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IMPORTANCE The magnitude of the association of intrauterine growth restriction (IUGR) and
small for gestational age (SGA) status with cognitive outcomes in preterm and term-born
children has not been established.

Supplemental content

OBJECTIVE To examine cognitive outcomes of preterm and term-born children who had IUGR
and were SGA compared with children who were appropriate for gestational age (AGA)
during the first 12 years of life.

DATA SOURCES For this systematic review and meta-analysis, the Scopus, PubMed, Web of
Science, Science Direct, PsycInfo, and ERIC databases were searched for English-language,
peer-reviewed literature published between January 1, 2000, and February 20, 2020. The
following Medical Subject Heading terms for IUGR and SGA and cognitive outcomes were
used: intrauterine growth restriction, intrauterine growth retardation, small for gestational
age AND neurodevelopment, neurodevelopmental outcome, developmental outcomes, and
cognitive development.

STUDY SELECTION Inclusion criteria were assessment of cognitive outcomes (full-scale IQ or a
cognitive subscale), inclusion of an AGA group as comparison group, and inclusion of
gestational age at birth and completion of cognitive assessment up to 12 years of age.

DATA EXTRACTION AND SYNTHESIS The Meta-analysis of Observational Studies in
Epidemiology (MOOSE) reporting guidelines were followed. Data were double screened for
full-text articles, and a subset were independently coded by 2 authors. Standardized mean
differences (SMDs) and odd ratios from individual studies were pooled by applying
random-effects models.

MAIN OUTCOMES AND MEASURES Coghnitive outcomes, defined as mental, cognitive, or IQ
scores, estimated with standardized practitioner-based cognitive tests or as borderline
intellectual impairment (BIl), defined as mental, cognitive, or IQ scores at least 1SD below the
mean cognitive score.

RESULTS In this study of 89 samples from 60 studies including 52 822 children, children who
had IUGR and were SGA had significantly poorer cognitive outcomes (eg, cognitive scores
and BII) than children with AGA in childhood. For cognitive scores, associations are consistent
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Cognitive Outcomes in Children With Intrauterine Growth Restriction Who Are Small for Gestational Age

ntrauterine growth restriction (IUGR) is an abnormal fetal

growth pattern that occurs in approximately 8% to 10% of

pregnancies' and is associated with neonatal morbidity and
mortality.” IUGR refers to an impoverished fetal growth with
fetal, maternal, or placental causes (ie, congenital or chromo-
somal anomalies, infections, and vascular disorders) of a det-
rimental cascade in which oxygen reduction (up to hypox-
emia) and nutritional deficiencies lead to cardiovascular
deterioration, extreme blood flow resistance, and decreased
fetal growth rate.® In pregnancies in which IUGR occurs, the
fetus attempts to prevent damage by slowing its growth and
shortening its gestation*; however, the adaptive responses to
cope with in utero malnutrition have long-lasting conse-
quences associated with adverse developmental and health-
related outcomes throughout life.®

Individuals who had IUGR experience a range of poorer
developmental outcomes, encompassing cognitive, socio-
emotional, and behavioral domains, compared with indi-
viduals who were born appropriate for gestational age
(AGA).® Regarding cognitive outcomes, gold standard mea-
sures include IQ, mental quotient, and cognitive develop-
mental quotient, which are all concise indicators of general
cognitive functioning. Previous systematic reviews and
meta-analyses®’ have investigated the association between
IUGR and such cognitive outcomes. However, some key
issues remain undefined, such as potential differences
between preterm and term-born children who had IUGR
and between children who had IUGR and those who were
small for gestational age (SGA). In most cases, fetuses IUGR
are delivered SGA, a neonatal classification that describes
newborns with birth weight below the 10th percentile for
gestational age.® Despite the high comorbidity between SGA
and IUGR, it is important to define and differentiate
between the 2 conditions. IUGR reflects fetal distress,
whereas SGA only provides a measure of size and not a
direct measure of antenatal growth quality. That is, SGA sta-
tus is not sufficient to identify antenatal growth restriction;
children who were SGA are usually described as former con-
stitutionally small fetuses.® Postnatal differentiation
between IUGR and SGA can be arduous, and several antena-
tal factors (eg, umbilical artery Doppler assessment) have
been proposed to increase accuracy in antenatal diagnosis.
Despite this, SGA could represent a delayed or attenuated
subtype of IUGR or even a different kind of antenatal envi-
ronmental alteration; therefore, a pathological origin of SGA
cannot be excluded.'®

An important variable to consider when studying IUGR
and SGA development is preterm birth (<37 gestational
weeks), which can occur in both conditions. It is still unclear
whether the intrauterine environment offers a better long-
term outcome for the growth-restricted infant than an early
exposure to the extrauterine environment.! Consequently,
preterm birth interacts with the potential association of
antenatal growth restriction with child development and
represents a major confounding factor when studying IUGR
and SGA outcomes.

This meta-analysis investigates the association between
in utero IUGR or SGA birth and childhood cognitive out-
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Key Points

Question Do preterm and term-born neonates with intrauterine
growth restriction and small for gestational age have worse
childhood cognitive outcomes than those born appropriate for
gestational age?

Findings In this systematic review and meta-analysis of 89
samples from 60 studies including 52 822 children (aged 1-12
years), compared with children born appropriate for gestational
age, children who had intrauterine growth restriction and who
were small for gestational age had significantly lower cognitive
scores.

Meaning The findings suggest that preventive strategies should
be directed to pregnancies and deliveries of fetuses and neonates
with intrauterine growth restriction and that pediatric follow-up
care should be tailored to address the potential cognitive
problems in children who were born with intrauterine growth
restriction and were small for gestational age.

comes. The primary aim was to evaluate whether individu-
als who had IUGR and were SGA have significantly lower
cognitive scores compared with individuals who were AGA,
examining those born preterm and at term separately. The
secondary aim was to compare the risk of borderline intel-
lectual impairment (BII), defined as a cognitive score at least
1 SD below the mean cognitive score between children who
had IUGR and were SGA and children with AGA. This study
highlights the importance of accounting for antenatal and
perinatal risk factors of childhood sequelae when fostering
interventions and guiding professionals in parent counsel-
ing in the neonatal period and beyond with regular clinical
follow-up visits. In addition, identifying the association
among IUGR, SGA, and cognitive outcomes could guide fur-
ther studies to explore their potential underpinning mecha-
nisms (ie, neurophysiological and socioemotional).

Methods

This systematic review and meta-analysis was conducted
following the Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) reporting guidelines. Multiple methods
were used to identify eligible studies. Literature searches
were conducted using the following databases: Scopus,
PubMed, Web of Science, Science Direct, PsycInfo, and
ERIC. Medical Subject Heading terms for IUGR and SGA as
well as cognitive outcomes were used as keywords: intra-
uterine growth restriction, intrauterine growth retardation,
small for gestational age AND neurodevelopment, neurodevel-
opmental outcome, developmental outcomes, and cognitive
development. The last screening was performed on February
20, 2020. Research was limited to studies published after
January 2000 as a proxy of data collection within the ante-
natal corticosteroid and surfactant era. Eligibility was lim-
ited to peer-reviewed scientific articles published in the
English language. Review articles, conference proceedings,
book chapters, thesis dissertations, case reports, and all
non-English-language materials were excluded. In addition,
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the reference sections of previous systematic reviews on
this topic were searched for relevant references.

Study Selection

Inclusion criteria were defined as follows. First, target
samples consisted of children who had IUGR and were SGA.
TUGR studies were included if they reported antenatal evi-
dence of growth restriction, whereas SGA studies were
selected if they referred to birth weight below the 10th to
15th centile for gestational age. Antenatal assessment and
birth weight cutoffs varied across studies and are reported
in eTables 1 to 3 in the Supplement. The second criterion
was the presence of a comparison group of individuals born
AGA, defined as a mean birth weight greater than the 10th
to 15th centile for gestational age, and matched for age at
delivery in the 2 groups of preterm and term-born children.
Third, articles included gestational age at birth (ie, mixed
samples of preterm and term-born children were excluded).
Fourth, cognitive outcome was based on mean cognitive
score (ie, mental or cognitive standardized assessment score
or full-scale IQ) or BII, defined as the percentage of children
scoring at least less than 1 SD of the mean on a cognitive
measure or full-scale IQ. Fifth, cognitive outcome assess-
ment was based on a standardized practitioner-based test.
Sixth, age at outcome assessment was up to 12 years (age
range, 1 month to 11.11 years).

Data Management

All studies were double screened by 2 researchers, including
one of us (C.S.), for inclusion, and selected studies were
coded by 1 of us (C.S.), recording authors and year of publi-
cation, sample size, national setting, sample characteristics
(diagnosis, age at outcome, and type of cognitive outcome
measure), and data to compute the effect sizes. A subset of
studies (40 [53%]) were independently coded (C.M.); inter-
rater reliability was 90%. In the rare cases (n = 4) of dis-
agreement among coders on values to be extracted, possible
discrepancies were discussed until agreement was met. In
case of eligible articles not reporting information necessary
to compute effect size, corresponding authors were con-
tacted to provide the missing information. Requested data
were received for 1 of 12 requests.

Data are organized according to time of diagnosis (in utero
TUGR vs at birth SGA) and mean gestational age at birth (pre-
term vs term-born). Gestational age at birth is presented as the
number of completed gestational weeks. Preterm birth was
classified as gestational age at delivery younger than 37 weeks.
When studies considered preterm and term-born children, only
those including less than 30% of children born at less than 37
weeks of gestation were included in the term subgroup. Like-
wise, 1 study'? that considered preterm children involved 23%
of children born at 37 or more weeks of gestation and was there-
fore included in the analysis.

Studies are grouped on the basis of outcome: findings
are analyzed separately for mean cognitive scores and per-
centage of BIIL. To avoid sample overrepresentation, when
the same cohort was followed up at multiple time points,
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only the study that included the largest number of partici-
pants was included in this meta-analysis. Studies that
reported cognitive scores and BII were included in the meta-
analyses, and the different types of data were analyzed
separately.

Statistical Analysis

Two separate meta-analyses were conducted on (1) studies
that reported mean cognitive scores for each group (effect
size was computed as standardized mean difference [SMD]
for heteroscedastic population variances'>!*) and (2) studies
that reported the percentage of children with BII (effect size
was computed as odds ratio [OR]: the odds for the IUGR and
SGA groups over the odds for the AGA group). Throughout
the study, the term cognitive scores refers to data on the
mean cognitive score comparisons; BII refers to group com-
parison on ORs. The target group was then compared with
its relative AGA group (ie, preterm IUGR vs preterm AGA
and term-born IUGR vs term-born AGA).

Data from individual studies were pooled by applying
random-effects models. Potential publication bias was
evaluated in different ways. First, we tested for funnel plot
asymmetry.’® Second, we checked whether additional stud-
ies needed to be imputed according to the Duval and
Tweedie trim and fill method.!®'” Heterogeneity was
assessed with Q statistics (which is distributed as x? with
df = k - 1, where k represents the number of effect sizes),
with a significant P value representing heterogeneity'®; the
I statistic is also reported, indicating the proportion of
observed variance that reflects real differences in effect
size.!® Analyses were performed in TUGR preterm, IUGR
term, SGA preterm, and SGA term groups separately. When
heterogeneity was observed in the data, we tested moderat-
ing effects by applying mixed-effects models: gestational
age at delivery, IUGR vs SGA classification, and mean age at
outcome assessment were used as covariates. Within each
meta-analysis (preterm and term-born groups), subgroup
meta-analyses were also conducted on IUGR and SGA
subsamples. In addition, within the meta-analysis on BII
(cognitive score <1 SD), subgroup analysis was performed
including the subset of studies that reported rates of chil-
dren with cognitive scores 2 SDs below the mean cognitive
score, which are regarded as reflecting intellectual
impairment.2°

Overall, to test for the robustness of the observed asso-
ciation, supplemental analyses were performed repeating the
primary meta-analyses in the subsets of studies with prospec-
tive design only, as a reflection of a good quality of study de-
sign (eResults in the Supplement).

Data analyses were performed using the software R (R Proj-
ect for Statistical Computing)?'; library compute.es was used
to compute effect sizes, library metafor was used to run meta-
analyses, and library forestplot was used to graphically repre-
sent findings. Two-tailed P values were used for random-
effects and mixed-effects meta-analyses; 1-tailed Pvalues were
used for Q statistics. P < .05 was considered statistically
significant.
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Figure 1. Flow Diagram of Study Inclusion

3926 Records identified with
literature search

| |
|

‘ 2835 Records after duplicates removed ‘

5 External sources

2171 Excluded
1497 By title
674 Non-English language

664 Records screened

296 Excluded by abstract
(not relevant to topic)

368 Full-text articles assessed
for eligibility

308 Excluded
296 Did not meet inclusion
criteria
12 Did not include data
to calculate ES

60 Studies included in meta-analysis

ES indicates effect size.

. |
Results

Study Sample

Results of the search process are provided in Figure 1. In
total, 89 samples from 60 studies including 52 822 children
compared preterm and term-born children who had IUGR
and were SGA with children with AGA with respect to cogni-
tive outcomes. A total of 48 studies!>22-°8 reported results
for mean cognitive scores, and 24 studies reported the per-

centages of group-specific children with
BIL.12-23.28,31,34,38,39,41,45,46,50,69-80

Cognitive Scores in Preterm Children

Who Had IUGR and Were SGA

In total, 30 studies provided the 34 participant samples in-
cluded in the analysis and reported data for 1352 preterm chil-
dren who had IUGR and were SGA (mean [SD] birth
weight, 989.20 [283.00] g; mean [SD] gestational age, 30.52
[2.83]weeks). Fifteen samples included an antenatal IUGR di-
agnosis, whereas 19 included children with SGA diagnosed at
birth (eTable 1in the Supplement). Preterm children who had
TUGR and were SGA had significantly lower cognitive scores
compared with those born AGA (SMD [SE], -0.27 [0.05]; 95%
CI, -0.38t0-0.17; z = -5.20; P < .001). Figure 2 shows the for-
est plot of this meta-analysis, with IUGR and SGA subgroups
shown separately (95% CIs overlapped indicating no signifi-
cant differences). No funnel plot asymmetry was observed
(t3, = -0.86, P = .40). However, the trim and fill method!®:'”
suggested the imputation of 3 additional studies on the right
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side (eFigure 1in the Supplement). Test for homogeneity among
studies showed heterogeneity (Q;5; = 62.53, P = .001,
I? = 48.08%). Therefore, moderating effects were tested. Cog-
nitive scores were lower in target groups (IUGR and SGA) com-
pared with the AGA group (5, = 1.40, P = .26) regardless of ges-
tational age at delivery (F, 3, = 0.18, P = .67) and age at outcome
(Fy5 = 0.40, P = .53).

Cognitive Scores in Term-Born Children

Who Had IUGR and Were SGA

Overall, 19 studies provided data for 24 samples. A total of
2230 term-born children who had IUGR or were SGA were
included in the analyses (mean [SD] birth weight, 2325.39
[323.48] g; mean [SD] gestational age, 38.24 [0.93] weeks).
Five studies included antenatal IUGR diagnosis, whereas 14
studies included children diagnosed with SGA at birth
(eTable 2 in the Supplement). Term-born children who had
TUGR and were SGA had significantly lower cognitive scores
compared with the children with AGA (SMD [SE], -0.39
[0.06]; 95% CI, -0.50 to -0.28; z = =7.07; P < .001). Figure 3
shows a forest plot of this meta-analysis with overall and
subgroup (IUGR and SGA) estimates. No funnel plot asym-
metry was observed (t,, = 1.06, P = .30). The trim and fill
method!'®1” did not suggest the imputation of additional
studies. Test for homogeneity among studies showed
heterogeneity (Q,; = 63.18, P < .001, I>=67.63%). However,
IUGR vs SGA classification did not play a moderating role in
accounting for heterogeneity in effect size (t,, = 3.74,
P = .05). Age at outcome assessment did not significantly
moderate the association between IUGR and SGA and cogni-
tive scores (F, 5, = 0.92, P = .35).

Bllin Children Who Had IUGR and Were SGA

Only 2 studies®®®!included term-born children with SGA, who
had a significantly higher risk of BII compared with children
with AGA (OR, 1.75; 95% CI, 1.50-2.04). Of the 24 studies con-
ducted on preterm samples, 7 included antenatal IUGR diag-
noses and 17 included children with former SGA. Character-
istics of these studies are summarized in eTable 3 in the
Supplement. In total, 2202 children (615 who had IUGR and
1587 with SGA) with a mean (SD) birth weight of 979.32 (349.60)
g and a mean (SD) gestational age of 29.74 (2.79) weeks were
assessed. Preterm children who had IUGR and were SGA were
more likely to have BII than preterm children with AGA (OR,
1.57; 95% CI, 1.40-1.77; z = 7.64; P < .001). Figure 4 shows the
forest plot of this meta-analysis, with IUGR and SGA sub-
groups also shown separately. Funnel plot asymmetry was ob-
served through the Egger regression test (t,4 = 2.38, P = .02).
The Duval and Tweedy trim and fill method'®” suggested the
imputation of 5 additional studies on the left side of the fun-
nel plot (eFigure 2 in the Supplement).

Test for homogeneity among studies found no heteroge-
neity (Qso = 39.63, P = .11, I=0%). Subgroup meta-analysis on
studies presenting data on cognitive scores less than 2 SDs re-
vealed that preterm children who had IUGR and were SGA were
more likely to display intellectual impairment compared with
preterm children with AGA (OR, 2.77; 95% CI, 1.28-6.00;
z = 2.60; P =.009).
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Figure 2. Forest Plot for Cognitive Scores in Preterm Individuals Who Had Intrauterine Growth Restriction (IUGR)

and Were Small for Gestational Age (SGA)

Cognitive score, mean (SD)

Control Target Favors | Favors IUGR
Study (AGA) (IUGR and SGA) SMDH (95% Cl) AGA | and SGA
SGA
Ballot et al,22 2017 92.4(16.4) 95.4 (14.4) 0.19(-0.25t0 0.63) ——
Koivisto et al,23 2015 92.2(19.1) 88.9(20.8) -0.16 (-0.52t00.19) ——
Nogel et al,24 2015 89.8 (15.9) 91.4(9.8) 0.12(-0.34t0 0.58) ——
Feldman et al,25 2006 90.6 (11.0) 82.3(10.2) -0.77 (-1.23t0 -0.31) ——
Geva et al,26 2009 115.3(13.8) 105.1(13.8) -0.72 (-1.37 t0 -0.07) —a—
Leppanen et al,27 2014 101.0(16.9) 99.0(17.6) -0.12(-0.43t00.20) ——
Tamaru et al,28 2011 94.4 (13.7) 88.4(14.1) -0.43(-0.99t00.14) ——
Bickle Graz et al,29 2015 -0.4 (NA) -0.6 (NA) -0.50 (-0.79 to -0.21) B
Mukhopadhvav et al,30 2010 80.8(9.7) 79.7 (12.0) -0.10(-0.58 t0 0.38) ——
Claasetal,312011 -0.1(1.0) -0.5(1.0) -0.35(-0.74 t0 0.05) ——
Claasetal,’22011 98.0 (14.1) 92.5(15.1) -0.37 (-0.76 t0 0.03) =
Mikkola et al,32 2007 98.0(15.0) 97.0 (24.0) -0.05(-0.84t0 0.74) —a—
Batalle et al,33 2012 108.8 (12.5) 104.3(9.4) -0.40(-0.93t00.13) ——
Gutbrod et al,34 2000 104.1(18.2) 96.8 (17.2) -0.41(-0.67 to -0.15) —
Tanis et al,12 2015 102.5(9.9) 99.3(10.4) -0.31(-0.65t0 0.02) ——
Filipouski et al,35 2013 83.1(10.8) 87.6 (15.9) 0.33(-0.20 t0 0.86) ——
Raz et al,36 2012 101.9 (15.9) 99.2(19.3) -0.15(-0.62t00.31) ——
Lahat et al,37 2015 94.5(12.3) 100.3(11.6) 0.48 (-0.03 to 1.00) ——
Ayoubi et al,38 2016 92.4(10.7) 89.2(10.7) -0.28 (-0.59 t0 0.03) B
Random-effects model for subgroup -0.23 (-0.36 t0 -0.10) ¢
SGA (Q,3=33.09, P=.02; 12=44.9%)
IUGR
Cartwright et al,39 2019 100.5 (16.2) 97.5(14.3) -0.20(-0.41t00.01) -
Cartwright et al,39 2019 101.0(16.1) 97.3(16.1) -0.23 (-0.43t0-0.02) -
Morsing et al,40 2018 90.0 (13.0) 80.0 (17.0) -0.65 (-1.24 t0 -0.06) .
Scherjon et al,4! 2000 96.0(17.0) 87.0(16.0) -0.54 (-1.02 to -0.06) ——
Wienerroither et al,42 2001 95.5 (9.6) 86.7 (9.6) -0.90 (-1.51 t0 -0.29) —
Procianoy et al,#3 2009 77.8(3.3) 78.5(2.0) 0.25(-0.17 t0 0.68) -
Roelants-van Rijn et al,44 2004 104.0 (10.0) 99.0 (9.0) -0.52(-1.17t0 0.14) om
Padilla et al,%> 2010 98.4(13.1) 98.8 (9.0) 0.04 (-0.42t0 0.49) ——
Morsing et al,46 2011 90.1(14.2) 78.9 (16.6) -0.72 (-1.21t0-0.22) —a—
Padilla et al,47 2011 105.7 (10.3) 100.8(9.3) -0.48 (-1.19t0 0.22) —a—
Leppanen et al, 48 2010 106.2 (12.7) 94.1(16.8) -0.80(-1.44t0-0.17) —a—
Chenetal,492013 82.9(15.6) 81.9(13.7) -0.07 (-0.66 t0 0.52) ——
Chenetal, 92013 82.9(15.6) 83.6 (14.2) 0.05 (-0.44t0 0.53) .
Morsing et al,>0 2014 90.1(14.0) 83.3 (14.0) -0.48 (-1.02 t0 0.06) .
Morsing et al,>0 2014 90.1(14.0) 70.1(19.0) -1.18 (-2.00 to -0.35) ——
Random-effects model for subgroup -0.36 (-0.55t0 -0.18) <
IUGR (Q4=29.21, P=.01; 12=58.3%)
Random-effects model for all studies -0.27 (-0.38t0-0.17) (3
(Q33=62.53, P<.001; 12=48.1%) ‘ : : : :
-3 -2 -1 0 1 2

SMDH (95% ClI)

Forest plot for random-effects meta-analysis of the association between
preterm IUGR and SGA and childhood cognitive scores. Effect size is expressed
as the standardized mean difference for heteroscedastic population variances

(SMDH). Squares indicate estimates, with the size of the square being
proportional to the study's weight in the analysis. AGA indicates appropriate for
gestational age; NA, not applicable.

|
Discussion

The present meta-analyses found poorer cognitive function
during the first 12 years of life in children who had IUGR and
were SGA compared with the children with AGA matched for
gestational age. Such findings were observed in preterm and
term-born individuals at various ages at outcome assessment
and in terms of outcome measured (cognitive scores and BII).

JAMA Pediatrics August 2020 Volume 174, Number 8

When considering preterm children, those who had IUGR
and were SGA had significantly lower cognitive scores com-
pared with those with AGA, with an overall small mean effect
size. Preterm birth is a major perinatal risk factor for
neurodevelopment,®? and the literature highlights heteroge-
neity in developmental outcomes of preterm children, em-
phasizing the need for a stratification based on differential de-
velopmental trajectories. Our findings suggest that IUGR and
SGA are associated with a small additional risk to that associ-
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Figure 3. Forest Plot for Cognitive Scores in Term-Born Individuals

Who Had Intrauterine Growth Restriction (IUGR) and Were Small for Gestational Age (SGA)

Cognitive score, mean (SD)

Control Target Favors | Favors IUGR
Study (AGA) (IUGR and SGA) SMDH (95% Cl) AGA | and SGA
SGA
Bischoff et al,>1 2017 98.5(10.4) 97.0(11.5) -0.14 (-0.46 t0 0.18) ———
Hartkopf et al,52 2018 103.0(13.0) 100.0(16.0) -0.20(-0.79t0 0.38) —_—
Drews-Botsch et al,>3 2011 76.3 (10.0) 78.1(18.1) 0.12(-0.22t0 0.47) —a—
Drews-Botsch et al,>3 2011 75.2(13.6) 72.6 (11.5) -0.20 (-0.62t0 0.21) —a——
Drews-Botsch et al,53 2011 101.8(15.3) 100.1(15.4) -0.11 (-0.48t0 0.26) —
Drews-Botsch et al,>3 2011 95.7 (14.3) 93.1(18.0) -0.16 (-0.50t0 0.18) —a——
Hollo et al,54 2002 96.9 (10.5) 92.0(11.3) -0.45 (-0.73 to -0.16) —a—
Rao et al,>> 2002 109.0 (15.0) 109.0(16.2) 0.00 (-0.25t0 0.25) —a—
Rao et al,>5 2002 109.0 (15.0) 100.0(13.8) -0.62 (-0.83 t0 -0.42) ——
Peng et al,>¢ 2005 114.5(9.8) 104.2 (17.4) -0.72 (-1.09 to -0.36) —a—
Pylipow et al,>7 2009 97.2(14.3) 90.0(13.6) -0.52 (-0.61 to -0.43) -
Gagliardo et al,>8 2006 90.0 (11.6) 84.0(9.8) -0.55(-1.24t0 0.15) —_—
Sommerfelt et al,>% 2000 110.0 (15.0) 106.0 (15.0) -0.27 (-0.42 t0 -0.11) ——
Leitner et al,®0 2000 107.0(13.9) 102.5(12.5) -0.34 (-0.83t0 0.16) —a—
Nomura et al,®1 2009 93.4(11.8) 89.2(12.7) -0.34 (-0.61 to -0.08) —a—
Batalle et al,62 2013 102.8 (15.5) 99.1(16.5) -0.23(-0.75t0 0.29) —
Savchev et al,®3 2013 102.2 (16.2) 92.9 (14.0) -0.61 (-0.88 to -0.34) —a—
Mello et al,54 2014 91.4(9.8) 86.4(10.0) -0.49 (-0.79 to -0.20) —a—
Random-effects model for subgroup -0.34(-0.45t0 -0.22) <o
SGA (Q;7=48.51, P<.001; 12=66.6%)
IUGR
Geva et al,5% 2006 107.3 (10.5) 99.4(13.9) -0.64 (-0.94 to -0.34) —a—
Zuk et al,®6 2003 96.0 (4.0) 90.0(12.0) -0.66 (-1.18 to -0.14) —a
Leitner et al,%7 2007 107.5(10.4) 99.8(12.1) -0.68 (-1.00 to -0.36) —a—
Leitner et al,50 2000 107.0 (13.9) 102.5 (15.5) -0.30 (-0.75t0 0.14) -
Bellido-Gonzalez et al,%8 2017 103.3(13.2) 101.6 (14.2) -0.12 (-0.58 t0 0.34) ——
Bellido-Gonzalez et al,%8 2017 103.3(13.2) 89.3(13.1) -1.05 (-1.51 to -0.59) —a—
Random-effects model for subgroup -0.58 (-0.82 t0 -0.35) B
IUGR (Q5=9.85, P=.08; 12=50.0%)
Random-effects model for all studies -0.39(-0.50to0 -0.28) <O

(Q)3=63.18, P<.001; 12=67.6%)

-2.0 -1.5 -1.0 -0.5 0 0.5
SMDH (95% ClI)

Forest plot for random-effects meta-analysis of the association between
term-born IUGR and SGA and childhood cognitive scores. Effect size is
expressed as the standardized mean difference for heteroscedastic population

variances (SMDH). Squares indicate estimates, with the size of the square being
proportional to the study's weight in the analysis. AGA indicates appropriate for
gestational age.

ated with preterm birth alone. Preterm children who had IUGR
and were SGA were also 1.57 times more likely than those with
AGA to have BII (cognitive score <1 SD) and 2.77 times more
likely to have intellectual impairment (cognitive score <2 SDs).
These results suggest an association between preterm IUGR
and SGA and neurodevelopmental sequelae.

When considering term-born children, those who had ITUGR
and were SGA had significantly lower cognitive scores com-
pared with those with AGA. Effect sizes ranged from small to
medium, with a small mean estimate. Our findings suggest that
term-born children who had ITUGR and were SGA have cogni-
tive outcomes that are comparable to those observed in pre-
term children; however, they are unlikely to receive postna-
tal follow-up care and be invited to take part in rehabilitative
training.®! The results of this meta-analysis therefore point to
the importance of identifying those children at risk of devel-
oping cognitive sequelae as early as possible, monitoring their
development, and effectively intervening if and when needed
to strengthen their cognitive profile.

jamapediatrics.com

Theresults of the meta-analyses (cognitive scores and BITin
preterm and term-born children) found no significant cognitive
differences between the IUGR and SGA subgroups, although the
putative etiopathological differences between the 2 were not ad-
dressed. Using robust methods, we found that preterm and term-
born children with SGA had lower cognitive scores compared with
those with AGA. These results are clinically relevant because cur-
rently term-born neonates without antenatal evidence of peri-
natal risk are not likely to receive postnatal care. Of course, we
cannot exclude the fact that retrospective study designs or un-
reported antenatal diagnoses might bias our results by the inclu-
sion of children who had IUGR in the SGA group. Further research
isneeded to disentangle the neurodevelopmental effect of small-
ness associated with a typical and atypical antenatal environment
(ie, growth restriction).

With regard to children’s age at outcome assessment, chil-
dren who had IUGR and were SGA had a cognitive disadvan-
tage compared with those with AGA from infancy to middle
childhood. On a methodologic note, the studies selected for
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Figure 4. Forest Plot for Borderline Intellectual Impairment (BII) in Children

Who Had Intrauterine Growth Restriction (IUGR) and Were Small for Gestational Age (SGA)

Bl
Control  (IUGR Favors : Favors IUGR

Source (AGA) and SGA)  0dds ratio (95% Cl) AGA : and SGA
SGA

Orcesi et al,%9 2012 0.06 0.04 0.72(0.14 t0 3.68) =

Fernandez-Carroceraetal,’92003 0.01 0.17 15.43 (1.96t0 121.19) e —

Guellec etal,’1 2016 0.30 0.33 1.13(0.72t01.76) ——

Guellec et al,’1 2016 0.25 0.43 2.22(1.30t03.78) —a—

Claas etal,31 2011 0.13 0.36 3.61(1.30to0 10.00) —

Claasetal,’22011 0.24 0.33 1.61(0.57 to 4.56) —_——

Guellec etal,’3 2011 0.30 0.41 1.57 (1.05 t0 2.37) ——

Guellec et al,”3 2011 0.38 0.38 0.99 (0.35t02.79) ——

Beaino et al,’4 2011 0.31 0.40 1.48(1.03t02.13) ——

Charkaluk et al,”> 2012 0.41 0.56 1.78 (1.26 t0 2.51) .

Kiechl-Kohlendorfer et al,’6 2009  0.22 0.33 1.81(0.50 to 6.60) —a—>

Kiechl-Kohlendorfer et al,’6 2009  0.35 0.60 2.84(0.92 t0 8.79) m >

Gutbrod et al,34 2000 0.19 0.34 2.17(1.19t03.97) —a—

De Jesus et al,”” 2013 0.09 0.12 1.44(0.85t02.44) ———

De Jesus et al,’” 2013 0.18 0.25 1.54 (1.04 t0 2.28) —

Tanis et al,12 2015 0.03 0.05 1.82(0.38t08.70) ——

Tamaru et al,28 2011 0.42 0.50 1.36 (0.32 t0 5.70) .

Pinello et al,”8 2013 0.26 0.53 3.12(0.92 t0 10.58) —a—

Leviton et al,”% 2013 0.20 0.29 1.66 (1.06 t0 2.57) —a—

Koivisto et al,23 2015 0.34 0.40 1.30(0.62t02.72) —

Ayoubi et al,38 2016 0.18 0.31 2.04(1.01t04.10) —

Random-effects model for subgroup 1.64(1.44t01.87) @

SGA (Qyp=17.23, P=.64; 12=0.0%)
IUGR

Cartwright et al,39 2019 0.12 0.14 1.12(0.59t02.11) —

Cartwright et al,39 2019 0.13 0.15 1.25(0.70t02.23) ——

Scherjon et al, %! 2000 0.20 0.54 4.62 (1.63 to 13.08) >

Spinillo et al,80 2006 0.22 0.22 1.02 (0.66 to 1.58) —a—

Padilla et al, 45 2010 0.17 0.23 1.17 (0.35t0 3.88) —

Morsing et al,46 2011 0.06 0.29 6.67 (1.32 t0 33.68) EEE——

Tamaru et al,28 2011 0.42 0.50 1.36 (0.41 to 4.47) ——

Tamaru et al,28 2011 0.42 0.38 0.82(0.37t01.82) —

Morsing et al,50 2014 0.06 0.22 4.44 (0.78 t0 25.29) ————®>  Forest plot for random-effects

Morsing et al,50 2014 0.06 0.46 13.33(2.08 to 85.41) — meta-analysis of the association

Random-effects model for subgroup 1.69 (1.06 to 2.68) - between IUGR and SGA and

IUGR (Q9=20.25, P=.02; I?=60.7%) childhood BII. Effect size is expressed
Random-effects model for all studies 1.57(1.40t0 1.77) @ as the odds ratio. Squares indicate
(Q3p=39.63, P=.11; 12=0.0%) R S . estimates, with the size of the square

0.05 0.1 1 6  being proportional to the study's

0dds ratio (95% Cl) weight in the analysis. AGA indicates

appropriate for gestational age.

the meta-analysis overrepresent the first 2 years of life, high-
lighting the need for long-term follow-up.

The biological mechanisms that could explain our find-
ings are not fully understood but are likely to involve antena-
tal brain developmental processes. Placental insufficiency, ex-
posing the fetus with IUGR to undernutrition and decrease in
growth rate, is likely to affect in utero brain developmental pro-
cesses. Such suboptimal trophic inputs may lead to the struc-
tural and functional brain alterations observed in infants who
had TUGR,®2-#> which potentially underscore the emergence
of high-order cognitive processes.®®

Strengths and Limitations
Strengths of this meta-analytic study include the large num-

ber of samples across countries as well as the age span of

JAMA Pediatrics August 2020 Volume 174, Number 8

participants, ranging from 1 to 12 years. The study has sev-
eral limitations. First, information about demographic and
perinatal variables was not always accessible, making it dif-
ficult to study the association of potential relevant factors
with outcome (ie, sex, clinical procedure received during
neonatal intensive care, or family socioeconomic status).
Future studies should investigate putative antenatal and
pregnancy-related risk factors for IUGR and SGA as well as
childhood cognitive outcomes. A second limitation that was
mentioned earlier is the potential inclusion of individuals
with antenatal IUGR in the SGA groups. This issue prevents
us from addressing potential etiopathological differences
between constitutional SGA and former IUGR and SGA sub-
groups. Another limitation refers to the exclusion of the
so-called gray literature and unpublished data, which might
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lead to publication bias. However, statistical analyses were
conducted to assess the risk of such bias.

Original Investigation Research

tomiddle childhood. These findings indicate that to improve the

outcomes in children who had IUGR and were SGA, the follow-
ing appear to be needed: (1) advances in antenatal IUGR diagno-
sis to detect as early as possible the onset of growth restriction;

Conclusions

This study suggests that IUGR and SGA are adversely associated
with cognitive development. Growth vulnerability assessed an-
tenatally (IUGR) and at the time of birth (SGA) was associated with
cognitiverisk in preterm and term-born individuals from infancy
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