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Abstract

Background—~Retrospective parental reports have often been used to identify the early
characteristics of children later diagnosed with a developmental disorder.

Method—We applied this methodology to document 13 parents’ initial concerns about the
development of their 17 children later diagnosed with fragile X syndrome (FXS). Parents were
additionally asked about when they noticed the emergence of behavioural signs related to FXS.

Results—More than half of the parents reported initial concerns prior to the child’s first birthday
and in most cases it was deviant motor behaviours that caused the first concerns. Behavioural signs
related to the FXS phenotype were also reported to be perceptible in the first year of the child’s
life.

Conclusions—Due to limitations of retrospective parental questionnaires, we suggest that other
methodologies, such as home video analysis, are needed to complement our understanding of the
pathways of developmental disorders with late clinical onsets.
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Introduction

In clinical practice and research, retrospective parental reports have often been used to
identify the early characteristics and development of children later diagnosed with a
developmental disorder. This methodology would seem particularly useful when attempting
to identify early signs of disorders that have a late clinical presentation and/or diagnosis
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(e.g., Bailey, Raspa, Olmsted, & Holiday, 2008; Charman et al., 2002; Neul et al., 2014;
Roberts, Mirrett, & Burchinal, 2001; Urbanowicz, Downs, Girdler, Ciccone, & Leonard,
2015). The variability and subtlety in the expression of disorders that are not detected until
later in development (e.g., autism spectrum disorder [ASD], fragile X syndrome, Rett
syndrome) make early identification, and hence provision of early intervention challenging.
Participants for prospective studies on prodromal development of rare disorders are not
routinely available, and retrospective parental reports have limitations (e.g., recall bias).
Still, the latter methodology appears to be a useful tool for researchers interested in
exploring the early development of such disorders (Abrams et al., 2012; Bailey, Raspa,
Bishop, & Holiday, 2009; Bailey, Skinner, Hatton, & Roberts, 2000; Bailey, Skinner, &
Sparkman, 2003; Bailey et al., 2008; Baranek et al., 2008; Goldberg, Thorsen, Osann, &
Spence, 2008; Hinton et al., 2013; Johnson, 2008; Marschik et al., 2014; Roberts et al.,
2001; Zwaigenbaum, Bryson, & Garon, 2013).

As mentioned before, fragile X syndrome (FXS; OMIM 300624) is one of these disorders
and affects approximately 1 in 3,600 males and 1 in 6,000 females (e.g., Hagerman, 2008).
Early diagnosis of FXS is often difficult and delayed because the associated physical
features (e.g., facial dysmorphia), and other signs of impairment are often very subtle at first
(Hagerman, 2002). Indeed, FXS is generally not identified until 3 years of age or older
especially in countries other than the United States (US) or United Kingdom (e.g., Bailey et
al., 2009; Essop & Krause, 2013; Gabis & Kesner, 2007; Iredale, Turpin, & Bailey, 2009;
Lessmann & Sarimski, 2013; Meguid, Ismail, EI-Mahdy, Barakat, & El-Awady, 2014; Vuust,
Larsen, Grgnskov, Ngrgaard-Pedersen, & Brgndum-Nielsen, 2006; Yim, Jeon, Yang, & Kim,
2008). Given the limited number of studies into the early development of children with FXS,
there is still a lot to learn about the development in the infant and toddler period (Baranek et
al., 2005, 2008; Farzin, Rivera, & Whitney, 2011; Hatton et al., 2009; Hinton et al., 2013;
Marschik et al., 2014; Mirrett, Bailey, Roberts, & Hatton, 2004; Prouty et al., 1988; Roberts,
Tonnsen, Robinson, & Shinkareva, 2012; Roberts et al., 2001; Roberts, Mankowski, et al.,
2009; Rogers, Wehner, & Hagerman, 2001; Zingerevich et al., 2009).

Studies of individuals diagnosed with FXS consistently report the presence of moderate to
severe intellectual disability and a range of neurobehavioural abnormalities, including
behaviour characteristic of ASD, attention-deficit/hyperactivity, sensory hypersensitivity,
poor motor coordination, and repetitive behaviours (Boyle & Kaufmann, 2010; Hagerman,
2002; Hagerman & Hagerman, 2002; Hagerman et al., 2009; Hayes & Matalon, 2009;
Talisa, Boyle, Crafa, & Kaufmann, 2014). Speech-language and gestural development in
individuals with FXS is commonly delayed/limited in terms of forms and functions
(Abbeduto, Brady, & Kover, 2007; Finestack, Richmond, & Abbeduto, 2009; Hinton et al.,
2013; Marschik et al., 2014; Roberts, Mirrett, Anderson, Burchinal, & Neebe, 2002; Roberts
et al., 2001). Atypical socio-communicative behaviours, such as avoidance of eye contact,
unease when cuddled, and shyness, are also frequently observed (Bailey et al., 1998;
Baranek et al., 2005; Hessl, Glaser, Dyer-Friedman, & Reiss, 2006; Kaufmann et al., 2004;
Marschik et al., 2014; Rogers, Hepburn, Stackhouse, & Wehner, 2003).

Similar to other developmental disorders with late onset of the more obvious symptoms,
parents of individuals with FXS are commonly the first to notice signs of atypical and/or
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delayed development in their child. About 80% of the first parental concerns are related to
developmental delay. Other concerns include noticing a variety of peculiar behaviours
(Bailey et al., 2000, 2003, 2009). Such parental concerns are usually the initial step that
eventually leads to diagnosis (Bailey et al., 2000, 2003, 2009; Carmichael, Pembrey, Turner,
& Barnicoat, 1999; Mirrett et al., 2004).

In a recently launched project, we gained support from a German advocacy group comprised
of parents of individuals with FXS (Interessensgemeinschaft Fragiles-X e.V.) who consented
to fill in a questionnaire focusing on the earliest development of their children. In the current
study, we aimed to explore the parental perception on the prodromal development of their
child with FXS. In particular we sought to identify (a) the initial parental concerns, (b) the
onsets of behavioural signs related to FXS phenotype, (c) how initial parental concerns are
influenced by the occurrences of the behavioural signs, (d) the relation between the initial
concerns and the age of diagnosis, and (e) the impact of the interval between the occurrence
of events and the time of recollection on parental reports.

Thirteen parents (P1-P13, Table 1) of 17 individuals diagnosed with FXS (Cases 1-17,
Table 1) participated by completing the questionnaire. Of the 17 individuals with FXS, 12
were firstborns. Cases 1, 2, and 3 were from the same family, Cases 1 and 2 being twins.
Cases 5 and 6 as well as Cases 13 and 14 were siblings (Table 1). The age of the individuals
with FXS at the time when parents filled in the questionnaire (“current age”, from here on)
ranged from 2 years 11 months to 48 years 7 months (Mdn = 17 years 10 months). The study
was approved by the Institutional Review Board of the Medical University of Graz, Austria
(24-226 ex 11/12) and the parents gave their informed written consent to participate in the
study and to the publication of the results.

Research design and procedure

This is an exploratory retrospective study on the early phenotype of FXS using parental
reports. Our FXS - Early Development Questionnaire (FXS-EDQ) consists of 48 questions
on the medical history, the familial background, initial parental concerns, the age of
diagnosis and comorbidities (e.g., ASD), the child’s early development in different domains
(e.g., motor, speech-language), and the child’s current abilities and communicative
behaviours (Table 2). With the exception of the questions on the medical history and current
abilities, all other questions were closed-ended. Parents could also comment on each
question in an open-ended format.

The questionnaires were sent to 14 members of the Interessensgemeinschaft Fragiles-X e.V.
(Germany) whose child(ren) had been diagnosed with FXS. Parents were explicitly invited
to review medical records and diaries for a better recall of events. Thirteen parents returned
the completed questionnaires within 6 months (2012; response rate: 93%). In two cases, the
father filled in the questionnaire (P4 and P11), in four cases (P1, P8, P10, P13) both parents
did. For the remaining cases only the mother filled in the questionnaire. For this paper, we
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exclusively focused on questions related to initial parental concerns and the emergence of
behaviours related to the FXS phenotype (Table 2).

Data analysis

Results

Data from the completed questionnaires were analysed using SPSS Version 22.0. Due to
small sample size, findings about the areas of initial parental concerns and the behavioural
signs were presented in a descriptive manner. Spearman rank order correlation was applied
to estimate the association between two variables. When partial correlations were computed,
they were based on Spearman rhos. As the PARTIAL CORR procedure in SPSS does not
specify rank correlations, the /IMATRIX subcommands in NONPAR CORR procedure was
combined with the PARTIAL CORR procedure. Two-tailed significance level (p < .05) was
applied if not otherwise specified. As correlation coefficients are suitable measures of effect
sizes, no extra indices for effect sizes have been provided in this manuscript.

Initial parental concerns

As shown in Table 1, parents of nine out of the 17 individuals with FXS had concerns about
the child’s development before the child’s first birthday. Only the parent P1 reported that
initial concerns (for Cases 5 and 6) occurred after 2 years of age. By 18 months of age,
parental concerns were mostly related to peculiar motor behaviours. Other concerns included
noticing that the child avoided eye contact (Case 4); had prolonged crying episodes (Cases 9
and 12); showed limited interest in surroundings, people, and situations (Case 10); and had
feeding difficulties (Cases 11 and 12). After the age of 18 months, concerns were also
related to conspicuous or delayed speech-language behaviours. Parent P7 (Case 16) also
recalled that the child showed excessive shyness, which was of major concern to the parent.

Emergence of early signs

Table 3 provides the age of their child when parents observed the first appearance of
behaviours related to the FXS phenotype. Some parents noted the first such signs during the
child’s first year of life, such as unease when cuddled, avoidance of eye contact,
hyperactivity, or hand stereotypies. Shyness, aggression, anxiety, echolalia, and frequent
self-biting were noted during the second year of life, whereas panic attacks were reported to
appear after 2 years of age. Echolalia (13/17 children), hand stereotypies (12/17), avoidance
of eye contact (10/17), and hyperactivity (8/17) were among the most frequently reported
signs. Although parents confirmed the occurrence of various early signs, seven of them were
not able to recall the age of emergence for at least one of these particular signs.

The parents of Cases 4, 7, 9, 11, and 12 reported the first occurrence of one or more signs
coinciding with their initial concerns (Tables 1 and 3). Some parents had obviously
recognised first signs before they were concerned (Cases 6, 16, and 17). For example,
parents of Case 6 recalled the onset of hand stereotypies between 13 and 18 months of age,
yet reported that their initial concerns occurred much later (after 24 months). No significant
correlation between the age of initial parental concerns and the first appearance of signs
related to FXS was found (rho = .03, p=.91). However, the age of initial parental concerns
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was associated with the number of signs parents had recalled (rho = -.49, p < .05): The more
signs that were noted, the earlier was the parent concerned.

Age of diagnosis and its association with initial parental concerns

All individuals were diagnosed before 2010. Their median age at diagnosis was 3 years 5
months (range: 1 year 1 month—16 years 0 months; see Table 1). In the present sample,
siblings within the same family were diagnosed at the same time. Individuals born more
recently were diagnosed at a younger age (rho = .78, p<.01). In order to compare our
findings with a previous study that investigated potential changes in diagnosis after the year
2000 (Bailey et al., 2009), we split the subjects into two subgroups based on whether the
child was diagnosed before or after 2000 (Table 1). The correlation between the current age
and the age of diagnosis remained significant for both groups (for the seven cases diagnosed
before 2000, rho = .78, p < .05; for the 10 cases diagnosed after 2000, rho = .93, p<.001).
Although we found no significant correlation between number of signs recalled and the age
of diagnosis (rho = -.12, p=.68), the earlier the parent was concerned, the earlier the
diagnosis was received (rho = .50, p < .05).

The impact of interval between the occurrence of events and the time of recollection

To investigate the memory effects on parental recall, we first assessed the correlations
between the child’s current age and other variables of interest (Table 4). As these correlation
coefficients approached significance, we ran the partial correlation procedure taking the
current age as the control variable. Neither the partial correlation between the age of first
parental concerns and the number of signs (r=-.36, p=.17) nor the partial correlation
between the age of first parental concerns and the age of diagnosis remained significant (r
=.14, p= .61).

Discussion

In line with previous findings (Bailey et al., 2000; Carmichael et al., 1999), more than half
of the parents in our study reported initial concerns before the child’s first birthday. Unlike
previous studies, we did not ask the parents to choose the main reason for concern from a list
of problems in our questionnaire (e.g., Bailey et al., 2000, 2003, 2009). Rather, we asked the
parents in general which developmental area made them particularly concerned at first, and
when was that (Table 2). In most cases, deviant motor behaviours caused the first concerns,
whereas concerns related to speech-language development emerged in general after 18
months of age. As the first productive word appears usually within 8 to 18 months of age, it
is understandable that most parents were not worried about the child’s language
development before 18 months, but were indeed worried thereafter. A potential limitation of
our questionnaire is that we did not ask the parents to specify the atypical behaviour in the
area(s) of initial concern.

In our sample, the median age of FXS diagnosis was 3 years 5 months, which is in line with
the literature. Similar to other studies (Bailey et al., 2000; Carmichael et al., 1999), we found
that children born more recently were identified at a younger age, suggesting a possible
improvement in the diagnostic process in Germany over the last few decades. Bailey and
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colleagues (2009), however, found no trend of improvement in the diagnostic age between
2000 and 2007 in the US. Despite concerted efforts by professional organisations and
advocacy groups recommending closer links between paediatricians and geneticists — and
for any child with unexplained delays to be tested for FXS — the mean age of diagnosis
remained stable over this period and was about 3 years 3 months. The discrepancy to our
findings could be related to two factors. First, our sample was smaller and had a relatively
wide age range. Second, for the comparable period (i.e., diagnoses performed after 2000),
the age of diagnosis in our sample had been brought forward from 10 years to 1 year 1
month (Table 1). As the diagnoses were received at a very late age initially, the improvement
appeared obvious. In addition, Bailey and colleagues excluded the seven cases diagnosed
between 10 and 26 years of age as outliers in their calculations. Thus their sample might be
more homogeneous with regard to the current age and the diagnostic age of the individuals
with FXS. This was not the case in our study.

To our knowledge, our study is the first to ask parents about the onset of the behavioural
signs related to the FXS phenotype. Note that we consider these signs as refated to but not
specific fo FXS. For example, “avoid eye contact” is also frequently observed in other
neurodevelopmental disorders, such as ASD. In our study, we found that some signs (e.g.,
echolalia, hand stereotypies, and avoidance of eye contact) were observed in more than half
of the individuals with FXS. Second, our results suggest that the onset of the behavioural
signs varied. Among the 10 listed signs, four (e.g., hand stereotypies) were reported to occur
before 12 months of age, the others in the second year of life (5/10, e.g., repetition of self-
biting) or even later (1/10, i.e., panic attacks). Panic attacks have been observed in adult
individuals with FXS (Roberts, Bailey, et al., 2009) but might not belong to the “early”
behavioural signs for FXS. As expected, the parents in our study did not observe it before 24
months of age. Third, we found that the onset of the earliest FXS-related sign(s) did not
coincide with the initial parental concerns. A few parents reported that certain peculiar signs
(e.g., hand stereotypies) appeared much earlier than their first concerns, which might suggest
a recall bias.

Retrospective parental reports are limited and thus our data must be interpreted with caution.
Indeed, previous studies have pointed out that retrospective parental reports are inaccurate
with respect to event dates (Henry, Moffitt, Caspi, Langley, & Silva, 1994; Yarrow,
Campbell, & Burton, 1970) and in our study, many parents (7/13) admitted that they did
observe certain signs, but could not remember the age of onset of those signs (Table 3).
However, Goldberg et al. (2008) reported that parents were better able to remember
behaviours related to expressive language than behaviours related to non-language areas. In
our study, for all the 13 children reported to show echolalia, their parents did seem to have
confidence in their ability to recall the age of onset: mostly after 24 months (11/13), and no
earlier than 19 months. This expressive-language-related parental account coincided with
what we know about language development of children with FXS. As shown in a recent
study, the first productive word in children with FXS appeared on average at 21 months of
age (Hinton et al., 2013). Thus, echolalia would be unlikely to appear earlier than this age,
which is consistent with our data.
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Still, given that retrospective parental reports are vulnerable to memory bias, we considered
the impact of the interval between filling in the questionnaire and the occurrence of events of
interest on parents’ recollection. According to a previous study, parents had difficulties in
remembering the time and frequency of events that occurred in the distant past (Henry et al.,
1994). Thus in our study, one might expect that parents of the individuals with FXS who
were of an older age would be more likely to be inaccurate about the onset of concerns and
behavioural signs. In fact, we found that these parents tended to report the first concerns at a
later time, and reported fewer behavioural signs and later onsets of the first signs (see Table
4). It might be true that due to better general awareness of early child development, parents
of children born more recently might have been more alert to developmental deviances and
thus more likely to raise concerns earlier. However, it is unlikely to be true that the number
of signs and the onset of the first signs would be related to the current age of the individuals
with FXS. Rather, the results might be suggesting that the parents of older individuals with
FXS might not be able to accurately recall the emergence of the signs and consequently
reported fewer signs and later onset times for these signs. It has also been reported that when
people are asked about a particular event, they tend to report it as having occurred more
recently than it did, a memory bias called “forward telescoping” (Loftus & Marburger, 1983;
Lord, Shulman, & DilLavore, 2004). This appeared to occur also in our study: The parents of
older individuals with FXS reported that their initial concerns, and the onsets of the signs,
occurred at a more recent time. One factor that might have attenuated the memory lapse is
the intermittent character of these children’s development. The appearance of atypical
behaviours in very young children with FXS was usually subtle (Hatton et al., 2009;
Roberts, Mankowski, et al., 2009). Various developmental delays or atypical development
might become noticeable only with time. Accordingly, it is difficult for parents to precisely
identify the onset when a certain sign or behaviour became obvious.

While considering the associations among the initial parental concerns, the behavioural
signs, and the age of diagnosis, we found two significant correlations. First, the parents who
perceived more peculiar signs raised concerns earlier. Second, the earlier the initial parental
concerns, the earlier the children were diagnosed. Both results seem reasonable and are
consistent with the results of other studies. Bailey and colleagues (2009), for example,
reported that children with FXS who had more co-occurring conditions (e.g., autism,
hyperactivity, aggressiveness, anxiety) were diagnosed earlier, and that the delay between
the first parental concerns and the diagnosis was shorter. In addition, Kozlowski, Matson,
Horovitz, Worley, and Neal (2011) studied children with ASD and reported that the earlier
the parental concerns, the earlier the diagnosis was sought. However, since we found that the
number of reported signs and the age of the first parental concerns were both correlated to
the current age of the individuals with FXS, we re-examined the above-mentioned results,
taking the current age of the individuals as the control variable. Both correlations turned out
to be nonsignificant. In other words, these correlations might be artifacts of memory bias.
Unfortunately, we cannot draw any conclusion on whether and how the initial parental
concerns, the behavioural signs, and the age of diagnosis were associated with each other
because the effects, if any, of memory bias cannot be determined from our data.
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Conclusion

To study early development of individuals with a rare disorder such as FXS, which is
typically not diagnosed until toddler or preschool age, researchers often have to rely on
retrospective information reported. Such data, given inherent limits, should not be
disregarded, since they provide us with insights that could improve the understanding of the
earliest development of rare diseases. Although the relatively small sample is a limitation,
FXS is a rare condition, which makes it logistically difficult to obtain large samples in
European countries. Given that our sample was small and had a wide age range, our results
should be interpreted with caution. Retrospective parental data alone will not be able to build
up the full picture of our knowledge and further research on the prodromal period of FXS is
warranted. Future efforts might be improved by inclusion of other data sources, such as the
analysis of home videos of the child’s early development and prospective observations.
These data sources could complement our current understanding of the pathways of
developmental disorders with late clinical onsets.
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Table 2
List of questions in the FXS-EDQ on initial parental concerns and the emergence of FXS-
related behaviours used for the present study

When did you get concerned for the first time suspecting a developmental disorder??

Which developmental area (e.g., motor, speech/language, others) made you particularly concerned at first?

Did your child feel uncomfortable when being cuddled? If yes, when did you observe it for the first time?

Did your child avoid eye contact? If yes, when did you observe it for the first time?

Was your child exceptionally shy? If yes, when did you observe it for the first time?

Was your child particularly aggressive? If yes, when did you observe it for the first time?

Was your child particularly anxious? If yes, when did you observe it for the first time?

Did your child have panic attacks? If yes, when did you observe it for the first time?

Did your child consistently repeat words not suitable for the situation? If yes, when did you observe it for the first time?

Wias your child constantly in motion (or hyperactive)? If yes, when did you observe it for the first time?

Did your child have hand stereotypies, e.g., waggling his/her hands? If yes, when did you observe it for the first time?

Did your child repeatedly bite his/her hand? If yes, when did you observe it for the first time?

syduosnuelA Joyiny sispun4 DA @doing ¢

Note. FXS-EDQ = Fragile X Syndrome — Early Development Questionnaire.

aExcept for the second question listed in this table, the participants were provided with the following options: (a) between the 1t and the 6th

month; (b) between the 7t and the 12th month; (c) between the 13th and the 18th month; (d) between the 19th and the 24th month; (e) later than
24 months; (f) | cannot remember the age. For each question, extra space was also assigned for any additional comment.
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Table 3
First occurrence of signs related to the FXS phenotype in 17 individuals

Sign (not) Age

observed for n

cases

Yes No 1-6m 7-12m  13-18 m 19-24 m >24m Age not remembered
Unease when cuddled 6 11 @@
Avoidance of eye contact 10 7 @ @ @@@
Shyness 5 12 @@
Aggression 5 12 ©) ®
Anxiety 7 10 9 0 ‘D @
Panic attacks? 4 12 ®@
Echolalia 13 4 @@ 09@9
®EOO

Hyperactivity 8 9 @ 00606
Hand stereotypies 12 5 @ @ 006060,
Repetition of self-biting 5 12 (7)45¥16) @

Note. The number in the circle refers to the case number.

aParent of Case 17 (P8) did not answer this question
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Table 4
Correlation coefficients between the current age and the other variables

Variable(s)

Age of the initial parental concerns  Age of the first occurrence of sign(s)  Number of signs

Current age

Spearman’srho .44 48
pvalue .08 .06
N 17 16
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