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coNTEXT: Both short and long interpregnancy intervals (IPIs) have recently been associated
with increased risk of autism spectrum disorder (ASD). However, this association has not
been systematically evaluated.

oBJECTIVE: To examine the relationship between birth spacing and the risk of ASD and other
neurodevelopmental disabilities.

DATA SOURCES: Electronic databases from their inception to December 2015, bibliographies, and
conference proceedings.

STUDY SELECTION: Observational studies with results adjusted for potential confounding factors
that reported on the association between IPIs or birth intervals and neurodevelopmental
disabilities.

DATA EXTRACTION: Two reviewers independently extracted data on study characteristics, IPIs/
birth intervals, and outcome measures.

ResuLTs: Seven studies (1 140 210 children) reported an association between short IPIs

and increased risk of ASD, mainly the former subtype autistic disorder. Compared with
children born to women with IPIs of >36 months, children born to women with IPIs of

<12 months had a significantly increased risk of any ASD (pooled adjusted odds ratio [OR]
1.90, 95% confidence interval [CI] 1.16-3.09). This association was stronger for autistic
disorder (pooled adjusted OR 2.62, 95% CI 1.53-4.50). Three of these studies also reported
a significant association between long IPIs and increased risk of ASD. Short intervals were
associated with a significantly increased risk of developmental delay (3 studies; 174 940
children) and cerebral palsy (2 studies; 19 419 children).

LimITATIONS: Substantial heterogeneity, and few studies assessing neurodevelopmental
disabilities other than ASD.

concLusions: Short [PIs are associated with a significantly increased risk of ASD. Long IPIs also
appear to increase the risk of ASD.
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Neurodevelopmental disabilities are
a diverse group of chronic disorders
that begin at any time during the
development process (including
conception, birth, and growth) up to
22 years of age and last throughout
an individual’s lifetime.! Major
disabilities include intellectual
disability, learning disabilities,
communication disorders, autism
spectrum disorder (ASD), and
cerebral palsy, among others. In
2007, it was estimated that >200
million children <5 years of age in
developing countries suffer from
some kind of developmental delay
or disability.? In the United States,
neurodevelopmental disabilities
affect 15% of children aged 3 to 17
years (nearly 10 million children in
2006-2008),3 and ~1 in 68 children
has been identified with ASD.*

Most neurodevelopmental disabilities
are thought to be caused by a
complex mix of factors, which vary
depending on the particular disorder
and the individual. These factors
include genetics, environment,
parental health and behaviors
during pregnancy, complications
during birth, and perinatal
infections. Recent findings suggest
an early prenatal origin of some
neurodevelopmental disorders such
as ASD.>¢ In addition, several studies
have found associations between
prenatal and perinatal conditions
and the risk of ASD,”#8 attention-
deficit/hyperactivity disorder,®10
developmental delay or disability,1112
and cerebral palsy.1314

There is compelling evidence from
several systematic reviews and
meta-analyses that both short and
long intervals between pregnancies
are associated with an increased
risk of adverse maternal, perinatal,
infant, and child outcomes.!>-23 The
relationship between birth spacing
and the risk of neurodevelopmental
disabilities has received less
attention. In 2005, a World Health
Organization technical consultation
on birth spacing recommended

conducting studies that investigate
the impact of birth spacing on

the psychological and neurologic
development of children.2* This
topic is relevant to public health and
clinical practice because if short and/
or long intervals are independently
associated with an increased risk of
ASD and other neurodevelopmental
disabilities, helping women and
couples achieve healthy pregnancy
spacing might contribute to reducing
such adverse outcomes. Hence, we
performed a systematic review
whose primary aim was to compile
and critically assess the existing
evidence on the relationship between
birth spacing and the risk of ASD

and other neurodevelopmental
disabilities through the use of formal
methods for systematic reviews and
meta-analytic techniques.

METHODS

This systematic review was
conducted following a prospectively
prepared protocol and reported

in accordance with recommended
methods for systematic reviews

of observational studies.?> Two

of the authors (A.C.-A., AR.-B.)
independently retrieved and
reviewed studies for eligibility,
assessed their risk of bias, and
extracted data. All disagreements
encountered in the review process
were resolved through consensus.

Study Selection

We included studies that met the
following criteria:

1. Study design: cohort, cross-
sectional, or case-control studies
that evaluated the relationship
between birth spacing and the
risk of any neurodevelopmental
disability in the younger child of a
pair of siblings (index child).

2. Exposure: use of any interval
preceding the birth of the
younger sibling (interpregnancy
interval [IPI], defined as the time
elapsed between the birth of the

immediate older sibling and the
conception of the younger sibling;
or birth interval, defined as the
time elapsed between the birth of
the immediate older sibling and
the birth of the younger sibling) as
the measure of birth spacing.

. Outcome measures: the primary

outcome measure of interest
was ASD. The latest revision of
the Diagnostic and Statistical
Manual of Mental Disorders
(Fifth Edition) merged all autism
disorders into the umbrella term
“autism spectrum disorder”
without a definition of subtypes.
However, we also assessed the
association between birth spacing
and the former autism subtypes
“autistic disorder”, “pervasive
developmental disorder-not
otherwise specified” (PDD-
NOS), and “Asperger disorder.”
Secondary outcome measures
included developmental delay,
cerebral palsy, intellectual
disabilities, communication
disorders, attention-deficit/
hyperactivity disorder,

specific learning disorder,

motor disorders, hearing loss,
vision impairment, and other
neurodevelopmental disabilities.

. Statistical analysis: the authors of

the studies must have adjusted the
results for potential confounding
factors. Studies were excluded
from the review if they exclusively
used univariate (unadjusted)
analysis, if they used only the
interval after the birth of the
index child (succeeding interval),
or if they did not provide data.
Studies included in the systematic
review were also included in the
meta-analyses if they used IPI

as the measure of birth spacing,
provided data for >4 IPI strata,
and reported unadjusted and/

or adjusted odds ratio (OR) or
relative risk (RR) estimates and
95% confidence intervals (Cls) or
data to calculate them.
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Data Sources and Searches

A literature search was undertaken
in Medline, Embase, POPLINE,
CINAHL, LILACS, and ECLA (all from
inception to December 31, 2015) by
using a combination of key words
and text words related to “birth
spacing” and “neurodevelopmental
disabilities” (see Supplemental
Table). Google Scholar, proceedings
of congresses on pediatric neurology
and neurodevelopmental disabilities,
reference lists of identified studies,
and review articles were also
searched. No language restrictions
were applied. If study findings were
published in >1 source, we included
only the most recent or complete
study and supplemented if additional
information appeared in other
publications.

Assessment of Risk of Bias

Study quality was assessed by using
6 criteria deemed by the authors

to be important for the quality of
observational studies evaluating the
association between birth spacing
and neurodevelopmental disabilities.
The assessments were judged as “low
risk,” “high risk,” or “unclear risk”

of bias. The criteria evaluated and
how they were interpreted were as
follows:

1. Measure of birth spacing used.
“Low risk of bias”: the study used
IPI as measure of birth spacing;
“high risk of bias”: the study used
birth interval as measure of birth
spacing.

2. Categorization of exposure. “Low
risk of bias”: the study examined
>4 categories of pregnancy
intervals; “high risk of bias”: the
study examined <4 categories of
pregnancy intervals.

3. Ascertainment of outcomes. “Low
risk of bias”: based on medical
records or direct assessment
or validated outcomes if
administrative databases were
used; “high risk of bias”: based
exclusively on a report that
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comes from patients or relatives
or unvalidated outcomes if
administrative databases were
used.

4. Blinding. “Low risk of bias”:
assessment of both birth spacing
status and outcomes was
performed while investigators
were blinded; “high risk of bias”:
assessment of birth spacing status
or outcomes was not blinded.

5. Loss to follow-up or exclusions
(only for cohort and cross-
sectional studies) or period of
time for recruitment of children
(only for case-control studies).
“Low risk of bias”: loss to
follow-up or nonvalid exclusions
(improper elimination of records)
were <10% (for cohort studies)
or case patients and controls
recruited during the same
period of time (for case-control
studies); “high risk of bias”: loss to
follow-up or nonvalid exclusions
were >10% (for cohort studies) or
children recruited from different
periods of time (for case-control
studies).

6. Control for confounding factors
and assessment of mediating
factors. “Low risk of bias”: the
study controlled for maternal
age and at least 1 measure
of socioeconomic status (eg,
occupation and work status,
educational level, income, or
housing) and tested whether
the association between
birth spacing and ASD/other
neurodevelopmental disabilities
was mediated through preterm
birth or low birth weight; “high
risk of bias”: the study did not
control for maternal age and at
least 1 measure of socioeconomic
status or did not test the mediator
effect of preterm birth or low birth
weight.

If there was insufficient information
available to make a judgment about

these criteria, then they were scored
as “unclear risk of bias.”

Data Extraction

Data were extracted by using a
specifically designed form for
capturing information on study
design, characteristics of the study
population, sample size, measure of
birth spacing used, categorization of
intervals, measures of outcome, study
quality, and unadjusted and adjusted
ORs or RRs with their 95% ClIs for
individual neurodevelopmental
disabilities associated with all
pregnancy intervals. We contacted
authors to obtain additional or
missing data.

Data Synthesis and Statistical
Analysis

Pooled unadjusted and adjusted

ORs for the association between

[PI and the risk of any ASD and the
former subtype autistic disorder
were calculated. Data available from
studies allowed us to categorize

IPIs into <12, 12 to 23, 24 to 35, and
>36 months as well as <12, 12 to
23,24 to 59, and >60 months. The
referent categories used were >36
and 24 to 59 months, respectively.
Data extracted from each study were
arranged in 2 x 2 tables. ORs with
their 95% Cls for ASD and autistic
disorder were then calculated
separately for the predefined
categories of IPIs. Results from
different reports were combined to
produce pooled unadjusted ORs with
95% Cls according to the Mantel-
Haenszel method. According to data
availability, we also calculated pooled
adjusted ORs within each category
using the estimated adjusted effect
and its estimated SE (often obtained
indirectly from the CI) reported in
each study. Heterogeneity of the
results among studies was tested
with the quantity 12.26 A substantial
level of heterogeneity was defined as
an I2 >50%.26 We pooled results from
individual studies using DerSimonian
and Laird random-effects models?’
because substantial heterogeneity
was present in most meta-analyses.
We planned to explore potential



2474 Records identified
through database search

21 Additional records identified
through other sources

A 4

1678 Records after duplicates removed

1590 Records excluded after
screening of titles/abstracts

88 Full-text articles assessed for eligibility

76 Full-text articles excluded
57 No data
7 Univariate analysis
2 Duplicate publications
8 Review/editorial/commentary/letter
2 Use of succeeding intervals®?

12 Studies included in qualitative synthesis

6 Studies included in quantitative synthesis
(meta-analysis)

FIGURE 1

Study selection process. 2nterval after the birth of the index child.

sources of heterogeneity, to perform
subgroup and sensitivity analyses,
and to assess publication and

related biases if at least 10 studies
were included in a meta-analysis.
However, the limited number of
studies allowed only the exploration
of sources of heterogeneity according
to study setting, sample size, and
study quality.

For the relationship between

birth spacing and other
neurodevelopmental disabilities, we
prepared a narrative synthesis on
the basis of the overall results of the
included studies because it was not
possible to perform meta-analyses
due to differences in measures of
birth spacing, categories of intervals,

reference categories, and outcome
measures among the included
studies.

All statistical analyses were
performed by using Stata version
12.0 (StataCorp, College Station,
TX) and Review Manager (RevMan)
version 5.3.5 (The Nordic Cochrane
Centre, Copenhagen, Denmark)
statistical packages.

RESULTS

Selection, Characteristics, and Risk
of Bias of Studies

Figure 1 summarizes the process
of identification and selection of
studies. The searches produced 1678

records, of which 88 were considered
relevant. Of these, 76 were excluded,
the main reason being lack of data

on the relationship between birth
spacing and neurodevelopmental
disabilities considered. A total of 12
studies (6 cohort, 5 cross-sectional,
and 1 case-control), including

1334 569 children, met the inclusion
criteria.28-39

The individual characteristics and
main findings of the studies included
in the systematic review are shown
in Table 1. Seven studies provided
data on ASD,28-34 3 on developmental
delay,3*37 and 2 on cerebral palsy.3839
Six studies were conducted in the
United States, 2 each in Canada and
Brazil, and 1 each in Norway and
Finland. Ten studies used IPI and 2
used birth interval as measures of
birth spacing. A “short interval” was
defined in different ways, including
IPIs of <3, <6, <12, <18, <24, and <36
months and birth intervals of <19
and <24 months. A “long interval”
was defined as IPIs of >60, >72, and
>84 months. Most of the studies that
assessed the relationship between
[PI and ASD adjusted their results for
maternal and paternal age, child’s
gender, birth year, and at least 1
measure of socioeconomic status.
Five studies?82931.3334 tested the
effects of both preterm birth and low
birth weight as potential mediators
in the association between IPI

and ASD risk. Among studies that
evaluated the relationship between
birth spacing and developmental
delay and cerebral palsy, most

of them included maternal age,
measures of socioeconomic status,
birth weight, gestational age, race/
ethnicity, and child’s gender as
potential confounders/mediators

in the adjusted models. The risk

of bias for each included study is
summarized in Fig 2. Seven studies
met at least 5 of the criteria, 4 met

4 of the criteria, and 1 met 3 of the
criteria. The most common deficiency
was the inadequate categorization of
pregnancy intervals.
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TABLE 1 Characteristics of Studies Included in the Systematic Review

First Author, Year
(Country)

Design (Sample Size)

Outcome

Interval Used; Interval
Categories, mo

Confounding/Mediating Factors

Main Findings

Autism Spectrum
Disorder
Cheslack-Postava,2®  Cross-sectional, population-
2011 (United based (662730 children)

States)
Dodds,? 2011 Cohort population-based
(Canada) (129733 children)
Gunnes,* 2013 Cross-sectional, nation-based
(Norway) (223476 children)

Cheslack-Postava,®!  Nested case-control
2014 (Finland) population-based (2208
children with diagnosis of
ASD and 5163 controls)

Autistic disorder (according to

case files of the Department
of Developmental Services;
Asperger disorder and PDD-
NOS were not included)

ASD (ICD-9 code 299 or ICD-10

code F84)

ASD (ICD-10 codes F84.0, F84.1,

F84.5, F84.8, and F84.9), autistic
disorder (ICD-10 code F84.0),
and Asperger disorder (ICD-10
code F84.5) plus PDD-NOS
(ICD-10 codes F84.1, F84.8, and
F84.9) at age 8y

ASD (ICD-10 codes F84.0, F84.5,

F84.8, and F84.9), autistic
disorder (ICD-10 code F84.0),
Asperger disorder (ICD-10 code
F84.5), and PDD-NOS (ICD-10
codes F84.8 and F84.9)

IPI; <12, 1223, 24-35,

56-47, 48-59,2 6071,

72-83, >84; and <12,
12-23, 24-35, >362

IPI, <18, >182

IPI; <9, 9-11, 12-23,
24-35, >36°

IPI; <12, 12-23, 24-59,2
60-119, and >120

Maternal and paternal age, race/

ethnicity, maternal education,
mother’s birthplace, payment
source for delivery, child’s
gender, birth year, preterm
birth, low birth weight

Several maternal

sociodemographic and
obstetric factors; maternal
conditions including
psychiatric and neurologic
disorders; income, factors
related to labor/delivery;
several perinatal factors
including gestational age, birth
weight, and infant gender;
neonatal morbidities including
anomalies, breastfeeding at
discharge, sibling with autism,
birth year

Maternal and paternal age,

maternal education, child’s
gender, birth year, preterm
birth of the first-born child

Maternal and paternal age,

parental psychiatric disorders,
parity, previous miscarriage/
abortions, any ASD diagnosis

in a previous sibling, maternal
socioeconomic status, previous
miscarriage or abortion, date
of birth, place of birth, infant
gender, residence, preterm
birth, low birth weight

Intervals <36 mo were associated with increased risk

of autistic disorder (aOR 3.39, 95% Gl 3.00-3.82 for
intervals <12 mo; aOR 1.86, 95% Cl 1.65-2.10 for
intervals 12—23 mo; and aOR 1.26, 95% Gl 1.10—-1.45
for intervals 24—35 mo). No relationship between
intervals >60 mo and autistic disorder.

Intervals <18 mo were associated with increased risk of

ASD (aRR 1.51, 95% Cl 1.12-2.03).

Intervals <12 mo were associated with increased risk

of autistic disorder (aOR 2.18, 95% Cl 1.42—3.26 for
intervals <9 mo; and aOR 1.71, 95% Cl 1.07-2.64

for intervals 9—11 mo). Intervals of 9—11 mo were
associated with increased risk of ASD (aOR 1.35, 95%
Cl 1.06—-1.73). No relationship between intervals <24
mo and Asperger disorder and PDD-NOS.

Intervals <12 and >60 mo were associated with

increased risk of ASD (aOR 1.50, 95% Cl 1.28—1.74

for intervals <12 mo; aOR 1.28, 95% Cl 1.08—1.52 for
intervals 60—119 mo; and aOR 1.44, 95% Cl 1.12—1.85
for intervals >120 mo). Only intervals <24 mo were
associated with increased risk of autistic disorder
(aOR 1.89, 95% Cl 1.42—2.50 for intervals <12 mo; aOR
1.51, 95% Cl 1.18—1.94 for intervals 12—23 mo). Only
intervals <12 mo were associated with increased
risk of PDD-NOS (aOR 1.55, 95% Cl 1.22—1.97). Only
intervals >60 mo were associated with increased
risk of Asperger disorder (aOR 1.55, 95% CI 1.15-2.08
for intervals 60—119 mo; and aOR 1.71, 95% Cl
1.13-2.60 for intervals >120 mo).
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TABLE 1 Continued

First Author, Year
(Country)

Design (Sample Size)

Outcome

Interval Used; Interval
Categories, mo

Confounding/Mediating Factors

Main Findings

C00,522015
(Canada)

Durkin,3% 2015
(United States)

Zerbo,3* 2015
(United States)

Developmental delay
Thompson,®® 2003
(United States)

Pilz,%6 2007 (Brazil)

Cohort population-based

(41050 children)

Cohort population-based

(31467 children)

Cross-sectional (44 383

children)

Cross-sectional (170874

children)

Cross-sectional (197 children)

ASD (ICD-9 codes 299, 299.0, 299.8,

and 299.9; ICD-10 codes F84.0,
F84.1, F84.5, F84.8, and F84.9;
or an ASD diagnosis in the
Education or Children’s Special
Services databases)

ASD (according to the American
Psychiatric Association’s
DSM-IV-TR criteria for a
pervasive developmental
disorder, including autistic
disorder, Asperger disorder,
or PDD-NOS), autistic disorder,
and Asperger disorder plus
PDD-NOS at age 8y

ASD (ICD-9 codes 299.0, 299.8,
and 299.9, and according to
case files of the Department of
Developmental Services)

Developmental delay or disability
in the first 3y of life (including
delayed cognition, physical/
motor impairment, lack of
communication skills, delayed
social/emotional development,
or lagging adaptive
development)

Suspected developmental delay
up to age 6y (using the Denver
I test for social contact, fine
motor skills, language, and
gross motor skills)

IPI; <12, 12-23, 2435,

>36°

IPIl; <12, 12-23, 2447,

848-59, 60-83, >84;
and <12, 12-23, 24-35,
>362

IPI; <6, 6-8, 9—11, 12-23,

24-35, 36—47,2 4859,
60-71, >72; and <12,
12-23, 24-35, >362

IPI; continuous

Bl; <19, >19°

Child’s gender, birth year,
presence of an intellectual
disability, maternal age at
delivery, and whether the
mother had ever received
income assistance

Maternal and paternal age,
maternal education, child’s
gender, birth year, first
trimester prenatal care, history
of pregnancy loss, low birth
weight, preterm birth, small
for gestational age, gestational
diabetes, cesarean delivery

Maternal and paternal age,
child’s gender, year of birth,
maternal education, mother’s
race/ethnicity, place of birth,
maternal BMI, change in BMI
between pregnancies, maternal
antidepressant use in the 3 mo
before conception, ASD status
of the first child, and birth
weight, gestational age, and
type of delivery of both first-
and second-born child

Maternal age, education, and
marital and socioeconomic
status; infant’s gender, birth
weight, antenatal care;
race/ethnicity; smoking;
complications of labor/delivery;
congenital anomaly

Maternal age and education,
familial income, marital
status, parity, pregnancy
complications, birth weight,
gestational age, neonatal
and child morbidity, child
care, breastfeeding, maternal
support

There was no significant association between IPI and

ASD (a0R 1.72, 95% Cl 0.96—3.06 for intervals <12 mo;
a0R 1.59, 95% Cl 0.93—2.71 for intervals 12—23 mo;
and a0R 1.29, 95% (I 0.70-2.38 for intervals 24—35
mo)

Intervals <12 and >84 mo were associated with

increased risk of ASD (aOR 2.16, 95% Cl 1.32—3.53
for intervals <12 mo; and aOR 1.98, 95% Cl 1.12—3.48
for intervals >84 mo). Only intervals <24 mo were
associated with increased risk of autistic disorder
(aOR 2.75, 95% Cl 1.56—4.84 for intervals <12 mo; and
a0R 1.80, 95% Cl 1.07-3.03 for intervals 12—23 mo).
Intervals >84 mo were associated with marginally
significant increased risk of Asperger disorder and
PDD-NOS (aOR 2.72, 95% Cl 0.99-7.49).

Intervals <24 and >72 mo were associated with

increased risk of ASD (aHR 3.0, 95% Cl 1.9-4.7 for
intervals <6 mo; aHR 2.1, 95% Cl 1.4-3.3 for intervals
6—8 mo; aHR 1.9, 95% Cl 1.3—2.8 for intervals 9—11 mo;
aHR 1.5, 95% Cl 1.1-2.1 for intervals 12—23 mo; and
aHR 2.4, 95% Cl 1.5-3.7 for intervals >72 mo).

Short intervals were associated with increased risk

of developmental delay or disability in the first 3y
of life. The risk of developmental delay decreased
significantly for each 1-mo increase in IPI since the
birth of the previous sibling up to 60 mo (aOR for
each 1-mo increase in IP1 0.995, 95% Cl 0.993-0.997).

Intervals <19 mo were associated with increased risk

of suspected developmental delay (aOR 3.90, 95% Cl
1.02-24.08).
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TABLE 1 Continued

First Author, Year
(Country)

Design (Sample Size)

Outcome

Interval Used; Interval
Categories, mo

Confounding/Mediating Factors

Main Findings

de Moura,’” 2010
(Brazil)

Cohort (3869 children)

Cerebral palsy
Torfs,®8 1990
(United States)

Cohort (19044 children)

Pinto-Martin,3
1998 (United
States)

Cohort (375 infants weighing
500-2000 g at birth)

Suspected developmental delay
at age 2y (using the BSDI test
for personal-social, adaptive,
motor, communication and
cognitive development)

Cerebral palsy (diplegia,
hemiplegia, quadriplegia, other
spastic syndrome, athetosis, or
cerebral palsy not otherwise
specified that was not the
result of a progressive disease
or of a neural tube defect)

Disabling cerebral palsy at a
corrected age of 2y (cerebral
palsy plus any of the following
conditions: inability to walk
5 steps unaided by age 2 y,
receiving physical therapy
for motor disability at the
examination time, Bayley
motor score >1 SD lower
than performance score,
surgical intervention for motor
disorder, using braces or other
physical assistance devices)

BI; <24, >24°

IPI; <3, 3-36,2 >36

IPI; <6, >6°

Maternal age and education,
race/ethnicity, antenatal care,
child’s gender, socioeconomic
status, smoking, pregnancy
complications, infant’s mode of
delivery, gestational age, birth
weight, 5-min Apgar score,
child nutritional variables,
breastfeeding duration, mother
and child morbidity, child
environmental stimuli

Race/ethnicity, parity, child’s
gender, mother’s work,
pregnancy complications,
length of menstrual cycle,
birth weight, gestational
age, birth defects, delivery
characteristics

Birth weight, gestational age,
neonatal brain injury, maternal
age, mother’s education,
amnionitis

Intervals <24 mo were associated with increased risk

of suspected developmental delay (aRR 1.91, 95% Cl
1.73-2.09).

Intervals <3 mo or >36 mo were associated with a

marginally significant increased risk of cerebral
palsy (aRR 3.7,95% Cl 1.0-4.4).

Intervals <6 mo were associated with increased risk of

disabling cerebral palsy (aOR 2.7, 95% Cl 1.1-7.1).

aHR, adjusted hazard ratio; aOR, adjusted odds ratio; aRR, adjusted relative risk; ASD, autism spectrum disorder; B, birth interval; BSDI, Battelle Screening Developmental Inventory; DSM-IV-TR, Diagnostic and Statistical Manual, Fourth Edition, Text
Revision; ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Classification of Diseases, 10th Revision; IPI, interpregnancy interval; PDD-NOS, pervasive developmental disorder-not otherwise specified.

a Reference category.



Autism Spectrum Disorder autistic disorder associated with

short IPIs.28303133,34 No relationship
was found between long IPIs and this
disorder in 3 studies.283133 However,

Seven studies conducted in
developed countries, considered
to be at low risk of bias and that

included 1140 210 children in total, long IPIs were found to be associated
assessed the relationship between IPI with an increased “S_k of the former
and ASD.28-3¢ Three studies showed subtypes Asperger disorder and

a U-shaped association between IPI PDD-NOS in 3 studies.*%3* Overall,
and the risk of ASD.313334 Six studies there was no association between
short IPIs and the risk of these 2

found a significant association i
disorders.3031,3334

between short IPIs (<12 months,30:31.33

<18 months,29 <24 months,3* and Table 2 shows the meta-analyses

<36 months?8) and increased risk of of the association between IPI

ASD. The remaining study reported and ASD. Children born to women

a nonsignificant greater risk of ASD with IPIs of <12 months had a

among children born after an IPI significantly increased risk of ASD

of <12 months (adjusted OR 1.72, when compared with children born

95% CI 0.96-3.06).32 However, a to women with intervals of >36

sensitivity analysis restricted to months (pooled adjusted OR 1.90,

individuals with more severe ASD 95% CI 1.16-3.09). This association

revealed a significant association was stronger for the former subtype

between IPIs of <12 months and this autistic disorder (pooled adjusted OR

disorder. Three studies also found 2.62,95% CI 1.53-4.50). There were

a significant association between no significant differences in the risk
FIGURE 2 ASD and long IPIs (>60 months,3! of ASD or autistic disorder between
Risk of bias for each included study. Green >72 months,3* and >84 months33). children conceived 12 to 35 months
symbals, low risk of bias; yellow symbols, unclear Five studies reported a significantly after a birth and those conceived >36
risk of bias; red symbols, high risk of bias. increased risk of the former subtype months after a birth.

TABLE 2 Meta-analyses of the Relationship Between IPl and ASD

IPI No. of Children, n Children With ASD, Pooled Unadjusted OR (95% £ % Pooled Adjusted OR (95% Cl) 2%
Studiesef n (%) cl)
Any ASD
<12mo 528,30.82-34 205069 1533 (0.75) 1.58 (1.02-2.45) 94 1.90 (1.16-3.09) 96
12—23 mo 528,30,32-34 343509 1693 (0.49) 1.18 (0.84—1.66) 92 1.27 (0.89-1.83) 90
24-35 mo 528,50,52-54 219940 826 (0.38) 0.94 (0.73-1.19) 77 1.02 (0.80—1.29) 68
>36 mo? 528,30.32-34 233634 899 (0.38) 1.00 NA 1.00 NA
Any ASD
<12mo 428513334 169825 1855 (1.09) 1.83 (1.33-2.54) 93 —b —b
12—23 mo 4283133,34 255598 1913 (0.75) 1.32 (1.09-1.59) 80 —b —>b
24-59 mo? 42831,53,34 278537 1619 (0.58) 1.00 NA —b —b
>60 4283133,34 41991 665 (1.58) 1.37 (1.02—1.86) 83 —b —b
Autistic disorder
<12 mo 328.30.34 190546 1334 (0.70) 1.96 (1.29-2.97) 89 2.62 (1.53-4.50)° 88
12—23 mo 3283034 318888 1318 (0.41) 1.25 (0.84—1.85) 89 1.44 (0.84-2.47)¢ 91
24-35 mo 3283034 205397 602 (0.29) 1.03 (0.81-1.30) 61 1.14 (0.97-1.33)¢ 0
>36 mo? 3283034 215588 563 (0.26) 1.00 NA 1.00 NA
Autistic disorder
<12mo 228,34 163383 1275 (0.78) 2.19 (1.66-2.88) 73 —b —b
12—23 mo 228,34 244252 1229 (0.50) 1.51(1.38-1.65) 0 —b —b
24-59 mo? 228,34 263820 884 (0.34) 1.00 NA —b —b
>60 mo 228,34 35488 126 (0.36) 1.15 (0.69-1.92) 82 —b —b

NA, not applicable; ref, reference number.

@ Reference category.

b It was not possible to estimate pooled adjusted ORs and £ tests because the reference categories did not coincide among the studies.
¢ Based on pooling of data from the studies by Cheslack-Postava et al?® and Gunnes et al.3
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When we categorized IPIs into <12,
12 to 23, 24 to 59, and >60 months,
both short (<24 months) and long
(=60 months) IPIs were associated
with a significantly increased risk

of ASD (pooled unadjusted ORs
[95% Cls]: 1.83 [1.33-2.54], 1.32
[1.09-1.59], and 1.37 [1.02-1.86] for
[PIs of <12, 12-23, and >60 months,
respectively) as compared with

[PIs of 24 to 59 months. IPIs of <24
months were also associated with an
increased risk of the former subtype
autistic disorder (pooled unadjusted
ORs [95% Cls]: 2.19 [1.66-2.88]

and 1.51 [1.38-1.65] for IPIs of <12
and 12-23 months, respectively). It
was not possible to estimate pooled
adjusted ORs for these categories of
[PIs because the reference categories
did not coincide among the studies.

Substantial statistical heterogeneity
among studies was present, as
confirmed by I? values of >50% in
most meta-analyses. A significant
portion of the heterogeneity was
explained by the study by Cheslack-
Postava et al.?8 In fact, the exclusion
of this study from the meta-analyses
produced homogeneous pooled ORs
(I? = 0% for most meta-analyses),
which were not significantly different
from the overall estimates obtained
from all studies (all P >.40; data not
shown).

Developmental Delay

Three studies, considered to be at
moderate risk of bias, evaluated the
relationship between birth spacing
and developmental delay.3°-37 A
large population-based study from
the United States (N = 170 874)3°
found that short IPIs were associated
with significantly increased risk of
developmental delay or disability
in the first 3 years of life. The risk
of developmental delay decreased
significantly for each 1-month
increase in IPI since the birth of the
previous sibling up to 60 months
(OR for each 1-month increase in
IP1 0.995,95% CI 0.993-0.997).
Two studies conducted in Brazil
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assessed the association between
birth interval and suspected
developmental delay at age 2 years3’
or up to age 6 years.3¢ Both studies
found that short birth intervals (<19
months3® and <24 months37) were
associated with a significantly higher
risk of suspected developmental
delay (adjusted OR 3.90, 95% CI
1.02-24.083%; adjusted RR 1.91, 95%
C11.73-2.09%7).

Cerebral Palsy

Two studies, rated as at moderate
risk of bias, reported on the
association between IPI and cerebral
palsy.3839 One study in 19 044
children found that IPIs of <3 or
>36 months were associated with
a marginally significant increased
risk of cerebral palsy (adjusted RR
3.7,95% CI 1.0-4.4).38 One small
study (N = 375) reported that IPIs
of <6 months were associated with
a significantly increased risk of
disabling cerebral palsy among
infants who weighed 500 to 2000 g
at birth (adjusted OR 2.7, 95% CI
1.1-7.1).39

DISCUSSION

Main Findings

The results of our systematic

review show that, overall, short

IPIs (<12 months and, possibly, 12

to 23 months) are independently
associated with an increased risk

of ASD, mainly the former subtype
autistic disorder. This form is the
most severe form of the conditions
that comprise ASD because it is likely
to co-occur with intellectual disability
and a range of medical, behavioral,
and psychiatric complications.*? In
addition, there was growing evidence
that children born to women with
long IPIs, possibly >5 years, are at
increased risk of ASD, mainly the
former subtypes Asperger disorder
and PDD-NOS. There was emerging
evidence that short intervals are
associated with an increased risk

of developmental delay. Less clear

was the association between short
intervals and cerebral palsy.

The reasons for the association
between a short IPI and ASD are
unknown. The fact that the birth
spacing effects were not attenuated
when child’s gender, parental
characteristics, and socioeconomic
status were controlled for and that
the IPI-ASD association was not
mediated by preterm birth and low
birth weight suggests that the effects
are not caused by these confounding/
mediating factors. A plausible
explanation is the maternal folate
depletion hypothesis, which claims
that maternal serum and erythrocyte
concentrations of folate decrease
from midpregnancy onward and
remain low during 4 to 12 months
postpartum. Women who become
pregnant before folate restoration

is complete have an increased risk
of folate insufficiency at the time of
conception and during pregnancy.1641
As a consequence, there would

be an early alteration in the fetal
neurodevelopment that could lead
to ASD in early childhood.?8 This
hypothesis is reasonably supported
by a recent, large population-based
cohort study, which reported

that periconceptional folic acid
supplementation was associated with
a significant reduction in the risk of
autistic disorder in the offspring.#2
Interestingly, this study found that
periconceptional supplementation
of folic acid did not decrease the
risk of Asperger disorder and PDD-
NOS, which were not found to be
associated with short IPIs in our
review. Another study3° found that
the effect of short IPIs on the risk

of autistic disorder appeared to be
stronger in children whose mothers
had not used folate before or during
pregnancy, although this interaction
was not statistically significant. Some
cohort studies have reported that
mothers who took periconceptional
folic acid supplements had

children with a reduced risk of
neurodevelopmental disabilities,



such as severe language delay,
behavioral problems, inattention, and
hyperactivity and peer problems.#3-46
One relevant epigenetic process
crucial to neurodevelopment is

DNA methylation, which depends

on the availability of dietary methyl
donors such as folate, choline, and
methionine. Insufficient folate intake
can result in DNA hypomethylation,
and hypomethylation is associated
with potential neurodevelopmental
consequences.*’

Other mechanisms have been
proposed to explain the increased
risk of ASD associated with short
intervals. Recent studies have shown
that the majority of pregnancies after
short intervals are unintended.*8-50
Moreover, unintended pregnancy

is associated with a higher risk

of prenatal maternal stress.>1:52
Gunnes et al3? hypothesized that
closely spaced pregnancies would be
associated with increased maternal
stress during the pregnancy of the
index child, which increases the
likelihood of developing ASD in

this child. Indeed, there is some
evidence that prenatal maternal
stress is a risk factor for ASD.5354 [n
addition, a growing body of research
suggests that early prenatal stress
affects inhibitory neurons in the
brain, which have been implicated

in the pathophysiology of ASD.5>

An alternative mechanism could

be through maternal inflammation
because there is evidence of
significant systemic inflammatory
activity up to 9 to 10 weeks
postpartum.>® It has been proposed
that when conception occurs at
relatively short intervals after
delivery, it is possible that persistent
maternal inflammation may affect
fetal neurodevelopment.3%3! Finally,
residual confounding may still be an
explanation for this association.

Some hypotheses have also been
proposed to explain the relationship
between long intervals and ASD. It
has been hypothesized that factors
associated with long IPIs such as

infertility,3334 unintended pregnancy,
31 and maternal inflammation3! could
explain the link between long IPIs
and risk of ASD.

Strengths and Limitations

The strengths of our review are

the rigorous methodology used,
which adhered to the recommended
guidelines for systematic reviews
and meta-analysis of observational
studies; the use of a prospective
protocol designed to address a
research question; the extensive
literature searches without language
restrictions; the exclusion of
studies that did not adjust their
effect estimates for potential
confounding factors; the study
quality assessment that was based
on strict predetermined criteria;
the inclusion of >1 million children
in the studies that examined the
association between IPI and ASD;
and the quantitative and qualitative
way of summarizing the evidence.
Some limitations of this study
should be acknowledged. First,
there was an important degree of
heterogeneity in most of the meta-
analyses performed; therefore,
pooled estimates should be
interpreted cautiously. We explored
the sources of heterogeneity and
found that it was explained mainly
by the largest study.?8 Nevertheless,
the estimates of this study revealed
the same direction of effect, which
could suggest the absence of clinical
heterogeneity among the studies. It
is possible that the I? heterogeneity
test could have excessive power
when there are studies with a very
large sample size, as was the case
with the study by Cheslack-Postava
et al.28 Moreover, we used a random-
effects model to pool results from
individual studies, which provides
the most useful and conservative
estimate for informing practice

in the presence of heterogeneity.
Second, several included studies
focused on the association between
short intervals and the adverse

outcomes considered, and little
attention was given to the issue of
long intervals. In addition, some
studies did not properly address
the potential confounding effects

of some variables as well as the
mediating effects of gestational

age or weight at birth. Failure to
make appropriate adjustment for
potential confounding factors could
lead to spurious associations or to
inaccurate estimates of the strength
of any real associations. Third,

the number of studies available

for analysis on the association
between birth spacing and both
developmental delay and cerebral
palsy is still too small for us to draw
conclusions. In addition, despite the
broad scope of the literature search
strategy, we were not able to find
studies assessing the association
between birth spacing and other
neurodevelopmental disabilities.
Finally, it was not possible to
quantitatively combine data from the
different studies that assessed the
association between birth spacing
and both developmental delay and
cerebral palsy. However, it must

be emphasized that meta-analysis
is not the objective of a systematic
review.5’

Clinical and Public Health
Implications

The finding that short [PIs are
associated with an increased risk of
ASD, and possibly of developmental
delay, has important clinical and
public health implications in both
high- and low/middle-income
countries because it is a potentially
modifiable risk factor. For example,
in the United States, there is evidence
that the proportion of births after
short intervals has increased

as a consequence of the higher
frequency of delayed childbearing
and compression of the childbearing
years.*858 In developing countries,
approximately half of children are
born after IPIs of <24 months.5?
Because advanced maternal age is
also a well-recognized risk factor

CONDE-AGUDELO et al



for ASD,?0 educating women and
their families about healthy timing
and spacing of pregnancy (20-35
years of age®! and 24-59 months,2
respectively) could contribute
significantly, in both developed and
developing countries, to a reduction
in this neurodevelopmental disorder.
In addition, promotion of healthy
timing and spacing of pregnancy
substantially improves the perinatal,
child, and maternal health.62-64 The
hypothetical impact of pregnancy
spacing as an intervention to prevent
ASD can be calculated by using the
concept of population attributable-
risk percentage, which expresses
the proportion of ASD in the study
population that is attributable

to short IPIs and thus could be
eliminated if such exposure was
eliminated. By using pooled data

from 5 studies shown in the top
section of Table 2, we estimated that
if families choose to delay a new
pregnancy for at least 24 months
after the preceding birth, the rate

of any ASD among non-firstborn
children would decrease by 23.0%;
if families choose to delay the new
pregnancy for at least 12 months, the
rate of any ASD would decrease by
13.2%.

Implications for Research

Further studies will be needed to
confirm the finding that long IPIs
are also associated with increased
risk of ASD, mainly the former
subtypes Asperger disorder

and PDD-NOS. Moreover, future
studies should investigate the
mechanisms underlying these
associations and the possible

modifier effect of periconceptional
folic acid supplementation on the
relationship between short IPIs and
ASD. Finally, adequately powered
studies that assess the relationship
between birth spacing and other
neurodevelopmental disabilities will
also be required.

ABBREVIATIONS

ASD: autism spectrum disorder

CI: confidence interval

IPI: interpregnancy interval

OR: odds ratio

PDD-NOS: pervasive
developmental
disorder-not
otherwise specified

RR: relative risk

Dr Conde-Agudelo conceived and designed the study, acquired and analyzed the data, performed statistical analysis, drafted the manuscript, and participated
in the interpretation of findings; Ms Rosas-Bermudez and Dr Norton helped in conceiving and designing the study, acquired and analyzed the data, critically
reviewed the manuscript, and participated in the interpretation of findings; and all authors approved the final manuscript as submitted.

DOI: 10.1542/peds.2015-3482
Accepted for publication Feb 22, 2016

Address correspondence to Agustin Conde-Agudelo, MD, MPH, PhD, Calle 58 # 26-60, Palmira, Colombia. E-mail: condeagu@hotmail.com
PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).
Copyright © 2016 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: This study was supported by the Office of Population and Reproductive Health, Bureau for Global Health, of the US Agency for International
Development, under the terms of a cooperative agreement with the E2A (Evidence to Action for Strengthened Reproductive Health) Project.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1. Patel DR, Greydanus DE, Omar HA,
Merrick J, eds. Neurodevelopmental
Disabilities: Clinical Care for Children
and Young Adults. New York, NY:
Springer; 2011

2. Grantham-McGregor S, Cheung YB,
Cueto S, Glewwe P, Richter L,
Strupp B; International Child
Development Steering Group.
Developmental potential in the
first 5 years for children in
developing countries. Lancet.
2007;369(9555):60—70

3. Boyle CA, Boulet S, Schieve LA,
et al. Trends in the prevalence of
developmental disabilities in US

PEDIATRICS Volume 137, number 5, May 2016

children, 1997-2008. Pediatrics.
2011;127(6):1034—1042

4. Developmental Disabilities
Monitoring Network Surveillance
Year 2010 Principal Investigators;
Centers for Disease Control and
Prevention. Prevalence of autism
spectrum disorder among children
aged 8 years—autism and
developmental disabilities monitoring
network, 11 sites, United States,
2010. MMWR Surveill Summ.
2014;63(2):1-21

5. Stoner R, Chow ML, Boyle MP, et al.
Patches of disorganization in the
neocortex of children with autism.

N Engl J Med. 2014;370(13):
1209-1219

6. Trevarthen G, Delafield-Butt JT. Autism as
a developmental disorder in intentional
movement and affective engagement.
Front Integr Nuerosci. 2013;7:49

7. Guinchat V, Thorsen P, Laurent C,
Cans G, Bodeau N, Gohen D. Pre-,
peri- and neonatal risk factors for
autism. Acta Obstet Gynecol Scand.
2012;91(3):287-300

8. Gardener H, Spiegelman D, Buka
SL. Perinatal and neonatal risk
factors for autism: a comprehensive
meta-analysis. Pediatrics.
2011;128(2):344—355



10.

11.

12.

13.

14.

19.

16.

17.

18.

19.

. Silva D, Golvin L, Hagemann E, Bower C.

Environmental risk factors by gender
associated with attention-deficit/
hyperactivity disorder. Pediatrics.
2014;133(1):e14—e22

Schmitt J, Romanos M. Prenatal
and perinatal risk factors for
attention-deficit/hyperactivity
disorder. Arch Pediatr Adolesc Med.
2012;166(11):1074—1075

Ergaz Z, Ornoy A. Perinatal and

early postnatal factors underlying
developmental delay and disabilities.
Dev Disabil Res Rev. 2011;17(2):59-70

Kerstjens JM, de Winter AF, Sollie

KM, et al. Maternal and pregnancy-
related factors associated with
developmental delay in moderately
preterm-born children. Obstet Gynecol.
2013;121(4):727—-733

Himmelmann K, Ahlin K, Jacobsson
B, Cans G, Thorsen P. Risk factors
for cerebral palsy in children born
at term. Acta Obstet Gynecol Scand.
2011;90(10):1070—-1081

MclIntyre S, Taitz D, Keogh J, Goldsmith
S, Badawi N, Blair E. A systematic
review of risk factors for cerebral
palsy in children born at term in
developed countries. Dev Med Child
Neurol. 2013;55(6):499-508

Conde-Agudelo A, Rosas-Bermudez
A, Kafury-Goeta AC. Birth spacing
and risk of adverse perinatal
outcomes: a meta-analysis. JAMA.
2006;295(15):1809-1823

Conde-Agudelo A, Rosas-Bermudez
A, Kafury-Goeta AC. Effects of birth
spacing on maternal health: a
systematic review. Am J Obstet
Gynecol. 2007;196(4):297—-308

Conde-Agudelo A, Rosas-Bermudez A,
Castafio F, Norton MH. Effects of birth
spacing on maternal, perinatal, infant,
and child health: a systematic review
of causal mechanisms. Stud Fam
Plann. 2012;43(2):93-114

Shachar BZ, Lyell DJ. Interpregnancy
interval and obstetrical
complications. Obstet Gynecol Surv.
2012;67(9):584-596

Wendt A, Gibbs CM, Peters S, Hogue CJ.
Impact of increasing inter-pregnancy
interval on maternal and infant
health. Paediatr Perinat Epidemiol.
2012;26(suppl 1):239-258

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kozuki N, Lee ACC, Silveira MF, et al;
Child Health Epidemiology Reference
Group Small-for-Gestational-Age-
Preterm Birth Working Group. The
associations of birth intervals with
small-for-gestational-age, preterm,
and neonatal and infant mortality:

a meta-analysis. BMG Public Health.
2013;13(suppl 3):S3

Rutstein SO. Further Evidence of the
Effects of Preceding Birth Intervals on
Neonatal, Infant, and Under-Five-Years
Mortality and Nutritional Status in
Developing Countries: Evidence From
the Demographic Health Surveys.
Washington, DC: US Agency for
International Development; 2008. DHS
Working Paper 41

Conde-Agudelo A, Belizan JM, Norton
MH, Rosas-Bermudez A. Effect of the
interpregnancy interval on perinatal
outcomes in Latin America. Obstet
Gynecol. 2005;106(2):359—366

Conde-Agudelo A, Belizan JM.
Maternal morbidity and mortality
associated with interpregnancy
interval: cross sectional study. BMJ.
2000;321(7271):1255—1259

World Health Organization. Report of a
WHO Technical Gonsultation on Birth
Spacing. Geneva, Switzerland, June
13-15, 2005. Geneva, Switzerland: World
Health Organization; 2006

Stroup DF, Berlin JA, Morton SG, et
al. Meta-analysis of observational
studies in epidemiology: a proposal
for reporting. Meta-analysis

of Observational Studies in
Epidemiology (MOOSE) group. JAMA.
2000;283(15):2008—2012

Higgins JPT, Thompson SG,

Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ.
2003;327(7414):557-560

DerSimonian R, Laird N. Meta-analysis
in clinical trials. Control Clin Trials.
1986;7(3):177—188

Cheslack-Postava K, Liu K, Bearman
PS. Closely spaced pregnancies are
associated with increased odds of
autism in California sibling births.
Pediatrics. 2011;127(2):246—253

Dodds L, Fell DB, Shea S, Armson BA,

Allen AC, Bryson S. The role of prenatal,

obstetric and neonatal factors in the

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

development of autism. J Autism Dev
Disord. 2011;41(7):891-902

Gunnes N, Surén P, Bresnahan M, et
al. Interpregnancy interval and risk
of autistic disorder. Epidemiology.
2013;24(6):906-912

Cheslack-Postava K, Suominen A,
Jokiranta E, et al. Increased risk of
autism spectrum disorders at short
and long interpregnancy intervals
in Finland. J Am Acad Child Adolesc
Psychiatry. 2014;53(10):1074—81.e4

Coo H, Quellette-Kuntz H, Lam

YM, Brownell M, Flavin MP, Roos

LL. The association between the
interpregnancy interval and autism
spectrum disorder in a Canadian
cohort. Can J Public Health.
2015;106(2):e36—e42

Durkin MS, DuBois LA, Maenner MJ.
Inter-pregnancy intervals and the risk
of autism spectrum disorder: results
of a population-based study. J Autism
Dev Disord. 2015;45(7):2056—-2066

Zerbo 0, Yoshida G, Gunderson EP,
Dorward K, Croen LA. Interpregnancy
interval and risk of autism

spectrum disorders. Pediatrics.
2015;136(4):651-657

Thompson JR, Carter RL, Edwards
AR, et al. A population-based study
of the effects of birth weight on
early developmental delay or
disability in children. Am J Perinatol.
2003;20(6):321-332

Pilz EM, Schermann LB. Environmental
and biological determinants of
neuropsychomotor development in

a sample of children in Canoas/RS

[in Portuguesel. Cien Saude Colet.
2007;12(1):181-190

de Moura DR, Costa JC, Santos IS,

et al. Risk factors for suspected
developmental delay at age 2 years

in a Brazilian birth cohort. Paediatr
Perinat Epidemiol. 2010;24(3):211-221

Torfs CP, van den Berg B, Oechsli FW,
Cummins S. Prenatal and perinatal
factors in the etiology of cerebral
palsy. J Pediatr. 1990;116(4):615—-619

Pinto-Martin JA, Cnaan A, Zhao H. Short
interpregnancy interval and the risk
of disabling cerebral palsy in a low
birth weight population. J Pediatr.
1998;132(5):818—821

CONDE-AGUDELO et al



40.

42.

43.

44,

45.

46.

A7

48.

Levy SE, Mandell DS, Schultz RT. Autism.

Lancet. 2009;374(9701):1627—1638

. Smits LJM, Essed GGM. Short

interpregnancy intervals and
unfavourable pregnancy outcome:
role of folate depletion. Lancet.
2001;358(9298):2074—-2077

Surén P, Roth G, Bresnahan M, et al.
Association between maternal use
of folic acid supplements and risk
of autism spectrum disorders in
children. JAMA. 2013;309(6):570-577

Roth C, Magnus P, Schjglberg S, et al.
Folic acid supplements in pregnancy
and severe language delay in children.
JAMA. 2011;306(14):1566—1573

Roza SJ, van Batenburg-Eddes T,
Steegers EA, et al. Maternal folic acid
supplement use in early pregnancy
and child behavioural problems:

the Generation R Study. Br J Nutr.
2010;103(3):445-452

Julvez J, Fortuny J, Mendez M, Torrent
M, Ribas-Fito N, Sunyer J. Maternal
use of folic acid supplements

during pregnancy and four-year-old
neurodevelopment in a population-
based birth cohort. Paediatr Perinat
Epidemiol. 2009;23(3):199-206

Schlotz W, Jones A, Phillips DI, Gale
CR, Robinson SM, Godfrey KM.

Lower maternal folate status in

early pregnancy is associated with
childhood hyperactivity and peer
problems in offspring. J Child Psychol
Psychiatry. 2010;51(5):594—602

DeVilbiss EA, Gardner RM,
Newschaffer GJ, Lee BK. Maternal
folate status as a risk factor for
autism spectrum disorders: a review
of existing evidence. Br J Nutr.
2015;114(5):663-672

Cheslack Postava K, Winter AS. Short
and long interpregnancy intervals:

PEDIATRICS Volume 137, number 5, May 2016

49.

50.

51.

52.

93.

94.

99.

96.

correlates and variations by pregnancy
timing among U.S. women. Perspect
Sex Reprod Health. 2015;47(1):19-26

Sanga K, Mola G, Wattimena J,
Justesen A, Black KI. Unintended
pregnancy amongst women attending
antenatal clinics at the Port Moresby
General Hospital. Aust N Z J Obstet
Gynaecol. 2014;54(4):360—-365

Gemmill A, Lindberg LD. Short
interpregnancy intervals in the
United States. Obstet Gynecol.
2013;122(1):64—71

McCrory G, McNally S. The effect of
pregnancy intention on maternal
prenatal behaviours and parent and
child health: results of an Irish cohort
study. Paediatr Perinat Epidemiol.
2013;27(2):208-215

Maxson P, Miranda ML. Pregnancy
intention, demographic differences,
and psychosocial health. J
Womens Health (Larchmt).
2011;20(8):1215-1223

Ronald A, Pennell GE, Whitehouse AJ.
Prenatal maternal stress associated
with ADHD and autistic traits in early
childhood. Front Psychol. 2011;1:223

Walder DJ, Laplante DP, Sousa-Pires
A, Veru F, Brunet A, King S. Prenatal
maternal stress predicts autism
traits in 6% year-old children:
Project Ice Storm. Psychiatry Res.
2014;219(2):353—-360

Fine R, Zhang J, Stevens HE. Prenatal
stress and inhibitory neuron systems:
implications for neuropsychiatric
disorders. Mol Psychiatry.
2014;19(6):641-651

Palm M, Axelsson 0, Wernroth L,
Larsson A, Basu S. Involvement of
inflammation in normal pregnancy.
Acta Obstet Gynecol Scand.
2013;92(5):601-605

8.

99.

60.

62.

63.

64.

. Khan KS, Mignini L. Surveying the

literature from animal experiments:
avoidance of bias is objective of
systematic reviews, not meta-analysis.
BMJ. 2005;331(7508):110—111

Nabukera SK, Wingate MS, Salihu
HM, et al. Pregnancy spacing
among women delaying initiation of
childbearing. Arch Gynecol Obstet.
2009;279(5):677-684

Rutstein SO. Trends in Birth Spacing.
Calverton, MD: ICF Macro; 2011. DHS
Comparative Reports 28

Lai MC, Lombardo MV, Baron-
Cohen S. Autism. Lancet.
2014;383(9920):896-910

. Cunningham FG, Leveno KJ, Bloom SL,

et al, eds. Williams Obstetrics. 24th ed.
New York, NY: McGraw-Hill Education;
2015

Post M. Extending Service Delivery
Project. HTSP 101: Everything You Want
to Know about Healthy Timing and
Spacing of Pregnancy. Washington, DC:
USAID; 2009. Available at: www.esdproj.
org/site/DocServer/HTSP_101_Brief
Final_corrected_8.18.09.pdf?docID=
2821. Accessed September 15, 2015

Norton M, Shelton JD. Stillbirth

and healthy timing and spacing of
pregnancy. Lancet. 2011;378(9794):876;
author reply: 876877

US Agency for International
Development; United Nations
Population Fund; United Nations
Children’s Fund. Acting on the Call.
Ending Preventable Child and Maternal
Deaths. Washington, DC: US Agency
for International Development; 2014.
Available at: www.usaid.gov/sites/
default/files/documents/1864/USAID_
ActingOnTheCall_2014.pdf. Accessed
September 15, 2015





