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Purpose: Early identification of impairments is crucial to providing better care for preterm children, especially those from low-income families. The early motor assessment is the first step in monitoring their neurodevelopment. This study investigates if motor development in the first year of life predicts impairments in cognition and language at 3-year-old in a Brazilian preterm cohort.

Materials and methods: Data were collected in a follow-up clinic for high-risk infants. The Bayley Scales were used to assess children at 4, 8, 12, and 36 months of age, considering composite scores. Cognitive and language impairments were considered if scores were ≤85. Children (N = 70) were assessed at 4 and 36 months, 79 were assessed at 8 and 36 months, and 80 were assessed at 12 and 36 months. Logistic regressions were used to analyze the predictability of cognitive and language impairments, and receiver-operating characteristics (ROC) curves were used to analyze the sensibility and specificity of motor assessment and cognitive and language impairments.

Results: Poor motor scores at 8 and 12 months increased the chances of cognitive and language impairment at 3-year-old. The chance of cognitive impairment at 3-year-old increases by 6–7% for each point that the motor composite score decreases, and the chance of language impairment at 3-year-old increases by 4–5% for each point that the motor composite score decreases. No-significant results were found at 4-months. Adequate sensibility and specificity were found for language impairments considering 12 months scores and for cognitive impairments as soon as 8 months scores.

Conclusion: Monitoring preterm motor development in the first year of life helps to identify preterm children at risk for impairment in other developmental domains. Since preterm children from low-income families tend to demonstrate poorer neurodevelopment outcomes, these children need early assessment and referral to intervention to prevent school failures and support from public policies.
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Introduction

Children born preterm have higher neurodevelopment impairments rates than their term peers (Beauregard et al., 2018; Sanchez et al., 2019; Valentini et al., 2019; Zuccarini et al., 2020; Sandoval et al., 2021). They have a high risk for delays across multiple domains like motor, cognitive, language, or social development, even without major cerebral damage (Aylward, 2005). Pre-school-age preterm children exhibit deficits in executive function (inhibitory control, cognitive flexibility, working memory, and planning/executive functioning) (Sandoval et al., 2021) and receptive and expressive language (Sanchez et al., 2019). The early identification of impairments allows intervention as early as possible, preferably before school age, to prevent academic difficulties and failures. However, although motor differences can be noticeable at 2-months of age or even earlier for preterm children (Aylward, 2005; Sampaio et al., 2015), cognitive and language deficits do not manifest until older ages–most at a pre-school or older age (Sanchez et al., 2019; Zuccarini et al., 2020). However, even before cognitive and language impairments are noticeable, these children could benefit from early intervention and perhaps minimize the difficulties in the child’s life and academic performance. The earlier the intervention, the more meaningful the benefits are since the baby’s learning capacity is optimized by neuroplasticity–the ability of the central nervous system (CNS) to modify its structural and functional organization in response to the action of environmental stimuli.

Socioeconomic and biological risk factors have been extensively examined in their role in predicting the neurodevelopment outcome for preterm children (Saccani et al., 2013; Velikos et al., 2015; Chiquetti et al., 2018; Silveira et al., 2018; Panceri et al., 2020). Overall, the diversity of the results highlights the need to examine this multifactorial phenomenon further. Our contribution is to investigate the neuromotor responses in the first year of life at different ages to predict subsequent development in cognitive and language domains. Although some studies addressed these questions (Oudgenoeg-Paz et al., 2017; Sanchez et al., 2019), none were conducted with low-income children for LMIC (Low- and Moderate-Income Countries). Movements are one of the primary developmental responses in early life. After birth, the primitive reflexes subserve essential functions that facilitate the infants’ survival, such as feeding and protection, whereas postural reflexes involve responses to changes in orientation relative to the environment (Clark, 2005). Later, voluntary movements facilitated infants’ communication through gestures, exploration of objects, and action upon exploring the environment through locomotion. Therefore, through voluntary movements, children become independent. Consequently, the early motor assessment may be the first step to monitoring preterm’ neurodevelopment and providing adequate interventions, even for other domains besides motor.

Multiple development domain interactions are observed in the first years of life (Nip et al., 2011; Walle and Campos, 2014). Children develop cognitive and language skills through continuous interaction with their environment and the people around them. The physical exploration of the environment, which requires locomotion and manipulation skills, allows learning new possibilities within the environment, objects, and interaction with others (Nip et al., 2011; Walle and Campos, 2014; Oudgenoeg-Paz et al., 2017). Thus, especially in the child’s first year of life, motor, cognitive, and language development seem to occur interdependently (Campos et al., 2012). However, there is still scarce empirical evidence linking early motor development with later cognitive and language outcomes in preterm children from Low- and Moderate-Income Countries (LMIC). This information is crucial to provide the best intervention that can lead to better cognition and language outcomes and support children living in poverty to achieve their full potential.

Thus, this study aimed to investigate if motor development in the first year of life predicts impairments in cognition and language at 3-year-old in a Brazilian preterm cohort. We hypothesize that motor performance is the first sign to detect impairments in other developmental domains and that it is possible to detect that in the first year of life.



Materials and methods


Context and participants

This study is part of a cohort study in a Brazilian public hospital, where most patients come from low-income families with low formal education. All inborn preterm infants with less than 32 weeks of gestation and/or birth weight less than 1,500 g are referred to the Neonatology Outpatient Clinic and included in the present study. They were enrolled in monthly follow-up multidisciplinary appointments until 6 months of corrected age, bi-monthly from 7 to 12 months of corrected age, every 3 months from 8 to 24 months of corrected age, and once a year until 5-year-old, following the hospital practice routine. The children in this study were followed from March, 2017 to March, 2021. Preterm with congenital malformations and genetic syndromes diagnosed by the neonatologist were excluded. All parents or legal guardians signed the informed consent, and the institutional ethics committee approved the study.



Assessments

Children’s biomedical data regarding the hospital stay and follow-up were prospectively collected (i.e., gestational age, birth weight and length, head circumference, APGAR, mechanical ventilation, periventricular hemorrhage, and periventricular leukomalacia), and the parents completed a survey related to socioeconomic data.

The Bayley Scales of Infant and Toddler Development third edition (BSITD-III) were used to assess children’s cognitive, language (receptive and expressive), and motor (fine and gross) development; corrected age for the first year of life (4, 8, and 12 months) and chronological age at 36 months were used. The BSID-III is standardized and widely recognized in the literature as a golden standard tool to assess child neurodevelopment. The BSID-III scores the child’s performance according to their age. The raw score is provided by the sum of all items the child received credit for, plus the sum of items from previous ages. A composite score, derived from raw scores and considering the child’s age, was used in the present study. The BSITD-III composite scores have a standardized mean of 100 with standard deviations (SDs) of 15 points. Following the recommended guidelines, impairment categorization was detected if the composite scores were less than 85 (−1SD) (Bayley, 2005).



Controlling for confounding factors

We assessed the home environment and maternal practices using three instruments to control for confounding factors. The Knowledge of Infant Development Inventory–KIDI adapted for Brazilian children, was used to assess parental knowledge regarding infant development; it contains, for this age group, 20 items regarding the age at which infants develop specific skills. The total score is obtained by the ratio between the correct answers and the total item (1 is the maximum score) (MacPhee, 1981; Ribas et al, 2000). The Interaction Rating Scale (IRS) was used at 12 months to assess the mother/child dyads. The IRS is an observational tool focused on a child’s social skills, the caregiver’s parenting skills, and the caregiver/child interactions (Amne, 2009). The scale has 70 dichotomous items (1 = yes, 0 = no), and the sum of all items gives the overall observed behavior score. The validation process for the Brazilian population is in progress by the present research group. Affordance in the Home Environment for Motor Development–Infant Scale–AHEMD-IS, to evaluate development opportunities available at home regarding physical space, outside and inside daily activities, and play materials; total score and categorization are provided (less than adequate: 0–18; moderate adequate: 19–23; adequate: 24–27; excellent: 28–49) (Bartlett et al., 2008; Caçola et al., 2011).



Procedures

The public hospital ethics committee approved the study (process n° 2019-0321); the study was conducted in the Neonatology Outpatient Clinic following the norms established by Resolution 466/12 of the National Health Council. The BSITD-III assessment is part of the preterm follow-up protocol in the outpatient clinic established by the researchers of the present study. The BSITD-III assessments for the present study were conducted at pre-established visits at 4, 8, and 12 months of corrected age and 36 months of chronological age. Some children did not attend some appointments and therefore did not have data at all time points. Further, some children did not complete 36 months until March, 2021, and some completed during the COVID-19 pandemic, so it was impossible to carry out the assessment. Consequently, our study included 70 children assessed at 4 and 36 months, 79 at 8 and 36 months, and 80 at 12 and 36 months. There was missing at random in the present sample; the participant’s enrollment across the study and missing data are described in Figure 1.
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FIGURE 1
Participants enrollment in the study.


The parents or legal guardians were present at the children’s assessment sessions. Two previously trained professionals with more than 5 years of experience using the BSITD-III conducted all assessments together. They scored and analyzed the children’s performance independently and then compared the results of 50% of the sample; inter-rater reliability was high (ICC >85).



Data analyses

The sample size calculation was performed based on the prevalence of delays throughout the follow-up using the GPower 3.1. The analysis was run considering the lower expected prevalence of 20% (Valentini et al., 2021), a minimum significance level of 5%, and power of 80%–the minimum total of 50 children per group/age was obtained.

Means, standard deviations, and frequencies were estimated. The student’s t-test was used to compare quantitative variables, and the Chi-square was used for testing relationships between categorical variables. Correlations were conducted considering coefficients below 0.30 weak, those between 0.30 and 0.70 moderate, and coefficients above 0.70 strong. BSITD-III motor composite scores at 4, 8, and 12 months were analyzed using logistic regression as predictors of cognitive and language impairment at 36 months. Impairments were classified as BSITD-III composite scores less than 85. Sensitivity, specificity, and positive and negative predictive values with 95% CI were used to assess the BSITD-III motor composite scores at 4, 8, and 12 months as a diagnostic tool for predicting cognitive and language impairment at 36 months. The trade-off between the sensitivity and specificity of a range of cut-off points on the BSITD-III was examined using receiver-operating characteristics (ROC) curves.




Results


Controlling for confounding factors

Since we investigated the potential prediction of motor development on cognition and language, environment confounding factors that could influence child development were controlled within our research design to ensure results validity. No significant differences were found between groups (cognitive impaired or typical; and language impaired or typical) for the maternal care routine, mother knowledge regarding child development, and home opportunities for development. Table 1 presents the controlled confounding factors.


TABLE 1    Maternal practice and knowledge, and home opportunities.
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Neurodevelopment outcomes

The mean age at the 4 months assessment for the 95 participants in this analysis was 4.57 (SD 0.57); at 8 months, it was 8.41 (SD 1.01); at 12 months, it was 12.84 (SD 1.13); and, at 36 months it was 33.20 (SD 5.47). Table 2 provides biomedical and environmental characteristics for the participants assessed at 36 months (the children who remain in the study), the group that missed the 36 months assessment and dropped out from the study, and the statistical comparisons across groups. Results demonstrate significant differences between groups in clinical characteristics (gestational age, birth weight, length, head circumference, days of neonatal intensive care, and days of mechanical ventilation), the number of children assessed at each age, and BSITD-III motor composite scores at each age. Children who lost the follow-up assessment at 36 months had better clinical outcomes and higher motor scores at 12 months and attended fewer assessment sections in the first year of life.


TABLE 2    Biomedical and environmental characteristics of the cohort for children follow up at 36-months and children that dropped out.
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In the follow-up group, at 4 months, 21 (30%) of the 70 children demonstrated motor impairments; at 8 months, 35 (44.3%) of the 79 children; and, at 12 months, 35 (43.8%) of the 80 children. At 36 months, 36 (37.5%) of the 95 children showed cognitive impairments and 36 (37.5%) language impairments. Overall, 45 (46.8%) children had cognitive or language impairments at 36 months.

Correlation analysis showed BSITD-III motor composite scores at 8 months were significant, moderate, and positively related to cognitive and language composite scores at 36 months. Moderate, positive, and significant correlations between the motor score at 12 months and cognitive and language scores at 36 months were observed. The motor scores at 4 months were non-significant correlated with cognitive (p = 0.767) or language (p = 0.963) scores at 36 months. Table 3 provides correlation values.


TABLE 3    Correlations of the motor outcomes at 4, 8, and 12-months with cognitive and language outcomes at 36 months.

[image: Table 3]

Motor performance at 8 months was a significant predictor for cognitive and language impairments at 36 months. The chance of cognitive impairment at 3-year-old increases by 6.4% (95% CI: 3.0 – 10.7, p = 0.001) for each point that the motor composite score decreases; and the chance of language impairment at 3-year-old increases by 5.2% (95% CI: 2.1–9.0, p = 0.002) for each point that the motor composite score decreases. At 12 months, motor performance was also a significant predictor of cognitive and language impairment at 36 months. The chance of cognitive impairment at 3-year-old increases by 7.2% (95% CI: 3.8–11.7, p ≤ 0.001) for each point that the motor composite score decreases; and the chance of language impairment at 3-year-old increases by 4.2% (IC 95%: 1.2–7.1, p = 0.003) for each point that the motor composite score decreases. At 4 months, no significant associations were detected for cognition (OR 2.2, 95% CI: −1–5.7, p = 0.178) or language (OR 0.9, 95% CI: −1.9–4.0, p = 0.525).

The sensibility and specificity of the motor assessment at 4 months were non-significant for cognitive (p = 0.137) or language (p = 0.534) impairments at 36 months. The motor assessment at 8 months showed no significant sensibility and specificity for language impairments (p = 0.100). Cognitive impairments were possible to identify at 8 months; the area under the curve (AUC) was 0.71 (95% CI 0.56–0.85; p = 0.014), the best cutoff point of the BSITD-III motor composite score was 89.5 with 75% sensibility and 59.1% specificity. At 12 months, cognitive and motor impairments were possible to identify; the AUC was 0.82 (95% CI 0.71–0.94; p ≤ 0.001) for cognitive and 0.69 (95% CI 0.52–0.87; p = 0.022) for language impairments. The best cutoff point for BSITD-III motor composite score was 77.50 for cognitive (53.3% sensibility and 95.5% specificity) and language (50% sensibility and 95.3% specificity) impairments. Figure 2 presents the curves for cognitive (A) and language (B) impairments.
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FIGURE 2
ROC curves for cognition (A) and language (B) impairments.





Discussion

The present study investigated whether motor development in the first year of life predicts impairments in cognition and language at 3-year-old in a Brazilian preterm cohort of children from low-income families. The results indicate that poor motor scores assessed with the BSITD-III at 8 and 12 months of corrected age increase the chances of cognitive and language impairment at 3-year-old. There were no significant results at the 4-month of age assessments. The ROC curves showed that in the 12 months of life, the motor assessment has an adequate sensibility and specificity to identify language impairments at 36 months, whereas cognitive impairments were possible to identify as soon as 8 months.

Our results are aligned with previous research findings. A study investigating exploratory object behaviors and their relation to later language and cognitive development with preterm infants found that oral and manual exploration of objects at 6 months were related to language and cognitive development at 24 months (Zuccarini et al., 2017). The authors recorded 5 min of play and coded exploratory behaviors at 6 months. At 2-year-old, children were assessed by the Griffiths Mental Developmental Scales 0–2 (Zuccarini et al., 2017). Another study also reported strong associations between reaching at 8 months and cognition and language development at 30 months for preterm children (Kaul et al., 2019). The children’s movements were recorded by a 3D capture system at 8 months and assessed later at 2.5 years of age with BSITD-III. The authors suggested that reaching could be an early executive function marker and that early in life, motor control and executive function could share a common base (Kaul et al., 2019). Our results support these contentions.

Furthermore, studies that used standardized assessment tools reported similar results at different ages. Gross motor skills assessed at 6 months by Griffiths Mental Developmental Scales were associated with cognitive skills at 12 months with the same instrument (Zuccarini et al., 2020). The Prechtl General Movement Assessment (GMA) also was associated with cognitive outcomes assessed with different tools from 2 to 11 years old (Einspieler et al., 2016). Besides, a review focused on evidence for a link between motor development and later cognitive skills in preterm children reported a relatively consistent relationship between the level of early motor development, quality of postural control or general movements, and later cognitive skills (Oudgenoeg-Paz et al., 2017), no data on language was examined. Although, studies involving language report results that corroborate our findings. The results on the Test of Infant Motor Performance were significantly associated with later language and cognitive development assessed by BSITD-II at 2-year-old (Peyton and Einspieler, 2018).

A plausible explanation for these results is the intrinsic nature of motor exploration. Motor acquisitions allow children to practice skills relevant to cognition and language acquisition (Iverson, 2010). The achievement of motor milestones, such as reaching, sitting without support, crawling, and walking, radically alters the child’s relationship with the objects and people in their environment. Infants who have started reaching find a whole new set of opportunities for manipulating and exploring objects. Infants who sit unsupported can freely rotate their heads and trunk, improving their visual observation of the world around them from different angles. Besides, they have arms and are hands-free to explore objects around them. When they acquire the ability to move, first crawling and then walking, the possibilities of social interaction increase and change the information children receive from their environment (Iverson, 2010; Oudgenoeg-Paz et al., 2016). Thus, the child needs to interact with others to advance cognitive and language acquisition (Iverson, 2010; Oudgenoeg-Paz et al., 2016; Borchers et al., 2019).

The cascading effects of early motor development on other developmental domains in preterm children have been highlighted in several studies (Zuccarini et al., 2020). Developmental changes in one domain can have cascading effects on others, even seemingly unrelated ones–they can be direct or indirect as well as multidirectional (Iverson, 2021). However, none of the studies addressed preterm children from LMIC, so here, we advance the previous knowledge by providing strong evidence of this relationship between motor with later cognitive and language development for preterm children from low-income families and LMIC.

Besides, unlike other studies (Fjørtoft et al., 2013; Einspieler et al., 2016; Peyton and Einspieler, 2018), we did not find significant results at the early age of 4 months. At this age, most of the infants in our study could not reach when sitting with support, and none of them could sit unsupported (milestones often associated with late language and cognitive development); this is a possible explanation for our findings. Previous studies have provided evidence of those associations, even for younger children. For example, spontaneous movement assessed at 11–16 weeks post-term age was positively associated with later intelligence at 7 and 11 years in children born less than 33 weeks of gestation (Borchers et al., 2019). Further, neuromotor development assessed by Touwen’s Neurodevelopmental Examination at 9 and 15 weeks old was associated with an increased risk of non-verbal cognitive delays at 2.5 years old (van Batenburg-Eddes et al., 2013). However, using BSITD-III in our study, we could predict later development from 8 months of age for extremely preterm children, extending the actual knowledge in this field with the most widely used tool for early development assessment. However, as detected in a previous study (Anderson and Burnett, 2017), the BSITD-III may be less sensitive at a very young age (4 months or less) to predict late functioning. Therefore, further studies are still necessary to examine this issue, perhaps using the 4th edition of Bayley Scales.

A particular strength of this study is the long-term follow-up of neurodevelopmental outcomes for low-income preterm children living in an LMIC; to our knowledge, this is the first study in Latin America. Investigating neurodevelopmental outcomes in Brazil and other low and moderate-income countries is essential to provide better care for children. Since preterm children from low-income families tend to demonstrate poorer neurodevelopment outcomes, these children need early assessment and referral to intervention to prevent school failures and support from public policies.

Although essential to child development, studies with similar designs are still scarce in LMIC mainly due to cost, the extended time required to complete longitudinal assessments, and the high levels of participants’ drop out due to family mobility from cities and jobs. Future research should consider different strategies to maintain low-income families’ engagement in longitudinal studies. A limitation of the present study, 95 children, dropped out. However, it is vital to acknowledge that those 95 children had a higher mean gestational age and birth weight than the ones that continued the study over the years. As the aim was to investigate if motor development in the first year of life predicts impairments in cognition and language at 3-year-old, we had similar performance in the more vulnerable population. The risk of major disability increases with decreasing gestational age, lower birth weight, presence of periventricular Leukomalacia, mechanical ventilation, and extended hospital stay (Costeloe et al., 2000; Ream and Lehwald, 2018). These factors are known associated factors with neurodevelopment impairments among children born preterm. Brain growth and development inside the uterus are interrupted by preterm birth; infants born with immature brains are more vulnerable to brain damage due to immaturity and possible infections and inflammations, leading to difficulties or neurodevelopmental disorders.

Another limitation that can be mentioned is the use of only one assessment tool. Besides BSITD-III being considered the golden child development assessment standard, other scales are frequently used for research or clinical practice, such as proxy reports that could provide further information regarding children’s difficulties at home. Our long-term follow-up was up to children’s 3-year-old – before school age. Our recommendation for future studies is to follow up with these children until elementary school and assess children with specific tools for executive function (i.e., inhibitory control, working memory, processing speed, cognitive flexibility) and vocabulary acquisition and verbal comprehension, all essential prerequisites for school success. Moreover, another limitation is the lack of analysis by prematurity groups (i.e., extremely, very, moderate, late), due to sample size. Extremely preterm children (<28 weeks) may demonstrate more neurodevelopmental impairments than very or moderate preterm children. Future studies with a larger sample size should analyze the outcome according to the prematurity group.

This study focused on the association and predictability of motor development in the first year of life and later cognitive and language outcomes in preterm children from an LMIC. In sum, our findings highlighted that motor scores at 8 months predicted cognitive development at 3-year-old and motor scores at 12 months predicted language and cognition development at 3-year-old. This study highlights the importance of clinicians and researchers assessing motor milestones in the preterm first year of life to detect early motor impairment and prevent adverse outcomes in other developmental domains. Motor assessments play an essential role in identifying severe or subtle impairments. As sooner these impairments are identified, the sooner the child can be referred to physical, occupational, or speech therapy interventions. Since poor cognitive and language skills are related to low academic performance, it is critical to assess preterm children early to support family and professional strategies to improve their function before elementary school. Given the limited evidence in this field, especially in low-income countries, more research is needed to draw robust evidence regarding this issue.



Data availability statement

The original contributions presented in this study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Comitê de Ética em Pesquisa do Hospital de Clínicas de Porto Alegre. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

CP contributed to study design, data acquisition and interpretation, statistical analyses, and manuscript preparation. NV contributed to study design, interpretation, statistical analyses, and manuscript preparation. RS and RP contributed equally to manuscript revision and provided significant oversight on the intellectual content. All authors critically reviewed the manuscript and approved the submitted version for publication.



Funding

This research was supported by the Bill & Melinda Gates Foundation, CNPQ and DECIT/Ministério da Saúde do Brasil: Grand Challenges Brazil: All Children Thriving (OPP1142172), and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

Anderson, P. J., and Burnett, A. (2017). Assessing developmental delay in early childhood – concerns with the Bayley-III scales. Clin. Neuropsychol. 31, 371–381. doi: 10.1080/13854046.2016.1216518

Amne, T. (2009). Manual of interaction rating scale. Tokyo: Japan Pediatric Press.

Aylward, G. P. (2005). Neurodevelopmental outcomes of infants born prematurely. J. Dev. Behav. Pediatr. 26, 427–440. doi: 10.1097/00004703-200512000-00008

Bartlett, D. J., Fanning, J. K., Miller, L., Conti-Becker, A., and Doralp, S. (2008). Development of the Daily Activities of Infants Scale: A measure supporting early motor development. Dev. Med. Child Neurol. 50, 613–617. doi: 10.1111/j.1469-8749.2008.03007.x

Bayley, N. (2005). Bayley scales of infant development (Bayley-III), 3rd Edn. San Antonio, TX: Harcourt Assessment.

Beauregard, J. L., Drews-Botsch, C., Sales, J. M., Flanders, W. D., and Kramer, M. R. (2018). Preterm birth, poverty, and cognitive development. Pediatrics 141:e20170509. doi: 10.1542/peds.2017-0509

Borchers, L. R., Bruckert, L., Travis, K. E., Dodson, C. K., Loe, I. M., Marchman, V. A., et al. (2019). Predicting text reading skills at age 8?years in children born preterm and at term. Early Hum. Dev. 130, 80–86. doi: 10.1016/j.earlhumdev.2019.01.012

Caçola, P., Gabbard, C., Santos, D. C., and Batistela, A. C. (2011). Development of the affordances in the home environment for motor development-infant scale. Pediatr. Int. 53, 820–825. doi: 10.1111/j.1442-200X.2011.03386.x

Campos, D., Gonçalves, V. M. G., Guerreiro, M. M., Santos, D. C., Goto, M. M. F., Arias, A. V., et al. (2012). Comparison of motor and cognitive performance in infants during the first year of life. Pediatr. Phys. Ther. 24, 193–197. doi: 10.1097/PEP.0b013e31824d2db7

Chiquetti, E. M. S., Carvalho, A. C. F., Zanella, A. K., and Valentini, N. C. (2018). Risk factors and motor development of infants born small for gestational age (sga) term and preterm. Varia Sci. 4, 110–118. doi: 10.48075/vscs.v4i1.19531

Clark, J. E. (2005). From the beginning: A developmental perspective on movement and mobility. Quest 57, 37–45. doi: 10.1080/00336297.2005.10491841

Costeloe, K., Hennessy, E., Gibson, A. T., Marlow, N., and Wilkinson, A. R. (2000). The EPICure study: Outcomes to discharge from hospital for infants born at the threshold of viability. Pediatrics 106, 659–671. doi: 10.1542/peds.106.4.659

Einspieler, C., Bos, A. F., Libertus, M. E., and Marschik, P. B. (2016). The General movement assessment helps us to identify preterm infants at risk for cognitive dysfunction. Front. Psychol. 22:406. doi: 10.3389/fpsyg.2016.00406

Fjørtoft, T., Grunewaldt, K. H., Løhaugen, G. C., Mørkved, S., Skranes, J., and Evensen, K. A. (2013). Assessment of motor behaviour in high-risk-infants at 3 months predicts motor and cognitive outcomes in 10 years old children. Early Hum. Dev. 89, 787–793. doi: 10.1016/j.earlhumdev.2013.06.007

Iverson, J. M. (2021). Developmental variability and developmental cascades: Lessons from motor and language development in infancy. Curr. Direct. Psychol. Sci. 30, 228–235. doi: 10.1177/0963721421993822

Iverson, J. M. (2010). Developing language in a developing body: The relationship between motor development and language development. J. Child Lang. 37, 229–261. doi: 10.1017/S0305000909990432

Kaul, Y. F., Rosander, K., Grönqvist, H., Strand Brodd, K., Hellström-Westas, L., and von Hofsten, C. (2019). Reaching skills of infants born very preterm predict neurodevelopment at 2.5 years. Infant Behav. Dev. 57:101333. doi: 10.1016/j.infbeh.2019.101333

MacPhee, D. (1981). Manual: Knowledge of infant development inventory. Chapel Hill, NC: University of North Carolina.

Nip, I. S., Green, J. R., and Marx, D. B. (2011). The co-emergence of cognition, language, and speech motor control in early development: A longitudinal correlation study [published correction appears in (2012) J Commun Disord 45(6):e1]. J. Commun. Disord. 44, 149–160. doi: 10.1016/j.jcomdis.2010.08.002

Oudgenoeg-Paz, O., Mulder, H., Jongmans, M. J., Van der Ham, I. J. M., and Van der Stigchel, S. (2017). The link between motor and cognitive development in children born preterm and/or with low birth weight: A review of current evidence. Neurosci. Biobehav. Rev. 80, 382–393. doi: 10.1016/j.neubiorev.2017.06.009

Oudgenoeg-Paz, O., Volman, M. J. M., and Leseman, P. P. M. (2016). First steps into language? Examining the specific longitudinal relations between walking, exploration and linguistic skills. Front. Psychol. 7:1458. doi: 10.3389/fpsyg.2016.01458

Panceri, C., Valentini, N. C., Silveira, R. C., Smith, B. A., and Procianoy, R. S. (2020). Neonatal adverse outcomes, neonatal birth risks, and socioeconomic status: Combined influence on preterm infants’ cognitive, language, and motor development in Brazil. J. Child Neurol. 35, 989–998. doi: 10.1177/0883073820946206

Peyton, C., and Einspieler, C. (2018). General movements: A behavioral biomarker of later motor and cognitive dysfunction in NICU graduates. Pediatr. Ann. 47, e159–e164. doi: 10.3928/19382359-20180325-01

Ream, M. A., and Lehwald, L. (2018). Neurologic consequences of preterm birth. Curr. Neurol. Neurosci. Rep. 18:48. doi: 10.1007/s11910-018-0862-2

Ribas, R. C. Jr., Seidl de Moura, M. L., Gomes, A. A. N., and Soares, I. D. (2000). “Brazilian adaptation of knowledge of infant development inventory from david macphee,” in Proceedings of the anais do III congresso brasileiro de psicologia do desenvolvimento, Niterói.

Saccani, R., Valentini, N. C., Pereira, K. R., Müller, A. B., and Gabbard, C. (2013). Influence of biological factors and affordances in the home on infant motor development. Pediatr. Int. 55, 197–203. doi: 10.1111/ped.12042

Sanchez, K., Spittle, A. J., Cheong, J. L. Y., Thompson, D. K., Doyle, L. W., Anderson, P. J., et al. (2019). Language in 2-year-old children born preterm and term: A cohort study. Arch. Dis. Child. 104, 647–652. doi: 10.1136/archdischild-2018-315843

Sampaio, T. F. D., Nogueira, K. P. A., Pontes, T. B., and Toledo, A. M. (2015). Motor behavior of low birth weight and very low birth weight premature infants. Fisioter. Pesqui. 22, 253–260. doi: 10.590/1809-2950/13533022032015

Sandoval, C. C., Gaspardo, C. M., and Linhares, M. B. M. (2021). The impact of preterm birth on the executive functioning of preschool children: A systematic review. Appl. Neuropsychol. Child. 13, 1–18. doi: 10.1080/21622965.2021.1915145

Silveira, R. C., Mendes, E. W., Fuentefria, R. N., Valentini, N. C., and Procianoy, R. S. (2018). Early intervention program for very low birth weight preterm infants and their parents: A study protocol. BMC Pediatr. 18:268. doi: 10.1186/s12887-018-1240-6

Velikos, K., Soubasi, V., Michalettou, I., Sarafidis, K., Nakas, C., Papadopoulou, V., et al. (2015). Bayley-III Scales at 12 months of corrected age in preterm infants: Patterns of developmental performance and correlations to environmental and biological influences. Res. Dev. Disabil. 4, 110–119. doi: 10.1016/j.ridd.2015.07.014

Valentini, N. C., Pereira, K. R. G., Chiquetti, E. M., Formiga, M., and Linhares, M. B. M. (2019). Motor trajectories of preterm and full-term infants in the first year of life. Pediatr. Int. 61, 967–977.

Valentini, N. C., de Borba, L. S., Panceri, C., Smith, B. A., Procianoy, R. S., and Silveira, R. C. (2021). Early detection of cognitive, language, and motor delays for low-income preterm infants: A Brazilian cohort longitudinal study on infant neurodevelopment and maternal practice. Front. Psychol. 12:4857. doi: 10.3389/fpsyg.2021.753551

van Batenburg-Eddes, T., Henrichs, J., Schenk, J. J., Sincer, I., de Groot, L., Hofman, A., et al. (2013). Early infant neuromotor assessment is associated with language and nonverbal cognitive function in toddlers: The Generation R Study. J. Dev. Behav. Pediatr. 34, 326–334. doi: 10.1097/DBP.0b013e3182961e80

Walle, E. A., and Campos, J. J. (2014). Infant language development is related to the acquisition of walking. Dev. Psychol. 50, 336–348. doi: 10.1037/a0033238

Zuccarini, M., Guarini, A., Savini, S., Iverson, J. M., Aureli, T., Alessandroni, R., et al. (2017). Object exploration in extremely preterm infants between 6 and 9 months and relation to cognitive and language development at 24 months. Res. Dev. Disabil. 68, 140–152. doi: 10.1016/j.ridd.2017.06.002

Zuccarini, M., Guarini, A., Savini, S., Faldella, G., and Sansavini, A. (2020). Do 6-month motor skills have cascading effects on 12-month motor and cognitive development in extremely preterm and full-term infants? Front. Psychol. 26:1297. doi: 10.3389/fpsyg.2020.01297



OPS/images/fnins-16-1034616-g002.jpg
Sensitivity

0,84

0,67

o
P
1

—_- -

——_—‘-h

leadqessns,

fat

04 06
1 - Specificity

T
08

-v.. Motor composite score at

4 months

— .Motor composite score at
8 months

— .Motor composite score at
12months
— Reference Line

Sensitivity

0,84

o
o'

o
=
1

0,2

T
02

1 1
0,4 06
1 - Specificity

08

... Motor compostite score at
4 months

—— Motor composite score at
8 months

— .Motor composite score at
12 months

—— Reference Line





OPS/images/fnins-16-1034616-g001.jpg
N= 256

2017 - 2021
cohort
N=06
Did not complete 36
months until March/2021
N=100
N= 28
Completed 36 months
during the pandemic
N=12
Missed the 36 months
assessment
N= 55
Dropped out after 12
months
N=035
Assessed at 36
months
=70 = 70 N= 80
Assessed at 4 Assessedat § Assessedat 12 and
and 36 months and 36 months 36 months
(n=25 missing) (n= 16 missing) (n= 15 missing)






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Motor development in the first year of life predicts impairments in cognition and language at 3 years old in a Brazilian preterm cohort of low-income families



		Introduction



		Materials and methods



		Context and participants



		Assessments



		Controlling for confounding factors



		Procedures



		Data analyses







		Results



		Controlling for confounding factors



		Neurodevelopment outcomes







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fnins-16-1034616-t001.jpg
Assessment tools

KIDI-Parents Knowledge

IRS-Interaction Rating Scale

AHEM-Home Affordances for Development

Values are mean (standard deviation).

Cognitive groups

Language groups

Impaired
N =36

0.59 (0.09)

49.75
(16.12)
51.80
(12.23)

Typical
N=59

0.61 (0.09)
55.98 (17.4)

54.38
(15.64)

0.430
0.374

0.093

Impaired
N=36

0.60 (0.09)
46.35
(20.98)
52.65
(12.47)

Typical
N=59

0.60 (0.09)
58.09
(13.62)
53.36
(14.75)

0.842
0.130

0.082





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neuroscience

Motor development in the first
year of life predicts impairments
in cognition and language at 3
years old in a Brazilian preterm
cohort of low-income families





OPS/images/fnins-16-1034616-t002.jpg
Characteristics

Gender (%)

Boys

Girls

Gestational age (weeks)
Birth weight (grams)

Birth length (centimeters)
Head circumference

Small for gestational age (%)
APGAR 5th min

Neonatal intensive care unit stay (days)

Mechanical ventilation (days)
Periventricular hemorrhage (%)
Grade 0

Grade 1 and 2

Grade 3 and 4

Periventricular leukomalacia (%)
Yes

No

Mother age at infant’s birth
Father age at infant’s birth
Family income (R$)

Mother formal education (%)
Less than high school

Hi

gh school

College
Father formal education (%)
Less than high school
Complete high school
College

Assessed at 4 months (%)

BSITD-III motor composite score at 4 months

Assessed at 8 months (%)

BSITD-III motor composite score at 8 months

Assessed at 12 months (%)

BSITD-III motor composite score at 12 months

Unless otherwise noted, values are mean (standard deviation).

*p < 0.05.

Children followed-up
to 36 months (n =95)

53(552)

43 (44.8)
29.03(2.52)
1,121.40 (329.99)
36.63 (4.03)
26.21 (2.66)
23 (24)

7.81 (1.48)
76.64 (39.30)
9.30 (18.98)

63 (65.7)
30 (41.2)
3(3.1)

5(5.2)

91 (94.8)
27.46 (6.40)
30.31 (6.99)

2,215.29 (1,554.80)

38 (39.6)
46 (47.9)
12 (12.5)

47 (49.0)
45 (46.8)
4(4.2)

70 (72.91)
(16.81)
79 (82.29)
87.06 (17.19)
80 (83.33)
87.21 (20.32)

Children dropped out
(n=95)

48 (51.1)

46 (48.9)
30.50 (2.10)
1,362.73 (377.74)
39.18 (3.42)
27.54 (2.38)
27 (28.7)

7.9 (1.79)
53.22 (31.50)
3.23 (7.89)

71 (75.5)
18 (19.2)
5(5.3)

5(5.3)

89 (94.7)
28.69 (7.03)
32.89 (10.79)

2,234.75 (1,313.66)

40 (43.5)
41 (43.8)
12 (12.7)

47 (49.9)
39 (41.6)
8(8.5)

48 (50.52)
94.40 (17.77)

49 (51.57)
89.80 (16.34)

46 (47.91)
95.49 (19.81)

0.335

0.001*
0.001*
0.001*
0.001*

IN 1A

IA

0.353
0.703
0.001*
0.006*

I\

0.373

0.566

0.211
0.075
0.936
0.214

0.184

0.003*
0.738
< 0.001*
0.374
< 0.001*
0.028*





OPS/images/fnins-16-1034616-t003.jpg
BSITD-III motor composite score at 4 months
BSITD-III motor composite score at 8 months
BSITD-III motor composite score at 12 months

Pearson coefficient correlation values.
#*p < 0.001.

BSITD-III cognitive
composite score at
36 months

0.036
0.531**
0.660**

BSITD-III language
composite score at
36 months

0.006
0.471**
0.520%*












OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience







