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Objective: To analyze factors influencing development of Down syndrome children in the first three years of life.
Material and Method: A cross-sectional study was conducted in 100 Down syndrome (DS) children attending
at the Genetics clinic, Department of Pediatrics, Siriraj Hospital between January 2002 and December 2005.
All individuals were three to six years of age. The data was collected from January to December 2006,
including general information and factors on the child and their families. The child developmental quotient
(DQ) was evaluated by Capute Scales Cognitive Adaptive Test/Clinical Linguistic & Auditory Milestones
Scale (CAT/CLAMS) at three years of age. Data were analyzed by descriptive statistic and multiple linear
regression with the significant level at p-value < 0.05.

Results: The mean development quotient (DQ) was 63.78 + 11.25 (range 32-91) with the majority being mild
developmental delay. The child and family factors contributing to developmental quotient (DQ) outcome were
birthplace, congenital heart disease, age at the first genetic counseling, regular follow-up in the Genetics
clinic, age at the first early stimulation program/speech training program, parental education/occupation,
and family income. Only family income and age at the first speech-training program were found to be indepen-
dently associated with developmental quotient (DQ) at the age of three years (p-value < 0.05).

Conclusion: Down syndrome is the most common genetic cause of mental retardation. Various factors contribute
to developmental quotient (DQ) outcome but the most important factors are family income and age at the first
speech-training program. Therefore, Down syndrome children with the above factors should be followed-up
and monitored closely for the optimal long-term outcome.
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Down syndrome (DS) is the most common
chromosomal abnormality with an incidence of 1:600-
800 live births and also the most common genetic
cause of mental retardation and multiple congenital
anomalies®?. Although many congenital anomalies are
commonly found in these children such as congenital
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heart diseases (40-50%)®4, gastrointestinal disorders
(10-15%)%-3, congenital and/or compensated hypothy-
roidism (2-25%)®3%), ophthalmic problems (50%)®-367,
and hearing loss (75%)®%59, developmental delay or
mental retardation is the problem of the most concern.

The development of children during the first
three years is very important, as it is fundamental
for child development outcome. Particularly for DS
children, this period can be called “Preparatory phase”
for them®. To promote the proper development for the
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children, family factors are important because they are
the first environment for child growth and develop-
ment. Good childcare and rearing will enable children
to have good physical, intellectual, and psychosocial
developments. Other factors such as parental educa-
tion, socioeconomic status of a family are important
and influence the children’s development®®'2, Regard-
ing developmental delay or mental retardation, inter-
vention with an early stimulation program and speech-
training program starting in the first years of life has
been proved beneficial on development®®, The authors
performed a cross-sectional study to analyze the
factors including both child and family factors that
influence development in the first three years of DS
children.

Material and Method

A cross-sectional study was conducted on
100 children with Down syndrome who were followed-
up at Siriraj Hospital between January 2002 and
December 2005. All individuals were three to six years of
age. The data was collected from January to December
2006, including general information and factors on
the child and their families. The child developmental
quotient (DQ) was evaluated by Capute Scales Cogni-
tive Adaptive Test/Clinical Linguistic & Auditory
Milestones Scale (CAT/CLAMS) at three years of age.
CAT/CLAMS are a highly recommended tool for
developmental assessment of 1-36-month-old children.
The Capute Scales are designed to assess the two
streams of cognitive development, longitudinal
language pathway based on sequential milestones
language (CLAMS) and visual motor solving tasks
(CAT). Scoring of the Capute CAT/CLAMS is based
on the child’s performance on test items corresponding
to developmental milestones. The scores are divided
by the child’s chronological age to determine the DQ®,
All developmental tests of Down syndrome children
were conducted by the same developmental pediatri-
cian (S.T.).

The study factors were (i) child factors
including gender, birthplace, age at the first genetic
counseling, associated congenital anomalies, attending
the early stimulation program, and speech-training
program, and (ii) family factors including parental age,
education, occupation, family income, major caregiver,
number of siblings, and other family members.

Concerning associated congenital anomalies,
all DS children were evaluated for congenital heart
diseases, gastrointestinal anomalies, and hypothy-
roidism by pediatricians within the first two months.
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Children with suspected congenital heart disease
were referred to pediatric cardiologists and those with
suspected gastrointestinal anomalies were referred to
pediatric gastroenterologists and pediatric surgeons.
Thyroid function tests were routinely performed in
all DS children and all individuals were referred to
pediatric endocrinologists if the results were abnormal.
Vision and hearing assessments were also done in all
DS children before 18 months of age.

Genetic counseling was given to the families
by a geneticist in the first visit in the Genetics clinic.
All families were routinely advised to attend the early
stimulation program in the first visit and attend the
speech-training program at the age about 12-18 months.
The children who attended the Genetics clinic less than
7 times in the first three years of age, or attended the
early stimulation program less than 8 times annually
were classified as “irregular”.

Means + standard deviations, ranges,
numbers, and percentages were used for descriptive
statistics. Developmental quotients (DQ) by various
factors were compared using the independent samples
t-test and ANOVA with statistically significance at
p-value < 0.05. Stepwise multiple linear regression
analysis was used for analyzing factors influencing
development of DS children with significance at p-value
<0.05.

Results
Demographic and clinical data of Down syndrome
children (Child factors)

Of the 100 DS children, 59 (59%) were males
and 41 (41%) were females. Regarding birthplaces of
these children, 69 (69%) were born in hospitals in
Bangkok including Siriraj Hospital and 31 (31%) were
born in provincial hospitals. Genetic counseling by
a geneticist was provided to all families in the first
Genetics clinic visit with mean age at the first genetic
counseling being 5.28 + 6.98 months (range 1 day-37
months). In these 100 DS children, 85 (85%) were
regularly followed-up in the Genetics clinic, 96 (96%)
received the early stimulation program with regular
follow-up in 79 (82.29%) and only 75 (75%) regularly
attended the speech-training program. Mean ages at
the first early stimulation program and the first hearing
assessment (speech training program) were 3.64 + 2.89
months (range 1-18) and 23.67 + 10.34 months (range
7-60), respectively (Table 1).

All DS children who had signs or symptoms of
congenital heart diseases were evaluated by pediatric
cardiologists and confirmed by echocardiogram.
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Table 1. Number, percentage and developmental quotient (DQ) of Down syndrome children by child factors

Characteristics n (%) DQ (Mean + SD) p-value

Gender 100
Male 59 (59) 62.42 +11.88 0.149*
Female 41 (41) 65.73 + 10.10

Birthplace 100
Siriraj hospital & Bangkok 69 (69) 66.00 + 10.91 0.003*
Provincial 31 (31) 58.84 + 10.56

Age at the 1%t genetic counseling 100
< 3 month 54 (54) 67.24 +10.80 0.001*
> 3 month 46 (46) 59.72 + 10.48

Follow-up (genetic clinic) 100
Regular 85 (85) 65.04 + 10.78 0.007*
Irregular 15 (15) 56.67 + 11.58

Early Stimulation Program & Speech Training Program

Age at the 1% early stimulation program 93
< 3 month 44 (47.31) 67.52 + 11.58 0.009*
>3 month 49 (52.69) 61.43 + 10.52

Follow-up (early stimulation program) 96
Regular 79 (82.29) 65.67 + 10.70 0.003*
Irregular 17 (17.71) 56.82 + 11.74

Age at the 1% speech training program 95
< 18 months 27 (28.42) 70.89 + 9.60 <0.001*
> 18 months 68 (71.58) 61.53 + 10.93

Follow-up (speech training program) 100
Yes 75 (75) 66.13 + 10.67 <0.001*
No or irregular 25 (25) 56.72 + 10.09

Associated Congenital Anomalies

Congenital heart diseases 100
Yes 49 (49) 61.51 +11.89 0.047*
No 51 (51) 65.96 + 10.25

Hypothyroidism 100
Yes 23 (23) 64.74 + 14.44 0.702*
No 77 (77) 63.49 + 10.20

Isolated hyperthyrotropinemia 100
Yes 35 (35) 64.60 + 9.37 0.595*
No 65 (65) 63.34 +12.19

Gl disorder 100
Yes 8 (8) 63.63 + 8.63 0.968*
No 92 (92) 63.79 + 11.49

Visual problem 94
Yes 26 (27.66) 66.77 + 12.52 0.070*
No 68 (72.34) 62.07 + 10.51

Age at the 1t visual assessment 94
< 18 months 16 (17.02) 66.69 + 8.06 0.196*
> 18 months 78 (82.98) 62.69 + 11.70

* Independent sample t-test

Congenital heart diseases were found in 49 (49%)
children, 31 (63.27%) and 24 (48.98%) were treated with
medications and surgical corrections respectively.
Congenital gastrointestinal disorders were found in eight
(8%) children. Thyroid function tests were evaluated
in all DS children and found to be abnormal in 58
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children, 23 (23%), and 35 (35%) were diagnosed with
hypothyroidism and isolated hyperthyrotropinemia
and mean age at diagnosis of both conditions were
10.46 + 11.47 months (range 1-39), and 11.90 + 13.99
months (range 0-61), respectively. In hypothyroidism,
all 23 (100%) children were treated immediately
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after diagnosis was established whereas in isolated
hyperthyrotropinemia, 31 of 35 (88.57%) children were
treated. Ninety four (94%) and 95 (95%) of 100 DS
children were assessed for ophthalmic problems and
hearing loss, and found to be abnormal in 26 (27.66%)
children for ophthalmic problems, and 2 (2.1%)
children for hearing loss at 50 dB and 70 dB. Mean
age at the first visual assessment was 32.39 + 16.94
months (range 4-78).

Demographic data of the families of Down syndrome
children (Family factors)

The mean maternal age at the time of the
child’s birth was 32.79 + 6.07 years (range 16-45 years)
with maternal age over 35 years (44%) whereas the
mean paternal age the time of the child’s birth was
35.04 + 6.66 years (range 22-56 years) with paternal age
over 35 years (54%). Regarding paternal education of
these DS children, 32 (32.99%) were at primary level,
16 (16.49%) were at secondary level, 16 (16.49%) had
received a diploma and 33 (34.02%) were college
graduates or higher. Regarding the maternal education
33 (33.33%) were primary level, 7 (7.08%) secondary
level, 22 (22.22%) diplomaand 37 (37.37%) were college
graduate or higher. The majority (31.63%) of father
were employed, while the majority (35%) of mothers
were unemployed (Table 2).

In the 100 DS families, about half (51%) had
family income greater than 20,000 Baht per month, 64
(64.65%) had more than three family members, and 60
(60.61%) had more than three caregivers. Regarding
the number of siblings, 42 (42%) had only one sibling,
41 (41%) had two siblings and 17 (17%) had three or
more siblings. The mean family income was 30,914 +
37,595.64 Baht per month (range 2,400-300,000), whereas
the mean number of siblings and mean number of
family members were 1.81 +0.86 (range 1-4) and 3.98 +
1.02 (range 2-8), respectively. The majority (77%) of
DS children had mothers as the major caregivers.

The relation of the child factors and the family factors
to their development quotient (DQ)

Of the 100 DS children who completed
developmental testing (DQ) at the age of three years,
29 (29%) were borderline (DQ 70-90), 62 (62%) were
mild (DQ 50-70), seven (7%) were moderate (DQ 35-50),
and two (2%) were severe (DQ 20-35) developmental
delay. Mean development quotient (DQ) was 63.78 +
11.25 (range 32-91). For the child factors, the results
showed that birthplace, congenital heart diseases, age
at the first genetic counseling, regular follow-up in
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Genetics clinic, age at the first early stimulation program
and speech training program, and regular attendance
had a significant relation to developmental quotient
(DQ) of these children (p-value < 0.05). The family
factors that demonstrated significant effect on the
development of these children were paternal and
maternal education, paternal occupation, and family
income (p-value < 0.05) (Table 1, 2).

The result of stepwise multiple linear
regression analyses assessing the relation between
developmental quotient (DQ) and various child and
family factors revealed that only the family income of
more than 20,000 Baht per month, and the age at the
first speech-training program < 18 months of age were
found to be independently associated with greater
developmental quotient (DQ) at the age of three years
(Table 3).

Discussion

The results of the present study revealed that
all Down syndrome individuals had developmental
delay with the majority (62%) of these children having
mild developmental delay. The child factors contributing
to child developmental quotient (DQ) were birthplace,
congenital heart disease, age at the first genetic coun-
seling, regular follow-up in the Genetics clinic, age at
the first early stimulation program, speech training
program, and Genetics clinic attendance on regular
basis. In Thailand, although basic medical care has
been provided nationwide, early intervention program
for children with special needs is limited to medical
schools and some provincial hospitals. This can explain
why DS children born in the provincial hospitals had
lower developmental quotient (DQ) than those born in
Siriraj Hospital and other hospitals in Bangkok.

“Genetic counseling” is recommended in
Siriraj Hospital to be provided within the first 1-2 months
of life to facilitate bonding between parents and DS
children. As for well-educated or previously informed
parents, the authors provided genetic counseling
as soon as families were ready®. More importantly,
it should be done after parents have established
infant-parent bonding during the first 1-2 months of
life. Parents of children with DS should be advised to
enroll their babies into an “Early stimulation program”
on a regular basis within the first months of life
because it has been proven beneficial to their develop-
ment as in previous reports in Thailand and other
countries®t31519, As shown in the present study, DS
children receiving the first genetic counseling and early
stimulation program within the first 3 months of life
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Table 2. Number, percentage and developmental quotient (DQ) of Down syndrome children by family factors

Characteristics (N) n (%) DQ (Mean + SD) p-value
Paternal age 100
>35 54 (54) 63.00 + 12.18 0.455*
<35 46 (46) 64.70 + 10.12
Maternal age 100
>35 44 (44) 62.02 + 12.86 0.167*
<35 56 (56) 65.16 + 9.70
Paternal education 97
Primary 32 (32.99) 59.78 + 9.21 0.008*
Secondary 16 (16.49) 61.31 +9.89
Highschool diploma 16 (16.49) 64.06 + 8.66
College degree or higher 33(34.02) 68.82 + 13.10
Maternal education 99
Primary 33 (33.33) 60.30 + 8.86 <0.001**
Secondary 7 (7.08) 56.14 + 9.58
Highschool diploma 22 (22.22) 62.05 + 11.17
College degree or higher 37 (37.37) 69.73 + 11.15
Paternal occupation 98
Governmental 18 (18.37) 61.44 +10.39 0.008**
Self-employed 26 (26.53) 66.08 + 12.37
Employee 31 (31.63) 59.39 + 10.20
Business 23 (23.47) 68.87 +9.54
Maternal occupation 100
Governmental 13 (13) 61.38 + 10.80 0.071**
Self-employed 19 (19) 66.68 + 12.26
Employee 13 (13) 59.38 + 6.836
Business 20 (20) 8.65+11.23
Unemployed 35 (35) 61.94 + 11.37
Family income 100
< 20,000 49 (49) 60.04 +8.79 0.001*
> 20,000 51 (51) 67.37 +12.23
No. of siblings (including patient) 100
1 42 (42) 63.95 +11.88 0.768**
2 41 (41) 64.34 + 10.08
>3 17 (17) 62.00 + 12.79
No. of family member 99
<3 35 (35.35) 64.71+12.19 0.562*
>3 64 (64.65) 63.33 + 10.86
No. of caregivers (including major caregiver) 99
2 39 (39.39) 65.79 + 10.60 0.209*
>3 60 (60.61) 62.97 + 11.03
Major caregiver 100
Mother 77 (77) 64.39 + 11.31 0.324*
Non-mother 23 (23) 61.74 + 11.04

* Independent sample t-test
** ANOVA

Table 3. Stepwise multiple linear regression model for independent predictors developmental quotient (DQ) at the age of
three years

Predictor variables B Standard error (SE) p-value
Family income (100) 60.43 1.50 <0.001
Age at the 1% speech training program (95) 0.122 0.028 0.003
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and attending the Genetics clinic on regular basis
significantly attained their developmental quotient (DQ)
better than those who did not receive the same. The
results were similar for DS children who received the
first speech-training program within the first 18 months
of life. The results indicate that genetic counseling, an
early stimulation program, speech-training program
starting at the appropriate time, and regular follow-up
in the Genetics clinic or by general pediatrician are the
most important for attainment of optimal developmental
outcome.

The prevalence of associated congenital
anomalies in DS children in the present study is similar
to the previous studies in Western countries except for
hearing loss that has a lower incidence in the present
report®-6°131% Congenital heart disease is the most
common congenital anomaly with the incidence of 49%,
whereas the incidence of hypothyroidism, isolated
hyperthyrotropinemia, and congenital gastrointestinal
anomalies are 23%, 35%, and 8%, respectively. Regard-
ing associated congenital anomalies, only congenital
heart diseases were found to be associated with worse
developmental quotient (DQ). This could be explained
by frequent hospitalizations in these children corres-
ponding to the results of previous studies that found
that congenital heart diseases and pulmonary diseases
are the major cause of hospitalization in young infants
with DS®529, Hypothyroidism and isolated hyperthyro-
tropinemia are also common in DS children but they
did not contribute to low developmental quotient (DQ)
because all DS cases with hypothyroidism or signifi-
cant hyperthyrotropinemia were treated by thyroxine
hormone as soon as diagnosis was made. Therefore,
thyroid screening test in the neonatal period and
annual thyroid function test are the standard recom-
mendation in Down syndrome®51315202D chjldren. An
echocardiogram is also standard recommendation in
many reports because abnormal findings of serious
heart diseases may be absent due to early pulmonary
vascular resistance®®.

The family factors affecting child development
are parental education, occupation and family income
of which family income is the most important deter-
mining factor. The paternal age, the number of siblings,
family members and caregivers do not contribute to
developmental outcome as in the previous study®@23,
Although the majority (77%) of DS families had mothers
as the major caregiver, education levels of both parents
were associated with developmental quotient (DQ) of
DS children because parents with higher education
would be more knowledgeable to raise and care for
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children with DS. Regarding paternal occupation,
children who lived with full-time employee fathers had
a higher chance of delayed development than those
who lived with fathers who were businessmen. This
might be because employee-fathers may have less
time to take care of their children. This also explains
why children from low socioeconomic status or poor
income will have greater developmental delay®®-1319),

Conclusion

Down syndrome is the most common genetic
cause of mental retardation. Developmental delay or
mental retardation is one of the major concerns in
these children. There are many child and family factors
correlating with lower developmental quotient (DQ) in
these children including birthplace, congenital heart
disease, age at the first genetic counseling, regular
follow-up in Genetics clinic, age at the first early stimu-
lation program and speech-training program, regular
follow-up in the Genetics clinic, parental education,
paternal occupation, and family income. According to
these factors, only family income and the age at the
first speech-training program have been independently
associated with developmental outcome when analyzed
by multiple linear regression. Therefore, Down
syndrome having the above-mentioned factors should
be followed-up and assisted closely for the long-term
benefit of these children.
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