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1. Introduction
Down syndrome (DS) is the most common chromosomal anomaly occurring in live births
(Capone et al, 2004; Menkes & Falk, 2005) and it has been described as a syndrome-complex
of genetic origin with protean neurobiological consequences, and several characteristic
neurodevelopmental and neuropsychological manifestations. Down syndrome is also
considered to be the most common single cause of mild, moderate and severe mental
retardation (MR) with over half of individuals with DS attaining an IQ of between 50 and 25
by the end of the first decade of life (Bittles & Glasson, 2004; Capone, 2004; Hanson, 2003;
Menkes & Falk, 2005; Roubertoux & Kerdelhue, 2006; Van Cleve & Cohen, 2006; Vicari,
2006). Individuals with Down syndrome experience a reduced life expectancy, but within
the DS population, life expectancy is increasing.
Clinically, individuals with Down syndrome have typical physical and anatomical
characteristics (Van Cleve &, Cohen, 2006). An issue of major medical importance is the
participation and function on the health of individuals, communities and society. A
holistic approach is now vital when assessing the individual, from body functions and IQ
to learning abilities, attentional skills, daily activities and participation defined by the ICF
as ‘the execution of a task or action’ with involvement in a life situation (WHO, 2001).
Despite these shifts, there is limited investigation into the activity performance,
participation, learning and behavior of children with DS, as measured by their adaptive
functioning.
The cognitive limitations of individuals with Down syndrome have an important influence
on the level of functioning attained and a significant correlation between IQ and all areas of
function has been noted. Relatively preserved visual–spatial and visual–motor skills are
often noted, yet the influence of these skills on the activity performance of the child with DS
is unclear (Fiddler, et al 2005; Vicari 2006; Vicari & Carlesimo 2006).
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The few existing studies investigating the holistic functional profile of children with DS
have tended to be qualitative and investigated adult populations, even though all these
children will display some form of intellectual disability requiring functional intervention.
Few studies have measured specific skills appropriate to the wide range of abilities
presented by children with Down syndrome or reported attainment levels for children in
different age groups (Turner & Alborz 2003). There remains, therefore, a dearth of
investigation into the functioning and participation of children with DS based on ageappropriate, socially acceptable activities. Up-to-date information is needed to guide parents
and professionals with regard to reasonable expectations.
Attention deficit hyperactivity disorder (ADHD), characterized by symptoms of inattention,
with or without impulsivity and hyperactivity, (Barkley, 1997; Biederman & Faraone, 2005
DSM - fourth edition, 2000; Furman 2005) is estimated to affect between 6-12% of typically
developing school age children worldwide (Biederman & Faraone, 2005). In typically
developing populations, ADHD is more commonly diagnosed amongst boys than girls;
(Bauermeister et al., 2007; Biederman et al., 2005; Biederman & Faraone, 2005; Furman, 2005;
Stefanatos & Baron, 2007). In clinical samples, boys are six to ten times more likely to be
referred and three to four times more likely to be diagnosed with ADHD (Biederman et al.,
2005; Stefanatos & Baron, 2007) while in non-referred samples, gender differences have been
reported to be in the range of 1:1 to 1:3 (Biederman et al., 2005; Stefanatos & Baron, 2007).
Children with Down syndrome, due to their intellectual disabilities may have an increased
risk for ADHD behaviors over and above that associated with their developmental delays,
(Hastings et al, 2005) and clinically, attention function and hyperactive behaviors are
commonly reported to be problem areas for children with DS (Brown et al., 2003). However,
an investigation into the literature reveals a lack of information regarding the frequency and
characteristics of these deficits in this population at different ages, (Määttä, et al, 2006) as
well as no data on possible gender differences in these deficits. Children with DS are not
exempt from having a dual-diagnosis with ADHD (Capone et al, 2006) and, indeed, the risk
of “diagnostic overshadowing” (Reiss et al, 1982) is apparent in this population. Since
attention deficits are not inherently incorporated into the phenotype of individuals with
MR, (Burack et al, 2001) it is important to investigate the frequency and types of attention
deficits/hyperactivity amongst children with DS.
As it is now essential to adopt a holistic approach when assessing the individual especially
the mentally retarded, ADHD being a commonly reported deficit can not be overlooked
when assessing children with DS. Accurate information regarding the frequency of a dualdiagnosis such as ADHD amongst children with DS is important since the symptoms of this
diagnosis are not inextricably linked with the cognitive impairment characteristic of DS and
as such could potentially be treated under a medical model (Capone et al., 2006). The
alleviation of attention deficit behaviors has the potential of improving the effectiveness of
intervention for children with DS and, as a result, lead to improved function and quality of
life.
Despite the limited information available, (Brown et al., 2003; Hastings et al., 2005) it was
hypothesized that children with DS would show attention deficit/hyperactive behaviors at
a higher frequency than that noted in typically developing populations, and that these
deficits would be more common amongst older children. In addition, (based on the fact that
it was a non-referred sample), it was hypothesized that no gender differences in the
frequency of these deficits would be found. Finally, it was assumed that the severity of
attention deficit/hyperactive behaviors would be correlated with the child’s adaptive
behavior and IQ.
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In our study we assessed the developmental profile of 60 children with Down syndrome
between the ages of 6 and 16 years who had received a holistic early intervention program
from birth until their entry into an appropriate educational framework. A focus was placed
on investigating the frequency of attention deficit/hyperactive behaviors amongst these
children and to assess whether it differs between sexes and whether it changes across age
groups. The influence of the severity of attention deficit/hyperactive behaviors on adaptive
behavior and their correlation with the child’s intelligence quotient (IQ) was investigated
The relationship between body function variables and participation as well as the
performance of specific school-related activities was also studied.

2. Method
2.1 Sample
This study included 60 Hebrew-speaking children (33 males, 27 females) with Down
syndrome, all of whom were treated at the Jerusalem Institute for Child and Family
Development of the Israel Ministry of Health from birth until their entry into an appropriate
special educational framework between the ages of 3 and 4 years. The children were
between the ages of 5 years 10 months and 15 years 8 months (mean 9y 3mo; SD 28.8mo) at
the time of testing. No child was receiving treatment at the Institute at the time of the study.
The children were divided into the following three similarly sized age groups: youngest
(n=20; 12 males, eight females; mean age 6y 11mo, SD 7.1mo; range 5y 10mo–7y 8mo);
middle (n=21; nine males, 12 females; mean age 9y, SD 9.9mo; range 7y 9mo–10y) and oldest
(n=19; 12 males seven females; mean age 12y 2mo, SD 20.3mo; range 10y 2mo– 15y 8mo).
These age groups were selected since it seems feasible to expect greater differences between
groups of children between the ages of 6–8 (younger pre-teens) and 8–10 (older pre-teens) as
compared to teenagers.
2.2 Instruments
Psycho-social intake questionnaire
A non-standardized measure developed by the Jerusalem Institute for Child and Family
Development for internal use, completed by caregiver interview. This questionnaire
provided demographic information including gender, age and whether the child received
medication for attention deficits (methylphenidate) at the time of testing or in the past.
ADHD Rating scale for parents and teachers (Pelham et al, 1992)
Parents and teachers both completed the Parent-Teacher ADHD Rating Scale based on the
DSM-III-R criteria (American Psychiatric Association, 1987) as described by Pelham et al.
(1992). The questionnaire includes 14 items, for which the informant responds on a scale of
0-3, resulting in a maximum score of 42. For each informant (parent and teacher) the total
score was calculated, with higher scores indicating greater difficulties. A cut-off score above
15 was used to suggest attention deficit and hyperactive behavior with scores of 21 and
above suggestive of more pronounced difficulties.
Vineland Adaptive Behavior Scales, interview edition (VABS) (Sparrow, et al, 1984)
A 577-item norm-referenced and standardized parent/caregiver interview measuring
personal and social skills and intended for use in populations from birth to 18 11/12 years.
Standard scores are measured (in normative populations, M=100 and SD=15). Reliability has
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been demonstrated using internal consistency (split half means for Domains .91 to .95; for
Adaptive Behavior Composite .97). In the current study, composite scores were attained for
three domains (communication skills, daily living skills and socialization skills).
Stanford-Binet Intelligence Scale, fourth edition (SBIS)(Thorndike, et al, 1986)
A reliable and valid measure developed to test cognitive ability in individuals from 2 years23 years, administered by a psychologist, provided an IQ score. In normative populations,
the general score has a mean of 100 and SD of 16 while subtests have a mean of 50 and a SD
of 8. The Brief IQ including the verbal reasoning, abstract/visual reasoning, quantitative
reasoning and short-term memory scales were used in the current study.
2.3 Procedure
This study was performed as part of a larger study (Rihtman et al., 2009) and was approved
by the ethics committee of the School of Occupational Therapy, Hebrew University
Hadassah Medical School, Jerusalem. Letters were sent to the parents of all the children
born with Down syndrome in the Jerusalem vicinity between 1988-1998 who were treated
with a standard intervention protocol at the Jerusalem Institute for Child and Family
Development of the Israel Ministry of Health (N=119). Eight children had passed away, 30
children were not traced and 21 declined to participate, leaving the study group with 60
children. Parents signed a consent form and all participants were invited to the Institute for
a testing session. A written summary was sent to the parents of each participant.
2.4 Statistical analysis
A Type 1 error rate of 0.05 was used for all analyses. Statistical Package for Social Sciences
13 (SPSS 13) for Windows was used for all calculations. Descriptive statistics were used to
reveal the frequency of attention deficit/hyperactive behaviors. One-way ANOVA’s were
performed to assess age-group differences and independent sample t-tests were performed
to assess gender differences on parent and teacher reports of attention deficit/hyperactive
behaviors. Chi square tests were used to assess age group and gender differences on
medication for attention deficit/hyperactive behaviors. Independent sample t-tests were
performed to assess parent and teacher report ADHD Rating Scale score group differences
in adaptive behavior. Pearson coefficient correlations were calculated to assess the
correlations between parent and teacher ADHD Rating Scale scores and adaptive behaviors.
One-way MANOVA’s were employed to assess ADHD Rating Scale score group differences
and the Stanford Binet subscales. Effect sizes were ascertained by means of Eta squared,
which reflects the proportion of the total variance attributed to or accounted for by an effect,
with 0.01 reflecting a small effect size, 0.06 reflecting a medium effect size and 0.14 reflecting
a large effect size (Cohen 1988; Hays 1994).

3. Results
3.1 Frequency of attention deficit/hyperactive behaviors
Reports of attention deficit/hyperactive behaviors were initially considered in individual
settings (home or school). Based on parent report on the ADHD Rating Scale (Figure 1), for
the total group, 28.8% attained scores of 16 and above, indicative of deficits, with 11.9%
attaining scores of 21 and above, indicative of more pronounced deficits. Amongst boys,
34.4% attained scores of 16 and above, while 15.6% attained scores of 21 and above.
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Amongst girls, 22.2% attained scores of 16 and above, while 7.4% attained scores of 21 and
above.
Based on teacher's report on the ADHD Rating Scale (Figure 1), for the total group, 25.6%
attained scores of 16 and above, with 9.3% attaining scores of 21 and above. Amongst boys,
32.0% attained scores of 16 and above, while 8.0% attained scores of 21 and above. Amongst
girls, 16.7% attained scores of 16 and above, while 11.1% attained scores of 21 and above.
When the frequencies of attention deficit/hyperactive behaviors were considered based on
parent and teacher reports combined (Figure 1), within the total group, 11.9% attained
scores of 16 and above in two settings, with 4.8% attaining scores of 21 and above in both
settings. Amongst boys, 12.5% attained scores of 16 and above in two settings, with none
attaining scores of 21 and above. Amongst girls, none attained scores of 16 and above in two
settings, but 10.5% attained scores of 21 and above.

Fig. 1. ADHD Rating Scale Parent, Teacher and Combined Reports: Frequencies of attention
deficit/hyperactive behaviors based on parent report, teacher report and parent and teacher
report combined.
The frequencies of whether the child had never been medicated for attention
deficit/hyperactive behaviors, had been medicated in the past or was medicated at the time
of the study, by gender, are presented in Table 1 In order to shed light on the frequency of
children with Down syndrome who had ever had behaviors warranting medication for
attention deficit/hyperactive behaviors, both the children who had been medicated in the
past and those who were medicated at the time of the study (past/present) were included.
Of the total study population, 11.7% had been medicated for attention deficit/hyperactive
behaviors at some time (present/past). Amongst the boys, 15.2% had received medication at
some time, as opposed to 7.4% of the girls.
The frequency of medication use was also considered based on the severity of reported
attention deficit/hyperactive behaviors for the total study sample. Based on parent report,
9.52% of children with ADHD Rating Scale scores of 15 and below, were medicated at some
time (past/present), while this was true for 30% of those who attained scores between 16
and 20; none of the children with scores of 21 and above were medicated (past/present). Of
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those children who attained ADHD Rating Scale scores of 15 and below based on teacher
report, 12.5% were medicated or had been medicated at some time, while 14.3% of those
who attained score between 16 and 20 were medicated (past/present). Again, none of the
children with scores of 21 and above were medicated or had been medicated in the past
(Table 1).
Boys
N=33
28
(84.8%)

Girls
N=27
25
(92.6%)

Total
N=60
53
(88.3%)

Parent
(N=59)

Teacher
(N=43)

-

-

2 (6.1%)

1 (3.7%)

3 (5.0%)

-

-

3 (9.1%)

1 (3.7%)

4 (6.7%)

-

-

5
(15.2%)

2 (7.4%)

7
(11.7%)

-

-

<15

-

-

-

1620

-

-

-

>21

-

-

-

N=42
Medicated*=4
(9.5%)
N=10
Medicated*=3
(30%)
N=7
Medicated*=0
(0%)

N=32
Medicated*=4
(12.5%)
N=7
Medicated*=1
(14.3%)
N=4
Medicated*=0
(0%)

Never
Medicated
Medicated
in Past
Medicated
at Time of
Study
Total
Medicated
at Some
Time

ADHD
Rating Scale
Score
Group

*At the time of the study or in the past

Table 1. Frequencies of medication use for attention deficit/hyperactive behaviors, by
gender, and by severity of these behaviors based on parent and teacher report
ANOVA’s performed to investigate age group differences in parent report total ADHD
Rating Scale score (Table 2) revealed no group differences, however significant differences
between age groups on the teacher's report of total ADHD Rating Scale score were found,
with a large effect size (F(2,41)=3.84, p=0.030, η2=0.16). A Scheffe post-hoc analysis was
performed to assess this result; the oldest group had a significantly higher score on the
ADHD Rating Scale teacher report (M=13.63; SD=7.70) than the youngest group (M=6.79;
SD=4.17; p=0.030) but the middle group had an intermediate score (M=10.89; SD=8.87) that
did not differ significantly from the oldest or youngest groups. There were no significant
gender differences on the ADHD rating scales between boys and girls.
To analyze age-group differences in the need for medication for attention
deficit/hyperactive behaviors, only those children who were medicated at the time of the
study were included in the analysis (Table 1) as the inclusion of those who had been
medicated in the past may have skewed the results. A chi2 test performed to assess
age group differences in whether the child received medication for attention
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deficit/hyperactivity behaviors at the time of the study revealed no group differences (χ2[2,
N=60]=0.43, p=0.81, not significant).
Independent sample t-tests performed to assess gender differences on parent report total
ADHD Rating Scale score and teacher report total ADHD Rating Scale score, revealed no
significant differences (Table 2). No gender differences in whether the child received
medication for attention deficit/hyperactivity behaviors at the time of the study were
revealed using a chi2 test (χ2[1, N=60]=0.69, p=0.40, not significant).

Youngest
M(SD)
Parent
report

Middle
M(SD)

Oldest
M(SD)

Boys Total Girls Total
Score
Score M
M(SD)
(SD)

t

n=20
n=18
n=21
14.22(5.03) 12.33(8.45) 1.06
12.50(5.02) 13.67(8.62) 13.90(6.80)

Teacher n=15
report
7.47(4.81)

n=9
n=19
11.44(6.99) 10.17(8.21) 0.55
10.89(8.87) 13.63(7.70)

df

p

57

0.29(NS)

41

0.59(NS)

Table 2. Average parent and teacher ADHD Rating Scale score by age group and
independent sample t-tests to assess gender differences based on parent report and teacher
report total ADHD Rating Scale score
3.2 ADHD Rating scale score group differences in measures of adaptive behavior
The results of independent sample t-tests performed to assess the differences between
parent report ADHD Rating Scale score groups (15 and below; 16 and above) on the subscores of the three Vineland Adaptive Behavior Scale (VABS) domains (communication
skills, daily living skills and socialization skills) are presented in Table 3. A significant
difference with a medium effect size was found on the daily living skills standard score
(t[57]=2.03; p=0.047) and a significant difference with a medium-to-large effect size was
found on the communication skills standard score (t[56]=2.58; p=0.013)..
Independent sample t-tests performed to assess the differences between teacher report
ADHD Rating Scale score groups (15 and below; 16 and above) on the sub-scores of the
three VABS domains (communication skills, daily living skills and socialization skills)
revealed no group differences (Table 3). Due to the discrepancy between parent and teacher
report in terms of adaptive behavior, we applied Pearson Coefficient correlations between
the parent and teacher ADHD Rating Scale total scores. Results yielded only moderate
significant correlations (r=0.46; p=<0.01).
3.3 Correlations between parent and teacher ADHD rating scale scores and adaptive
behaviors
Pearson Coefficient correlations between the VABS and parent report total ADHD Rating
Scale score revealed significant moderate correlations for the communication skills standard
score (r=-0.38) and the daily living skills standard score (r=-0.37) but not for the socialization
skills standard score. Pearson Coefficient correlations between the VABS and teacher report
total ADHD Rating Scale score revealed no significant correlations (Table 3).
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Measure

t-test

η2

t[56]=2.58
p=0.013*

0.11

-0.38
[-0.58]-[-0.13]
p=0.003*

t[40]=0.46
p=0.65

N/A

-0.24
p=0.131

t[57]=2.03
p=0.047*

0.07

-0.37
[-0.57]-[-0.13]
p=0.004*

t[41]=1.09
p=0.28

N/A

-0.25
p=0.107

t[52]=0.54
p=0.474

N/A

-0.21
[-0.45]-[-0.06]
p=0.124

t[37]=-0.53
p=0.60

N/A

-0.04
p=0.822

Informant Group Mean(SD)
<15

Communicati
on Skills
Standard
Score

Daily Living
Skills
Standard
Score

54.02(11.64)

Parent
>16

45.53(10.81)

<15

53.19(11.00)

Teacher
>16

51.10(16.47)

<15

50.38(14.64)

Parent
>16

41.71(15.50)

<15

51.06(15.14)

Teacher

Socialization
Skills
Standard
Score

>16

44.91(18.80)

<15

56.74(15.15)

Parent

Teacher

>16

53.81(8.76)

<15

56.14(12.44)

>16

59.00(20.91)

r

CI

[-0.50]-[0.07]

[-0.51]-[0.06]

[-0.35]-[0.28]

*Statistically significant, P<,0.05; CI confidence interval

Table 3. Independent sample t-tests between ADHD Rating Scale score groups (parent and
teacher; 15 and below; 16 and above) and subscales of the Vineland Adaptive Behavior
Scales and Pearson Coefficient correlations between total ADHD Rating Scale scores (parent
and teacher) and the standard scores of the Vineland Adaptive Behavior Scales:
3.4 IQ differences based on parent and teacher ADHD rating scale score groups
The cognitive profile of the study sample has been previously reported (Rihtman et al.,
2009). In the current study, the IQ scores were compared between children identified as
having attention deficit/hyperactive behaviors and those without. One-way MANOVA’s
were employed to assess ADHD Rating Scale score group differences (<15; >16) in the four
Stanford Binet subscales. Based on parent report, no significant group differences were
found (Wilk’s Λ=0.91, F(4,50)=1.29, p=0.28, NS). Likewise, no significant group differences
were found based on teacher report (Wilk’s Λ=0.88, F(4,36)=1.26, p=0.30, NS).

4. Discussion
A high rate of Attention Deficit Disorder (ADHD) was previously observed by us in several
groups of children; among the offspring of mothers with pregestational diabetes (Ornoy et
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al, 1998), among children born to mothers with gestational diabetes (Ornoy et al, 1999), as
well as among offspring of heroin dependent mothers (Ornoy et al, 2001). These and other
studies emphasize the importance of environmental factors to which the developing embryo
and fetus were exposed in the etiology of ADHD. This is in addition to the well known
genetic etiology of ADHD (Biederman et al., 2005; Biederman & Faraone, 2005; Furman,
2005). In the present study we were interested to assess the possible impact of DS, where
trisomy 21 induces changes in many different genes, on the rate of ADHD, using accepted
assessment measures.
In our previous study (Rithman et al, 2009) on the same group of children, we did not find
any age related decline in the IQ scores of the children with DS. There was a significant
correlation between IQ and different neurodevelpomental and adaptational measures
(visual–motor integration and adaptive behavior) supporting previous findings implying
that the IQ of children with Down syndrome is related to their success at implementing
functional components and participating in specific activities. There was an age-related
body function improvements and correlations between specific body functions and
participation.. We also found sex differences on the short-term memory and motor function,
with females performing better than males. However, functional sex differences on the
specific VABS measures of copying, handwriting and free writing were not found. It was
therefore of interest to see whether the occurrence of inattention is related to the IQ or to
gender differences.
As stated above, the goals of the current study were to investigate the frequency of attention
deficit/hyperactive behaviors amongst children with Down syndrome between the ages of 6
and 16, to assess age-group and gender differences in these behaviors and to analyze the
relationship between the severity of these deficits and adaptive behavior and IQ. The
findings have the potential of being both clinically significant as well as opening avenues for
further investigation of the attentional function of children with DS.
The investigation into the frequency of attention deficit/hyperactive behaviors in this
population in different settings revealed that it may be prudent to consider these behaviors
from a number of perspectives. While current diagnostic criteria require deficits in two
settings to warrant a diagnosis of attention deficit hyperactivity disorder (ADHD)
(American Psychiatric Association, 2000), the results from the investigation of these
behaviors at home and at school, as well as an analysis of combined parent and teacher
reports, suggest that amongst children with DS, these behaviors should be considered from
both angles. When the reports of the parent or teacher ADHD Rating Scale were considered
individually, the frequency of attention deficit/hyperactive behaviors amongst children
with DS appeared to be more common than that found in typically developing populations.
When behavioral reports from both the child’s home and educational environments were
considered (as required to warrant a diagnosis of ADHD), reported deficits in the total
study group were similar to that found in typically "normal" developing populations
(~12%), with a similar frequency noted amongst children who had been medicated for these
deficits at some time.
It may be feasible to assume that children with DS with more severe attention
deficit/hyperactive behaviors reveal these deficits in both the home and educational
environments and are those children whose deficits are pronounced enough to warrant
medical intervention. Moreover, it should be considered that two of those children
medicated for attention deficit/hyperactive behaviors at the time of the study had parent
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ADHD Rating Scale scores below 15 and three had teacher ADHD Rating Scale scores below
15. Thus, even though these children were not included within the group of children
demonstrating attention deficit/hyperactive behaviors, it is feasible to assume that they
were medicated due to these behaviors and the medication was responsible for the lower
scores on the ADHD Rating Scale; thus, the frequency of attention deficit/hyperactive
behaviors is even higher than reported. This finding implies that, based on current
diagnostic criteria, ADHD is apparently more prevalent amongst children with DS than
amongst typically developing children (Biederman & Faraone, 2005).
However, the diagnostic potential of individual parent or teacher report in this population
should not be overlooked. Our findings of inconsistencies between parent and teacher
reports reinforce the need to consider not only whether or not the child with DS has a
diagnosis of ADHD according to diagnostic criteria, but also whether the attention
deficit/hyperactive behaviors may be expressed differently in different environments
amongst non-referred samples in this population. The findings of reported deficits in
individual environments are important to consider amongst this population, particularly
when considering our findings of correlations between attentional function and adaptive
behavior. Indeed, in a genetic study, Gizer et al., (2008) recently found that, while the
combination of mother and teacher reports yielded the strongest association for hyperactiveimpulsive symptoms, teacher reports alone were sufficient for identifying inattentive
symptoms. This finding of a discrepancy on a genetic level reinforces the point that attention
deficit/hyperactive behaviors can not be overlooked in individual settings, since there may
be key differences in how parents and teachers rate attention deficit/hyperactive behaviors.
Moreover, varying manifestations of this disorder (for example, hyperactive as opposed to
inattentive symptoms) may be identified based on reports of different deficits in diverse
environments, since different environments place different demands on children. As this
deficit has an important impact on adaptive functioning amongst children with DS, this
warrants consideration even if there are reports of deficits in one setting alone.
In the current study, when reports of deficits in only one environment (school or home)
were considered, it appeared that the frequency of these deficits may be more common
(~27%) than that found in typically developing populations.. While this may not conform to
a diagnosis of ADHD, this frequency warrants consideration, since these deficits appear to
impact on the functioning of these children in important areas. Deficits in only one setting
may reflect a less severe form of ADHD or an environment-specific form of ADHD which
may be similar in its severity to non-referred samples. However, these frequencies suggest
that more than a quarter of children with DS will show some form of attention
deficit/hyperactive behaviors in at least one setting.
The findings of relatively high percentages of medication use within the groups of children
with scores below 15 on the ADHD Rating Scale, based on both parent and teacher report,
and the lack of medication use within the groups of children scoring 21 and above on the
ADHD Rating Scale may not be altogether surprising. It is likely that many of the medicated
children attained lower scores due to their medication use, while those who attained
extreme high scores did so since they were not medicated. Moreover, it is important to bear
in mind that the use of medication for attention deficit/hyperactive behaviors is also
dependent on parental opinion and preferences, the age of diagnosis of attention
deficit/hyperactive behaviors and the opinions of the treating physician regarding the use
of these medications in young children. Thus, those children with severe manifestations of
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attention deficit/hyperactive behaviors may be un-medicated due to parental preference
and not due to a lack of need.
No age-group differences in the attentional profile of the cohort were found based on parent
report, yet differences were found based on teacher's report, potentially due to different
demands of the different environments which shift with age. The finding of age-group
differences based on teacher report is particularly noteworthy, and may shed light on a
potentially shifting attentional profile within the educational environment amongst children
with DS with age, due to increased academic demands. While no age differences were noted
between the youngest (younger pre-teen) and middle (older pre-teen) which is intermediate
in its scores between the three groups, or middle and oldest (teenage) groups, the oldest
group differed significantly from the youngest group and may suggest that attention
deficit/hyperactive behaviors increase gradually as children with DS become teenagers.
Since this was a non-referred sample, the investigation into gender differences seems to be
of particular importance. The findings appear to conform to the opinion regarding nonreferred samples of typically developing children that gender differences are not as
pronounced as in clinical samples. When both settings (i.e. parental and teacher's ADHD
Rating Scale) were considered, the frequency of deficits was indeed in the realm of 1:1
(12.5%:10.5%; boys to girls respectively). While the differences did not reach significance, it
should be noted that boys appeared to be medicated more than girls (15.2% and 7.4%
respectively), potentially due to the clinical manifestations of their difficulties. Likewise,
when only one setting (home/school) was considered, boys appeared to have higher
frequencies of reported difficulties (~33%) as opposed to girls (16.7% [teacher] -22.2%
[home]) yet, again, these differences did not reach statistical significance. Once again, this
reinforces the need to consider reports of attention deficit/hyperactive behaviors in both the
education and home environment of the child with DS.
The investigation of adaptive functioning in light of attention deficit/hyperactive behaviors
amongst children with DS sheds light on a vital area of investigation for this population. It
may not be surprising that no differences were found between children above and below the
cutoff point for attention deficit/hyperactive behaviors on the socialization domain of the
Vineland Adaptive Behavior Scales (VABS) in either the teacher or parent report as this is
known to be an inherent area of strength for individuals with DS (Fidler et al 2006) and may
therefore be less influenced by attention deficit/hyperactive behaviors. However, the
finding of an association between attention deficit/hyperactive behaviors based on parent
report and adaptive behaviors in the realms of daily living and communication skills, with
greater impairments in attentional function leading to greater adaptive behavior
impairments, has immense clinical significance. It would appear that skills in these realms
are more based on learning and acquired behaviors and abilities than those required for
successful social functioning which is a strength of this population, regardless of the lack of
an association between IQ scores and attentional function in the current study since learning
and attention are associated at every level of cognitive functioning. If this were the case,
since intact attentional functioning is a major component of learning, (Posner et al, 2008) this
association between impairments in attention and these elements of adaptive behavior is not
surprising. It is, however, important to note as this association particularly reinforces the
need to consider possible treatment of attention deficit/hyperactive behaviors in this
population, even if these deficits are apparent only in one setting, since learning occurs both
within the school environment and outside of it.
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The lack of an association between adaptive behavior and attention deficit/hyperactive
behaviors based on teacher report also raises a number of points to consider. This finding
may reflect an important principle of current health paradigms, (World Health
Organization, 2001) namely, that deficits in participation in different settings may not
always result from deficits in body functions and structures. As such, a child with attention
deficit/hyperactive behaviors in the classroom may not necessarily have participation
deficits in their overall school functioning. An alternative explanation may be that, since the
VABS was completed by parents while the ADHD Rating Scale was completed by teachers,
the lack of an association between the VABS and the teachers ADHD Rating Scale may be
due to informant differences. Indeed, only a moderate correlation between the parent and
teacher report ADHD Rating Scale was found. In addition to the lack of congruence between
parents and teachers with regard to the adaptive behavior of children with DS, Crystal et al
(2001) stress that varying informant sources can produce significantly different descriptions
of attention deficit/hyperactive behaviors. Different aspects of adaptive behavior may be
stressed in different environments, and what may be considered to be adaptive behavior at
home may not necessarily be perceived as such at school. It therefore seems prudent for
future studies investigating the attention deficit/hyperactive profile of children with DS to
assess adaptive behavior based on educator report as well.
In our previous study on the same population we assessed the functional and behavioral
profile of these 60 children with Down syndrome. There were sex differences on the shortterm memory as well as motor function, with females performing better than males. It is not
clear whether the developmental continuum differs between males and females, and our
findings begin to shed light on such differences.
We also found previously an association between IQ and measures of visual–motor
integration and adaptive behavior. This supports previous findings implying that the IQ of
children with DS is related to their success at implementing functional components and
participating in specific activities. This result is also important when considering reports
that functional attainments earned in childhood seem to be maintained into adulthood in
this population (Brown et al, 1990). Adults with Down syndrome who are the most
accomplished in terms of independence in daily living and maintaining paid employment
are those who participated in structured school experiences aimed at teaching them specific
skills. Yet reports of an IQ plateau or decrease beginning in early adulthood are common
(wang, 1996).
Children with Down syndrome who show improved performance on structured tests may
be those with greater motivational levels and thus predisposed to greater adaptive
functioning by virtue of having a greater tendency toward experience and learning.
Alternatively, more successful adaptive functioning may occur in children with the physical
foundation of better functional components. It is possible that these children are then the
ones who are better able to participate successfully in functional activities. If this is true, it
would lend empirical support for intervention that is directed at improving functional
components while using these functions to create a bridge with actual participation in ageappropriate activities.
A number of limitations are evident in the present study. Foremost, the study sample was
small and was not compared to a typically developing population. An interesting idea for
further investigation would be to compare the adaptive functioning of children with ADHD
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with and without DS. In addition, the use of the Parent-Teacher ADHD Rating Scale only
provides limited information and future studies would benefit from using more extensive
ADHD testing. Furthermore, the age group division could have been more homogenous
with larger groups. Finally, the correlations performed in this study can not necessarily be
considered to reveal a causal relationship between ADHD and adaptive behavior or IQ.
While the findings begin to shed light on this area, further research should apply
interventional studies which may provide a clearer picture regarding causal relationships
between attention deficit/hyperactive behaviors and adaptive functioning of children with
DS.
An additional limitation of the study is the wide age range of the oldest group, as a result of
the attempt to include all teenagers within the same group and to examine differences
between younger (6–8y) and older (8–10y) pre-adolescent school-aged children. However,
future studies should ensure improved homogeneity of age groups and should also attempt
to attain objective measures of handwriting performance. Finally, this study applied a crosssectional study design that limits the interpretation of the developmental continuum of the
child with Down syndrome. Further research should seek to apply longitudinal study
designs.

5. Conclusions
Changing international health measures and intervention in children with developmental
disorders also focuses in treating children with Down syndrome, with increased emphasis
being placed on participation and on the acquisition of specific, functional skills and
functional independence, all being vital element of their quality of life. Moreover, the fact
that there is a high rate of ADHD among children with Down syndrome forces us to pay
attention to that possibility in each child with trisomy 21 as proper medical or other
treatment may help the child with Down syndrome to get better help.
Our findings of continuous improvement in function with age, if such intervention has been
provided, is further evidence supporting the need for pediatric DS intervention to
encourage improved body functions while emphasizing the acquisition of functional skills
that enable enhanced participation in age-appropriate activities. In addition, this study
raises doubts as to whether or not children with DS do indeed reach a functional plateau
and offers the possibility of changing our perception with regard to the functional and
educational potential of children with trisomy 21.
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