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Introduction: Children who have experienced the coronavirus disease 2019 (COVID-19) pandemic are at an increased risk of adverse neurologic developmental outcomes. Limited data exist on the environmental influences of during the COVID-19 pandemic on preterm infant development. This study aimed to investigate whether COVID-19 exposure affects the neurodevelopmental outcomes in preterm children up to 3 years of age.



Methods: This prospective cohort study included all very low birth weight (VLBW) infants from the Korean Neonatal Network who had undergone a neurodevelopmental assessment between January 2015, and May 2022. The neurodevelopmental outcomes along with the scores on the Bayley Scales of Infant and Toddler Development (BSID) and the Korean Developmental Screening Test for Infants and Children of pediatric patients aged 18–24 and 33–39 months who were exposed to COVID-19 were compared with those of VLBW children born and tested before the pandemic.



Results: The cohort included 1,683 VLBW infants. The pandemic group had significantly lower language scores on the BSID-III at ages 18–24 months (p = 0.021) and 33–39 months (p = 0.023) than the pre-pandemic group after adjusting for gestational age, morbidity, and environmental factors. At 2nd follow-up period, the pandemic group showed significantly lower scores in the cognitive (p = 0.026) domains with a mean difference of 7 points and had a significantly higher percentage of ≤−1SD in the gross motor domain (p < 0.001) compared with the pre-pandemic group.



Conclusion: Preterm children who experienced the COVID-19 pandemic are at higher risk of abnormal neurodevelopmental outcomes in the first 3 years of life than preterm infants born before the COVID-19 pandemic.
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1 Introduction

Severe acute respiratory syndrome coronavirus 2, which caused coronavirus disease 2019 (COVID-19), initially emerged in Wuhan, China, in December 2019 and was reported in Korea on January 20, 2020. As the virus primarily spreads through contact with droplets and inhalation of aerosol particles, wearing of face masks and maintaining social distancing should be strictly observed (1). Additionally, the stringent implementation of containment strategies, such as restrictions on the size of gatherings and reductions of outdoor activities, has progressively deteriorated interpersonal relationships (2). The necessity of short- and long-term developmental follow-up of children who are exposed to the pandemic has increased (3).

Early life experiences can affect the structure and connectivity of the developing infant brain (4), leading to potential delays in cognitive, language, and motor development during sensitive and vulnerable periods. A meta-analysis of neurodevelopmental outcomes during COVID-19 have shown that the COVID-19 environment itself has a negative impact on communication at first year of life (5). Moreover, a recent study in Japan found that children aged 1–3 years exposed to COVID-19 were on a normal developmental trajectory, while children aged 3–5 years exposed to the pandemic had a 4.39-month delay in overall development compared to the pandemic group (6).

Very low birth weight (VLBW) infants weighing <1,500 g at birth, with relatively immature brains, are at risk of the negative effects of the pandemic with the pre-existing vulnerabilities associated with prematurity-related factors (7). Previous meta-analyses of the intellectual quotient (IQ) scores of VLBW children and adults reported the IQ score differences of −0.86 SD and −0.78 between VLBW and term-born children and adults, respectively, which is equivalent to approximately 12–13 IQ points (8). A few (9–11) studies have explored the association between the COVID-19 pandemic and neurodevelopment status in infants and preschoolers, including preterm infants. Shufferey et al. (9) showed 317 infants, including 17 preterm infants, had delays in gross motor, fine motor, and personal-social ability at 6 months of age regardless of maternal COVID-19 infection. Giesbrecht et al. (10) identified pandemic-born infants who were born more than 33 weeks of gestational age (GA) had lower scored in gross motor, communication, and personal-social skills than pre-pandemic cohort at 1-year-old. David et al. (11) discovered 132 VLBW infants had experienced cognitive and language delay at 20 months of corrected age. Given the adverse influence of COVID-19 era on neurodevelopmental disorder in high-risk population, impact of COVID-19 era on neurodevelopmental function deserves special consideration in VLBW infants. Strict neuromonitoring and the provision of specific interventions that are beneficial for preterm children should be employed to achieve normal neurodevelopmental outcomes.

Our nationwide cohort, the Korean Neonatal Network (KNN), aimed to detect neurodevelopmental problems early through a follow-up program. Although the COVID-19 era may affect the neurodevelopmental outcomes of VLBW infants through a possible influence, studies exploring this aspect are limited. To understand the negative effects of the COVID-19 pandemic on neurodevelopment in VLBW infants who experienced the pandemic, we aimed to explore the association between exposure to COVID-19 and neurodevelopmental outcomes at 18–24 months and 33–39 months years using data from the KNN in a cross-sectional study.



2 Methods


2.1 Data source and study population

KNN is a web-based network targeting neonates born with a birth weight of less than 1,500 g or GA of less than 32 weeks from neonatal intensive care units (NICUs) nationwide, representing 70% of the NICU beds in the country. NICU follow-up is important to detect the developmental delay of preterm infants. The database contains prospectively collected clinical information of 70%–80% of VLBW infants born in Korea each year, using a standardized electronic case report form. NICU follow-up is important to detect the developmental delay of preterm infants. Currently, 79 hospitals are participating in the KNN, with a cohort count of 20,427.

Data from 7,426 VLBW infants who were born and registered with the KNN between January 2015, and May 2022, were used in the study. We excluded VLBW infants who died before neurodevelopmental assessment (N = 1,738); were diagnosed with congenital malformation (N = 79), cerebral palsy (N = 271), blindness, or hearing loss (N = 77); not Korean/impaired/assessor not trained (N = 2,143); and missing or unavailable developmental assessment results (N = 875). Among the eligible follow-up cohorts (N = 2,243), those who were lost to developmental testing were excluded (N = 560). A total of 1,683 VLBW infants who underwent neurodevelopmental tests at 18–24 months and/or 33–39 months of age were enrolled. We analyzed the long-term neurodevelopmental outcomes using BSID and Korean developmental screening test for infants and children (K-DST) at corrected ages of 18–24 months (N = 1,496) and 33–39 months (N = 595). The characteristics of the study participants are shown in Figure 1.
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FIGURE 1
Flowchart showing the participant selection process. VLBW, very low birth weight; BSID, Bayley Scales of Infant Development; K-DST, Korean Developmental Screening Test for Infants and Children.


To compare the demographics of infants who were lost to follow-up with those included in the analysis, we conducted propensity score matching (PSM), correcting for perinatal factors such as gestational age (GA), birth weight, and sex (N = 4,005). The cohort used in the analysis had lower rates of clinical mobility (bronchopulmonary dysplasia (BPD) ≥ moderate, intraventricular hemorrhage (IVH) ≥ grade III, periventricular leukomalacia (PVL) only) than infants who were lost to follow-up (Supplementary Table 1).



2.2 Socioeconomic status (SES)

To investigate the impact of environmental factors, specifically SES, on the neurodevelopment of VLBW infants, maternal education level and age were used. The maternal education was included as a primary measure of SES given prior study to use it as the most informative measures of SES in preterm birth at the time of NICU admission (12). To represent years of education, we applied the level of maternal education to quantitative variable. The primary school, secondary school, high school, and graduated college or university were substituted with 6, 9, 12, 14, respectively.



2.3 COVID-19 exposure

From 2020 to 2021, the Korean government introduced regulations and recommendations for practicing social distancing in daily life. In this period (from May 2020 to May 2021), there was an increased emphasis on implementing social distancing policies to improve both individual and collective infection control measures, with the aim of hindering the transmission of the virus. According to the social distancing polices in Korea, we divided the cohort into the pandemic group and the pre-pandemic group. The pandemic group consisted of those who experienced social distancing for at least 1 year and underwent neurodevelopmental tests from May 2021 to May 2022. The pre-pandemic group comprised those who were born and underwent neurodevelopmental assessments between January 2015, and December 2019, before the COVID-19 outbreak.



2.4 Neurodevelopmental outcomes

As part of the standard procedure, the KNN regularly conducted developmental tests using the BSID-II, BSID-III, and K-DST on preterm infants at two specific time points: 18–24 months (1st follow-up) and 33–39 months of age (2nd follow-up). Not all the assessments were conducted simultaneously. All assessments were conducted in person at the hospital, with visible face masks worn, and took approximately 30 min–1 h to complete.

BSID is a widely used assessment tool for measuring the mental, motor, and behavioral development of preterm infants from 1 to 42 months and is commonly implemented to monitor the neurodevelopmental outcomes (13). BSID-II was useful tool for high-risk infants consisted of a mental development index (MDI) and the other is psychomotor development index (PDI). Below −1SD (<84) in MDI or PDI was defined mental or motor development delay, and the severe motor development delay was defined as an MDI or PDI of <68 (below −2SD). With the revision of BSID to III, BSID-II is gradually being replaced by BSID-III in clinical practice. The BSID-III was comprised of three areas of development: cognitive, language, and motor, and two parent-report subtests reflecting social-emotional development. Scores below 85 (<-1SD) on the BSID-III are considered equivalent to being one standard deviation below the mean, while scores below 70 (<-2SD) are considered equivalent to being two standard deviations below the mean.

The K-DST was specifically developed and modified to detect potential developmental delays considering the cultural and newborn care environment in Korea. It is a standardized assessment with a sensitivity of 0.833 and specificity of 0.979 widely used in hospitals across Korea sponsored by the Ministry of Health and Welfare (14). The test demonstrated its validity by distinguishing between normal and neurodevelopmentally delayed groups (15). It consists of questions covering six domains: gross motor function, fine motor function, cognition, language, social interaction, and self- help (15). However, self-help ability was not measured in this study because it only emerges after a certain developmental stage. The total score for each domain was categorized into four levels: higher than peer-level (≥1SD), peer-level (≤1SD and >−1SD), follow-up evaluation is recommended (<−1SD and ≥−2SD), and detailed evaluation is warranted (<−2SD).



2.5 Graphical network analysis (GNA)

To analyze preterm infants robustly, a graphical approach that suggests potential outcomes should be used (16). GNA is a valuable statistical method for identifying complex relationships between variables that model the partial correlation structure of a set of variables (17) and has been used as a powerful tool to determine the conditional effects between neurodevelopmental outcomes and the clinical characteristics of preterm infants (18). Moreover, GNA aims to clarify complex relationships and identify key influences by representing them as a network of interconnected nodes and edges. The present study identified significant pairwise conditional correlations between neurodevelopmental assessment and clinical characteristics. With the risk factors identified using the GNA, to enhance the effect of COVID-19 exposure on neurodevelopmental outcomes more rigorously, we developed the adjusted fitting models based on GNA results. Moreover, generalized linear models were constructed using independent covariance structures for all predictors; then, the percentage variance (partial R2) of each predictor was extracted for each clinical outcome.



2.6 Adjusted model for neurodevelopmental outcomes

To identify the association between COVID-19 exposure and neurodevelopmental outcomes, multiple regression models were used. We developed the three adjusted fitting models that incorporated the clinical factors and stepwise regression approach. Variables related to the environmental factors (maternal age and level of education) and morbidity BPD ≥ moderate and IVH grade III or higher) were progressively included. First, Model 1 was adjusted only for perinatal factors. Model 2 was analyzed adjusting for perinatal factors and clinical mobility. Finally, to account for the independent of variance about the effects COVID-19 exposure on neurodevelopmental outcomes, we adjusted for all the associated factors such as preterm birth-related morbidities and environmental variables in Model 3.



2.7 Statistical analysis

Descriptive statistics were used to summarize the demographic and clinical characteristics of the study population. Continuous variables were expressed as the means and standard deviations, while categorical variables were expressed as frequencies and percentages. The differences between the pandemic and pre-pandemic groups were compared using a t-test for continuous variables and an χ2 test for categorical variables. The statistical threshold was set at a two-tailed p value of <0.05. Analyses were performed using SPSS version 28 (SPSS, Chicago, IL, USA) and R version 4.3.1 (R Foundation for Statistical Computing, Vienna, Austria).




3 Results


3.1 Clinical characteristics

Of the 1,683 VLBW infants who were assessed in any case 1 test in either of the two follow-up periods, 88.89% [total infants: 1,496; male infants: 773 (51.67%)] were evaluated at 18–24 months and 35.35% [total infants: 595; male infants: 298 (50.08%)] at 33–39 months. Among the 1,496 children assessed at the first follow-up, 1,267 were in the pre-pandemic group and 229 were in the pandemic group. At the second follow-up, the 595 children assessed included 479 in the pre-pandemic group and 116 in the pandemic group. The clinical characteristics of the patients included in this study are shown in Table 1. The demographics of the pre-pandemic group were compared with those of the pandemic group in Supplementary Tables 2–S4. The incidence of PDA ligation was higher in the pre-pandemic group, while that of BPD ≥moderate was higher in the pandemic group.


TABLE 1 Clinical characteristics of the study cohort.
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3.2 Neurodevelopmental outcomes between the two groups

In the 18–24-month follow-up cohort, the pandemic group scored significantly lower in the language (p = 0.026) and motor (p = 0.018) domains of the BSID-III than the pre-pandemic group. Additionally, a significantly higher proportion of patients scored less than −1SD in the language domain of the K-DST (p = 0.022). In the 3-year cohort, the pandemic group scored significantly lower in the cognitive (p = 0.026) and language (p = 0.041) domains of the BSID-III than the pre-pandemic group. Furthermore, the proportion of patients who scored less than −1SD was significantly higher in the gross motor domain of the K-DST (p = 0.008). In the BSID-II, there was no difference in the age at the time of assessment between the groups. While the assessment age was higher in both the BSID-III and the K-DST for the pandemic group, the developmental scores were lower in the pandemic group. The neurodevelopmental outcomes at both follow-up periods are shown in Table 2.


TABLE 2 Neurodevelopmental outcomes at 18–24 months and 33–39 months of the two study groups.
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3.3 Pairwise conditional effects determined by GNA at 18–24 months and 33–39 months of follow-up

As a result of the GNA based on the BSID-III score, COVID-19 exposure had the largest effect on BSID-III cognition (1st follow-up: partial R2 = 0.150, p < 0.001; 2nd follow-up: partial R2 = 0.042, p = 0.047) and motor (1st follow-up: partial R2 = 0.042, p < 0.001; 2nd follow-up: partial R2 = 0.047, p = 0.036) scores at both time points. The next most influential factor was sex, with male infants scoring lower than female infants. SES was associated with language scores at 18 months (partial R2 = 0.009; p = 0.049). As a single factor in the fully adjusted generalized linear model, the effect of total parenteral nutrition days decreased with age. Preterm birth-related factors such as IVH ≥grade III and sepsis had an effect at 1st follow-up but were offset at 2nd follow-up. The GNA results and partial R2 of each developmental domain are shown in Figure 2 and Supplementary Tables 5–S7.
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FIGURE 2
Graphical network analysis of BSID-III scores at (A) 18–24 months (pre-pandemic =323, pandemic = 133) and (B) 33–39 months (pre-pandemic = 47, pandemic = 62). (a,c,e) at 18–24 months and (g,i,k) display the correlation of each variable using a graphical network analysis. The magnitude of the line between variables indicates the strength of association, while the color indicates directionality. Red lines represent a positive association, while blue lines depict a negative association. (b,d,f) at 18–24 months and (h,j,l) at 33–39 months exhibit the partial R2, suggesting the coefficient of determination. BSID; Bayley Scales of Infant Development; GDM, gestational diabetes mellitus; BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; PROM, premature rupture of membranes; TPN, total parenteral nutrition. *p < 0.05, **p < 0.01, and ***p < 0.05.




3.4 Adjusted models of neurodevelopmental outcomes

In the 18–24-month cohort, after adjusting for clinical morbidity, and/or environmental factors, the pandemic group scored significantly lower in the language domain of the BSID-III (model 3, B = −4.029, p = 0.021) and high proportion of ≤−1SD in language subdomains of the K-DST (model 3, B = 2.713, p = 0.007) than the pre-pandemic group. However, the association between COVID-19 exposure and motor outcomes was weakened in the multivariate analysis after adjusting for SES at 18–24 months of age (model 2, B = −2.735, p = 0.040; model 3, B = −1.923, p = 0.196). In the 3-year cohort, after adjusting for clinical morbidity, and/or environmental factors, the pandemic group scored significantly lower in the cognitive (model 1, B = −8.017, p = 0.011; model 2, B = −8.350, p = 0.008; model 3, B = −8.324, p = 0.013) and language (model 1, B = −7.909, p = 0.023; model 2, B = −8.312, p = 0.017; model 3, B = −8.437, p = 0.023) domains of the BSID-III than the pre-pandemic group. Furthermore, a significantly higher proportion of patients scored less than −1SD in the gross motor domain of the K-DST (model 1, B = 2.552, p = 0.009; model 2, B = 2.894, p = 0.005; model 3, B = 4.455, p < 0.001). The adjusted models are listed in Table 3.


TABLE 3 Adjusted models of neurodevelopmental outcomes according to the duration of COVID-19 exposure.
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4 Discussion

This prospective study is the first to explore the impact of COVID-19 exposure on the neurodevelopmental outcomes of VLBW infants, elucidating the potential predictors at both 18–24 months and 33–39 months of age. The pandemic group had significantly lower language scores on the BSID-III at 1st and 2nd follow-up periods. Notably, the pandemic group obtained significantly lower scores in the cognitive domains and showed gross motor delay at 2nd follow-up time compared with the pre-pandemic group.

Although the COVID-19 pandemic has led to increased hygiene practices such as wearing of face masks and washing of hands (19), COVID-19 has also acted as a “double-edged sword” of interaction and connection on social skills. A systematic review and meta-analysis showed that 7% of infants who underwent neurodevelopmental screening during the COVID-19 pandemic experienced neurodevelopmental disability (5). Few studies have examined the association between the pandemic and the development of healthy infants and children. Healthy children exposed to COVID-19 showed reduced early learning abilities (20), reduced gross or fine motor and communication skills (21) or personal-social function (9), increased internalizing and externalizing symptoms (22), and delayed overall development (6).

Despite these early findings, the effects of exposure to the COVID-19 environment on the neurodevelopmental consequences of VLBW remain unclear (Supplementary Table 8). Neurodevelopmental challenges observed in infancy may result from factors such as genetic predisposition, perinatal inflammation, infections, dietary factors, socioeconomic influences, maternal health, as well as congenital abnormalities. Current advances in perinatal care have substantially decreased the neurodevelopmental disabilities of preterm infants during the critical period (23). Nevertheless, short- and long-term follow-up studies have reported various neurodevelopmental disorders, such as cognitive and language impairments and intelligence disability, in VLBW children (24, 25). Notably, in VLBW preterm infants, experiencing COVID-19 for more than a year was associated with a higher risk of impairment in cognitive, language, and gross motor functions at 2nd follow-up period, after controlling for sex, neonatal morbidities, and SES. Only one study has investigated the development of VLBW infants before and after the COVID pandemic using the BSID-III at a corrected age of 20 months, which showed the language and cognitive scores of −6.2 and −8.6 points, respectively (11). However, the study only included a small sample size, as the participants were recruited from a single follow-up clinic and had no information on the duration of COVID-19 exposure. Although preterm morbidities were considered to identify the effect of COVID-19 on neurodevelopmental outcomes, not all factors were stratified and controlled according to potential influence. Our study is noteworthy as it identified that exposure to the COVID-19 environment increased the incidence of neurodevelopmental impairment until 3 years of age; the present study included a relatively large sample and used the nationwide KNN data. Meanwhile, it was noted that BSID-III scores were higher compared to BSID-II scores in a previous study (26). While a greater portion of the pandemic cohort underwent evaluation with BSID-III compared to the pre-pandemic group, preterm children who experienced the COVID-19 pandemic demonstrated lower scores than those who did not experience it.

Although COVID-19 exposure had the most significant impact on cognitive and motor development, sex, preterm-related factors, and SES were also notable variables in language development at 18–24 months. When planning to conduct neurodevelopmental studies focused on investigating the effects of early life exposure to the COVID-19 pandemic in preterm infants, sex, neonatal morbidities, and SES should be considered important prognostic factors. Neurodevelopmental impairment was more pronounced in male infants than in female infants. These findings are in line with that of a previous study showing that VLBW male infants were at a high risk of motor, language, and cognitive developmental problems at 2 years of age (18). Social factors are linked to brain development during childhood (27), and SES is particularly related to neurodevelopment in preterm infants (28). After adjusting for SES, the impact of COVID-19 exposure on motor development diminished, indicating that motor development was more influenced by SES than by COVID-19 exposure. This finding corresponds well with that of a previous preterm study, in which a high level of maternal education was related to higher motor and language BSID-III scores (BSID-III 8.23 and 15.74 points, respectively) at the age of 2 years (29).

Three potential mechanisms can explain the language impairment in VLBW infants at 1st and 2nd follow-up periods during the COVID-19 era. First, based on brain developmental theory, the first 3 years of a child's life are commonly recognized as a critical and sensitive period for development, including language (30). Infants learn receptive and expressive language abilities by nature, exposing their linguistic environments, including speaking, hearing, and communicating with others (31). Therefore, VLBW infants exposed to a fragile environment owing to the COVID-19 outbreak at a developmentally critical time are likely to experience developmental setbacks. Second, in the COVID-19 era, wearing face masks, which reduce opportunities to hear the caregiver's voice and detect mouth shape, could hinder the pivotal development of socio-emotional communication (32) and language ability (33). As lip-reading plays a crucial role in language development in the first 3 years of age (34), wearing face masks may have a negative impact on the normative language milestones. In addition, because wearing face masks reduces in-person interactions with peers and non-family members, language development is not stimulated among VLBW infants. As observation of the mouth and lips by face-to-face interaction is an essential factor in language development (35), communicating while wearing a face mask can be an obstacle to language development. Third, from a neuropathological perspective, the microstructural deviations in brain development in preterm infants occur over a longer period, causing language problems and academic achievement (36). In particular, VLBW infants may have atypically developed microstructures of the corpus callosum and uncinate fasciculus, which are involved in oral language skills. Our results imply that VLBW infants who are at high risk of altered brain development related to language skills may experience aggravated linguistic sequelae during the COVID-19 pandemic.

In addition to the language domain, cognitive and motor dysfunctions occur with increasing age. Cognitive and language development are closely related and interdependent in that they both involve the acquisition and use of knowledge and skills (37). Language development provides the foundation for cognitive development as it allows children to acquire and use new information and ideas. The cognitive and language outcomes during the COVID-19 era in the present study are consistent with the findings of previous studies (33, 38). The MDI of Bayley-II encompassing the cognition and language domains, did not demonstrate significance, while significant differences were observed in the language domain of Bayley-III at 18–24 months. Similarly, significant differences were found in the cognition domain of Bayley-III, but not the MDI of Bayley-II at the age of 3. There seems to be limited finding of group difference across ages and domains assessed due to the conflation of cognition and language domain in MDI. In addition, the pandemic has caused inactivity in children, likely due to a significant decrease in physical activity. Motor dysfunction may be related to social restrictions and lifestyle changes during an extended pandemic period. Owing to the implementation of social distancing policies during the COVID-19 pandemic, the prevalence of engaging in sedentary behavior has increased, but the performance of outdoor activities has decreased (39). These policies limited opportunities for children to engage in physical activity routines and outdoor playtime (40, 41), as parents and children were required to stay home the entire day. A recent study investigated the incidence of gross motor dysfunction in healthy infants within the first 1 year of life during the COVID-19 era (9, 10) and found a close relationship between negative social responses and physical aspects. Our results support the findings of previous studies (42), which reported that social distancing policies during the COVID-19 pandemic may have negatively impacted the VLBW infants’ gross motor development, emphasizing the need for further research in this area.



5 Conclusion

Based on the findings of this study, exposure to COVID-19 is associated with a higher risk of neurodevelopmental dysfunction in VLBW infants. The pandemic group exhibited lower language scores at 1st and 2nd follow-up periods. Moreover, at 2nd follow-up period, the pandemic group showed significantly lower scores in the cognitive domains, with a mean difference of 7 points, and a significantly higher percentage of gross motor delay compared with the pre-pandemic group. These findings highlight the detrimental effects of COVID-19 on the neurodevelopment of VLBW infants. Therefore, targeted interventions and support should be provided to mitigate the impact of COVID-19 on the developmental outcomes of vulnerable infants.



6 Limitation

Some limitations must be acknowledged. First, we were unable to assess the prevalence of COVID-19 or perform antibody testing to confirm previous infection status. Second, the 2nd follow-up cohort comprised a relatively small sample size compared with the 1st follow-up cohort. Third, we could not measure the levels of sibling and maternal psychological distress. As the pandemic is still ongoing, previous studies examining children's development during the pandemic have not set a precise duration of exposure to social distancing policies. Hence, further research is needed to fully understand the impact of shorter or longer exposures and to explore the neurodevelopmental outcomes of high-risk populations, such as VLBW infants.



Data availability statement

The datasets presented in this article are not readily available because the datasets of the present study are governed by the KNN∼. Data Management Committee. Requests to access the datasets should be directed to Hyun Ju Lee, blesslee77@hanmail.net.



Ethics statement

The studies involving humans were approved by the KNN Data Management Committee and the Institutional Review Board of Hanyang University (IRB no. 2022-06-044). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

HK: Writing – Original draft, Writing – review & editing, Conceptualization, Data curation, Formal Analysis, Visualization. YJ: Writing – Original draft, Writing – review & editing, Formal Analysis, Software. JL: Writing – Original draft, Conceptualization, Data curation, Investigation. GL: Writing – Original draft, Investigation. JS: Writing – Original draft, Methodology. MK: Writing – review & editing, Validation. BL: Writing – review & editing, Funding acquisition, Project administration. SY: Writing – review & editing, Resources. JK: Writing – review & editing. KY: Writing – review & editing. J-HA: Writing – review & editing, Validation. HL: Writing – original draft, Writing – review & editing, Conceptualization, Funding acquisition, Supervision.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from the National Research Foundation of Korea (NRF), funded by the Korean Government (MIST) (NRF-2023R1A2C2006038 and 2020-M3E5D9080787), the Korea Basic Science Institute (National Research Facilities and Equipment Center) funded by the Ministry of Education (2023R1A6C101A009), and the Korea National Institute of Health research project (2022-ER0603-02#).



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2024.1368677/full#supplementary-material



References

1. Tellier R. COVID-19: the case for aerosol transmission. Interface Focus. (2022) 12(2):20210072. doi: 10.1098/rsfs.2021.0072

2. Herrmann L, Nielsen BL, Aguilar-Raab C. The impact of COVID-19 on interpersonal aspects in elementary school. Frontiers in Education. (2021) 6:635180. doi: 10.3389/feduc.2021.635180

3. Yao XD, Li Y, Jiang H, Ma J, Wen J. COVID-19 pandemic and neonatal birth weight: a systematic review and meta-analysis. Public Health. (2023) 220:10–7. doi: 10.1016/j.puhe.2023.04.009

4. Miguel PM, Pereira LO, Silveira PP, Meaney MJ. Early environmental influences on the development of children’s brain structure and function. Dev Med Child Neurol. (2019) 61(10):1127–33. doi: 10.1111/dmcn.14182

5. Hessami K, Norooznezhad AH, Monteiro S, Barrozo ER, Abdolmaleki AS, Arian SE, et al. COVID-19 pandemic and infant neurodevelopmental impairment: a systematic review and meta-analysis. JAMA Netw Open. (2022) 5(10):e2238941. doi: 10.1001/jamanetworkopen.2022.38941

6. Sato K, Fukai T, Fujisawa KK, Nakamuro M. Association between the COVID-19 pandemic and early childhood development. JAMA Pediatr. (2023) 9:930–8. doi: 10.1001/jamapediatrics.2023.2096

7. Cha JH, Choi N, Kim YJ, Lee HJ, Kim CR, Park H-K. Developmental outcome of very-low-birth-weight infants without Major brain injuries based on data from the Korean neonatal network: a nationwide cohort study. Neonatal Medicine. (2020) 27(4):151–8. doi: 10.5385/nm.2020.27.4.151

8. Wolke D, Johnson S, Mendonça M. The life course consequences of very preterm birth. Annu Rev Psychol. (2019) 1:69–92. doi: 10.1146/annurev-devpsych-121318-084804

9. Shuffrey LC, Firestein MR, Kyle MH, Fields A, Alcántara C, Amso D, et al. Association of birth during the COVID-19 pandemic with neurodevelopmental status at 6 months in infants with and without in utero exposure to maternal sars-cov-2 infection. JAMA Pediatr. (2022) 176(6):e215563. doi: 10.1001/jamapediatrics.2021.5563

10. Giesbrecht GF, Lebel C, Dennis CL, Silang K, Xie EB, Tough S, et al. Risk for developmental delay among infants born during the COVID-19 pandemic. J Dev Behav Pediatr. (2023) 44(6):e412–e20. doi: 10.1097/dbp.0000000000001197

11. David J, Wambach CG, Kraemer M, Johnson TJ, Greene MM, Lee E, et al. Impact of the COVID-19 pandemic on early intervention utilization and need for referral after nicu discharge in vlbw infants. J Perinatol. (2023) 44:40–5. doi: 10.1038/s41372-023-01711-7

12. Cirino PT, Chin CE, Sevcik RA, Wolf M, Lovett M, Morris RD. Measuring socioeconomic Status: reliability and preliminary validity for different approaches. Assessment. (2002) 9(2):145–55. doi: 10.1177/10791102009002005

13. Flynn RS, Huber MD, DeMauro SB. Predictive value of the bsid-ii and the bayley-iii for early school age cognitive function in very preterm infants. Glob Pediatr Health. (2020) 7:2333794X20973146. doi: 10.1177/2333794x20973146

14. Yim CH, Kim GH, Eun BL. Usefulness of the Korean developmental screening test for infants and children for the evaluation of developmental delay in Korean infants and children: a single-center study. Korean J Pediatr. (2017) 60(10):312–9. doi: 10.3345/kjp.2017.60.10.312

15. Chung HJ, Yang D, Kim G-H, Kim SK, Kim SW, Kim YK, et al. Development of the Korean developmental screening test for infants and children (K-dst). Clin Exp Pediatr. (2020) 63(11):438. doi: 10.3345/cep.2020.00640

16. Wood ME, Delgado M, Jonsson Funk M. Understanding the effects of the COVID-19 pandemic on infant development-the preterm problem. JAMA Pediatr. (2022) 176(6):e215570. doi: 10.1001/jamapediatrics.2021.5570

17. Gilbraith WE, Celani CP, Booksh KS. Visualization of confusion matrices with network graphs. J Chemom. (2023) 37(3):e3435. doi: 10.1002/cem.3435

18. Juul SE, Wood TR, German K, Law JB, Kolnik SE, Puia-Dumitrescu M, et al. Predicting 2-year neurodevelopmental outcomes in extremely preterm infants using graphical network and machine learning approaches. EClinicalMedicine. (2023) 56:101782. doi: 10.1016/j.eclinm.2022.101782

19. Macaraan WER. The COVID-19 pandemic and its concomitant benefits: improved hygiene habits. J Public Health (Oxf). (2022) 44(3):e407–e8. doi: 10.1093/pubmed/fdab260

20. Deoni SC, Beauchemin J, Volpe A, D’Sa V. Impact of the COVID-19 pandemic on early child cognitive development: initial findings in a longitudinal observational study of child health. MedRxiv. (2021). doi: 10.1101/2021.08.10.21261846

21. Imboden A, Sobczak BK, Griffin V. The impact of the COVID-19 pandemic on infant and toddler development. J Am Assoc Nurse Pract. (2021) 34:509–19. doi: 10.1097/jxx.0000000000000653

22. Scheiber F, Nelson PM, Momany A, Ryckman KK, Ece Demir-Lira Ö. Parent mental health and child behavior during the COVID-19 pandemic. Child Youth Serv Rev. (2023) 148:106888. doi: 10.1016/j.childyouth.2023.106888

23. Lincetto O, Banerjee A. World prematurity day: improving survival and quality of life for millions of babies born preterm around the world. Am J Physiol Lung Cell Mol Physiol. (2020) 319(5):L871–l4. doi: 10.1152/ajplung.00479.2020

24. Eves R, Mendonça M, Baumann N, Ni Y, Darlow BA, Horwood J, et al. Association of very preterm birth or very low birth weight with intelligence in adulthood: an individual participant data meta-analysis. JAMA Pediatr. (2021) 175(8):e211058. doi: 10.1001/jamapediatrics.2021.1058

25. Jeong MH, Jeong SH, Park SJ, Lee N, Bae M-H, Park K-H, et al. Neurodevelopmental outcomes of very-low-birth-weight infants without severe brain lesions and impact of postnatal steroid use: a single-center Korean study. Neonatal Med. (2022) 29(1):36–45. doi: 10.5385/nm.2022.29.1.36

26. Moore T, Johnson S, Haider S, Hennessy E, Marlow N. Relationship between test scores using the second and third editions of the bayley scales in extremely preterm children. J Pediatr. (2012) 160(4):553–8. doi: 10.1016/j.jpeds.2011.09.047

27. Thompson DK, Kelly CE, Chen J, Beare R, Alexander B, Seal ML, et al. Early life predictors of brain development at term-equivalent age in infants born across the gestational age Spectrum. Neuroimage. (2019) 185:813–24. doi: 10.1016/j.neuroimage.2018.04.031

28. McGowan EC, Vohr BR. Neurodevelopmental follow-up of preterm infants: what is new? Pediatr Clin North Am. (2019) 66(2):509–23. doi: 10.1016/j.pcl.2018.12.015

29. Patra K, Greene MM, Patel AL, Meier P. Maternal education level predicts cognitive, language, and motor outcome in preterm infants in the second year of life. Am J Perinatol. (2016) 33(8):738–44. doi: 10.1055/s-0036-1572532

30. Zeanah CH, Gunnar MR, McCall RB, Kreppner JM, Fox NA. Sensitive periods. Monogr Soc Res Child Dev. (2011) 76(4):147–62. doi: 10.1111/j.1540-5834.2011.00631.x

31. Erbay F, Tarman I. Effect of the COVID-19 pandemic on language development of preschool children. Issues Educ Res. (2022) 32(4):1364–83. doi: 10.1007/s43545-023-00736-1

32. Bourke L, Lingwood J, Gallagher-Mitchell T, López-Pérez B. The effect of face mask wearing on language processing and emotion recognition in young children. J Exp Child Psychol. (2023) 226:105580. doi: 10.1016/j.jecp.2022.105580

33. Charney SA, Camarata SM, Chern A. Potential impact of the COVID-19 pandemic on communication and language skills in children. Otolaryngol Head Neck Surg. (2021) 165(1):1–2. doi: 10.1177/0194599820978247

34. Weikum WM, Vouloumanos A, Navarra J, Soto-Faraco S, Sebastián-Gallés N, Werker JF. Visual language discrimination in infancy. Science. (2007) 316(5828):1159. doi: 10.1126/science.1137686

35. Tsang T, Atagi N, Johnson SP. Selective attention to the mouth is associated with expressive language skills in monolingual and bilingual infants. J Exp Child Psychol. (2018) 169:93–109. doi: 10.1016/j.jecp.2018.01.002

36. Stipdonk LW, Franken MJP, Dudink J. Language outcome related to brain structures in school-aged preterm children: a systematic review. PLoS One. (2018) 13(6):e0196607. doi: 10.1371/journal.pone.0196607

37. Rose SA, Feldman JF, Jankowski JJ. A cognitive approach to the development of early language. Child Dev. (2009) 80(1):134–50. doi: 10.1111/j.1467-8624.2008.01250.x

38. Huang P, Zhou F, Guo Y, Yuan S, Lin S, Lu J, et al. Association between the COVID-19 pandemic and infant neurodevelopment: a comparison before and during COVID-19. Front Pediatr. (2021) 9:662165. doi: 10.3389/fped.2021.662165

39. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson LJ, et al. Impact of the COVID-19 virus outbreak on movement and play behaviours of Canadian children and youth: a national survey. Int J Behav Nutr Phys Act. (2020) 17(1):1–11. doi: 10.1186/s12966-020-00987-8

40. Yomoda K, Kurita S. Influence of social distancing during the COVID-19 pandemic on physical activity in children: a scoping review of the literature. J Exerc Sci Fit. (2021) 19(3):195–203. doi: 10.1016/j.jesf.2021.04.002

41. Neville RD, Lakes KD, Hopkins WG, Tarantino G, Draper CE, Beck R, et al. Global changes in child and adolescent physical activity during the COVID-19 pandemic: a systematic review and meta-analysis. JAMA Pediatr. (2022) 176(9):886–94. doi: 10.1001/jamapediatrics.2022.2313

42. Byrne S, Sledge H, Hurley S, Hoolahan S, Franklin R, Jordan N, et al. Developmental and behavioural outcomes at 2 years in babies born during the COVID-19 pandemic: communication concerns in a pandemic birth cohort. Arch Dis Child. (2023) 108:846–51. doi: 10.1136/archdischild-2022-325271



OPS/images/fped-12-1368677-g001.jpg
14 follow-up at 1
(

2015 102022 in Korean neonatal network
(N=7.426)

Exclusion criteria

Death before neurodovelopmental assessment
(N=1,738)

tal malformation
N=79)

)

evelopmental disabily
Gty T
Blindness or hearing loss (N=77)

ot rained
«

143)

I

Missing or unavailable developmental assessment resuls
(N=875)

visw
2015 t0 2022 in Korean neonatal network
(N=2.243)

Lostto follow-up
)

Very low birth weight nfants from 2015 to 2022 who had undergone
pointin i

(N=1,683)

BSID-Il

20 follow-up at 33-39 months
(N=595)

cead

BSID-I
(N=429)

(N=456)

ost ]
I

BSID-Il
(N=109)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of COVID−19 pandemic on neurodevelopmental outcome in very low birth weight infants: a nationwide cohort study

		1 Introduction



		2 Methods



		2.1 Data source and study population



		2.2 Socioeconomic status (SES)



		2.3 COVID-19 exposure



		2.4 Neurodevelopmental outcomes



		2.5 Graphical network analysis (GNA)



		2.6 Adjusted model for neurodevelopmental outcomes



		2.7 Statistical analysis











		3 Results



		3.1 Clinical characteristics



		3.2 Neurodevelopmental outcomes between the two groups



		3.3 Pairwise conditional effects determined by GNA at 18–24 months and 33–39 months of follow-up



		3.4 Adjusted models of neurodevelopmental outcomes











		4 Discussion



		5 Conclusion



		6 Limitation



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Impact of COVID—19 pandemic
on neurodevelopmental outcome
in very low birth weight infants:
a nationwide cohort study





OPS/images/fped-12-1368677-t003.jpg
Model 1° Model 2° Model 3¢

B 95%Cl | p B 95%Cl | p B 95%Cl | p
(unstandardized (unstandardized (unstandardized
coefficients) coefficients) coefficients)
18-24 months
BSID-1T (N=429) (N=428) (N=342)
MDI ~1615 | -7.818-4.588 | 0.609 —0.584 | —6792-5623 | 0853 1454 | 80135105 | 0663
PDI —2.080 | —7.581-3.420 | 0.458 ~1.109 | —6574-4355 | 0690 ~1.067 | 69514817 | 0721
BSID-III (N=1456) (N=454) (N=381)
Cognitive -1.802 ~4.906-1.302 [ 0.254 -2.009 ~5.054-1035 | 0.195 ~0.806 —4.278-2.666 | 0.648
Language -2500 ~5518-0519 0,104 2711 ~5.687-0266 | 0.074 —4.029 ~7.443--0615 | 0.021
Motor -2346 ~5.038-0.347 | 0.088 -2735 -534310 0040 -1923 ~4841-099 | 0196
-0.128
K-DST (<-1SD) (N=611) (N=609) (N=519)
Gross motor L1114 0.614-2019 (0723 0.868 0460-1640 | 0.663 1345 0651-2779 | 0423
Fine motor 1493 0.822-2712 | 0188 1287 0429 1466 0710-3.024 | 0301
Cognition 1502 0.837-2.694 | 0172 1306 0387 1886 0.930-3823 | 0078
Language 1879 1.059-3335 |0.031 1630 0.105 2713 1319-5583 | 0.007
Sociality 1450 0.782-2.691 0238 1338 0709-2525 | 0369 1777 0.862-3.661 | 0.119
33-39 months
BSID-TI (N=142) (N=142) (N=114)
MDI ~0.060 -12636- 0992 0912 ~12.151-13.975 | 0890 3015 ~10515-16544 | 0,660
12515
PDI —4213 ~15649- | 0.468 ~0.681 ~12348-10.986 | 0908 2986 ~9351-15323 | 0632
7222
BSID-1II (N=109) (N=109) (N =93)
Cognitive -8017 ~14136 o 0011 8350 ~14500to | 0.008 —8324 —l48210 | 0013
~1.898 2200 1807
Language ~7.909 —14703 0 |0.023 8312 ~15126t0  |0017 8437 ~1567910 | 0023
-L14 -1.499 -119
Motor ~6.261 ~11810 t0 | 0.027 ~6.157 -1775t0 0032 -5618 ~11691 10 | 0.069
-0712 ~0538 0456
K-DST (-15D) (N=344) (N=343) (N=311)
Gross motor 2552 1264-5.153 | 0.009 2894 1382-6061 | 0005 4455 1996-9.942 | <0.001
Fine motor 0912 0.432-1.927 | 0809 0.926 0429-1999 | 0845 0987 0428-2273 | 0975
Cognition 1297 0.614-2.740 | 0.495 1299 05922854 | 0514 1187 0.499-2825 | 0.699
Language 0737 0.361-1.507 |0.403 0.768 0371-1593 | 0.479 0772 0351-1697 | 0519
Sociality 1130 0.504-2534 | 0.767 1205 05262764 | 0659 1371 0573-3281 | 0479
One-way analysis of variance (ANOVA) for the BSID and logistic regression for the K-DST were used. ANOVA, analysis of variance; CI, confidence interval; BSID, Bayley scale of infant
inde; PDI, index; K-DST, Korean Developmental Sereening Test for Infants and Children; SD, standard deviation:
BPD, dysplasias IVH, hemorrhage; GA, gestational age; SES, socioeconomic status

"Model 1 shows COVID-19, clinical morbidity (moderate BPD and grade Il IVH), and SES (maternal age and education) on neurodevelopmental outcome adjusted for the GA and sex.
Model 2 shows COVID-19 and SES (maternal age and education) on neurodevelopmental outcome adjusted for the GA, sex, and clinical morbidity (moderate BPD, and grade 111 IVH).
“Model 3 shows pure COVID-19 effect on neurodevelopmental outcome adjusted for the GA, sex, clinical morbidity (moderate BPD and grade Il IVH), and SES (maternal age and education)
Significant group differences (p < 0.05) are highlighted in bold.





OPS/images/fped-12-1368677-t001.jpg
1st follow-up (N = 1,496)

Pre-pandemic
(N =1,267)

Maternal characteristics

Pandemic
(N = 229)

Pre-pandemic
(N = 479)

2nd follow-up (N = 595)

Pandemic
(N = 116)

Maternal age, years

33432410

3432+3.69

3333+435

3359+352

Maternal education 13.57£0.91 (N =1,077) 13.67 % 0.86 (N = 170) 0.182 13.55 +0.86 (N = 421) 13.67 % 0.74 (N =98) 0.193
High school 207/1,077 (19.2) 23/170 (13.5) 0075 92/421 (21.9) 16/98 (16.3) 0175
College or University 861/1,077 (79.9) 145/170 (85.3) 0.101 328/421 (77.9) 30/98 (83.7) 0.207

GDM 103/1,246 (83) 211222 (95) 0556 38/470 (8.1) 3111 2.7) 0.046

Preeclampsia 139/1,241 (11.2) 32222 (14.4) 0.170 60/467 (12.8) 16/114 (14.0) 0.736

Histologic chorioamnionitis

601/1,129 (53.2)

104/220 (47.3)

236/431 (54.8)

51/111 (45.9)

Infant characteristics

Gestational age, weeks

2657 =138

2627 = 1.42

2644+ 144

2655+ 146

Birth weight, g

968.52 +224.46

908.69 + 224.42

951.92%233.28

955.04 £ 242.89

Head circumference

2470+ 1.98 (N =1,200)

2415+ 189 (N=217)

24.56 =195 (N = 455)

2467 £2.27 (N=105)

Cesarean section

960 (75.8)

177 (77.3)

363 (75.8)

93 (80.2)

Male sex 654 (51.6) 119 (52.0) 0923 240 (50.1) 58 (50.0)

Apgar score at 1 min 4.23 +1.88 (N=1,260) 4.35+1.85 0374 4.07 = 1.86 (N = 476) 4.47 £2.09 0.061

Apgar score at 5 min 6.60 + 1.77 (N = 1,260) 6.60 = 1.82 0.984 6.51 +1.73 (N =477) 6.74 +1.96 0.207

Antenatal corticosteroid 1,098/1,252 (87.7) 224 (97.8) <0.001 411/474 (86.7) 105/115 (91.3) 0.180
1,224/1,264 (96.8) 225/228 (98.7) 0.125 459/477 (96.2) 113/115 (98.3) 0.278

BPD > moderate 557/1,264 (44.1) 121/227 (53.3) 0.010 215/478 (45.0) 61 (52.6) 0.141

Surfactant 1,192 (94.1) 222 (96.9) 0.080 451 (94.2) 108 (93.1) 0.670

ROP 2 stage I 263/628 (41.9) 52/139 (37.4) 0333 108/254 (42.5) 32/76 (42.1) 0.949

IVH 2 grade 11T 74 (5.8) 22 (9.6) 0.032 26 (5.4) 14 (12.1)

PVL only 19 (1.5) 5(22) 0.448 7 (1.5) 3 (2.6)

"PDA ligation 2341792 (29.5) 417108 (38.0) 0075 821317 (25.9) 2547 (53.2)

NEC 2 stage2 109 (8.6) 15 (6.6) 0.300 34 (7.1) 12 (10.3) ).

PROM 542/1,258 (43.1) 103 (45.0) 0.595 216/477 (45.3) 371115 (32.2) 0.011

Sepsis 346 (27.3) 54 (23.6) 0241 132 (27.6) 27 (23.3) 0.350

RDS 1,185 (93.5) 220 (9.1) 0.139 442 (92.3) 110 (94.8) 0.341

TPN diyi 36.74 + 2830 37.67 + 26.89 0.645 36.79 + 26.71 40.67 +29.16 0.163

Data are expressed as the mean + standard deviation or # (%). GDM, gestational diabetes mellitus; BPD, bronchopulmonary dysplasia; ROP, retinopathy of prematurity; IVH, intraventricular
hemorrhage; PVL, periventricular leukomalacia; PDA, patent ductus arteriosus; NEC, necrotizing enterocolitis; PROM, premature rupture of membranes; RDS, respiratory distress syndrome;
TPN, total parenteral nutrition.

Significant group differences (p < 0.05) are highlighted in bold.






OPS/images/fped-12-1368677-t002.jpg
Pre-pandemic | Pandemic P

18-24 months
BSID-II (N=388) (N=41)

Age at assessment (months) | 20.39 +2.40 21124287 0122
MDI 8575 +19.10 84462175 | 0686
PDI 8680 = 1731 84931837 | 0514
BSID-IIT (N=323) (N=133)

Age at assessment (months) | 19.29 * 1.75 2090214 | <0001
Cognitive 94.88 = 1483 92261688 | 0101
Language 89.62 1492 86.11+1589 | 0.026
Motor 95311313 9198+ 1468 | 0.018
K-DST (<-1SD), N (%) (N =556) (N=55)

Age at assessment (months) | 19.48 +2.01 2160£232 | <0001
Gross motor 180 (32.4) 20 (36.4) 0548
Fine motor 150 (27.0) 20 (36.4) 0138
Cognition 168 (30.2) 22 (40.0) 0135
Language 187 (33.6) 27 (49.1) 0022
Sociality 128 (23.0) 17 (30.9) 0.190

33-39 months
BSID-IT (N=131) (N=11)

Age at assessment (months) | 3547 £31.17 3591+239 0651
MDI 88.28 = 2056 89.45+1675 | 0854
PDI 78341896 76092011 | 0707
BSID-III (N=47) (N=62)

Age at assessment (months) | 33.32+3.58 3635£217 | <0001
Cognitive 90.26 = 1457 8339+17.14 | 0026
Language 84.28 = 1450 7747£1981 | 0041
Motor 8274 +1369 8273+1554 | 0082
K-DST (<-1SD), N (%) (N=301) (N=43)

Age at assessment (months) | 3506 = 141 36005000 | <0001
Gross motor 53 (17.6) 15 (349) 0.008
Fine motor 82 (272) 11 (25.6) 0819
Cognition 70 (23.3) 12 (27.9) 0503
Language 103 (34.2) 12 (27.9) 0412
Sociality 64 (213) 10 (23.3) 0.766

Data are expressed as the mean +SD or N (%). SD, standard deviation; BSID, Bayley scale of
infant MDI, mental index; PDI, !

index; K-DST, Korean Developmental Screening Test for Infants and Children.

Significant group differences (p < 0.05) are highlighted in bold.









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fped-12-1368677-g002b.jpg
B. Graphical network and partial R* of BSID-lll Scores at 33-39 months

(g) Graphical network of BSID-II language score at 33-39 months

(h) Partial R? of BSID-Il language score at 33-39 months

Corrstatin direction

Partial R

——
L I oo cormston
|t
008
&
Zon
&
.
" | [ [ [T
£ % > g ) \" g
FTE T LITFTEEE $ f
«9°'q FESEFLESSE f‘?@
&8 R PRy
o @ S & LR
& £ & S
é PN & ¢
S &
LA

Partial R?






OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-12-1368677-g002a.jpg
A. Graphical network and partial R* of BSID-lll Scores at 18-24 months

(b) Partial R? of BSID-ll language score at 18-24 months

Correaton direcion

Partial R

Partial R?

(f) Partial R? of BSID-IIl motor score at 18-24 months

Corrlation dirscton

Negstvecomason

Bk,

III---
XS

)






