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Prevalence of Fragile X Syndrome 
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The much-quoted prevalence figure of 
1:1,000 males for fragile X syndrome is an 
overestimate in a mixed ethnic population. 
A reexamination of the individuals from 
whom those data were derived using molec- 
ular diagnostic techniques demonstrates a 
more realistic figure of 1:4,000 males. 
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INTRODUCTION 
The definition of fragile X syndrome and estimates of 

its prevalence have had a turbulent history. The origi- 
nal definition rested on the finding of a fragile site a t  
Xq27.3 in males who were mentally handicapped. A 
positive result was not always clear-cut, since only a 
proportion of cells examined demonstrated the fragile 
site; although most agreed on lower limits of 2-4%, 
sometimes even lower limits of 1-2% were accepted as 
positive [Soudek et al., 19841. The number of cells 
counted varied considerably between laboratories, as 
did methods of cell culture. Furthermore, we now know 
that this cytogenetic definition included both FRAXE 
and FRAXF as  well as FRAXD, a nonpathological, low- 
expressing, high-frequency fragile site at Xq27.2. 
Nearly all these factors led to overestimates of the 
prevalence of fragile X syndrome. 

The clinical definition can now be redefined in the 
male as mental handicap associated with an  absolute 
or relative deficiency of the gene product FMR-1 pro- 
tein [Pieretti e t  al., 19911. Testing for this protein is not 
yet generally available. The specific test used at  pres- 
ent is the measurement of the size of a trinucleotide 
repeat [Snow et al., 19931. Increase in this repeat num- 
ber over a particular value initiates methylation of the 
promoter site, resulting in the switching off of the 
FMR-1 gene. This method of testing also defines indi- 
viduals who lack FMR-1 protein as  a consequence of 
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deletion of the gene, but will not identify those whose 
FMR-1 protein is abnormal through point mutations. 

I t  was assumed initially that there was a high muta- 
tion rate in fragile X syndrome, so that variation be- 
tween different ethnic groups would be minimal. A 
founder effect has now been identified through the 
demonstration of linkage disequilibrium, so that vary- 
ing prevalence figures are to be anticipated in different 
ethnic populations [Richards et al., 19911. 

There have been many studies of the prevalence of 
fragile X syndrome by screening populations of indi- 
viduals with mental handicap in institutions and 
special schools; highly variable percentages have been 
reported. There are two studies within ethnically dis- 
tinct communities using data from the cytogenetic test- 
ing of children with intellectual handicap in an area 
where the background demography was known: in 
Sweden, Gustavson et al. [19861 found a prevalence of 
6.7:10,000, and in Finland, Kahkonen et al. [1987] 
found 8.3:10,000. 

Webb et al. [1986] and Turner et al. [1986] published 
prevalence papers, from Coventry, England, and from 
Sydney, Australia, respectively. Webb et al. [ 19861 found 
a prevalence of 1:1,000, and Turner et al. [1986], 
1:2,610. The survey by Webb et al. [1986] was of chil- 
dren identified as  handicapped in the school population 
and in residential accommodation with a Coventry 
address. The age range selected was 11-16 years. Those 
offered testing were those where the diagnosis was 
unknown. A correction was made for those refusing 
testing. A positive result was 3% of cells being fragile 
X-positive; 50 cells were first counted, and if one cell was 
positive, a further 50 were counted. The prevalence fig- 
ure in Turner et al. [ 19861 was derived from data gener- 
ated through a screening program offered to all those 
with mental handicap in a population of 1.1 million. 
Those of school age were selected to  calculate preva- 
lence, with mild handicapped aged 8-12 years, and 
moderate and severely handicapped aged 5-16 years. 
These groups were in special classes or schools. The 
background number in these age ranges in the school 
populations from which they were selected was known. 

Those tested were those without a syndrome diagno- 
sis who were not microcephalic and did not have cere- 
bral palsy; 77% of parents consented to testing; 100 
cells were counted, and 2% was taken as  a positive 
finding. 
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TABLE I. Reassessment of Prevalence of Fragile X Syndrome After Molecular Testing 

Webb et al. [1986], Turner et al. [1986], 
Coventry, England Sydney, Australia 
(total, 28,611 boys) (total, 58,094 boys) 

Intellectual handicap Moderatekevere Mild Moderatehevere Mild 

N karyotyped 60 159 149 323" 
N FraX+ 6 10 9 5 

1 in 2,610, or Prevalence 
N DNA tested 6 10.5/10,000 10 9 3.8/10,000 5 
N DNA+ 4 2 8 2 
Prevalence 1 in 4,090, or 1 in 4,350, or 

"Only those 8-12 years old were screened. 
bNot corrected for those who refused permission. If this is done, prevalence becomes 3.0/10,000. 

1 in 952, or 

2.4/10,000 2.3/10,000b 

METHODS 
In these two series the males identified as being frag- 

ile X positive have been re-examined by Southern Blot 
testing and the prevalence was recalculated. 

RESULTS 
Prevalence in Mentally Handicapped Males 

With Fragile X Syndrome 
Table I shows the data from the two surveys updated 

following molecular testing of those boys who were orig- 
inally identified as fragile X-positive by cytogenetic ex- 
amination. The revised estimates of prevalence in both 
series are in remarkable agreement. This is despite dif- 
ferences in the two populations studied; that of Webb 
et al. [19861 was mainly Caucasian with an admixture 
of Pakistani families, whereas that of Turner et al. 
[ 19861 was predominantly Caucasian with an  admix- 
ture of Mediterranean families. The correction noted in 
the footnote to Table I, allowing for those in the series of 
Turner et al. [ 19861 who gave no permission for testing, 
was deemed unnecessary, since subsequent and contin- 
ued state-wide proband identification and studies of ex- 
cluded families showed that no boys were later identi- 
fied as having fragile X syndrome in this subgroup. 

Prevalence of the Full Mutation in Females 
Prevalence of the full mutation in females is the 

same as the prevalence in males, because the full mu- 
tation only occurs in the offspring of females, and the 
reproductive rate of males with the full mutation is vir- 
tually zero. Estimates of the prevalence of mental re- 
tardation associated with the full mutation vary de- 
pending on the definition of mental retardation, 
intellectual handicap, and learning problems, and on 
the type of psychological testing used. However, i t  is 
generally accepted that a t  least 50% of those females 
with a full mutation will have some degree of intellec- 
tual impairment, so that  the clinical prevalence of frag- 
ile X syndrome in the female is approximately 50% of 
that found in the male. 

DISCUSSION 

expected. A more realistic figure based on molecular 
analysis is 1/4,000 or 2.4/10,000. These results are con- 
sistent with the overall prevalence rates found in the 
general population of NSW [Robinson et al., 19961. Re- 
cent studies surveying populations of mentally handi- 
capped school children using molecular diagnostic tech- 
niques have failed to identify the expected number of 
children with fragile X syndrome using the older preva- 
lence figures [Hagermann et al., 1994; Jacobs et al., 
1993; Barnicoat, 19941. 

A second factor which may be a cause of decline in 
prevalence is the effect of counselling and informed 
choice in the extended families of individuals identified 
as having fragile X syndrome over the last 10 years. 
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