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Abstract: The study aimed to assess the
gross motor function of children with
Down syndrome (DS) and its relationship
with factors capable of influencing its
development. A cross-sectional clinical study
with an assessment of gross motor function
(GMFM-88) was conducted at the Genetic
Pediatrics service in Botucatu/SP, 2018 to
2020. Were included 44 children with DS
aged five months and incomplete ten years
old. The results shows that the child’s age at
suspicion or in the diagnosis of DS, age at
start of motor stimulation, and the age at the
beginning of the diagnosis of hypothyroidism
were significantly associated in the GMFM-
8 (P<0.05), positively correlated with better
score of motor function, as well as the number
of weekly stimulation consultations in the first
year of life. In conclusion, it is essential to start
motor stimulation as early as possible, as well
as the timely treatment of hypothyroidism, so
prevalent in these children.

Keywords: Down syndrome, Children, Motor
function.

INTRODUCTION

Down syndrome (DS) is a genetic
disorder characterized by the presence and
expression of three copies of chromosome
21 in about 90% to 95% of cases. Mosaicism
(46,XY/47,XY + 21 or 46,XX/47,XX + 21)
is a rare form of Down syndrome and is
responsible for only 1% of the predominance
among those who have this disorder, while
translocation accounts for approximately 4%
of DS cases, being Robertsonian t (14;21)
(14q;21q) the most usual (Kim et al., 2010;
National Down Syndrome Society, 2020).
DS is the most common chromosomal
abnormality in humans (Balkan et al., 2010;
Thillainathan et al., 2015) and the most
frequent cause of developmental disabilities
in the population (Harris and Shea,2021;
Mourato et al.,2014).
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Approximately one in 700 babies in the
United States is born with DS. Similarly, in
Brazil it is estimated that for every 700 births
there is one case of trisomy 21, representing
about 300 thousand people with the syndrome,
regardless of ethnicity, gender or social class
(National Down Syndrome Society, 2020).

Children with DS also have delays in the
development of motor function as a result
of associated impairments, including muscle
hypotonia, joint hyperextensibility, delayed
acquisition of postural control and poor
balance (Russel et al,1998). Additionally,
they are also more prone to have dysfunction
of thyroid hormones (8 to 49%), including
congenital or acquired hypothyroidism
and hyperthyroidism (Pierce et al., 2017).
The decrease in the production of thyroid
hormones and the increased serum dosage
of thyroid-stimulating hormone (TSH) is
frequent from the neonatal period to puberty,
with risk of 1% of congenital hypothyroidism
and 14% or more of hypothyroidism acquired
along their lives (Niegawa et al., 2017),
Sociedade Brasileira de Pediatria,2020).

The early diagnosis of thyroid disorders
is beneficial to the physical, psychomotor
and intellectual development of children
with DS. Thus, it is necessary to evaluate the
thyroid function with serum measurement
of the TSH and free tetraiodothyronine
(free T4) hormones at birth through
newborn screening tests carried out at six
and 12 months of age, and annually until
early adulthood (Sociedade Brasileira de
Pediatria,2020).

In clinical practice, it is challenging to
distinguish signs and symptoms of DS from
signs related to overt hypothyroidism as they
sometimes overlap with similar characteristics,
such as feeding difficulties, decreased
physical activity and hypotonia. Untreated
hypothyroidism can, therefore, aggravate
manifestations already associated with DS

during childhood, such as psychomotor
development, somatic growth and intellectual
retardation (Pierce et al., 2017).

The follow-up by a multidisciplinary team
and the overall care of children with DS, as
well as the degree of stimulation to which these
children are exposed and the environment in
which they are inserted, are essential for their
growth and motor development (Chaves and
Almeida, 2018; Kim et al., 2017). In children
with DS, motor development is particular
and associated with the syndromes own
characteristics, such as hypotonia and brain
damage resulting from extra chromosome
21, factors that cause delayed psychomotor
development and learning (Malak et al,
2015). On the other hand, like every child they
have the potential to develop psychomotricity
due to the wide neuroplasticity that can
be stimulated from the first months of life
(Yamauchi et al., 2019; Bull, 2020).

Gross Motor Function Measure (GMFM)
(Russel et al.,1998) is a scale capable of
measuring gross motor function in static and
dynamic quantitative aspects (Houwen et al.,
2009; Salavati et al., 2014; 2015) that has been
commonly used by researchers (Chrysagis et
al., 2012; Scholtes et al., 2010). This scale was
validated to assess motor function in children
with DS between 5 months and 16 years of age
(Russel et al.,1998), a population known to be
more prone to delays in this domain (Trindade
and Nascimento, 2016; Watson-Scales et al.,
2018). It was also validated and translated for
use in Brazil (Almeida et al., 2016).

Therefore, this study is justified by
the high frequency of thyroid disorders,
especially primary hypothyroidism, and the
few studies on factors that can interfere with
the motor development of children with DS,
such as age at DS diagnosis, age at start of
thyroid dysfunction and age at start of motor
stimulation, in addition to the comorbidities
associated with DS and hospitalizations.
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The aim of the present study was to assess
the gross motor function of children with DS
and its relationship with factors capable of
influencing its.

METHODS

This research is a cross-sectional
clinical study with data collection through
questionnaire and clinical assessment of
gross motor function using the Gross Motor
Function Measure Scale (GMFM-88). It was
carried outbetween August 2018 and February
2020 at the Genetic Pediatrics service of the
Botucatu Clinics Hospital (HCFMB), Sao
Paulo, Brazil.

In this study, a convenience sample of 44
children of both genders aged five months
to incomplete ten years and with a medical
diagnosis of DS, all confirmed by the
karyotype test, was included. The idea was
to exclude children who had two attempts
of motor assessment by the proposed scale,
but that could not be performed due to
the difficulty of acceptance by the child of
the activities proposed for scale validation,
including crying, irritability, sleep and refusal
to participate in the activities. However, there
was no exclusion, since nobody fit this profile.

DATA COLLECTION

A questionnaire was applied to the people
responsible for the child, and the data were
collected through the patient’s electronic
record at HCFMB.

The data collection involved: maternal
data and birth conditions; birth and current
diseases; hospitalizations; child’s age at the
time of diagnostic suspicion and confirmation
of DS; age at start of motor stimulation and
specialized therapy consultations in the first
year of life; variation or not in the value
of thyroid-stimulating hormone (TSH) in
the serum and/or newborn screening test,
and if existing, whether the child is being

treated with levothyroxine (LT4),considering
hypothyroidism the main thyroid dysfunction
presented by the participants in the study.

The GMFM-88 scale was applied by
a physiotherapist with experience in the
use of this instrument. The results were
plotted in specific protocols of the scale and
differentiated according to the age group.
The assessment was carried out at the same
moment of the interview in an office at the
Genetic Pediatrics outpatient clinic of the
Botucatu Clinics Hospital (HCFMB), and
when it was not possible to perform the
assessment in one visit, another one was
scheduled.

GROSS MOTOR
MEASURE-88 (GMFM-88)

The GMFM-88 consists of motor functions
grouped into 5 dimensions: 1) GMFM-88 A:
lying and rolling (17 items); 2) GMFM-88 B:
sitting (20 items); 3) GMFM-88 C: crawling
and kneeling (14 items); 4) GMFM-88 D:
standing (13); and lastly 5) GMFM-88 E:
walking, running and jumping (24 items)
(Russel et al.,2002). According to the GMFM-
88 guidelines formulated for the assessment
of children with DS, the environment should
be as familiar for the children as possible
to encourage the performance of activities
(Russel et al., 2002).

It is assumed that a 5-year-old child will
be able to perform 100% of the proposed
activities of the GMFM (i.e. obtain “3 points”
in all 88 items). The score “0” (child does not
start the activity) was differentiated from the
items that are not tested (NT) (Russel et al.,
2002; 2015).

The scores for the GMFM-88 items were
summed to calculate the gross scores and
percentages for each of the five dimensions, as
well as the total score.

As the score is an uncategorized variable,
for a better visualization of the values they
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were classified into quartiles. Considering
that there is no normal distribution nor cut-
oftf point for the definition of adequate or
inadequate, these quartiles were divided as
follows: Q1 <38%; Q2 38 to 74%; Q3 75 to
95%; and Q4> 95%.

THYROID FUNCTION

All participants were classified according
to thyroid function into euthyroidism,
hypothyroidism or hyperthyroidism through
the serum results of TSH and free T4 (free
thyroxine circulating in the blood), following
the criteria of Brazilian Society of Pediatrics
(2020): participants with serum TSH levels
above 10 micrograms per deciliter (pg/dl)
and free T4 above 4.0 pg/dl were considered
hypothyroid; participants with an increased
serum TSH level above 10 ug/dl and a normal
serum free T4 level were considered to have
subclinical hypothyroidism; participants with
both TSH and free T4 values within normal
limits were considered euthyroid. Didn’t
have any participants with suppressed TSH
values (below the lower limit of normality in
the reference value) with an increase in free
T4 above the upper value of normality were
considered hyperthyroid.

In order to make a better statistical analysis,
the classification used was: dysfunction and
euthyroidism. For those with dysfunction,
they were divided into hypothyroidism and
subclinical hypothyroidism.

DATA ANALYSIS

The data were analyzed using SAS software,
version 9.4.Chi-square test or Fisher’s exact
test was used for associations between the
categorized variables and the quartiles of
the motor function score. Students t-test
was used to compare the means. For means
with more than two categories, the ANOVA
analysis followed by the Tukey test were
applied.

The Pearson’s correlation was obtained
between continuous variables and the
motor function assessment score in a linear
regression model adjusted between age, age
at start of stimulation and motor function
score. P-value less than 0.05 was considered
statistically significant.

This study received approval from the
Botucatu Medical School Research Ethics
Committee (92025018.4.0000.5411/2018).
Written informed consent was obtained from
all participants’ caregivers.

RESULTS

The mean age of the participants in the
study was 35.0 months, ranging from 3 to
106 months. According to the results, there
was a slight predominance of females (56%)
and participants from other municipalities
belonging to the Regional Health Department
of Bauru (DRS-VI), where the Botucatu
Clinics Hospital acts as secondary and tertiary
references in assistance (76%). Mothers were
the majority of caregivers interviewed (92%),
among which 52% were between 20 and 40
years old when they gave birth to their child
and 14% were over 40 years old. A total of
34.1%t of the children were preterm newborns
and 47.7% presented low birth weight.

Current disease was reported in 75% of the
participants, among which 19.4% had heart
disease, such as atrial septal defect and total
atrioventricular septal defect with cardiac
surgeryin the firstyear of life. Among the other
diseases found, 26.5% refer to thyroid disease,
6.1% to heart and thyroid diseases and 24.5%
to other diseases, such as gastroesophageal
reflux and wheezing.

Twenty-two  children (72.7%) were
hospitalized in the first year of life, being
the main reasons pneumonia or respiratory
conditions (17 children, 38.6%).

The diagnostic suspicion of Down
syndrome at birth occurred in 70% of the
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participants (being only 6% with antenatal
diagnosis), and the confirmation through
karyotype test happened in the first year of
life for 70% of them and in the first quarter
of life for 24%. Thus, the timely stimulation
for the motor development of these children
started with a mean of nine months, ranging
from one to 60 months, with a mean of 1.4
consultations per week in the first year of life
(ranging from 1.2 to 5 times).

Regarding the assessment of thyroid
function, 11.4% of children (n = 5) had a
newborn screening test altered to primary
hypothyroidism. In the follow-up evolution,
38.6% of those included in the study (n =
17) showed changes in the serum TSH level,
among which 16 (94.1%) received replacement
of thyroid hormone with levothyroxine (LT4).
The mean age at start of hormone replacement
with LT4 was less than 1 month.

For the assessment of motor function, the
scores were obtained in percentage values
and subdivided into quartiles, being 70%
the value for mean performance. Among
children over 5 years old, the nine included
in the study did not reach 100% of the scale
score, being only one (11.1%), an euthyroid
children, classified in the second quartile
(Q2), and eight (88.9%) in the fourth quartile
(Q4), being only one with hypothyroidism
child.

With increasing age, there was an increase
in the motor function score of children,
represented by the high percentage observed
in the last quartiles and according to the
analysis of the mean test scores obtained.
There significant relationship
between motor function and gender, origin,
child’s age or maternal education (Table 1).
The median GMFM-88 score was 64% (22%-
99%) for girls and 64% (19%-99.0%) for
boys, representing no significant difference
in either group according to gender (p=0.96).

was no

MOTOR FUNCTION AND THYROID
DISORDERS

Table 2 shows that there was no association
between motor function and diagnosis of
thyroid function through tests performed
on the participants, as well as in relation to
the drug treatment recommended in cases of
dysfunctions.

It is important to mention analyzing the
table 2, that the thyroid function of children
with DS, the hypothyroidism was present in
38% of them, being mostly acquired (62.5%),
and all of them required treatment with
thyroid hormone replacement, levothyroxine
sodium (LT4).

In table 3 and Graph 1 were observed that
child’s age (p <0.01), age at start of motor
stimulation (p = <0.01) and start of early
timely treatment of hypothyroidism (0.04)
were correlated with the trend of higher
GMFM-88 score during the participants’
assessment.

By analyzing the correlations between
continuous variables and GMFM-88 score, it
was possible to note a statistical significance
in the relationship between age at start of
motor stimulation and age at diagnostic
suspicion and confirmation (p value 0.03
and 0.01, respectively), number of weekly
consultations for stimulation in the first year
of life (p value 0.02), child’s age (p value 0.01)
and GMFM-88 score (p value <0.01). The age
at start of treatment with levothyroxine after
the diagnosis of hypothyroidism showed a
remarkable correlation with the number of
weekly consultations for motor stimulation
in the first year of life (p value 0.0351), the
length of hospitalization at birth (p value
0.03) and the GMFM-88 score (p value 0.04),
shows in table 3.
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Ql)(' Qz* Q3>$ Q4>('

Variable P
N % N % N % N %
Gender
Female 8 66.7 4 36.4 8 46.2 4 44.5
Male 4 33.3 7 63.6 4 53.8 5 55.5 054
Age group

<1 year old 6 50.0 6 46.2 0 0.00 0 0.00
1 to 3 years old 6 50.0 4 30.8 5 454 1 16.7

<0.01
3 to 5 years old 0 0.00 0 0.00 5 45.4 1 16.7
> 5 years old 0 0.00 3 23.10 1 9.2 4 66.6

Origin
Botucatu 1 8.3 1 8.3 4 50.0 3 25.0
Other municipalities* 11 91.7 11 91,7 4 50.0 9 75.0 0.08
Maternal age at birth
< 20 years old 2 16.7 2 154 1 8.3 0 0.00
20 to 30 years old 2 18.10 1 7.7 3 25.0 6 46.2 034
30 to 40 years old 6 50.0 7 53.8 8 66.7 5 45.5
> 40 years old 2 16.7 3 23.1 0 0.00 1 8.3
Maternal education

Incomplete primary school 3 25.0 3 30.0 2 222 3 25.0
Complete primary school 1 8.3 0 0.00 1 11.2 1 8.3
Incomplete high school 2 16.7 3 30.0 2 222 3 25.0 0.98
Complete high school 5 41.7 2 20.0 2 222 3 25.0
Higher education 1 8.3 2 20.0 2 22.2 2 16.6

(Quartiles: Q1 < 0.38 | Q2 0.38-0.74 | Q3 0.75-0.95 | Q4 > 0.95).
* Municipalities belonging to the Regional Health Department of Bauru (DRS VI).

Table 1. Association between quartiles of GMFM-88 score and demographic characteristics.

Variable ar e . e P
n % n % n % n %
Heel-stick test
Normal 9 81.8 11 84.6 10 90.9 13 100.0 0.49
Altered 2 18.2 2 15.4 1 9.1 0 0.00
Serum TSH
Normal 8 66.7 6 54.5 6 50.0 7 77.8 0.83
Altered 4 33.3 5 45.5 6 50.0 2 22.2
Replacement with levothyroxine
Yes 4 333 4 36.4 6 50.0 2 22.2
No 8 66.7 7 63.6 3 50.0 7 77.8 086
Diagnosis of thyroid function
Euthyroidism 8 66.7 7 63.6 6 50.0 7 77.8 0.19
Hypothyroidism 4 33.3 4 36.4 6 50.0 2 22.2

*(Quartiles: Q1 < 0.38 | Q2 0.38-0.775 | Q3 0.775-0.94 | Q4 > 0.94).
Table 2. Association between quartiles of GMFM-88 score and thyroid function.




GMFM-88

Variable score P
Child’s age 0.66667 <0.01
Age at diagnostic suspicion 0.33682 0.06
Age at diagnostic confirmation 0.24937 0.13
Age at start of professional stimulation 0.41278 <0.01
Number of consultations/week with therapist in the 1st year of life 0.00616 0.96
Length of hospitalization at birth 0.13624 0.41
Number of hospitalizations in the 1st year of life 0.15323 0.28
Age at start of thyroid dysfunction treatment 0.23862 0.04

Table 3. Pearson’s correlation between variables with GMFM-88 score.

Graph 1. Correlation between Gross Motor Function Measure-88 score and age at start of stimulation.




DISCUSSION

The results of this study indicate that the
diagnosis of DS as early as possible with the
subsequent start of multidisciplinary follow-
up and regular motor stimulation in an
attempt to anticipate the difficulties inherent
to the syndrome itself and promote a timely
intervention has a positive impact on the
gross motor function score of these children,
thus contributing to a better overview of their
overall evolution over the years.

It is known that children with Down
syndrome tend to have developmental delays
in relation to their peers who do not have the
syndrome (Malak et al., 2015). Pioneering
studies have shown that children with DS have
greater difficulties in developing motor skills
than those without DS (Carr, 1970; Merlyn
and White, 1973). Other studies report that
6-year-old children with DS do not develop
functions typical of 5-year-old children
with normal function development (Russel et
al.,1998; Connolly et al., 1993). The difference
regarding the development of motor skills
increases with age and is approximately 2
years in 5-year old children with DS (Russel
et al.,1998).

Even so, the degree of developmental delay
due to DS varies widely during childhood,
and an ideal early intervention can allow the
acquisition of appropriate developmental
skills (Niegawa et al.,2017). Additionally, these
delays are also affected by pathophysiologic
processes and the shape and volume of the
brain, especially the cerebellum, caused by
the additional chromosome 21 (Pinter et al.,
2001).

Based on the obtained results, it is our
intention to stimulate knowledge, practices
and the perception that the development
of children with DS should be the focus of
actions that favor it, controlling possible
situations that interfere with their full
development within the limitation generated

by the presence of the extra chromosome 21.
For this purpose, knowledge on factors that
positively and negatively interfere with the
motor function of these children is relevant.
We also intend to promote improvements
in the prevention and treatment of thyroid
disorders in the follow-up of these children,
taking into account their impact on the health
care of children.

Therefore, despite the fact that this study
focuses on the assessment of motor function
as one of the sectors of child development,
other works in the literature established that
gross motor skills such as sitting and walking
are associated with receptive language in both
typically (He et al., 2015; Libertus and Violi,
2016) and atypically developing children
(Yamauchi et al., 2019; Walle, 2016; LeBarton
and Landa, 2019). Similarly, Moore et al.
(2019) discovered that gross motor skills such
as crawling and walking are associated with
expressive language, while other studies on
typically and atypically developing children
did not report such correlation (Belmonte et
al., 2013; Dadgar et al., 2017; Kim 2008).

The prevalence of the hypothyroidism in
the children of this study is in agreement with
those found in the literature in this population
(Pierce et al., 2017; Niegawa et al.,2019).

The stimulation of children with DS
should be provided as early as possible so
that the opportunities for interaction with the
environment, the motor responses close to
the normal pattern and the learning capacity
are increasingly greater, taking advantage of
brain neuroplasticity to activate and promote
brain structures (Yamauchi et al., 2019; Ismail
et al., 2017). The increased interest in such
researches is leading to new knowledge on
the windows of vulnerability that increase the
feasibility of actions oriented to children with
Down syndrome.

Furthermore, we believe in the
interrelationship between the domains
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of human development, being the motor
function inserted in the physical domain and
closely related to the cognitive and personal-
social domains. Thus, considering the target
of optimal functionality of the individuals in
their community, special attention should be
given to motor function of these children so
as to stimulate the acquisition of such skills as
a contributor to the acquisition of other skills
that are essential to their quality of life and
social and educational insertions.

However, it is worth mentioning that our
study presented some limitations. The first
constraint was the reduced size of the sample,
since there may be other correlations with
GMFM-88 not identified in children with DS
that could be possibly observed with a larger
number of participants. Finally, as the study
refers to a well-structured Genetic Pediatrics
service for diagnosis confirmation from the
follow-up of children with DS, as well as for the
diagnosis and treatment of thyroid disorders
and the start of motor stimulation, the results
presented herein may not reflect the reality
of other services with less readiness and
technology for this practice and assistance.

CONCLUSION

The diagnostic suspicion and confirmation
of DS favored the start of motor stimulation
in the first year of life, positively influencing
the improvement in the gross motor
function of these children with increasing
age, as well as the start of timely treatment
of hypothyroidism. Therefore, the results
suggest that the incorporation of technologies
for early diagnosis and the proposal of
correct therapeutic treatments are essential
for the motor development of these children.

ACKNOWLEDGMENTS

We wish to thank the reference managers
of the Technical Library Division and the
Research Support Office of the Botucatu

Medical School, UNESP. The authors would
also like to thank the mothers, children who
participated in the study.

DECLARATION OF CONFLICTING
INTERESTS

The authors certify that there is no
potential conflicts of interest with respect to
the research, authorship, and/or publication
of this article.

FINANCIAL SUPPORT

Sao Paulo Research Foundation (FAPESP),
Process 2019/01566-4 (Regular Project) and
Process 2019/021458-1 (Technical trainee).

- =



REFERENCES

Almeida KM, Albuquerque KA, Ferreira ML, Aguiar SKB, Mancini MC. Reliability of the Brazilian Portuguese version
of the gross motor function measure in children with cerebral palsy. Braz ] Phys Ther. 2016;20(1):73-80. doi: 10.1590/bjpt-
rbf.2014.0131.

Balkan M, Akbas H, Isi H, Oral D, Turkyilmaz A, Kalkanli S, et al. Cytogenetic analysis of 4216 patients referred for suspected
chromosomal abnormalities in Southeast Turkey. Genet Mol Res. 2010;9(2):1094-103. doi: 10.4238/vol9-2gmr827.

Belmonte MK, Saxena-Chandhok T, Cherian R, Muneer R, George L, Karanth P. Oral motor deficits in speech-impaired children
with Autism. Front Integr Neurosci. 2013;7(47):1-8. doi: 10.3389/fnint.2013.00047.

Bull MJ. Down syndrome. N Engl ] Med. 2020;382(24):2344-52. doi: 10.1056/NEJMral706537.
Carr J. Mongolism: telling the parentes. Dev Med Child Neurol. 1970;12(2):213-21. doi: 10.1111/j.1469-8749.1970.tb01892.x.

Chaves LA, Almeida R]. Os beneficios da equoterapia em criangas com sindrome de Down. Rev Bras Cienc Mov [Internet]. 2018
[cited 2021 Apr 10];26(2):153-9. Available from: https://portalrevistas.ucb.br/index.php/RBCM/article/view/6873/pdf.

Chrysagis N, Skordilis EK, Stavrou N, Grammatopoulou E, Koutsouki D. The effect of treadmill training on gross motor
function and walking speed in ambulatory adolescents with cerebral palsy: a randomized controlled trial. Am ] Phys Med
Rehabil. 2012;91(9):747-60. doi: 10.1097/PHM.0b013e3182643eba.

Connolly B, Morgan S, Russell E, Fulliton WL. A Longitudinal study of children with Down syndrome who experienced early
intervention programming. Phys Ther. 1993;73(3):170-9. doi: 10.1093/ptj/73.3.170.

Dadgar H, Rad JA, Soleymani Z, Khorammi A, McCleery J, Maroufizadeh S. The relationship between motor, imitation, and
early social communication skills in children with autism. Iran J Psychiatry. 2017;12(4):236-40. PMID: 29472949.

Harris SR, Shea AM. Down syndrome. In: Campbell SK, editor. Pediatric neurologic physical therapy. 2nd ed. Melbourne, AUS:
Churchill Livingstone; 1991. p. 131-68.

He Q, Yang H, Wu L, Hu C. Effect of light intensity on physiological changes, carbon allocation and neutral lipid accumulation
in oleaginous microalgae. Bioresour Technol. 2015;191:219-28. doi: 10.1016/j.biortech.2015.05.02.

Houwen S, Hartman E, Visscher C. Physical activity and motor skills in children with and without visual impairments. Med Sci
Sports Exerc. 2009;41(1):103-9. doi: 10.1249/MSS.0b013e318183389d.

Ismail FY, Fatemi A, Johnston MV. Cerebral plasticity: windows of opportunity in the developing brain. Eur ] Paediatr Neurol.
2017;21(1):23-48. doi: 10.1016/j.€jpn.2016.07.007.

Kim CA, Albano LM]J, Bertola DR. Avaliagao genética. In: Kim CA, Albano LM]J, Bertola DR. Genética para a pratica pediatrica.
Barueri: Manole; 2010. p. 14.

Kim HI, Kim SW, Kim J, Jeon HR, Jung DW. Motor and cognitive developmental profiles in children with Down syndrome. Ann
Rehabil Med 2017;41(1):97-103. doi: 10.5535/arm.2017.41.1.97.

Kim HU. Development of early language and motor skills in preschool children with autism. Percept Mot Skills. 2008;107(6):403-
6. doi: 10.2466/pms.107.6.403-406.

LeBarton ES, Landa R]. Infant motor skill predicts later expressive language and autism spectrum disorder diagnosis. Infant
Behav Dev. 2019;54:37-47. doi: 10.1016/j.infbeh.2018.11.003.

Leonard HC, Bedford R, Pickles A, Hill EL, the BASIS team. Predicting the rate of language development from early motor
skills in at-risk infants who develop autism spectrum disorder. Res Autism Spectr Disord. 2015;13-14:15-24. doi: 10.1016/j.
rasd.2014.12.012.

Libertus K, Violi DA. Sit to talk: relation between motor skills and language development in infancy. Front Psychol. 2016;7:475.
doi: 10.3389/fpsyg.2016.00475.

Malak R, Kostiukow A, Krawczyk-Wasielewska A, Mojs E, Samborski W. Delays in motor development in children with Down
syndrome. Med Sci Monit. 2015;21:1904-10. doi: 10.12659/MSM.893377.




Melyn MA, White DT. Mental and developmental milestones of noninstitutionalized down’s syndrome children. Pediatrics.
1973;52(4):542-5. PMID: 4270249.

Moore C, Dailey S, Garrison H, Amatuni A, Bergelson E. Point, walk, talk: Links between three early milestones, from
observation and parental report. Dev Psychol. 2019;55(8):1579-93. doi: 10.1037/dev0000738.

Mourato FA, Villachan LR, Mattos SS. Prevalence and profile of congenital heart disease and pulmonary hypertension in Down
syndrome in a pediatric cardiology service. Rev Paul Pediatr. 2014;32(2):159-63. doi: 10.1590/0103-0582201432218913.

National Down Syndrome Society [Internet]. New York: NDSS; 2020 [cited 2020 Feb 2]. Available from: https://www.ndss.org/
about-down-syndrome/down-syndrome/.

Niegawa T, Takitani K, Takaya R, Ishiro M, Kuroyanagi Y, Okasora K, et al. Evaluation of uric acid levels, thyroid function, and
anthropometric parameters in Japanese children with Down syndrome. J Clin Biochem Nutr. 2017;61(2):146-52. doi: 10.3164/
jcbn.17-55.

Pierce MJ, LaFranchi SH, Pinter JD. Characterization of thyroid abnormalities in a large cohort of children with Down Syndrome.
Horm Res Paediatr. 2017;87(3):170-178. doi: 10.1159/000457952.

Pinter JD, Eliez S, Schmitt JE, Capone GT, Reiss AL. Neuroanatomy of Down’s syndrome: a high-resolution MRI study. Am ]
Psychiatry. 2001;158(10):1659-65. doi: 10.1176/appi.ajp.158.10.1659.

Russell D, Palisano R, Walter S, Rosenbaum P, Gemus M, Gowland C, et al. Evaluating motor function in children with Down
syndrome: validity of the GMFM. Dev Med Child Neurol. 1998;40(10):693-701. doi: 10.1111/§.1469-8749.1998.tb12330.x.

Russell DJ, Rosenbaum PL, Avery LM, Lane M. Gross motor function measure (GMFM - 66 and GMFM - 88): user’s manual.
London: Mac Keith Press; 2002.

Russell DJ, Rosenbaum PL, Wright M, Avery LM. Medida de fungdo motora grossa: [GMFM-66 & GMFM-88]. 2a ed. Sdo Paulo:
Memmon; 2015.

Salavati M, Rameckers EAA, Steenbergen B, van der Schans C. Gross motor function, functional skills and caregiver assistance in
children with spastic cerebral palsy (CP) with and without cerebral visual impairment (CVI). Eur J Physiother. 2014;16(3):159-
67. doi: 10.3109/21679169.2014.899392.

Salavati M, Waninge A, Rameckers EAA, Blécourt ACE, Krijnen WP, Steenbergen B, et al. Reliability of the modified Paediatric
Evaluation of Disability Inventory, Dutch version (PEDI-NL) for children with cerebral palsy and cerebral visual impairment.
Res Dev Disabil. 2015;37:189-201. doi: 10.1016/j.ridd.2014.11.018.

Scholtes VA, Becher JG, Comuth A, Dekkers H, van Dijk L, Dallmeijer AJ. Effectiveness of functional progressive resistance
exercise strength training on muscle strength and mobility in children with cerebral palsy: a randomized controlled trial. Dev
Med Child Neurol. 2010;52(6):107-13.

Sociedade Brasileira de Pediatria. Diretrizes de atengio a pessoa com Sindrome de Down. Sdo Paulo: Departamento Cientifico
de Genética; 2020.

Thillainathan S, Sirisena ND, Kariyawasam WJC, Jayasekara RW, Dissanayake VHW. Cytogenetic analysis of chromosomal
abnormalities in Sri Lankan children. World ] Pediatr. 2015;11(4):374-9. doi: 10.1007/s12519-014-0526-5.

Trindade AS, Nascimento MA. Avaliagdo do desenvolvimento motor em criangas com sindrome de Down. Rev Bras Educ
Espec. 2016;22(4):577-88. doi: 10.1590/s1413-65382216000400008.

Walle EA. Infant social development across the transition from crawling to walking. Front Psychol. 2016;7:960. doi: 10.3389/
fpsyg.2016.00960.

Watson-Scales S, Kalmar B, Lana-Elola E, Gibbins D, La Russa F, Wiseman F, et al. Analysis of motor dysfunction in Down
Syndrome reveals motor neuron degeneration. PLoS Genet. 2018;14(5):e1007383. doi: 10.1371/journal.pgen.1007383.

Yamauchi Y, Aoki S, Koike J, Hanzawa N, Hashimoto K. Motor and cognitive development of children with Down syndrome:
the effect of acquisition of walking skills on their cognitive and language abilities. Brain Dev. 2019;41(4):320-6. doi: 10.1016/j.
braindev.2018.11.008.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Niegawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28955133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takitani%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28955133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takaya%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28955133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishiro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28955133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuroyanagi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28955133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okasora%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28955133

