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Abstract

Background: Whilst up to 60% of males with fragile X syndrome (FXS) meet criteria for autism spectrum disorder
(ASD), the prevalence and nature of ASD in females with FXS remains unclear.

Method: A systematic literature search identified papers reporting ASD prevalence and/or symptomatology in
females with FXS.

Results and conclusion: Meta-analysis suggested that rates of ASD for females with FXS are reliably higher than
for females in the general population (a random effects model estimated weighted average prevalence at 14%,
95% CI 13–18%). Whilst papers highlighted a number of social and repetitive difficulties for females with FXS,
characteristic profiles of impairment are not clear. Possible associations between ASD traits and IQ, and between
ASD and levels of fragile X mental retardation protein, are suggested, but data are equivocal.
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Background
Fragile X syndrome (FXS) is the most common inherited
single-gene cause of intellectual disability and autism
spectrum disorder (ASD). It is caused by a mutation on
the X chromosome in the FMR1 gene, typically due to
the expansion of the CGG triplet repeat, resulting in dis-
ruption to the fragile X mental retardation protein
(FMRP). FXS occurs when a person has 200 or more re-
peats (the full mutation); a repeat size between 55 and
200 is classified as a premutation. Cognition and behav-
iour are more severely affected for those with a full mu-
tation, whose prevalence is approximately 1.4 per 10,000
males and 0.9 per 10,000 females according to a recent
meta-analysis [1]. Due to the X-linked nature of the con-
dition, females are reported to be less affected than
males [2]. The increased severity of presentation in

males and the lower prevalence in females has led to un-
derrepresentation and often exclusion of females in
research.
A prominent set of behavioural/psychological features

associated with FXS are characteristics associated with
ASD. The prevalence of ASD in the general population
is approximately 1 in 68 [3], with boys being more com-
monly diagnosed (1 in 42) than girls (1 in 189). Rates of
ASD in those with certain genetic neurodevelopmental
syndromes are considerably higher, with the nature of
ASD-related behaviours also reported to vary by syn-
drome group (e.g. [4–6]).
More than 90% of males with FXS are reported to dis-

play autistic-like characteristics and, when using gold
standard diagnostic instruments, up to 60% of males
meet diagnostic criteria [7–9]. Very few researchers have
included females in their samples [10]. One review [4]
found the prevalence of ASD for females with FXS was
1–3%; however, this was based on only two papers with
female participants. Several studies have since been
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undertaken including female participants, necessitating
further review.
For FXS, results across several studies suggest that

children with comorbid ASD differ in their symptoms
from children with FXS only, with the former being
more similar to individuals with idiopathic autism than
to individuals with FXS only [11–14]. However, given
the low number of female participants, it is unclear
whether these findings are also observed in females with
FXS and ASD [10].
Two factors potentially associated with ASD in FXS are

the level of intellectual disability and FMRP levels. There
have been several studies which have reported that chil-
dren diagnosed with FXS and ASD have significantly
lower IQ scores than individuals with FXS without autism
(e.g. [11, 14–17]). Less is known about any possible con-
nection between IQ and ASD in females with FXS. Studies
assessing the potential link between individuals’ level of
FMRP and ASD-related behaviours have reported mixed
results. Hessl et al. [18] found that FMRP did not predict
autistic behaviours in those with FXS, but Hatton et al.
[19] reported that lower levels of FMRP did predict higher
scores for autistic behaviours. Since levels of FMRP and
IQ are also correlated with each other [20, 21], the poten-
tial relationships between ASD, IQ and FRMP may be
complex. However, again, the vast majority of research
has been conducted with males.
The current paper presents a review of existing litera-

ture on the prevalence and nature of ASD in females
with FXS. Prevalence data were meta-analysed to give a
weighted average prevalence. The reported severity and
nature of behaviours associated with ASD are also
assessed, and we consider factors potentially associated
with ASD behaviours or diagnosis, including IQ and
FMRP levels.

Method
Initial search
Following PRISMA-P guidelines for systematic reviews
[22], a systematic literature search was conducted in
July 2018 of three online databases: PsychINFO (1984
to July 2018), PubMed (1948 to July 2018) and SCO-
PUS (1966 to July 2018). This search was repeated in
February 2020 for the time period July 2018 to Febru-
ary 2020, as an update. Search terms (see Table 1)
were determined from an initial scoping of literature
and journals and followed up by investigating MeSH
(Medical Subject Heading) term browsers and
researching key terms used by The Fragile X Society
and The National Autistic Society.
Where databases allowed, MeSH terms were also in-

cluded. To ensure comprehensiveness of the search, no
terms were included to denote sex, with papers includ-
ing only male subjects excluded at a later stage. Initial
filters were used to include only peer-reviewed journals
available in the English language and to exclude studies
with non-human subjects.

Inclusion/exclusion criteria
Papers were selected for review if they reported behav-
iours related to ASD or prevalence of ASD in females
with FXS. Papers were excluded if they (1) reported on
FXS males only, (2) contained no analysis by sex, (3) fo-
cused solely on neurology, genetics, biology, a drug trial
or development of a research measure, (4) did not report
ASD behaviours or prevalence or (5) reported on FXS
within samples of individuals with ASD.
Where it was not clear from the title/abstract whether

a paper might meet the inclusion criteria, the full paper
was read.

Table 1 Search terms

Fragile X
Fragile X Syndrome
Fragile-X
FXS
FRAXA Syndrome
AFRAX
Martin Bell* Syndrome
Marker X Syndrome
fraX Syndrome
fra(X) Syndrome
X-linked mental retardation
Macroorchidism
Escalante* Syndrome
Escalante*
FRAXE Syndrome
Fragile X mental retardation
Fragile X-F mental retardation
Mar(X) Syndrome
Mental retardation, X-linked
FMR1
FMRP

autis*
autism*
autistic*
ASD
autism spectrum disorder*
PDD-NOS
PDDNOS
PDD
unspecified PDD
pervasive developmental disorder*
pervasive developmental disorder not otherwise specified
Asperger*
Asperger* syndrome

Terms within each list were combined with OR operators; the two lists were combined with the AND operator
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Abstract and full paper review
See Fig. 1 for PRISMA flowcharts summarising results of
the search processes at the two timepoints. A total of 34
papers (28 up to July 2018 and 8 from July 2018 up to
February 2020) were identified for inclusion.
Hand searching was also used to check references of

the final papers, and a search was completed on Google
to search the ‘grey literature’, which are materials and
research produced by organisations outside of the trad-
itional academic publishing channels. This may have in-
cluded dissertations, non-published work, data provided
by charities or other organisations. No additional papers
were identified.

Risk-of-bias/quality assessment
A risk-of-bias/quality rating tool was utilised that spe-
cifically appraises studies of ASD in genetic syn-
dromes ([6]; see Table 2 for risk-of-bias criteria and
visual colour coding). The tool addresses variability in
risk of bias in ASD assessment (from parental report
or screening tools to assessment using multiple ‘gold
standard’ diagnostic measures), as well as potential
sources of bias based on the nature of the sample or
confirmation of diagnosis [6]. A score of 0–3 (with
higher scores indicating higher quality/lower risk of
bias) is given based on the study risk of bias in three
areas: sample identification, confirmation of genetic
syndrome and ASD assessment. A total score for each
study, which could range from 0 to 9, was calculated
as the sum of these three scores. The first author
rated all papers for quality/risk-of-bias. Independent
blind ratings were also obtained from a second rater
(fourth author) for the calculation of inter-rater reli-
ability. Agreement was excellent for individual do-
mains, with weighted kappa calculated to be 0.80
(95% CI 0.53–1.1) for sample identification, 0.77 (95%
CI 0.62–0.92) for ASD assessment and 0.75 (95% CI
0.58-0.93) for assessment of syndrome. For the total
score, a two-way random effects, consistency, average-
measures intraclass correlation [23, 24] also indicated
high levels of agreement between raters (ICC .93, 95%
CI .85–.96).
An overall quality/risk-of-bias weighting between 0

and 1 was calculated by dividing the total score by the
maximum possible total score of nine. This score was
used in the weighting of individual studies in the quality
effects weighted average prevalence estimate and was
considered when discussing the further findings. Ratings
from the first author are the ratings presented in the
paper and used in meta-analyses. However, quality ef-
fects meta-analyses were repeated, replacing ratings from
the first author with ratings from the second author;
these analyses confirmed that results did not change
appreciably.

Overall quality/risk-of-bias assessment scores ranged
from 0.11 to 0.78 (with higher scores indicating higher
quality/lower risk of bias). In accordance with findings
from Dixon-Woods et al. [25] and Stroup et al. [26], arti-
cles were not omitted due to risk-of-bias/quality (though
see below in relation to meta-analysis).

Data analysis
ASD prevalence
To determine the prevalence of ASD in females with
FXS, the total number of females reported in the sample,
and the number meeting cut-off for ASD were extracted
from each paper. Where an assessment provided differ-
ent cut-offs (e.g. Autistic Disorder rather than the
broader spectrum cut-off), data regarding the most strin-
gent cut-off level were used (following [6]). Similarly,
where multiple assessments were used, data were ex-
tracted from the most robust assessment measure as de-
termined by the risk-of-bias assessment tool used [6].
Meta-analytic weighted prevalence values were gener-

ated using a random effects model, selected to allow for
between-study variation reflecting both sampling errors
and other factors (such as variation in risk of bias in dif-
ferent methodologies) [27]. Since initial Q-Q plots indi-
cated possible non-normality of distribution of
prevalence estimates, the restricted maximum likelihood
estimator was used to calculate between studies variance,
due to its relative robustness to non-normal distribu-
tions of effects. A leave-one-out methodology, whereby
each paper was omitted in turn and the weighted preva-
lence re-calculated, was used to identify studies of dis-
proportionate influence (with the visual aid of Baujat
charts). An additional quality effects model was also uti-
lised, with adjusted weightings according to studies’
overall risk-of-bias ratings.
The existence of possible publication bias was assessed

using the visual aid of a funnel plot, in which the magni-
tude of the study’s proportion estimate is plotted against
the square root of the study’s sampling variances. If
there is an absence of publication bias, the effects from
the studies with small sample sizes which show greater
variability will scatter more widely at the bottom of the
plot compared to studies with larger samples at the top
which will lie closer to the overall meta-analytic effect,
creating a symmetrical funnel shape. If there is an ab-
sence of studies in the area of the plot associated with
small sample sizes and low prevalence (for this meta-
analysis it will be the bottom left-hand corner) then it is
likely there is some publication bias leading to an over-
estimation of the true effect. Following Terrin et al. [28]
demonstration of the unreliability of subjective judg-
ments of funnel plot symmetry, Egger et al.’s [29] linear
regression test of funnel plot asymmetry was also carried
out. A trim and fill method was then used to model and
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Fig. 1 Flow diagrams of review process based on PRISMA group flow chart [22]. a Search in July 2018. b Search in Feb 2020
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correct for asymmetry due to potential publication bias
[30, 31], producing adjusted weighted average prevalence
estimates. The trim and fill procedure builds on the as-
sumption that publication bias would lead to an asym-
metrical funnel plot. It iteratively removes the most
extreme small studies from the side of the funnel plot
associated with positive effects, re-computing the effect
size at each iteration until the funnel plot is symmetric
about the (corrected) effect size. Whilst this trimming
yields the adjusted effect size, it also reduces the vari-
ance of the effects, resulting in a biased and narrow con-
fidence interval. Therefore, the original studies are
returned into the analysis, and the procedure imputes a
mirror image for each on the side of the funnel plot as-
sociated with small effect sizes. The L0 estimator was
used in the current analysis, as outlined by Duval [32]
and as is the default in the metafor (V2.4) procedure
within R [33].

Nature of ASD: relationship of ASD with IQ and FMRP levels
Due to limitations in available statistical information,
formal statistical analysis was not carried out for the re-
view of the nature of ASD-related behaviours nor any
associations with IQ or FMRP levels; therefore, synthesis
is narrative in these areas.

Results
There were 34 papers with findings pertaining to females
with FXS (see Table 3 for a summary).

Prevalence of ASD in females with FXS
Twenty-eight papers reported prevalence data for ASD
in females with FXS. Reported prevalence ranged from 0

to 66%. Weighted average prevalence of ASD among fe-
male participants with FXS was 17% (95% CI 12 to 22%;
z = 6.8, p <.0001) for the random effects model, and the
analysis indicated moderate heterogeneity (Higgins’ I2 =
72%; τ2 = .01; Q(26) = 92.0, p < .0001) (Fig. 2a). A leave-
one-out analysis indicated that two papers—Symons
et al. [62] and, to a lesser extent, Baker et al. [35]—may
have exerted disproportionate influence in the analysis
(see Baujat plot in Fig. 2c). Omitting Symons et al. [62]
led to the greatest change in the meta-analytic estimate
(15.8%). Symons et al. [62] also received ratings indica-
tive of high risk of bias (i.e. low ratings on the quality as-
sessment tool), especially with respect to confirmation of
ASD. This was not the case for Baker et al. [35], whose
risk-of-bias ratings indicated a high-quality study. A fur-
ther analysis was therefore conducted without the inclu-
sion of Symons et al. [62]. The revised weighted average
prevalence estimate was 14% (95% CI 13 to 18%, z = 7.6,
p < .0001), with reduced heterogeneity (I2 = 63%; τ2 =
.005; Q(25) = 67.8, p < .0001) (see Fig. 2b).
For the quality effects model, weighted average preva-

lence was 22% (95% CI 16 to 29%; z = 6.9, p < .001; I2 =
82.4%; τ2 = .01 ; Q(26) = 92.0, p < .0001) using all pa-
pers, and 22% (95% CI 16 to 27%; z = 7.7, p <.0001; I2 =
67.2%; τ2 = .005; Q(25) = 67.8, p < .0001) after omission
of the Symons et al. [62] paper.
Forest plots for random and quality effects models,

with and without the Symons et al. [62] paper, are
shown in Figs. 2 and 3. A Baujat plot is also shown
(Fig. 2c), illustrating the disproportionate influence of
this specific paper.
A funnel plot (Fig. 4) indicated possible publication

bias, a conclusion backed by Egger et al.’s [29] linear

Table 2 Quality/risk of bias criteria for sample identification, confirmation of syndrome and ASD assessment

aWhere individuals were recruited as part of a larger ongoing study, if the recruitment strategy of this study is described, this is coded. If not described, it is coded
as 1 by default, indicating the sample has come from one source (i.e. the larger ongoing study)
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Table 3 Main findings and papers from the review [10, 12, 18, 19, 34–64]
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Table 3 Main findings and papers from the review [10, 12, 18, 19, 34–64] (Continued)
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Table 3 Main findings and papers from the review [10, 12, 18, 19, 34–64] (Continued)
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Table 3 Main findings and papers from the review [10, 12, 18, 19, 34–64] (Continued)
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regression test of funnel plot asymmetry (bias 2.3, t(25)
= 5.3, p < .0001). Using the trim and fill procedure [30,
31], eight studies were introduced, leading to an imputed
estimate of the prevalence of 12% (95% CI 5–19%).

Profile of behavioural characteristics associated with ASD
A number of papers reported on the frequency and top-
ography of specific behaviours associated with ASD (see
Table 4 for main findings from the papers exploring
ASD-associated behaviours).
Studies generally reported that females with FXS

showed fewer behaviours associated with ASD than the
reported contrast groups, including males with FXS (e.g.

[19, 35, 40, 43–45, 47, 56, 61, 62]). Interestingly, Baker
et al. [35] found, in a paper rated high for quality, that
whilst a greater proportion of males than females met
criteria for ASD, this effect disappeared when controlling
for the level of ID. Results also suggest that females with
FXS were more likely to have ‘mild’ autistic behaviours,
showing more characteristics than their unaffected sib-
lings, unaffected typically developing peers and peers
with other neurogenetic disorders but fewer characteris-
tics than males with FXS [52, 56].
Females with FXS who met criteria for ASD were

found to show similar rates and types of ASD symptom-
atology to individuals with idiopathic autism [40, 60]

Table 3 Main findings and papers from the review [10, 12, 18, 19, 34–64] (Continued)

TD typically developing, M mean, SD standard deviation
*Colour code—red = poor, yellow = adequate, orange = good, green = excellent
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and to those described for males with FXS [52]. These
appear to be robust findings from papers with relatively
high ratings for quality (low risk of bias).

Associations between IQ/cognitive ability and ASD
characteristics
The majority of papers (17; 61%) did not report the cog-
nitive ability of female participants, and correlations be-
tween IQ and ASD characteristics were also not
reported. Eleven papers reported IQ levels or non-verbal
mental age, but only six considered these in relation to
ASD characteristics or diagnosis (see Table 5 for results
and papers for IQ).
Several studies scoring high on quality ratings reported

a statistically significant negative association between IQ
and autistic features in females with FXS, such that
lower IQ scores were associated with significantly more
autistic behaviours [18, 40, 41, 48]. In contrast, two stud-
ies reported that IQ and mental age were not significant
predictors of ASD diagnosis or ASD characteristics in fe-
males with FXS [46, 52].

Associations between FMRP levels and ASD
characteristics
Six papers reported and analysed FMRP levels in relation
to ASD characteristics or diagnosis (see Table 6). This is
reported in all papers as the percentage of lymphocytes
expressing FMRP.
Mean FMRP scores ranged from 40.5 to 59.9%. Two

papers suggested links between FMRP and autistic fea-
tures [19, 48], whilst three papers reported no significant
relationship [18, 40, 41].

Additional variables potentially related to ASD
ASD in females with FXS was associated with greater
levels of dependency and poorer developmental out-
comes [10, 42, 43]. Anxiety and the presence of self-
injurious behaviour was strongly correlated with ASD
characteristics [52].

Conclusions
This review examines and meta-analyses the preva-
lence of ASD among females with FXS. It also ad-
dresses the severity and nature of ASD
characteristics in these groups, and evidence related
to factors potentially associated with ASD, including
IQ and FMRP levels. Data were reviewed from 34
studies. The quality/risk-of-bias of these studies was
assessed using a published quality/risk-of-bias ap-
praisal tool and considered as part of prevalence
meta-analysis and in narrative interpretation of fur-
ther findings.

Fig. 2 Forest plots of random effects models and Baujat plot of ASD
in fragile X females. a Forest plot for random effects model for FXS
following omission of Symons et al. [62]. b Forest plot for random
effects model for FXS all papers. c Baujatplot for FXS
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ASD in females with FXS
Published prevalence values were highly heterogenous,
impeding confident interpretation of a single weighted
average prevalence value based on all available papers
(17%, 95% CI 12-22%). Following exclusion of a single

disproportionately influential paper rated as having a
high risk of bias [62], data were less heterogenous and a
slightly lower weighted average prevalence (14%; 95% CI
13–18%) was estimated. When studies were additionally
weighted by their quality/risk of bias, the estimate of

Fig. 3 Forest plots of quality effects model of ASD in fragile X females. a Forest plot for quality effects model for FXS omitting Symons et al. [62].
b Forest plot for quality effects model FXS all papers
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prevalence was higher, at 22% (and was also relatively un-
changed by omission/inclusion of the Symons and Byiers
paper, reflecting in part its lower weight in the analysis
due to its rating indicative of high risk of bias), although
95% confidence intervals (16 to 29%) overlap with those
for the random effects model. Asymmetry of distribution
of effects as observed in funnel plots may potentially re-
flect lack of reporting of ASD prevalence in smaller stud-
ies in which ASD prevalence was relatively low. If this is
the case, then weighted average prevalence values in the
uncorrected meta-analyses may represent over-estimates;
models correcting for this possible bias produced slightly
lower estimates (12%, 95% CI 5–19%). Overall, existing
data do not allow a precise statement of a single meta-
analytic prevalence value; however, an estimate taking into
account studies’ risk of bias (the importance of which is
highlighted by, e.g. [65]) suggests that over a fifth of fe-
males with FXS may meet criteria for ASD. Whether this
represents an overestimate due to possible reporting bias
should remain a focus of future research, in which care
should be taken to publish ASD prevalence whether or
not this is high within any particular study. It should be
noted that the lower 95% confidence interval of every
meta-analytic estimate of ASD prevalence for females with
FXS was higher than reports in the general population
(approximately 1 in 189 girls [3], or .53%), indicating that
females with FXS are at increased risk for ASD. Lower

95% CIs also all exceeded the 1–3% estimate for females
with FXS stated in a previous review [4]. These findings
suggest that the FXS mutation increases ASD risk for fe-
males, perhaps to a greater degree than previously as-
sumed, despite the potentially protective effect of the
additional, unaffected X chromosome (whose influence
may be demonstrated by the consistently lower levels of
autistic behaviours found for girls than boys with FXS).
It is important to note that the instruments utilised for

ASD diagnosis varied across studies, ranging from the par-
ental report of diagnosis and broad screening measures to
the ‘gold standard’ use of multiple comprehensive diag-
nostic instruments. It is well established that agreement
between instruments can be variable. The studies outlined
in this review indicate that this is also evident. For in-
stance, Klusek et al. [46] reported significant differences in
prevalence rates derived from the ADI-R and the ADOS,
with 14.3% meeting the criteria on both the ADI-R and
ADOS, 22.9% on the ADI-R but not the ADOS, and 25.7%
for the ADOS but not the ADI-R.
ASD characteristics were reported in 21 papers, and

included both social communication difficulties (e.g. dif-
ficulties both with non-verbal communication and lan-
guage form, [47, 52, 63]) and repetitive/restrictive
behaviours [52, 60, 63]. Differences in ASD characteris-
tics relative to males with FXS [35, 36, 49, 58] were con-
sistent with lower levels of atypicality (which in turn

Fig. 4 Funnel plot, in which studies' reported proportion of participants meeting criteria for ASD is plotted against the square root of the studies'
sampling variance
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Table 4 ASD behaviour findings [18, 19, 34, 35, 40, 41, 43–45, 47, 48, 50–52, 56, 59–63]
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may relate to higher adaptive functioning) in girls. No
papers reported greater levels of difficulty for girls than
boys in any specific area. However, it remains possible
that there are specific ASD-related clinical concerns for
this group. Anxiety and the presence of self-injurious
behaviour were both strongly correlated with ASD in
this population [52]. These associations are also seen
for people with idiopathic ASD and males with FXS
[38, 66].
The findings were mixed when considering the associ-

ations between ASD and IQ and FMRP, with some stud-
ies indicating strong associations between ASD severity
and IQ and FMRP levels and others reporting no corre-
lations. Given that the nature of IQ assessment and sam-
ple sizes were similar across these studies, it is not clear
why the resultant findings regarding IQ were inconsist-
ent. Due to the focus on ASD in this paper, we reviewed
potential relationships of FMRP and IQ with ASD

symptomatology. However, it should be noted that IQ
and FRMP are also associated with each other [20, 21],
and levels of FMRP may be considered to underlie both
ASD and low IQ [67] in FXS in general. Understanding
of the possible interrelationships between the three vari-
ables for females with FXS is still relatively rudimentary,
and it remains possible that knowledge of the ways in
which FMRP, ASD and IQ interrelate in males with FXS
does not entirely generalise to females. For example, if
relationships between IQ and ASD are non-linear (as
may be the case for idiopathic ASD, [68, 69]), then
the different ability levels seen in girls and boys with
FXS may mean that the relationship between IQ and
ASD is also different for these two groups. Future re-
search may continue to assess the strengths of linear
associations (as has been generally undertaken) between
FMRP, IQ and ASD in larger groups, and also may consider
potentially non-linear aspects of these relationships.

Table 4 ASD behaviour findings [18, 19, 34, 35, 40, 41, 43–45, 47, 48, 50–52, 56, 59–63] (Continued)

TD typically developing
*Colour code—red = poor, yellow = adequate, orange = good, green = excellent
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Strengths and limitations
The findings should be considered in light of several
methodological constraints. Given the range of ASD

diagnostic assessments used across studies, and the re-
ported variability in sensitivity and specificity of these
measurement tools, the prevalence data reported in this

Table 5 Results and papers for IQ and ASD [18, 35, 36, 38, 40, 41, 46–49, 52, 58, 64]

TD typically developing, M mean, SD standard deviation
*Colour code—red = poor, yellow = adequate, orange = good, green = excellent
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review should be considered as estimates only. Whilst
the weighting of individual studies in the generation of
quality weighted meta-analytic prevalence estimates is
based partly on the risk of bias of the ASD measures,
this cannot completely account for the wide and com-
plex variability in ASD measurement in the reviewed pa-
pers. Further limitations relate to the use of the most
stringent level of ASD assessment in each paper in the
meta-analysis (a decision following Richards et al. [6],
which allows for consistency with previous reviews, and
replicability). Greater consistency within the literature in
the stringency of reported ASD diagnosis may be im-
portant in the future.
Recruitment bias (e.g. for papers recruiting via special-

ist medical centres, participants may be more likely to
be those with difficulties of clinical relevance) may also
confound interpretation of prevalence estimates. Given
the relatively small population of females with FXS, it is
also possible that the same participants are included in
more than one study, introducing further biases.
A large proportion of studies did not include appropri-

ate contrast groups, as a large proportion only had males
with FXS and the discrepancies between males and fe-
males with FXS are well-documented. Also, most con-
trast groups reported do not appear to be matched on
IQ or age, which would also be important factors when

considered appropriateness of controls. Future studies
which are matched for gender, age and IQ would be
most appropriate in order to not limit the findings.
The results reported are found for females across a

wide variety of ages, with a few papers looking at ages
across the lifespan but most having a focus on either
children or adults. Research has shown differences in be-
haviours caused by FXS across the lifespan [70, 71], but
none of the papers reviewed explored the impact of age
ranges as potentially confounding factors, either in the
analysis or discussion.
Strengths of this review include the systematic search

strategy and use of a tool for risk-of-bias appraisal specif-
ically developed for research into ASD in genetic syn-
dromes, and with good levels of inter-rater reliability.
Greater research focus on females with FXS is important
in order to improve understanding and awareness of the
challenges faced by affected individuals and their families.
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