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ABSTRACT

OBJECTIVE: To assess risk factors associated with motor development delay at three months
of age.

METHODS: Cross-sectional study with mothers and their three-month-old babies in Southern
Brazil. The Bayley-III Scale of Infant and Toddler Development (BSID-III) and the Alberta Infant
Motor Scale (AIMS) were used to assess motor development.

RESULTS: We evaluated 756 mothers and their three-month-old babies. The overall mean
motor development assessed by the BSID-IIT and the AIMS was 104.7 (SD 13.5) and 55.4
(SD 25.4), respectively. When assessed by the BSID-IIL, the lowest motor development scores
were among babies born by cesarean delivery (p = 0.002), prematurely (p < 0.001), and with
low birth weight (p < 0.001). When assessed by the AIMS, babies born prematurely (p = 0.002)
and with low birth weight (p=0.004) had the lowest motor development means. After a
cluster analysis, we found that babies born by cesarean delivery, with low birth weight, and
prematurely had more impaired motor development compared with children born without
any risk factors.

CONCLUSION: Identifying risk factors allows the implementation of early interventions to
prevent motor development delay and, therefore, reduce the probability of other future problems.

DESCRIPTORS: Child Development. Infant, Low Birth Weight. Cesarean Section.
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INTRODUCTION

Child development is a process that begins during pregnancy and involves several factors,
such as physical growth, neurological maturation, and the building of skills related to
behavior and the cognitive, social, and affective spheres'. During the first years of life,
motor skills increases greatly. Regarding motor development, the evolution occurs in
a craniocaudal manner, with the acquisition of cervical tone at around three months
of age, followed by the ability to seat at six months, and the ability to stand at around
12 months of age. In early life, movement variation serves for exploration, followed by trial
an error’.

Current literature considers motor development a non-linear process with transition phases,
which are affected by many risk factors. These factors include child and birth-related
characteristics, such as being born prematurely and/or with low birth weight, being a boy,
and having fewer siblings®®, and environmental characteristics, such as lower maternal age,
lower maternal schooling, and substance abuse (alcohol and tobacco) during pregnancy® .
On the other hand, studies point to some protective factors that contribute to a better motor
development of the baby, such as breastfeeding and vaginal delivery'*.

Delays in child development in different age groups are strongly associated with premature
birth and, consequently, with low birth weight'>!*. Most research on child development
that focus on motor skills comes from developed countries and uses samples with children
at older ages. Therefore, assessing early motor development in developing countries
is also essential, so that appropriate interventions can be adopted when necessary,
ensuring that children have a better development throughout their life and preventing
further damage.

From this perspective, technological advances in the care of premature newborns have
contributed to the reduction of mortality levels in this population. However, the number of
premature babies with alterations in neuromotor function, hearing, language, and cognitive
development has increased". A better understanding of these changes is extremely important,
since premature babies may have negative effects in psychomotor skills and impaired
learning when they reach school age. Early diagnosis of these alterations is essential so that
interventions on child development begin as early as possible'®.

Besides prematurity, low birth weight (LBW) is a factor that may be related to impaired
child development. The World Health Organization (WHO) defines LBW as a birth weight
below 2,500 grams, regardless of the gestational period. LBW is a determinant factor of
malnutrition, influencing child growth and development, and, in the long term, may affect
health conditions in adulthood”. Moreover, alcohol and tobacco use during pregnancy®**,
cardiovascular, respiratory, neurological disorders, neonatal infections, malnutrition, low
socioeconomic conditions, and poor parental schooling are the main causes for motor
development delay**.

Identifying risk factors for delayed motor development in early childhood is essential for
planning interventions, counseling parents, and updating and specifying information for
professionals about children at early ages. Therefore, this study aimed to assess risk factors,
such as sociodemographic, maternal, behavioral, gestational, perinatal, and child-related
variables, for motor development delay in the first three months of a child’s life.

METHODS

This population-based cross-sectional study was performed with pregnant women in the
urban area of the city of Pelotas, Rio Grande do Sul, Brazil. The sampling process included
multiple stages, with the census sectors delimited by the Instituto Brasileiro de Geografia
e Estatistica (Brazilian Institute of Statistics - IBGE) as primary sampling units. For more
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details, see Pinheiro et al.**. From May 2016 to August 2018, the research team invited women
up to 24 weeks pregnant to participate in the study. After this step and 90 days after delivery,
these women and their children were assessed. This assessment took place at the institution
where the study was conducted, in a structured, standardized, and stimulus-neutral room,
so that the babies could be assessed by trained psychologists and physical therapists. The
duration of the motor development assessment was about 30 minutes. During the baby’s
assessment, the mother was in the same room, answering the study interview and available
to attend to the baby’s needs, such as breastfeeding and sleeping.

In order to assess motor development at three months of age, the motor subscale of
the Bayley-III Scale of Infant and Toddler Development (BSID-III) was applied. This
is considered the “gold standard” tool for the assessment of child development. The
BSID-IIlis individually administered and assesses motor development by the observation
of changes in the child’s posture and behavior in response to standardized stimuli.
The BSID-III has no validated cut-off point for the Brazilian population. Thus, for the
analysis in this study, the composite score was used, which is calculated by the weighted
score according to the child’s age corrected for prematurity. Higher scores show better
motor development®>*°.

Since the BSID-III has no validated cut-off point for the Brazilian population, the Alberta
Infant Motor Scale (AIMS), which is validated for this population?, was also used. The
AIMS is an observational scale for the assessment of broad motor development and includes
58 items that analyzes children’s spontaneous movement in four subscales (or postures):
prone positioning (21 items), supine positioning (nine items), sitting (12 items), and standing
(16 items). The raw score is obtained by summing the points from the four subscales. Based
on this score, and considering the corrected age of the child, the gross motor performance
percentile is identified*.

The socioeconomic classification used the criteria of the Associag¢do Brasileira de Empresas
de Pesquisa (Brazilian Association of Research Companies - ABEP), which is based on the
accumulation of material goods, the schooling level of the head of household, and whether
the residence has piped water and paved street. This classification divides the participants
into five levels (A, B, C, D, or E), based on the scores achieved. The letter “A” refers to the
highest socioeconomic level and the letter “E” to the lowest®. For this study, the levels were
combined: high (A+B), medium (C), and low (D+E).

Moreover, the following maternal variables were assessed: age (up to 23 years old;
24-29 years old; 30 years old or more), schooling (up to eight full years of study; nine
full years of study or more), living with a partner (no/yes), psychiatric drug use during
pregnancy (no/yes), and alcohol and tobacco use during pregnancy (no/yes). The
following gestational and baby variables were also considered: first pregnancy (no/yes),
gestational hypertension (no/yes), gestational diabetes (no/yes), type of delivery (vaginal/
cesarean), baby’s sex (boy/girl), prematurity (up to 36 weeks and six days), low birth
weight (2,499 g or less), and siblings (no/yes). The variable “psychological and/or drug
treatment” was included for adjustment purposes as a confounding factor, considering
its possible effect on motor development.

After encoding the tools, data were double entered into EpiData 3.1 to test their
consistency. For data analysis, SPSS software version 24.0 was used. In univariate
analysis, simple and relative frequency, mean, and standard deviation were used to
describe the characteristics of the sample. In order to compare the means between
motor development and exposure variables, the analysis of variance (ANOVA) test was
used. For the adjusted analysis, all variables with p < 0.20 were included in a linear
regression. A cluster analysis was performed for the BSID-III (the gold standard for
assessing motor development), using ANOVA and Tukey’s test. Thus, the following
categories were created: 1) none of the perinatal risk factors; 2) cesarean delivery as the
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only risk factor; 3) cesarean delivery and low birth weight as risk factors; 4) cesarean
delivery and prematurity as risk factors; and 5) three risk factors (cesarean delivery,
low birth weight, and prematurity).

To verify multicollinearity in the regression analyses between the variables that remained
in the regression model, the variance inflation factor (VIF) and tolerance were estimated.
A VIF above 4 or a tolerance below 0.25 points the existence of multicollinearity between
the variables. All participants signed an informed consent form, allowing them and their
babies to participate. The research team advised the mothers on activities to stimulate the
baby’s development.

RESULTS

We evaluated 756 mothers and their three-months-old babies. Table 1 shows the sample
distribution. Of the 981 pregnant women who participated in the first assessment of the
study, 756 (77.1%) returned 90 days after delivery. Thus, the loss/refusal rate was 22.9%.
Among the losses, 43 (4.4%) were due to miscarriage.

The lowest means for motor development at three months of age were among children
of older and multiparous mothers, who were born by cesarean delivery, prematurely,
with low birth weight, and had siblings, regardless of the tool used (p < 0.05). We
included other variables in the multivariate analysis, since they showed p < 0.20 in the
bivariate analysis: socioeconomic status (both tools), maternal age, and living with a
partner (AIMS).

After the adjusted analysis, the lowest means for motor development at three months
of age assessed by the BSID-III remained associated with cesarean delivery (p = 0.002),
prematurity (p < 0.001), and low birth weight (p < 0.001). Children born by cesarean delivery
scored 3.1 points (95%CI: -5.0 to -1.1) lower in the mean of the BSID-III compared with
babies born by vaginal delivery. Premature babies scored 8.8 points (95%CI: -12.4 to -5.3)
lower in the mean of the BSID-III compared with term children. Babies born with low
birth weight scored 7.1 points (95%CI: -11.0 to -3.2) lower in the mean of the BSID-III
compared with newborns with normal birth weight. Having siblings showed a tendency
to impair motor development (p = 0.051). Babies with siblings scored 2.6 points lower in
the mean of the BSID-III compared with only children (Table 2).

Table 3 shows the adjusted analysis regarding the assessment of motor development
using the AIMS. The lowest means for motor development remained associated with
prematurity (p = 0.002) and low birth weight (p = 0.004). Premature babies scored 11.1
points (95%CI: -18.0 to —4.2) lower in the mean of the AIMS than term newborns. Babies
born with low birth weight scored 11.3 points (95%CI: -18.9 to -3.7) lower in the mean
of the AIMS than children born with normal weight. Similarly to motor development
measured by the BSID-III, having siblings tended to be associated with motor development
in the AIMS (p = 0.051). Babies with siblings scored 5.0 points (95%CI: -10.0 to 3.0)
lower in the mean of the AIMS compared with only children. The variable maternal
psychological and/or drug treatment was a possible confounding factor, showing no
association with the outcome, measured by both the BSID-III (Table 2) and the AIMS
(Table 3) (p > 0.05).

Table 4 presents the mean difference in motor development assessed by the BSID-III
among risk factors after cluster analysis. Our results showed that children whose only
risk factor was cesarean delivery had a mean difference of 2.9 points (95%CI: 0.1 to 5.7)
less than babies without risk factors. Babies with cesarean delivery and low birth weight
as risk factors had a mean difference of 14.8 points (95%CI: 5.7 to 23.9) less than children
without risk factors. Children with cesarean delivery and prematurity as risk factors
had a mean difference of 13.1 points (95%CI: 5.6 to 20.6) less than babies without risk
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Table 1. Sample characteristics and their association with motor development in three-month-old

babies, Southern Brazil.

Three-month-old baby motor development

Variables n (%) BSID-III AIMS
Mean (SD) p-value Mean (SD) p-value
Sociodemographic variables
Maternal age 0.042 0.036
Up to 23 years old 233 (30.8) 106.1 (13.9) 57.7 (26.8)
24 to 29 years old 249 (32.9) 104.9 (12.9) 56.8 (24.9)
30 years old or more 274 (36.2) 103.2 (13.4) 52.3 (24.4)
Socioeconomic status® 0.076 0.064
High (A+B) 203 (27.4) 102.9 (13.9) 53.1(25.8)
Medium (C) 412 (55.6) 105.4 (13.5) 55.7 (24.8)
Low (D+E) 126 (17) 105.7 (12.8) 59.8 (25.7)
I;/}e;ttig;l schooling (full years 0.649 0.084
9 years or more 524 (69.3) 104.8 (13.4) 54.4 (24.5)
Up to 8 years 232 (30.7) 104.3 (13.6) 57.8 (27.2)
Maternal behavioral variables
Living with a partner* 0.665 0.138
No 112 (14.9) 105.2 (12.9) 58.8 (26.5)
Yes 642 (85.1) 104.6 (13.6) 54.9 (25.2)
gzg:;z;t(r:;: drug use during 0288 0.467
No 739 (97.8) 104.8 (13.5) 55.5 (25.5)
Yes 17 (2.2) 101.2 (13.5) 51.0(22.3)
Alcohol use during pregnancy* 0.781 0.298
No 492 (80.5) 105.2 (13.7) 57.4(25.2)
Yes 119 (19.5) 104.8 (13.0) 54.7 (25.4)
Tobacco use during pregnancy* 0.279 0.863
No 518 (84.8) 105.4 (13.7) 56.9 (25.3)
Yes 93 (15.2) 103.4 (12.6) 56.4 (25.0)
Gestational and perinatal variables
First pregnancy 0.004 0.004
No 437 (57.8) 103.5 (13.5) 53.1 (25.5)
Yes 319 (42.2) 106.3 (13.3) 58.6 (25.0)
Ese);i:zl:tgical and/or drug 0378 0.475
No 441 (58.3) 104.3 (13.2) 56.0 (25.2)
Yes 315 (41.7) 105.2 (13.8) 54.6 (25.7)
Gestational hypertension 0.090 0.311
No 675 (89.3) 104.9 (13,3) 55.7 (25.5)
Yes 81(10.7) 102.3 (14.7) 52.7 (24.4)
Gestational diabetes 0.272 0.917
No 717 (94.8) 104.8 (13.4) 55.4 (25.6)
Yes 39 (5.2) 102.3 (14.2) 55.8 (21.8)
Type of delivery* < 0.001 0.049
Vaginal 269 (36) 107.0 (12.4) 57.9 (25.3)
Cesarean 478 (64) 103.4 (13.9) 54.1 (25.4)
Continue

https://doi.org/10.11606/s1518-8787.2023057004991




RSP Risk factors for delay in early motor development ~ Zago AC et al.

Table 1. Sample characteristics and their association with motor development in three-month-old babies, Southern
Brazil. Continuation

Baby variables
Sex 0.643 0.744
Boy 361 (47.8) 104.4 (12.6) 55.1(25.6)
Girl 395 (52.2) 104.9 (14.2) 55.7 (25.3)
Prematurity* < 0.001 < 0.001
No 661 (88.4) 106.2 (12.8) 57.6 (24.6)
Yes 87 (11.6) 93.5(13.9) 39.5 (26.4)
Low birth weight* < 0.001 < 0.001
No 686 (91.0) 105.9 (12.7) 57.1(24.7)
Yes 68 (9.0) 92.6 (15.2) 38.1(26.6)
Siblings 0.002 0.001
No 300 (39.7) 106.5 (13.0) 59.1 (24.5)
Yes 456 (60.3) 103.5 (13.6) 53.0 (25.7)
Total 756 (100.0) 104.7 (13.5) 55.4 (25.4)

*Variables with missing data.
BSID-III: Bayley-lll Scale of Infant and Toddler Development; AIMS: Alberta Infant Motor Scale;
SD: standard deviation.

Table 2. Linear regression for exposure variables with motor development at three months of age using
the BSID-III.

Motor development at three months of

Exposure variables age R t VIF
B 95%Cl p-value

Maternal age (30 years old or more*) 0.2 -1.1t0 1.5 0.801 0.729 1,372
Socioeconomic status (A+B*) 1.3 -0.3t02.8 0.106 0.823 1,215
Primiparity (yes*) -1.0 -3.4to1.7 0.523 0.521 1,921
Gestational hypertension (no*) 2.1 -5.1t0 1.0 0.180 0.945 1,058
Type of delivery (vaginal*) -3.0 -5.0t0 -1.0 0.004 0.938 1,067
Prematurity (no*) -8.7 -12.2to -5.1 < 0.001 0.667 1,498
Low birth weight (no*) -7.3 -11.2 to -3.3 < 0.001 0.663 1,508
Siblings (no*) -2.4 -5.1t0 0.1 0.066 0.517 1,933
Psychological and/or drug treatment (no*) 1.5 -0.3t03.4 0.109 0.970 1,031

* Reference category.
BSID-I11: Bayley-lll Scale of Infant and Toddler Development; 95%Cl: 95% confidence interval; t: tolerance;
VIF: variance inflation factor.

factors. Finally, children who had cesarean delivery, low birth weight, and prematurity
as risk factors had a mean difference of 18.3 points (95%CI: 12.0 to 24.5) less than babies
without risk factors.

We also performed a multivariate linear regression analysis considering the variables
with p < 0.20 in the bivariate analysis (maternal age, socioeconomic status, siblings, and
first pregnancy) and the cluster variable. After the adjustment, the cluster variable was
the only one still associated with motor development with B -0.07 (95%CI: -0.08 to -0.05;
p < 0.001). All VIF values were below 4 and tolerance was above 0.25, which ensures that
multicollinearity is not a problem.
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Table 3. Linear regression for exposure variables with motor development at three months of age using
the AIMS.

Motor development at three months of

Exposure variables 24 bk t VIF
B 95%Cl p-value

Maternal age (30 years old or more*) 0.3 -2.2t02.9 0.796 0.717 1.395
Socioeconomic status (higher*) 2.0 -1.2t05.2 0.213 0.716 1.397
Maternal education (9 years or more*) 3.7 -0.6 to 8.1 0.094 0.796 1.256
Living with a partner (yes*) =22 -7.1t02.8 0.386 0.930 1.075
Primiparity (yes*) -2.1 -7.2t02.9 0.404 0.517 1.935
Type of delivery (vaginal*) -2.3 -6.1t0 1.5 0.240 0.943 1.061
Prematurity (no*) -11.1 -18.0to 4.2 0.002 0.668 1.497
Low birth weight (no*) -11.3 -18.9t0 -3.7 0.004 0.664 1.505
Siblings (no*) -5.0 -10.0t0 0.3 0.051 0.519 1.927
Psychological and/or drug treatment (no*) -0.2 -3.8t03.5 0.929 0.971 1.029

* Reference category.
AIMS: Alberta Infant Motor Scale; 95%CIl: 95% confidence interval; t: tolerance; VIF: variance inflation factor.

Table 4. Cluster analysis using Tukey’s test with exposure variables associated with motor development
using the BSID-III.

Motor development at three months of age (BSID-I11)

Risk factors*

Mean difference 95%Cl p-value
Elective cesarean section -2.9 -5.7 to -0.1 0.042
Cesarean and LBW -14.8 -24.0to =5.7 < 0.001
Cesarean and prematurity -13.1 -20.6t0 -5.6 < 0.001
Cesarean, LBW, and prematurity -18.3 -24.5t012.0 < 0.001

* “No risk factor” as a reference category.
BSID-IlI: Bayley-Ill Scale of Infant and Toddler Development; LBW: low birth weight; 95%Cl: 95%
confidence interval.

DISCUSSION

Our results showed that the means for motor development in three-month-old children
were lower among babies born by cesarean delivery, prematurely, and with low birth
weight, and who had siblings. We also found that children with three risk factors (cesarean
delivery, low birth weight, and prematurity) had a difference of almost 20 points less in
mean motor development (BSID-III) compared with babies without any risk factors.

Regarding the type of delivery, other studies also show an association between cesarean
delivery and poorer motor development. In a study conducted by Sun et al.*, babies
born by cesarean delivery had a greater risk of delayed fine and gross motor skills at six
months of age than babies born by vaginal delivery. Similarly, Zaigham et al.*! showed
that children born by cesarean delivery had lower fine and gross motor skills at four and
12 months of age. In this same study, the authors showed that babies born by vaginal
delivery had better neurodevelopmental scores at four months compared with babies
born by cesarean delivery. They also observed these differences for gross motor skills at
12 months of age. According to Cavaggioni et al.*, cesarean delivery provides evidence
of psychological risks in fine motor skills, language expressions, and the manifestation
of adaptive behavior. However, Rodrigues and Silva* state that even though the motor
skills of children born by cesarean delivery are inferior compared with babies born by
vaginal delivery, they would still be in accordance with the typical parameters for their
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age. On the other hand, manipulative skills, visual language, speech skills, and personal
autonomy are significantly reduced in children born by cesarean delivery**.

Regarding the relationship between prematurity and motor development, we can assume
that a premature child is more susceptible to changes in motor development, especially
in the first years of life. A study conducted in Chicago, USA, with 106 premature babies,
found an association between low motor development and prematurity, both in motor
development results measured by the Test of Infant Motor Performance (TIMP) at three
months, and in motor development measured by the BSID-III at two years of adjusted age*.
Other studies also found the same association at 12 months**?>*® and the same results when
using AIMS. According to Lefebvre et al.*” in their study with extremely premature children
(28 weeks or less) at four, 10, and 12 months of age, motor development delay was higher at
four months. In an Australian study with children born at 30 weeks or less, 53% had poor
motor development at an adjusted age of 12 months™.

Similarly, low birth weight was associated with motor development delay. Syrengelas et al.*
found that premature children with low birth weight had poorer motor development
compared with term children on the AIMS subscales. Premature and low birth weight
babies had delayed motor development from one to 19 months of adjusted age compared
with children born at term™. Similarly, Zhang et al.* found that babies with low birth weight
had a higher risk of being diagnosed with motor development delay from one to six months
of age compared with babies born with normal weight.

In the cluster analysis, we also found that the more risk factors, the lower the motor
development mean. However, even considering cesarean delivery as the only risk factor,
the groups showed a difference in their motor development means. Therefore, we reinforce
that a cesarean section is a procedure that should be performed only if necessary, in cases
where the life of the mother or the baby is at risk.

The occurrence of elective cesarean sections in Brazil has increased greatly since the late
1980s. In general, in the Brazilian public health system, different professionals provide care
to pregnant women during the prenatal period, and cesarean delivery is indicated upon
diagnosis of complications in pregnancy or childbirth. On the other hand, private health
services allow the scheduling of a cesarean delivery by the indication of the obstetrician
or by choice of the pregnant woman. One of the reasons that leads pregnant women to opt
for cesarean delivery is the fear of vaginal delivery, especially due to the pain they may feel,
which is more intense in primiparous women. In a study conducted in Brazil, more than
half of the pregnant women evaluated underwent a cesarean delivery, and almost 90% of
them used private health services*. Therefore, since cesarean delivery is a risk factor for
delayed motor development, investing in awareness policies for both pregnant women and
health professionals is necessary.

Our study has limitations. We collected data about the alcohol and tobacco use during
pregnancy in the second stage of the study (after delivery), thus, we can assume a memory
bias. Moreover, these data may be underreported: women may understand that alcohol
and tobacco use is harmful to the baby’s health and may omit their use at the time of
the interview.

On the other hand, this population-based study included two scales considered the gold
standard for motor development. Early assessment of motor development in babies is scarce
in the literature, especially in Brazil. Adopting adequate measures for early detection of
development delays in children may improve their development at subsequent ages.

CONCLUSION

This study sought to identify the risk factors associated with poor motor development at
three months of age. Our results showed an association between lower motor development
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and cesarean delivery, prematurity, and low birth weight. The identification of risk
factors for delayed motor development may allow early interventions related to factors
that can be avoided in some cases, such as those observed in this study. Thus, this study
helps expand knowledge about the determinants of poor early motor development
in Brazil.

REFERENCES

1. Miranda LP, Resegue R, Figueiras ACM. A crianga e o adolescente com problemas do
desenvolvimento no ambulatério de pediatria. J Pediatr (Rio J). 2003;79(Supl. 1):533-42.
https://doi.org/10.1590/S0021-75572003000700005

2. Carvalho MF. Desenvolvimento normal. In: Burns DA, Campos Jdnior D, Silva LR, Borges WG,
editors. Tratado de pediatria. 4th ed. Barueri: Manole; 2017. p. 59-62.

3. Steetskamp J, Puhl AG, Zelazny J, Skala C, Kélbl H, Bahlmann F. [Clinical and
economic challenges of moderate preterm babies born between 32+0 and 36+6
weeks of gestation]. Z Geburtshilfe Neonatol. 2011 Aug;215(4):158-62. German.
https://doi.org/10.1055/s-0031-1275740

4. Gaiva MA, Fujimori E, Sato AP. [Neonatal mortality in infants with low birth
weight] [Internet]. Rev Esc Enferm USP. 2014 Oct;48(5):778-86. Portuguese.
https://doi.org/10.1590/S0080-6234201400005000002

5. Oliveira GE, Magalhaes LC, Salmela LF. Relationship between very low birth
weight, environmental factors, and motor and cognitive development of
children of 5 and 6 years old. Rev Bras Fisioter. 2011/07/27. 2011;15(2):138-45.
https://doi.org/10.1590/51413-35552011000200009

6. Hayashida K, Nakatsuka M. Promoting factors of physical and mental development in early
infancy: a comparison of preterm delivery/low birth weight infants and term infants. Environ
Health Prev Med. 2014 Mar;19(2):160-71. https://doi.org/10.1007/512199-013-0370-6

7. Donald KA, Wedderburn CJ, Barnett W, Nhapi RT, Rehman AM, Stadler JA, et al. Risk and
protective factors for child development: an observational South African birth cohort. Batura N,
editor. PLOS Med. 2019 Sep 27;16(9):e1002920.

8. Veldman SL, Jones RA, Chandler P, Robinson LE, Okely AD. Prevalence and risk factors
of gross motor delay in pre-schoolers. J Paediatr Child Health. 2020 Apr;56(4):571-6.
https://doi.org/10.1111/jpc.14684

9. Hendricks G, Malcolm-Smith S, Stein DJ, Zar HJ, Wedderburn CJ, Nhapi RT, et al.
Prenatal alcohol exposure is associated with early motor, but not language
development in a South African cohort. Acta Neuropsychiatr. 2020 Jan;32(3):1-8.
https://doi.org/10.1017/neu.2019.51

10. Defilipo EC, Fronio JS, Teixeira MT, Leite IC, Bastos RR, Vieira MT, et al. [Opportunities in
the home environment for motor development]. Rev Saude Publica. 2012 Aug;46(4):633-41.
Portuguese. https://doi.org/10.1590/S0034-89102012000400007

11. Miller-Loncar C, Lester BM, Seifer R, Lagasse LL, Bauer CR, Shankaran S, et al. Predictors
of motor development in children prenatally exposed to cocaine. Neurotoxicol Teratol.
2005;27(2):213-20. https://doi.org/10.1016/j.ntt.2004.10.007

12. Daltro MC SL. Bezerra RO, Castro BA, Bezerra ALD, Sousa MNA, Sudrez LAB, et al. Associacao
entre amamentagao, fatores obstétricos e perinatais com o desenvolvimento neuropsicomotor
infantil. Res Soc Dev. 2021 Jun 13;10(7):€5210716152.

13. Severiano AA, Dantas DD, de Oliveira VL, Lopes JM, de Souza DE, Magalhdes AG. Association
between breastfeeding, obstetric factors and child development in Northeast Brazil. ] Hum
Growth Dev. 2017

14. Petry |, Trettim JP, de Matos MB, Rubin BB, Scholl CC, Firpo P O, et al. Breastfeeding and its
relationship with motor development of infants at 3-4 months of age. Early Child Dev Care.
2022 May;193(2):1-12. https://doi.org/10.1080/03004430.2022.2075355

15. Moura DR, Costa JC, Santos IS, Barros AJ, Matijasevich A, Halpern R, et al.
Risk factors for suspected developmental delay at age 2 years in a Brazilian
birth cohort. Paediatr Perinat Epidemiol. 2010/04/27. 2010;24(3):211-21.
https://doi.org/10.1111/j.1365-3016.2010.01115.x.

https://doi.org/10.11606/51518-8787.2023057004991 H




RSP

Risk factors for delay in early motor development ~ Zago AC et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Maia PC, Silva LP, Oliveira MM, Cardoso MV. Desenvolvimento motor de criancas
prematuras e a termo: uso da Alberta Infant Motor Scale. Acta Paul Enferm. 2011;24(5):670-5.
https://doi.org/] 0.1590/S0103-21002011000500012.

Stephens BE, Vohr BR. Neurodevelopmental outcome of the premature infant. Pediatr Clin North
Am. 2009/06/09. 2009;56(3):631-46. https://doi.org/10.1016/j.pcl.2009.03.005

Arpino C, Compagnone E, Montanaro ML, Cacciatore D, De Luca A, Cerulli A, et al. Preterm
birth and neurodevelopmental outcome: a review. Childs Nerv Syst. 2010;26(9):1139-49.
https://doi.org/10.1007/s00381-010-1125-y

Motta ME, Silva GA, Aradjo OC, Lira PI, Lima MC. Does birth weight affect nutritional
status at the end of first year of life?) Pediatr (Rio J). 2005;81(5):377-82.
https://doi.org/10.2223/JPED.1388

Hamutka J, Zieliriska MA, Chadzyriska K. The combined effects of alcohol and tobacco use
during pregnancy on birth outcomes. Rocz Panstw Zakl Hig. 2018;69(1):45-54.

Sbrana M, Grandi C, Brazan M, Junquera N, Nascimento MS, Barbieri MA, et al. Alcohol
consumption during pregnancy and perinatal results: a cohort study. Sao Paulo Med J. 2016
Apr;134(2):146-52. https://doi.org/10.1590/1516-3180.2015.02040211

Eickmann SH, Lira PI, Lima MC. [Mental and motor development at 24 months of full-
term low birthweight infants]. Arq Neuropsiquiatr. 2002 Sep;60 3-B:748-54. Portuguese.
https://doi.org/10.1590/50004-282X2002000500013

Halpern R, Giugliani ER, Victora CG, Barros FC, Horta BL. [Risk factors for suspicion of
developmental delays at 12 months of age]. J Pediatr (Rio J). 2000;76(6):421-8. Portuguese.
https://doi.org/10.2223/JPED.88

Pinheiro RT, Trettim JP, Matos MB, Pinheiro KA, Silva RA, Martins CR, et al. Brief
cognitive behavioral therapy in pregnant women at risk of postpartum depression: pre-
post therapy study in a city in southern Brazil. ] Affect Disord. 2021 Jul;290:15-22.
https://doi.org/10.1016/j.jad.2021.04.031

Bayley N. Bayley scales of infant and toddler development. 3rd ed. San Antonio: Pearson; 2006.

Madaschi V, Mecca TP, Macedo EC, Paula CS. Bayley-Ill scales of infant and toddler
development: transcultural adaptation and psychometric properties. Paid (Ribeirdo Preto). 2016
Aug;26(64):189-97. https://doi.org/10.1590/1982-43272664201606

Valentini NC, Saccani R. Infant Motor Scale of Alberta: validation for a
population of Southern Brazil. Rev Paul Pediatr. 2011;29(2):231-8. Portuguese.
https://doi.org/10.1590/S0103-05822011000200015.

Valentini NC, Saccani R. Brazilian validation of the alberta infant motor scale. Phys Ther. 2012
Mar;92(3):440-7. https://doi.org/10.2522/ptj.20110036

Associacdo Brasileira de Empresas de Pesquisa. Critério de classificacdo econémica Brasil. Sao
Paulo: Associacdo Brasileira de Empresas de Pesquisa; 2015.

Sun YF, Huang K, Hu YB, Gao H, NiuY, Tao XY, et al. [Association between
elective cesarean section and infants’ developmental behaviors: a cohort
study]. Zhonghua Yu Fang Yi Xue Za Zhi. 2017 Dec 6;51(12):1069-73. Chinese.
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.12.004.

Zaigham M, Hellstrom-Westas L, Domelldf M, Andersson O. Prelabour caesarean section
and neurodevelopmental outcome at 4 and 12 months of age: an observational study. BMC
Pregnancy Childbirth. 2020 Sep;20(1):564. https://doi.org/10.1186/512884-020-03253-8

Cavaggioni AP, Martins MC, Benincasa M. Martins MCF, Benincasa M. Influence of type of
birth on child development: a comparison by Bayley- Ill Scale. ] Hum Growth Dev. 2020
Jun;30(2):301-10. https://doi.org/10.7322/jhgd.v30.10382.

Rodrigues S, Silva P. Vaginal delivery versus elective cesarean section and the impact
on children’s skill development. Rev Enferm Ref. 2018 Mar 31;1V(16):107-16.
https://doi.org/10.12707/RIV17056.

Peyton C, Schreiber MD, Msall ME. The Test of Infant Motor Performance at 3 months predicts
language, cognitive, and motor outcomes in infants born preterm at 2 years of age. Dev Med
Child Neurol. 2018/03/14. 2018;60(12):1239-43. https://doi.org/10.1111/dmcn.13736.

Dueker G, Chen J, Cowling C, Haskin B. Early developmental outcomes predicted
by gestational age from 35 to 41weeks. Early Hum Dev. 2016 Dec;103(103):85-90.
https://doi.org/10.1016/j.earlhumdev.2016.07.006

https://doi.org/10.11606/51518-8787.2023057004991




RSP Risk factors for delay in early motor development ~ Zago AC et al.

36. Sansavini A, Pentimonti J, Justice L, Guarini A, Savini S, Alessandroni R, et al. Language,
motor and cognitive development of extremely preterm children: modeling individual
growth trajectories over the first three years of life. ] Commun Disord. 2014;49(49):55-68.
https://doi.org/10.1016/j.jcomdis.2014.02.005

37. Lefebvre F, Gagnon MM, Luu TM, Lupien G, Dorval V. In extremely preterm infants,
do the Movement Assessment of Infants and the Alberta Infant Motor Scale predict
18-month outcomes using the Bayley-I11? Early Hum Dev. 2016 Mar;94(94):13-7.
https://doi.org/10.1016/j.earlhumdev.2016.01.012

38. Olsen JE, Allinson LG, Doyle LW, Brown NC, Lee K], Eeles AL, et al. Preterm and term-
equivalent age general movements and 1-year neurodevelopmental outcomes for
infants born before 30 weeks’ gestation. Dev Med Child Neurol. 2018 Jan;60(1):47-53.
https://doi.org/10.1111/dmcn.13558

39. Syrengelas D, Kalampoki V, Kleisiouni P, Manta V, Mellos S, Pons R, et al. Alberta Infant Motor
Scale (AIMS) performance of greek preterm infants: comparisons with full-term infants of the
same nationality and impact of prematurity-related morbidity factors. Phys Ther. 2015/12/08.
2016;96(7):1102-8. https://doi.org/10.2522/ptj.20140494

40. Zhang M, Gazimbi MM, Chen Z, Zhang B, Chen, Yu Y, et al. Association between birth weight
and neurodevelopment at age 1-6 months: results from the Wuhan Healthy Baby Cohort. BM]
Open. 2020 Jan;10(1):e031916. https://doi.org/10.1136/bmjopen-2019-031916

41. Domingues RM, Dias MA, Nakamura-Pereira M, Torres JA, D’Orsi E, Pereira AP, et al.
Processo de decisao pelo tipo de parto no Brasil: da preferéncia inicial das
mulheres a via de parto final. Cad Saude Publica. 2014 Aug;30 suppl 1:5101-16.
https://doi.org/10.1590/0102-311X00105113

Funding: Bill & Melinda Gates Foundation. Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq). Instituto Nacional de Ciéncia e Tecnologia (INCT) under the grant 401726/2015-0 APP/report 47/2014.

Authors’ Contribution: Study design and planning: ACZ, JPT, MBM, RTP, LAQ. Data collection, analysis and
interpretation: ACZ, JPT, BBR, CCS, FTC, FU, LMSP. Manuscript drafting or review: ACZ, JPT, BBR, MBM, LAQ.
Approval of the final version: RTP, LAQ. Public responsibility for the content of the article: ACZ, LAQ.

Conflict of Interest: The authors declare no conflict of interest.

https://doi.org/10.11606/s1518-8787.2023057004991 I




