tsuji, 2012; Vale et al., 2010). Mild to moderate dementia has also 

been reported in SCA1 (Donato, Mariotti, & Taroni, 2012), SCA17 (Koutsis et al., 2014; 
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Toyoshima, Onodera, Yamada, Tsuji, & Takahashi, 1993; Zuhlke & Burk, 2007), and to a 

variable extent in SCA2 (Durr et al., 1995) and SCA12 patients (Dohlinger, Hauser, Borkert, 

Luft, & Schulz, 2008).

C. Other Cognitive Functions: Language and Visuospatial Processing: Language 

impairments, especially in writing and comprehension, have been reported in patients with 

SCA6(van Gaalen et al., 2014). However, language impairments were not observed in a 

study of SCA3 patients (Zawacki et al., 2002). Visuospatial deficits have been reported in 

some of the SCAs including SCA1, SCA2 and SCA3 (Braga-Neto et al., 2012; Braga-Neto, 

Pedroso et al., 2012; Fancellu et al., 2013; Feng et al., 2014; Y. Kawai et al., 2004; Orsi et 

al., 2011). However, other studies found no differences in visuospatial processing between 

SCA1, SCA2, SCA3, and SCA6 patients and controls (Bürk et al., 2003; Garrard, Martin, 

Giunti, & Cipolotti, 2008; Globas et al., 2003; Y. Kawai et al., 2008a; Lopes et al., 2013).

D. Neuropsychiatric Disturbances: Depression and anxiety are common psychiatric 

features in the SCAs (Braga-Neto, Pedroso et al., 2012; Braga-Neto, Pedroso et al., 2012; 

Cecchin et al., 2007; Klinke et al., 2010; Lopes et al., 2013; McMurtray, Clark, Flood, 

Perlman, & Mendez, 2006; O’Hearn et al., 2015; Pedroso et al., 2013; Saute et al., 2010; 

Schmitz-Hubsch et al., 2008; Schmitz-Hubsch et al., 2011; Silva, Marques, Lourenço, 

Hallak, & Osório, 2015), with an overall depression prevalence rate of 17–26% (Lo et al., 

2016; Schmitz-Hubsch et al., 2011). However, some studies have not observed increases in 

depression or anxiety in SCA2 and SCA3 patients (Feng et al., 2014; Roeske et al., 2013), 

and one study reported increased anxiety but not depression in SCA6 (Suenaga et al., 2008). 

Increased apathy has also been reported by the caregivers of SCA3 patients (Zawacki et al., 

2002). Suicidal ideation appears to be more frequently observed in SCA3 patients (65% 

prevalence) than in the normal population (Lo et al., 2016). Mood disturbances, including 

depression, anxiety, irritability and changes in personality are also common in 

SCA8(Torrens et al., 2008).

E. Comparison Between FXTAS and SCAs: Executive function deficits appear to be 

relatively common in many of the SCAs but prevalence rates have not been detailed in the 

literature which is also the case in FXTAS. Thus, it is difficult at present to compare these 

cognitive deficits between SCAs and FXTAS. MCI and dementia are rare in SCA 3 but have 

been reported in late onset DRPLA, SCA1, 2 and 17. Visuospatial processing deficits exist 

in SCAs 1 to 3, similar to that seen in FXTAS. Depression has been reported in ~ 20% of 

patients with SCA but this is much lower than that in FXTAS. Prevalence rates of anxiety in 

a few of the SCAs have been reported and appear to be of much lower magnitude than in 

FXTAS. Like FXTAS, hallucinations and psychosis are rare in the majority of the SCAs. 

These findings suggest that low rates of anxiety and depression in many of the SCAs may be 

helpful in distinguishing patients with these disorders from FXTAS.

Multiple System Atrophy (MSA)—Multiple system atrophy (MSA) is an idiopathic, 

adult onset, progressive synucleinopathy characterized by parkinsonism, cerebellar ataxia, 

autonomic failure, and corticospinal signs with neurodegeneration in striatonigral, 

olivopontocerebellar and autonomic brain regions (Gilman et al., 2008; Konagaya, Sakai, 
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Matsuoka, Konagaya, & Hashizume, 1999; Konagaya, Konagaya, Sakai, Matsuoka, & 

Hashizume, 2002). Two subtypes of MSA exist: a rigid parkinsonism (MSA-P) type and a 

cerebellar type (MSA-C) characterized by progressive cerebellar ataxia (Stankovic et al., 

2014). Cognitive impairment in the form of executive function deficits is common in both 

types of MSA (Stankovic et al., 2014). The cognitive deficits in MSA appear to overlap 

significantly with both FXTAS and parkinsonian disorders. Additionally, these deficits may 

precede the motor impairments in MSA (Kitayama, Wada-Isoe, Irizawa, & Nakashima, 

2009), a finding that may also exist in FXTAS (Besterman et al., 2014; Birch et al., 2014; J. 

Grigsby et al., 2014; Wheeler et al., 2014). Imaging and neuropathological findings suggest 

that cognitive impairments in MSA originate from loss of striatal connections to the frontal 

cortex, with additional contributions from cortical and cerebellar and subcortical white 

matter degeneration (Stankovic et al., 2014).

A. Executive Function: Executive function deficits occur in up to 54% of MSA patients 

(Auzou et al., 2015; Siri et al., 2013) and therefore may be as prevalent as in FXTAS. This 

will require further study as the prevalence rates have not yet been reported in FXTAS, 

although the literature suggests it is a prominent finding and is a minor diagnostic criterion. 

The specific deficits are similar in both disorders and include problems with working 

memory and attention (Balas, Balash, Giladi, & Gurevich, 2010; J. S. Kim et al., 2015), 

problem solving, response inhibition (Dujardin, Defebvre, Krystkowiak, Degreef, & Destee, 

2003; Kao et al., 2009), and verbal fluency (Balas et al., 2010; Burk, Daum, & Rub, 2006; 

Hong, Song, Lee, Sohn, & Lee, 2011; J. S. Kim et al., 2015; Walterfang & van de 

Warrenburg, 2014). These impairments have been attributed to degeneration in the frontal 

and temporal cortex, cerebellum, striatum, and thalamic structures and their interconnections 

(J. S. Kim et al., 2015). Patients with MSA show significant cortical thinning in the fronto-

temporo-parietal regions with greater atrophy in frontal areas (Konagaya et al., 2002) and 

atrophy of the thalamus and cerebellum (M. J. Lee et al., 2015). The severity of atrophic 

changes in the bilateral striatum, thalamus, cerebellum, left pericalcarine gyrus, and the 

neocortex in general were significantly correlated with attentional, executive, and 

visuospatial dysfunctions in MSA patients (J. S. Kim et al., 2015; M. J. Lee et al., 2015). 

There is some evidence that basal ganglia atrophy is one of the earliest sign in MSA, which 

then drives widespread cortical atrophy (C. Brenneis et al., 2007). However, other groups 

have shown that hypometabolism begins in the cerebellum and frontal cortex and then 

progresses to the caudate nucleus and other cortical areas in those with a mixed type of MSA 

(Lyoo et al., 2008).

B. Global Cognition, Memory, MCI, and Dementia: MSA patients frequently have 

impairments in encoding, verbal learning, long term memory, immediate and delayed recall, 

and recognition (Balas et al., 2010; Brown et al., 2010; Burk et al., 2006; Hong et al., 2011; 

H. J. Kim et al., 2013; J. S. Kim et al., 2015; Lyoo et al., 2008; Siri et al., 2013). The degree 

of motor impairment in MSA predicts the severity of cognitive deficits (Brown et al., 2010; 

Kawamura et al., 2010). Dementia is not included in the primary diagnostic criteria for MSA 

(Gilman et al., 2008), and severe dementia is presently an exclusion criteria, but its 

prevalence in the disorder is reported to be as high as 30% (Brown et al., 2010; Kitayama et 

al., 2009). In contrast, memory and executive function deficits are considered to be clinical 
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criteria for establishing a FXTAS diagnosis in PM carriers (Jacquemont et al., 2003). There 

also have been reports of patients presenting with dementia who later met criteria for MSA 

(Jang, Lee, Jang, Kim, & Chung, 2012). Some have suggested that if MSA were not more 

rapidly progressive than PD, the rates of dementia might be the same in both disorders 

(80%) (Stankovic et al., 2014). Neuroimaging findings in MSA patients with dementia 

include reduced cortical thickness in the precuneus/cuneus, uncus, and posterior cingulate 

cortices compared to those without dementia and controls (J. S. Kim et al., 2013). Cerebellar 

and prefrontal, limbic and temporal lobe degeneration and atrophy have also been reported 

in demented MSA patients (J. S. Kim et al., 2013). A longitudinal neuroimaging study in 

MSA patients that develop dementia reported progressive frontal and temporal lobe 

degeneration (C. Brenneis et al., 2007). Moreover, neuropathological findings include 

significant neuronal loss, glial cytoplasmic inclusions and astroglios in the frontal and 

temporal lobes in MSA patients who were demented at death (Konagaya et al., 1999).

C. Other Cognitive Functions: Language and Visuospatial Processing: Visuospatial 

impairments (Hong et al., 2011; Y. Kawai et al., 2008b) similar to those seen in FXTAS (J. 

Grigsby et al., 2008; Yang et al., 2014) have been reported in MCA patients, but others have 

only found these deficits in demented MSA patients (Brown et al., 2010; H. J. Kim et al., 

2013). General expressive and receptive language functions, like that in men and women 

with FXTAS (Brega et al., 2008; J. Grigsby et al., 2008), appear to be intact in non-

demented MSA patients (Kao et al., 2009; Lyoo et al., 2008).

D. Neuropsychiatric Disturbances: Moderate to severe depression has been reported in 

at least 30% of MSA patients with total rates of depression as high as 85% (Benrud-Larson, 

Sandroni, Schrag, & Low, 2005; Schrag et al., 2006; Schrag et al., 2010; Siri et al., 2013). 

Depression severity has been associated with significant reductions in dorsolateral prefrontal 

cortex glucose metabolism in MSA patients (Herting et al., 2007). Anxiety is also reported 

to affect 37% of MSA patients (Schrag et al., 2010), and appears more prevalent in MSA-C 

(Balas et al., 2010). Hallucinations and psychosis are rare in MSA (D. R. Williams, Warren, 

& Lees, 2008), unlike the much higher frequencies (30–70 %; see above) reported in PD.

E. Comparison Between FXTAS and MSA: The executive function deficits appear to be 

similar in MSA and FXTAS. However, MSA patients have more significant impairments in 

memory and recognition than FXTAS patients. Rates of dementia are slightly higher in men 

with FXTAS than in MSA, but this may be due to a longer lifespan in FXTAS. Depression 

and anxiety are very common in both FXTAS and MSA while hallucinations and psychosis 

are rare in both disorders. Due to the high overlap in cognitive profiles for these two 

disorders, further clinical information is needed to distinguish one from the other.

Progressive Supranuclear Palsy (PSP)—PSP is a sporadic, rapidly progressive 

neurodegenerative disorder characterized by supranuclear vertical gaze palsy, parkinsonism 

with symmetrical rigidity and bradykinesia, postural instability, frontal and subcortical 

dementia, and pseudobulbar palsy (Colosimo, Bak, Bologna, & Berardelli, 2014). PSP is 

now known to be a tauopathy which causes numerous neurofibrillary tangles to develop in 

the brainstem and basal ganglia (Josephs, 2015). PSP, like FXTAS, has high phenotypic 
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variability which also results in its frequent misdiagnosis (Respondek et al., 2014; 

Respondek & Hoglinger, 2015).

A. Executive Function: PSP patients are known to have early and severe deficits in 

executive functions especially planning, problem solving, abstract reasoning and concept 

formation (Magherini & Litvan, 2005). Deficits in attention (Bak, Crawford, Hearn, 

Mathuranath, & Hodges, 2005; Esmonde, Giles, Gibson, & Hodges, 1996; Ghosh, 

Carpenter, & Rowe, 2013; Grafman, Litvan, Gomez, & Chase, 1990; Kaat, Chiu, Boon, & 

van Swieten, 2011; Millar, Griffiths, Zermansky, & Burn, 2006), disinhibition(Gerstenecker, 

Duff, Mast, Litvan, & ENGENE-PSP Study Group, 2013), verbal fluency (Bak et al., 2005; 

Cotelli et al., 2006; Daniele et al., 2013; Esmonde, Giles, Xuereb, & Hodges, 1996), and 

working memory (Maher, Smith, & Lees, 1985; Pillon, Dubois, & Agid, 1991) have all been 

reported in patients with PSP. Severe impairments on tests of verbal fluency, particularly 

letter fluency, have been reported in patients with PSP (Esmonde, Giles, Gibson et al., 

1996). In fact, verbal fluency deficits are included in the supportive criterion for diagnosing 

PSP (I. Litvan, Agid, & Calne, 1996).

Prevalence rates for executive function deficits in PSP patients are as high as 70 to 90% 

(Brown et al., 2010; Gerstenecker et al., 2013; Kaat et al., 2011). Therefore, these appear 

more significant and frequent than in patients with FXTAS or PD (Pillon et al., 1995). 

Moreover, patients with PSP may be more severely impaired than patients with PD with 

dementia, dementia with Lewy bodies, and AD on the Dementia Rating Scale Initiation/

Perseveration subscale (Rosser & Hodges, 1994), which is a commonly used screening 

instrument for executive dysfunction (Aarsland et al., 2003). A two year longitudinal study 

found greater decline in executive functioning and higher rates of conversion to dementia in 

PSP compared to PD patients (Soliveri et al., 2000).

B. Global Cognition, Memory, MCI, and Dementia: Non-demented PSP patients appear 

to have normal short term memory and long term recognition (I. Litvan, Grafman, Gomez, 

& Chase, 1989; van der Hurk & Hodges, 1995), but they can have other memory 

impairments including those in the domain of verbal learning (I. Litvan et al., 1989), and 

mild to moderate deficits in processing stored information necessary for recall (Magherini & 

Litvan, 2005). Patients with PSP eventually develop severe slowness in information 

processing speed for global cognitive functions (Respondek & Hoglinger, 2015). Impaired 

learning and memory deficits in demented PSP patients has been postulated to result from 

degeneration in striato-frontal areas, similar to that seen in PD and Huntington disease 

(Pillon et al., 1994; Pillon et al., 1995). The general, progressive cognitive decline observed 

in PSP is thought to be greater than that observed in PD and MSA patients with or without 

dementia (Magherini & Litvan, 2005; Monza et al., 1998). PSP typically includes frontal 

and subcortical dementia (Respondek & Hoglinger, 2015), and one report found that 

approximately 58% of PSP patients develop dementia (Pillon et al., 1991). However, 

demented PSP patients have been reported to have higher memory subscores than demented 

PD patients (Aarsland et al., 2003). While the cognition in FXTAS patients has not been 

compared to that in PSP, it is likely that PSP cognitive deficits may be greater than those 

seen in FXTAS given the research presented above.
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C. Other Cognitive Functions: Language and Visuospatial Processing: PSP patients 

generally have intact language functions (Magherini & Litvan, 2005), although cases of 

aphasia, speech apraxia, reduced spontaneous speech initiation, and echolalia have been 

reported (Esmonde, Giles, Xuereb et al., 1996). There have been several cases reported in 

the literature of progressive non-fluent aphasia and speech apraxia as a presenting feature of 

PSP, with later development of the cognitive and motor phenotypic features (Boeve et al., 

2003; Esmonde, Giles, Gibson et al., 1996; Mochizuki et al., 2003; Spaccavento, Del Prete, 

Craca, & Loverre, 2014).

PSP patients frequently have visuospatial deficits (Borroni et al., 2008; Esmonde, Giles, 

Gibson et al., 1996; Ghosh et al., 2013). In association with these deficits are difficulties in 

orienting visual attention in the vertical visual field (Rafal, Posner, Friedman, Inhoff, & 

Bernstein, 1988), which may not be surprising given the presence of vertical gaze palsy seen 

in 75 to 90% of PSP patients (Esmonde, Giles, Gibson et al., 1996; I. Litvan et al., 1996; 

Vidailhet et al., 1994).

D. Neuropsychiatric Disturbances: Apathy is a distinguishing behavioral abnormality in 

patients with PSP, with the first report describing its occurrence in 90% of patients and this 

was not related to cognitive impairment or disease duration (I. Litvan, Mega, Cummings, & 

Fairbanks, 1996). In fact, high apathy scores with relatively low anxiety scores (18%) have 

been found to be helpful in the diagnosis of PSP (I. Litvan, Mega et al., 1996). Depression 

has been reported be over 50% higher in PSP patients than healthy controls (Bloise et al., 

2014; Esmonde, Giles, Gibson et al., 1996; Gerstenecker et al., 2013), and may even precede 

the motor impairments (W. H. Kim et al., 2009; Quante, Jakob, & Wolf, 2008). 

Hallucinations, psychosis, and delusions were thought to be rare in PSP (H. F. Chiu, 1995). 

However, a recent multi-site study of 154 PSP patients reported the incidence of these 

behavioral abnormalities to range from 5 to 11% of patients. This contrasts to the high 

prevalence of these disturbances in PD (Aarsland, Litvan, & Larsen, 2001; Magherini & 

Litvan, 2005).

E. Comparison Between FXTAS and PSP: Executive function deficits and cognitive 

decline are more severe and prevalent in PSP than FXTAS. The rates of dementia are also 

higher in PSP. Depression rates appear to be similar in both disorders but apathy is much 

higher and anxiety is lower in PSP than FXTAS. Hallucinations and psychosis are extremely 

rare in FXTAS but are now known to be more prevalent in PSP than previously thought. 

However, there is enough cognitive phenotype overlap between FXTAS and PSP to warrant 

further clinical examination before making a diagnosis.

II. Motor Phenotypes

We begin this section by reviewing the motor features of FXTAS. We then review these 

same features in ET, PD, SCA and MSA, and PSP, concluding each section with a summary 

comparison between each of these other movement disorders and FXTAS. Table 2 contains a 

summary of these comparisons. Case reports, epidemiological data, and results of imaging 

studies are included in this review.
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Fragile X-Associated Tremor / Ataxia Syndrome (FXTAS)

A. Tremor: Studies have observed tremor in approximately 77% of men with FXTAS 

(Juncos et al., 2011). The tremor is typically a bilateral postural or kinetic tremor, and 

although rest tremor may be seen in some patients it is often accompanied by intention 

tremor (E. Berry-Kravis, Abrams, & Coffey, 2007). Pure resting tremor is rare in FXTAS 

(Apartis et al., 2012; Baba & Uitti, 2005). The tremor is typically present in the upper 

extremities, although head tremor has been seen in some cases (Apartis et al., 2012; M. 

Leehey et al., 2003; Peters et al., 2006); voice tremor has not been reported in FXTAS. 

Furthermore, FXTAS tremor may or may not respond to alcohol (Gorman, Fairgrieve, 

Birchall, & Chinnery, 2008; M. Leehey et al., 2003; Peters et al., 2006). Three distinct 

tremor patterns were identified in a study of 17 FXTAS patients using tremor recordings 

from a Neuropack device (Apartis et al., 2012). These consisted of an action tremor 

resembling the tremor of ET in 35% of the patients, a cerebellar intention tremor and 

postural tremor in 29%, and a unilateral upper limb rest tremor in 12%. The CATSYS 

system has also been used to quantitatively characterize the tremor in FXTAS (Aguilar, 

Sigford, & Soontarapornchai, 2008; Juncos et al., 2011; Narcisa, Aguilar, & Nguyen, 2011). 

A study of 16 men with FXTAS showed increased intention tremor in both hands (Aguilar et 

al., 2008). Postural hand tremor was not detected in this group. Another study of 23 FXTAS 

women did find significantly increased postural hand tremor but not intention or writing 

tremor compared to controls (Narcisa et al., 2011).

B. Cerebellar Ataxia: Cerebellar gait ataxia and progressive loss of motor coordination is 

one of the primary features of FXTAS (E. Berry-Kravis et al., 2007; Matilla-Dueñas, 2012), 

seen in 41–66% of patients (Juncos et al., 2011; Niu et al., 2014). Recently our group 

quantitatively characterized the balance and gait deficits in PM carriers with FXTAS and 

found abnormalities similar to previous studies in various types of cerebellar disorders 

(O’Keefe et al., 2015; O’Keefe, Robertson-Dick, Hall, & Berry-Kravis, 2015). Multiple 

studies have demonstrated significant cerebellar ataxia in men with FXTAS as measured by 

the International Cooperative Ataxia Rating Scale ICARS (Jacquemont et al., 2003; Loesch 

et al., 2005; Trouillas, Takayanagi, & Hallet, 1997).

C. Parkinsonism: One common feature of FXTAS is a form of parkinsonism (E. Berry-

Kravis et al., 2007) seen in 29–32% of patients (Juncos et al., 2011; Niu et al., 2014), which 

mimics, and is often indistinguishable from idiopathic PD (D. Hall, Howard, & Hagerman, 

2009). However, the parkinsonism in FXTAS may be milder than that of PD with a lower 

degree of bradykinesia than in typical parkinsonism (E. Berry-Kravis, Lewin, & Wuu, 2003). 

Likewise, the prevalence of a parkinsonian gait pattern is low in FXTAS (Cilia, Kraff, & 

Canesi, 2009; D. Hall et al., 2009; Yachnis et al., 2010).

A screening study in 56 FXTAS patients revealed PD was the most frequent initial diagnosis 

(D. Hall, Berry-Kravis, & Jacquemont, 2005) and it has been suggested that there may be a 

PD phenotype of the disease present in a subset of patients (D. Hall, Tassone, Klepitskaya, 

& Leehey, 2012). Furthermore, the parkinsonism in PM carriers may show a good response 

to levodopa, making it difficult to recognize as atypical (Cilia et al., 2009; D. Hall et al., 

2009; Hedrich, Pramstaller, & Stübke, 2005). Evidence also suggests that persons with lower 
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size FMR1 premutation expansions and gray zone alleles (45–54 CGG repeats) may display 

a parkinsonian phenotype (D. Hall, Berry-Kravis, & Zhang, 2011; D. Hall & O’keefe, 2012; 

Trost et al., 2014).

D. Eye Movement Abnormalities: Specific oculomotor deficits have been understudied 

in FXTAS. However, in one case study, abnormalities including dysmetric saccades, 

saccadic pursuits, transient endgaze nystagmus, vertical optokinetic nystagmus, slowed 

vertical saccades, square wave jerks, and impaired vertical gaze were observed in FXTAS 

patients (Fraint, Vittal, & Szewka, 2014). However, these patients were described due to 

their interesting eye movement abnormalities and do not represent the typical FXTAS 

patient. While abnormal saccades and nystagmus are common in cerebellar disorders 

(Cogan, Chu, & Reingold, 1982), vertical gaze deficits suggest that a PSP-like phenotype 

may be present in some individuals with FXTAS. The prevalence of nystagmus and PSP-like 

abnormalities in the FXTAS population as a whole is unknown and is likely to be low.

Essential Tremor (ET):

A. Tremor: The tremor of ET is typically characterized as postural and kinetic tremor (80 

and 25–98% prevalence, respectively) (G. Deuschl, Wenzelburger, Loffler, Raethjen, & 

Stolze, 2000; Ghika, Kyrozis, Potagas, & Louis, 2015) of the upper extremities that is 

predominantly bilateral (J. Jankovic, 2002; Zappia, Albanese, & Bruno, 2003). Another core 

criteria for diagnosing ET is isolated head tremor without dystonia (G. Deuschl, Bain, & 

Brin, 1998; J. Jankovic, 2002). Approximately 33–89% of ET patients also display an 

intention tremor suggestive of cerebellar dysfunction (G. Deuschl et al., 2000; Ghika et al., 

2015), and the kinetic tremor in ET has been shown to be more severe than the postural 

tremor using clinical rating scales (E. D. Louis, 2013). Rest tremor in the arms has also been 

reported in ET, with highly variable prevalence rates ranging from 1–46% (E. Louis, 

Hernandez, & Michalec, 2015). The tremor in ET is seen less frequently in the head (34–

53%), voice (20%), tongue (20%), face/jaw (7–18%), lower extremities (10%), and trunk 

(5%) (Benito-Leon & Louis, 2006; G. Deuschl & Elble, 2009; Elble, 2000; Whaley, Putzke, 

Baba, Wszolek, & Uitti, 2007). ET tremor improves with alcohol in 46–96% of cases (Ghika 

et al., 2015; Hopfner et al., 2015).

B. Cerebellar Ataxia: Studies have found mild gait deficits in ET patients, including 

abnormalities in tandem gait in approximately half of patients (Hoskovcová et al., 2013; 

Hubble, Busenbark, Pahwa, Lyons, & Koller, 1997; M. Kronenbuerger et al., 2009; Singer, 

Sanchez-Ramos, & Weiner, 1994; Stolze, Petersen, Raethjen, Wenzelburger, & Deuschl, 

2001). Other studies have noted mild postural instability in ET (Bove, Marinelli, Avanzino, 

Marchese, & Abbruzzese, 2006; Hoskovcová et al., 2013). However, regular bipedal gait in 

ET patients appears to be normal (Stolze et al., 2001).

C. Parkinsonism: There appears to be a possible association between ET and PD, such 

that individuals with a family history of ET are more likely to develop PD and vice versa (J. 

Jankovic, Beach, Schwartz, & Contant, 1995; Lang, Kierans, & Blair, 1987). Given the 

overlap in symptoms and increased prevalence of parkinsonism features in ET, there may be 

a subset of ET patients who have preclinical PD (Schwartz, Badarny, Gofman, & 
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Hocherman, 1999). One study found that 64% of ET patients displayed a typical 

parkinsonian phenotype (J. Jankovic et al., 1995), with others specifically observing akinesia 

or bradykinesia similar to that in PD (Jiménez-Jiménez et al., 2010; Montgomery, Baker, 

Lyons, & Koller, 2000). There also is some evidence of reduced nigrostriatal function in ET 

patients (M. S. Lee et al., 1999). However, it is unclear whether the parkinsonism seen in ET 

is attributable to PD or constitutes some other form of parkinsonism (J. Jankovic, 2002).

D. Eye Movement Abnormalities: Oculomotor abnormalities have been reported in 

several studies of ET. One study found impairments in smooth pursuit initiation and 

suppressed vestibulo-ocular reflexes in 41% of ET patients (Helmchen et al., 2003). These 

findings were significantly greater in patients who had intention tremor versus postural 

tremor, indicating possible cerebellar dysfunction as the cause of the abnormal eye 

movements. Other studies reported visuomotor tracking deficits (Schwartz et al., 1999), 

abnormal eye-head coordination (Trillenberg et al., 2006), and absent or delayed eye blink 

reflexes (M. Kronenbuerger, Gerwig, Brol, Block, & Timmann, 2007) in ET patients.

E. Case Reports: There are numerous instances of patients who received an initial 

diagnosis of ET that were later discovered to be PM carriers, some of whom met clinical 

diagnostic criteria for FXTAS (Jacquemont et al., 2003). Frequently these individuals 

remained misdiagnosed for years until symptoms progressed, prompting the consideration of 

an alternative diagnosis. Seven of these cases have been described in the literature, 

illustrating the commonalities between FXTAS and ET (Gorman et al., 2008; Ishii, Hosaka, 

Adachi, Nanba, & Tamaoka, 2010; M. Leehey et al., 2003; Peters et al., 2006; Seixas, Vale, 

& Jorge, 2011). All were men over 50 years of age, six of whom presented with postural 

tremor and eight with kinetic tremor. The response to alcohol was varied, with definite 

improvement in only two cases. Cerebellar gait ataxia was seen in three cases with an 

additional three demonstrating impaired tandem gait. Five cases showed hyperintensities in 

the MCP, which has never been described in ET. Four patients had global cortical atrophy 

and five had cerebellar atrophy, which has been reported in ET. Four patients had a family 

history of ET, but all seven had a fragile X PM carrier or individual with fragile X syndrome 

(FXS), a neurodevelopmental disorder caused by the full mutation (>200 CGG repeats), in 

their families.

F. Epidemiologic Data: Despite multiple case reports of patients with FXTAS presenting 

with tremor mimicking that of ET, screening of ET populations has surprisingly yielded 

virtually no cases of the FMR1 premutation (Arocena, Louis, & Tassone, 2004; Clark, Ye, & 

Liu, 2015; Deng, Le, & Jankovic, 2004; Tan, Zhao, & Puong, 2004). However, the exclusion 

criteria for these studies might have eliminated some individuals with FXTAS, as they 

typically exclude subjects with parkinsonism and ataxia. Thus, there may be underestimation 

of the FMR1 premutation in the ET population.

G. Comparison Between FXTAS and ET: As with the cognitive phenotype, ET patients 

that develop motor symptoms later in life are most likely to be confused with FXTAS 

patients due to similar age of symptom onset. The tremor in both FXTAS and ET is typically 

characterized by postural and kinetic tremor of the upper extremities, although ET tremor 
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can also be seen in the head, voice, tongue, jaw/face, lower extremities, and trunk (Benito-

Leon & Louis, 2006; G. Deuschl & Elble, 2009; Elble, 2000; Whaley et al., 2007). 

Furthermore, the tremor is predominantly bilateral in ET whereas FXTAS tremor may be 

asymmetrical (Apartis et al., 2012). Rest tremor may be present in both FXTAS and ET but 

is rarely seen in isolation in either disorder. FXTAS tremor may or may not respond to 

alcohol (Gorman et al., 2008; M. Leehey et al., 2003; Peters et al., 2006), while it appears to 

respond more frequently in ET (Ghika et al., 2015; Hopfner et al., 2015). Both disorders 

may have cerebellar gait ataxia and/or postural instability, although this is usually 

significantly milder in ET. Parkinsonism may be present in both disorders, but prevalence 

rates for this are lower in FXTAS than ET. Oculomotor deficits are very common in ET but 

have not been specifically studied in much detail in FXTAS. Both ET and FXTAS patients 

may have a positive family history for ET. However, there is typically additional family 

history of fragile X related disorders and/or intellectual disability in FXTAS.

Parkinson Disease (PD):

A. Tremor: The classical tremor in PD is a rest tremor that is typically asymmetrical at 

disease onset (Pagano, Ferrara, Brooks, & Pavese, 2016). However, the percentage of 

patients with symmetrical tremor rises as age of onset increases. Roughly half of PD patients 

have a tremor that is predominantly localized to a specific body part (Pagano et al., 2016). 

Studies have shown that approximately 38% of PD patients have a tremor dominant form of 

the disease (Wu et al., 2015).

B. Cerebellar Ataxia: Typical PD patients do not show signs of cerebellar gait ataxia, but 

rather a slow, shuffling gait pattern, with freezing of gait. Approximately 51% of PD patients 

present with a postural instability gait disorder form of the disease (Wu et al., 2015). The 

gait deficits in PD involve trouble with gait initiation rather than the wide-based gait pattern 

seen in ataxic patients. Furthermore, PD patients are likely to show reduced gait variability 

(Fernandez-Lago et al., 2015) as opposed to the increased variability usually seen in FXTAS 

and other types of ataxia (O’Keefe, Robertson-Dick et al., 2015).

C. Parkinsonism: The characteristic parkinsonism in PD includes rest tremor, 

bradykinesia, hypokinesia, rigidity and postural instability. Bradykinesia and hypokinesia 

are slowness of movement and a lack of movement, respectively, caused by dysfunction of 

dopaminergic neurons in the basal ganglia of the brain. These result in lack of facial 

expressions, known as “masked facies,” absent reciprocal arm swing during walking, 

difficulty with movement initiation, and a slow shuffling gait. The rigidity can be either lead-

pipe rigidity, with increased muscle tone throughout range of motion caused by co-

contraction of muscles on both sides of joint, or cogwheel rigidity, with rigidity interrupted 

by series of relaxations creating a movement like cogs on a wheel. Postural instability results 

from deficits in postural reflexes and results in gait abnormalities and balance problems.

D. Eye Movement Abnormalities: PD patients have deficits in saccadic movements (C. 

Antoniades & Kennard, 2015). Delayed reaction time, reduced maximum saccadic velocity, 

and hypometria of saccadic eye movements have all been reported in PD patients (Crawford, 
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Henderson, & Kennard, 1989; Shibasaki, Tsuji, & Kuroiwa, 1979). Smooth pursuits may be 

interrupted by additional, short saccades (Shibasaki et al., 1979).

E. Case Reports: There are multiple case reports of patients who were given an initial 

diagnosis of PD and were later found to be PM carriers. Eleven of these have been detailed 

in the literature (Cilia et al., 2009; D. Hall et al., 2009; Healy et al., 2009; Hedrich et al., 

2005; Pablo-Fernandez, Doherty, & Holton, 2015; Yachnis et al., 2010). Rest tremor was 

present in ten of these patients and the majority displayed both rigidity and bradykinesia. Six 

patients demonstrated typical PD like gait while cerebellar gait ataxia was only reported in 

two of the cases. Unified Parkinson Disease Rating Scale (UPDRS) (Fahn, Elton, & UPDRS 

Program Members., 1987) scores and Hoehn & Yahr (H & Y) (Hoehn & Yahr, 1967) stages 

reported in two studies were in the mild severity range of parkinsonian symptoms. Seven of 

the cases showed a good response to levodopa, whereas three failed to respond. Two cases 

had a family history of PD, and five had the fragile X premutation or full mutation in their 

families.

Several neuroimaging studies have been performed in order to better understand the 

nigrostrial function of FXTAS patients with parkinsonism. Single Photon Emission 

Computer Tomography (SPECT) imaging, a technique that allows visual examination of the 

integrity of the brain’s dopaminergic pathways, found moderate presynaptic dopaminergic 

nigrostriatal terminal loss and bilateral, asymmetric reduced tracer uptake and transport in 

four of the previously described cases (Cilia et al., 2009; Healy et al., 2009; Pablo-

Fernandez et al., 2015). Likewise, a study of five men with FXTAS and parkinsonism 

showed midbrain and striatal neurodegeneration in all five patients and asymmetrical 

decreased striatal dopamine uptake in three patients (Scaglione, Ginestroni, & Vella, 2008). 

However, studies using [123I]FP-CIT (DaTSCAN, a radiopharmaceutical that binds to 

striatal presynaptic dopamine transporters) found preserved presynaptic nigrostriatal 

function in FXTAS patients (Ceravolo, Antonini, & Volterrani, 2005). Thus, the role for 

abnormal nigrostrial function in the parkinsonian phenotype of FXTAS requires further 

investigation.

F. Epidemiologic Data: Similar to ET, screening studies of populations with parkinsonism 

and/or PD have provided little to no evidence of FMR1 PM carriers. A few studies have 

found a significant increase in gray zone alleles in patients with PD and/or parkinsonism 

(Annesi et al., 2004; D. Hall et al., 2011; Loesch, Tassone, & Lo, 2013), suggesting that 

these alleles may play a role in the development of parkinsonism/PD. However, this finding 

has not been consistent in the literature (Costa, Gao, & Carrillo, 2011). While studies thus 

far suggest that there is not an increase in FMR1 premutation frequency in PD/parkinsonism, 

many PM carriers would be eliminated from participation in many of these studies due to 

recruitment methods and inclusion criteria. For example, PD DNA repositories frequently 

exclude patients with cerebellar signs based on the UK PD Brain Bank Criteria, which 

would screen out PM carriers with cerebellar gait ataxia (D. Hall et al., 2011).

G. Comparison Between FXTAS and PD: The parkinsonism of FXTAS is typically 

milder than that seen in PD, and may be accompanied by other symptoms, such as peripheral 

neuropathy, which may distinguish it from PD (E. Berry-Kravis et al., 2007; Klein, 
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Schneider, & Lang, 2009). A rest tremor similar to that in PD may be seen in FXTAS but is 

usually accompanied by intention and/or postural tremor. Most FXTAS patients display an 

ataxic gait pattern, while patients with PD typically have a slowed, shuffling gait. The 

percentage of FXTAS patients that do show a parkinsonian gait pattern is low.

Spinocerebellar Ataxias (SCAs) and Multiple System Atrophy (MSA):

A. Tremor: Postural and action tremor in various body parts may be seen in many of the 

SCAs (Perlman, 2011; E. Storey, 2014), and up to 67% of MSA patients experience tremor 

(G. K. Wenning, Ben Shlomo, Magalhaes, Daniel, & Quinn, 1994; Yabe et al., 2006). The 

tremor in MSA is heterogeneous with approximately half showing a postural tremor, one 

third showing a rest tremor, and others showing a cerebellar intention tremor (Kaindlstorfer, 

Granata, & Wenning, 2013). The prevalence of rest and postural tremors within the MSA 

subtypes have been reported to be 38 and 60% in the multiple system atrophy parkinsonism 

subtype (MSA-P) and 22 and 45% in the multiple system atrophy cerebellar subtype (MSA-

C), respectively (Low et al., 2015).

B. Cerebellar Ataxia: Cerebellar gait ataxia and loss of coordination due to cerebellar 

degeneration is a characteristic feature of all the SCAs (Matilla-Dueñas, 2012; Perlman, 

2011; E. Storey, 2014). Likewise, MSA is characterized by a mid to late-onset cerebellar 

ataxia (Kamm, Healy, & Quinn, 2005). It is one of the core phenotypic features in both 

MSA-P and MSA-C with frequencies of 40% and 100%, respectively (Gilman et al., 2008; 

Low et al., 2015).

C. Parkinsonism: Parkinsonism has been reported in multiple SCAs, including SCA 2, 3, 

6, 8, 17, and 21 (Park, Kim, & Jeon, 2015; Perlman, 2011; E. Storey, 2014), and both 

levodopa-responsive and atypical parkinsonism have been reported (Park et al., 2015). 

Likewise, one of the core diagnostic motor features in MSA is a rapidly progressive 

parkinsonism that is more symmetrical and less responsive to levodopa than in PD (Gilman 

et al., 2008; Levin, Kurz, Arzberger, Giese, & Hoglinger, 2016; G. K. Wenning & Stefanova, 

2009). Postural instability develops earlier and progresses more rapidly than in PD (Gilman 

et al., 2008). The prevalence rates of parkinsonism in the MSA subtypes are reported to be 

98% in MSA-P and 73% in MSA-C (Low et al., 2015).

D. Eye Movement Abnormalities: Oculomotor abnormalities have been observed in 

several of the SCAs including SCA 1, 2, 3, 5, 6, 7, 8, 14, 28, 37 (E. Storey, 2014). 

Nystagmus is a common feature in many of the SCAs (Perlman, 2011), and supranuclear 

ophthalmaplegy is seen in some of the autosomal dominant SCAs (Harding, 1993; Schöls, 

Bauer, Schmidt, Schulte, & Riess, 2004). For example, patients with SCA3 may experience 

slowed saccades, restriction of upward gaze, and disconjugate eye movements (Matilla-

Dueñas, Corral-Juan, Volpini, & Sanchez, 2012). In MSA, oculomotor dysfunction is 

frequent and can include dysmetric saccades (Terao et al., 2016), square wave jerks (70%), 

mild vertical supranuclear gaze palsy (26%), positioning downbeat nystagmus (40%), 

saccadic hypometria (73%), impaired smooth pursuit (93%), reduced VOR suppression 

(66%), and gaze-evoked nystagmus (40%) (Anderson, 2008). The prevalence of nystagmus 
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in the MSA subtypes is reported to be 17% in MSA-P and 41% in MSA-C, with an overall 

prevalence of 23% (Low et al., 2015).

E. Case Reports: Screening studies for cerebellar ataxia in patients with suspected SCA 

or MSA identified 32 PM carriers (Biancalana, Toft, & Le Ber, 2005; Brussino, Gellera, & 

Saluto, 2005; Cellini, Forleo, & Ginestroni, 2006; Faruq, Srivastava, & Suroliya, 2014; 

Kamm et al., 2005; L. Rodriguez-Revenga, Gómez-Anson, & Muñoz, 2007; Seixas, Maurer, 

& Lin, 2005; Seixas et al., 2011; Van Esch, Dom, & Bex, 2005; Wardle, Majounie, & 

Muzaimi, 2009; Zühlke et al., 2004). The cases included seven PM carrier women and 25 

PM carrier men with symptoms beginning between the ages of 40 and 72. Cerebellar ataxia 

was documented in 29 of the cases and gait instability in 13. Intention, rest, postural and/or 

other kinetic tremors were present in the majority of cases. Oculomotor dysfunction was 

also present in nine cases. Autonomic dysfunction was seen in 17 patients and peripheral 

neuropathy in ten. Cerebral and/or cerebellar atrophy was found on MRI in nearly all 

patients, with white matter lesions in nine patients and the MCP sign in 15. Family history 

was not available for the majority of cases; however, two patients had relatives who were 

PM carriers and two had relatives with FXS or a learning disability.

F. Epidemiological Data: Despite numerous case reports of PM carriers identified 

through cerebellar ataxia screenings, the overall data from screening studies is mixed as to 

whether there is a higher incidence of the FMR1 PM among cerebellar ataxia patient 

populations. Of the studies in populations that had already tested negative for standard SCA 

genetic panels, low frequencies (0.06 to 2.2%) of the PM were detected (S. A. Adams, 

Steenblock, Thibodeau, & Lindor, 2008; Brussino et al., 2005; Milunsky & Maher, 2004; 

Rajkiewicz, Sułek-Piatkowska, & Krysa, 2008; L. Rodriguez-Revenga et al., 2007; Seixas et 

al., 2005; Zühlke et al., 2004). However, two other SCA screenings found slightly higher 

PM frequencies of 4.1 and 5.1%, respectively (Macpherson, Waghorn, & Hammans, 2003; 

Van Esch et al., 2005), and another screening found an even higher frequency of 9% PM 

carriers who had a SCA12-like phenotype (Faruq et al., 2014). Of the studies in populations 

not yet genetically tested for the SCAs, three found no PM carriers (Kerber, Jen, & Perlman, 

2005; Kraft, Furtado, & Ranawaya, 2005; Tan et al., 2004), and frequencies of the 

premutation were consistently low in two other cerebellar ataxia screenings, at 1.1 and 2.1%, 

respectively (Cellini et al., 2006; Wardle et al., 2009).

Screening studies in MSA patients have found FMR1 gray zone alleles ranging from 41–53 

CGG repeats in 4.6 to 7% of patients (Biancalana et al., 2005; Garland, Vnencak-Jones, & 

Biaggioni, 2004), suggesting that these alleles have low prevalence rates in populations with 

the MSA phenotype (Garland et al., 2004). Likewise, two additional screening studies of 

MSA patients identified few to no PM carriers (Kamm et al., 2005; Zhang, Gu, & Wang, 

2013), suggesting that the FMR1 premutation is not common in MSA populations.

G. Comparison Between FXTAS and SCA and MSA: The cerebellar ataxia seen in 

FXTAS is similar to that seen in SCA, making accurate diagnosis of patients who display 

this characteristic challenging. Both FXTAS and SCA are characterized by a progressive 

lack of motor coordination, including an ataxic gait pattern and difficulty with tandem 

walking. SCA patients may also exhibit additional clinical findings that are common in 
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FXTAS (P. J. Hagerman & Hagerman, 2015; Tassone & Hagerman, 2012), such as 

autonomic dysfunction (Yeh, Lu, & Chou, 2005), peripheral neuropathy (Rosenberg, 1992), 

and/or parkinsonism (Matilla-Dueñas, 2012). There is also significant clinical and 

radiological overlap between men with FXTAS and MSA-C patients (Jacquemont et al., 

2003). Both disorders are characterized by a mid to late-onset cerebellar ataxia, and cases 

have been reported of MSA-C patients with MCP hyperintensities, cerebellar and cerebral 

atrophy, and white matter lesions on MRI (E. Storey & Billimoria, 2005), which are 

characteristic in FXTAS.

One distinguishing motor feature that may help to differentiate these patients is the moderate 

to severe kinetic tremor characteristic of FXTAS but rare in the SCAs and MSA. One 

exception is SCA12, which is the only SCA for which kinetic tremor is the presenting sign 

and most frequent symptom (Pulst, 2003). Given that the tremor in SCA12 may resemble the 

tremor of FXTAS, there is the potential for FXTAS tremor to be mistaken as SCA12 (Faruq 

et al., 2014). However, SCA12 has a very low prevalence rate, except in Northern India 

where it causes 7% of the dominant ataxias (E. Storey & Billimoria, 2005). Another 

distinguishing factor is the autosomal dominant inheritance pattern for most SCAs, which 

would be lacking in FXTAS families.

Progressive Supranuclear Palsy (PSP):

A. Tremor: Up to 42% of PSP patients present with some form of tremor, including 

postural/action, rest, intention, or a combination of tremor types (Fujioka et al., 2016). PSP-

parkinsonism (PSP-P), is characterized by asymmetric onset of rest tremor that is 

moderately responsive to levodopa (Liscic, Srulijes, Gröger, Maetzler, & Berg, 2013; D. R. 

Williams et al., 2005).

B. Cerebellar Ataxia: Postural instability with falls is the most common initial symptom 

in classical PSP (I. Litvan et al., 1996; D. R. Williams et al., 2005), and there are a few case 

reports of PSP patients having cerebellar ataxia (Iwasaki et al., 2013; M. Kanazawa et al., 

2009; Koga et al., 2016). A recent study identified a rare subtype of PSP with predominant 

cerebellar ataxia as the initial and primary symptom of the disease (M. Kanazawa et al., 

2013). However, the overall prevalence of cerebellar ataxia appears to be extremely low in 

PSP.

C. Parkinsonism: Atypical parkinsonian features occur in approximately 40% of PSP 

cases, including levodopa-resistant symmetric akinesia and axial rigidity (Levin et al., 2016; 

Respondek & Hoglinger, 2015; STEELE, RICHARDSON, & OLSZEWSKI, 1964). 

However, PSP-P occurring in approximately 20% of cases presents as an asymmetric 

levodopa-responsive parkinsonism which is difficult to distinguish from idiopathic PD early 

in the disease (Levin et al., 2016; D. R. Williams & Lees, 2010; D. R. Williams et al., 2005).

D. Eye Movement Abnormalities: Vertical supranuclear gaze palsy is the main 

characteristic feature of PSP (Liscic et al., 2013; D. R. Williams et al., 2005), and is 

typically preceded by a slowing of vertical saccades (I. Litvan et al., 1996). Diplopia, 

photophobia, and eyelid apraxia may also manifest early in the disease course (D. R. 
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Williams et al., 2005). Patients with PSP also display deficits in their saccades, optokinetic 

reflexes, and smooth pursuit (Amtage et al., 2014).

E. Case Reports: Four patients from a larger case report of 19 FXTAS patients were 

described who had presented with motor symptoms, including oculomotor abnormalities, 

resembling those seen in PSP (Fraint et al., 2014). Two demonstrated absent vertical 

optokinetic nystagmus, one of which had additional decreased lateral optokinetic nystagmus, 

and another showed decreased vertical optokinetic nystagmus. Four of the patients had 

slowed saccades and one also had dysmetria of saccades. One patient also demonstrated 

square wave jerks. These oculomotor findings along with other overlapping motor symptoms 

characteristic of PSP including postural instability and parkinsonism, (I. Litvan et al., 1996) 

suggest that there may a PSP-like variation of FXTAS (Fraint et al., 2014). However, as 

these abnormal eye movements are not typical in FXTAS, it is possible that these patients 

had dual pathology which will need to be elucidated in future studies.

F. Comparison Between FXTAS and PSP: Although both FXTAS and PSP patients may 

present with similar tremor types and/or a parkinsonism which is similar to that seen in 

idiopathic PD, the cerebellar ataxia signs that are characteristic of FXTAS is rare in PSP. 

Eye movement abnormalities have not been well studied in FXTAS but appear to be much 

less common than in PSP, which has a classic vertical supranuclear gaze palsy. However, 

there may be a PSP-like phenotype in a small subset of patients with FXTAS.

III. Age of onset, disease severity and progression, and average lifespan in FXTAS 
compared to ET, PD, SCAs, MSA, and PSP

All of these movement disorders are chronic and progressive, with some symptoms that may 

be managed through pharmacological, surgical, and rehabilitative treatments but there are 

currently no curative treatments for any of these neurodegenerative disorders.

Disease onset in FXTAS typically begins after 55 years of age (R. J. Hagerman et al., 2001). 

Functional disability is largely correlated with gait and balance abnormalities (M. A. Leehey, 

2009; O’Keefe et al., 2015; O’Keefe, Robertson-Dick et al., 2015). Women tend to 

experience a much milder disease phenotype than men (Coffey et al., 2008; R. J. Hagerman 

et al., 2001; Jacquemont et al., 2003; M. A. Leehey, 2009) due to the presence of the normal 

FMR1 allele on the second X chromosome, as well as possible skewed x-inactivation (E. 

Berry-Kravis, Potanos, Weinberg, Zhou, & Goetz, 2005; D. A. Hall et al., 2016; M. Leehey 

et al., 2008; O’Keefe et al., 2015; L. Rodriguez-Revenga et al., 2010). Mean survival time is 

quite variable in FXTAS, but time from motor symptom onset and death has been reported to 

be 21 years (M. A. Leehey et al., 2007).

ET is one of the most common movement disorders, with a prevalence rate of approximately 

5% in the general population which increases to over 20% in the elderly (Sinoff & Badarny, 

2014). The average onset of ET in one study of 52 ET patients was 55.8 ± 15.1 years of age 

(Sinoff & Badarny, 2014). Furthermore, as noted previously, ET has been categorized into 

hereditary and sporadic ET, both with onset prior to age 65, and senile ET with onset over 

age 65 (G. Deuschl & Elble, 2009). Tremor severity increases over time, which may lead to 

significant disability including physical, psychological, and social impairment (Auff, 
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Doppelbauer, & Fertl, 1991). Life expectancy appears to be normal in ET, but this finding is 

not universally accepted and requires further study(G. Deuschl & Elble, 2009; E. D. Louis, 

Benito-Leon, Ottman, Bermejo-Pareja, & Neurological Disorders in Central Spain 

(NEDICES) Study Group, 2007; Romero et al., 2012).

Age is the greatest risk factor for the development of idiopathic PD, with an average age of 

onset reported to be 58.4 ± 11.0 years (Sidransky et al., 2009; Wang et al., 2014), which is 

similar to that in FXTAS. However, there recently has been an increase in diagnosis of PD in 

individuals younger than 50 years of age (Gopalakrishna & Alexander, 2015). Non-motor 

symptoms such as constipation, rapid eye movement (REM) sleep behavior disorder, 

anosmia, and cognitive and behavioral problems usually present first with motor symptoms 

developing over time (Goldman et al., 2014; Goldman, Aggarwal, & Schroeder, 2015). 

Symptoms eventually progress to interfere with activities of daily living. The mean survival 

time following motor onset in PD is approximately 15 years (Forsaa et al., 2010).

Symptom onset in the SCAs, including the most common SCAs (1, 2, 3, and 6) is quite 

variable and can range from 15 to over 70 years of age (Schols et al., 1998). SCA1, SCA2, 

and SCA3 usually present between 30 and 40 years of age (Jacobi et al., 2015; Schols et al., 

1998), whereas SCA6 was reported to have an average age of onset of 52 ± 12 years in a 

German cohort of 21 patients (Schols et al., 1998). Disease progression has been shown to 

be greatest in SCA1 followed by SCA 3 and SCA2, with SCA 6 showing the slowest 

progression (Jacobi et al., 2015). Faster progression is associated with younger age of onset 

and longer repeat expansions in SCA1, SCA2 and SCA6. In SCA1, patients are usually 

wheelchair-bound within 15–20 years of disease onset. Disease severity is highly variable in 

SCA2 and SCA3, with patients showing a wide spectrum of disability. SCA6 typically has 

the least disease severity allowing for a normal lifespan in most cases (Paulson, 2009).

MSA has a mean onset of approximately 56 years of age and is characterized by severe 

progression of disability and poor quality of life (Schrag et al., 2006). Mean survival time 

from symptom onset is 9–10 years (Schrag, Wenning, Quinn, & Ben-Shlomo, 2008), and 

nocturnal sudden death is a primary cause of death in MSA patients (Shimohata et al., 

2008).

The average age of PSP onset is between 60 and 70 years of age, with motor symptoms 

appearing first followed by cognitive and behavioral and systemic problems (Arena et al., 

2015). The mean survival time in patients with PSP is 6 to 8 years (W. Z. Chiu et al., 2010; 

Respondek & Hoglinger, 2015).

In summary, MSA and PSP have the most severe and rapid disease progression of these 

movement disorders. Although PD appears to be more severe than FXTAS based on studies 

of disease progression and survival time in PD, no prospective studies on the progression 

and survival time of FXTAS have been performed. However, the disability in advanced 

FXTAS is likely to be as severe as in advanced PD. The SCAs generally have earlier onset 

but have variable disease progression. ET is the least severe of all these disorders and may 

not have a reduced lifespan. This data is summarized in Table 3.

A flow chart to assist in the differential diagnosis of FXTAS is provided in Figure 1.
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Conclusion

The purpose of this paper was to review FXTAS in the context of the movement disorders 

for which it is most frequently confused in order to better understand the similarities and 

differences among these disorders and identify potential markers which may be helpful for 

clinicians when diagnosing patients in the clinic. Increasing the accuracy of FXTAS 

diagnosis will allow for earlier and more targeted treatments and lead to better outcomes for 

these individuals.

Failure to correctly identify carriers of the FMR1 premutation and provide the necessary 

genetic counseling may have serious detrimental consequences for future generations of the 

patient’s family. In addition to FXTAS, women PM carriers are at risk for developing fragile 

X-associated Primary Ovarian Insufficiency, which may result in premature ovarian failure 

leading to early menopause and infertility, making early reproductive consultation essential 

for family planning (Sherman et al., 2014). Furthermore, PM carrier women are at risk for 

having children with FXS a neurodevelopmental disorder caused by the full mutation (>200 

CGG repeats). Therefore, identifying PM carrier men and women as early as possible can 

yield life-changing benefits for all members of the family.

By comparing the cognitive and motor phenotypes of FXTAS with each of these other 

movement disorders we hope to have clarified potential symptom overlap while elucidating 

factors that make these disorders unique from one another. Although family history may 

provide key clues for diagnosing FXTAS, alone it is not sufficient as many PM carriers do 

not have, or are not aware of, family members with known fragile X mutations and/or 

associated disorders. In order to reduce misdiagnoses, it is essential that clinicians learn to 

recognize the subtle but distinguishing cognitive and motor features of FXTAS.

In summary, the clinician should consider a FXTAS diagnosis and testing for the Fragile X 

mental retardation 1 (FMR1) gene premutation if a patient over the age of 50: (1) presents 

with cerebellar ataxia and/or intention tremor with mild parkinsonism, (2) has the middle 

cerebellar peduncle (MCP) sign, global cerebellar and cerebral atrophy, and/or subcortical 

white matter lesions on MRI, or (3) has a family history of fragile X related disorders, 

intellectual disability, autism, premature ovarian failure and has neurological signs 

consistent with FXTAS. Peripheral neuropathy, executive function deficits, anxiety, or 

depression are supportive of the diagnosis.
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Figure 1. Differential diagnosis of FXTAS
Key: FXTAS, fragile X associated tremor/ataxia syndrome; ET, essential tremor; PD, 

Parkinson’s syndrome; SCA, spinocerebellar ataxia; MSA, multiple system atrophy; PSP, 

progressive supranuclear palsy.

* This refers to the early-onset subtype of ET (Deuschl, 2009).

** This refers to the late-onset subtype of ET, which is more likely to be confused with 

FXTAS (Deuschl, 2009).

*** Also inquire regarding a FH of autism, developmental delay, or learning disabilities.

**** Cerebellar eye signs include nystagmus, saccadic pursuits, and slowed saccades. If the 

patient has ataxia and prominent kinetic tremor, consider SCA12.
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Table 2.

Prevalence of Motor Phenotypes in fragile X-associated tremor/ataxia syndrome (FXTAS), Essential Tremor 

(ET), Parkinson Disease (PD), Spinocerebellar Ataxias (SCAs), Multiple System Atrophy (MSA), and 

Progressive Supranuclear Palsy (PSP)

Movement 
Disorder Tremor Cerebellar Ataxia Parkinsonism Eye Movement 

Abnormalities

FXTAS

77% (men, mean age 65 ± 7) (Juncos, 
2011)

+ Kinetic > rest tremor (Berry-Kravis, 
2007)

Hands >> head (Apartis 2012; Leehey, 
2003; Peters, 2006)

41–66% (men, mean 
age 65 ± 7; men and 
women, 66.6 ± 8.2) 
(Juncos, 2011; Niu, 

2014)

29–32% (men and 
women, mean age 66.6 ± 
8.2; men, 65 ± 7) (Niu, 

2014; Juncos, 2011)

May be present (+)

ET

Kinetic: 25–98% (mean ages 62.5 ± 
14.6; 66.90 ± 12.35) (Deuschl, 2000; 

Ghika, 2015)
Intention: 33–89% (mean ages 62.5 ± 
14.6; 66.90 ± 12.35) (Deuschl, 2000; 

Ghika, 2015)
Postural: 80% (mean age 66.90 ± 

12.35) (Ghika, 2015)
Rest: 1.9–46.4% (may emerge with 

advanced disease) (Louis, 2015)
Hands >> head > voice (Jankovic, 

2002; Deuschl, 2009)

50% - Mild (mean age 
69) (Singer, 1994)

64% Typical (median age 
65) (Jankovic, 1995)

35–41% (mean ages 54.2 ± 
4.1; 27.6 ± 17.3 years) 

(Schwartz, 1999; 
Helmchen, 2003)

PD ++ Rest 38.9% TD (58.4 ± 10.9) (Wu, 
2015) − ++

Present (+) (Antoniades, 
2015; Crawford, 1989; 
Shibasaki, 1979) (Age 

range 49–69)

SCAs
Postural and Intention present (+) in 

SCA 2, 12, 15, 20, 27 (Perlman, 2011; 
Storey, 2014)

++ but may or may not 
be seen in SCA 17 and 

DRPLA (Matilla-
Dueñas, 2012; 

Perlman, 2011; Storey, 
2014)

Present (+) in SCA 2, 3, 
17, 21 (Park, 2015; 

Perlman, 2011; Storey, 
2014)

Present (+) in SCA 1, 2, 3, 
5, 6, 7, 8, 14, 28, 37 

(Storey, 2014)

MSA

MSA-P: Rest- Up to 60% Postural- Up 
to 60% Intention- Up to 37% (Low, 

2015)
MSA-C: Rest- Up to 22% Postural- Up 

to 45% Intention- Up to 94% (Low, 
2015)

Overall: Up to 80% (Kaindlstorfer, 
2013)

MSA-P- Up to 40%
MSA-C- Up to 100% 

(Low, 2015)

MSA-P: Up to 98%
MSA-C: Up to 73% 

(Low, 2015)

Present (+) (MSA-C mean 
age 63.2 ± 7.1) (MSA-P 

mean age 60.7 ± 7.6) 
(Terao, 2016)

PSP Up to 42% (Fujioka, 2016)

Rare (Kanazawa, 2009; 
Iwasaki, 2013; Koga, 

2016; Kanazawa, 
2013)

Up to 19% typical 
Parkinsonism

Up to 40% atypical 
Parkinsonism

(Respondek, 2015)

++ (Liscic, 2013; 
Williams, 2005)

Key:TD, tremor-dominant; DRPLA, dentatorubral-pallidoluysian atrophy; MSA-P, multiple system atrophy parkinsonism subtype; MSA-C, 
multiple system atrophy cerebellar subtype, (−) not seen or reported in the literature, (+) present but unknown prevalence, (++) required for 
diagnosis, “Up to” refers to lifetime prevalence rates
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