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WHAT’S KNOWN ON THIS SUBJECT: Late preterm infants are at
risk for a variety of developmental impairments; however, little is
known about developmental differences among children born
within the term range of 37 to 41 weeks’ gestation.

WHAT THIS STUDY ADDS: This study links comprehensive birth
record data from 128 050 term births to children’s school records
8 years later. Analyses establish that, even among the “normal
term” range, gestational age is an important independent

OBJECTIVE: The goal of this study was to examine the degree to which
children born within the “normal term” range of 37 to 41 weeks’
gestation vary in terms of school achievement.

METHODS: This study analyzed data from 128 050 singleton births born
between 37 and 41 weeks' gestation in a large US city. Data were
extracted from city birth records to assess a number of obstetric,
social, and economic variables, at both the individual and community
levels. Birth data were then matched with public school records of
standardized city-wide third-grade reading and math tests. Specifically,
we assessed (1) whether children born within the normal term range of
37 to 41 weeks’ gestation show differences in reading and/or math
ability 8 years later as a function of gestational age, and (2) the
degree to which a wide range of individual- and community-level
social and biological factors mediate this effect.

RESULTS: Analyses revealed that gestational age within the normal
term range was significantly and positively related to reading and math
scores in third grade, with achievement scores for children born at 37
and 38 weeks significantly lower than those for children born at 39, 40,
or 41 weeks. This effect was independent of birth weight, as well as
a number of other obstetric, social, and economic factors.

CONCLUSIONS: Earlier normal term birth may be a characteristic con-
sidered by researchers, clinicians, and parents to help identify chil-
dren who may be at risk for poorer school performance. Pediatrics
2012;130:1-8
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The developmental risks of early pre-
term birth are well established. Re-
cently it has been recognized that even
late preterm infants, born from 34 to 36
weeks’ gestation, are at risk for ad-
verse developmental outcomes.'-9 Less
clear, however, is the degree to which
developmental risk varies with gesta-
tional age among infants born “at
term,” between 37 and 41 weeks’ ges-
tation. Brain development continues
throughout gestation, including rapid
growth in the final month of preg-
nancy.'%1" Yet children born from 37 to
41 weeks’ gestation are frequently com-
bined into a single reference group in
studies investigating cognitive out-
comes.13-689.12-14 |t js unclear whether
this cut point of 37 weeks is appropri-
ate,'2 and the degree of heterogeneity
in academic achievement across this
5-week period of “normal” gestation re-
mains largely uninvestigated.

This study uses a retrospective cohort
design to examine a large sample of
urban American children born across
the range of term gestation, to inves-
tigate whether earlier gestational age
at birth confers a continuum of risk for
poor academic achievement. Access to
a large data set linking comprehensive
birth records to school records affords
the unique opportunityto explore a wide
range of individual-and community-level
social and biological factors that may
mediate this effect.

METHODS
Population

The study sample consists of all sin-
gleton births born to mothers residing
inNew York Gity (NYC) from 1988to 1992
who (1) were between 37 and 41 weeks’
gestation, (2) subsequently enrolled in
third grade in NYC public schools from
1996 to 2000, and (3) for whom third-
grade standardized reading or math
test scores were available. Birth records
from the NYC Department of Health and
Mental Hygiene (DOHMH) were matched
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to NYC Board of Education (BOE) records,
as described previously.’>'6 Briefly, a
data file from the DOHMH, containing the
full name, birth date, and gender of each
child was sent to the BOE to be matched
against a file containing information
on all children who have attended
NYC public schools. To be considered a
match, the DOHMH and BOE records
were required to be identical with re-
spect to the first 6 characters of both
the first and last name; the month, day,
and year of birth; and gender. There
were 150 589 children whose data were
successfully matched in this manner.
Additional criteria for inclusion in the
study included having valid data for all
20 demographic and risk variables de-
scribed inthe next section, membership
in 1 of 4 major ethnic groups (Asian
American, non-Hispanic African American,
non-Hispanic white, Hispanic), and de-
livery within 1 of the 5 NYC boroughs. In
all, 128 050 (85.0%) met these criteria
and also had available reading test data.
A small number of these children did
not have available math test data, and
thus analyses involving math scores
included a slightly smaller sample of
127 532 children (84.7% of the full
matched sample). After matching, the
data were de-identified by the BOE and
made available for analysis, as part of
a protocol approved by the DOHMH, BOE,
and the Columbia University Institu-
tional Review Board.

Specification of Variables

The outcomes of interest were the
child’s scores on the California Testing
Bureau (CTB) Achievement Test, a city-
wide proprietary standardized test
adapted from the Terra Nova test se-
ries specifically for the NYC BOE by CTB/
McGraw-Hill. The standardized reading
test measured students’ ability to un-
derstand continuous prose, focusing
on evaluating meaning of written text.'”
The standardized math test measured
basic mathematical skills, such as com-
putation and estimation.'® The CTB was

administered to all NYC public school
third-graders from 1996 to 2000. Be-
cause the scale of the CTB changed be-
tween 1996 and 1998, scores for each
year were converted to T scores (M = 50;
SD = 10) based on city-wide means and
SDs provided by the BOE.1

NYC hospitals abstract information
from the medical records of all deli-
veries, which is reported to the DOHMH.
We derived 20 variables representing
obstetric, individual-level, and community-
level characteristics, many of which
conferriskforpoor school performance,
as suggested by previous studies.™.16.19

Obstetric characteristics included ges-
tational week at birth (defined by the
start of the week, ie, from 37 weeks,
0days,to 37 weeks, 6 days), birthweight,
cesarean delivery, parity, low prenatal
care (=6 prenatal visits), and advanced
maternal age (=35 years).

Individual-level characteristics included
years of maternal education, Medicaid
status, teenage motherhood, marital
status, mother’s nativity (foreign-born),
history of maternal substance abuse
(including alcohol), history of maternal
smoking in pregnancy, child gender, and
mother’s race/ethnicity (African American
non-Hispanic, white non-Hispanic, Asian,
and Hispanic).

Community-level characteristics were
derived from US Census and NYC De-
partment of Criminal Justice data, to
characterizethe neighborhood inwhich
the mother resided at the time of delivery.
The unit of analysis for community-level
variables was the NYC Health Area, as
defined by the DOHMH. Each Health Area
contains ~20 000 people and is an ag-
gregate of 4 to 6 contiguous US census
tracts. Community-level variables included
percentage of residents living below the
federal poverty level, percentage who
immigrated within the previous 5 years,
percentage of housing units with >1
person per room, percentage of res-
idents with stable housing for =5 years,
and neighborhood homicide rate.
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Data Analysis

We first assessed whether, within the
“normal term” gestational range, there
existed a significant relation between
weeks of gestation at birth and third-
grade reading and/or math scores.
Relative risk of reading and math def-
icits were then calculated for infants
born at each gestational week relative
to the reference of 41 weeks. Next, as
the relationship between gestational
age and school achievement scores
may be confounded by birth weight, the
models were expanded to include birth
weight. Last, we examined the effects of
all individual, community, and obstetric
characteristics described previously.

RESULTS

Table 1 describes the sample with re-
spect to all obstetric, individual, and
community-level factors. These sum-
mary statistics reflect the striking di-
versity of the NYC population, with a
high proportion of mothers in various
risk groups.

Reading and math scores were, unsur-
prisingly, highly correlated (R = 0.694;
P <<.001). Initial analyses consisted of 2
one-way analyses of variance, examin-
ing the effect of gestational week at
birth on third-grade reading and math
scores, respectively. Gestational age
within the normal term range was sig-
nificantly and positively related to both
third-grade reading score (F [4, 128 045] =
21635 P < 72 X 10~'® and third-
grade math score (F [4, 127527] =
27.904; P < 34 X 10~ %), with scores
improving with each week of gestation,
as shown in Figs 1 and 2. Table 2 shows
that both reading and math scores for
children born at 37 and 38 weeks were
significantly lower than those of chil-
dren born at any other week, adjusting
for multiple comparisons by using the
Bonferroni method. Differences among
children born at 39, 40, or 41 weeks’
gestation were not significant (although
in all cases, the nonsignificant trend was
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TABLE 1 Summary Statistics for All Risk Factors (n = 128 050)

Variable Description

Mean (SD) or Count/%

Obstetric factors

Gestational wk

37

38

39

40

41
Birth weight, g
Cesarean delivery
Parity
Low or no prenatal care
Advanced maternal age (=35y)

Individual-level factors

Child gender

Male

Female
Race/Ethnicity

White non-Hispanic

African American non-Hispanic

Asian

Hispanic
Maternal education, y
Medicaid
Teenage mother
Mother unmarried
Mother foreign-born

Maternal substance use during pregnancy (including alcohol)

Maternal smoking during pregnancy

39.25 (1.2)
12 184/9.52
23 365/18.25
35197/27.49
35213/27.50
22091/17.25
3328 (485)
19624/15.3
194 (12)
30982/24.2
14711115

61775/48.2
66 275/51.8

34950/27.3
42 875/33.5
11847/9.3
38378/30.0
12.0 (2.4)
48 113/37.6
14 409/11.3
53991/42.2
62 845/49.1
3295/2.6
6723/5.3

Community-level factors (mean % of community population)

Percent below poverty level

Percent recent immigrants (within previous 5y)
Percent living in crowded housing units

Percent living in same house =5y before census
Homicide rate (per 10 000 residents)

Means and SDs are shown for continuous variables. Counts and percentages are shown for dichotomous variables. Mean

percentages are shown for community-level variables.

for greater reading and math scores at
later gestational ages).

We next assessed, for each week of
gestation, the relative risk of mild, mod-
erate, and severe reading and math
impairments, defined as atleast 1.0, 1.5,
and 2.0 SDs below the population av-
erage, respectively. Table 3 shows that
relative to children born at 41 weeks’
gestation, children born at 37 weeks
have a 14% greater risk of having at
least mild reading impairment, a 23%
increased risk of having at least mod-
erate reading impairment, and a 33%
increased risk of having a severe read-
ing impairment. Children born at 38
weeks’ gestation have an 8% increased
risk of at least mild reading impairment
and a 13% increased risk of at least

moderate reading impairment. Table 4
shows that children born at 37 weeks
have a 16% greater risk of having at
least mild math impairment and a 19%
increased risk of having at least mod-
erate math impairment. Children born
at 38 weeks have a 12% increased risk of
having at least mild math impairment.

Because of the association between
birth weight and gestational age,'420
birth weight was introduced into the
models. Both birth weight and gesta-
tional age were significant, indepen-
dent predictors of reading score (birth
weight: B = 0.062; P < .0001; gesta-
tional age: B = 0.011; P << .0001) and
math score (birth weight: 8 = 0.092;
P < .0001; gestational age: B = 0.007;
P < .012).
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FIGURE 1

Gestational week at birth was significantly and positively associated with reading score: (F [4, 128 045] =
21.635; P < 7.2 X 107'®). Error bars represent +1 SE.
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FIGURE 2

Gestational week at birth was significantly and positively associated with math score: (F [4, 127 527] =
27.904; P < 3.4 X 107%). Error bars represent =1 SE.

To elucidate the possible mechanisms
mediating the effect of gestational age
on school achievement, we next de-
veloped 3 general linear models. In
each model, both reading and math
scores were included as dependent
variables. The 3 models incorporated,

4 NOBLE et al

respectively, the obstetric, individual-
level, and community-level character-
istics described previously. Most of
these variables were highly signifi-
cant predictors of third-grade reading
and math scores. Table 5 shows that
gestational age at birth continues to

be a significant predictor of school
achievement, even after adjusting for
these obstetric, individual-level, and
community-level characteristics.

DISCUSSION

The American Academy of Pediatrics
andthe National Institute of Child Health
and Human Development recently
classified infants born from 34 to 36
weeks’ gestation as “late preterm,”2!
signaling an awareness that these in-
fants are at increased risk for a number
of developmental outcomes, including
lower 10,2 developmental delay3* de-
ficits in visuospatial and executive
function skills,5 reading difficulties,®’
behavioral disorders,? attention-deficit/
hyperactivity disorder® and even mental
retardation3® and cerebral palsy38
Surprisingly, far less is known about the
degree to which earlier gestational age
confers risk among infants born at term,
from 37 to 41 weeks gestation.7.22-24
The brain continues to grow rapidly
during this time, with a nearly 50% in-
crease in cortical gray matter,'a nearly
threefold increase in myelinated white
matter,'® and increasing neuronal and
gyral differentiation.!” Further, among
term infants born from 37 to 41 weeks,
later gestational age is associated with
greater gray matter density in middle
childhood in bilateral superior and
middle temporal gyri, and the left pari-
etal lobe.?> These regions have been
associated with reading?® and math
performance,2’ respectively.

Based on this reasoning, we hypothe-
sized thatthe commonly held beliefthat
childrenbornbetween 37 and 41 weeks’
gestation will tend to develop “normally”
without any difference as a function of
the particular week of gestation may not
be accurate.

This study provides support for this
hypothesis. Among a sample of 128 050
children born at term, we found a sig-
nificant, positive relationship between
gestational age at birth and third-grade
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TABLE 2 Difference in Reading and Math Scores by Week of Gestation?
Week Week

development caused by birth at 37 to 38
weeks, relative to birth in the 39- to 41-

Reading Scores Math Scores

Gestation (I)  Comparison (J) 2 i i
Mean Difference  SE P Mean Difference  SE P week range: Or, is the apparent risk of
() ()} what might be called “early term birth”
37 38 —0.358 0107 001> —0.445 0097 <ooot  (37to 38 weeks’ gestation), seen in Figs 1
39 —0.636 0.101  <.0001® —0.732 0.092 <.0001P and 2’ caused by the Confounding effects
40 —0.775 0.101  <<.0001> —0.822 0.092 <.0001P .
i 0820 0109 <0001 fpyes 0098 <0001 of other unmeasureq factor-‘s, risks that
38 39 —0.278 0.081 001b —0.287 0.073 <.0001b are themselves associated with both early
40 —0.417 0081 <.0001° —0377 0075 <000  term birth and school performance?
41 —0.462 0.090 <<.0001> —0.426 0.082 <.0001P . .
39 40 —0.137 0.072 055 —0.090 0.066 17 Regar‘d'ess of the meChamsm, the evi-
4 —0.184 0082 025 —0.139 0075 063 dence presented previously suggests
40 41 —0.045 0.082 .582 —0.049 0.075 913

that it may be inappropriate to cluster

Children born at 37 and 38 weeks’ gestation score significantly lower on reading and math achievement tests than children children born between 37 and 41 weeks’

born at every other week.

a o set at 0.0025 to control for multiple comparisons (eg, 0.05/20).
b Significant when using Bonferroni correction for multiple comparisons.

school achievement. Each week of in-
creased gestation from 37 to 41 weeks
showed an added benefit in both read-
ing and math scores. Further, children
born at 37 or 38 weeks performed sig-
nificantly worse than children born at
39, 40, or 41 weeks, and have a signifi-
cantly increased relative risk of impaired
reading and math skills on standardized
school achievement tests.

These findings have important impli-
cations in considering the definition of
“term.” The intrauterine environment
likely supports typical brain develop-
ment, which may be more likely to be
disrupted when children are born early,
even within the commonly defined pe-
riod of term gestation. This disruption
may affect later academic achievement,
as our findings suggest.

The mechanisms underlying the effect
of gestational age at birth on school

achievement are likely multifactorial.
Because of the nature of this remark-
able data set, in which birth records
containing a large set of variables were
matched with corresponding public
school records 8 years later, we were
able to examine the effects of a number
of obstetric, economic, and social char-
acteristics. Indeed, nearly all character-
istics assessed were highly significant
predictors of third-grade school achieve-
ment. Although a broad range of obstet-
ric, individual-level, and community-level
socioeconomic and demographic char-
acteristics were considered, the effect of
gestational age persisted even when
controlling for these potential mediating
factors. Future research is necessaryto
investigate the causal mechanism(s)
explainingthe relations described here.
More specifically, we may ask: Is there
a subtle yet meaningful risk of impaired

TABLE 3 Relative Risk of Mild, Moderate, and Severe Reading Impairment

gestation together as a single category
when considering developmental out-
comes. This has several important
implications.

From a scientific perspective, the in-
appropriate grouping of heterogeneous
populations may lead to a loss of power
when investigating developmental dif-
ferences. From a clinical perspective,
these data suggest that early term birth
may be a characteristic by which pe-
diatricians may identify children who
may be at risk for poorer school per-
formance. It should also be noted that
there is an increasing trend for per-
forming elective early deliveries for
nonmedical reasons,?® contributing in
part to the fact that the most common
length of gestation for singleton births
has shifted from 40 to 39 weeks.28 Al-
though further research is needed,
women or physicians seeking early de-
livery for social or logistical reasons
may wish to consider this finding, par-
ticularly before 39 weeks.

Gestational Week  Not Impaired, At Least Mildly Poor Relative Risk At Least Moderately Relative Risk Severely Poor Relative Risk
n (%) Reading, n (%) Mildly Poor Poor Reading, n (%) Moderately Poor  Reading, n (%) Severely Poor
Reading (95% CI) Reading (95% ClI) Reading (95% CI)
37 (n=12184) 10749 (88.2) 1436 (11.8) 1.14 (1.07-1.21) 660 (5.4) 1.23(1.12—-1.35) 283(2.3) 1.33 (1.14-1.54)
38 (n =23 365) 20740 (88.8) 2625 (11.2) 1.08 (1.03-1.14) 1169 (5.0) 1.13 (1.04-1.23) 457 (2.0) 1.12 (0.98-1.28)
39 (n=35197) 31507 (89.5) 3690 (10.5) 1.011 (0.96-1.06) 1647 (5.2) 1.05 (0.98-1.14) 658 (2.1) 1.06 (0.93-1.20)
40 (n = 35213) 31535 (89.6) 3678 (10.4) 1.007 (0.96—1.06) 1577 (4.5) 1.01 (0.94-1.09) 641 (1.8) 1.03 (0.91-1.17)
41 (n=22091) 19800 (89.6) 2291 (10.4) n/a 979 (4.4) n/a 390 (1.8) n/a

Relative risk of mild, moderate, and severe reading impairment for children born from 37 to 40 weeks’ gestation, relative to the reference group of 41 weeks’ gestation. Children born at 37 wk
are at increased risk for all levels of impairment. Children born at 38 wk are at increased risk for mild and moderate impairment. “Mildly poor reading,” “Moderately poor reading,” and
“Severely poor reading” are defined as scoring at least 1.0, 1.5, or 2.0 SDs below population average, respectively. “Not impaired” is defined as performance better than the mildly impaired
group. Cl, confidence interval.

PEDIATRICS Volume 130, Number 2, August 2012 o ) o 5
Downloaded from pediatrics.aappublications.org at Columbia University on July 2, 2012


http://pediatrics.aappublications.org/

TABLE 4 Relative Risk of Mild, Moderate, and Severe Math Impairment

At Least Mildly Relative Risk
Poor Math, n (%) Mildly Poor
Math (95% Cl)

Relative Risk
Moderately Poor
Math (95% CI)

Relative Risk
Severely Poor
Math (95% Cl)

Gestational Week At Least Moderately

Poor Math, n (%)

Severely Poor
Math, n (%)

Not Impaired, n (%)

37 (n=12119) 11311 (93.3) 808 (6.7) 1.16 (1.07-1.27) 287 (2.4) 1.19 (1.02-1.38) 130 (1.1) 1.19 (0.95-1.49)
38 (n=23273) 21782 (93.6) 1491 (6.4) 1.12 (1.04-1.20) 520 (2.2) 1.11 (0.98-1.27) 242 (1.0) 1.15 (0.95-1.39)
39 (n=35074) 32999 (94.1) 2075 (5.9) 1.03 (0.96-1.10) 758 (2.2) 1.07 (0.95-1.21) 349 (1.0) 1.10 (0.92-1.31)
40 (n = 35075) 33031 (94.2) 2044 (5.8) 1.02 (0.95-1.09) 708 (2.0) 1.00 (0.89-1.13) 308 (0.9 0.97 (0.81-1.16)
41 (n=21991) 20729 (94.3) 1262 (5.7) n/a 443 (2.0) n/a 200 (0.9) n/a

Relative risk of mild, moderate and severe math impairment for children born from 37 to 40 weeks’ gestation, relative to the reference group of 41 weeks’ gestation. Children born at 37 wk are
at increased risk for mild to moderate math impairment. Children born at 38 wk are at increased risk for mild math impairment. “Mildly poor math,” “Moderately poor math,” and “Severely
poor math” are defined as scoring at least 1, 1.5, or 2 SDs below population average, respectively. “Not impaired” is defined as performance better than the mildly impaired group. Cl,
confidence interval.

TABLE 5 Models of Effects of Gestational Age on School Achievement, Controlling for Obstetric, Individual-Level, and Community-Level Characteristics

Adjusted Mean Square: Reading Adjusted Mean Square: Math F P
Model 1: Obstetric-level characteristics
Birth weight 34 150 65439 451.757 <.0001
Cesarean delivery 5215 4009 34.027 <.0001
Parity 208107 156 073 1343.239 <.0001
Low or no prenatal care 73186 70518 539.022 <.0001
Advanced maternal age 115623 84 422 737.990 <.0001

Gestational wk 204 208 2916 020
Model 2: Individual-level characteristics

Child gender (male) 79714 4674 1256.990 <.0001
Race/Ethnicity:

Black Non-Hispanic 239432 309 123 2553.988 <.0001

Asian 240 60 305 784.791 <.0001

Hispanic 188 223 180 582 1612.586 <.0001
Maternal education 452 097 329 967 3338.661 <.0001
Medicaid 25579 13 291 168.999 <.0001
Teenage mother 357 1248 10.578 <.0001
Mother unmarried 39 845 38738 344.306 <.0001
Mother foreign-born 2281 363 44.988 <.0001
Maternal substance use during pregnancy (including alcohol) 0 17 0.288 749
Maternal smoking during pregnancy 3102 2664 24.864 <.0001
Gestational wk 116 169 2734 .027

Model 3: Community-level characteristics

Neighborhood poverty, % 108 295 64 987 679.034 <.0001
Neighborhood foreign born, % 6105 34 422 287.809 <.0001
Neighborhood housing crowding, % 39 341 50 371 376.147 <.0001
Neighborhood housing stability, % 156 2196 39.765 <.0001
Neighborhood homicide rate (per 10 000 residents) 39070 61566 448677 <.0001
Gestational wk 841 830 0.016 <.0001

Three multivariate general linear models were constructed including both math and reading scores as dependent variables. Independent variables included obstetric characteristics in model
1; individual-level characteristics in model 2; and community-level characteristics in model 3. Most of these characteristics were highly significant predictors of third-grade school
achievement. In each case, after adjusting for these potential mediators, gestational age at birth significantly predicted achievement test scores. Significance levels of multivariate tests
are reported by using Roy’s Largest Root. Follow-up univariate tests revealed that, when controlling for other obstetric factors, gestational week was a significant predictor of math (F = 2.870;
P < .022) but not reading (F = 2.310; P < .055). Similar univariate results were found when controlling for individual-level characteristics (math: F = 2.715; P < .028); reading: F = 1.468; P <
.209). When controlling for community-level characteristics, univariate tests showed that gestational week was a significant predictor of both math (F = 12.052; P < .0001) and reading (F =
9.891; P < .0001).

This study has several limitations. No-
tably, although gestational age from 37
to 41 weeks showed a graded rela-
tionship with third-grade reading and
math scores, the effect size was small.
Many other social, economic, and ob-
stetric factors predict academic achieve-
ment in elementary school; however, the

6 NOBLE et al

goal of this study was not to provide
a comprehensive model accounting for
the largest possible amount of variance
in school achievement. Rather, we
asked specifically whether there would
be a detectable difference in reading
and math achievement among children
born at different weeks of gestation

within the commonly accepted normal
range, and we have answered that
question in the affirmative. Given that
so many other powerful factors affect
school performance in the years be-
tween birth and third grade, the fact
that, 8 years later, we still observe sta-
tistically significant differences between
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children born only 1 week apart (eg, 38
vs 39 weeks), within the normal range of
gestational ages, is noteworthy. Further,
although the average difference in score
by gestational week was small, the
finding of a significantly increased rel-
ative risk for reading and math impair-
ment renders these data clinically
relevant. For example, children born at
37 weeks’ gestation were found to be
33% more likely to experience a severe
reading deficit (defined here as 2 SDs
below the mean) relative to children
born at 41 weeks’ gestation. Of course,
this study’s large sample size provided
considerable statistical power. Thus,
although smaller increases in relative
risk were also detectable for more mild
deficits, the degree to which some of
these more moderate increases in risk
should translate to effects on clinical
decision-making is not yet clear.

Another limitation of the study may be
restricted generalizability. The sample
was obtained from birth records in a
large American city, consisting of a
relatively high proportion of minority
and disadvantaged families. The causes
underlying early term birth in this pop-
ulation (including whether early de-
liveries were performed on an elective
basis) are unknown. However, other re-
cent population-based studies also in-
dicate a negative impact on cognition
from birth at 37 to 38 weeks relative to

REFERENCES

1. van Baar AL, Vermaas J, Knots E, de Kleine
MJ, Soons P. Functioning at school age of
moderately preterm children born at 32 to
36 weeks’ gestational age. Pediatrics. 2009;
124(1):251-257

2. Eide MG, Oyen N, Skjaerven R, Bjerkedal T.
Associations of birth size, gestational age,
and adult size with intellectual performance:
evidence from a cohort of Norwegian men.
Pediatr Res. 2007;62(5):636—642

3. Petrini JR, Dias T, McCormick MG, Massolo
ML, Green NS, Escobar GJ. Increased risk of
adverse neurological development for late

PEDIATRICS Volume 130, Number 2, August 2012

later birth in Denmark,” Belarus,??
Switzerland,?* and Scotland,?3 suggest-
ing that the effect reported here may
indeed be robust.

This study involved secondary data in
which the primary measures were not
obtained by using rigorous research
methods. Birth record data were ab-
stracted by hospitals, and more precise
information, such as whether gesta-
tional age was obtained by dates or
ultrasound, is not available. Addition-
ally, it is likely that some gestational
ages may have been incorrectly as-
signed prenatally or in the delivery
room. Factors that could further illu-
minate underlying mechanisms, such
as the percentage of elective versus
emergent deliveries, are unknown. The
particular outcome measures used do
not reflect all aspects of reading or math
achievement, and effects on other skills
(writing, mathematical reasoning) are
unknown. Indeed, later editions of these
standardized tests have subsequently
been updated to reflect more current
educational testing practices, focusing
more, for instance, on abstract reason-
ing and solving real-life problems.'8

Further, third-grade children taking
tests in a classroom are distractible
and not necessarily motivated to per-
form well, and differences between
schools, classes, and testing environ-
ments may create variability in test

preterm infants. J Pediatr. 2009;154(2):
169-176

4. Morse SB, Zheng H, Tang Y, Roth J. Early
school-age outcomes of late preterm infants.
Pediatrics. 2009;123(4). Available at: www.
pediatrics.org/cgi/content/full/123/4/e622

5. Baron IS, Erickson K, Ahronovich MD, Coulehan
K, Baker R, Litman FR. Visuospatial and verbal
fluency relative deficits in ‘complicated’ late-
preterm preschool children. Early Hum Dev.
2009;85(12):751-754

6. Chyi LJ, Lee HC, Hintz SR, Gould JB, Sutcliffe
TL. School outcomes of late preterm

ARTICLE

scores unrelated to true reading and
math ability. These factors, together
with other unmeasured factors between
birth and age 8, contribute to mea-
surement error, and therefore reduce
effect size. So although the error mea-
surement inherent in the use of public
records is a necessary limitation in re-
search of this type,2#3' we would argue
that because of the effect-attenuation of
this error measurement, the negative
impact of early term birth on academic
achievement is likely greater than the
small but significant effect we report
here.

CONCLUSIONS

Increased gestational age at birth has
a positive association with third-grade
reading and math scores among chil-
dren born in the 37- to 41-week range,
commonly defined as term gestation.
From a public health perspective, this
may have important consequences,
particularly in the realm of identifying
children who may be at risk for poorer
school achievement. Elucidating the
mechanisms underlying this association
will require furtherresearch; however, in
light of the increasing trend for per-
forming elective early deliveries for
nonmedical reasons, researchers, clini-
cians, and parents are urged to consider
this graded relationship between weeks
of gestation and school performance.

infants: special needs and challenges for
infants born at 32 to 36 weeks gestation.
J Pediatr. 2008;153(1):25—-31

7. Kirkegaard |, Obel G, Hedegaard M,
Henriksen TB. Gestational age and birth
weight in relation to school performance of
10-year-old children: a follow-up study of
children born after 32 completed weeks.
Pediatrics. 2006;118(4):1600—1606

8. Moster D, Lie RT, Markestad T. Long-term
medical and social consequences of pre-
term birth. N Engl J Med. 2008;359(3):262—
273

Downloaded from pediatrics.aappublications.org at Columbia University on July 2, 2012


http://pediatrics.aappublications.org/

9. 16.

10.

11.

12.
13.
14.

15.

Linnet KM, Wisborg K, Agerbo E, Secher NJ,
Thomsen PH, Henriksen TB. Gestational
age, birth weight, and the risk of hyperki-
netic disorder. Arch Dis Child. 2006;91(8):
655-660

Huppi PS, Warfield S, Kikinis R, et al
Quantitative magnetic resonance imaging
of brain development in premature and
mature newborns. Ann Neurol 1998;43(2):
224-235

Adams-Chapman |. Neurodevelopmental
outcome of the late preterm infant. Clin
Perinatol. 2006;33(4):947-964, abstract xi
Kirby RS, Wingate MS. Late preterm birth
and neonatal outcome: is 37 weeks' ges-
tation a threshold level or a road marker
on the highway of perinatal risk? Birth.
2010;37(2):169-171

Santos IS, Matijasevich A, Domingues MR,
Barros AJ, Victora CG, Barros FC. Late
preterm birth is a risk factor for growth
faltering in early childhood: a cohort study.
BMC Pediatr. 2009;9:71

Gurka MJ, LoCasale-Grouch J, Blackman JA.
Long-term cognition, achievement, socio-
emotional, and behavioral development of
healthy late-preterm infants. Arch Pediatr
Adolesc Med. 2010;164(6):525—-532

Rauh VA, Parker FL, Garfinkel RS, Perry J,
Andrews HF. Biological, social, and com-
munity influences on third-grade reading
levels of minority Head Start children:
a multilevel approach. J Community Psychol.
2003;31(3):255-278

NOBLE et al

20.

21.

22.

23.

Andrews H, Goldberg D, Wellen N, Pittman
B, Struening E. Prediction of special educa-
tion placement from birth certificate data.
Am J Prev Med. 1995;11(suppl 3):55—61

. Board of Education of the City of New York.

New Standards. Performance Standards for
English Language Arts. Assessment based on
standards. 1997. Available at: http://schools.
nyc.gov/offices/teachlearn/documents/
standards/ela/preface/11assessment.html.
2011. Accessed December 20, 2011

. Frequently asked questions. In: TerraNova,

The Second Edition: Galifornia achievement
tests. Monterey, CA: CTB/McGraw-Hill; 2000

. Goldberg D, McLaughlin M, Grossi M, Tytun

A, Blum S. Which newborns in New York
City are at risk for special education
placement? Am J Public Health. 1992;82(3):
438-440

Talge NM, Holzman C, Wang J, Lucia V,
Gardiner J, Breslau N. Late-preterm birth
and its association with cognitive and
socioemotional outcomes at 6 years of age.
Pediatrics. 2010;126(6):1124—1131

Raju TN. The problem of late-preterm (near-
term) births: a workshop summary. Pediatr
Res. 2006,60(6):775-776

Yang S, Platt RW, Kramer MS. Variation in
child cognitive ability by week of gestation
among healthy term births. Am J Epidemiol.
2010;171(4):399-406

Schofield TJ, Martin MJ, Conger KJ, Neppl
TM, Donnellan MB, Conger RD. Intergener-
ational transmission of adaptive functioning:

24.

25.

26.

21.

28.

29.

30.

31.

a test of the interactionist model of SES and
human development. Child Dev. 2011;82(1):
3347

Yang S, Bergvall N, Cnattingius S, Kramer
MS. Gestational age differences in health
and development among young Swedish
men born at term. Int J Epidemiol. 2010;39
(5):1240-1249

Davis EP, Buss G, Muftuler LT, et al. Chil-
dren’s brain development benefits from
longer gestation. Front Psychol. 2011;2:1—7
McCandliss BD, Noble KG. The development
of reading impairment: a cognitive neuro-
science model. Ment Retard Dev Disabil Res
Rev. 2003;9(3):196-204

Dehaene S, Spelke E, Pinel P, Stanescu R,
Tsivkin S. Sources of mathematical think-
ing: behavioral and brain-imaging evidence.
Science. 1999;284(5416):970-974

Damus K. Prevention of preterm birth:
a renewed national priority. Curr Opin Obstet
Gynecol. 2008;20(6):590-596

Gould JB, Chavez G, Marks AR, Liu H. In-
complete birth certificates: a risk marker
for infant mortality. Am J Public Health.
2002;92(1):79-81

Buescher PA, Taylor KP, Davis MH, Bowling
JM. The quality of the new hirth certificate
data: a validation study in North Carolina.
Am J Public Health. 1993;83(8):1163—1165
Reichman NE, Hade EM. Validation of birth
certificate data. A study of women in New
Jersey’s HealthStart program. Ann Epidemiol.
2001;11(3):186-193

Downloaded from pediatrics.aappublications.org at Columbia University on July 2, 2012


http://schools.nyc.gov/offices/teachlearn/documents/standards/ela/preface/11assessment.html
http://schools.nyc.gov/offices/teachlearn/documents/standards/ela/preface/11assessment.html
http://schools.nyc.gov/offices/teachlearn/documents/standards/ela/preface/11assessment.html
http://pediatrics.aappublications.org/

Academic Achievement Varies With Gestational Age Among Children Born at

Term

Kimberly G. Noble, William P. Fifer, VirginiaA. Rauh, Y oko Nomura and Howard F.

Andrews

Pediatrics; originally published online July 2, 2012;

DOI: 10.1542/peds.2011-2157

Updated Information &
Services

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/early/2012/06/27
/peds.2011-2157

This article, along with others on similar topics, appearsin
the following collection(s):

Developmental/Behavior
http://pediatrics.aappublications.org/cgi/coll ection/devel opme
ntal :behavior

Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xh
tml

Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2012 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org at Columbia University on July 2, 2012



http://pediatrics.aappublications.org/content/early/2012/06/27/peds.2011-2157
http://pediatrics.aappublications.org/cgi/collection/developmental:behavior
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

