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Developmental Scores at 1 Year With Increasing
Gestational Age, 37–41 Weeks

WHAT’S KNOWN ON THIS SUBJECT: Cognitive and motor
developmental test scores of preterm and late preterm infants
increase with gestational age. Developmental test scores in full-
term infants have not previously been considered to relate to
gestational age.

WHAT THIS STUDY ADDS: In a cohort of healthy, full-term infants,
37 to 41 weeks, 12-month mental and psychomotor scores on the
Bayley Scales of Infant Development increased with gestational
age, suggesting that neurodevelopment is optimal in infants born
at 39 to 41 weeks.

abstract
OBJECTIVE: To examine the relationship between gestational age and
mental and psychomotor development scores in healthy infants born
between 37 and 41 weeks.

METHODS: The cohort included 1562 participants enrolled during in-
fancy in an iron deficiency anemia preventive trial in Santiago, Chile. All
participants were healthy, full-term (37–41 weeks) infants who
weighed 3 kg or more at birth. Development at 12 months was
assessed using the Bayley Scales of Infant Development. Using
generalized linear modeling, we analyzed the association between
gestational age and 1-year-old developmental status, taking into
account potential confounders including birth weight percentile,
gender, socioeconomic status, the home environment, iron status,
and iron supplementation.

RESULTS: For each additional week of gestation, the Mental Develop-
ment Index increased by 0.8 points (95% confidence interval = 0.2–1.4),
and the Psychomotor Development Index increased by 1.4 points (95%
confidence interval = 0.6–2.1) controlling for birth weight percentile,
gender, socioeconomic status, and home environment.

CONCLUSIONS: In a large sample of healthy full-term infants,
developmental scores obtained using the Bayley Scales of Infant
Development at 12 months increased with gestational age (37–41
weeks). There is increasing evidence that birth at 39 to 41 weeks
provides developmental advantages compared with birth at 37 to 38
weeks. Because cesarean deliveries and early-term inductions have
increased to 40% of all births, consideration of ongoing brain
development during the full-term period is an important medical
and policy issue. Pediatrics 2013;131:e1475–e1481
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It is well established that prematurity
(gestational age ,37 weeks) is asso-
ciated with poorer developmental out-
comes compared with full-term birth
(37–41 weeks), and developmental
scores correlate with gestational age
within the preterm range.1,2 Until re-
cently, most published research has
focused on infants born during the
early preterm period (,34 weeks)1

when it is difficult to disentangle the
role of developmental vulnerability of
the immature brain from factors as-
sociated with illness or brain injury. On
the basis of recent research, it is now
clear that late preterm birth (34–36
weeks’ gestational age) is also associ-
ated with lower developmental scores
compared with full-term birth.3–8 Fur-
thermore, in the late preterm period,
lower gestational age appears to have
an effect on developmental outcomes
independent of birth weight.4 Less
attention has been paid to the re-
lationship between gestational age
and development within the full-term
range, even though more than a de-
cade ago, research showed that specific
neurologic and physical characteristics
of the infant change between 37 and 41
weeks’ gestation.9 New knowledge about
brain development highlights the impor-
tance of the last 4 to 5 weeks of gesta-
tion.10,11 During this period, the fetus
experiences impressive brain matura-
tion. Brain weight increases by approxi-
mately one-third, and dramatic increases
in gyri and sulci are noted.10 In addition,
axons and dendrites experience rapid
growth,10 and the subplate neurons begin
to regress, and interconnections between
the thalamus and the cerebral cortex
develop. Therefore, a large portion of
brain development and networking takes
place in the last weeks of gestation.12

Evidence foran effect on developmental
outcomes of gestational age during the
full-term period comes from recent
studies in school-age children and in
young adult military recruits. A study of

13 824 healthy 6-year-old Belarusian
children found higher IQ scores in those
born at 39- to 40-weeks’ gestational age
compared with those born at 37- to 38-
weeks’ gestational age.13 US children
(n = 128 050) born at 37 to 38weeks had
significantly lower third-grade, stan-
dardized math and reading scores,
compared with those born at 39 to 41
weeks.14 Studies of military recruits in
Norway (n = 317 761) and Sweden (n =
386 954) found associations between
gestational age during the full-term
period and IQ.5,15 In Great Britain,
poorer school performance16 and need
for special education services17 have
also been correlated with decreasing
gestational from 41 weeks. Further-
more, 9- to 15-week-old, full-term infants
(n = 3224) had increased risk for non-
optimal development if born before the
expected date of delivery and neuro-
motor development was associated
with week of gestation (37–40 weeks).18

The issue of optimal timing of birth
during the full-term period seems
particularly relevant in an era when
induction of labor is common and ce-
sarian delivery rates are high.19,20

Others have suggested more research
is needed to disentangle the role of
obstetric and neonatal complications
from that of gestational length.4 Al-
though many factors are considered in
deciding whether the benefits out-
weigh the risks related to the timing of
delivery, infant development is cur-
rently considered to be homogenous
during the full-term period and rarely
taken into account. The purpose of this
study was to examine the influence of
gestational age, within the full-term
range, on developmental outcomes at
12 months in healthy full-term single-
ton infants who had no apparent peri-
natal problems.

METHODS

We conducted a secondary analysis of
data collected in a study of 1657 infants

who participated in a randomized
controlled trial of iron supplementa-
tion, between 6 and 12 months, to
prevent iron deficiency anemia (IDA).21

Infants were recruited from 4 contigu-
ous urban, working-class communities
in Santiago, Chile, from 1991 to 1996.
Inclusion criteria for the trial have
been described elsewhere.21 In brief,
the study recruited healthy infants
born between 37 and 42 completed
weeks of gestation, who were born by
spontaneous vaginal singleton delivery,
weighing $3 kg, without any major
infant or maternal health problems,
including mental health. Infants were
screened for IDA at 6 months, and
those without IDA were randomly
assigned to receive high- or low-iron
supplementation or usual nutrition
(no added iron). Iron status and de-
velopmental and behavioral outcomes
were assessed at 12 months.

For this analysis, we included 1562
infants, with complete data on all var-
iables, born between 37 and 41 weeks,
excluding the 30 infants born at 42
weeks’ gestation. Gestational age
(weeks) was assessed by the date of
the last menstrual period. Prenatal ul-
trasound for assessing gestational age
was not routinely used in Chile at the
time.

The outcomes of interest included de-
velopmental scores at 12 months,
measured by using the Mental and
Psychomotor Bayley Scales of Infant
Development (BSID).22 The test has
a standardized mean of 100 and SD of
15, based on a representative US
sample of 1409 infants.23 Standardized
scores are corrected for exact age in
postnatal days. The BSID was in-
dividually administered by trained
psychologists, with the parent present,
between 1991 and 1996. In 1993, an
updated version of the BSID was pub-
lished.24 Because data collection was
well underway, we continued to use the
BSID for comparability of scores.
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Infant birth weight and gender were
recorded from hospital records. Birth
weight percentile (adjusted for gesta-
tional age) was computed based on the
work of Oken et al.25 Socioeconomic
status (SES) was measured by using
a modified Graffar Index,26 which
includes number of people in the home,
father presence, head of household’s
educational attainment, employment,
home ownership, type and size of
housing, running water supply, owner-
ship of home appliances, and crowding.
For the reverse coded Graffar variable,
higher scores indicate higher SES with
a range of 0 to 65. Themothers reported
total years of education. We used the
Infant Home Observation for Measure-
ment of the Environment (HOME) inven-
tory to assess the quality of emotional,
social, and cognitive stimulation avail-
able to the child in the home. It consists
of 45 items clustered into 5 subscales:
parental responsivity, discipline, orga-
nization of the environment, learning
materials, and variety of experience
(Cronbacha = .80).27 Higher total HOME
scores (range 0–45) indicate a home
environment more supportive of child
development. The assessments were
performed by trained psychologists and
study nurses. Interrater reliability was
.80%.

Parents provided signed informed
consent for enrollment in the ran-
domized controlled trial. Ethics com-
mittees at the Institute of Nutrition and
Food Technology, University of Chile, the
University of Michigan, and the Uni-
versity of California, San Diego ap-
proved the study.

Statistical Analysis

Student t test and x2 analyses were
used for descriptive statistics. Using
1-way analysis of variance, we examined
covariates by week of gestation. Multi-
variate linear regression was used to
test our a priori hypothesis that ges-
tational age was related to 12-month

developmental scores, taking into ac-
count potential confounding variables,
including gender, birth weight percen-
tile, family SES, HOME, IDA, and random
assignment to iron supplementation
versus usual nutrition. We included
birth weight percentile in the model
because birth weight was correlated
with gestational age. Maternal educa-
tion was not included because it was
highly correlated with SES. Signifi-
cance level was set at P, .05. Analyses
were performed by using SPSS version
19 (IBM SPSS Statistics, IBM Corpora-
tion, Armonk, NY).

RESULTS

Meanbirthweightwas 3.55 kg, and 47%
were female infants. The mean Graffar
score, 27.7, indicated lowermiddle SES,
and the HOME score of 30.3 was com-
parable toscores insimilarUSsamples.
Mothers’ mean education was 9.5
years, and 31% had $12 years. Ap-
proximately 10% of the infants had IDA
at 12 months. The mean MDI was 104.2
(SD = 12.2), and the mean PDI was 97.1
(SD = 15.1). Background character-
istics and outcomes by week of gesta-
tion are shown in Table 1. Birth weight
was the only background characteris-
tic related to week of gestation
(Table 1).

Figure 1 shows the unadjusted de-
velopmental scores by gestational
week. In the multivariate linear re-
gression model, gestational age was
associated with MDI and PDI scores
(P, .05; Table 2). With each additional
week of gestation, the MDI increased by
0.8 (95% confidence interval = 0.2–1.4),
and the PDI increased by 1.4 (95%
confidence interval = 0.6–2.1) control-
ling for the covariates remaining in the
model. For MDI only, birth weight per-
centile was modestly, but significantly,
related to the outcome. Female gender
was also positively associated with MDI
score. For PDI only, SES was positively
related to the outcome (P , .05). For

both MDI and PDI, HOME score was
significantly related to higher scores.
IDA in infancy and iron supplementa-
tion group were not significantly re-
lated to either MDI or PDI and were
subsequently removed from the final
models.

DISCUSSION

Our findings extend the limited avail-
able literature on the relationship
of gestational age to developmental
scores. In these healthy, full-term in-
fants weighing $3 kg at birth, 12-
month mental and psychomotor BSID
scores increased modestly, but signif-
icantly, between 37 and 41 weeks . This
relationship was not attenuated after
controlling for predictors of theMDI and
PDI, including SES, HOME, birth weight,
and gender.28–32

We consider several possible explana-
tions for the effect of gestational age
on developmental scores. It is possible
this association might be explained, in
part, by higher risk formild brain injury
in infants who are less mature at the
time of labor, delivery, and the early
postpartum period. Subclinical injury
can occur during fetal life, such as
with undetected placental insufficiency,
even when intrauterine growth re-
striction is not present. Furthermore,
postnatal signs of mild neurologic im-
pairment such as self-limited apneic
episodes or a single aspiration event
are sometimes missed. It is clear that
infants born during the late preterm
period are at increased risk for ad-
verse neurologic events compared
with full-term infants. Adaptation to
extrauterine life improves as neuro-
logic development continues over this
period.33 This suggests that optimality
for birth is a developmental continuum
improving with gestational age from
preterm through late preterm and into
the full-term period.

It is also possible brain maturation
proceeds differently in the intrauterine
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environment compared with the ex-
trauterine environment. A recent study
showed differences in the development
of gray matter density in school-age
children, based on gestational age be-
tween 37 and 41 weeks.34 There was no
history of perinatal risk (n = 64). Using
MRI voxel-based morphometry, the in-
vestigators showed significant increa-
ses in gray matter density in the
superior and middle temporal gyri by
week of gestational age. In the tempo-
ral cortex, synaptogenesis followed by
gyrification begins and progresses
rapidly in the third trimester. The in-
trauterine and extrauterine environ-
ments differ dramatically related to
maternal and placental hormones,
which may play a role in brain de-
velopment. For example, exposure to

higher levels of maternal cortisol late
in gestation has been related to more
advanced infant cognitive develop-
ment.35 Other possible environmental
factors of interest include ambient
temperature, light, sound, and other
sensory inputs. In addition, important
differences in cerebral arterial blood
flow velocity and cerebral oxygen de-
livery occur before and after birth.36,37

The timing of these changes may in-
fluence brain development.

The results could also be explained by
simple developmentalmaturation or as
an artifact of no longer correcting for
gestational age after 36 weeks. Al-
though the BSID takes into account
exact postbirth chronological age,
gestational age is only corrected for
infants born before 37 weeks gesta-

tional age. In this interpretation, a few
weeks’ difference in postconceptual
age comprises enough developmental
maturation time to matter at 12
months. For example, a 12-month-old
born at 41 weeks’ gestational age is
4% older, in postconceptual age, than
a 12-month-old born at 37 weeks. We
would not expect these differences to
persist as gestational age becomes
a smaller portion of overall age. How-
ever, previous studies have found
relationships between gestational age,
within the full-term range, and cognitive
performance at 6 years in Belarus,13 8
years in the United States,14 and in
young adult male military recruits in
Norway5 and Sweden.15 Simple matu-
ration would not explain such long-
lasting differences in IQ.

Somestudieshave focusedon the role of
birth weight on developmental scores
instead of, or in addition to, gestational
age.38–41 Our research question related
to gestational age and not birth weight.
Nonetheless, we examined the role of
birth weight percentile in this cohort.
We found that gestational age remained
independently associated with de-
velopmental scores after accounting for
birth weight. As our study only included
infants weighing $3 kg at birth, we
were unable to examine the role of low

TABLE 1 Characteristics by Week of Gestationa

37 wk (n = 45) 38 wk (n = 260) 39 wk (n = 469) 40 wk (n = 604) 41 wk (n = 184)

Age at BSID, d 372 (8.2) 373 (10.9) 372 (10.6) 372 (10.4) 372 (10.5)
Birth wt, kgb 3.3 (0.3) 3.4 (0.3) 3.5 (0.3) 3.6 (0.4) 3.6 (0.4)
Birth wt percentilec 62.8 (15.8) 56.9 (21.3) 53.5 (24.1) 55.4 (26.1) 53.0 (25.7)
SESd 26.0 (5.7) 28.3 (6.4) 27.5 (6.0) 27.7 (6.6) 27.3 (6.5)
HOME 30.2 (4.5) 30.2 (4.7) 30.3 (4.7) 30.2 (4.7) 30.4 (4.9)
Maternal education, y 10.0 (2.9) 9.4 (2.6) 9.5 (2.6) 9.4 (2.8) 9.6 (2.6)
Female gender 53.3 42.7 46.3 49.7 48.9
IDA at 6 or 12 mo 13.3 17.7 10.9 11.4 10.3
Iron assignmente

High iron 57.8 39.2 45.2 43.4 37.0
Low iron 15.6 26.5 22.6 24.3 25.5
No added iron 26.7 34.2 32.2 32.3 37.5

MDI 102.6 (11.4) 103.4 (12.3) 103.3 (12.9) 105.1 (11.5) 105.4 (12.2)
PDIb 94.4 (14.9) 94.4 (14.6) 96.6 (15.4) 98.5 (15.1) 97.6 (14.8)
a Values are either mean (SD) or %.
b P , .05.
c Birth weight adjusted for gestational age.
d SES was measured using the Graffar, a measure of SES that can differentiate poorer conditions even within lower- to lower-middle-class samples.
e Iron assignment refers to assignment to high iron or low iron supplementation (drops) or fortification (formula) or to no-added iron, for the period from 6 mo to at least 12 mo.

TABLE 2 Multivariate Linear Regression of Factors Associated With Bayley MDI and PDI Scoresa

MDI PDI

b 95% CI b 95% CI

Gestational age, weeks 0.81b 0.21–1.41 1.35b 0.60–2.10
Birth wt percentilec 0.03b 0.01–0.05 0.03 20.01–0.06
Female gender 2.60b 1.39–3.79 20.84 22.34–0.66
SESd 0.09 20.01–0.19 0.22b 0.11–0.34
HOME 0.33b 0.20–0.46 0.37b 0.21–0.52
a Mean MDI = 104.2 (SD = 12.2); mean PDI = 97.1 (SD = 15.1).
b P , .05.
c Birth wt adjusted for gestational age.
d SES was measured using the Graffar, a measure of socioeconomic status which can differentiate poorer conditions even
within lower- to lower-middle-class samples.
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birth weight or intrauterine growth re-
tardation in the relationship between
gestational age and development.

Our findings support the view that
infants born at 37 weeks’ gestational
age are more like late preterm infants
than are those born at 40 weeks.
Clinicians understand that 37-week
neonates differ from their more ma-
ture counterparts in feeding, sleep
patterns, motor development, and
alertness. However, this is not routinely
communicated to families. Further-
more, gestational age within the full-
term period is not taken into account
for developmental assessment and
screening in the first year. Describing
developmental differences by week of
gestation in healthy full-term infants
may help caregivers and clinicians to
more accurately understand infant
capabilities. Knowledge of develop-
mental differences within the full-term
period may prevent underestimation of
abilities of infants born at 37 weeks’
gestation when compared with those
born at 40 to 41 weeks. The modest yet
significant developmental differences
we observed could be meaningful on
a population level. This is especially
important given the recent trend to-
ward earlier labor induction and the
high rates of cesarean delivery. The
rates of early-term induction increased
from 2% to 8% of total births in the
United States between 1991 and 2006.20

Similarly, the cesarean rate rose by
53% from 1996 to 2007, reaching 32%
of all births, the highest ever reported
in the United States.17 Such trends may
shift the distribution of infant ges-
tational age at birth downward by
several weeks. Our findings add an
additional reason to support current
guidelines to avoid elective cesarean
delivery and induction of labor before
39 weeks.42

This study has several limitations. The
study population was composed of
healthy, well-nourished, singleton Chil-
ean infants. Thus, our findings may not
generalize to multiples or other pop-
ulations, especially those who are nu-
tritionally at risk. We note for twins,
perinatal mortality and morbidity in-
crease after 37 weeks in parallel to the
trend for singleton infants after 41
weeks, and the lowest risk for fetal
death occurs at 37 to 38 weeks.43

However, we know of no studies in
multiples that shed light on the optimal
timing of birth related to infant de-
velopment. We suspect that when there
is placental sufficiency, optimal ma-
ternal health, and absence of pathol-
ogy, neurodevelopment is likely to
proceed at the same rate as that in
singletons. Another limitation of our
study is that gestational age was based
on the date of the lastmenstrual period
because dating by prenatal ultrasound
was not available. Gestational age

based onmenstrual dates is correlated
with ultrasound-based gestational age
but tends to be longer by 1.3 to 2.8
days.44 This is a minor limitation be-
cause the within-group relationship
between week of gestation and de-
velopmental scores should not be af-
fected by the method of estimating
gestational age. Another possible limi-
tation is the small number of 37-week
gestational age infants in our sample
(n = 45). This reflects the lower overall
prevalence of 37-week infants com-
pared with those of 38, 39, 40, or 41
weeks and our selection criteria of
birth weight of $3 kg. Although this
smaller sample size may have de-
creased the precision of our estimate,
it was adequate to show significant
differences in developmental scores.

Although we examined a number of
critical covariates, it is possible that
residual confounding by unmeasured
characteristics remains. For instance,
birth order, nutrition, growth factors,
and stress hormones were not in-
vestigated and may influence infant
developmental scores.45–47 Although
the BSID is a valid way to assess motor,
language, and cognitive development
of young infants, it has limitations as
a measure of brain development. Fur-
thermore, the BSID is best used to
describe developmental functioning
at the time of assessment,48,49 and
caution related to prediction of later
cognitive outcomes is appropriate. Al-
though the BSID was not developed or
standardized for use in our population,
it has been widely and successfully
used to discriminate between infants,
within populations, exposed to dif-
ferent early-life conditions and in-
terventions including supplementary
feeding and educational stimulation
in developing-country settings.50,51 For
this Chilean sample, both the MDI
and PDI were well within the normal
range for US infants. Our study also
has other strengths. Because detailed

FIGURE 1
Mental Developmental Index and Psychomotor Developmental Index (BSID II) at 12 months according to
weekofgestation inacohort of full-termhealthy infants.MDI andPDI scoresareexpressedasmeansand
0.95 confidence intervals.
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developmental evaluation is not typi-
cally performed in healthy full-term
infants, the in-depth assessments of
development, behavior, and family en-
vironmental characteristics in this co-
hort is valuable. Furthermore the fact
that this sample was prospectively
screened to exclude infants with any
identifiable developmental risk makes
it less likely that subclinical brain in-
jury explains our findings. Additionally,
the design of the original study allowed
us to carefully control for SES and the
home environment, decreasing the
likelihood that the association found
between gestational age and de-
velopmental scores was due to envi-
ronmental factors.

CONCLUSIONS

We found higher gestational age within
the full-term rangewas associatedwith
higherMDI andPDI scoresat 12months,

after controlling for infant and family
characteristics in healthy infants. Our
work contributes to a better un-
derstanding of development as a con-
tinuum from preterm through the
full-term period and has implications
for clinical care, research, and policy.
For obstetricians, when singleton
pregnancies are proceeding without
identified risk to the mother or fetus,
prioritizing timing of delivery for 40 to
41 weeks would allow more time for in
utero brain development leading to
moreoptimaldevelopmentaloutcomes.
In addition, we encourage the de-
velopmental pediatric academic com-
munity to grapple with the dilemma of
whether to correct for gestational age
within the full-term range for de-
velopmental assessment. Finally, more
research is needed to improve our
understanding of the developmental
mechanisms that continue during the

full-term range. This is an important
area of research that should inform
best practices related to timing of birth
and care of infants after birth. Novel
investigative methods to assess the in
utero environment and new neuro-
imaging techniques could be paired
with careful longitudinal assessment of
infant development to better un-
derstand the role of environment on
brain development between 37 and 41
weeks gestational age.
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