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Objective To assess the relationship of moderate and late preterm birth (32%7-36%7 weeks) to long-term educa-
tional outcomes.

Study design We hypothesized that moderate and late preterm birth would be associated with adverse out-
comes in elementary school. To test this, we linked vital statistics patient discharge data from the Office of State-
wide Health Planning and Development including birth outcomes, to the 2015-2016 school year administrative data
of a large, urban school district (n = 72 316). We compared the relative risk of moderate and late preterm and term
infants for later adverse neurocognitive and behavioral outcomes in kindergarten through the 12th grade.
Results After adjusting for socioeconomic status, compared with term birth, moderate and late preterm birth was
associated with an increased risk of low performance in mathematics and English language arts, chronic absen-
teeism, and suspension. These risks emerged in kindergarten through grade 2 and remained in grades 3-5, but
seemed to wash out in later grades, with the exception of suspension, which remained through grades 9-12.
Conclusions Confirming our hypothesis, moderate and late preterm birth was associated with adverse educa-
tional outcomes in late elementary school, indicating that it is a significant risk factor that school districts could
leverage when targeting early intervention. Future studies will need to test these relations in geographically and so-
cioeconomically diverse school districts, include a wider variety of outcomes, and consider how early interventions
moderate associations between birth outcomes and educational outcomes. (J Pediatr 2021;232:31-7).

ate and moderate preterm birth, or birth between 32 and 36 weeks of gestation, accounts for approximately 84% of pre-
term birth, including 8.0%-8.5% of all births. This percentage has been increasing in the US since 1990, decreasing
slightly from 2007 to 2014, and increasing since 2014." However, most research done on long-term neurocognitive
and educational outcomes of preterm birth has focused on very preterm birth (<32 weeks)."© Very preterm birth is associated
with poorer educational outcomes compared with full term birth, including worse cognitive outcomes throughout kinder-
garten and greater needs for special education.””'' Very preterm birth is linked to stress related to socioeconomic deprivation
and maternal health.'”'* Moderate and late preterm birth is associated with developmental delays and suspension in kinder-
garten, reading skills in kindergarten through grade 5, attentional difficulties and increased internalizing behavior at age 8 years,
but little is known about long-term risks of moderate and late preterm birth for education outcomes through grade 12."”"'” The
effects of early intervention programs before kindergarten entry for students born very preterm are significant and durable, and
it is important to identify other signals of long-term risk early in the life course to direct early interventions.'®
Using a novel dataset matching birth hospital data with individual school records in a community-based partnership with a
large, high-risk school district, we constructed a virtual birth cohort to address whether moderate and late preterm birth was
associated with lower kindergarten through 12th grade educational outcomes
(eg, standardized test performance, absenteeism, suspension) compared with
children born at term, and whether this association was independent of socioeco-
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entire state of California from 1995 to 2016 were combined
with administrative data from a large, economically and so-
cioeconomically diverse urban school district in the state.
In this school district, all students receive free and reduced
price lunch, 16% of students are chronically absent, 89%
are economically disadvantaged, 22% are classified as English
language learners, 10% receive special education services, and
1% are in foster care.”

The Office of Statewide Health Planning and Development
VS-PDD files were linked to the school district administrative
data for all children who were enrolled in this district from
grades prekindergarten-12 in the 2015-2016 school year.
The data were linked on the student’s and parents’ first and
last names, student’s and parents’ dates of birth, and parents’
education levels.

The VS-PDD birth record data matched at a rate of 98%
with the records of students whose school records indicated
they were born in California. The hospital birth record data
also matched to 828 students whose school district adminis-
trative records did not have a birth state listed and 57 stu-
dents who had a state other than California listed. Of the
matched students, 81.56% were born in hospitals within
the school district. This finding comports with the school dis-
trict’s reports that most of their students are not mobile.

To determine gestational age, the VS-PDD contains 3 po-
tential data elements—gestational age, which is measured as
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days of gestation based on mother’s last menstrual period;
obstetric gestational age, estimated in weeks and based on ob-
stetric measurements of the fetus; and birth weight, which
can be used to estimate gestational age.”' The obstetric esti-
mate is the most reliable estimate, so whenever it was avail-
able, this figure was used.”” The obstetric estimate was not
available for children born before 2007. When the obstetric
estimate was not available, gestational age based on mother’s
last menstrual period was used, and this was also rounded to
weeks such that 32°7 weeks would be rounded to 32 weeks,
and so on. When neither the obstetric estimate nor
gestational age based on mother’s last menstrual period was
available, or in the case that gestational age was deemed
implausible for being estimated outside of the range of
17-42 weeks, gestational age was imputed based on birth
weight (n = 8959).”'

From 82483 students in the district administrative data
from 2015-2016 school year, 72318 students born between
1998 and 2012 whose school records did not indicate they
were born outside California matched with the California
birth records. We dropped 2 students whose matched record
indicated death in infancy. Our final analytic sample
consisted of 72316 students, as described in Figure 1
(available at www.jpeds.com). Full descriptions of the
analytic sample overall and by gestational age category are
available in Table I.

o )
Table I. Characteristics of California-born students in the school district
Characteristics Full sample (n = 72 316) Moderate and late preterm (n = 8991) Term (n = 61 836) P value*
Gestational age, weeks 38.6 + 2.43 351 +1.2 39.3+1.3 <.001
Birth weight, g 3284.9 4 567.1 2775.7 & 562.5 3390.2 & 464.4 <.001
Student age 10.0 + 3.8 10.6 + 3.6 99 +39 <.001
Mother’s age 255+ 6.2 256 £ 6.5 254 +6.2 <.001
Student sex, female 35248 (48.7) 4132 (46.0) 30 467 (49.3) <.001
Student race/ethnicity
Hispanic 48 734 (68.5) 5766 (65.2) 42 037 (69.1) <.001
Missing 1152 (1.6) 145 (1.6) 986 (1.6) .90
Native American 414 (0.6) 55 (0.6) 352 (0.6) .62
Asian/Pacific Islander 7130 (10.0) 1014 (11.5) 5941 (9.8) <.001
African American 6488 (9.1) 1058 (12.0) 5233 (8.6) <.001
White 6920 (9.7) 772 (8.7) 6018 (9.9) .001
Non-White Hispanic 31 717 (44.6) 3825 (43.3) 27 301 (44.9) .004
Multiracial 18 314 (25.7) 2093 (23.7) 15 859 (26.1) <.001
Missing 1176 (1.6) 151 (1.7) 1004 (1.6) 70
English learner 24 398 (35.3) 2948 (34.0) 21 008 (35.6) .004
Missing 3262 (4.5) 328 (3.6) 2880 (4.7) .001
Disability status 7250 (10.3) 1124 (12.8) 5813 (9.7) <.001
Missing 1879 (2.6) 226 (2.5) 1617 (2.6) .57
Mother’s age
<20 13187 (18.2) 1725 (19.2) 11172 (18.1) 01
20-34 51 901 (71.8) 6239 (69.4) 44 649 (72.2) <.001
>34 7228 (10.0) 1027 (11.4) 6015 (9.7) <.001
Mother’s education
<High school 32 902 (46.2) 4434 (49.9) 27 740 (45.5) <.001
High school diploma 21 540 (30.2) 2656 (29.9) 18 426 (30.2) 47
<4 years college 12 676 (17.8) 1389 (15.6) 11 042 (18.1) <.001
4 years college 2621 (3.7) 240 (2.7) 2354 (3.9) <.001
>4 years college 1535 (2.2) 171 (1.9) 1351 (2.2) .08
Missing 1042 (1.4) 101 (1.1) 923 (1.5) .01
\ J

Values are mean + SD or number (%).
Missingness is 0 if not listed.
*P value indicates significant difference from late preterm based on a x? test.
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Table II. Definitions of educational outcomes

Educational outcomes Grade level Description

Chronic absence Pre-K-12 Defined as missing 10% of school days in a single school year. Chronic absence is a major risk
factor for lower learning and non-completion of high school.

Suspension Pre-K-12 Defined as suspended at least once during the 2015-2016 academic school year.

Below full proficiency Kindergarten ELA K Assessed using Language Arts items on the KAIG. The KAIG assesses early print concepts, phonics,
word recognition, phonological awareness. The maximum score was 100, and this was the score that
was needed to be considered fully proficient in Kindergarten literacy. Students scoring <100 were
considered below full proficiency.

Below full proficiency Kindergarten math K Assessed using the KAIG for early mathematical and numeracy skills such as counting, number-writing,
representing addition and subtraction with objects, and adding and subtracting small numbers.

The maximum score was 100, and this was the score that was needed to be considered fully proficient
in Kindergarten mathematics. Students scoring <100 were considered below full proficiency.

Below proficiency ELA, SBAC 3-8, 11 Students were assessed on Common Core standards on the SBAC) claims of reading, writing, speaking
and listening, and research/inquiry. Student performance is rated as having met the standards or not
having met the standards. Students who received the rating Standard Not Met were considered below
ELA proficiency.

Below proficiency mathematics, SBAC 3-8, 11 Students were assessed on Common Core standards on the SBAC claims of concepts and procedures,
problem solving, modeling, data analysis, and communicating reasoning. Student performance is rated
as having met the standards or not having met the standards. Students who received the rating
Standard Not Met were considered below Math proficiency.

Below proficiency 1-12 Students were assessed on an Interim assessment that was based on SBAC and scored the same way.

ELA

Below proficiency mathematics 1-6 Students were assessed on an Interim assessment that was based on SBAC and scored the same way.

\

K, kindergarten; KAIG, Kindergarten Assessment of Individual Growth; SBAC, Smarter Balanced Assessment Consortium.

Outcome Measures

We analyzed the relative risk (RR) for 4 educational out-
comes: proficiency in English language arts (ELA) and liter-
acy skills in grades kindergarten to 12, proficiency in
mathematics in grades kindergarten to 12, chronic absence
in grades prekindergarten to 12, and suspension in grades
prekindergarten to 12. Table II provides the definitions
and rationales for each of these outcomes.

Control Variables

Information on 4 maternal and student variables was obtained
from the VS-PDD and from school district administrative
data: mother’s education (less than high school, high school,
some college, bachelor’s degree, college beyond a bachelor’s
degree), mother’s age, student’s sex, student’s race/ethnicity
(Hispanic, African-American, Asian/Pacific Islander, Native
American, non-White Hispanic, White, and multiracial), and
student’s English learner status (defined as ever having received
English learner status by the school).

Statistical Analyses

To determine the associations among moderate and late pre-
term birth and educational outcomes, we performed a series
of relative risk analyses. First, we compared outcomes across
the entire sample of students in prekindergarten to grade 12
for a range of outcomes including suspension, math profi-
ciency, ELA proficiency, and chronic absence (Table II).
We also adjusted for mother’s education, mother’s age at
child’s birth, sex, and English learner status. We examined
relative risk and adjusted risk scores at kindergarten entry.
Then, we stratified students by grade level and performed
relative risk analyses for early elementary (grades
kindergarten to 2), mid to late elementary (grades 3-5),
middle school (grades 6-8), and high school students

(grades 9-12). We adjusted grade-level risks for mother’s
education and mother’s age. Across grade levels, we also
adjusted grade-level risks separately for each of English
learner status, sex, and African American racial status. Fach
of these factors is a good control because the subgroups
vary significantly across mother’s education, African
American racial status, and English learner status, and these
analyses relate to our research questions. Mother’s age has
been associated with preterm birth, and mother’s education
is a proxy of children’s socioeconomic status.”’

Of the 82 483 students in the school district, we matched 72
316 (87.7%) with birth data including gestational age or birth
weight, from which gestational age could be computed
(Figure 1). Compared with those born at term, students
born moderate and late preterm were somewhat more
likely to be female, African-American or Asian/Pacific
Islander, and born to a mother <20 or >34 years of age,
with less than a high school education. They were also
more likely to be labeled by the school as disabled and less
likely to be labeled as an English language learner (Table I).

In unadjusted bivariate analyses, students born moderate
and late preterm were more likely to perform below profi-
ciency compared with students born at full term on standard-
ized tests of mathematics skills in kindergarten (52.4% vs
46.7%; P = .01), mathematics in grades 3-8 and 11 (82.2%
vs 77.5%; P < .001), and ELA skills in grades 3-8 and 11
(73.8% vs 68.1%; P < .001), and were more likely to be sus-
pended (23.9% vs 19.3%; P < .001) or experience chronic
absenteeism (18.0% vs 16.1%; P < .001) (Table III).
The risk for poor performance increased with decreased
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Table III. Main results of relative risk analysis, moderate and late preterm vs term
Moderate and late
preterm, Term, Unadjusted relative Adjusted relative
Binary educational outcomes No. (%) No. (%) risk (95% Cl) P value* risk (95% CI)* P value*
Full sample (grades?)
<Prof. ELA (K) 291 (60.6) 2848 (57.6) 1.05 (0.98-1.14) 19 1.05 (0.97-1.13) .25
<Prof. math (K) 252 (52.4) 2317 (46.7) 1.12 (1.02-1.23) .01 1.12 (1.02-1.22) .01
< Prof. ELA (1-12) 4929 (77.0) 30 502 (72.8) 1.06 (1.04-1.07) <.001 1.04 (1.02-1.05) <.001
<Prof. math (1-6) 4087 (69.4) 26 299 (66.7) 1.04 (1.02-1.06) <.001 1.05 (1.03-1.07) <.001
<Prof. SBAC ELA (3-8, 11) 3404 (73.8) 18 593 (68.1) 1.08 (1.06-1.11) <.001 1.05 (1.03-1.07) <.001
<Prof. SBAC math (3-8, 11) 3777 (82.2) 21 061 (77.5) 1.06 (1.04-1.08) <.001 1.04 (1.03-1.05) <.001
Chronic absence (pre-K-12) 1613 (18.0) 9897 (16.1) 1.12 (1.07-1.17) <.001 1.09 (1.04-1.15) <.001
Suspension (pre-K-12) 2152 (23.9) 11 907 (19.3) 1.24 (1.19-1.29) <.001 1.19 (1.14-1.24) <.001
Grades K-2
<Prof. ELA (1-2) 707 (75.5) 6596 (73.1) 1.03 (0.99-1.07) 10 1.02 (0.98-1.06) .29
<Prof. math (1-2) 669 (71.8) 6202 (69.0) 1.04 (1.00-1.09) .07 1.03 (0.99-1.08) 13
Chronic absence 339 (20.2) 2672 (16.2) 1.25(1.13-1.38) <.001 1.26 (1.14-1.39) <.001
Suspension 150 (8.9) 1291 (7.8) 1.14 (0.97-1.34) Bl 1.15 (0.98-1.36) .08
Grades 3-5
<Prof. SBAC ELA 1585 (77.5) 9246 (70.3) 1.10 (1.07-1.13) <.001 1.08 (1.06-1.11) <.001
<Prof. SBAC math 1629 (79.9) 9736 (74.1) 1.08 (1.05-1.10) <.001 1.06 (1.03-1.08) <.001
Chronic absence 314 (13.9) 1524 (10.6) 1.30 (1.16-1.46) <.001 1.28 (1.14-1.43) <.001
Suspension 470 (20.6) 2388 (16.6) 1.24 (1.14-1.36) <.001 1.23 (1.13-1.35) <.001
Grades 6-8
<Prof. SBAC ELA 1567 (73.5) 7821 (68.4) 1.07 (1.04-1.11) <.001 1.04 (1.02-1.07) .001
<Prof. SBAC math 1793 (84.3) 9185 (80.5) 1.05 (1.03-1.07) <.001 1.02 (1.01-1.04) .01
Chronic absence 370 (15.4) 1860 (14.6) 1.05 (0.95-1.16) .36 1.02 (0.92-1.13) .76
Suspension 759 (31.5) 3752 (29.5) 1.07 (1.00-1.14) .05 1.04 (0.98-1.11) 22
Grades 9-12
<Prof. SBAC ELA (11) 252 (58.1) 1525 (6.0) 1.04 (0.95-1.13) A1 1.03 (0.95-1.11) .53
<Prof. SBAC math (11) 355 (83.5) 2139 (82.0) 1.02 (0.97-1.07) 43 1.01 (0.97-1.06) 48
Chronic absence 472 (21.5) 2774 (20.2) 1.07 (0.98-1.16) 14 1.04 (0.95-1.13) .38
Suspension 755 (34.4) 4363 (31.7) 1.09 (1.02-1.16) .01 1.07 (1.01-1.14) .03
W

K, kindergarten; <Prof., below proficiency; SBAC, Smarter Balanced Assessment Consortium.
*P value indicates significant difference from late preterm based on a x? test.

tln the full sample, relative risk adjusted for mother’s education, mother’s age at childbirth, sex, and English learner status. In grade-level samples, relative risk adjusted for mother’s education and

mother’s age at childbirth.
fGrades are listed in parentheses if they differ from grades listed in subgroup heading.

gestational age (Figures 2 and 3 [both available at www.jpeds.
com], and Figure 4).

Unadjusted and adjusted risk ratios (RRs) for educational
outcomes—in aggregate and by grade-level group—are
shown in Table III. After adjusting for maternal age,
maternal education, sex, and English learner status,
moderate and late preterm students were more likely to
perform below proficiency on standardized tests of math
skills in kindergarten (adjusted RR [aRR], 1.12; 95% CI,
1.02-1.22), math skills in grades 3-8 and 11 (aRR, 1.04;
95% CI, 1.03-1.05), and ELA skills in grades 3-8 and 11
(aRR, 1.045; 95% ClI, 1.03-1.07), and were more likely to be
suspended (aRR, 1.19; 95% CI, 1.14-1.24) or experience
chronic absenteeism (aRR, 1.09; 95% CI, 1.04-1.15). The
strongest associations were found in grades 3-5, when
students born moderate or late preterm demonstrated a
6%-10% increased risk for below proficiency skills, a 28%
increased risk for chronic absenteeism, and a 23%
increased risk for suspension when compared with students
born at term. In grades 6-8, students born moderate or late
preterm demonstrated 2%-7% increased risk for below
proficiency math and ELA skills and, in grades 9-12, a 7%
increased risk for suspension. In each grade level, reported
math and ELA risks are based on the Smarter Balanced
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Assessment Consortium when available, and the interim
assessment when not available. Relative risks for math and
ELA skills were similar across the 2 assessments. The
significance of reported grade level relative risks did not
change when adjusted separately for each of English learner
status, sex, or African American racial status. The results of
all relative risk and adjusted relative risk analyses are
available upon request.

In this unique virtual birth cohort linking birth hospitaliza-
tion data with academic outcomes data for more than 70
000 students in a high-risk school district, we found evidence
for long-term vulnerability associated with moderate and late
preterm birth. Students born moderate and late preterm were
more likely than those born at term to experience intellectual
and physical disability (Table I). After adjusting for family
socioeconomic and demographic factors, including
mother’s education, mother’s age, sex, and English learner
status, moderate and late preterm birth was associated
with a significantly increased risk of poor academic
performance, chronic absenteeism, and suspension. The
association with chronic absenteeism and suspension may
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Figure 4. Chronic absence by gestational week. Error bars represent 95% Cls (Ps < .001-.01). Gestational age truncated at

28 weeks.

indicate long-term behavioral implications of preterm birth.
Our results indicated that moderate and late preterm
students were more likely to score below proficiency levels
for ELA as late as middle school. We found that the
associated increased risks emerged in grades kindergarten
to 2, increased in prominence in grades 3-5, tapered in
grades 6-8, and seemed to wash out in the later grades,
with the exception of suspension, which was a higher risk
as late as grades 9-12, indicating associations between
moderate and late preterm birth and long-term behavioral
outcomes spanning childhood and adolescence.

This study examined the long-term effects of moderate and
late preterm birth on educational and behavioral outcomes in
a large US population through the high school years.
Several other studies have examined the short-term out-
comes of moderate and late preterm birth, but few
have considered outcomes across the kindergarten to grade
12 trajectory.”**® Although the risks of very preterm birth
are well-documented and are already the focuses of interven-
tion, moderate and late preterm birth has received less atten-
tion as an indicator of risk. Consistent with the literature, our
results indicated that moderate and late preterm birth may be
a significant indicator of risk for decreased cognitive and
behavioral outcomes, especially through elementary school.
Several hypotheses may explain these associations. Infants
with moderate and late preterm birth are at risk of developing
lower executive function, which may explain the increased
association in grades 3-5, when achievement tests are most
sensitive to differences in certain aspects of executive func-
tioning skills.””*® Increased risk for inflammatory chronic
conditions (eg, asthma) may explain increased school
absences among moderate and late preterm students.”” Mod-
erate and late preterm students are also at risk for having

attention deficits, which predict school suspension rates
and may explain the link between prematurity and suspen-
sion through high school.””>*

This study was subject to limitations and biases common
to cross-sectional studies using administrative data. These
limitations include generalizability bias, because we were
limited to data from a single school district. The sample re-
flected the sociodemographic make-up of the surrounding
county, including the rate of moderate and late preterm birth
(12.4%), which is a higher percentage than in the general US
population, so it will be important to replicate these findings
in other settings.” A limitation of our study is reporting bias
because, beyond standardized test scores, we had no indepen-
dent assessments or observations of child skills (eg, psycho-
educational testing). We were unable to adjust for other
potential sources of unmeasured confounding, including
family structure, neighborhood factors, and environmental
exposures. Although almost all of the students in our sample
were economically disadvantaged, we did not have a measure
of household income to account for variability in socioeco-
nomic status beyond mother’s education. Although this fac-
tor is a useful indicator of disadvantage, it masks variability at
the low end of the income scale, which could potentially bias
our results owing to the association between poverty and pre-
term birth.?! Furthermore, the mean age of students born
moderate and late preterm was higher than that of term stu-
dents, which would also attenuate our findings. Nonetheless,
we found a high probability match between student’s school
records and the birth certificates and birth hospitalization
data. Given this fact and the high population-level rates of
some outcomes (including below-grade level performance
and suspension), we would expect study findings to be biased
toward the null.
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Our findings may carry important implications for health
care providers, educators, and policymakers. Prior studies
suggest that poor academic performance and chronic absen-
teeism in elementary school predicts later high school non-
completion, which is a risk for unemployment and poor
health beyond high school.””** Chronic absenteeism and
behaviors associated with suspension from school may
themselves impact academic performance, so the mecha-
nisms through which preterm birth impact later life out-
comes may cascade and accumulate. Our findings linking
moderate and late preterm birth to academic, suspension,
and absenteeism risks in elementary school indicate that
moderate and late preterm birth is an important early warn-
ing indicator of long-term risks that may be underused in
health care and education settings. Educators should
consider working with local health care providers to estab-
lish more comprehensive educational and behavior plans
(eg, individual education plans) earlier in time (eg, prekin-
dergarten, kindergarten) and with more integrated, multi-
disciplinary teams. Although school districts will need to
carefully consider the financial implications of screening
and providing services, identifying students as preterm
may help to target students for interventions earlier, which
may have benefits for their physical, cognitive, and behav-
ioral development.

Future research is necessary to extend and understand
these findings. This work may include expanding the anal-
ysis to include data over sequential academic years, as well
as data across multiple school districts, to expand the gener-
alizability of these findings across diverse environmental
and socioeconomic settings. Such expanded analysis, for
example, may allow us to examine the differential impact
of resources or early intervention programs. Future studies
should also include more robust treatment of independent
and instrumental variables, for example, to examine the
mediating effects of English-learner status or disability sta-
tus. Finally, as with the present study, such life-course ana-
lyses should be informed by qualitative studies, amplifying
the voices of parents, family members, teachers, and the
youth themselves to explain key findings and to suggest im-
plications for improving the health and educational well-
being of all children. B

Submitted for publication Jun 10, 2020; last revision received Dec 23, 2020;
accepted Dec 29, 2020.

Reprint requests: Carrie Townley Flores, BA, 520 Galvez Mall, CERAS
Building, 5th Floor, Stanford, CA 94305. E-mail: ctflores@stanford.edu

Data Statement

Data sharing statement available at www.jpeds.com.

References

1. Martin JA, Kung H-C, Mathews TJ, Hoyert DL, Strobino DM, Guyer B,
et al. Annual summary of vital statistics: 2006. Pediatrics 2008;121:
788-801.

36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Volume 232

. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births: final data

for 2018. Washington, DC: U.S. Department of Health and Human
Services; 2019.

. Martin JA, Hamilton BE, Oserman MJK, Driscoll AK, Mathews TJ.

Births: final data for 2015. Atlanta: Centers for Disease Control and Pre-
vention; 2017.

. Costeloe KL, Hennessy EM, Haider S, Stacey F, Marlow N, Draper ES.

Short term outcomes after extreme preterm birth in England: compari-
son of two birth cohorts in 1995 and 2006 (the EPICure studies). BMJ
2012;345:€7976.

. Vohr BR, Wright LL, Dusick AM, Mele L, Verter ], Steichen JJ, et al. Neu-

rodevelopmental and functional outcomes of extremely low birth weight
infants in the national institute of child health and human development
neonatal research network, 1993-1994. Pediatrics 2000;105:1216-26.

. Wood NS. The EPICure study: growth and associated problems in chil-

dren born at 25 weeks of gestational age or less. Arch Dis Child Fetal
Neonatal Ed 2003;88:F492-500.

. Msall ME. Kindergarten readiness after extreme prematurity. Arch Pe-

diatr Adolesc Med 1992;146:1371.

. Taylor HG. Learning problems in kindergarten students with extremely

preterm birth. Arch Pediatr Adolesc Med 2011;165:819.

. Orchinik L], Taylor HG, Espy KA, Minich N, Klein N, Sheffield T, et al.

Cognitive outcomes for extremely preterm/extremely low birth weight
children in kindergarten. J Int Neuropsychol Soc 2011;17:1067-79.
Tatsuoka C, McGowan B, Yamada T, Espy KA, Minich N, Taylor HG.
Effects of extreme prematurity on numerical skills and executive func-
tion in kindergarten children: an application of partially ordered classi-
fication modeling. Learn Individ Differ 2016;49:332-40.

Msall ME, Buck GM, Rogers BT, Merke D, Catanzaro NL, Zorn WA.
Risk factors for major neurodevelopmental impairments and need for
special education resources in extremely premature infants. ] Pediatr
1991;119:606-14.

Smith GCS, Crossley JA, Aitken DA, Jenkins N, Lyall F, Cameron AD,
et al. Circulating angiogenic factors in early pregnancy and the risk of
preeclampsia, intrauterine growth restriction, spontaneous preterm
birth, and stillbirth. Obstet Gynecol 2007;109:1316-24.

Christiaens I, Zaragoza DB, Guilbert L, Robertson SA, Mitchell BF,
Olson DM. Inflammatory processes in preterm and term parturition.
J Reprod Immunol 2008;79:50-7.

Romero R, Gomez R, Chaiworapongsa T, Conoscenti G, Cheol Kim J,
Mee Kim Y. The role of infection in preterm labour and delivery. Pae-
diatr Perinat Epidemiol 2001;15:41-56.

Morse SB, Zheng H, Tang Y, Roth J. Early school-age outcomes of late
preterm infants. Pediatrics 2009;123:622-9.

Chyi LJ, Lee HC, Hintz SR, Gould JB, Sutcliffe TL. School outcomes of
late preterm infants: special needs and challenges for infants born at 32 to
36 weeks gestation. ] Pediatr 2008;153:25-31.

van Baar AL, Vermaas J, Knots E, de Kleine MJK, Soons P. Functioning
at school age of moderately preterm children born at 32 to 36 weeks’
gestational age. Pediatrics 2009;124:251-7.

Hill JL, Brooks-Gunn J, Waldfogel J. Sustained effects of high participa-
tion in an early intervention for low-birth-weight premature infants. Dev
Psychol 2003;39:730-44.

Herrchen B, Gould JB, Nesbitt TS. Vital statistics linked birth/infant
death and hospital discharge record linkage for epidemiological studies.
Comput Biomed Res 1997;30:290-305.

California Department of Education. California school dashboard, dis-
trict performance overview 2017, Fresno Unified 2020. Accessed October
9, 2020. Available at: https://caschooldashboard.org/reports/1062166
0000000/2019

Kotelchuck M. The adequacy of prenatal care utilization index: its U.S.
distribution and association with low birthweight. Am ] Public Health
1994;84:1486-9.

Martin JA, Hamilton BE, Ventura SJ, Menacker F, Park MM. Births: final
data for 2000. Natl Vital Stat Rep 2002;50:1-101.

da Silva AAM, Simoes VMF, Barbieri MA, Bettiol H, Lamy-Filho F,
Coimbra LG, et al. Young maternal age and preterm birth. Paediatr Peri-
nat Epidemiol 2003;17:332-9.

Townley Flores et al


mailto:ctflores@stanford.edu
http://www.jpeds.com
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref1
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref1
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref1
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref2
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref2
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref2
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref3
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref3
http://refhub.elsevier.com/S0022-3476(21)00067-6/sref3
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref4
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref4
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref4
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref4
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref5
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref5
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref5
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref5
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref6
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref6
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref6
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref7
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref7
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref8
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref8
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref9
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref9
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref9
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref10
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref10
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref10
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref10
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref11
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref11
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref11
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref11
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref12
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref12
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref12
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref12
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref13
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref13
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref13
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref14
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref14
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref14
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref15
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref15
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref16
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref16
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref16
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref17
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref17
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref17
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref18
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref18
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref18
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref19
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref19
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref19
https://caschooldashboard.org/reports/10621660000000/2019
https://caschooldashboard.org/reports/10621660000000/2019
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref21
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref21
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref21
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref22
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref22
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref23
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref23
http://refhub.elsevier.com/S0022-3476(20)31580-8/sref23

May 2021

24.

25.

Kelly MM. Health and educational implications of prematurity in the
United States: National Survey of Children’s Health 2011/2012 data.
J Am Assoc Nurse Pract 2018;30:131-9.

Shah P, Kaciroti N, Richards B, Oh W, Lumeng JC. Developmental out-
comes of late preterm infants from infancy to kindergarten. Pediatrics
2016;138:€20153496.

29.

30.

ORIGINAL ARTICLES

Harju M, Keski-Nisula L, Georgiadis L, Réisinen S, Gissler M,
Heinonen S. The burden of childhood asthma and late preterm and early
term births. ] Pediatr 2014;164:295-9.¢l.

Martin AJ. The role of ADHD in academic adversity: disentangling
ADHD effects from other personal and contextual factors. Sch Psychol
Q 2014;29:395-408.

26. Shah PE, Kaciroti N, Richards B, Lumeng JC. Gestational age and 31. DeFranco EA, Lian M, Muglia L], Schootman M. Area-level poverty and
kindergarten school readiness in a national sample of preterm infants. preterm birth risk: a population-based multilevel analysis. BMC Public
] Pediatr 2016;178:61-7. Health 2008;8:316.

27. Brumbaugh J, Hodel A, Thomas K. The impact of late preterm 32. Alexander KL, Entwisle DR, Horsey CS. From first grade forward: early
birth on executive function at preschool age. Am ] Perinatol foundations of high school dropout. Sociol Educ 1997;70:87.
2013;31:305-14. 33. Ross CE, Wu C. The links between education and health. Am Sociol Rev

28. Best JR, Miller PH, Naglieri JA. Relations between executive function 1995;60:719.
and academic achievement from ages 5 to 17 in a large, representative 34. Freudenberg N, Ruglis J. Reframing school dropout as a public health

national sample. Learn Individ Differ 2011;21:327-36.

issue. Prev Chronic Dis 2007;4:A107.

50 Years Ago in THE JOURNAL OF PEDIATRICS

The Australia Antigen: A Path to Remarkable Discoveries
Krugman S. Viral hepatitis and Australia antigen. ] Pediatr 1971;78:887-91.

he Australia antigen was discovered in 1961 by Dr Baruch Blumberg when he observed precipitating antibodies in
the sera of patients who had received multiple transfusions. Little did he know that over the next decade this dis-
covery would revolutionize the field of viral hepatitis.

The name “Australia antigen” was given because Blumberg discovered the reacting sera in high numbers in the
Australian aborigine. Later, he reported findings of this antigen in high rates in patients with leukemia, Hodgkin’s
disease, institutionalized children with Down syndrome, and patients with presumed viral hepatitis. This association
with viral hepatitis lead to an eruption of research and literature including the breakthrough discovery that the Austra-
lian antigen is, in fact, the hepatitis B surface antigen.'

A series of events in the 1970s signaled the beginning of a new era in viral hepatology. Dr Irving Millman with Dr
Blumberg developed a method of purifying the antigen for use in a vaccine, patented in 1972. Dr Harvey Alter and
colleagues called for Australia antigen screening of blood products; this, along with the change to a volunteer only
blood bank system, led to a 70% decrease in blood transfusion-transmitted hepatitis.” Further research in this decade
described the chronic state of hepatitis B, the significant global impact of chronic hepatitis B and the link of hepatitis B
to hepatocellular carcinoma.’

Despite continued academic progress with a highly effective vaccine available and viral suppressive therapy, hepa-
titis B remains an uncurable disease, with a significant global disease burden with more than 290 million people esti-
mated to have chronic hepatitis B.” Although we are still searching for a cure, we must continue to spread awareness
and fight for improved public health policy on a global perspective, especially in our most vulnerable pediatric pop-
ulation where vaccination is highly effective against perinatal transmission, with a target to eliminate viral hepatitis as a
public health threat.’

Julie Osborn, MD

Division of Pediatric Gastroenterology, Hepatology and Nutrition
Cincinnati Children’s Hospital Medical Center

Cincinnati, OH
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82 484 students enrolled in the school district in 2015-
2016

10166 excluded.

1956 were born before 1998 or after 2012, so they could not be matched to
OSHPD-VS data.

3421 had school records that had no birthplace listed, and they could not
be probabilistically matched to OSHPD-VS data.

3328 had school records that indicated they were born outside of
California and could not be probabilistically matched to OSHPD-VS data.

57 were probabilistically matched to OSHPD-VS data but had school
records that indicated they were born outside of California.

1404 had school records that indicated they were born inside of California
but could not be probabilistically matched to OSHPD-VS data.

72 318 students matched to OSHPD-VS data using the
probabilistic model.

2 excluded.

2 were matched to birth records
indicating post-neonatal death.

Volume 232

Our final full analytic sample consisted of 72 316
students
Very Preterm Moderate Late Preterm Term
(<32 weeks) Preterm (34-36 weeks) (37+ weeks)
(32-33 weeks)
1489 students 1324 students 7667 students 61 836 students

Figure 1. CONSORT diagram. OSHPD-VS, Office of Statewide Health Planning and Development - Vital Statistics.
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Figure 2. Kindergarten mathematics readiness by gesta-
tional age. Error bars represent 95% Cls (P < .001). Gesta-
tional age truncated at 28 weeks. Results were similar for ELA.
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Figure 3. SBAC mathematics scores by gestational age. Error bars represent 95% Cls (Ps < .001-.04). Gestational age trun-
cated at 28 weeks. Results were similar for ELA. SBAC, Smarter Balanced Assessment Consortium.
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