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Features of Developmental Functionsand Autistic Profilesin
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In this study, we investigated the developmental functions and autistic pro-
files in children with Fragile X syndrome (FXS). In addition, we established
the relationships between developmental and autistic profiles in these chil-
dren.

The medical records of 12 children with FXS, aged 2 to 7 years, were col-
lected. Fifteen children with autism, without FXS, who were age- and sex-
matched were selected as the comparison group. All children underwent
assessments of developmental functions according to the Chinese Child
Development Inventory (CCDI), and autistic profiles according to the
Childhood Autism Rating Scale (CARS). Differences in genders between the
two groups were determined with the Fisher’s exact test. Differences in
developmental functions (CCDI) and autistic profiles (CARS) between the
two groups were compared using Mann-Whitney U test and Bonferroni
adjustment. The Spearman’s rho correlation was used to determine the rela-
tionship of developmental functions and autistic profiles.

All developmental functions in children with FXS were better than those
with autism except for gross motor, fine motor and expressive language
functions. Children with FXS had the worst expressive language function
(56% Development Quotient, DQ) as compared with other devel opmental
functions (> 70% DQ). The mgjor difference between the children with FXS
and those with autism was personal social function with a difference of 33%
DQ. The average total CARS score were lower in children with FXS (aver-
age score, 28) than children with autism (average score, 34). Spearman’s cor-
relation demonstrated the CARS total score were negatively correlated with
al developmental functions, except for gross motor function.

Our findings suggest that the FXS children had multifaceted and dispropor-
tional development patterns in motor, speech and social domains when com-
pared with the autism children without FXS. The developmental functions
were inversely correlated with autistic profiles. Therefore, when applying
comprehensive assessment, we were able to identify the special developmen-
tal featuresin children with FXS.
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he ability of humans to interact with the other

people develops gradually from birth, for exam-
ple, recognition of his mother face, eye contact, and
utilization of body movements and verbal skills to
develop the ability to communicate.*? However,
these abilities are impaired in children with certain
types of conditions, such as children with Fragile X
syndrome (FXS) or autism. The development of
socia behavior and communication skills may be
restrained in children with these conditions. FXS is
diagnosed based on the mutation of X chromo-
some.® The diagnosis of autism is mostly based on
clinical behavior.® At present, the most commonly
used basis for the diagnosis of autism is the
Diagnostic and Statistical Manual of Mental
Disorders 1V (DSM-1V).®

The first description of FXS was published by
Martin and Bell in 1943.© FXS is a genetic disease.
The gene causing FXS was discovered in 1991.7 The
Cytosine-Guanine-Guanine (CGG) sequential repeti-
tion takes place at the g27.3 location of the X chro-
mosome long arm, while abnormal methylation
occurs due to the over expansion of the repeated
CGG.” Thus, the fragile X mental retardation protein
(FMRP) is not produced by the fragile X mental
retardation 1 (FMR1) gene, which ultimately causes
the clinical symptoms in children with FXS.® The
main clinical symptoms of FXS is developmental
delay, low intelligence and behavior disorders, such
as autistic behavior.® Aside from the clinical symp-
toms, children with FXS always have some unique
physical manifestations such as. elongated face, long
ears, macro-orchidism, etc.“% However, until now,
most researchers have discussed the diagnostic and
screening tools for FXS in Taiwan.®2 No detailed
developmental functions and autistic profiles in chil-
dren with FXSin Taiwan have been reported.

Autism is a special mental disease that covers
different aspects, such as: recognition capabilities,
verbal communication and social interaction. Autism
causes the children to encounter difficulties in their
social abilities, as well as disruption in their general
development.® In 1943, Doctor Kanner adopted the
term “early infantile autism” to describe such
cases.™ The primary characteristics included deficits
in sociability, lack of a drive to communicate or the
withholding of speech, and impairment of interests
and activities.®

Therapy to promote the functional development
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of children with FXS is based on the understanding
the autistic profiles of these children. In this study,
we investigated the developmental and autistic pro-
files in children with FXS. In addition, we estab-
lished the relationships between the developmental
and autistic profilesin these children. The aim of this
study isto provide information for clinicians who are
planning the therapeutic strategies for these children.

METHODS

The medical records of 12 children with the
diagnosis of FXS, aged 2 to 7 years, were collected.
Children with FXS were confirmed using results of
chromosome studies. Fifteen children with autism,
that were age- and sex-matched and excluded from
the FXS using results of chromosome studies, were
selected as the comparison group. The children with
autism met the DSM- 1V criteria (qualitative impair-
ment in social interaction, qualitative impairmentsin
communication, restricted, repetitive, and stereo-
typed patterns of behavior, interests, and activities).
All children underwent the assessment of develop-
mental functions and autistic profiles.

To assess the developmental functions, we used
the Chinese Children Developmental Inventory
(CCDI) to assess eight functional domains including
gross motor (GM), fine motor (FM), expressive lan-
guage (EL), concept comprehension (CC), social
comprehension (SC), self help (SH), personal socia
(PS) and general development (GD).*» The develop-
ment quotient (DQ) was determined as a percentage
of development age divided by chronological age.
Childhood Autism Rating Scale (CARS), which is
composed of 15 categories, was used to determine
autistic profiles.®™ The 15 categories included: relat-
ing to people, imitation, emotional response, body
use, object use, adaptation to changes, visual
response, listening response, taste/smell/touch
response and use, fear or nervousness, verbal com-
munication, non-verbal communication, activity
level, level and consistency of intellectual response,
and general impressions. Each category was scored
on a seven-point rating scale. Those with age appro-
priate reactions scored 1, mildly abnormal reactions
scored 1.5 or 2, moderately abnormal reactions
scored 2.5 or 3, and severely abnormal reactions
scored 3.5 or 4. The total score for each child was
measured from the summation of al scores in each
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category. The child was defined as non-autistic if the
total score was less than 30, as mildly to moderately
autigtic if the total score ranged from 30 to 36.5, and
as severely autistic if the total score was equal to or
greater than 37.

Differences in the genders between the two
groups were determined using the Fisher’s exact test.
The Spearman’s rho correlation was used to deter-
mine the relationship of developmental functions and
autistic profiles. The Mann-Whitney U test was used
to compare some demographic data (age, body
height, body weight). A vaue of p < 0.05 was con-
sidered statistically significant. Differences in the
developmental functions (CCDI) and autistic profiles
(CARS) between the two groups were compared
using the Mann-Whitney U test. To avoid the infla-
tion of type | errors due to multiple comparisons, a
Bonferroni adjustment was applied, raising the sig-
nificance threshold to 0.006 and 0.003 for this part of
the analysis.

RESULTS
We found the children with FXS (83%) and

autism (53%) were male dominant. There were no
significant differences of the demographic data
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between the two groups (Table 1). The DQs of all
developmental functions in the children with FXS
(GM: 73.2%; FM: 81.5%; EL: 56.6%; CC: 73.8%;
SC: 75.8%; SH: 80.9%; PS: 70.3%; GD: 77.2%)
were higher than in those with autism (GM: 59.7%;
FM: 57.9%; EL: 41.4%; CC: 44.9%; SC: 49.1%; SH:
50.2%; PS: 37.4%; GD: 54.9%) (Fig. 1). All devel-
opmental functions showed significant differences
between the two groups except for gross motor, fine
motor, and expressive language functions. Children

Table 1. Demographic Data of Children with Fragile X Syndrome
(FXS) and Autism

Children with FXS  Children with Autism

(n=12) (n=15) pvaue

Gender 0.108*
Male 10 (83.3%) 8 (53.3%)
Femde 2(16.7%) 7 (46.7%)

Age (years) 43 +12 38 £15 0.380"

Body height (cm)  105.7 + 11.0 98.3 +14.3 0.181

Body weighty (Kg)  16.0 3.4 170 £9.34 0.656"

Values are expressed as mean + SD, or n (%).

* p values for comparisons of FXS with autism, based on Fisher's exact
test.

T p values for comparisons of FXS with autism, based on Mann-Whitney
U test.

O
|
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Fig.1 Chinese Child Development Inventory development quotient of children with autism and Fragile X syndrome.
GM: gross motor; FM: fine motor; EL: expressive language; CC: concept comprehension; SC: social comprehension; SL: self help;
PS: personal social; GD: general development; DQ: Development Quotient.

* p < 0.006
tp<0.05
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with FXS showed that expressive language functions
were worse than the other developmental functions
by 14 to 25%. Children with autism showed that
expressive language and personal social functions
were worse than gross motor and fine motor func-
tions by 17 to 22%.

Based on the CARS assessment, approximately
92% of children with FXS were classified as non-
autistic or mildly/moderately autistic. However, 80%
of the children with autism were classified as mild-
ly/moderately or severely autistic. The average total
CARS score were greater in children with autism
(average score, 34) than in children with FXS (aver-
age score, 28; Table 2). The average score of the
autistic profiles in children with autism were greater
than in children with FXS (Table 2). After correction
for multiple statistical comparisons, when autistic
profiles were compared for FXS and autism, no sig-
nificant differences were present. The average score
in most categories of autistic profiles was less than 2
in children with FXS, except for verbal communica-
tion, activity level, level and consistency of intellec-
tual response, and general impressions. The average
score in most categories of autistic profiles was
greater than 2 in children with autism, except for
adaptation to changes, listening response, and
taste/smell/touch response and use.

Spearman’s correlation coefficient demonstrated
the CARS total scores were negatively correlated
with all developmental functions (rho = -0.30 to -
0.54, p < 0.05), except for gross motor (Table 3). All
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Table 2. Childhood Autism Rating Scale (CARS) of Children with
Fragile X Syndrome (FXS) and Autism

Childrenwith  Children with

Categories of CARS FXS autism p* value
(n=12) (n=15)
Total scores 2853 £644 3443 +£6.38 0.016

relating to people 179 £054 256 072 0.007
Imitation 175+065 236+071 0032
listening response 137 £048 190+0.73 0.057
taste, smell and touch

response and use 137 £052 196 +095 0.063
emotional response 195+072 250+062 0.063
visual response 162 £088 230+097 0.066
fear or nervousness 166 +0.68 216 £0.72 0.105
verbal communication 250 £090 293 +084 0128

nonverbal communication 179 £1.05 213 +074 0136

object use 179 £072 210+089 0343
activity level 258 £0.79 283+079 0462
general impressions 237 +074 260 +057 0487
body use 187 £082 210+080 0510
intellectual response 250 £076 230064 0542
adaptation to change 162 +£080 166 +052 0.559

* p values for comparisons of FXSwith autism, based on Mann-Whitney
U test.

developmental functions had positive relationships
with each other (rho = 0.45t0 0.87, p < 0.01).

DISCUSSION

Children with FXS and autism had dispropor-
tional development patterns in motor, speech and

Table 3. The Spearman’s Correlation Coefficient between Autistic Profile, Measured by Childhood Autism Rating Scale (CARS) Total
Score, and Developmental Functions, Measured by Chinese Children Developmental [nventory

CARS DQGM DQFM DQEL DQCC DQSC DQSH DQPS DQGD
CARS 1
DQGM -0.17 1
DQFM -0.30* T4 1
DQEL -0.43" 511 60" 1
DQCC -0.44' 35+ 60" 0.77" 1
DQSC -0.46' 75 80" 0.71' 66' 1
DQSH -0.38* 51t 69' 0.45' 611 0.70' 1
DQPS -0.54' 62" 641 0.81 729" 0.87' 591 1
DQGD -0.46' 57 71 0.80' 671 0.71' 46! 0.69' 1

Abbreviations: GM: gross motor; FM: fine motor; EL: expressive language; CC: concept comprehension; SC: social comprehension;
SL: self help; PS: persona social; GD: general development; DQ: Development Quotient; CARS: The Childhood Autism Rating Scale.

*p<0.01
tp<0.05
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social domains. The developmenta profiles in chil-
dren with FXS were different from those in children
with autism, although both of these children had
communication and behavioral disorders. Most
developmental functions in children with FXS were
better than in those with autism. In this study, chil-
dren with FXS had the worst expressive language
function (56% DQ) as compared with other devel op-
mental functions (> 70% DQ). Children with autism
showed that expressive language and personal social
functions (approximately 40%) were worse than
gross motor and fine motor functions by 17 to 22%.
Our findings were compatible with the findings
reported in earlier studies.*® Bailey et a found that
the development functions of children with FXS was
superior to those with autism based on the Battle
Developmental Inventory assessment scores.®”
Burack and Volkmar and Freeman et a also showed
that the personal social aspects of children with FXS
were better than those in children with autism. @9

Children with FXS had better personal social
functions than children with autism, although both
groups demonstrated delays in personal socia func-
tions. In this study, we found the major discrepancy
between children with FXS and autism was personal
social functions (FXS DQ: 70%; autism DQ: 37%).
The reasons may be that children with FXS had less
autistic behaviors than children with autism based on
the autistic profiles, especially in terms of relating to
people and imitation. Fisch and Hagerman indicated
that the causes of the abnormal behavior were differ-
ent in children with FXS and autism, although both
groups had difficulties in personal social
aspects.®22) For example, both groups demonstrated
gaze avoidance and reduced social interactions.
However, the reasons for these symptoms were dif-
ferent: anxiety and hyperarousal for children with
FXS, and reduced interest in society for children
with autism.@22

The developmental functions were inversely
correlated with autistic profiles. That is, the more
severe the autistic behaviors, the more delayed the
developmental functions. In this study, we demon-
strated that the CARS total scores were negatively
correlated with all developmental functions (rho = -
0.30 to -0.54), except for gross motor. Previous
works documented varying results regarding the rela
tionships of developmental functions and autistic
behavior. Bailey et a indicated that developmental
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functions, evaluated by Battle Developmental
Inventory, were related to autistic behavior, evaluat-
ed by CARS, for children with FXS, aged 3 to 7
years old.*” Reiss and Freund found that the devel-
opmental functions had no relationship with autistic
behavior, as assessed by DSM-I11-R, for children
with FXS or autism, aged 3 to 18 years old.®® The
conflicting findings may be due to the varieties in
assessment tools, age, or study groups among the
studies.

There were high positive relationships among
language, social comprehension, and personal social
functions in children with FXS and autism. Social
comprehension may play major factors in determin-
ing the personal social and language functions.®® In
this study, we found all developmental functions had
positive relationships with each other (rho = 0.45 to
0.87). The correlation coefficients were greater than
0.8 between expressive language and personal socia
functions as well as between personal social func-
tions and social comprehensions. Previous
researchers illustrated that the expressive language
disorder in children with autism included non-oral
expression, delaysin the development of oral expres-
sion, and inability to start or maintain a
conversation.® They are completely at aloss in the
use of eye contact, facia expression, and body posi-
tion that prevented them from being able to express
their desires and share their thoughts with other peo-
ple.®® Tanguay et a pointed out that social compre-
hension includes joint attention, affective reciprocity
and theory of mind.?"® A disorder in social compre-
hension prevents the individual from participating in
any normal activity leading to a severe lack of socia
interaction. Children with autism show lack of social
knowledge and fail to acquire social knowledge,
which is shown by the inability to engage in sponta-
neous symbolic play, form context-relevant commu-
nicative intentions, or generate original actions in
play.®» The impaired social functions in these chil-
dren further deprived their experiences of social
communication and social motor functions, such as
competitive or playing activities.

In this study, children with FXS and autism not
only had speech and social delays, but also had
motor delays. Our findings were compatible with the
findings from earlier investigations.®® Some
researchers suggested these children had the muscle
weakness.“* Children with FXS were associated



with orthopedic problems, such as flat feet, scoliosis,
which further impaired physical balance and stabili-
ty.®» Children with autism showed gross motor and
fine motor disorders, and increased joint laxity.®
Furthermore, repeated self-stimulating actions like
shaking fingers, hands and body, may also have com-
promised motor development and balance. Thus,
therapeutic strategies of promoting motor functions
should be integrated into early intervention programs
for children with FXS or autism, in addition to the
therapeutic strategies to improve other functions,
such as speech or personal social functions.

In conclusion, we found that most developmen-
tal functions of children with FXS were better than
the functions of those with autism. Children with
FXS had the worst expressive language functions
(56% DQ) as compared with other developmental
functions ( > 70% DQ). The major difference
between children with FXS and autism was personal
social functions (by 33% DQ). The developmental
functions were inversely correlated with autistic pro-
files. There were highly positive relationships among
language, social comprehension, and personal social
functions in children with FXS and autism. Our find-
ings suggest that children with FXS and autism had
multifaceted and disproportional development pat-
terns in motor, speech and social domains. The more
severe the autistic behaviors, the more delayed the
developmental functions. Social comprehension may
play the major factor in determining the personal
social and language functions. Therefore, when
applying a comprehensive assessment, we identified
the special developmental features in children with
FXS. Early intervention should integrate motor,
speech and social functions. Future detailed studies
about children with FXS, including genetic and mol-
ecular biology, neurophysiological studies, and func-
tional MRI studies are needed to help our under-
standing of developmental and behavior relation-
ships.
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