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    Chapter 2   
 The Epidemiology of FXTAS                     

     Deborah     A.     Hall      and     Marsha     Mailick   

    Abstract     Recent epidemiological studies in the United States estimate the prevalence 
of the  FMR1  premutation as ranging from 1/148 to 1/209 in women and from 1/290 to 
1/468 in men, with greater variability in prevalence reported in studies internationally. 
Population studies investigating the prevalence of FXTAS in the general population 
have not been conducted due to the rarity of the disorder. The prevalence of FXTAS is 
estimated to be 1/4000 in men over the age of 55, due to age-dependent penetrance. 
The prevalence in women is thought to be much lower, at approximately 1/7800, 
because of the protection of the second X chromosome. Many screening studies have 
been conducted in movement disorder populations, attempting to ascertain undiag-
nosed FXTAS cases and premutation expansions. These studies have yielded low 
rates, with a rate of 1 % in cerebellar ataxia patients, <1 % in parkinsonian disorders, 
such as Parkinson disease and multiple system atrophy, and 0 % in essential tremor. 
Screening studies vary widely in the type of patients included, both in ethnicity and in 
gender. Wider inclusion criteria for screening could increase the rates of ascertainment 
of both FXTAS and premutation expansions in future studies.  

  Keywords      FMR1    •   Epidemiology   •   Premutation   •   FXTAS   •   Prevalence  

      Introduction 

 Population-based studies to determine the  prevalence   of FXTAS have not been 
conducted due to the estimated low frequency of affected individuals. The current 
estimate of 1/4000 males over the age of 50 having FXTAS was obtained through 
an indirect approach of combining the known prevalence of the premutation in the 
general population and data on penetrance of FXTAS in premutation carriers 
(Dombrowski et al.  2002 ; Jacquemont et al.  2004 ; Rousseau et al.  1995 ). This esti-
mate, however, confl icts with studies which have found low rates of premutation 
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alleles in various movement disorder populations. The prevalence rate of premutation 
alleles has been studied in both the general population and selected neurological pop-
ulations. Other epidemiological features of the premutation expansion, such as inci-
dence or mortality ratios, have not yet been studied or defi ned. Population studies 
investigating  FMR1  expansions were initiated after discovery of the gene mutation 
for fragile X syndrome. The methods of quantifying premutation range expansions 
have improved over time as laboratories have gained experience in the technique, 
with some of the earlier studies having diffi culty with amplifi cation. Problems with 
methods will be noted throughout the chapter and their likely ramifi cation on estima-
tions of prevalence. 

 Patients with FXTAS have previously been given diagnoses of tremor (20 %), 
ataxia (17 %), or parkinsonism (24 %) by their treating physicians (Hall et al.  2005 ). 
This has led to the screening of various movement disorder populations for a  FMR1  
repeat expansion in the premutation range. Two papers that reviewed this topic in 
detail were published in 2006 (Hall et al.  2006 ; Jacquemont et al.  2006 ). Adult neu-
rological populations not specifi cally ascertained for a particular movement disor-
der have not been screened in detail because it has not been considered common for 
individuals with FXTAS to receive prior diagnoses of a neurological disorder other 
than a movement disorder. This chapter will review the prevalence of the premuta-
tion allele in the general population and in movement disorder populations. 
Combining these data with the penetrance studies on FXTAS, we will provide esti-
mates for the prevalence of this neurodegenerative disorder in men and women.  

    Prevalence of the Premutation in the General Population 

 Several studies have estimated the prevalence of the premutation in the general  pop-
ulation  . We have summarized the larger and more recent studies in Table  2.1 . Many 
of the earlier and smaller studies used different allele sizes as the lower boundary 
for defi ning the premutation allele.

      Women 

 A total of 92,997 women have been screened in the general population. These 
 women   were not selected for a family history of intellectual disability. These studies 
fall into two categories: those performed in a clinical setting and those performed as 
research. The 60,477 women screened in Israel represent data collected preconcep-
tionally or prenatally in clinic and analyses were performed in a diagnostic labora-
tory. This is due to the fact that in Israel, screening is provided to all women of 
reproductive age on a self-pay basis. In these reports, prevalence rates range from 
1/116 to 1/159 (Berkenstadt et al.  2007 ; Geva et al.  2000 ; Toledano-Alhadef et al. 
 2001 ). The ethnic background of the population screened in Israel is very diverse 
(65 % European, 20 % Middle Eastern and Persian, 15 % North African), and no 
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differences in prevalence rates were noted between these groups. A large study in 
Canada screened 10,624 women and was performed on leftover hematology sam-
ples which were pooled for the analysis (fi ve samples per analysis). The reported 
prevalence rate 1/259 (95 % confi dence interval: 1/198–1/373) was signifi cantly 
lower than the rate reported in Israel. This may be due to an identifi ed French founder 
effect or to the pooling method, which does not have a sensitivity of 100 % (Rousseau 
et al.  1995 ). A third screening study performed in a Caucasian population using 
diagnostic procedures was performed by Ryynanen et al. ( 1999 ) and found a preva-
lence of 1/246 using a cutoff of 60 CGG repeats (not shown in Table  2.1 ). Although, 
the author does not provide the data on alleles between 55 and 60, data from other 
studies (Table  2.1 ) show that moving the cutoff from 60 to 55 CGG repeats roughly 
doubles the prevalence rate, which would then be similar to those published in the 
Israeli populations. It has also been suggested that the higher premutation frequency 
in the Israeli studies may be the result of self-referral in the case of a family history 
of mental retardation. To correct for this possible bias, Berkenstadt et al. excluded 
3596 out of 40,079 women who had such a family history. In the latter group, the 
prevalence was slightly higher at 1/128 (Berkenstadt et al.  2007 ). 

 Three recent studies provide US population-based estimates. DNA samples were 
screened from 3474 Caucasian women drawn from the general population, fi nding a 
premutation prevalence rate of 1 in 151 (95 % confi dence interval: 1/105–1/249) 
(Seltzer et al.  2012 ). A second study screened DNA from a population biobank 
 consisting of 11,527 Caucasian women and reported a similar premutation prevalence 

      Table 2.1     Population studies     

 Study 
 Population 
size  Sex 

 Number of premutation alleles (CGG) 

 Prevalence 
rate  55–60 

 61–
65 

 66–
70 

 71–
75 

 76–
80 

 81–
200  Total 

 Dombrowski  10,572  M  4  3  1  0  1  2  10  1/813 

 Tzeng  10,046  M  2  1  1  0  1  1  6  1/1674 

 Rife  5000  M  3  0  0  0  1  0  4  1/1250 

 Fernandez- 
Carvajal 

 5267  M  13  3  4  0  1  0  21  1/251 

 Rousseau  10,624  F  11  10  6  6  3  3  39  1/272 

 Geva  9660  F  na  na  na  na  na  na  61  1/159 

 Toledano  14,334  F  62  15  25  4  9  9  124  1/116 

 Pesso  9459  F  40  9  5  0  2  6  61  1/153 

 Berkenstadt  36,483  F  na  na  na  na  na  na  231  1/158 

 Tassone  14,207  M,F  23  9  3  5  2  8  50  1/209F, 
1/430M 

 Seltzer  6e747  M/F 
(total) 

 2/12 
(14) 

 3/3 
(6) 

 1/2 
(3) 

 0/1 
(1) 

 1/0 
(1) 

 0/5 
(5) 

 7/23 
(30) 

 1/151F, 
1/468M 

 Maenner  19,991  M/F 
(total) 

 13/33 
(46) 

 4/11 
(15) 

 4/4 
(8) 

 2/6 
(8) 

 1/3 
(4) 

 2/15 
(17) 

 26/72 
(98) 

 1/148F, 
1/290M 

  Cases with a family history of mental retardation are excluded 
  na  data not communicated 

  a Pesso et al. present a preliminary report of the larger data set reported by Berkenstadt et al.  
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rate of 1 in 148 women (95 % confi dence interval: 1/113–1/207) (Maenner et al. 
 2013 ). A third screening study of a more ethnically and racially diverse study was 
reported in which 6 ± 895 female samples were screened and a prevalence rate of 1 in 
209 women was reported (95 % confi dence interval: 1/149–1/303) (Tassone et al. 
 2012 ). The prevalence of premutation varied by ethnicity; 1 in 123 Asian samples, 
1 in 201 Caucasian samples, 1 in 168 Black samples, 1 in 570 Hispanic samples were 
found to have a premutation (Tassone et al.  2012 ).  

     Men   

 The studies performed in males represent much smaller groups with a total of 
49,939 individuals screened (Table  2.1 ). The variation of prevalence rates (from 
1/251 to 1/1674) is much larger than what is seen in the female studies. Ethnic back-
ground likely accounts for some of the discrepancies, with very low rates found in 
the Asian population. On the other hand, two studies performed in Spain (Fernandez- 
Carvajal et al.  2009 ; Rife et al.  2003 ) using the same ascertainment method in both 
studies (neonatal blood spots) found extremely different rates (1/1250 and 1/251, 
respectively), so there are clear sensitivity issues in some studies. False positives 
seem less likely, since all positive tests are replicated. A similar study with neonatal 
blood spots in a very small sample of 1459 males yielded a rate of 1/730 (two pre-
mutation carriers identifi ed) (Saul et al.  2008 ). 

 The three recent US prevalence studies yielded relatively high rates. In Seltzer 
et al. ( 2012 ), the Caucasian prevalence rate in men was 1 in 468 (95 % confi dence 
interval: 1 in 251 to 1 in 1628). In Maenner et al. ( 2013 ), the Caucasian prevalence 
rate in men was even higher—1 in 290 men (95 % confi dence interval: 1 in 194 to 
1 in 530). In the ethnically and racially diverse screened population reported in 
Tassone et al. ( 2012 ), the prevalence rate for male samples was 1 in 430 (95 % con-
fi dence interval: 1/268–1/736). As with the female samples they screened, the prev-
alence of the premutation in males varied by ethnicity; 1 in 358 in Caucasian 
samples, 1 in 428 for Asian samples, 1 in 595 for Hispanic samples, and 1 in 780 
Black samples were found to have a premutation in the Tassone et al. study. 

 In summary, despite numerous screening studies, there are still some uncertain-
ties regarding the prevalence of premutation alleles in the general population. This 
is especially true for the reported prevalence of male carriers, which varies widely 
throughout the different published studies. Larger studies using highly sensitive 
methods are required in men of different ethnic origin to clarify this issue but it is 
likely that the premutation prevalence is much higher than reported in men.   

    Penetrance of FXTAS Among Premutation Carriers 

 A study of the penetrance of tremor and ataxia among adult carriers of premutation 
( FMR1 ) alleles, ascertained through families with known fragile X syndrome pro-
bands, showed that more than one-third of carrier men >50 years of age had both 
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tremor and ataxia. The penetrance increases with age, exceeding 50 % for men in their 
70s and 80s (Jacquemont et al.  2004 ). This study, however, did not take into account 
allele size. Studies have shown that there is a correlation between motor involvement 
and age of onset of symptoms of FXTAS and that the penetrance of FXTAS may be 
lower at smaller allele sizes (Leehey et al.  2008 ; Tassone et al.  2007 ). This is of impor-
tance since small expansions represent the majority of premutation alleles (50 % of 
premutation alleles are 55–60 CGG repeats) (Jacquemont et al.  2006 ).  

    Prevalence of the Premutation in Movement Disorder 
 Populations   

 All studies in movement disorder populations are summarized in Table  2.2 . The 
ataxia populations tested had the highest rate of premutation alleles ascertained, but 
the studies had heterogenous inclusion criteria. Most of the studies ascertained 
patients who had negative gene testing for the spinocerebellar ataxias (SCA) and/or 
dentatorubropallidal luysian atrophy and Friedreich’s ataxia. An additional two 
studies ascertained two late onset adult ataxia populations, adding  FMR1  screening 
as part of a panel of testing. Due to the difference in populations in these studies, 
screening in patients who have already tested negative for SCA or other gene tests 
yielded higher prevalence rates than patients who had not yet had testing done 
(1.7 % vs. 1.5 %). Hall et al.  2005 ) reported that only 4 % of people with FXTAS 
diagnosed in family studies had been evaluated by movement disorder neurologists, 
whereas the rest were seen by general neurologists or primary care physicians. 
Primary care physicians are less likely to order genetic testing for ataxia (e.g., only 
1/70 medical charts reviewed in that study indicated spinocerebellar ataxia genetic 
testing). Thus, patients tested for  FMR1  in the movement disorder screening studies 
represent only a subgroup of patients with cerebellar ataxia, many of whom had 
been referred to tertiary referral centers for diagnosis.

   Men referred for  genetic testing   for known mutations causing spinocerebellar 
ataxia (SCA) and for whom testing was negative were screened for repeat expan-
sions in the  FMR1  gene (Brussino et al.  2005 ; Macpherson et al.  2003 ; Milunsky 
and Maher  2004 ; Van Esch et al.  2005 ). With a similar design, three additional stud-
ies included both men and women (Rajkiewicz et al.  2008 ; Rodriguez-Revenga 
et al.  2007 ; Zühlke et al.  2004 ). Three additional studies in Canada and the USA 
screened patients presenting with clinical features of adult onset cerebellar ataxia 
(Adams et al.  2008 ; Kerber et al.  2005 ; Kraft et al.  2005 ). 

    Table 2.2    Rate of  FMR1  repeat expansions in movement disorders   

 Movement disorder population  Total no. of patients 
 Estimated premutation 
rate (%) 

 Cerebellar ataxia  2014  1 
 Essential tremor    761  0 
 Multiple system atrophy    685  0.4 
 Parkinson disease  2901  0.3 
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 The majority of the studies included subjects who (1157 men and 399 women) 
tested negative for SCA 1–3, 6–7, which account for approximately 65 % of autoso-
mal dominant cerebellar ataxias worldwide (Brusse et al.  2007 ). Most of the other 
genes tested are much more rare. Thus, the populations of ataxia patients screened 
for  FMR1  are even more highly selected than what is typically seen in movement 
disorder clinics and may represent an overestimation of prevalence rates. The over-
all prevalence rate of  FMR1  premutations in the ataxic men ( n  = 1532) was 0–8.5 % 
and in the women ( n  = 482) was 0–3 %. These rates suggest that in men with cere-
bellar ataxia and negative SCA gene testing, the prevalence of  FMR1  repeat expan-
sions may be as high as 8 %. However, the prevalence rate in women is unlikely to 
be higher than the rate in the general population. The median age of the men ranged 
from 48 to 65 years old although median age was not reported in eight of the studies. 
The median age of the women was not reported. Because the penetrance of FXTAS 
is age dependent, samples reporting median ages below or around 55 are likely to 
show an artifi cially low prevalence. The median age in the Flemish study of 65 may 
result in a more accurate refl ection of the prevalence rate of manifesting premuta-
tion carriers (4 %) (Van Esch et al.  2005 ). 

 Despite case reports of patients with FXTAS presenting with an essential tremor 
(ET) phenotype, screening in this population has yielded virtually no cases. One 
screen was conducted in older adults presenting with ET and no premutation carri-
ers were found among 40 men or 40 women (Garcia Arocena et al.  2004 ). A more 
recent study with 321 ET cases detected no premutation alleles in 154 men and 167 
women (Clark et al.  2015 ). Several studies, reporting on groups of patients with dif-
ferent movement disorder diagnoses, included a total of 294 subjects with ET, diag-
nosed after the age of 45 and found no  FMR1  premutation range repeat expansion 
carriers (Deng et al.  2004 ; Tan et al.  2004 ). However, the phenotype screened in the 
studies excluded all subjects with parkinsonism and many required a familial his-
tory of tremor (autosomal dominant inheritance), making underestimation of 
FXTAS as a cause of tremor probable. 

 Some patients with premutation range expansions appear to have a  Parkinson 
disease (PD  ) phenotype (Hall et al.  2009 ). To date, 2901 PD patients have been 
screened, with the majority being men (Annesi et al.  2004 ; Hall et al.  2011 ; Toft 
et al.  2005 ). Of these, fi ve premutation carriers have been ascertained. Two smaller 
studies in patients with atypical PD and all types of parkinsonism did not yield any 
cases (Reis et al.  2008 ; Tan et al.  2005 ). Interestingly, Hedrich et al. ( 2005 ) looked 
at a larger population of parkinsonism patients with 265 men and 208 women and 
found one premutation carrier, who also had a second mutation in the  Parkin  gene. 
More recently, 595 Italian females (81 % with PD) were screened and two premuta-
tion carriers were identifi ed (0.34 %) (Cilia et al.  2009 ). Although screening studies 
have not yielded many premutation carriers with parkinsonism, the majority of 
patients tested have met criteria for PD and unclassifi ed parkinsonism patients con-
stitute the minority. Because the phenotype of FXTAS would not typically meet 
criteria for PD, it is likely that parkinsonian FXTAS patients would be excluded 
from screening studies in idiopathic PD. 
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 Prevalence rates are similar in  multiple system atrophy (MSA  ) to those in PD, 
with a rate obtained in a large population of 507 men and women of 0.8 %, with 
most of premutation carriers having the cerebellar type of MSA (Kamm et al.  2005 ). 
Two other studies in American and Japanese MSA patients ( n  = 141) showed no 
premutation carriers (Garland et al.  2004 ; Yabe et al.  2004 ). In studies with mixed 
populations, only one woman with MSA and the premutation was found (Seixas 
et al.  2005 ; Tan et al.  2004 ). 

 Thus, screening for  FMR1  repeat expansions in movement disorder populations 
has resulted in different prevalence rates based on the population studied (Table  2.3 ) 
(Biancalana et al.  2005 ; Kraff et al.  2007 ). Premutation rates for ataxia of 0–4 % 
trend higher than rates reported in the general population of ~0.1 % (men). However, 
premutation prevalence rates in those subjects with essential tremor or parkinson-
ism are not increased compared to historical controls. This is despite data showing 
that patients with FXTAS are given diagnoses of tremor (20 %), ataxia (17 %), or 
parkinsonism (24 %) by their treating physicians (Hall et al.  2005 ). Many of the 
studies did not report mean age of the subjects, with some of the studies reporting 
mean ages less than 55 years. This likely underestimates the rate of premutation 
carriers, as most patients with FXTAS do not manifest symptoms until they are 
60–70 years old (Jacquemont et al.  2004 ). In addition, the ethnicity of the subjects 
screened needs to be taken into account as prevalence rates of  FMR1  repeat expan-
sions in the general population vary based on the ethnicity.

   Most of the screening studies in movement disorders have been done in men due 
to original reports describing only affected men with FXTAS, making the premuta-
tion rates in affected populations of women less well defi ned. Overall, sample sizes 
were small relative to established prevalence rates in the general population. Most 
of the studies did not include a control group, but rather used historical controls. 
Further, techniques used to determine CGG repeat length in the  FMR1  gene vary 
from one study to another and are not reported in at least three studies. 

    Estimating the Prevalence of FXTAS 

 As mentioned earlier, there are no population-based studies on the prevalence of 
FXTAS. In 2008, the prevalence was estimated based on the following factors: (i) 
the prevalence of the premutation in the general population, (ii) the penetrance of 
FXTAS among premutation carriers, and (iii) the relationship between the premuta-
tion allele size and the penetrance of neurological signs in FXTAS (Hagerman 
 2008 ). For this estimate, a prevalence fi gure for the premutation of 1/800 for males 
of European origin was used and a fi gure of 40 % for cumulative penetrance of 
FXTAS in male carriers of the premutation. Also, the range of clinical involvement 
of FXTAS was restricted to those patients with premutation alleles >60 CGG 
repeats, which represents approximately 50 % (Table  2.2 ) of all  premutation alleles   
(Jacquemont et al.  2006 ). Using these fi gures, the cumulative prevalence for men 
could be as high as 1 in about 4000, with this estimate subject to uncertainty of the 
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overall prevalence of premutation alleles in the general population as well as the 
penetrance of FXTAS for a smaller premutation. Exclusion of slightly larger alleles, 
in the 60–70 repeat range (alleles >70 or 20 % of all premutation alleles), would 
predict a prevalence of about 1/10,000. Since this estimate was published, the prev-
alence of the premutation has increased, which would translate to a higher cumula-
tive prevalence number. Also, these fi gures do not take into account the prospect of 
milder phenotypic involvement in carriers of smaller alleles. This uncertainty in the 
prevalence of clinical involvement among premutation carriers underscores the 
urgent need for additional screening studies on a larger scale and penetrance studies 
for smaller premutation alleles.   

     FXTAS in Women   

 There have been very few studies on women with FXTAS (Berry-Kravis et al.  2005 ; 
Hagerman et al.  2004 ). The symptoms appear to be milder in affected women and 
the penetrance appears to be much lower. In the families studied by Coffey et al. 
( 2008 ), 15 of the 146 carrier women were found to have probable or defi nite 
FXTAS. However, 12 of these women were self-referred or were more likely to 
participate in the study due to the presence of neurological symptoms. If the self- 
referred women with FXTAS were eliminated in order to reduce ascertainment bias, 
a total of 6 women out of 134 (4.5 %), or 6 out of 72 women over age 40 (8.3 %), 
had FXTAS. With the same approach described previously, the prevalence of 
FXTAS in Caucasian women would be estimated using a premutation prevalence of 
1/300, a hypothetical penetrance of FXTAS of 1/13, and a clinical involvement in 
alleles >60 CGG repeats (50 % of all alleles), and the resulting prevalence rate 
would be 1/7800 (1/300 × 1/13 × 1/2 = 1/7800).  

    Summary 

 Although there is growing epidemiological data on the premutation, the prevalence 
of FXTAS continues to warrant epidemiological study. Based on estimates derived 
from the prevalence of the premutation allele and the penetrance of FXTAS, it seems 
that this new disorder may be one of the more commonly known single gene neuro-
degenerative diseases. However, studies of movement disorders populations, of 
which there are now 27, report that the gene abnormality is not associated with a 
signifi cant number of movement disorder cases. This may be consistent with the fact 
that a large proportion of FXTAS patients are not followed in movement disorder 
clinics, which has been confi rmed in prior studies (Hall et al.  2006 ). Premutation car-
riers may be excluded from cohorts that are screened for the gene mutation, such as 
those mentioned above. FXTAS shows age-dependent penetrance and the mean age 
in many of the screening studies in movement disorders is close to 55, which likely 
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reduced ascertainment. Individuals with milder movement disorders secondary to the 
premutation may not have met inclusion criteria for spinocerebellar ataxia, parkin-
sonism, or ET when seen in clinic. For example, criteria for ET requiring a fi rst-
degree relative with essential tremor may have caused underestimation of  FMR1  
repeat expansion rates in a tremor population. Diagnostic criteria for idiopathic PD 
would exclude many patients with FXTAS, since they would have cerebellar ataxia 
and kinetic tremor. 

 In summary, the present literature suggests that the prevalence of FXTAS in males 
of the general population is in the range of 1/3500–1/4500. This is based on the cur-
rent estimates of prevalence of the premutation allele in the general population, 
which may be more prevalent than currently available data indicate.  FMR1  premuta-
tion alleles are increased in ataxia populations, but due to the heterogenous clinical 
presentation of FXTAS, genetic screens have failed to identify a large proportion of 
premutation carriers in any given movement disorder population. Ongoing FXTAS 
neurological phenotype–genotype studies may better clarify the spectrum of patients 
who should be tested for  FMR1  repeat expansions. Ethnicity needs to be taken into 
account when screening populations in the future, due to disparate  FMR1  premuta-
tion prevalence rates. Although guidelines for testing have been proposed (Hall et al. 
 2005 ), a larger cross-sectional study with a broader range of movement disorder 
phenotypes would be ideal to provide the best foundation for guidelines in the future.     
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