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Abstract

OBJECTIVE: To determine if a key marker of socioeconomic status (SES), maternal education, 

is associated with later neurocognitive and academic outcomes among children born extremely 

preterm (EP).

METHOD: 873 children born at 23 to 27 weeks of gestation were assessed for cognitive and 

academic ability at age 10 years. With adjustments for gestational age (GA) and potential 

confounders, outcomes of children whose mothers had fewer years of education at the time of 

delivery and children whose mother advanced in education between birth and 10 years were 

examined.

RESULTS: Children of mothers in the lowest education stratum at birth were significantly more 

likely to score ≥ 2 SDs below normative expectation on 17 of 18 tests administered. Children of 

mothers who advanced in education (n = 199) were at reduced risk for scoring ≥ 2 SDs on 15 of 18 

measures, but this reduction was statistically significant on only 2 of 18 measures.

CONCLUSION: Among EP children, socioeconomic disadvantage at birth, indexed by maternal 

education, is associated with significantly poorer neurocognitive and academic outcomes at 10 

years of age, independently of GA. Maternal educational advancement during the child’s first ten 

years of life is associated with modestly improved neurocognitive outcomes.
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INTRODUCTION

Neurocognitive deficits and learning difficulties are the most common impairments among 

individuals born preterm (1, 2), and their severity increases with decreasing gestational age 

at birth (3–5). Lower household socioeconomic status (SES), itself a risk factor for 

prematurity (6, 7), is also associated with poorer cognitive outcomes among those born 

preterm (8–13). Markers of social advantage and disadvantage, such as household income 

and parental education, are understood as not only affecting neurocognitive outcomes 

directly, but also via the multitude of pre- and and post-natal physical and psychosocial 

environmental factors with which they are associated (14–16).

Increased biological risk among infants born earlier than 28 weeks of gestation, and most 

vulnerable to medical complications and neurological damage, may limit the influence of 

environmental factors on developmental outcomes (1, 15, 17–19). Thus, the extent to which 

the effects of social disadvantage generalize to children born extremely preterm is unclear 

(10). In addition, it is not known whether improvement in the family’s socioeconomic 

circumstances during the child’s first decade of life is associated with better cognitive 

outcomes of children born extremely preterm.

In the present study, we examined to what extent household SES at birth was associated, 

independently of gestational age, with neurocognitive and academic deficits at age 10 years 

in the prospectively-followed Extremely Low Gestational Age Newborns (ELGAN) cohort 

of children born at 23 to 27 weeks of gestation. We focused primarily on maternal 

educational status as a proxy measure of SES (7), which was strongly associated with 

household income in the ELGAN cohort, as measured by eligibility for public (government-

provided) health insurance (i.e., Medicaid) (20). We examined associations between 

maternal educational status at delivery and children’s neurocognitive and academic 

outcomes at age 10 years, adjusting for weeks of gestational age as well as other possible 

confounders, including fetal growth restriction (11), maternal IQ (21), and minority ethnic/

racial status (14). In addition, we assessed associations between advances in educational 

attainment, which occurred for a substantial proportion of mothers (n = 199) in our 

prospectively followed cohort, and children’s 10-year outcomes.

METHODS

Participants

The ELGAN study is a multi-center observational study designed to identify characteristics 

and exposures associated with increased risk of structural and functional neurologic 

disorders in extremely preterm infants (22). During the years 2002–2004, women delivering 

before 28 weeks of gestation in 11 cities in 5 states were asked to enroll in the study. 1249 

mothers of 1506 infants consented to participate. Of the 1198 children who survived to 10 

years of age, 966 were actively recruited for follow-up (because of the availability of blood 

samples collected during their first postnatal month) and 889 (92%) agreed to participate. Of 

these 889 children, 11 did not accompany the parent or caregiver during the follow up visit, 

and 5 did not cooperate with the child assessment, leaving a final sample of 873 children. 
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Procedures for this study were approved by the institutional review boards of the 

participating institutions.

Maternal and newborn characteristics

Maternal education, eligibility for public health insurance, age, marital status, and racial and 

ethnic identity were self-reported. In order to approximate the heritable component of child 

IQ, maternal IQ was assessed with the Kaufman Brief Intelligence Test – 2 (KBIT-2) (23) 

nonverbal subscale at the 10-year visit.

GA estimates were based on a hierarchy of the quality of available information: dates of 

embryo retrieval or intrauterine insemination or fetal ultrasound before the 14th week (62%) 

followed by fetal ultrasound at 14 or more weeks (29%), LMP without fetal ultrasound 

(7%), and GA recorded in the NICU log (1%). Fetal growth restriction was defined as birth 

weight Z-score below −2, i.e., 2 standard deviations below the median weight of infants at 

the same GA in a referent sample not delivered for preeclampsia or fetal indications (22).

Supplementary Table S1 compares the maternal and child characteristics of children who did 

and did not participate in the 10-year follow-up evaluation. From among the 1198 children 

who survived to 10 years of age, those who did not participate (n = 309) were more likely to 

have indicators of social disadvantage, including lower maternal education and receipt of 

public health insurance, but did not differ from those who participated with respect to 

newborn characteristics, including sex, gestational age, and birth-weight Z-score.

Procedures at age 10 years

Test measures were selected to provide the most comprehensive information about 

neurocognitive and academic function in one 4-hour testing session (including breaks) to 

maximize participation and data collection. The parent or caregiver completed 

questionnaires regarding the child’s medical and neurological status.

Sensorimotor status at age 10 years

Severe gross motor dysfunction was defined as Level 5 (i.e., no self-mobility) on the Gross 

Motor Function Classification System (GMFCS) (24). A child was considered to have severe 

visual impairment if the parent reported uncorrectable functional blindness in both eyes. No 

participant had a significant, uncorrected hearing impairment.

Neurocognitive and academic ability at age 10 years

Neurocognitive and academic achievement assessments were based on well-validated tests 

with recently standardized scores allowing comparison to US population norms.

General cognitive ability.—General cognitive ability (or IQ) was assessed with the 

School-Age Differential Ability Scales–II (DAS-II) (25) Verbal and Nonverbal Reasoning 

scales. The DAS-II has several advantages for characterizing the wide range of IQ in a 

preterm sample, including more sensitive basal items than other IQ scales and extended 

standard scores (down to 31).
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Language ability.—Expressive and receptive language skills were evaluated with the Oral 

and Written Language Scales (OWLS) (26), which assess semantic, morphological, 

syntactic, and pragmatic production and comprehension of elaborated sentences.

Executive function.—Attention and executive function were assessed with the DAS-II 

and the NEPSY-II (27). DAS-II Recall of Digits Backward and Recall of Sequential Order 

measured verbal working memory. NEPSY-II Auditory Attention and Auditory Response 

Set evaluated auditory attention, set switching and inhibition. NEPSY-II Inhibition Inhibition 

and Inhibition Switching assessed simple inhibition and inhibition in the context of set 

shifting, respectively. NEPSY-II Animal Sorting measured concept generation and mental 

flexibility.

Speed of processing.—Speed of processing was assessed with NEPSY-II Inhibition 

Naming, a baseline measure of processing speed with no inhibitory component.

Visual perception.—Visual perception was assessed with NEPSY-II Arrows, which 

measures perception of line orientation, and Geometric Puzzles, a measure of mental 

rotation of complex visual-spatial figures.

Visual-motor function.—Visual fine motor function was measured with NEPSY-II 

Visuomotor Precision.

Academic achievement.—The Wechsler Individual Achievement Test-III (WIAT-III) 

(28) Word Reading, Pseudoword Decoding, and Spelling subtests were used to assess 

proficiency in word recognition, decoding, and spelling, respectively. WIAT-III Numerical 

Operations was used to assess math-related computational skills.

Data Analyses

We evaluated the null hypothesis that maternal educational level at the time of delivery and 

maternal educational advancement (any time after delivery) are not associated with poorer 

neurocognitive or academic function among ELGANs assessed at 10 years of age. To 

compare the test performance of ELGANs to normative expectation, we converted children’s 

test scores to Z-scores using the normative means and standard deviations (SDs) for each 

subtest.

To examine associations among SES-related maternal variables and newborn characteristics 

(p < .10), we used Fisher’s exact tests, except in the case of maternal education and IQ, for 

which a Pearson’s chi-square test was used because of the large number of cells. To examine 

associations between maternal education at delivery and child neurocognitive and academic 

outcomes at age 10, we used multinomial logistic regression to compare the children of 

mothers who had ≤ 12 years (high school or less) and > 12 but < 16 years (some college or 

secondary school education) to those of mothers with ≥ 16 years (bachelor’s degree or 

higher) of education, the referent group. We estimated the odds ratios of having a test score 

2 or more SDs and between 1 and 2 SDs below the normative mean, adjusting for minority 

ethnic/racial status, maternal IQ (KBIT-2 Z-score ≤ −1), male sex, GA (23–24 and 25–26 
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weeks), and birth weight Z-score < −1, while also accounting for the correlations between 

children from the same pregnancy.

To examine the associations between mothers’ educational advancement and children’s 

neurocognitive outcomes, we added a term for advance of maternal education after the 

child’s birth to the model described above. The odds ratios for this term permitted us to 

assess whether a mother’s receipt of additional education reduced the likelihood of cognitive 

and academic deficits for her child.

We did not adjust for eligibility for public health insurance in the models described above 

because, as an alternative proxy measure of SES, it was strongly associated with maternal 

educational status (p ≤ .0005). However, we did conduct supplemental analyses to assess the 

relationship between household eligibility for public insurance (i.e., Medicaid) at delivery 

with children’s 10-year outcomes. We did not conduct analyses of the effects of change in 

public health care insurance status because the expansion of Medicaid eligibility under the 

U.S. Affordable Care Act in 2010 made it an uninterpretable measure of change in 

household income.

RESULTS

Sample characteristics

Of the 873 children in the final sample, 21% (n = 180) were born at 23–24 weeks GA, 45% 

(n = 395) at 25–26 weeks GA, and 34% (n = 298) at 27 weeks GA (Table 1). Demographic 

characteristics associated with delivery before 27 weeks gestation were maternal education ≤ 

12 years (p = .007) and mother’s minority ethnic/racial identification (p = .087). Boys were 

more likely than girls to be born at 23–24 weeks GA (p = .045). Severely growth restricted 

(birth weight Z-score < −2) infants were the least likely to be born at 23–24 weeks GA (p ≤ .

001) (5).

Of the 873 participants, 17 (1.9%) had severe motor impairment, 7 (0.8%) functional 

blindness, and 2 (0.2%) had both severe motor impairment and functional blindness. 

Participants not able to obtain a basal score on any given test because of severe cognitive 

impairment were assigned a floor score for that test. Of the 26 children with severe motor or 

visual impairment, 17 did not achieve basal scores on any test, and 2 obtained basal scores 

on some but not all measures. Of children without severe motor or visual impairment, 12 did 

not achieve basal scores on any test, and 9 on only some tests. In sum, a total of 29 children 

were assigned floor scores on all tests, and 11 were assigned floor scores on some tests.

Maternal educational status was distributed as follows: 41% (n = 359) ≤ 12 years, 23% (n = 

205) > 12 but < 16 years, and 35% (n = 209) ≥ 16 years (Table 1). Mothers with ≤ 12 years 

of education were more likely (63%) to be eligible for public health insurance than mothers 

who had > 12 but < 16 years (32%) and mothers who had ≥ 16 years (5%) of education (p 

≤ .0005). Lower maternal education was also associated with identification as non-white or 

Hispanic (p ≤ .0005), lower maternal age (p ≤ .0005) and single marital status at delivery (p 

≤ .0005), lower maternal IQ (p ≤ .0005), lower gestational age (p = .007), and lower birth 

weight (p = .002). Of 873 children, 307 (35%) were born to mothers who were eligible for 
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public health insurance, which was associated with the same maternal demographic and 

child neonatal factors as was low maternal education.

Between birth and the 10-year follow-up, the mothers of 199 children (23%) advanced in 

educational status, the large majority of whom shifted from having a high school degree or 

less to some college or secondary school education (n = 168). See Table 1. Mothers who 

advanced in education were more likely to be non-white (p ≤ .0005), under 21 years of age 

(p ≤ .0005), married (p ≤ .0005), and eligible for public health insurance (p ≤ .0005) when 

their child was born than mothers who did not advance in education. The children of 

mothers who did and did not advance in education were similar in newborn characteristics 

(e.g., GA and fetal growth restriction).

Neurocognitive and academic achievement test scores by maternal education at delivery

Box-and-whisker plots show the unadjusted medians and distributions of Z-scores for each 

test for each level of maternal education (Figure 1). The distributions of scores of children of 

mothers who had ≤ 12 years or > 12 but < 16 years of education were shifted downward on 

all measures relative to children whose mother had ≥ 16 years. Children whose mother had ≥ 

16 years of education had distributions of scores that were similar to the normative sample 

on several measures, including DAS-II verbal and nonverbal IQ, OWLS receptive and 

expressive language, and all WIAT-III academic achievement tests, but had scores on 

measures of working memory and executive function, visual-perceptual skills, and fine 

motor function that were lower than normative expectation.

With adjustment for gestational age, birth weight Z-score, race, and maternal IQ, children 

whose mother had ≤ 12 years of education were significantly more likely than those whose 

mothers had ≥ 16 years of education to score 2 or more SDs below normative expectation on 

all tests except NEPSY-II Auditory Attention (Table 2, Figure 2). These associations were 

strongest for tests of verbal and nonverbal IQ, expressive language, inhibitory control, and 

mental flexibility (odds ratios from 2.5 to 3.6) as well as WIAT-III academic achievement 

measures (odds ratios from 3.2 to 3.9). Children of women with ≤ 12 years of education also 

were more likely to score between 1 and 2 SDs below expectation on the majority of tests, 

including measures of verbal and nonverbal IQ, receptive and expressive language, working 

memory, inhibition, and mental flexibility, and all WIAT-III academic achievement 

measures.

Children whose mother had > 12 but < 16 years of education were also more likely than 

children of mothers who had ≥ 16 years of education to score 2 or more SDs below 

normative expectation on the majority of tests administered, including measures of verbal 

and nonverbal IQ, expressive language, and executive control, and all measures of academic 

achievement. This group of children was more likely to score between 1 and 2 SDs below 

population norms on 5 tests, two of executive function and 3 of reading and math 

achievement.

Adjusted odds ratios demonstrate a clear pattern of increasing likelihood of lower test scores 

in association with decreasing maternal education (Table 2, Figure 2). This pattern was 

apparent for all tests with the exception of NEPSY-II Auditory Attention and Animal 
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Sorting, both measures of executive function, and NEPSY-II Visuomotor Precision, a 

measure of fine motor control.

Neurocognitive and academic achievement test scores by maternal eligibility for public 
health insurance at delivery (supplementary analysis)

Box-and-whisker plots show that the unadjusted medians and distributions of Z-scores for 

children of mothers eligible for public health insurance at delivery compared to children of 

mothers who were not (Supplementary Figure S1) were shifted downward on all measures. 

With adjustment for confounders (Supplementary Table S2), children born into low-income 

households showed a similar pattern of impairment as children of mothers with low 

educational attainment that were most pronounced on measures of verbal and nonverbal IQ, 

language, executive control, and academic achievement.

Maternal educational advancement and children’s neurocognitive and academic 
achievement tests scores at age 10 years

Children of mothers who advanced in education exhibited an overall tendency of reduced 

risk (ORs < 1) of poor performance on almost all measures (Table 2). The largest reductions 

of risk tended to be on the same measures on which children of mothers of lower educational 

status at birth performed least well, including verbal IQ, language ability, executive control, 

and academic achievement, particularly in math. However, the only measures for which 

reduced risk was statistically significant were of inhibitory control and processing speed.

DISCUSSION

Extremely preterm children born into lower SES families had consistently poorer 

neurocognitive and academic outcomes at age 10 than children from higher SES families, 

with adjustments for gestational age, maternal IQ, and other possible confounders. The most 

pronounced and consistent associations of lower SES, as measured by maternal education, 

were with verbal reasoning, language ability, executive functions and academic skills, 

similar to those reported for low SES term-born community samples (16, 29–32). Low 

household income at delivery (as measured by eligibility for public health, or Medicaid) also 

was associated with unfavorable neurocognitive outcomes.

These findings are similar to those recently reported for smaller cohorts of adults born very 

preterm (10, 11) but extend them in two ways. First, social disadvantage at birth has clear 

adverse effects, with adjustment for the severity of prematurity, on cognitive outcomes even 

among children born most preterm (i.e., at 23 to 27 weeks). Second, graded adverse effects 

of social disadvantage on neurocognitive and academic outcomes are already evident at 

school age in children born extremely preterm. Although other studies (8, 13) have detected 

evidence of graded associations between lower SES and poorer neurocognitive function as 

early as 5 years of age in children born very preterm, these associations were not adjusted 

for differences in gestational age.

In addition, advancement in maternal education after delivery was associated with a reduced 

risk of unfavorable neurocognitive and academic outcomes in their children, but for most 

outcomes this association was not statistically significant. Although in general population 
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studies improvement in socioeconomic circumstances, most often measured by increases in 

household income, have been associated with better academic outcomes in middle childhood 

and beyond (33), the effects of improvement in socioeconomic circumstances, to our 

knowledge, have not been investigated with regard to neurocognitive and academic ability in 

children born very preterm. It is notable that in our sample mothers who advanced in 

educational attainment were more likely to have indicators of social disadvantage at the time 

of delivery (younger, non-white, eligible for Medicaid), with the one exception that they 

were more likely to be married. Further study of such patterns of association may help us to 

understand more precisely how social-environmental influences operate to affect the 

neurocognitive development of children born very preterm.

SES is a multidimensional construct that approximates an individual’s overall position in 

society as related to education, occupation and income. In this study, we used maternal 

education and, secondarily, eligibility for government-provided health care as indicators of 

SES. However, such indicators are widely recognized as proxies or markers for the myriad 

factors that actually mediate the effects of SES on a child’s development. Adverse exposures 

and experiences associated with low SES include air pollution, tobacco smoke, household 

toxins, food insecurity, poor nutrition, inadequate parenting, and psychosocial stress related 

to social isolation, community violence and racial discrimination (14). Among the biological 

mechanisms hypothesized to mediate the effects of social adversity on developmental 

outcomes of preterm infants are epigenetic modifications of gene expression in the mother as 

well as the child, but these processes are only beginning to be explored (34, 35).

Maternal education at the time of birth had a graded relationship with outcomes at age 10, 

with children whose mother had obtained some formal education beyond high school 

scoring intermediately between children whose mother had no formal education beyond high 

school and children whose mother had completed college. Thus, although we have focused 

on risk for poorer neurocognitive and academic outcomes, maternal education, as a proxy 

measure for SES, was also useful in identifying compensatory or protective factors, in that 

children born to mothers in the highest stratum of education obtained scores that were close 

to normative expectation on measures of IQ, language, and academic attainment (9).

Our finding that socioeconomic disadvantage at birth sets children born extremely preterm 

on a trajectory of significantly increased risk for poorer neurocognitive and academic 

outcomes, has important research, policy, and clinical implications. Research on more 

proximal factors that explain the mechanisms through which SES-related exposures lead to 

poorer cognitive outcomes is needed to understand, intervene upon, and potentially modify 

the deleterious effects of social disadvantage on prenatal and postnatal development. Such 

research can inform clinical care and public health policy initiatives that will reduce the 

most damaging exposures related to low SES. Otherwise, given the significant risk that it 

confers, family social disadvantage is an important factor for health care providers to 

consider carefully in following children born extremely preterm (36).

Among the strengths of this study is the large sample size of prospectively-followed 

extremely preterm infants and their families, and the diversity of their sociodemographic 

characteristics. In addition, we were able to assess associations between socioeconomic 
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factors while adjusting for high-quality estimates of gestational age and potential 

confounders such as fetal growth restriction and maternal IQ. As with all observational 

studies, we were limited in our ability to infer causation from association. Although there 

was a high degree of confluence among markers of socioeconomic disadvantage in our 

sample, our measures served only as proxies of a likely large array of pre- and post-natal 

environmental exposures that might mediate links between SES and neurocognitive 

outcomes of children born preterm. In addition, because this study did not include a term-

born comparison group, we were unable to investigate whether socioecomic disadvantage 

might differentially affect outcomes of term-born and extremely preterm children. Finally, 

our findings may not apply to other countries that differ in the degree of socioeconomic 

disparity that exists U.S. and in which differences in the availability of child care resources 

may moderate the effects of lower SES on children’s neurocognitive outcomes.

In conclusion, among children born extremely preterm, socioeconomic disadvantage around 

the time of birth is associated with significantly poorer neurocognitive and academic 

outcomes at 10 years of age, independently of gestational age. Improvement in 

socioeconomic circumstances over the course of early childhood appears to have relatively 

limited effects on children’s cognitive and academic outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Box-and-whisker plots of neurocognitive and academic subtests by maternal education 
category.
Z-scores were adjusted to population norms. Light gray bars indicate ≤ 12 years education, 

medium gray bars indicate > 12 but < 16 years education, and dark gray bars indicate ≥ 16 

years education. The central line in the box indicates the median, and the top and bottom 

lines indicate the 75th centile and 25th centile, respectively. V=Verbal, NV=Nonverbal 

Reasoning, WM=Working Memory, LC=Listening Comprehension, OE=Oral Expression, 

WR=Word Reading, PdD=Pseudoword Decoding, NO=Numerical Operations, Sp=Spelling, 

AA=Auditory Attention, RS=Auditory Response Set, INI=Inhibition Inhibition, INS= 

Inhibition Switching, AS= Animal Sorting, INN=Inhibition Naming, AW=Arrows, 

GEO=Geometric Puzzles. Maximum N = 873.
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Figure 2. Top Panel: Odds ratios (95% confidence intervals) of Z-scores ≤ −2 or > −2 but ≤ −1 for 
neurocognitive subtests associated with maternal education ≤ 12 years and > 12 but < 16 years at 
the time the child was born.
All models are adjusted for non-white race, maternal IQ (KBIT-2 Z-score ≤ −1), gestational 

age (23–24 and 35–26 weeks), and birth weight Z-score < −1; and all models account for the 

correlations between children from the same pregnancy. Bottom Panel: Odds ratios in the 
bottom panel are adjusted additionally for advance in maternal educational status 
between the birth of the child and the child’s 10-year assessment. Large black dots 

indicate ORs significantly > 1.0. Maximum N=873.
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Table 1.
Sample characteristics by maternal education and eligibility for public health insurance

These are row percents. Maximum N = 873.

Maternal education, years Public Insurance

Max Row N

At delivery Advanced after birth At delivery

≤ 12 > 12,< 16 ≥ 16 Yes No Yes No

Maternal characteristics

Race White 32 21 47 17 83 21 79 550

Black 56 31 13 35 65 62 38 226

Other 61 19 20 27 73 53 47 95

Hispanic Yes 69 23 8 22 78 55 45 86

No 38 23 38 23 77 33 67 785

Education, years ≤ 12 47 53 63 37 359

> 12, < 16 15 85 32 68 205

≥ 16 0 100 5 95 309

Education advanced after birth Yes 84 16 0 55 45 199

No 28 26 46 29 71 672

Age, years < 21 88 12 0 50 50 81 19 113

21–35 39 25 36 21 79 33 67 585

> 35 19 24 57 11 89 13 87 175

Single marital status Yes 67 24 9 15 85 71 29 348

No 24 23 53 35 65 12 88 525

Public insurance Yes 74 21 5 36 64 307

No 23 25 52 16 84 566

IQ (KBIT-2 Z-score) ≤ −2 70 15 15 12 88 42 58 33

> −2, ≤ −1 73 21 6 15 85 66 34 62

> −1, ≤ 1 41 27 32 26 74 37 63 603

> 1 19 15 66 18 82 13 87 137

Newborn characteristics

Sex Male 40 22 38 22 78 33 67 445

Female 42 25 33 24 76 38 62 428

Gestational age, weeks 23–24 43 31 27 23 77 36 64 180

25–26 44 19 37 25 75 36 64 395

27 37 25 39 19 81 33 67 298

Birth weight, grams ≤ 750 43 27 30 22 78 38 62 323

751–1000 44 21 34 25 75 37 63 378

> 1000 30 23 47 20 80 24 76 172

Birth weight Z-score < −2 45 14 41 29 71 31 69 51

≥ −2, < −1 46 28 27 24 76 41 59 116

≥ −1 40 24 36 22 78 34 66 706
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Maternal education, years Public Insurance

Max Row N

At delivery Advanced after birth At delivery

≤ 12 > 12,< 16 ≥ 16 Yes No Yes No

Maximum column N 359 205 309 199 672 307 566 873
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Table 2.
Odds ratios (95% confidence intervals) of Z-scores ≤ −2 and Z-scores > −2 but ≤ −1 for 
each neurocognitive, language, and academic achievement subtest at age 10 years 
associated with maternal education ≤ 12 years or > 12 but < 16 years at the time the child 
was born.

All odds ratios in the first two columns were adjusted for non-white race, maternal IQ (KBIT-2 Z-score ≤ −1), 

male sex, gestational age (23–24 and 25–26 weeks), and birth weight Z-score < −1; all odds ratios in the last 

two columns were adjusted additionally for advance in maternal educational status between the birth of the 

child and the child’s 10-year assessment. All models account for correlation between children from the same 

pregnancy. Bolded ORs are significantly > 1.0.; bolded and italicized ORs are significantly < 1.0. Maximum 

N = 873.

Subtest Maternal education

Odds Ratio (95% Confidence Interval) for a subtest Z-score:

Education at birth
Education at birth plus advanced after 

birth

≤ −2 > −2, ≤ −1 ≤ −2 > −2, ≤ −1

IQ

DAS-II Verbal ≤ 12 yrs at birth 2.6 (1.5, 4.5) 2.9 (1.8, 4.6) 3.3 (1.8, 6.0) 3.4 (2.0, 5.8)

> 12, < 16 yrs at birth 1.8 (0.99, 3.3) 1.6 (0.9, 2.8) 2.0 (1.1, 3.6) 1.7 (0.9, 2.9)

Advanced after birth ----- ----- 0.6 (0.3, 1.02) 0.7 (0.4, 1.2)

DAS-II Nonverbal Reasoning ≤ 12 yrs at birth 2.6 (1.5, 4.6) 2.0 (1.3, 3.1) 2.7 (1.4, 5.1) 1.9 (1.2, 3.1)

> 12, < 16 yrs at birth 2.0 (1.1, 3.9) 1.6 (0.98, 2.5) 2.1 (1.1, 4.0) 1.5 (0.9, 2.5)

Advanced after birth ----- ----- 0.8 (0.5, 1.4) 1.1 (0.7, 1.8)

Language

OWLS Listening 
Comprehension

≤ 12 yrs at birth 2.1 (1.3, 3.7) 2.1 (1.4, 3.2) 2.7 (1.5, 5.0) 2.6 (1.6, 4.2)

> 12, < 16 yrs at birth 1.3 (0.7, 2.4) 1.4 (0.9, 2.2) 1.5 (0.8, 2.7) 1.5 (0.9, 2.4)

Advanced after birth ----- ----- 0.6 (0.3, 1.02) 0.7 (0.4, 1.05)

OWLS Oral Expression ≤ 12 yrs at birth 3.6 (2.1, 6.1) 2.1 (1.3, 3.3) 4.1 (2.2, 7.7) 2.7 (1.6, 4.4)

> 12, < 16 yrs at birth 2.1 (1.1, 3.9) 1.6 (0.98, 2.6) 2.3 (1.2, 4.2) 1.7 (1.05. 2.8)

Advanced after birth ----- ----- 0.7 (0.4, 1.2) 0.6 (0.4, 1.1)

Academic Achievement

WIAT-III Word Reading ≤ 12 yrs at birth 4.3 (2.2, 8.5) 2.3 (1.4, 3.9) 4.5 (2.1, 9.5) 2.9 (1.6, 5.1)

> 12, < 16 yrs at birth 3.0 (1.4, 6.3) 2.1 (1.2, 3.7) 3.1 (1.5, 6.5) 2.2 (1.2, 3.9)

Advanced after birth ----- ----- 0.8 (0.5, 1.5) 0.6 (0.4, 1.05)

WIAT-III Pseudoword Decoding ≤ 12 yrs at birth 3.5 (1.9, 6.3) 2.3 (1.4, 3.9) 3.8 (1.9, 7.2) 2.5 (1.4, 4.3)

> 12, < 16 yrs at birth 3.0 (1.6, 5.6) 2.3 (1.4, 4.0) 3.1 (1.6, 5.9) 2.4 (1.4, 4.1)

Advanced after birth ----- ----- 0.8 (0.5, 1.3) 0.9 (0.5, 1.5)

WIAT-III Spelling ≤ 12 yrs at birth 3.5 (1.8, 6.9) 1.8 (1.03, 3.0) 3.4 (1.6, 7.2) 2.0 (1.1, 3.5)

> 12, < 16 yrs at birth 2.9 (1.4, 6.0) 1.9 (1.1, 3.5) 2.9 (1.4, 6.1) 2.0 (1.1, 3.6)

Advanced after birth ----- ----- 1.0 (0.5, 1.7) 0.8 (0.5, 1.3)

WIAT-III Numeric Operations ≤ 12 yrs at birth 4.5 (2.5, 8.0) 2.9 (1.8, 4.5) 5.2 (2.7, 9.8) 3.5 (2.2, 5.8)

> 12, < 16 yrs at birth 3.0 (1.5, 5.8) 2.1 (1.3, 3.4) 3.2 (1.6, 6.2) 2.2 (1.4, 3.7)
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Subtest Maternal education

Odds Ratio (95% Confidence Interval) for a subtest Z-score:

Education at birth
Education at birth plus advanced after 

birth

≤ −2 > −2, ≤ −1 ≤ −2 > −2, ≤ −1

Advanced after birth ----- ----- 0.7 (0.4, 1.2) 0.7 (0.4, 1.1)

Executive Function

DAS-II Working Memory ≤ 12 yrs at birth 2.5 (1.5, 4.1) 2.2 (1.4, 3.6) 2.6 (1.5, 4.6) 2.5 (1.5, 4.2)

> 12, < 16 yrs at birth 2.1 (1.2, 3.8) 1.5 (0.9, 2.6) 2.2 (1.3, 3.9) 1.5 (0.9, 2.7)

Advanced after birth ----- ----- 0.9 (0.5, 1.4) 0.8 (0.5, 1.3)

NEPSY-II Auditory Attention ≤ 12 yrs at birth 1.4 (0.9, 2.1) 1.3 (0.8, 2.1) 1.7 (1.03, 2.8) 1.4 (0.8, 2.3)

> 12, < 16 yrs at birth 1.2 (0.7, 2.0) 1.4 (0.9, 2.3) 1.3 (0.8, 2.2) 1.4 (0.9, 2.4)

Advanced after birth ----- ----- 0.6 (0.4, 1.03) 0.9 (0.5, 1.4)

NEPSY-II Auditory Response 
Set

≤ 12 yrs at birth 2.0 (1.2, 3.1) 1.4 (0.95, 2.2) 2.4 (1.4, 4.1) 1.6 (1.1, 2.6)

> 12, < 16 yrs at birth 1.3 (0.8, 2.3) 0.8 (0.5, 1.3) 1.4 (0.8, 2.5) 0.9 (0.5, 1.4)

Advanced after birth ----- ----- 0.6 (0.4, 1.1) 0.8 (0.5, 1.3)

NEPSY-II Inhibition Inhibition ≤ 12 yrs at birth 1.6 (1.1, 2.4) 1.2 (0.7, 1.8) 2.2 (1.3, 3.5) 1.6 (0.9, 2.6)

> 12, < 16 yrs at birth 1.1 (0.7, 1.7) 0.7 (0.4, 1.2) 1.2 (0.8, 1.9) 0.8 (0.5, 1.2)

Advanced after birth ----- ----- 0.6 (0.3, 0.9) 0.6 (0.3, 0.97)

NEPSY-II Inhibition Switching ≤ 12 yrs at birth 2.6 (1.6, 4.1) 2.0 (1.3, 3.0) 3.3 (1.9, 5.6) 1.9 (1.2, 3.1)

> 12, < 16 yrs at birth 1.9 (1.2, 3.2) 1.6 (0.98, 2.5) 2.1 (1.2, 3.5) 1.6 (0.96, 2.5)

Advanced after birth ----- ----- 0.6 (0.3, 1.01) 1.0 (0.6, 1.7)

NEPSY-II Animal Sorting ≤ 12 yrs at birth 2.5 (1.6, 4.0) 1.2 (0.8, 1.8) 2.8 (1.7, 4.9) 1.4 (0.9, 2.2)

> 12, < 16 yrs at birth 2.4 (1.4, 4.0) 1,6 (0.99, 2.5) 2.5 (1.5, 4.2) 1.6 (1.03, 2.6)

Advanced after birth ----- ----- 0.8 (0.5, 1.3) 0.7 (0.4, 1.2)

Processing Speed

NEPSY-II Inhibition Naming ≤ 12 yrs at birth 1.6 (1.1, 2.4) 0.9 (0.6, 1.4) 2.2 (1.4, 3.6) 1.3 (0.8, 2.3)

> 12, < 16 yrs at birth 1.2 (0.7, 1.9) 1.1 (0.6, 1.7) 1.3 (0.8, 2.1) 1.2 (0.7, 2.0)

Advanced after birth ----- ----- 0.5 (0.3, 0.8) 0.4 (0.2, 0.8)

Visual Perception

NEPSY-II Arrows ≤ 12 yrs at birth 1.8 (1.2, 2.9) 1.5 (0.9, 2.3) 1.7 (1.04, 2.9) 1.3 (0.8, 2.2)

> 12, < 16 yrs at birth 1.4 (0.8, 2.3) 1.6 (0.98, 2.5) 1.4 (0.8, 2.3) 1.5 (0.9, 2.4)

Advanced after birth ----- ----- 1.1 (0.7, 1.8) 1.3 (0.8, 2.2)

NEPSY-II Geometric Puzzles ≤ 12 years 1.7 (1.02, 2.8) 1.9 (1.2, 3.0) 1.6 (0.9, 2.9) 2.1 (1.3, 3.4)

> 12, < 16 years 1.4 (0.8, 2.4) 1.3 (0.8, 2.1) 1.4 (0.8, 2.4) 1.3 (0.8, 2.2)

----- ----- 1.1 (0.6, 1.9) 0.9 (0.5, 1.4)

Fine Motor Function

NEPSY-II Visuomotor Precision ≤ 12 yrs at birth 2.2 (1.3, 3.7) 1.2 (0.8, 1.8) 2.3 (1.3, 4.2) 1.3 (0.9, 2.1)

> 12, < 16 yrs at birth 2.1 (1.2, 3.7) 1.2 (0.8, 1.9) 2.2 (1.3, 3.8) 1.2 (0.8, 2.0)

Advanced after birth ----- ----- 0.9 (0.5, 1.5) 0.8 (0.5, 1.2)
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