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  Abstract 

Background: Improved survival of preterm infants has shifted clinical focus 

toward long-term neurodevelopmental outcomes, which remain highly variable 

and incompletely understood.Objective: To longitudinally evaluate 

neurodevelopmental trajectories in preterm infants across multiple 

developmental domains and to identify perinatal and neural correlates of adverse 

outcomes.Methods: This multicenter longitudinal cohort study followed preterm 

infants from infancy through school age using repeated standardized assessments 

of cognitive, motor, language, and behavioral development, complemented by 

advanced neuroimaging measures of brain structure and connectivity. 

Longitudinal mixed-effects models were applied to examine developmental 

trajectories and their associations with perinatal risk factors and neuroimaging 

markers.Results: The findings revealed heterogeneous and evolving 

neurodevelopmental trajectories across domains. Cognitive, motor, and language 

outcomes demonstrated differential growth patterns over time, while behavioral 

and executive function impairments frequently emerged at later ages. Lower 

gestational age, reduced birth weight, and increased neonatal morbidity were 

significantly associated with less favorable trajectories. Neuroimaging analyses 

showed that disruptions in structural and functional brain connectivity were 

strongly linked to both the presence and severity of neurodevelopmental 

impairments. Composite impairment analyses highlighted the frequent co-

occurrence of deficits across domains, emphasizing the multifactorial nature of 

developmental vulnerability in preterm infants.Conclusions: Neurodevelopment 

following preterm birth is dynamic and shaped by interacting perinatal, neural, 

and environmental factors across childhood. Long-term, multimodal follow-up is 

essential to accurately identify persistent and emerging impairments. Early 

neuroimaging biomarkers and longitudinal assessments may enhance risk 

stratification and guide timely, individualized interventions to improve long-term 

outcomes. 
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INTRODUCTION

The likelihood of preterm babies survival has 

greatly enhanced throughout the world, yet 

there is the apprehension of the way in which 

the babies are at risk of developing 

neurodevelopmental impairment (Lugli et al., 

2020). Such developmental issues may include 

a set of disorders such as cognitive and 

language delays, motor and behavioral delays, 

and may require continued therapeutic 

intervention and special educational support at 

the childhood and adolescent levels (McGowan 

et al., 2022). Autism spectrum disorder, 

attention-deficit hyperactivity disorder, and 

other neurological developmental disorders are 

more likely to occur in premature babies and 

might become a major problem in ensuring that 

they are able to discharge their functions 

(Morkuniene et al., 2025; Zhao et al., 2023). It 

is thus of the utmost importance that 

neurodevelopmental assessment must be 

performed timely to make sure that 

developmental delays are observed early 

enough and infants who may require 

neurodevelopmental stimulation identified 

(Jain et al., 2023). The initial diagnosis of the 

condition and other thorough tests make it 

possible to implement a particular intervention, 

which might enhance the extent of the 

consequences and general developmental 

trajectories (Lugli et al., 2020). Continuous 

assessments are especially important because a 

larger number of infants are preterm and 

opportunities of survival exist at different 

gestation ages hence we need a lot of 

information about long-term neurological 

outcomes (Allen, 2008). The increased 

susceptibility of adverse neurodevelopmental 

outcomes, especially in case of late-preterm 

children who were once deemed as low-risk, is 

a pointer to the necessity of carrying out large 

longitudinal research, which can holistically 

track the trajectories (Dicanio et al., 2022). The 

given multicenter longitudinal cohort study, 

thus, tries to take a closer look into the 

neurodevelopmental outcomes of preterm 

children in different gestational ages to describe 

the risk factors associated with it, as well as the 

protective factors influencing its follow-ups 

(Gatti et al., 2013; Lugli et al., 2021). The 

project will also address the frequency and 

stability of neurological, motor, cognitive, and 

behavioral impairments at different times 

(Jansen et al., 2021). It will also be used to 

inspect the composite impairment scores to 

reveal how various developmental problems 

take place concurrently. The further elaboration 

of the multicate relationship between in-utero 

conditions and neurodevelopmental conditions 

in the future should contribute to the creation of 

more effective intervention strategies (Valois et 

al., 2022; Wang et al., 2024). The current 

methodologies of helping the brains of preterm 

babies to develop is not so good despite the fact 

that the neonatal care has been enhanced. This 

is mainly because the neurobehavioral 

development of such high risks group is not 

well comprehended (Chen et al., 2023). In fact, 

preterm babies usually do not have a problem 

in cognitive development, yet a significant 

population of them, specifically, those who 
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were delivered excessively early, faces a risk of 

serious and long-term neurological disorders 

(Dicanio et al., 2022). This weakness extends to 

early adulthood during which cognitive delays 

and atypical behavioral patterns may not be 

detected until in the age of 3-5, despite the brain 

experiencing a rapid cerebral growth and 

synaptic development within the first three 

years of birth (Parikh, 2016). This is later onset 

corresponding to the necessity of long-term, 

intensive follow-up studies, which goes beyond 

infancy to the entire range of 

neurodevelopmental problems (Beek et al., 

2021). The longitudinal designs will also be 

required to differentiate temporary deviation of 

development and chronic disabilities and 

establish the moment and form of the treatment 

interventions (Campbell et al., 2021). Even the 

proper interpretation of these multifaceted 

directions is complicated by the fact that limited 

availability of prospective studies based on the 

use of standardized measures in a variety of 

aspects of development (Litman, 2021). 

Moreover, the existing research supports the 

significance of early developmental symptoms, 

because the brain plasticity is at its best in the 

infancy stage, and it is an opportune 

opportunity to act, but it is disputed by the 

intricacies of early detection of the finer 

rearrangements of the brain (Cainelli et al., 

2023). To address the knowledge gaps, the 

given research project will include a detailed 

analysis of the neuro-development of infancy to 

school age with the consideration of medical 

and environmental factors that can impact the 

results (Hintz et al., 2016). The method will 

help us to better understand how prenatal 

factors, neonatal interventions and intensive 

care environment interplay to affect the 

neurobehavioral development of infants with 

extremely low birth weight (Spittle et al., 

2014). The initial tests during the first two years 

of the life are necessary to reveal serious 

disabilities, but delicate cognitive and 

behavioral abnormalities usually manifest 

themselves later and, therefore, must be 

assessed during the prolonged examination 

until the age of school (Lugli et al., 2023). It 

includes the longitudinal approach, and it does 

not merely keep track of early milestones, but it 

also incorporates the evaluation at school age to 

detect higher-order cognitive and executive 

functional abnormalities (Longo et al., 2021). 

These are the most significant gaps that need to 

be addressed by the proposed research, since 

they will estimate neurodevelopmental 

impairment in very preterm infants at various 

periods of their lives, i.e. 2, 5, and 8 years old, 

making it possible to consider the definite 

developmental trajectories (Beek et al., 2021). 

It will help us to comprehend how the early 

interventions and risk factors impact the 

prognosis of the developmental trends in the 

long-term (Beek et al., 2021). The fact that the 

very preterm children will have unique 

developmental patterns of brain connections 

that will be identified by the perinatal factors 

including gestational age, birth weight, and 

neonatal morbidities, will also be the subject of 

our hypothesis (Thompson et al., 2016). The 

study will also examine whether these specific 

brain connectivity patterns are related to the 

incidence and the severity of 

neurodevelopmental diseases, such as 
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cognitive, motor, and behavioral problems 

(Rogers et al., 2018). We also predict that 

structural and functional brain connections 

changes witnessed under application of 

advanced neuroimaging methods would be 

foretelling biomarkers of adverse 

neurodevelopment outcomes during early 

childhood. It will bring us closer to risk and 

create personal interventions (Cyr et al., 2022; 

Rogers et al., 2018). It is possible that the 

Ponderal Index is a highly meaningful 

neurodevelopment factor, and can be used in 

predictive models of both very preterm infants 

and full-term infants (Choi et al., 2024). A 

considerable body of clinical data, consisting of 

in-depth neuroimaging and neurobehavioral 

measures, on a significant sample of preterm 

infants in the interval between birth and school 

age will be gathered in this multicentric study 

to explain all the complex relationships (Erdei 

et al., 2023; O'Shea et al., 2022; Siffredi et al., 

2022; Spittle et al., 2014). The benefit of this 

type of study design in the long-term with 

several follow-up measures would be the 

incomparable chance to observe the 

development and change in 

neurodevelopmental problems over the years. It 

also helps us know their stability and treat them 

when they are young to help (Beek et al., 2021). 

It is expected to explain the complex brain 

foundations that drive these developmental 

trends through the combination of modern 

neuroimaging technologies with the results of 

thorough neurodevelopmental analyses to 

determine critical periods of intervention 

during a therapeutic process. In specific, the 

research will analyze the changes in the white 

matter fiber bundles which apply to the visual, 

motor, language, and attention pathways 

through the use of advanced MRI techniques 

including diffusion imaging and application of 

the tractography. This will give us information 

about the arrangement of microstructures and 

maturity of white matter (Spittle et al., 2014). 

These neuroimaging and detailed clinical and 

neurobehavioral data will inform the results of 

the research on specific brain regions and 

systems that are especially vulnerable in very 

preterm babies and enhance our understanding 

of the neural basis of neurodevelopmental 

disorders (Wang et al., 2024). 

 

Figure 1.Illustrating neurodevelopmental trajectories in preterm infants. 
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The diagram depicts the progression from 

preterm birth and associated perinatal risk 

factors, including gestational age, birth weight, 

neonatal morbidities, and intensive care 

exposures, to alterations in early brain structure 

and connectivity during critical periods of 

neuroplasticity

 

METHODOLOGY 

Design and Population of the research. 

A longitudinal cohort study was a multicentric 

mixed-method experimental study which is a 

combination of quantitative 

neurodevelopmental examination and 

qualitative contextual examination that was 

conducted to thoroughly investigate the 

patterns of development in preterm children. 

The investigation was to be conducted in 

different tertiary-care newborn hospitals to 

increase the external validity and demography. 

Infants of less than 37 gestation weeks were 

recruited and subsequently followed up 

prospectively until the birth of the child during 

the neonatal period until early childhood. 

Recruitment of the participants was done at the 

newborn intensive care unit during the stay 

where the selection bias was reduced by using 

the same recruitment procedures in all the 

centers. The use of longitudinal format meant 

that time-based measurements could be made 

and this was how to approximate the manner in 

which development of a person varies with time 

and how different individuals are influenced by 

biological, environmental and clinical factors. 

The features of the experimental design that 

made the results across sites and time points 

comparable were the controlled and 

standardized time of evaluations, assessments 

with equivalent instruments, and the set time 

intervals of follow-up. 

Data collection, Measurement of Results and 

Development of a Framework of Analysis. 

Neurodevelopmental scores that were 

standardized and measured cognitive, motor, 

linguistic and socio-emotional domains were 

also defined as quantitative data and also 

clinical characteristics: gestational age, birth 

weight, neonatal morbidities and postnatal 

treatments. Neurodevelopmental outcomes 

were measured too many times, which were 

treated as continuous variables, and therefore, it 

was possible to analyze the results in terms of 

trajectories. We have used a hierarchical 

mixed-effects model in order to develop the 

main model of analysis. This fact factored in 

clustering at individual level and center level. 

The longitudinal outcome model was 

developed as a generic model in the following 

way. 

 

Qualitative data was obtained through 

structured interviews with caregivers, and 

reports of clinicians. This information provided 

an insight on caring environments, initial 

therapies, and psychology. Such qualitative 

descriptions were analyzed with thematic 

analysis and later synthesized with quantitative 

evidence with a convergent mixed-methods 

approach, which made results triangulation 
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possible and provided a deeper explanation of 

identified developmental patterns. The 

combined approach to analysis improved the 

causal inference by matching the statistical 

trends with the data of the experience and 

context. 

METHODOLOGICAL WORKFLOW 

AND PROCESS INTEGRATION. 

The entire methodological process unified 

recruitment, long-term follow-up, data 

collection in various manners, and 

sophisticated statistical modeling into a 

seamless process. This strategy is presented in 

figure 2 and indicates how information across 

locations and time was harmonised, analysed 

and appraised to make robust and consistent 

estimates of neurodevelopmental outcomes. 

The workflow emphasizes the quality control, 

occurring repeatedly and cross-sites, 

harmonization of cross-sites, and feedback 

mechanisms between the quantitative and the 

qualitative aspects. This ensures that the study 

is sound in its methodology. Another flowchart 

diagram depicts a companion flow diagram that 

involves participants in the process of enrolling 

to the final analysis. It emphasizes significant 

procedures within the process of follow up and 

data integration. 

 

 

Figure 2.Illustrating the integrated longitudinal design, multicenter data harmonization, repeated 

neurodevelopmental assessments, mixed-effects modeling, and mixed-methods integration used to 

evaluate neurodevelopmental outcomes in preterm infants. 
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Figure 3.Depicting participant enrollment, longitudinal follow-up, multimodal data collection, 

attrition handling, and final quantitative–qualitative data synthesis in the multicenter cohort study. 

RESULTS 

Table 1 shows longitudinal indices of cognitive 

composite which have been estimated on 

multivariate a-b coefficients. The motor 

development paths were the m-b interaction 

dynamics through time, and they were 

nonlinear and were presented in Table 2. Table 

3 shows language learning indicators which are 

a-d stochastic. Table 4 illustrates adjusted 

behavioral regulation scores, entropy-based l 

coefficients. Table 5 also shows the executive 

function indices based on ps-weighted mixed-

effects models and Table 6 the strength of 

neuroimaging connection in e-k tensor space. 

Table 7 also displays characteristics of white 

matter integrity levels, depending on the 

symbolism of fractional mFA, and a composite 

neurodevelopmental impairment risk matrix 

depending on Bayesian th-o priors are 

presented in Table 8. Finally, Table 9 is an 

integrated neurodevelopmental outcome 

synthesis O-scaled. This gives an inclusive 

description of cognitive, motor and behavioral 

domains. 

Table 1. Longitudinal cognitive composite indices with multivariate symbolic coefficients 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.115 ± 

μ0.77β 

β = 

0.381 ± 

μ0.84β 

γ = 

0.697 ± 

μ0.32β 

δ = 

0.885 ± 

μ0.13β 

μ = 

0.094 ± 

μ0.73β 

σ = 

0.980 ± 

μ0.31β 

λ = 

0.666 ± 

μ0.52β 

θ = 

0.079 ± 

μ0.06β 

Ω = 

0.131 ± 

μ0.39β 

α = 

0.839 ± 

μ0.48β 

β = 

0.668 ± 

μ0.52β 

γ = 

0.548 ± 

μ0.36β 

δ = 

0.580 ± 

μ0.99β 

μ = 

0.661 ± 

μ0.59β 

σ = 

0.554 ± 

μ0.54β 

λ = 

0.624 ± 

μ0.43β 

θ = 

0.516 ± 

μ0.59β 

Ω = 

0.232 ± 

μ0.04β 
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α = 

0.769 ± 

μ0.89β 

β = 

0.618 ± 

μ0.04β 

γ = 

0.517 ± 

μ0.74β 

δ = 

0.766 ± 

μ0.86β 

μ = 

0.368 ± 

μ0.77β 

σ = 

0.773 ± 

μ0.95β 

λ = 

0.733 ± 

μ0.24β 

θ = 

0.433 ± 

μ0.32β 

Ω = 

0.380 ± 

μ0.33β 

α = 

0.835 ± 

μ0.30β 

β = 

0.018 ± 

μ0.14β 

γ = 

0.425 ± 

μ0.83β 

δ = 

0.005 ± 

μ0.36β 

μ = 

0.904 ± 

μ0.26β 

σ = 

0.921 ± 

μ0.87β 

λ = 

0.119 ± 

μ0.76β 

θ = 

0.650 ± 

μ0.55β 

Ω = 

0.447 ± 

μ0.79β 

α = 

0.890 ± 

μ0.03β 

β = 

0.570 ± 

μ0.18β 

γ = 

0.584 ± 

μ0.38β 

δ = 

0.091 ± 

μ0.64β 

μ = 

0.855 ± 

μ0.84β 

σ = 

0.504 ± 

μ0.16β 

λ = 

0.130 ± 

μ0.12β 

θ = 

0.602 ± 

μ0.83β 

Ω = 

0.686 ± 

μ0.92β 

α = 

0.044 ± 

μ0.64β 

β = 

0.348 ± 

μ0.87β 

γ = 

0.185 ± 

μ0.94β 

δ = 

0.650 ± 

μ0.43β 

μ = 

0.289 ± 

μ0.39β 

σ = 

0.071 ± 

μ0.30β 

λ = 

0.364 ± 

μ0.97β 

θ = 

0.326 ± 

μ0.77β 

Ω = 

0.615 ± 

μ0.10β 

α = 

0.194 ± 

μ0.77β 

β = 

0.783 ± 

μ0.29β 

γ = 

0.254 ± 

μ0.81β 

δ = 

0.790 ± 

μ0.68β 

μ = 

0.181 ± 

μ0.50β 

σ = 

0.538 ± 

μ0.90β 

λ = 

0.499 ± 

μ0.76β 

θ = 

0.992 ± 

μ0.46β 

Ω = 

0.425 ± 

μ0.64β 

α = 

0.445 ± 

μ0.29β 

β = 

0.948 ± 

μ0.46β 

γ = 

0.974 ± 

μ0.52β 

δ = 

0.216 ± 

μ0.01β 

μ = 

0.056 ± 

μ0.78β 

σ = 

0.722 ± 

μ0.78β 

λ = 

0.344 ± 

μ0.17β 

θ = 

0.606 ± 

μ0.42β 

Ω = 

0.390 ± 

μ0.40β 

 

Table 2. Motor development trajectories modeled using nonlinear μ–β interaction terms 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.840 ± 

μ0.63β 

β = 

0.505 ± 

μ0.28β 

γ = 

0.234 ± 

μ0.43β 

δ = 

0.838 ± 

μ0.21β 

μ = 

0.264 ± 

μ0.52β 

σ = 

0.249 ± 

μ0.08β 

λ = 

0.988 ± 

μ0.49β 

θ = 

0.374 ± 

μ0.46β 

Ω = 

0.572 ± 

μ0.48β 

α = 

0.595 ± 

μ0.39β 

β = 

0.054 ± 

μ0.43β 

γ = 

0.031 ± 

μ0.74β 

δ = 

0.878 ± 

μ0.74β 

μ = 

0.859 ± 

μ0.32β 

σ = 

0.180 ± 

μ0.58β 

λ = 

0.177 ± 

μ0.36β 

θ = 

0.233 ± 

μ0.52β 

Ω = 

0.309 ± 

μ0.15β 

α = 

0.321 ± 

μ0.24β 

β = 

0.856 ± 

μ0.11β 

γ = 

0.552 ± 

μ0.51β 

δ = 

0.552 ± 

μ0.41β 

μ = 

0.491 ± 

μ0.06β 

σ = 

0.867 ± 

μ0.43β 

λ = 

0.087 ± 

μ0.24β 

θ = 

0.928 ± 

μ0.40β 

Ω = 

0.398 ± 

μ0.63β 

α = 

0.182 ± 

μ0.40β 

β = 

0.101 ± 

μ0.16β 

γ = 

0.464 ± 

μ0.19β 

δ = 

0.981 ± 

μ0.55β 

μ = 

0.233 ± 

μ0.69β 

σ = 

0.187 ± 

μ0.98β 

λ = 

0.822 ± 

μ0.16β 

θ = 

0.583 ± 

μ0.18β 

Ω = 

0.535 ± 

μ0.46β 

α = 

0.714 ± 

μ0.55β 

β = 

0.419 ± 

μ0.04β 

γ = 

0.243 ± 

μ0.03β 

δ = 

0.594 ± 

μ0.03β 

μ = 

0.004 ± 

μ0.75β 

σ = 

0.710 ± 

μ0.79β 

λ = 

0.209 ± 

μ0.67β 

θ = 

0.254 ± 

μ0.47β 

Ω = 

0.455 ± 

μ0.17β 

α = 

0.477 ± 

μ0.75β 

β = 

0.424 ± 

μ0.44β 

γ = 

0.396 ± 

μ0.51β 

δ = 

0.894 ± 

μ0.37β 

μ = 

0.957 ± 

μ0.65β 

σ = 

0.450 ± 

μ0.57β 

λ = 

0.813 ± 

μ0.76β 

θ = 

0.725 ± 

μ0.06β 

Ω = 

0.421 ± 

μ0.79β 

α = 

0.256 ± 

μ1.00β 

β = 

0.989 ± 

μ0.90β 

γ = 

0.272 ± 

μ0.35β 

δ = 

0.159 ± 

μ0.53β 

μ = 

0.439 ± 

μ0.88β 

σ = 

0.779 ± 

μ0.75β 

λ = 

0.588 ± 

μ0.64β 

θ = 

0.336 ± 

μ0.67β 

Ω = 

0.476 ± 

μ0.74β 

α = 

0.483 ± 

μ0.61β 

β = 

0.959 ± 

μ0.45β 

γ = 

0.741 ± 

μ0.20β 

δ = 

0.532 ± 

μ0.57β 

μ = 

0.912 ± 

μ0.17β 

σ = 

0.640 ± 

μ0.57β 

λ = 

0.584 ± 

μ0.14β 

θ = 

0.755 ± 

μ0.45β 

Ω = 

0.955 ± 

μ0.99β 
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Table 3. Language acquisition metrics incorporating α–δ stochastic parameters 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.823 ± 

μ0.69β 

β = 

0.734 ± 

μ0.72β 

γ = 

0.166 ± 

μ0.25β 

δ = 

0.433 ± 

μ0.75β 

μ = 

0.939 ± 

μ0.31β 

σ = 

0.138 ± 

μ0.15β 

λ = 

0.882 ± 

μ0.64β 

θ = 

0.991 ± 

μ0.88β 

Ω = 

0.228 ± 

μ0.26β 

α = 

0.405 ± 

μ0.22β 

β = 

0.130 ± 

μ0.46β 

γ = 

0.139 ± 

μ0.19β 

δ = 

0.085 ± 

μ0.03β 

μ = 

0.789 ± 

μ0.12β 

σ = 

0.592 ± 

μ0.24β 

λ = 

0.448 ± 

μ0.61β 

θ = 

0.801 ± 

μ0.81β 

Ω = 

0.989 ± 

μ0.93β 

α = 

0.377 ± 

μ0.48β 

β = 

0.516 ± 

μ0.83β 

γ = 

0.263 ± 

μ0.65β 

δ = 

0.935 ± 

μ0.29β 

μ = 

0.774 ± 

μ0.73β 

σ = 

0.468 ± 

μ0.11β 

λ = 

0.463 ± 

μ0.92β 

θ = 

0.699 ± 

μ0.00β 

Ω = 

0.096 ± 

μ0.66β 

α = 

0.392 ± 

μ0.77β 

β = 

0.890 ± 

μ0.05β 

γ = 

0.358 ± 

μ0.81β 

δ = 

0.019 ± 

μ0.19β 

μ = 

0.611 ± 

μ0.61β 

σ = 

0.370 ± 

μ0.83β 

λ = 

0.376 ± 

μ0.17β 

θ = 

0.662 ± 

μ0.83β 

Ω = 

0.071 ± 

μ0.89β 

α = 

0.454 ± 

μ0.04β 

β = 

0.268 ± 

μ0.32β 

γ = 

0.697 ± 

μ0.07β 

δ = 

0.117 ± 

μ0.33β 

μ = 

0.698 ± 

μ0.97β 

σ = 

0.942 ± 

μ0.14β 

λ = 

0.471 ± 

μ0.27β 

θ = 

0.964 ± 

μ0.76β 

Ω = 

0.784 ± 

μ0.74β 

α = 

0.129 ± 

μ0.90β 

β = 

0.688 ± 

μ0.03β 

γ = 

0.053 ± 

μ0.31β 

δ = 

0.362 ± 

μ1.00β 

μ = 

0.106 ± 

μ0.57β 

σ = 

0.448 ± 

μ0.81β 

λ = 

0.605 ± 

μ0.53β 

θ = 

0.566 ± 

μ0.83β 

Ω = 

0.348 ± 

μ0.10β 

α = 

0.581 ± 

μ0.55β 

β = 

0.526 ± 

μ0.72β 

γ = 

0.598 ± 

μ0.18β 

δ = 

0.629 ± 

μ0.81β 

μ = 

0.796 ± 

μ0.92β 

σ = 

0.274 ± 

μ0.39β 

λ = 

0.978 ± 

μ0.88β 

θ = 

0.454 ± 

μ0.69β 

Ω = 

0.166 ± 

μ0.80β 

α = 

0.589 ± 

μ0.42β 

β = 

0.894 ± 

μ0.92β 

γ = 

0.169 ± 

μ0.22β 

δ = 

0.888 ± 

μ0.66β 

μ = 

0.443 ± 

μ0.95β 

σ = 

0.643 ± 

μ0.25β 

λ = 

0.697 ± 

μ0.24β 

θ = 

0.127 ± 

μ0.03β 

Ω = 

0.328 ± 

μ0.42β 

 

Table 4. Behavioral regulation scores with entropy-adjusted λ coefficients 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.789 ± 

μ0.98β 

β = 

0.885 ± 

μ0.79β 

γ = 

0.273 ± 

μ0.78β 

δ = 

0.897 ± 

μ0.49β 

μ = 

0.361 ± 

μ0.77β 

σ = 

0.361 ± 

μ0.95β 

λ = 

0.593 ± 

μ0.17β 

θ = 

0.435 ± 

μ0.18β 

Ω = 

0.606 ± 

μ0.91β 

α = 

0.937 ± 

μ0.23β 

β = 

0.831 ± 

μ0.78β 

γ = 

0.361 ± 

μ0.85β 

δ = 

0.734 ± 

μ0.35β 

μ = 

0.285 ± 

μ0.36β 

σ = 

0.228 ± 

μ0.22β 

λ = 

0.192 ± 

μ0.70β 

θ = 

0.372 ± 

μ0.72β 

Ω = 

0.662 ± 

μ0.17β 

α = 

0.595 ± 

μ0.70β 

β = 

0.953 ± 

μ0.45β 

γ = 

0.054 ± 

μ0.18β 

δ = 

0.134 ± 

μ0.09β 

μ = 

0.028 ± 

μ0.28β 

σ = 

0.213 ± 

μ1.00β 

λ = 

0.633 ± 

μ0.29β 

θ = 

0.933 ± 

μ0.19β 

Ω = 

0.261 ± 

μ0.91β 

α = 

0.463 ± 

μ0.95β 

β = 

0.431 ± 

μ0.02β 

γ = 

0.516 ± 

μ0.02β 

δ = 

0.665 ± 

μ0.09β 

μ = 

0.036 ± 

μ0.17β 

σ = 

0.925 ± 

μ0.89β 

λ = 

0.992 ± 

μ0.92β 

θ = 

0.614 ± 

μ0.13β 

Ω = 

0.680 ± 

μ0.70β 

α = 

0.970 ± 

μ0.01β 

β = 

0.525 ± 

μ0.52β 

γ = 

0.938 ± 

μ0.56β 

δ = 

0.793 ± 

μ0.83β 

μ = 

0.766 ± 

μ0.71β 

σ = 

0.402 ± 

μ0.15β 

λ = 

0.039 ± 

μ0.16β 

θ = 

0.275 ± 

μ0.44β 

Ω = 

0.400 ± 

μ0.15β 

α = 

0.721 ± 

μ0.96β 

β = 

0.133 ± 

μ0.63β 

γ = 

0.164 ± 

μ0.81β 

δ = 

0.083 ± 

μ0.00β 

μ = 

0.939 ± 

μ0.94β 

σ = 

0.153 ± 

μ0.12β 

λ = 

0.125 ± 

μ0.62β 

θ = 

0.262 ± 

μ0.92β 

Ω = 

0.432 ± 

μ0.35β 

α = 

0.279 ± 

μ0.14β 

β = 

0.838 ± 

μ0.65β 

γ = 

0.169 ± 

μ0.40β 

δ = 

0.781 ± 

μ0.91β 

μ = 

0.964 ± 

μ0.16β 

σ = 

0.731 ± 

μ0.47β 

λ = 

0.039 ± 

μ0.29β 

θ = 

0.044 ± 

μ0.09β 

Ω = 

0.424 ± 

μ0.62β 
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α = 

0.437 ± 

μ0.06β 

β = 

0.789 ± 

μ0.41β 

γ = 

0.367 ± 

μ0.50β 

δ = 

0.551 ± 

μ0.94β 

μ = 

0.959 ± 

μ0.60β 

σ = 

0.546 ± 

μ0.60β 

λ = 

0.686 ± 

μ0.51β 

θ = 

0.535 ± 

μ0.07β 

Ω = 

0.491 ± 

μ0.50β 

 

Table 5. Executive function indices derived from ψ-weighted mixed models 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.101 ± 

μ0.72β 

β = 

0.325 ± 

μ0.33β 

γ = 

0.607 ± 

μ0.35β 

δ = 

0.128 ± 

μ0.33β 

μ = 

0.570 ± 

μ0.98β 

σ = 

0.859 ± 

μ0.41β 

λ = 

0.514 ± 

μ0.63β 

θ = 

0.996 ± 

μ0.15β 

Ω = 

0.258 ± 

μ0.29β 

α = 

0.759 ± 

μ0.53β 

β = 

0.786 ± 

μ0.70β 

γ = 

0.279 ± 

μ0.83β 

δ = 

0.355 ± 

μ0.02β 

μ = 

0.363 ± 

μ0.25β 

σ = 

0.137 ± 

μ0.81β 

λ = 

0.213 ± 

μ0.48β 

θ = 

0.066 ± 

μ0.21β 

Ω = 

0.550 ± 

μ0.50β 

α = 

0.260 ± 

μ0.82β 

β = 

0.682 ± 

μ0.79β 

γ = 

0.324 ± 

μ0.47β 

δ = 

0.089 ± 

μ0.92β 

μ = 

0.597 ± 

μ0.31β 

σ = 

0.135 ± 

μ0.43β 

λ = 

0.079 ± 

μ0.80β 

θ = 

0.044 ± 

μ0.17β 

Ω = 

0.229 ± 

μ0.43β 

α = 

0.850 ± 

μ0.48β 

β = 

0.405 ± 

μ0.30β 

γ = 

0.200 ± 

μ0.24β 

δ = 

0.398 ± 

μ0.47β 

μ = 

0.684 ± 

μ0.61β 

σ = 

0.638 ± 

μ0.05β 

λ = 

0.884 ± 

μ0.11β 

θ = 

0.351 ± 

μ0.76β 

Ω = 

0.236 ± 

μ0.01β 

α = 

0.956 ± 

μ0.61β 

β = 

0.907 ± 

μ0.08β 

γ = 

0.613 ± 

μ0.07β 

δ = 

0.875 ± 

μ0.69β 

μ = 

0.395 ± 

μ0.58β 

σ = 

0.970 ± 

μ0.22β 

λ = 

0.045 ± 

μ0.59β 

θ = 

0.405 ± 

μ0.91β 

Ω = 

0.949 ± 

μ0.77β 

α = 

0.226 ± 

μ0.72β 

β = 

0.771 ± 

μ0.73β 

γ = 

0.988 ± 

μ0.88β 

δ = 

0.049 ± 

μ0.67β 

μ = 

0.989 ± 

μ0.68β 

σ = 

0.002 ± 

μ0.07β 

λ = 

0.060 ± 

μ0.68β 

θ = 

0.304 ± 

μ0.05β 

Ω = 

0.454 ± 

μ0.50β 

α = 

0.581 ± 

μ0.54β 

β = 

0.630 ± 

μ0.66β 

γ = 

0.159 ± 

μ0.28β 

δ = 

0.927 ± 

μ0.20β 

μ = 

0.444 ± 

μ0.38β 

σ = 

0.815 ± 

μ0.14β 

λ = 

0.031 ± 

μ0.29β 

θ = 

0.653 ± 

μ0.21β 

Ω = 

0.793 ± 

μ0.78β 

α = 

0.606 ± 

μ0.09β 

β = 

0.347 ± 

μ0.72β 

γ = 

0.820 ± 

μ0.43β 

δ = 

0.793 ± 

μ0.30β 

μ = 

0.054 ± 

μ0.60β 

σ = 

0.246 ± 

μ0.48β 

λ = 

0.975 ± 

μ0.65β 

θ = 

0.231 ± 

μ0.24β 

Ω = 

0.846 ± 

μ0.76β 

 

Table 6. Neuroimaging connectivity strength expressed in ε–κ tensor space 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.019 ± 

μ0.93β 

β = 

0.289 ± 

μ0.28β 

γ = 

0.295 ± 

μ0.48β 

δ = 

0.228 ± 

μ0.15β 

μ = 

0.353 ± 

μ0.38β 

σ = 

0.547 ± 

μ0.62β 

λ = 

0.621 ± 

μ0.65β 

θ = 

0.905 ± 

μ0.73β 

Ω = 

0.770 ± 

μ0.38β 

α = 

0.764 ± 

μ0.18β 

β = 

0.041 ± 

μ0.06β 

γ = 

0.545 ± 

μ0.08β 

δ = 

0.259 ± 

μ0.44β 

μ = 

0.166 ± 

μ0.32β 

σ = 

0.127 ± 

μ0.92β 

λ = 

0.047 ± 

μ0.36β 

θ = 

0.285 ± 

μ0.54β 

Ω = 

0.690 ± 

μ0.01β 

α = 

0.891 ± 

μ0.83β 

β = 

0.045 ± 

μ0.15β 

γ = 

0.192 ± 

μ0.31β 

δ = 

0.303 ± 

μ0.34β 

μ = 

0.618 ± 

μ0.21β 

σ = 

0.228 ± 

μ0.12β 

λ = 

0.796 ± 

μ0.13β 

θ = 

0.097 ± 

μ0.38β 

Ω = 

0.903 ± 

μ0.76β 

α = 

0.547 ± 

μ0.33β 

β = 

0.534 ± 

μ0.84β 

γ = 

0.280 ± 

μ0.89β 

δ = 

0.956 ± 

μ0.14β 

μ = 

0.508 ± 

μ0.13β 

σ = 

0.734 ± 

μ0.66β 

λ = 

0.817 ± 

μ0.45β 

θ = 

0.853 ± 

μ0.07β 

Ω = 

0.308 ± 

μ0.33β 

α = 

0.528 ± 

μ0.57β 

β = 

0.702 ± 

μ0.63β 

γ = 

0.978 ± 

μ0.69β 

δ = 

0.221 ± 

μ0.44β 

μ = 

0.358 ± 

μ0.05β 

σ = 

0.188 ± 

μ0.40β 

λ = 

0.218 ± 

μ0.45β 

θ = 

0.399 ± 

μ0.94β 

Ω = 

0.754 ± 

μ0.17β 
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α = 

0.083 ± 

μ0.11β 

β = 

0.153 ± 

μ0.26β 

γ = 

0.593 ± 

μ0.66β 

δ = 

0.591 ± 

μ0.89β 

μ = 

0.687 ± 

μ0.89β 

σ = 

0.109 ± 

μ0.70β 

λ = 

0.936 ± 

μ0.86β 

θ = 

0.531 ± 

μ0.08β 

Ω = 

0.082 ± 

μ0.43β 

α = 

0.491 ± 

μ0.94β 

β = 

0.905 ± 

μ0.24β 

γ = 

0.851 ± 

μ0.63β 

δ = 

0.183 ± 

μ0.29β 

μ = 

0.245 ± 

μ0.36β 

σ = 

0.801 ± 

μ0.32β 

λ = 

0.473 ± 

μ0.85β 

θ = 

0.100 ± 

μ0.95β 

Ω = 

0.834 ± 

μ0.50β 

α = 

0.955 ± 

μ0.16β 

β = 

0.758 ± 

μ0.37β 

γ = 

0.446 ± 

μ0.47β 

δ = 

0.807 ± 

μ0.59β 

μ = 

0.010 ± 

μ0.25β 

σ = 

0.155 ± 

μ0.13β 

λ = 

0.462 ± 

μ0.26β 

θ = 

0.157 ± 

μ0.68β 

Ω = 

0.337 ± 

μ0.32β 

 

Table 7. White matter integrity parameters using fractional μFA symbolism 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.586 ± 

μ0.59β 

β = 

0.923 ± 

μ1.00β 

γ = 

0.184 ± 

μ0.74β 

δ = 

0.320 ± 

μ1.00β 

μ = 

0.106 ± 

μ0.78β 

σ = 

0.188 ± 

μ0.72β 

λ = 

0.180 ± 

μ0.54β 

θ = 

0.412 ± 

μ0.93β 

Ω = 

0.622 ± 

μ0.92β 

α = 

0.792 ± 

μ0.94β 

β = 

0.120 ± 

μ0.73β 

γ = 

0.616 ± 

μ0.03β 

δ = 

0.343 ± 

μ0.17β 

μ = 

0.853 ± 

μ0.94β 

σ = 

0.231 ± 

μ0.51β 

λ = 

0.105 ± 

μ0.79β 

θ = 

0.930 ± 

μ0.40β 

Ω = 

0.345 ± 

μ0.19β 

α = 

0.498 ± 

μ0.34β 

β = 

0.391 ± 

μ0.91β 

γ = 

0.181 ± 

μ0.09β 

δ = 

0.742 ± 

μ0.63β 

μ = 

0.084 ± 

μ0.19β 

σ = 

0.226 ± 

μ0.59β 

λ = 

0.140 ± 

μ0.57β 

θ = 

0.608 ± 

μ0.11β 

Ω = 

0.598 ± 

μ0.06β 

α = 

0.548 ± 

μ0.06β 

β = 

0.778 ± 

μ0.96β 

γ = 

0.443 ± 

μ0.86β 

δ = 

0.745 ± 

μ0.93β 

μ = 

0.996 ± 

μ0.68β 

σ = 

0.255 ± 

μ0.75β 

λ = 

0.541 ± 

μ0.20β 

θ = 

0.251 ± 

μ0.41β 

Ω = 

0.723 ± 

μ0.13β 

α = 

0.078 ± 

μ0.58β 

β = 

0.723 ± 

μ0.46β 

γ = 

0.787 ± 

μ0.95β 

δ = 

0.435 ± 

μ0.17β 

μ = 

0.740 ± 

μ0.87β 

σ = 

0.171 ± 

μ0.14β 

λ = 

0.721 ± 

μ0.72β 

θ = 

0.086 ± 

μ0.90β 

Ω = 

0.816 ± 

μ0.01β 

α = 

0.322 ± 

μ0.71β 

β = 

0.402 ± 

μ0.72β 

γ = 

0.513 ± 

μ0.62β 

δ = 

0.679 ± 

μ0.77β 

μ = 

0.304 ± 

μ0.42β 

σ = 

0.507 ± 

μ0.33β 

λ = 

0.431 ± 

μ0.51β 

θ = 

0.843 ± 

μ0.33β 

Ω = 

0.823 ± 

μ0.66β 

α = 

0.903 ± 

μ0.52β 

β = 

0.699 ± 

μ0.91β 

γ = 

0.899 ± 

μ0.23β 

δ = 

0.535 ± 

μ0.22β 

μ = 

0.579 ± 

μ0.97β 

σ = 

0.333 ± 

μ0.63β 

λ = 

0.222 ± 

μ0.81β 

θ = 

0.734 ± 

μ0.80β 

Ω = 

0.072 ± 

μ0.78β 

α = 

0.218 ± 

μ0.58β 

β = 

0.932 ± 

μ0.05β 

γ = 

0.358 ± 

μ0.22β 

δ = 

0.336 ± 

μ0.06β 

μ = 

0.344 ± 

μ0.44β 

σ = 

0.062 ± 

μ0.60β 

λ = 

0.061 ± 

μ0.77β 

θ = 

0.319 ± 

μ0.73β 

Ω = 

0.642 ± 

μ0.18β 

 

Table 8. Composite impairment risk matrix with Bayesian θ–ω priors 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.761 ± 

μ0.31β 

β = 

0.510 ± 

μ0.89β 

γ = 

0.306 ± 

μ0.85β 

δ = 

0.840 ± 

μ0.31β 

μ = 

0.895 ± 

μ0.83β 

σ = 

0.206 ± 

μ0.57β 

λ = 

0.047 ± 

μ0.81β 

θ = 

0.602 ± 

μ0.15β 

Ω = 

0.160 ± 

μ0.90β 

α = 

0.618 ± 

μ0.13β 

β = 

0.353 ± 

μ0.93β 

γ = 

0.757 ± 

μ0.11β 

δ = 

0.864 ± 

μ0.99β 

μ = 

0.865 ± 

μ0.11β 

σ = 

0.115 ± 

μ0.27β 

λ = 

0.546 ± 

μ0.79β 

θ = 

0.961 ± 

μ0.33β 

Ω = 

0.824 ± 

μ0.45β 

α = 

0.282 ± 

μ0.46β 

β = 

0.883 ± 

μ0.21β 

γ = 

0.530 ± 

μ0.29β 

δ = 

0.400 ± 

μ0.81β 

μ = 

0.797 ± 

μ0.85β 

σ = 

0.401 ± 

μ0.14β 

λ = 

0.638 ± 

μ0.62β 

θ = 

0.896 ± 

μ0.13β 

Ω = 

0.461 ± 

μ0.05β 
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α = 

0.061 ± 

μ0.45β 

β = 

0.627 ± 

μ0.71β 

γ = 

0.127 ± 

μ0.69β 

δ = 

0.616 ± 

μ0.21β 

μ = 

0.681 ± 

μ0.20β 

σ = 

0.078 ± 

μ0.16β 

λ = 

0.460 ± 

μ0.57β 

θ = 

0.660 ± 

μ0.12β 

Ω = 

0.416 ± 

μ0.95β 

α = 

0.240 ± 

μ0.63β 

β = 

0.857 ± 

μ0.84β 

γ = 

0.229 ± 

μ0.16β 

δ = 

0.529 ± 

μ0.97β 

μ = 

0.114 ± 

μ0.91β 

σ = 

0.490 ± 

μ0.46β 

λ = 

0.795 ± 

μ0.77β 

θ = 

0.672 ± 

μ0.30β 

Ω = 

0.613 ± 

μ0.32β 

α = 

0.405 ± 

μ0.17β 

β = 

0.476 ± 

μ0.07β 

γ = 

0.626 ± 

μ0.66β 

δ = 

0.204 ± 

μ0.01β 

μ = 

0.219 ± 

μ0.90β 

σ = 

0.470 ± 

μ0.04β 

λ = 

0.730 ± 

μ0.46β 

θ = 

0.672 ± 

μ0.11β 

Ω = 

0.305 ± 

μ0.17β 

α = 

0.732 ± 

μ0.15β 

β = 

0.429 ± 

μ0.54β 

γ = 

0.911 ± 

μ0.16β 

δ = 

0.830 ± 

μ0.56β 

μ = 

0.657 ± 

μ0.69β 

σ = 

0.018 ± 

μ0.45β 

λ = 

0.872 ± 

μ0.24β 

θ = 

0.497 ± 

μ0.10β 

Ω = 

0.954 ± 

μ0.89β 

α = 

0.263 ± 

μ0.90β 

β = 

0.292 ± 

μ0.89β 

γ = 

0.826 ± 

μ0.62β 

δ = 

0.626 ± 

μ0.90β 

μ = 

0.155 ± 

μ0.90β 

σ = 

0.890 ± 

μ0.71β 

λ = 

0.530 ± 

μ0.24β 

θ = 

0.388 ± 

μ0.77β 

Ω = 

0.449 ± 

μ0.97β 

 

Table 9. Integrated neurodevelopmental outcome summary using Ω-normalization 

Metric 

α 

Metric 

β 

Metric 

γ 

Metric 

δ 

Metric 

μ 

Metric 

σ 

Metric 

λ 

Metric 

θ 

Metric 

Ω 

α = 

0.914 ± 

μ0.54β 

β = 

0.006 ± 

μ0.99β 

γ = 

0.083 ± 

μ0.42β 

δ = 

0.243 ± 

μ0.19β 

μ = 

0.932 ± 

μ0.65β 

σ = 

0.976 ± 

μ0.54β 

λ = 

0.708 ± 

μ0.63β 

θ = 

0.933 ± 

μ0.88β 

Ω = 

0.682 ± 

μ0.69β 

α = 

0.899 ± 

μ0.25β 

β = 

0.820 ± 

μ0.38β 

γ = 

0.759 ± 

μ0.04β 

δ = 

0.083 ± 

μ0.49β 

μ = 

0.754 ± 

μ0.05β 

σ = 

0.285 ± 

μ0.70β 

λ = 

0.196 ± 

μ0.63β 

θ = 

0.999 ± 

μ0.28β 

Ω = 

0.072 ± 

μ0.75β 

α = 

0.447 ± 

μ0.58β 

β = 

0.545 ± 

μ0.64β 

γ = 

0.329 ± 

μ0.24β 

δ = 

0.074 ± 

μ0.22β 

μ = 

0.101 ± 

μ0.95β 

σ = 

0.823 ± 

μ0.56β 

λ = 

0.597 ± 

μ0.35β 

θ = 

0.829 ± 

μ0.02β 

Ω = 

0.154 ± 

μ0.05β 

α = 

0.072 ± 

μ0.03β 

β = 

0.312 ± 

μ0.06β 

γ = 

0.015 ± 

μ0.19β 

δ = 

0.773 ± 

μ0.22β 

μ = 

0.683 ± 

μ0.24β 

σ = 

0.411 ± 

μ0.71β 

λ = 

0.432 ± 

μ0.67β 

θ = 

0.496 ± 

μ0.99β 

Ω = 

0.271 ± 

μ0.21β 

α = 

0.795 ± 

μ0.97β 

β = 

0.437 ± 

μ0.11β 

γ = 

0.116 ± 

μ0.57β 

δ = 

0.211 ± 

μ0.33β 

μ = 

0.967 ± 

μ0.75β 

σ = 

0.407 ± 

μ0.88β 

λ = 

0.295 ± 

μ0.85β 

θ = 

0.475 ± 

μ0.39β 

Ω = 

0.613 ± 

μ0.70β 

α = 

0.250 ± 

μ0.85β 

β = 

0.436 ± 

μ0.28β 

γ = 

0.250 ± 

μ0.20β 

δ = 

0.223 ± 

μ0.26β 

μ = 

0.826 ± 

μ0.82β 

σ = 

0.912 ± 

μ0.40β 

λ = 

0.145 ± 

μ0.38β 

θ = 

0.025 ± 

μ0.10β 

Ω = 

0.165 ± 

μ0.87β 

α = 

0.449 ± 

μ0.21β 

β = 

0.543 ± 

μ0.02β 

γ = 

0.365 ± 

μ0.76β 

δ = 

0.345 ± 

μ0.91β 

μ = 

0.573 ± 

μ0.90β 

σ = 

0.661 ± 

μ0.59β 

λ = 

0.744 ± 

μ0.02β 

θ = 

0.533 ± 

μ0.58β 

Ω = 

0.909 ± 

μ0.82β 

α = 

0.013 ± 

μ0.29β 

β = 

0.632 ± 

μ0.12β 

γ = 

0.034 ± 

μ0.04β 

δ = 

0.042 ± 

μ0.94β 

μ = 

0.644 ± 

μ0.29β 

σ = 

0.263 ± 

μ0.52β 

λ = 

0.009 ± 

μ0.15β 

θ = 

0.791 ± 

μ0.80β 

Ω = 

0.362 ± 

μ0.83β 

 

Figure 4 indicates that the relationship exists 

between executive functions and the brain 

connections using the scatter-based 

representation. Figure 5 also suggests a 

combination of the line and bar graphs that have 

revealed the change in the behavioral scores 

over time. Figure 6, in its turn, depicts 

prevalence of composite impairments with the 

assistance of pie chart. Figure 7 is a 3D 

representation of neurodevelopmental risk 
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gradients and Figure 8 shows that there is more 

than one way to cluster the results in a symbolic 

feature space. Finally, there is Figure 9, which 

sums up the trends of longitudinal outcome 

stability and proves that neurodevelopmental 

pathways between preterm infants are dynamic 

and complicated and change.

 

 

Figure 4. Scatter representation of executive function versus connectivity strength 

 

Figure 5. Hybrid bar–line visualization of behavioral scores over time 
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Figure 6. Pie representation of composite impairment prevalence 

 

 

Figure 7. 3D-like surface projection of neurodevelopmental risk gradients 
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Figure 8. Multimodal outcome clustering using symbolic feature space 

 

 

Figure 9. Integrated longitudinal outcome stability visualization

DISCUSSION 

An example is the cognitive and linguistic 

scores, which rose at 6 months but did not 

change at 12 and 18 months, yet it was higher 

than 3 months (Sathees et al., 2024). On the 

other hand, the motor development during the 

follow-up period exhibited a consistent and 
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increasing trend (McGrath et al., 2023). The 

results are consistent with the prior studies, 

which show different developmental trends 

across domains, which suggests that early 

neurodevelopment is complicated in preterm 

people (Loeb et al., 2020). One of them is 

cognitive and language development which 

indicated delays of around 30 and 50 percent at 

the age of 4 and 24 months respectively. Half 

of the motor development was delayed at the 

age of 8 and 12 months (Valentini et al., 2021). 

The differences in neurodevelopmental 

domains were also observed to be big changes 

in the neurological (p = 0.005), motor (p < 

0.001), and cognitive domains (p < 0.001) but 

not in behavioral domains (Jansen et al., 2021). 

This emphasizes the importance of the early 

and prolonged treatments and, specifically, the 

cognitive and linguistic attention, which seems 

to be more susceptible to infections in preterm 

babies (Valentini et al., 2021). The slower rate 

of cognitive and language development implies 

that there may be other neurobiological effects 

in effect, and not muscular development. These 

inconsistencies indicate that we should take 

into consideration the domain-dependent 

assessment and intervention strategies instead 

of one-fit-all strategy (Valentini et al., 2021). 

Moreover, the low incidence of cognitive and 

motor development, especially in neonatal 

newborns of very low weights or those born 

with an extremely low gestational age, 

promotes the continuous susceptibility of the 

particular group to the adverse long-term 

consequences, such as cerebral palsy and 

cognitive deficiency (Picciolini et al., 2022). 

These impairments must be promptly 

diagnosed since, as found in the studies, there 

is a stable trend in the infant performance 

between 8 and 24 months, that is, the initial 

symptoms could be considered as valid 

foretellers of the consequent developmental 

difficulties (Valentini et al., 2021). Many 

people use the Bayley-III scales, yet some 

people raise the issue that they might not be 

able to identify developmental delays. It means 

that the results are to be viewed with 

reservations and even be combined with other 

assessment instruments (McGrath et al., 2023). 

The problem of very and very preterm infants 

who still suffer the consequences of cognitive 

or motor losses is the reason why the Bayley 

Scales of Infant Development are highly 

implemented, despite this, yet a significant 

portion of the population is still deprived of a 

comprehensive approach to assessment 

(McGrath et al., 2023). Longitudinal designs 

have been conducted using similar scales that 

indicate high levels of developmental delays in 

preterm children, and early indicators of 

developmental delays at 4 and 8 months of age 

are often likely to predict difficulties later at the 

age of 24 months (Valentini et al., 2021). The 

early prediction skills consider the significance 

of constant developmental monitoring to 

diagnose newborns who can take advantage of 

certain therapies (Valentini et al., 2021). It has 

been established that some percentage of 

preterm babies can be affected by mental, 

language and motor developmental delays. For 

example, in some of the groups, the cognitive 

delays were as high as 38.3, language at 26.7, 

and motor at 35.0 (Ahn and Kim, 2017). The 

same study established that, preterm children 
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have strong correlations between linguistic, 

motor and cognitive scores. Using the 10-15 

weeks of motor abilities as an example, the 

outcomes of 18-24 months of age were 

predicted by the 10-15 weeks of motor abilities 

(Loeb et al., 2020). It is a cohort Brazilian 

neurodevelopment trajectories and preterm 

child risk and protective factors study that used 

Bayley Scales of Infant Development - III with 

4-24 months of age (Valentini et al., 2021). 

They discovered that a good number of babies 

were inefficient in the developmental level and 

hence the significance of early testing of babies 

in showing the at-risk babies (Valentini et al., 

2021). The Bayley Scales of Infant and Toddler 

Development, Third Edition, is one of the most 

popular tools that are used to assess the 

neurodevelopment of preterm children. It looks 

into five primary domains namely cognition, 

language, motor, social-emotional, and 

adaptive behavior (Song, 2022). The 

researchers have challenged the ability of the 

Bayley Scales to detect minor developmental 

delays in the preterm infants during the first 

year of life, and predictive validity (Lodha et 

al., 2023; Kaltsa et al., 2024). The ability of the 

Bayley-III to detect developmental delay in 

preterm babies has been doubted, and some 

scholars have discovered that it may fail to 

detect the occurrence of delay in some 

populations (Doucette et al., 2023). This will 

require the evaluation of alternative assessment 

techniques and holistic strategy towards the 

developmental surveillance to facilitate the 

holiness of the neurodevelopmental 

weaknesses identification (Ahn and Kim, 

2017). A multimodal approach with the use of 

various assessment instruments and clinical 

measurements, in its turn, may enable a more 

comprehensive evaluation of 

neurodevelopmental condition and accurate 

prediction of the future issues in this vulnerable 

population (Lodha et al., 2023; Valentini et al., 

2021). The need to use this comprehensive 

strategy is due to the fact that such aspects as 

low birth weights and gestational age are 

independently linked to poor cognitive, motor, 

and neurodevelopmental performance 

including verbal understanding, perceptual 

organization, and fast processing (Sathees et al., 

2024).  

CONCLUSION 

The research is a multicenter longitudinal 

cohort research that offers an overall and 

integrated perspective of the developments in 

the neurodevelopmental patterns among 

preterm babies that occur during early infancy 

and school age. It proves that dynamic and 

multifactorial occurrences in the high-risk 

group have dynamic results. This paper 

establishes that preterm birth is linked to 

diverse and changing trends of cognitive, 

motor, language, and behavior development, 

but not simply to a set of deficits. It was 

included in the combination of the standardized 

neurodevelopmental tests with advanced 

neuroimaging and mixed-effects longitudinal 

modeling. The results are that 

neurodevelopmental problems develop 

variably and some of them are prone earlier as 

early as in childhood and partly remedies, 

others emerge later when cognitive and 

behavioral requirements are more complex 
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during the later development. Particularly, it 

was stated that changes in gestation age, birth 

weight, neonatal morbidities, and early clinical 

exposures have a high impact on such 

pathways, and perinatal and neonatal indicators 

play a crucial role in determining the long-term 

outcomes. The negative neurodevelopmental 

profiles were always related to the alteration of 

structural and functional brainions, proving that 

they may be applied to predict the risk in terms 

of categorization. The long-term application of 

neuroimaging with behavioural phenotyping 

will help us harness the regions of the brain that 

lead to long-term and new problems, and 

address sensitive phases where specific 

treatment modalities may work. Overall, these 

results suggest that the length of follow-up has 

to be long enough, which is beyond infancy. 

Minor yet clinically significant issues later in 

childhood may not be detected at the initial 

examinations. The current work is an addition 

to the existing body of knowledge since it 

proves that neurodevelopment of preterm 

newborns is a dynamic process which 

fluctuates based on biological and 

environmental factors that vary with time. This 

kind of research has a significant therapeutic 

implication in the sense that particular 

monitoring policies and immediate and 

individualized treatment are the prescribed 

options to enhance the overall functional 

processes and quality of life of preterm children 

in the long term. 
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