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Abstract

Objective: To provide Canadian family physicians, genetic
counsellors, medical geneticists, midwives, and
obstetrician-gynaecologists with recommendations regarding
screening for fragile X in the obstetrical and gynaecological
population.

Methods: Medline, the Cochrane Library, journals, and textbooks
were searched for English-language articles, published between
1966 and March 2008, relating to fragile X testing outcomes.
Search terms included fragile X, screening, prenatal testing,
pregnancy outcome, premutation, trinucleotide repeats, and
ovarian failure. All study types were reviewed. Randomized
controlled trial results were considered evidence of the highest
quality, followed by results of cohort studies. Key individual studies
on which the recommendations are based are referenced.
Supporting data for each recommendation are summarized with
evaluative comments and references.

This document represents an abstraction of the information.

Evidence: The quality of evidence reported in this document has
been described using the criteria outlined in the report of the
Canadian Task Force on Preventive Health Care.

Recommendations

1. Any testing for fragile X syndrome must occur only following
thorough counselling and with the informed consent of the woman
to be tested. (III-A)

2. Fragile X testing is indicated for a woman with a family history of
fragile X syndrome, fragile X tremor/ataxia syndrome, or
premature ovarian failure (in more than one family member) if the
pedigree structure indicates that she is at risk of inheriting the
mutated gene. Referral to a medical geneticist for counselling and
assessment should be considered in these cases. (II-2A)

3. Fragile X testing is indicated for women who have a personal
history of autism or mental retardation/developmental delay of an
unknown etiology or who have at least one male relative with
these conditions within a three-generation pedigree. (II-2A)

4. Fragile X testing is indicated for women who have reproductive or
fertility problems associated with an elevated level of follicle
stimulating hormone before the age of 40. (III-A)

5. Prenatal fetal testing via chorionic villus sampling or
amniocentesis should be offered to women who are confirmed to
be carriers of a premutation or full mutation of the fragile X gene
(FMR-1). (II-2A) Pre-implantation genetic diagnosis is available as
another reproductive option. (III-A)

6. Population screening for fragile X syndrome for all women in the
reproductive age-range is feasible. However, it should be
considered only when there is a provincial/regional program that

SEPTEMBER JOGC SEPTEMBRE 2008 � 837

JOINT SOGC–CCMG COMMITTEE OPINION

This committee opinion has been prepared by the Genetics
Committee of the Society of Obstetricians and Gynaecologists of
Canada (SOGC) and the Prenatal Diagnosis Committee of the
Canadian College of Medical Geneticists (CCMG) and approved
by the Executive of the SOGC and the Board of Directors of the
CCMG.

PRINCIPAL AUTHORS

David Chitayat, MD, Toronto ON

Philip R. Wyatt, MD, Toronto ON

SOCIETY OF OBSTETRICIANS AND GYNAECOLOGISTS OF
CANADA GENETICS COMMITTEE

R. Douglas Wilson (Chair), MD, Philadelphia PA
Jo-Ann Johnson, MD, Calgary AB

François Audibert, MD, Montreal QC

Victoria Allen, MD, Halifax NS

Alain Gagnon, MD, Vancouver BC

Sylvie Langlois, MD, Vancouver BC

Claire Blight, RN, Dartmouth NS

Jo-Ann Brock, MD, Halifax NS

Valerie Désilets, MD, Montreal QC

Philip R. Wyatt, MD, Toronto ON

CANADIAN COLLEGE OF MEDICAL GENETICISTS PRENATAL
DIAGNOSIS COMMITTEE

Sylvie Langlois (Chair), MD, Vancouver BC

David Chitayat, MD, Toronto ON

Valerie A. Désilets, MD, Montreal QC

Sandra A. Farrell, MD, Mississauga ON

Michael Geraghty, MD, Ottawa ON

Tanya Nelson, PhD, Vancouver BC

Sarah M. Nikkel, MD, Ottawa ON

David Skidmore, MD, Halifax NS

Andrea Shugar, MSc, Toronto ON

Disclosure statements have been received from all members of
the committees.

Key Words: Carrier screening, fragile X syndrome, premature

ovarian failure, mental retardation

This document reflects emerging clinical and scientific advances on the date issued and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate
amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be
reproduced in any form without prior written permission of the SOGC.

No. 216, September 2008



can test and adequately counsel the targeted population about the
meaning and implications of the results. (II-2B)
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INTRODUCTION

In 2002, the Genetics Committee and the Maternal Fetal
Medicine Committee of the Society of Obstetricians and

Gynaecologists of Canada noted that:

A large amount of obstetric and genetic screening is
undertaken once a woman is identified as being preg-
nant. Four areas that must be considered with regard
to any form of screening in the pregnant (as well as the
non-pregnant) population must include (1) opportunity
for the counselling of the patient prior to the screening
to assure informed choice, (2) the timing of the
screening, (3) availability of laboratory technology,
and (4) opportunity for diagnosis to occur in a timely
fashion to allow the option of termination of
pregnancy.1

Fragile X syndrome is an X-linked inherited condition
caused by a mutation in the FMR-1 gene which maps to the
long arm (q arm) of the X chromosome. It is one of the

most common causes of inherited mental retardation2–4 and
affects approximately 1 in 4000 males and 1 in 8000
females.3,5–9 Symptoms can be wide ranging, but invariably
all males, and some carrier females, present with significant
mental delay and behavioural problems.3,6,7,8,10,11 The preva-
lence of women who are carriers of fragile X syndrome is
estimated to be about 1 in 154 in a population without a
family history of mental retardation, developmental prob-
lems, or autism, and 1 in 128 when a positive family history
exists.2

The mutation leading to over 99% of cases of fragile X syn-
drome is an expansion in the number of copies of a
sequence of nucleotides, consisting of CGG, referred to as
an unstable repeat sequence in the gene known as FMR-1
gene.3,4 There are four forms of the gene, each with a differ-
ent number of copies of the repeated segment. They are
referred to as normal or common (6–60 CGG repeats),
“gray zone” or intermediate (41–60 CGG repeats),
premutation (60–200 CGG repeats), and full mutation
(> 200 CGG repeats).3,28 Although the definitions of inter-
mediate and premutation alleles are blurred, premutation is
clinically reported when the CGG repeats are > 55.3,12 The
full mutation form of the gene is silenced, and no mRNA is
produced. The lack of the gene product FMRP, an
RNA-binding protein, is responsible for the mental retarda-
tion.3,7–14

Since males typically have only one X chromosome, a male
with an FM will always have fragile X syndrome, but the
manifestations vary significantly, even within members of a
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Key to evidence statements and grading of recommendations, using the ranking of the
Canadian Task Force on Preventive Health Care

Quality of Evidence Assessment* Classification of Recommendations†

I: Evidence obtained from at least one properly randomized
controlled trial

II-1: Evidence from well-designed controlled trials without
randomization

II-2: Evidence from well-designed cohort (prospective or
retrospective) or case-control studies, preferably from more
than one centre or research group

II-3: Evidence obtained from comparisons between times or
places with or without the intervention. Dramatic results in
uncontrolled experiments (such as the results of treatment
with penicillin in the 1940s) could also be included in this
category

III: Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert
committees

A. There is good evidence to recommend the clinical preventive
action

B. There is fair evidence to recommend the clinical preventive
action

C. The existing evidence is conflicting and does not allow to
make a recommendation for or against use of the clinical
preventive action; however, other factors may influence
decision-making

D. There is fair evidence to recommend against the clinical
preventive action

E. There is good evidence to recommend against the clinical
preventive action

L. There is insufficient evidence (in quantity or quality) to make
a recommendation; however, other factors may influence
decision-making

�The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force
on Preventive Health Care.75

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the The Canadian
Task Force on Preventive Health Care.75

ABBREVIATIONS

FM full mutation

FXTAS fragile X-associated tremor/ataxia syndrome

PM premutation



single family. In females who carry an FM, the clinical mani-
festations are even more variable than in males, because
they have two X chromosomes, one of which is inactive.
The proportion of the cells with the active X chromosome
carrying the fragile X mutation determines the clinical mani-
festations in females. However, the clinical manifestations
cannot be predicted by routine testing.

Until recently, individuals with premutations were thought
to be asymptomatic. However, some PM carriers, primarily
males but also females, have been found to be at risk of
developing late onset tremor/ataxia syndrome or psychologi-
cal symptoms.15–21In addition, females who are PM carriers may
develop premature ovarian failure (risk of approximately
21%), which shortens their reproductive capability.22–26

When a PM allele is transmitted from a carrier mother to
her offspring, there is usually an increase in the CGG repeat
size of the mutant allele. Thus, premutation women are at
risk of having children with full mutations. Studies have
demonstrated that the risk of PM female carriers having
children affected with fragile X syndrome is related to the
size of the PM carried by the woman.2,7 Berkenstadt et al.2

showed that the rate of allele expansion from maternal PM
to fetal FM was 10% in patients without a family history of
mental retardation, developmental problems, or autism,
compared with 50% for those with a positive family history.
The higher rate of expansion to FM in the latter group was
accounted for by a higher number of repeats found in the
PM carriers of this group, because the expansion rate did
not differ between the groups for a given size. However, the
expansion rate is even higher in women who have a proven
family history of fragile X syndrome. This has to be taken
into consideration when counselling women identified as
being PM carriers about their risk of having a child with an
FM.

Intermediate fragile X alleles have a small risk of expansion,
estimated in one study to be 6.6%.12 However, no interme-
diate allele has been reported as expanding to an FM. Carri-
ers of intermediate alleles are not at risk of having an
affected child and should not be offered invasive prenatal
diagnosis for fragile X syndrome.

LABORATORY TESTING FOR FRAGILE X

DNA analysis is the method used for the diagnosis of fragile
X syndrome and the identification of carriers. Testing con-
sists of evaluating the size of the CGG trinucleotide repeat
in the FMR-1 gene and detects over 99% of the cases.
Testing is highly sensitive and highly specific when done in
qualified facilities.27 Results reliably classify individuals as
being in the normal, intermediate, premutation, or full
mutation category. Well-established laboratory technical

standards have been published and can be reviewed for
additional details.27,28

TESTING IN OBSTETRICS AND GYNAECOLOGY

Testing for fragile X syndrome should be offered to women
who

1. Have mental retardation, autism, or ataxia

2. Have a family history of an individual with a
confirmed PM or FM in the fragile X gene

3. Have a family history (within a three-generation
pedigree) of autism or mental
retardation/developmental delay of unknown etiology

4. Have a family history suggestive of FXTAS

5. Are experiencing reproductive or fertility problems
associated with an elevated level of follicle stimulating
hormone levels before the age of 40 or who have a
family history that includes more than one female with
premature ovarian failure.

POPULATION SCREENING FOR FRAGILE X
OF PREGNANT WOMEN AND NON-PREGNANT WOMEN
IN THE REPRODUCTIVE AGE RANGE

Several studies have examined the options of newborn
screening29–31 and population screening of all pregnant
women for their fragile X status.2,32–34 The severity of the
condition, the high incidence in the general population, the
impact of the condition on the family and society as a
whole, and the high detection rate of fragile X (99%) makes
screening for this condition in women in the reproductive
age range desirable and feasible.2,29–31,34 It also has been
shown to be cost-effective.33 However, this should be done
only if resources are in place to test and adequately counsel
the targeted population about the meaning and implications
of the results. Women who are found to be carriers of a
premutation allele are confronted with a significantly
increased risk of premature ovarian failure.25 In addition,
these women are at increased risk of developing late onset
FXTAS,19 although the penetrance of this condition in car-
rier women is not known at this point. Finally, the identifi-
cation of a carrier female implies that her family members
are at increased risk of also being carriers, placing them at
risk of developing FXTAS and at risk of having children
and/or grandchildren with fragile X syndrome.32

PRENATAL TESTING

When a pregnant woman has been confirmed to have a
premutation or full mutation in the FMR-1 gene, prenatal
testing by either chorionic villus sampling or amniocentesis
is available and should be offered as an option to the
patient. Since the methylation status of the FMR-1 gene is

Fragile X Testing in Obstetrics and Gynaecology in Canada

SEPTEMBER JOGC SEPTEMBRE 2008 � 839



often not yet established in chorionic villi at the time of
sampling, the chorionic villus sampling results must be
interpreted with caution. Thus, counselling with respect to
invasive testing should be provided by experienced
personnel.20,34

Pre-implantation genetic diagnosis is available for at-risk
couples who present before conception and should be dis-
cussed with them.

The quality of evidence reported in this document has been
assessed using the Evaluation of Evidence criteria in the
Report of the Canadian Task Force on Preventive Health
Care (Table).35

Recommendations

1. Any testing for fragile X syndrome must occur only fol-
lowing thorough counselling and with the informed con-
sent of the woman to be tested. (III-A)

2. Fragile X testing is indicated for a woman with a family
history of fragile X syndrome, fragile X tremor/ataxia
syndrome, or premature ovarian failure (in more than
one family member) if the pedigree structure indicates
that she is at risk of inheriting the mutated gene. Referral
to a medical geneticist for counselling and assessment
should be considered in these cases. (II-2A)

3. Fragile X testing is indicated for women who have a
personal history of autism or mental retardation/
developmental delay of an unknown etiology or who
have at least one male relative with these conditions
within a three-generation pedigree. (II-2A)

4. Fragile X testing is indicated for women who have
reproductive or fertility problems associated with an
elevated level of follicle stimulating hormone before the
age of 40. (III-A)

5. Prenatal fetal testing via chorionic villus sampling or
amniocentesis should be offered to women who are con-
firmed to be carriers of a premutation or full mutation of
the fragile X gene (FMR-1). (II-2A) Pre-implantation
genetic diagnosis is available as another reproductive
option. (III-A)

6. Population screening for fragile X syndrome for all
women in the reproductive age-range is feasible.
However, it should be considered only when there is a
provincial/regional program that can test and adequately
counsel the targeted population about the meaning and
implications of the results. (II-2B)
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