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Abstract

Background: Shorter gestational age at birth is associated with worse academic performance in
childhood. Socioeconomic and demographic factors that affect a child’s development may modify
the relationship between gestational age and later academic performance

Objective: The purpose of this study was to investigate socioeconomic and demographic effect
modification of gestational age’s association with kindergarten-level literacy skills in a
longitudinal Wisconsin birth cohort.

Methods: We sampled 153,145 singleton births (2007-2010) that linked to Phonological
Awareness Literacy Screening — Kindergarten (PALS-K) scores (2012—2016 school years). PALS-
K outcomes included meeting the screening benchmark (=28 points, range 0-102 points) and the
standardized score. Multivariable linear regressions of PALS-K outcomes on gestational age
(completed weeks) included individual interactions for five maternal attributes measured at
delivery: Medicaid coverage, education, age, race/ethnicity, and marital status.

Results: Each additional completed gestational week was associated with a 0.5 percentage point
increase in the probability of meeting the PALS-K literacy benchmark. The benefit of an
additional week of gestational age was 0.5 percentage points (95% confidence interval 0.3, 0.7
percentage points) greater for Medicaid-covered births (0.8 percentage points) relative to non-
Medicaid births (0.3 percentage points). Relative to only completing high school, having college
education weakened this association by 0.3-0.6 percentage points, depending on years in college.
Similar but modest relations emerged with standardized scores.
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Conclusions: Socioeconomic advantage as indicated by non-Medicaid coverage or higher levels
of completed maternal education may diminish the cost of preterm birth on a child’s kindergarten-
level literacy skills.
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BACKGROUND

The relationship between gestational age at birth and childhood school performance is well
established. On average, children who are born preterm (<37 completed weeks) or very
preterm (<32 completed weeks) have worse academic achievement in childhood and
adolescence relative to their peers.1~# Emerging evidence suggests a graded relationship
even among those born near or at term, finding worse school performance among children
who were born 34-36 weeks or 37-38 weeks gestation relative to children born after 39
weeks gestation.>~10 Childhood academic performance predicts health and socioeconomic
stability in adulthood,11-13 so the influence of gestational age may cascade far beyond early
schooling.

In this literature, conventional wisdom treats socioeconomic or demographic factors as
confounders of gestational age’s association with academic performance.14-17 A competing
theory suggests that socioeconomic and demographic factors may also modify this
relationship. Protective factors afforded through socioeconomic advantage such as high-
quality parenting, wealth, engagement in early intervention programs and other investments
in childhood development can compensate for the deleterious effects of preterm birth,18:19
Additionally, there are demographic health disparities in the United States, and
intergenerational social disadvantage may amplify the determinant of poor health on
childhood development.20-22 At an individual level, the disproportionate psychosocial stress
perpetuated by racism, young motherhood, or single motherhood may not only limit the
parent’s ability to support the child’s development23-26 but also exacerbate the long-term
impact of preterm birth on children.

Recent evidence suggests that less maternal education or living in a poorer neighborhood
may increase the relationship between gestational age and academic performance.>27
However, other contemporary studies find no evidence of modification by socioeconomic or
demographic factors,28-33 perhaps due to differences in the methods across studies. Some
studies tested modification with composite measures?”:32:33 — for example, a socioeconomic
index based on parents’ education, occupation, and income32 — which may conceal the
precise mechanisms of modification. Several that found no evidence of modification
categorized gestational age and had samples with fewer than 15,000 children,29-33 three of
which drew samples from the same cohort.29-31 Categorized predictor variables and small
samples may limit statistical power for testing modification. Lastly, only two prior studies
investigated modification by demographic factors,28:30 as most studies focused on children’s
socioeconomic background.
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This purpose of this study was to determine if socioeconomic or demographic factors
modify the association between a child’s gestational age and literacy skills at kindergarten
entry using a large, population-based cohort of children who completed a standardized
kindergarten-level literacy screener in Wisconsin public schools during 2012—-2016. We
examined this relationship across strata of five maternal characteristics that were measured
at delivery: Medicaid obstetrical delivery coverage, completed education, age, race and
ethnicity, and marital status.

METHODS

Sample

We drew our sample from Big Data for Little Kids (BD4LK), an integrated data source
including all Wisconsin in-state resident live births in 2007-2012.34 The cohort links birth
records to four administrative sources: Medicaid claims and encounters (henceforth
“claims”), a longitudinal social services data system for Wisconsin,3> Phonologic Awareness
Literacy Screening-Kindergarten (PALS-K) testing data from Wisconsin public schools
(2012-2016 school years), and public county-level characteristics.38 BD4ALK includes two
versions of the birth record: the 1989 Revision of the U.S. Standard Certificate of Live Birth
(2007-2010 deliveries) and the 2003 Revision of the U.S. Standard Certificate of Live Birth
(2011-2012 deliveries). BDALK has 405,864 unique birth records with few (<1%) imperfect
linkages across data sources, so potential bias from data linkage is minimal.

BDA4LK has 274,422 unique birth records for 2007-2010 deliveries. PALS-K scores were
not available for children born during 2011-2012, so we did not sample their records. From
2007-2010 records, we used variables from the birth record, PALS-K tests, and Medicaid
claims. We excluded 1,053 records (0.4%) that did not link uniquely across data sources
within the subsample, 1,676 birth records (0.6%) that indicated infant death, and 21,569
birth records (7.9%) of children who were younger than five years-of-age by September 1,
2015, as they were too young to enroll in kindergarten during the 2012-2016 school years.3”
Our eligibility pool comprised 250,124 children, of which 176,938 (70.3%) linked to a
PALS-K test. Match rates to PALS-K were consistent across birth-year cohorts, albeit
somewhat lower for eligible birth records from 2010 (eTable 1).

We sequentially excluded 23,033 children (13.0%) on seven criteria: Spanish-language
PALS-K test (n=2,222); <5 years-old at testing (n=66); birth weight <350 grams or >7,000
grams (n=15); gestational age <24 weeks or >42 weeks (n=150); plural birth (n=5,481);
foreign-born mother (n=14,306); mother with no high school education at delivery (n=854).
We excluded children who took the Spanish-language PALS-K test because it is unknown
whether the Spanish-language and English-language versions are comparable. We excluded
children on age due to technical ineligibility for PALS-K evaluation,3” on birth weight and
gestational age for implausible reported values from birth records,38 and on plurality to
reduce correlations between children. We excluded children with foreign-born mothers
because we were uncertain how consistently children were directed to the Spanish-language
PALS-K test and because the test is not offered in other languages. Finally, we excluded
children whose mothers had no high school education due to limited generalizability.
Among children whose mothers had no high school education and who met inclusion
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criteria, only 854 of 4,154 (20.6%) took the PALS-K test (match rates in other educational
subgroups were generally >70%). Within the no high school education subgroup, there was
differential selection into PALS-K by maternal race/ethnicity and residence county. This
systematic selection into testing and substantial data missingness compromised our ability to
generalize findings of this subgroup.

Our analytic sample was 153,145 children to 134,925 mothers, and 36,066 children (23.5%
of the sample) were in-sample siblings to 17,786 mothers. We tracked sample inclusion by
birth-year cohort, compared tested and untested children who met inclusion criteria,
compared analyzed children to all live in-state resident deliveries in Wisconsin during 2007—
2010, and provided a sampling flow chart (eTables 1-3, eFigure 1).

Birth records supplied all variables aside from Medicaid delivery coverage and PALS-K
score. The exposure was the clinical estimate of gestational age (completed weeks), which
was estimated with data from the date of last menstrual period and the first accurate
ultrasound.3% Maternal attributes at delivery included age in years (<20; 20—24; 25-34; 35—
39; 40+), race/ethnicity (Asian non-Hispanic [NH], black NH; Hispanic; Native American
NH; white NH; other NH), education (1-3 years high school; high school diploma/
equivalent; 1-3 years college; 4 years college; 5+ years college), marital status (unmarried;
married), Medicaid delivery coverage (no; yes), and parity (first birth; second birth; third
birth; fourth or later birth). Medicaid is a federal- and state-funded health insurance program
for low-income residents. Eligibility depends on household income and varies by state.*® We
also included child’s biological sex (female; male).

PALS-K evaluates readiness for kindergarten-level literacy instruction.#142 The test includes
six domains (rhyme awareness; beginning sound awareness; alphabet knowledge; letter
sounds; spelling; word concept) with a range of 0-102 points. Wisconsin public schools
administered PALS-K to all eligible kindergarten students in fall semesters during the 2012—
2016 school years to identify children who were at risk of grade-level reading difficulties
and may require literacy intervention.43-45

Our outcomes were the standardized PALS-K score (mean 0, standard deviation [SD] 1) and
meeting the PALS-K literacy benchmark (28+ points). Scoring below the benchmark signals
elevated risk of reading difficulty and is used by schools as an indicator for further
evaluation, 414245

Statistical analysis

We measured the distribution of all variables and of birth year. For each stratum of
categorical variables, we calculated the mean PALS-K score (raw and standardized) and the
percent of children who met the PALS-K benchmark. We assessed linearity with locally
weighted regression plots of raw PALS-K scores against gestational age both overall and
stratified by maternal characteristics (eFigures 2-7).
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Figure 1 depicts the hypothesized relations among variables that guided the analysis. We
constructed multivariable linear regression models that regressed PALS-K outcomes on
gestational age (completed weeks). For the standardized PALS-K score outcome, the
gestational age coefficient was the expected change in the standardized PALS-K score for
each gestational week. For the PALS-K benchmark outcome, the gestational age coefficient
was the percentage point change in the probability of meeting the benchmark for each
gestational week.*6 Both models adjusted for all previously listed covariates except
gestational age category and birth year. We clustered standard errors at the mother-level to
relax the assumption of independence between observed siblings#’ Aside from outcomes,
both models were functionally identical.

We tested modification by five maternal attributes: Medicaid obstetrical delivery coverage,
education, age, race/ethnicity, and marital status. We considered these five attributes because
they represent both socioeconomic (Medicaid coverage; education) and demographic (age;
race/ethnicity; marital status) backgrounds. For each attribute, we estimated two regression
models (one per outcome) with a gestational age-attribute interaction. We then generated
plots of attribute-stratified predictions of the outcomes for each week of gestational age
between 24-42 weeks. Additionally, we estimated stratum-specific coefficients for all
categories of interaction variable to observe the variation in the gestational age-PALS-K
associations. Subgroups with the largest sample size were our references for testing
interactions.

Missing data

As discussed previously, only 760 otherwise eligible children were excluded for missing
data on relevant variables, and their exclusion decreased the sample size by <0.5%. Given
the minimal data missingness, we did not use multiple imputation.

Sensitivity analyses

We conducted two sensitivity analyses. First, we repeated the effect modification analyses
after excluding very preterm deliveries (1,134 records; 0.7% of the sample) and after
excluding children who were small for gestational age (SGA) (14,274 records; 9.3% of the
sample) to investigate outlier influence. We defined SGA as a birth weight in the bottom
decile of that gestational age using a United States’ (US) national reference.*8 Second, we
repeated the modification analyses and controlled for birth record-reported maternal tobacco
smoking to investigate modification via differential confounding. Maternal smoking may
confound the gestational age-academic performance relationship and is disproportionately
prevalent among less educated US mothers.49-52

We calculated 95% confidence intervals for estimates and performed all analyses in Stata
statistical software, release 15.53 The University of Wisconsin-Madison minimal risk
institutional review board approved our project.

RESULTS

The average PALS-K score was 64.9 points (SD 23.1 points), and 91.6% of children met the
PALS-K benchmark (Table 1). The average gestational age was 38.9 weeks (SD 1.7 weeks),
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and 6.3% of children were born preterm. The average PALS-K score for term-birth children
was roughly 10 points greater than that of very preterm children, and 87% of all preterm
children met the PALS-K benchmark compared to 92% of term-birth children. We observed
a positive dose-response relationship between gestational age and meeting the literacy
benchmark, and gestational age was linearly related to PALS-K scores overall and within
maternal socioeconomic and demographic strata except for the other NH race subgroup
(eFigures 2-7).

We also observed expected patterns of association between other variables and PALS-K
performance. Overall, 85.7% of Medicaid-covered children met the literacy benchmark
compared to 95.3% of non-Medicaid children, and non-Medicaid children earned, on
average, 11.2 more points on the PALS-K score relative to their Medicaid-covered peers
(69.3 points vs. 58.1 points). Similarly, roughly 80% of children of mothers without a
complete high school education met the PALS-K benchmark and earned an average PALS-K
score of 51.3 points, whereas approximately 98% of children whose mothers completed 4+
years of college met the benchmark and earned an average score of 75 points. Maternal
characteristics negatively associated with children’s PALS-K performance included younger
age and being unmarried.

Each completed gestational week was associated with a 0.03 SD increase in the PALS-K
score and a half-percentage point increase in the probability of meeting the school literacy
benchmark (Table 2). Observed socioeconomic factors modified this association. Each
completed week of gestation was associated with a 0.01 SD greater increase in the PALS-K
score (95% confidence interval [CI] 0.00, 0.01 SD) and a half-percentage point greater
increase in the probability of meeting the literacy benchmark (95% CI 0.3, 0.7 percentage
points) for Medicaid-covered births relative to non-Medicaid covered births. Higher levels of
maternal education also attenuated the relation between gestational age and PALS-K
outcomes. The association between gestational age and the standardized PALS-K score was
0.01 SD smaller for children of mothers with 5+ years of college education relative to
children of mothers who ended their education after high school (95% CI —0.02, —0.00 SD).
College education also attenuated the association between gestational age and the
probability of meeting the literacy benchmark by 0.3-0.6 percentage points, depending on
the level of college education. Additionally, maternal age <20 years was associated with a
0.01 SD decrease in the standardized score for each gestational week (95% CI —0.02, —0.00
SD) relative to maternal age 25-34 years. There was no evidence of modification by
maternal race/ethnicity or marital status. Estimated stratified coefficients for interaction
variables illustrate the heterogeneity of the gestational age-PALS-K association across strata
of Medicaid coverage and maternal education (Table 3). Likewise, they highlight that the
association was relatively consistent across strata of maternal age, race/ethnicity, and marital
status.

We predicted standardized PALS-K scores and probabilities of meeting its literacy
benchmark for each week of gestational age, stratified by Medicaid coverage or by maternal
education (Figures 2A-B). Modification is most apparent in predicted probabilities of
meeting the literacy benchmark (Figure 2B). The relation between gestational age and the
predicted probability of meeting the benchmark was stronger for children with Medicaid-
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covered births relative to their non-Medicaid peers. Similarly, this relation gradually
attenuated with greater maternal education. Indeed, there was no apparent relation between
gestational age and the probability of meeting the benchmark among children whose
mothers had 5+ years of college education: their predicted probability of meeting the
benchmark was approximately 95% regardless of gestational age. We observed similar albeit
more modest patterns when predicting the standardized PALS-K score (Figure 2A).
Moreover, non-Medicaid coverage and greater education were consistently associated with
better PALS-K performance at all weeks of gestational age. A post-hoc analysis predicted
the probabilities of meeting the PALS-K benchmark by preterm birth status overall, by
Medicaid coverage, and by maternal education (Table 4). Again, non-Medicaid coverage and
higher levels of maternal education attenuated preterm birth’s negative association with the
probability of meeting the benchmark.

After excluding very preterm or SGA deliveries, Medicaid delivery coverage, maternal
education, and maternal age no longer modified the association between gestational age and
the standardized score. However, Medicaid delivery coverage and maternal college
education still modified the association of gestational age with the probability of meeting the
benchmark both in magnitude and direction. Excluding very preterm or SGA births did not
change other results, and controlling for maternal smoking did not notably alter any result.

COMMENT

Principal findings

The positive association of gestational age with standardized kindergarten-level literacy
measures is greater for children whose birth was Medicaid-covered and for those whose
mothers had less education at the time of their birth. These results emphasize that preterm
birth’s potential cost on early literacy skills disproportionately impacts children from
socioeconomically disadvantaged backgrounds, and, likewise, that preterm children of more
affluent mothers may be able to overcome the potential harms associated with shorter
gestation.

Strengths of the study

Our study had two key strengths. First, we investigated modification of the gestational age-
literacy relationship with several socioeconomic and demographic variables. This captured a
broad dimension of a child’s background and allowed us to investigate specific potential
modifiers, the latter of which is incompatible with composite measures. Second, we studied
continuous and dichotomous outcomes using a standardized assessment. The standardized
PALS-K score allowed us to investigate modification on a finer gradient with respect to
average literacy. With the PALS-K benchmark, we examined modification on the lower-
performing end of the literacy distribution, and it represented a discrete outcome with
explicit interpretation — whether a child is sufficiently prepared for kindergarten-level
instruction.
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Limitations of the data

We acknowledge some limitations. First, we only observed maternal characteristics at
delivery and they may have changed before the child’s PALS-K assessment. Second, we did
not observe potentially important socioeconomic or demographic variables. BD4LK does
not have direct measures of economic status, such as household income, and we excluded all
paternal information due to non-random missingness on birth records. Third, our findings
may have limited generalizability outside of Wisconsin. Approximately 8.8% of all singleton
deliveries in the US (2007-2010) were born preterm,52:53 but preterm births comprised only
6.3% of our sample. Moreover, relative to all US singleton deliveries (2006-2013),53 our
sample had a greater composition of white NH mothers (83.6% vs. 59.4%) and college-
educated mothers (59.1% vs. 54.4%), reflecting the characteristics of Wisconsin. Finally, our
analysis does not elucidate how specific maternal factors modify the gestational age-early
literacy relationship. Whether early interventions for preterm children, differential
confounders, or another source drives effect heterogeneity remains uncertain. Identifying
mechanisms of socioeconomic modification can guide and inform interventions to reduce
shorter gestation’s harm on early literacy for children from disadvantaged backgrounds.

Interpretation

Heterogeneous associations of gestational age with kindergarten-level literacy were most
apparent when we focused on the probability that a child exceeded the threshold for
remedial services. Children whose births were Medicaid-covered or whose mothers had no
college education had considerably lower probabilities of meeting the PALS-K benchmark if
they were born preterm. In contrast, shorter gestational age had little or no adverse
association with the probability of meeting the benchmark among non-Medicaid-born
children and children with college-educated mothers. For example, with gestational age <39
weeks, the predicted probabilities of meeting the benchmark were often <90% and
sometimes <80% for Medicaid children and for children from less educated backgrounds.
Shorter gestation’s penalty was more forgiving otherwise: non-Medicaid children and
children with college-educated mothers almost consistently had a >90% probability of
meeting the benchmark regardless of gestational age. The magnitude of modification is
striking when we predict the number of children who score below the benchmark. Our
sample included 4,384 preterm children of Medicaid-paid deliveries. We expect that 3,748
(85.5%) of these children meet the benchmark. Had these children belonged to non-
Medicaid deliveries — holding all else constant — 4,016 (91.6%) would meet the benchmark.
This suggests an excess of 268 children who are not prepared for kindergarten-level literacy
instruction that is not explained by observed socioeconomic or demographic factors.

These findings persisted after excluding very preterm or SGA births, suggesting they are not
driven by outliers. Therefore, Medicaid coverage or maternal education modifies gestational
age’s association with the probability of meeting the benchmark for the general population
of children across the gestational age spectrum.

Evidence of socioeconomic modification was less compelling when we considered
continuous literacy scores. In the full sample, the association of gestational age with the
standardized PALS-K score was slightly greater for children with Medicaid-covered births
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and slightly less for children with highly-educated or, perhaps unexpectedly, younger
mothers. Still, the absolute differences in the association across these strata were modest,
suggesting that the role of socioeconomic modification may be more relevant for children
scoring at the lower end of the PALS-K scale than throughout the distribution of scores
using this test. Moreover, these relationships were dependent on the scoring patterns among
very preterm or SGA children. Excluding these children nullified modification with the
continuous score. This could be an artifact of the PALS-K test; its benchmark for identifying
children at risk of literacy delay is well validated,*2 but the test may not accurately
discriminate among children with average or above average literacy skills. If so, then
measurement error might attenuate estimates of modification on the standardized score.

Children of socioeconomically disadvantaged mothers not only disproportionately
experience preterm birth,14-16 but our findings suggest the consequences of preterm birth on
early literacy are greater for these children, emphasizing underlying disparities of preterm
birth and its downstream effects. Still, how these disparities manifest remains disputed.
Socioeconomic factors may allay preterm birth’s consequences on literacy, as affluent
families may have better access to early interventions for preterm infants that facilitate
cognitive development.17-19 These programs are beneficial, but their effectiveness depends
on their services, frequency of contact, and the child’s age upon enroliment.>*

Socioeconomic variation in unobserved confounding of the gestational age-academic
performance relationships may also explain observed modification. As stated previously,
tobacco use may be such a confounder that is more prevalent among socioeconomically
disadvantaged mothers,50-52 but controlling for maternal smoking did not explain
modification in our study. Absent a clear causal pathway, our results nonetheless highlight
that the cost of preterm birth on academic performance is disproportionately greater for
children from socioeconomically disadvantaged backgrounds. In contrast, we found no
compelling evidence of modification by mother’s demographic characteristics, potentially
indicating that demographic disparities not amplify these relationships.

Our findings do not wholly align with prior research. Although two studies’ findings suggest
that socioeconomic advantage may slightly mitigate shorter gestation’s detriment to
academic performance,®2’ most contemporary research observed no such modification,28-33
Our results may stand in greatest contrast to a 2016 study that found no evidence of
modification by maternal age, race/ethnicity, education, and poverty status (which
determines Medicaid eligibility).3% However, this particular study used a much smaller
sample (5,250 children) and categorized gestational age, thereby limiting statistical power to
test modification. Many similar studies faced such constraints.2%:31-33 Moreover, some
studies that found no evidence of modification used composite socioeconomic measures.
31,33 Composite measures smooth over errors in measurement, offering more reliable
indicators of latent attributes like socioeconomic status. However, they sacrifice the ability to
identify specific modifiers and may obscure modification that is induced by one or more
variables within the composite. We avoided this shortcoming by using individual modifiers.
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Conclusions

Socioeconomic advantage, as measured by maternal education and Medicaid delivery
coverage, may buffer shorter gestation’s harm on early childhood literacy. Future
investigations should explore mechanisms of socioeconomic modification.
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Tweet

The adverse association between gestational age and kindergarten literacy is attenuated
for children born to more socioeconomically advantaged mothers.

SOCIAL MEDIA QUOTE
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SYNOPSIS
Research Question

Do maternal socioeconomic or demographic factors modify the association between
gestational age and children’s scores on a standardized test of kindergarten-level literacy?

What’s Already Known

Shorter gestational age is associated with lower cognitive skills in early childhood.
Findings from prior studies suggest that less completed maternal education, lower
socioeconomic status, or neighborhood poverty may amplify this relationship. Other
studies found no evidence of modification by socioeconomic or demographic factors.

What this Study Adds

We found that the relationship between gestational age and the probability of
demonstrating grade-level literacy skills upon kindergarten enrollment was greater for
children whose deliveries were Medicaid-paid relative to their non-Medicaid peers and
for children whose mothers only completed high school relative to those whose mothers
attended college.
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Maternal health factors
A

Child's gestational " Child's PALS-K
age score

Maternal demographicand
socioeconomic factors: Medicaid
coverage, education, age,
race/ethnicity, marital status

Figure 1.
Directed Acyclic Graph of the Relationship Between Gestational Age and Phonological

Awareness Literacy Screening — Kindergarten (PALS-K) Test Performance
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(A) Outcome: PALS-K Standardized Score

Medicaid Delivery Coverage Stratification Maternal Education Stratification

Predicted Standardized PALS-K Score {95% Cl)
Predicted Standardized PALS-K Score {95% Cl)
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(B) Outcome: Meeting PALS-K School Readiness Benchmark

Medicaid Delivery Coverage Stratification Maternal Education Stratification

Predicted Probability of School Readiness (95% CI)

Predicted Probability of School Readiness (95% Cl)

1
™~ -
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4 ¥rs College i 5+ Yrs College

Figure 2.
Predicted PALS-K Outcomes by Gestational Age, Stratified by Maternal Education or

Medicaid Delivery Coverage (n = 151,592)

Legend for Maternal Education: shaded circle = 1-3 years of high school; shaded square =
high school degree or equivalent; shaded triangle = 1-3 years of college; clear circle =4
years of college; clear square = 5+ years of college.

Legend for Medicaid Delivery Coverage: shaded circle = non-Medicaid; shaded square =
Medicaid.

Notes: The standardized PALS-K score has a mean of 0 and a standard deviation of 1. The
literacy benchmark is a PALS-K score of at least 28 points (range 0-102). All predictions
generated by ordinary least squares regression models adjusted for maternal age, maternal
education, maternal race/ethnicity, maternal marital status, Medicaid delivery coverage,
parity, and child’s sex. We included a gestational age-Medicaid delivery coverage interaction
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to stratify predictions by Medicaid delivery coverage, and we included a gestational age-
maternal education interaction to stratify predictions by maternal education. Regressions are
clustered at the mother level.
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Baseline Characteristics of 2007-2010 Wisconsin Birth Records that Linked to PALS-K Tests (n = 153,145)

Table 1.

Characteristic

Mean (SD) or %

Mean PALS-K Score
(SD), Range 0-102

Mean Standardized
PALS-K Score? (SD)

Met PALS-K Literacy
Benchmarkb, %

Overall
Birth Year Cohort
2007
2008
2009
2010

Gestational age (weeks)

<32 (very preterm)
32-35 (preterm)
36 (late preterm)
37-38 (early term)
39-41 (term)

42 (post-term)

Maternal age (years)

<20
20-24
25-34
35-39
40+
Maternal education
1-3 years HS
HS graduate/equivalent
1-3 years college
4 years college
5+ years college
Maternal race/ethnicity
Asian NH
Black NH
Hispanic
Native American NH
Other NH
White NH
Maternal marital status
Unmarried
Moarried
Medicaid coverage

Yes

28.5
28.0
27.2
16.3

38.93 (1.73)°
0.7

28

28

223

70.3

1.0

27.38 (5.67)°
8.8

238

56.1

9.6

18

10.1
30.8
28.7
211
9.3

1.2
9.3
41
18
0.0
83.6

39.1
60.9

39.0

64.89 (23.14)

64.25 (23.04)
65.18 (23.05)
65.78 (23.16)
64.03 (23.39)

56.42 (25.90)
59.62 (24.48)
61.84 (23.82)
63.52 (23.46)
65.72 (22.85)
66.79 (22.91)

55.47 (24.21)
59.71 (23.73)
67.73 (22.16)
69.15 (21.79)
68.26 (22.18)

51.25 (24.59)
58.89 (23.58)
65.48 (21.80)
74.25 (18.90)
76.56 (18.04)

62.06 (24.64)
57.23 (25.34)
55.37 (25.27)
52.88 (24.64)
62.60 (25.97)
66.51 (22.34)

58.06 (24.02)
69.27 (21.44)

57.29 (24.10)

0.00 (1.00)

~0.03 (1.00)
0.01 (1.00)
0.04 (1.00)
-0.04 (1.01)

-0.37 (1.12)
-0.23 (1.06)
-0.13 (1.03)
-0.06 (1.01)
0.04 (0.99)
0.08 (0.99)

~0.401 (1.05)
-0.22 (1.03)
0.12 (0.96)
0.18 (0.94)
0.15 (0.96)

~0.59 (1.06)
-0.26 (1.02)
0.03 (0.94)
0.40 (0.82)
0.50 (0.78)

-0.12 (1.06)
-0.33 (1.10)
-0.41 (1.09)
-0.52 (1.06)
-0.10 (1.12)
0.07 (0.97)

-0.29 (1.04)
0.19 (0.93)

-0.33 (1.04)

91.6

91.4
91.8
92.0
90.7

82.0
87.3
89.4
90.6
92.2
92.8

83.9
88.0
93.7
94.7
93.8

79.0
87.5
93.5
97.9
98.4

88.7
84.0
82.1
80.1
86.8
93.2

86.4
94.9

85.7
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Characteristic

Mean (SD) or %

Mean PALS-K Score
(SD), Range 0-102

Mean Standardized
PALS-K Score? (SD)

Met PALS-K Literacy
Benchmarkb, %

No

Parity
First birth
Second birth
Third birth

61.0

41.2
33.7
16.0

Fourth or later birth 9.1

Child’s sex
Female
Male

49.2
50.8

69.74 (21.13)

66.94 (22.67)
65.85 (22.54)
61.98 (23.50)
57.17 (24.70)

67.39 (22.08)
62.47 (23.88)

0.21 (0.91)

0.09 (0.98)
0.04 (0.97)
-0.13 (1.02)
-0.33(1.07)

0.11 (0.95)
-0.10 (1.03)

95.3

92.9
92.7
89.8
84.7

934
89.8

Abbreviations: HS, high school; NH, non-Hispanic, PALS-K, Phonological Awareness Literacy Screening-Kindergarten; SD, standard deviation.

aWe standardized the PALS-K score to mean 0 and standard deviation 1.

b . . . . . .
The PALS-K benchmark is a score of 28 points or greater on the test (range: 0-102 points). Failure to meet the benchmark signals that a child may
need early literacy intervention.

c -
Mean value (standard deviation).
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Table 2.

Ordinary Least Squares Regressionsa of PALS-K Outcomes on Gestational Age in Completed Weeks (n =
153,145)

Outcome: Standardized PALS-K Scoreb Outcome: Probability of Mesting

Literacy Benchmarkc, Percentage
Points

B Coefficient (95% CI) B Coefficient (95% CI)

MODEL 1: NO INTERACTIONS
Gestational Age (week) 0.03 (0.02, 0.03) 0.54 (0.43, 0.61)
Medicaid Delivery Coverage

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Non-Medicaid
Medicaid

Maternal Education
1-3 years HS
HS Grad/equivalent
1-3 years college
4 years college
5+ years college

Maternal Age

0.00 (Reference)
-0.16 (-0.17, -0.15)

-0.23 (-0.25, -0.21)
0.00 (Reference)
0.19 (0.17, 0.20)
0.44 (0.43, 0.46)
0.52 (0.51, 0.54)

0.00 (Reference)
-3.16 (-3.56, —2.75)

-6.29 (=7.05, -5.54)
0.00 (Reference)
4.10 (3.70, 4.49)
6.22 (5.82, 6.61)
6.46 (6.03, 6.88)

<20 years -0.14 (-0.16, -0.11) -1.59 (-2.37, -0.81)
20-24 years -0.08 (=0.10, -0.07) -1.12 (-1.56, -0.69)
25-34 years 0.00 (Reference) 0.00 (Reference)
35-39 years 0.04 (0.02, 0.05) 0.73(0.33, 1.13)
40+ years 0.05 (0.01, 0.08) 0.74 (~0.16, 01.63)

Maternal Race/Ethnicity

Asian NH 0.02 (-0.03, 0.07) -1.02 (-2.50, 0.46)
Black NH 0.02 (0.00, 0.04) -1.93 (-2.60, -1.26)
Hispanic -0.13 (-0.16, -0.10) -5.01 (-5.98, —4.04)

Native Am. NH

-0.25 (-0.29, -0.21)

~7.41 (-8.92, -5.90)

Other NH 0.08 (-0.19, 0.34) -2.69 (-11.56, 6.18)

White NH 0.00 (Reference) 0.00 (Reference)
Maternal Marital Status

Married 0.00 (Reference) 0.00 (Reference)

Unmarried -0.10 (-0.12, -0.09) -1.41 (-1.83, -0.98)
Parity

First birth 0.00 (Reference) 0.00 (Reference)

Second birth -0.12 (-0.13, -0.11) -1.35 (-1.64, -1.05)

Third birth -0.24 (-0.26, -0.23) -3.31 (-3.74, -2.88)

Fourth or later birth -0.35(-0.37, -0.33) -6.39 (-7.04, -5.73)
Child’s Sex

Female 0.00 (Reference) 0.00 (Reference)

Male -0.21 (=0.22, -0.20) -3.64 (-3.91, -3.37)
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Outcome: Standardized PALS-K Scoreb Outcome: Probability of Meeting

Literacy Benchmarkc, Percentage
Points

B Coefficient (95% CI) B Coefficient (95% CI)

MODEL 2: MEDICAID DELIVERY COVERAGE INTERACTION
Gestational Age (week) 0.02 (0.02, 0.03) 0.32(0.23,0.42)

Gestational Age*Medicaid Delivery Coverage

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Non-Medicaid
Medicaid

0.00 (Reference)
0.01 (0.00, 0.01)

MODEL 3: MATERNAL EDUCATION INTERACTION

Gestational Age (week)

Gestational Age*Maternal Education

1-3 years HS

HS grad/equivalent

1-3 years college

0.03 (0.02, 0.03)

-0.00 (-0.01, 0.01)
0.00 (Reference)
0.01 (-0.00, 0.01)

4 years college 0.00 (-0.01, 0.01)
5+ years college -0.01 (-0.02, —0.00)
MODEL 4: MATERNAL AGE INTERACTION
Gestational Age (week) 0.03 (0.02, 0.03)
Gestational Age*Maternal Age
<20 years -0.01 (-0.02, -0.00)
20-24 years 0.01 (0.00, 0.01)
25-34 years 0.00 (Reference)
35-39 years 0.00 (-0.01, 0.01)
40+ years 0.01 (-0.01, 0.03)
MODEL 5: MATERNAL RACE/ETHNICITY INTERACTION
Gestational Age (week) 0.03 (0.02, 0.03)
Gestational Age*Maternal Race/Ethnicity
Asian NH 0.00 (~0.02, 0.03)
Black NH 0.00 (-0.01, 0.01)
Hispanic 0.00 (-0.01, 0.02)
Native Am. NH -0.01 (-0.03, 0.02)
Other NH 0.01 (-0.16, 0.17)
White NH 0.00 (Reference)
MODEL 6: MATERNAL MARITAL STATUS INTERACTION
Gestational Age (week) 0.03 (0.02, 0.03)
Gestational Age*Maternal Marital Status
Married 0.00 (Reference)
Unmarried -0.00 (-0.01, 0.00)

0.00 (Reference)
0.47 (0.27, 0.66)

0.72 (0.54, 0.90)

-0.11 (-0.50, 0.28)
0.00 (Reference)
-0.24 (-0.47, -0.01)
-0.38 (-0.60, —0.15)
-0.63 (-0.87, -0.39)

0.43 (0.32, 0.54)

0.01 (-0.35, 0.37)
0.33(0.01.0.57)
0.00 (Reference)
0.12 (-0.16, 0.39)
-0.00 (-0.58, 0.57)

0.50 (0.41, 0.60)

0.22 (-0.66, 1.11)
0.04 (-0.28, 0.36)
0.22 (-0.36, 0.80)
0.22 (-0.70, 1.14)
-3.45 (-7.55, 6.59)
0.00 (Reference)

0.45 (0.35, 0.55)

0.00 (Reference)
0.12 (-0.06, 0.31)

1duosnuen Joyiny

Abbreviations: Am, American; B, beta; CI, confidence interval; grad, graduate; HS, high school; NH, non-Hispanic; PALS-K, Phonological
Awareness Literacy Screening — Kindergarten.

a . . . . . . . .
All regressions adjusted for maternal age, maternal education, maternal race/ethnicity, maternal marital status, Medicaid delivery coverage, parity,
and child’s sex. Regressions cluster standard errors at the mother level.
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bWe standardized the PALS-K score to mean 0 and standard deviation 1.

cThe PALS-K benchmark is a score of 28 points or greater on the test (range: 0-102 points). Failure to meet the benchmark signals that a child may
need early literacy intervention.
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Estimated Linear Combinations of Interaction Coefficients from Ordinary Least Squares Regressionsa of

Table 3.

PALS-K Outcomes on Gestational Age in Completed Weeks (n = 153,145)

Outcome: Standardized PALS-K Scoreb

B Coefficient (95% CI)

Outcome: Probability of Meeting
Literacy Benchmarkc, Percentage Point

B Coefficient (95% CI)

MEDICAID DELIVERY COVERAGE-GESTATIONAL AGE INTERACTION

Non-Medicaid
Medicaid

0.02 (0.02, 0.03)
0.03 (0.03, 0.04)

MATERNAL EDUCATION-GESTATIONAL AGE INTERACTION

1-3 years HS

HS grad/equivalent

1-3 years college

4 years college

5+ years college

0.02 (0.01, 0.03)
0.03 (0.02, 0.03)
0.03 (0.03, 0.04)
0.03 (0.02, 0.03)
0.01 (0.01, 0.02)

MATERNAL AGE-GESTATIONAL AGE INTERACTION

<20 years

20-24 years
25-34 years
35-39 years

40+ years

0.02 (0.01, 0.02)
0.03 (0.03, 0.04)
0.03 (0.02, 0.03)
0.03 (0.02, 0.04)
0.03 (0.01, 0.05)

MATERNAL RACE/ETHNICITY-GESTATIONAL AGE INTERACTION

Asian NH
Black NH
Hispanic
Native Am. NH
Other NH
White NH

0.03 (0.02, 0.05)
0.03 (0.02, 0.04)
0.03 (0.01, 0.04)
0.02 (-0.00, 0.04)
0.03 (-0.13, 0.20)
0.03 (0.02, 0.03)

MATERNAL MARITAL STATUS-GESTATIONAL AGE INTERACTION

Married

Unmarried

0.03 (0.02, 0.03)
0.03 (0.02, 0.03)

0.32(0.22, 0.42)
0.79 (0.62, 0.96)

0.61 (0.26, 0.95)
0.72 (0.54, 0.90)
0.48 (0.33, 0.63)
0.35 (0.22, 0.48)
0.09 (-0.07, 0.25)

0.44(0.10, 0.78)
0.76 (0.55, 0.97)
0.43 (0.32, 0.54)
0.54 (0.29, 0.80)
0.43 (-0.14, 0.99)

0.72 (-0.15, 1.60)
0.54 (0.24, 0.85)
0.72 (0.15, 1.29)
0.73 (-0.19, 1.64)
-2.94 (-7.05, 1.16)
0.50 (0.41, 0.60)

0.45 (0.35, 0.55)
0.57 (0.41,0.73)
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Abbreviations: Am., American; Cl, confidence interval; grad, graduate; HS, high school; NH, non-Hispanic; PALS-K, Phonological Awareness
Literacy Screening-Kindergarten.

a . . . . ’ . . .
All regressions adjusted for maternal age, maternal education, maternal race/ethnicity, maternal marital status, Medicaid delivery coverage, parity,
and child’s sex. Regressions cluster standard errors at the mother level.

bWe standardized the PALS-K score to mean 0 and standard deviation 1.

cThe PALS-K benchmark is a score of 28 points or greater on the test (range: 0-102 points). Failure to meet the benchmark signals that a child may
need early literacy intervention.
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Predicted Probabilities” of Meeting the PALS-K Literacy Benchmarkb, Stratified by Preterm Birth (n =

153,145)

Table 4.

Term Birth (Gestational Age =37

Weeks)

Predicted Probability, % (95% CI)

Preterm Birth (Gestational Age <37

Weeks)

Predicted Probability, % (95% CI)

Overall
By Medicaid Delivery Coverage
Non-Medicaid
Medicaid
By Maternal Education
1-3 years HS
HS grad/equivalent
1-3 years college
4 years college

5+ years college

91.74 (91.60, 91.89)

92.91 (92.71, 93.11)
89.93 (89.62, 90.23)

83.19 (82.46, 83.92)
89.35 (89.04, 89.66)
93.30 (93.06, 93.55)
95.49 (95.26, 95.72)
95.70 (95.42, 95.97)

88.92 (88.29, 89.56)

91.39 (90.73, 92.62)
85.46 (84.29, 86.63)

79.16 (76.85, 81.48)
85.54 (84.28, 86.81)
91.07 (90.02, 92.13)
93.80 (92.88, 94.71)
94.69 (93.50, 95.89)

Page 25

Abbreviations: Cl, confidence interval; grad, graduate; HS, high school; PALS-K, Phonological Awareness Literacy Screening-Kindergarten.

a . . . . . -
All predictions generated by ordinary least squares regression models adjusted for maternal age, maternal education, maternal race/ethnicity,

maternal marital status, Medicaid delivery coverage, parity, and child’s sex. We included a gestational age-Medicaid delivery coverage interaction

to stratify predictions by Medicaid delivery coverage, and we included a gestational age-maternal education interaction to stratify predictions by

maternal education. Regressions are clustered at the mother level.

b . . . . . .
The PALS-K benchmark is a score of 28 points or greater on the test (range: 0-102 points). Failure to meet the benchmark signals that a child may

need early literacy intervention.
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