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Abstract

BACKGROUND: The trajectories of late preterm development from infancy to kindergarten 

reading and math, and predictors of academic resilience and risk are unknown.

METHODS: Sample included 1200 late preterm infants (LPIs) from the Early Childhood 

Longitudinal Study, Birth Cohort. Objective measurements of development at 9 and 24 months 

(Bayley-SFR) and reading and math academic achievement at preschool and kindergarten were 

standardized; trajectories of late preterm development from 9 months to kindergarten reading and 
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math were identified using latent class growth analysis. Multinomial logistic regression [aOR, 

95% CI] identified predictors of academic resilience and risk.

RESULTS: Four trajectory groups were observed for reading and three for math. More optimal 

trajectories (in reading and math) and academic resilience were associated with experiencing 

sensitive parenting and preschool attendance. Suboptimal (at-risk) trajectories (in reading or 

math) and an increased odds of academic risk were associated with <high school education, 

twin/multiple gestation, prenatal smoking and male sex.

CONCLUSIONS: LPI trajectories varied from infancy to kindergarten. More sensitive parenting 

and preschool attendance predicted academic resilience, and should be encouraged. Select risk 

factors (prenatal smoking, twin/multiple gestation, male sex, <high school education) predicted 

academic risk, and can help identify LPIs who might benefit from closer monitoring prior to 

school entry.

INTRODUCTION

Late preterm infants (LPIs: infants born between 340/7 and 366/7 weeks gestation) account 

for 75% of preterm births,1 translating to more than 400,000 late preterm births per 

year.2 While it is well documented that LPIs have developmental deficits compared to 

infants born full term,3–5 the magnitude of these deficits is relatively small compared to 

infants born at earlier gestational ages.4–7 At a population level, the majority of LPIs are 

performing at grade level without significant developmental delays.6 A significant gap in 

the literature relates to the patterns of developmental variability within the population of 

LPIs, including which LPIs will have more optimal trajectories, suggestive of academic 

resilience, and which are at risk for suboptimal trajectories, consistent with academic risk. 

Because children’s academic resilience is an important predictor of later school success 

and well-being,8 identifying the factors associated with better school performance is critical 

to helping LPIs thrive. Relatedly, the preschool years are a time when the developmental 

vulnerabilities of late preterm children emerge.3 Because LPIs are less likely to receive 

early intervention services compared to infants born very preterm,9 identifying the factors 

associated with academic risk may help target LPIs who may benefit from early intervention 

to prevent the emergence of school difficulties.5

Previous research, largely focused on very preterm infants, has examined the social and 

biological factors associated with developmental risk,10–13 with a relatively recent interest 

in the factors associated with resilience.14–19 Modifiable factors which have been associated 

with more optimal development in very preterm infants include a history of sensitive 

caregiving,16–18 and preschool attendance.20,21 While we hypothesize that these early 

experiences are similarly protective in LPIs, there is a paucity of research examining 

predictors of academic resilience in LPIs, which this study will address. Relatedly, factors 

associated with developmental risk in very preterm infants, have included a history of 

being born small for gestational age (SGA),22 socioeconomic adversity,11,12 and lower 

maternal education.13 Compared to full-term infants, socioeconomic risks23–25 have also 

been associated with poorer infant outcomes in children born moderate-late preterm; 

however, associations with early learning and kindergarten academic outcomes are relatively 

understudied. We were interested in identifying risk factors that could distinguish the 
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most at-risk LPIs who could benefit from closer developmental monitoring and early 

intervention prior to school entry, and relatedly, we were interested in identifying factors 

that could foster more optimal academic outcomes. Because LPIs are not typically 

followed in neonatal follow-up clinics, identifying predictors associated with academic 

risk may help individualize the developmental care and anticipatory guidance provided 

to this population, which accounts for the majority of infants born preterm. To better 

understand the developmental heterogeneity among LPIs, and to identify predictors of risk 

and resilience, this study utilized data from a nationally representative, population-based 

US sample, and identified developmental trajectories of LPIs from infancy to kindergarten 

academic achievement. Drawing from prior research, we hypothesized that LPIs who 

experienced more sensitive early caregiving,16–18 and attended center-based preschool20,21 

would manifest more optimal early learning trajectories consistent with academic resilience, 

and LPIs with a history of psychosocial or biological risk,11–13 would manifest suboptimal 

trajectories, suggestive of academic risk.

METHODS

Study design and sample

Data were drawn from the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B), 

a nationally representative, population-based longitudinal study sponsored by the US 

Department of Education’s National Center for Education Statistics (NCES) in the Institute 

for Education Science. The ECLS-B is based on a nationally representative probability 

sample of children born in the United States in 2001 (inclusive), and data were collected 

from over 10,000 children and their parents at 9 months, with subsequent assessments 

at 24 months, preschool and kindergarten timepoints. In the United States, age of entry 

into preschool and kindergarten can vary, but typically ranges from 3 to 5 years of age 

(preschool) and 5 to 6½ years of age (kindergarten). In the ECLS-B, some children entered 

kindergarten for the first time in 2006, and others in 2007. For the kindergarten timepoint, 

we included first-time kindergarten enrollees from the 2006 and 2007 timepoints. Data 

collection consisted of home visits with parent interviews, and direct assessments of infant 

mental development at 9 and 24 months, and early academic skills in reading and math at 

preschool and kindergarten timepoints.26

Our study sample excluded children with congenital abnormalities, and included all children 

born late preterm (34–36 weeks inclusive) who had developmental outcomes at 9 months, 

and one additional timepoint (24 months, preschool, or kindergarten). A full-term group 

(gestational age 37–41 weeks) was also generated for comparison with the late preterm 

sample. Data were ascertained at birth, 9 months, 24 months, preschool and kindergarten. 

This study was considered exempt by the Institutional Review Board because it utilized a 

publicly available dataset with de-identified participants who could not be linked to the data.

Measures

Outcomes—Infant mental development: Mental development at 9 and 24 months was 

assessed with the Bayley Short Form-Research Edition (BSF-R) Mental Scores. The BSF-R, 

which was formulated from the Bayley Scales of Infant Development, Second Edition 
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(BSID-II),27 assessed children’s problem-solving and language skills, and was administered 

at home by trained NCES staff. The BSF-R estimates the number of items a child would 

have passed correctly on the full BSID-II through the use of item response theory (IRT) 

modeling, and demonstrates a reliability coefficient of 0.80 compared with the full BSID-

II.28 BSF-R scaled scores were used in these analyses.

Preschool and kindergarten reading and math academic skills: Children were assessed at 

preschool and kindergarten using specialized reading and math assessments developed 

for the ECLS-B. The reading assessment measured basic reading skills (letter and word 

recognition, phonological awareness, and understanding words in simple sentences). The 

IRT reliability coefficient of the early reading assessment was 0.84 at preschool, and 

0.92 at kindergarten. The ECLS-B mathematics assessment measured basic math skills 

(number sense, counting, numerical operations, and pattern recognition). The IRT reliability 

coefficient for the early mathematics assessment was 0.89 at preschool and 0.92 at 

kindergarten.29 Scores provide ability estimates in particular domains with scaled scores 

used in these analyses.

Predictors—Maternal and psychosocial characteristics: Maternal characteristics associated 

with developmental risk in preterms were chosen a priori after a review of the literature. 

The following was gathered from the restricted ECLS-B birth certificate data: maternal 

age, race/ethnicity, marital status (married/unmarried), history of prenatal smoking (yes/no), 

plurality (singleton; twin/multiple gestation), and ever breastfed (yes/no). We also included 

measures of maternal education (<high school; ≥high school) and poverty (<185% federal 

poverty line; ≥185% federal poverty line).

Parent–child interactions: Because more sensitive parenting interactions have been 

associated with more favorable development in preterm infants,14–18 we included a measure 

of parental sensitivity at 24 months. Parental sensitivity, characterized as responsive and 

child-centered parenting behavior, was coded from interactions using the Two-Bags Task, a 

10-min semi-structured parent–child activity. Behaviors were coded on a 7-point scale with 

higher scores indicating more sensitive parenting behaviors.28

Child characteristics and neonatal health risks: We examined biological risks previously 

associated with development risk in preterms,11–13 as predictors in our multivariate model: 

birthweight, SGA (birthweight <10%); and 5-min Apgar scores (dichotomized as >7 versus 

≤7). We also included gestational age (obtained from birth certificate data, categorized as 34, 

35 or 36 weeks), child sex, and center-based preschool attendance (yes/ no) as predictors.

Statistical analyses

Maternal and child characteristics were examined using descriptive statistics. Following 

ECLS-B Codebook recommendations to use scale scores for longitudinal analyses,28 we 

standardized (z-scored) BSF-R mental scale scores and reading and math scale scores for 

all infants at each timepoint. From these standardized scores, we generated developmental 

trajectories of LPIs (gestational age 34–36 weeks), and compared the mean scores of each 

LPI trajectory to the mean scores of full-term infants (gestational age 37–41 weeks) at each 

timepoint. Distinct trajectories of late preterm development from 9 months to kindergarten 
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were identified for reading and math using latent class growth analysis (LCGA). LCGA is 

a probabilistic analysis that identifies subgroups of individuals who share similar profiles of 

developmental pathways.30 Models are fit in steps, beginning with an unconditional model, 

with a subsequent increase in the number of classes until an optimal number of latent classes 

is determined. Model comparisons were conducted using a set of model fit indices, including 

the Bayesian Information Criterion (BIC), with less negative scores representing better 

fitting models.31 In addition to goodness-of-fit indices (i.e., least negative BIC), the optimal 

models were chosen based on a combination of factors, including posterior probability 

indices >75%,32 parsimony, theoretical justification, and interpretability (Appendix A).

Trajectories were identified by modeling developmental outcomes as a function of age in 

months using the PROC TRAJ procedure in SAS.31 The trajectory chosen as the reference 

group manifested z-scores closest to zero (i.e., mean) across timepoints; trajectories above 

the reference group indicated academic resilience, and trajectories below the reference group 

indicated academic risk. We also included the mean standardized scores of infants born full 

term (GA 37–41 weeks) on our trajectory plots (Fig. 1) to allow for comparison of mean 

scores between late preterm and full-term groups at each timepoint. PROC GLM in SAS was 

used to compare the mean standardized developmental scores for each LPI trajectory group 

in reading and math, with the full-term mean score at each timepoint (9 months, 24 months, 

preschool- kindergarten), with p < 0.05 indicating significant pairwise differences between 

mean LPI scores and full-term means at each timepoint (Appendix B).

Multinomial logistic regression using the SURVEYLOGISTIC procedure in SAS identified 

maternal, child and psychosocial factors associated with LPI class membership. Mean values 

and percentages of the predictors within each trajectory group were examined. From the 

multivariate models, post-hoc pairwise comparisons identified significant group differences 

associated with predictors among the LPI trajectory groups for reading and math.

We were also interested in identifying predictors of “combined resilience” (academic 

resilience in 1 or 2 areas) and “combined risk” (academic risk in 1 or 2 areas) by examining 

patterns of overlap between reading and math trajectory groups. We identified a combined 

resilience group, characterized by individuals who demonstrated above-average trajectories 

(>reference) in 1 or both categories (reading or math) and a combined risk group, 

characterized by individuals who demonstrated below-average trajectories (<reference) in 

1 or both categories. Multinomial logistic regression identified predictors associated with 

membership in the combined resilience or combined risk groups, compared with individuals 

who were in the combined reference group (reference group for reading and math).

All analyses were conducted using SAS 9.4.33 Because of the complex sample design, 

sample weights and the Jackknife method were utilized to account for stratification, 

clustering and unit non-response, thereby allowing the weighted results to generalize to the 

population of US children born in 2001. According to the NCES requirements for ECLS-B 

data usage, reported numbers were rounded to the nearest 50.
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RESULTS

Sample characteristics

There were 1200 LPIs with developmental assessments at two or more timepoints, including 

9 months, who served as the sample for our LCGA. Of these 1200 children, 850 had all 

covariates and a corresponding weight in our final model. Children included in our final 

multivariate model (n = 850) did not differ from children excluded due to missing data (n 
= 350) on most demographic characteristics, however, included children were more likely 

to be singletons, and had higher kindergarten math scores than excluded children. Maternal 

and infant sample characteristics of the weighted LPI sample are shown in Table 1, with 

an additional column indicating the demographic characteristics of the full-term infants 

included for comparison.

Developmental trajectories of LPIs from infancy to kindergarten reading and math 
academic achievement, and comparison with full-term mean scores

Developmental trajectories of LPIs varied across the infancy to kindergarten transition. 

The LCGA indicated that a 4-class model fit for reading and a 3-class model for math 

was optimal, as evidenced by less negative BICs, posterior probability indices ≥75%, and 

parsimonious group size (Appendix A).

Trajectories of LPI reading achievement.—Four trajectories of late preterm reading 

were labeled: High Resilient: highest developmental scores at kindergarten (n = 100); 

Middle-high Resilient: next highest developmental scores at kindergarten (n = 50); 

Reference (z-scores closest to zero) (n = 700); and At-risk: lowest developmental scores 

at all timepoints (n = 350). At the 9-month timepoint, the mean developmental scores 

of LPI infants differed from the developmental scores of the full-term group in the High 

(p < 0.001), Reference (p < 0.001), and At-risk reading trajectories (p < 0.001). At 24 

months, the mean developmental scores of LPI infants differed from the developmental 

scores of the full-term group in Middle-high (p < 0.001), and At-risk trajectories (p < 

0.001). At the preschool timepoint, the mean developmental score of LPI infants differed 

from the developmental scores of the full-term group across all trajectories (p < 0.001). 

At the kindergarten timepoint, the mean developmental score of LPIs differed from the 

developmental scores of the full-term group across the High, Middle-high and At-risk 

trajectories (p < 0.001). Of note, the mean developmental scores of late preterms in the 

At-risk reading trajectory fell below the mean scores of full-term infants at all timepoints. In 

contrast, while the mean scores in the reading Reference group diverged at times from the 

mean full-term scores, at the kindergarten timepoint, the mean scores of the reference group 

did not differ from the full-term group (p = 0.10). (Fig. 1a and Appendix B).

Trajectories of LPI math achievement.—Regarding trajectories of math academic 

achievement, the three trajectories of late preterm math were labeled Resilient: (n = 250); 

Reference (n = 650); and At-risk (n = 300). The mean developmental scores of LPI infants 

across all trajectories differed from the mean scores of the full-term group at all timepoints 

(p < 0.001). The mean developmental/academic scores of late preterms in the Resilient math 

trajectory were higher than those of the full-term group at the 24 months, preschool and 
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kindergarten timepoints, while the developmental/academic scores of late preterms in the 

At-risk math trajectory were lower than those of the full-term group at all timepoints. In 

contrast to the late preterm reading trajectory, mean scores in the math Reference group 

were lower than mean scores for the full-term group at all timepoints (Fig. 1b and Appendix 

B).

Multivariate predictors associated with reading and math trajectory groups

Reading academic trajectory.—Class membership in trajectory groups for late preterm 

reading academic achievement varied by maternal, infant and psychosocial characteristics, 

with significant pairwise comparisons among trajectory groups indicated by superscripts 

which differ from one another (Table 2a). Late preterms were more likely to be in the 

High Resilient reading group (compared with the Reference group) if they experienced 

more sensitive parenting (mean sensitivity scores 5.3 vs. 4.6 (reference)) or if they attended 

preschool (85.9% vs. 50.2% (reference)). Late preterms were also more likely to be in 

the Middle-high Resilient reading group (compared with the Reference group) if they 

experienced more sensitive parenting (mean scores 5.2 vs. 4.6 (reference)). Membership 

in the High reading trajectory group also varied by select race/ethnicity groups. Compared 

to the Reference group, there was a higher percentage of Asian race in the High reading 

trajectory, (16.0% vs. 3.3% (reference)). Predictors associated with membership in the 

At-risk reading trajectory (compared with the Reference group) included experiencing less 

sensitive parenting (mean scores 4.1 vs. 4.6 (reference)); being the product of a twin or 

multiple gestation (15.0% versus 11.7% (reference)); being male (68.1% versus 52.6% 

(reference)) and maternal education <high school (40% vs. 19.8% (reference)).

Math academic trajectory.—Similar to reading trajectories, class membership in 

late preterm math trajectory groups also varied by maternal, infant and psychosocial 

characteristics. Late preterms were more likely to be in the High Resilient math group 

(compared with the Reference group) if they experienced more sensitive parenting (mean 

sensitivity scores 5.1 vs. 4.5 (reference)) or if they attended preschool (73.0% vs. 

47.3% (reference)). Predictors associated with membership in the At-risk math trajectory 

(compared with the Reference group) included experiencing less sensitive parenting (mean 

scores 4.1 vs. 4.5 (reference)); maternal education <high school (41.2% vs. 23.2% 

(reference)), and biological risks including history of prenatal tobacco exposure (18.5% 

vs. 11.6% (reference)); and history of twin or multiple gestation (16.7% versus 12.4% 

(reference)) (Table 2b). Membership in the math trajectory groups also varied by select race/

ethnicity groups. Compared to the Reference group, there was a higher percentage of Asian 

race in the High math trajectory (6.3% vs. 3.3% (reference)); there was a lower percentage 

of White race/ethnicity in the At-risk math trajectory (29.3% vs. 48.5% (reference)), and 

there was a higher percentage of “Other” race/ethnicity in the At-risk math trajectory (5.1% 

vs. 2.5% (reference)).

Multivariate predictors associated with combined resilience and combined risk trajectory 
groups

In the unweighted sample of 1200, 250 (20.8%) were in the combined resilience group 

(characterized by above-average trajectories (>reference) in 1 or both categories (reading 
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or math)); 400 (33.3%) were in the combined risk group (characterized by below-average 

trajectories (<reference) in 1 or both categories (reading or math)); and 550 individuals 

(45.8%) were in the combined reference group. In adjusted analyses, predictors associated 

with membership in the combined resilience group included experiencing more sensitive 

parenting (aOR = 1.62, 95% CI [1.2, 2.3]) and preschool attendance (aOR = 1.97, 95% CI 

[1.05, 3.7]).

Factors associated with membership in the combined risk group included maternal education 

<high school (aOR = 2.3, 95% CI [1.1, 4.5]); history of prenatal smoking (aOR = 1.8, 

95% CI [1.03, 3.3]); male sex (aOR = 1.8, 95% CI [1.1, 2.8]); and being a product of a twin/

multiple gestation (aOR = 2.0, 95% CI [1.2, 3.3]). Experiencing more sensitive parenting 

was associated with a lower odds of being in the combined risk group (aOR = 0.6, 95% 

CI [0.5, 0.8]). In multivariate analyses, membership in the combined risk group also varied 

by select race/ethnicity groups. Hispanic ethnicity was associated with a higher odds of 

being in the combined risk group (aOR = 1.9, 95% CI [1.01, 3.7]), whereas White race was 

associated with a lower odds of being in the combined risk group (aOR = 0.5, 95% CI [0.3, 

0.9]) (Fig. 2).

DISCUSSION

This is the first study to examine trajectories of late preterm development from infancy 

to kindergarten, and associated predictors of academic resilience and risk. We identified 

different patterns and predictors for the emergence of reading and math skills, which 

can help inform pediatric anticipatory guidance given to LPIs. Regarding early reading 

trajectories, compared with full-term infants, most LPIs (70%) demonstrated early reading 

skills that were at or above the full-term population mean, with mean LPI scores either 

equivalent to, or exceeding mean full-term reading scores at the kindergarten timepoint. 

This is an optimistic view of LPI early reading skills which can be communicated to 

families. Regarding early math trajectories, a different picture emerges. Across the infancy 

to kindergarten transition, compared with full-term infants, most LPIs (79%) demonstrated 

lower mean math scores at all time points, with the greatest gaps in early math skills in the 

at-risk math trajectory at the kindergarten timepoint. It is not clear why most LPIs manifest 

early vulnerabilities in math (but not reading). One possible explanation is that the deficits 

in early numeracy are related to unique characteristics of late preterm brain development 

including structural changes in the neural pathways related to visuo-constructive skills34,35 

or neurodevelopmental immaturity35,36 in neurocognitive domains associated with math 

processing. Though the mechanisms underlying academic risk in LPIs is an area in need of 

future research, our findings suggest that as a population, late preterms have vulnerabilities 

in early math skills, and may merit closer follow-up in the period prior to school entry to 

identify and remediate deficits in early numeracy.

Regarding predictors of academic resilience in LPIs, more optimal trajectories were 

associated with well-established promotive factors including experiencing early sensitive 

caregiving, and preschool attendance. Experiencing more sensitive parenting and preschool 

attendance were significantly associated with membership in the High-resilience trajectory 

for both reading and math, and with greater odds of being in the combined-high 
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group, compared with the reference groups. Our findings align with current pediatric 

recommendations highlighting the importance of responsive relationships and early 

educational experiences to foster resilience and mitigate biological risk.37

Regarding predictors of academic risk in LPIs, suboptimal academic trajectories were 

associated with well-described psychosocial, and biological risk factors. Psychosocial risk 

(e.g., <high school maternal education) was associated with a higher likelihood of being in 

the at-risk reading and at-risk math trajectories, and a greater odds of being in the combined 

risk group, compared with the reference groups. Biological risks including a history of a 

twin or multiple gestation38 was associated with membership in the at-risk reading and 

at-risk math trajectories, and increased odds of being in the combined-low group. Other 

biological factors (i.e., history of prenatal tobacco exposure39) predicted academic risk in 

math and an increased odds of being in the combined-low group. In addition, male sex 

predicted academic risk in reading and increased odds of being in the combined-low group, 

compared to the reference group, which is consistent with previous research identifying 

sex differences, and lower academic achievement in males.40 The mechanism leading to 

increased academic risk in LPI males is not clear. These differences may be related to 

functional differences in neural connectivity between males and females which contribute 

to differences in learning,41 or may be due to sex-related differences in self-regulation, 

contributing to differences in academic achievement.40 Taken together, these data suggest 

that LPIs with these aforementioned risk factors (male sex, twin/multiple gestation, prenatal 

smoking) may merit closer monitoring for the emergence of deficits in early academic skills 

in the period prior to school entry.

We also observed some racial/ethnic differences regarding predictors of academic risk and 

resilience. Compared to the reference group, Asian race was associated with a greater 

likelihood of being in the high-resilient trajectory for reading and math. Compared to the 

reference group, “Other” race was associated with a greater likelihood of being in the at-risk 

trajectory for math and Hispanic ethnicity was associated with a higher odds of being in the 

combined-low group. Although the mechanism of these associations is not clear, and is an 

area in need of future research, one potential explanation may be related to English language 

proficiency in families, which may differ across racial/ethnic groups. In previous research, 

higher English proficiency among Asian families has been associated with higher academic 

achievement,42 while lower English proficiency in Latino families has been associated with 

lower academic achievement.43 Taken together, this highlights the need to identify factors 

associated with racial/ethnic differences in academic achievement in LPIs, in hopes of 

determining potential intervention targets to mitigate gaps in academic achievement.

In addition to identifying predictors associated with suboptimal academic trajectories, our 

study also identified potential opportunities to promote resilience (promotive factors) and 

mitigate risk (protective factors) in LPIs. Because parental sensitivity was associated with 

higher academic resilience, and lower academic risk in LPIs, evidence-based interventions 

to promote parental sensitivity in early childhood (e.g., VIP44) may be beneficial, especially 

for mothers with educational disadvantage.45 Relatedly, there is a growing awareness of 

the benefits of promoting early relational health (and positive parenting strategies) as a 

secondary prevention strategy for individuals with a heightened “biological sensitivity to 
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context” to toxic stress.46 Preterm birth can be considered a “biologically sensitive context” 

in which infant outcomes are differentially susceptible to the effects of the caregiving 

environment,47 with more positive outcomes associated with more sensitive parenting.48 

Taken together, this highlights a potential opportunity foster early academic outcomes of 

LPIs through targeted secondary prevention strategies focused on early relational health 

promotion in parents of late preterms. Because LPIs are not routinely followed in specialized 

neonatal follow-up programs in the US, population-level strategies to promote early 

relational health in LPIs should focus on opportunities to foster sensitive parenting in the 

context of primary care, or through expanded eligibility for parenting supports through early 

intervention.9

While preschool enrollment was also associated with more optimal trajectories, and greater 

odds of being in the combined-high group, less than half of our late preterm sample 

was enrolled in preschool at the preschool timepoint. This suggests that anticipatory 

guidance regarding the benefits of preschool attendance may be especially relevant for LPI 

parents. Our study also identified biological factors associated with academic risk (e.g., 

prenatal smoking, multiple gestation, male sex), which may help identify LPIs in need of 

closer developmental monitoring and early intervention. By individualizing developmental 

supports to LPIs in the period prior to school entry, we can potentially remediate early 

academic delays, which can have significant effects at a population level.49 Of note, our 

study did not include data beyond the kindergarten timepoint. Because neurodevelopmental 

impairments in late preterms can emerge throughout the lifespan (e.g., ADHD, learning 

disabilities, and mental health concerns),50–52 LPIs (especially those identified as “at risk”) 

could benefit from ongoing monitoring in the school-age years.

Our study had several strengths and limitations. Strengths include a large, nationally 

representative sample, whose results are generalizable to the population, and longitudinal 

observational assessments of parenting and child development, thus minimizing biases 

that can be associated with parent-report measures. Our study also had some limitations. 

The ECLS-B contained limited information on pregnancy history and neonatal risks 

including the maternal medical conditions which led to the preterm delivery, which may 

be an important predictor for late preterm outcomes. Relatedly, although the ECLS-B 

had data on plurality (i.e., singleton vs. twin/multiple gestation), data were not available 

regarding whether the gestation was mono-chorionic versus di-chorionic, which is another 

predictor of preterm outcomes.53 In addition, no data on maternal intelligence or history 

of learning difficulties were available, which are additional potential confounders. Despite 

these limitations, data from our study can help inform pediatric providers about the early 

academic outcomes of LPIs, and provide guidance regarding which LPIs may benefit from 

closer developmental monitoring prior to school entry.

CONCLUSION

Our study identified distinct profiles of academic resilience and academic risk in late 

preterms from infancy to kindergarten. Our findings affirm that pediatric anticipatory 

guidance provided in pediatric care to foster school readiness in all children (e.g., 

encouraging sensitive parenting and preschool enrollment)54,55 is also promotive of 
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academic resilience in children born late preterm. Considering the beneficial role of 

early relational health as a secondary prevention strategy for infants at risk,46 expanding 

opportunities to foster early relational health in LPI infants should be considered to help 

promote academic resilience and mitigate the academic risks associated with late preterm 

birth. In addition, our findings suggest that late preterms with select risks (e.g., history 

of prenatal smoking, and history of multiple gestation, male sex, maternal education 

<high school) are at risk for deficits in early academic achievement by kindergarten. LPIs 

with these risk factors, might benefit from closer developmental surveillance and targeted 

interventions prior to school entry (and beyond) to mitigate academic risk and optimize later 

outcomes.
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IMPACT:

• Late preterm infants (LPIs) have developmental risks compared to full 

terms. LPI trajectories of early reading and math varied from infancy to 

kindergarten. We identified predictors of academic resilience and risk, which 

can help inform anticipatory guidance provided to LPIs prior to kindergarten.

• Promotive factors (sensitive parenting and preschool enrollment) predicted 

academic resilience. Select maternal and neonatal characteristics (<high 

school education, male sex, prenatal smoking, and multiple gestation) 

predicted academic risk at kindergarten.

• LPIs account for the majority of preterm infants. Encouraging preschool 

enrollment and fostering sensitive parenting may promote early academic 

achievement in LPIs, which has population-level impacts.
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Fig. 1. Developmental trajectories of late preterm infants from infancy to kindergarten academic 
achievement.
a Late preterm reading trajectories. b Late preterm math trajectories.
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Fig. 2. Adjusted odds (aOR) and Multivarite Predictors of Combined Reading and Math 
Academic Achievement at Kindergarten.
Multivariate Predictors Associated with Combined Academic Resilience (Blue) and 

Combined Academic Risk (Red).
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Table 1.

Sample characteristics of late preterm infants, and demographic characteristics of the full-term comparison 

group.

Mean (SD) or weighted% (LPI sample: N 
= 1200)

Mean (SD) or weighted % (FT 
comparison: N = 6850)

Maternal characteristics

Age (years) 27.4 (9.2) 27.4 (3.6)

Race/ethnicity

 White/Non-Hispanic 51.2% 58.9%

 Black/Non-Hispanic 19.7% 12.8%

 Hispanic 22.5% 22.4%

 Asian 3.6% 3.5%

 Other 3.1% 2.4%

Marital status

 Married 63.0% 69.0%

 Unmarried 37.0% 31.0%

History of prenatal smoking

 No 87.4% 89.3%

 Yes 12.6% 10.7%

Ever breastfed

 Yes 61.4% 70.8%

 No 38.6% 29.2%

Plurality

 Singleton 86.7% 98.4%

 Twin or multiple gestation 13.3% 1.6%

Socioeconomic indicators calculated from measures of education and income at 9 months

Maternal education

 Less than high school 22.4% 18.4%

 High school degree or greater 77.6% 81.6%

Income

 <185% federal poverty line 52.7% 46.2%

 ≥185% federal poverty line 47.3% 53.7%

Child characteristics

Child sex

 Male 53.2% 51.2%

 Female 46.8% 48.8%

Birthweight (g) 2880.1 (831.8) 3404.2 (358.6)

Gestational age (weeks) 35.3 (0.9) 39.1 (1.5)

 34 17.6%

 35 30.7%
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Mean (SD) or weighted% (LPI sample: N 
= 1200)

Mean (SD) or weighted % (FT 
comparison: N = 6850)

 36 51.8%

% Growth restricted (<10% SGA) 9.6% 10.5%

Apgar >7 92.2% 98.2%

Enrollment in any center-based program at preschool timepoint

 No 51.3% 44.0%

 Yes 48.7% 56.0%

Mean age at Time 1 (months) 10.2 (2.6) 10.3 (4.1)

Mean age at Time 2 (months) 24.2 (1.9) 24.3 (2.2)

Mean age at preschool timepoint (months) 52.6 (5.5) 52.5 (5.6)

Mean age at kindergarten timepoint (months) 68.2 (6.7) 68.1 (7.0)

Source: US Department of Education, National Center for Education Statistics, Early Childhood Longitudinal Study, Birth Cohort. Selected years 
2001–2007.
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