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abstractNeonatal opioid withdrawal syndrome (NOWS) has risen in prevalence from

1.2 per 1000 births in 2000 to 5.8 per 1000 births in 2012. Symptoms in

neonates may include high-pitched cry, tremors, feeding difficulty, hypertonia,

watery stools, and breathing problems. However, little is known about the

neurodevelopmental consequences of prenatal opioid exposure in infancy,

early childhood, and middle childhood. Even less is known about the

cognitive, behavioral, and academic outcomes of children who develop

NOWS. We review the state of the literature on the neurodevelopmental

consequences of prenatal opioid exposure with a particular focus on studies

in which NOWS outcomes were examined. Aiming to reduce the incidence of

prenatal opioid exposure in the near future, we highlight the need for large

studies with prospectively recruited participants and longitudinal designs,

taking into account confounding factors such as socioeconomic status,

institutional variations in care, and maternal use of other substances, to

independently assess the full impact of NOWS. As a more immediate solution,

we provide an agenda for future research that leverages the National

Institutes of Health Environmental Influences on Child Health Outcomes

program to address many of the serious methodologic gaps in the literature,

and we answer key questions regarding the short- and long-term

neurodevelopmental health of children with prenatal opioid exposure.

From 1999 to 2014 the number of

infants exposed to opioids in utero

increased by 333%, and in 2014 alone

∼25 908 infants in the United States

were born with identified prenatal

opioid exposure.1 Upwards of 50% to

80% of newborns exposed to opioids

develop neonatal opioid withdrawal

syndrome (NOWS),2–4 also known as

neonatal abstinence syndrome (NAS),

a constellation of symptoms that may

include inconsolability and high-

pitched cry, tremors, feeding difficulty,

hypertonia, watery stools, and

respiratory problems.5,6 Little is known

about the short- and long-term

neurodevelopmental consequences of

prenatal opioid exposure in general,

and NOWS in particular. Clear data on

these associations are critical for policy

makers to implement informed clinical

and social policy decisions.

In this article, we critically review the

research on short- and long-term

neurodevelopmental outcomes of

children with prenatal opioid exposure.

We focus only on the human literature

to describe how these outcomes may

vary as a function of (1) the type of
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opioid to which the child is exposed,

(2) whether the child was diagnosed

with NOWS, and (3) whether adverse

neurodevelopmental outcomes are

present after controlling for

confounding variables. In doing so,

we leverage what we have learned

from related literatures and provide

an agenda for future research in this

area. Specifically, we focus on how

a concrete and existing opportunity

(the National Institutes of Health

[NIH] Environmental Influences on

Child Health Outcomes [ECHO]

program, which includes longitudinal

data from ∼50 000 children from

.350 sites across the United States)

might facilitate new, immediate

discoveries.

We included literature in which both

prenatal opioid exposure and at least

1 neurodevelopmental outcome at

birth or later in development were

examined. We define

neurodevelopment as the unfolding

of cognitive, neurologic, behavioral, or

emotional functioning from infancy to

school-aged years that can be

measured behaviorally in a reliable,

valid, and standardized manner.

Although the number of studies

published on prenatal opioid

exposure and neurodevelopmental

outcomes has increased significantly

in recent years, only 18 of the 52

studies were published in the last

5 years, the focus of this state-of-the-

art review (since 2013; Fig 1).

Figure 2 provides information about

the range of neurodevelopmental

outcomes included in our review.

We excluded nonhuman studies,

reviews, and qualitative studies

(Fig 3). Our search was performed on

PubMed and PsycINFO and did not

include any publication date

restrictions. Search terms were

“prenatal opioid exposure,” “prenatal

substance exposure,” “development,”

“neurodevelopment,” and “cognitive

development.” In Table 1, we report

the study design, sample size, type of

prenatal drug exposure, control group

characteristics, sex differences, NOWS

outcomes, confounding factors

(eg, maternal socioeconomic status;

Fig 4), estimates of effect size,

and overall findings from the 52

articles reviewed. We highlight in

our narrative review research

published in the last 5 years

(since 2013). However, we include

in Table 1 all relevant publications

given the small number of studies on

neurodevelopmental outcomes

published since 2013. We provide

a review of the key findings below,

separated by developmental

period: newborn, infancy, and

$3 years.

PRENATAL OPIOID EXPOSURE AND

NEURODEVELOPMENTAL OUTCOMES AT

BIRTH

Initial investigations of newborns

with prenatal opioid exposure

revealed few effects. In 4 studies,

newborns exposed to methadone or

heroin were more hypertonic, jerky,

tremulous, hyperactive; showed

poorer attention; and were more

FIGURE 1
Number of publications on the neurodevelopmental outcome of children with prenatal opioid ex-

posure by year (1975–2018; N = 52).

FIGURE 2
Number and type of neurodevelopmental outcomes examined in studies of children with prenatal

opioid exposure.
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irritable but also better able to self

soothe compared with

a demographically matched control

group.7–10 Three studies revealed no

differences in neurodevelopmental

outcome.11–13 These early studies

were limited by low sample sizes and

a lack of consideration for

confounding factors. In 2002,

buprenorphine was approved to treat

opioid addiction in pregnant women.

Researchers then began comparing

the effects of buprenorphine

exposure to the standard of care at

the time, which was typically

methadone. Initial findings revealed

that newborns with prenatal

buprenorphine exposure had mild

symptoms of NOWS composed of

tremors, a hyperactive Moro

reflex, and shortened sleep after

feeding,14 but these symptoms

were not as severe as prenatal

exposure to high-dose methadone.15

Other studies revealed no significant

differences in neurobehavioral

outcome between newborns exposed

to buprenorphine and those exposed

to methadone.12

Among newborns exposed to

buprenorphine, a higher dose at

delivery predicted lower quality of

movement, lower self-regulation, and

more stress abstinence signs.16 In

a randomized controlled trial (RCT),

newborns exposed to buprenorphine,

relative to methadone, had fewer

stress abstinence signs, were less

excitable and aroused, were less

hypertonic, required less handling,

and were better able to self-

regulate.17 Another RCT revealed

neurobehavioral differences between

newborns exposed to buprenorphine

and newborns exposed to methadone,

depending on the day on which the

neurobehavioral examination was

conducted. For example, newborns

exposed to buprenorphine showed

higher arousal scores on postnatal

days 5 and 7 and higher excitability

scores on day 7 but lower scores on

day 14 compared with newborns

exposed to methadone.12

A key question is whether a diagnosis

of NOWS portends problematic

neurobehavioral outcome in

newborns. Newborns exposed to

methadone and later diagnosed with

NOWS had poorer regulation and

quality of movement and higher

levels of arousal compared with

a demographically similar group of

newborns who were not exposed to

methadone prenatally18 or who were

exposed to opioids but not treated for

NOWS.12 Treatment of NOWS by

using methadone or buprenorphine

seemed to improve quality of

movement, with resulting decreases

in excitability over time.12 One study

revealed no differences in

neurobehavioral outcome at postnatal

day 3 between newborns who needed

pharmacotherapy for NOWS and

newborns exposed to opioids who did

not require treatment.16

FIGURE 3
PRISMA flowchart revealing selection of articles included in the review.

FIGURE 4
Covariates examined in the neurodevelopmental literature of children with prenatal opioid exposure.
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In summary, authors of 5 of 11

studies examine neurobehavioral

outcomes in newborns as

a consequence of prenatal opioid

exposure at birth compared with an

unexposed comparison group.

Authors of only approximately half of

these studies attempted to control for

confounding factors such as poverty

(Table 1). Published results are

inconsistent with respect to whether

prenatal opioid exposure results in

neurodevelopmental impairments at

birth, perhaps reflecting in part the

different forms of opioids that were

considered as well as the measures

used to assess newborn

neurobehavior. In the most recent

work, researchers examine whether

a diagnosis of NOWS predicts

impaired neurodevelopmental

outcomes (above and beyond

exposure to opioids). This limited

literature reveals some increased

neurodevelopmental risk for

newborns who develop NOWS with

respect to state regulation, arousal,

and quality of movement.

PRENATAL OPIOID EXPOSURE AND

NEURODEVELOPMENTAL OUTCOMES IN

INFANCY

Of the 21 articles in which

neurodevelopmental outcome in

infancy was examined, only 6 were

published in the last 5 years. In most

of these studies, the authors

examined the effects of prenatal

exposure to opioids (usually heroin,

methadone, or buprenorphine) on

neurodevelopment in infants

compared with unexposed controls

(sometimes matched on relevant

confounding variables such as

maternal age). Early research

revealed that prenatal exposure to

opioids, such as methadone and

heroin, was associated with impaired

mental and language development as

well as neuromotor and psychomotor

development8–11,21,22,28,30,41,51,54

before 24 months, although 6 of 11 of

these studies failed to account for

important confounders or include

a control group of unexposed

children.9–11,21,30,51 Other studies in

which relevant confounders were

examined, such as socioeconomic

status, revealed no significant

differences in cognitive outcomes

between infants exposed to opioids in

utero compared with their unexposed

peers.27,28,40,50

There were likewise discrepant

findings with respect to

neurodevelopmental outcomes in

more recent studies. The majority of

studies in which confounders were

controlled for, such as poverty and

disruptions in maternal care, revealed

no differences in cognitive or

executive functioning between infants

with and without prenatal opioid

exposure.27,36,40 One exception is

a study that revealed that boys, but

not girls, exposed to opioids and

amphetamines, benzodiazepines,

cannabis, and tobacco had

significantly lower mental

development scores by using the

Bayley Scales of Infant Development,

Second Edition for ages 12 to

36 months compared with unexposed

infants matched on age and after

controlling for caregiver

socioeconomic status.41 Other

research revealed that infants

exposed to cocaine and opioids

reached for objects less often when in

the dark compared with unexposed

matched controls, indicating poorer

motor development.35

The authors of 2 studies attempted to

clarify whether exposure to

buprenorphine resulted in different

neurodevelopmental consequences

compared with exposure to

methadone. There appears to be

little31 to no15 neurodevelopmental

differences in exposure to either

buprenorphine or methadone at 4

months.15 In an RCT, differences in

neurodevelopmental outcome among

infants exposed prenatally to

methadone compared with

buprenorphine (N = 96) were

examined at 5 ages: 3, 6, 12, 24, and

36 months.31 Only 2 of 37 outcomes

significantly differed between

exposure groups. First, infants

exposed to buprenorphine had

significantly lower expressive and

receptive language scores compared

with those exposed to methadone at

12 months. Second, infants exposed

to buprenorphine were less likely to

show positive excitement and

approach toward pleasurable

activities compared with infants

exposed to methadone at 3 months.

The few existing studies in which the

authors examine neurodevelopmental

differences among infants exposed to

opioids who develop NOWS

compared with infants exposed to

opioids who do not develop NOWS

reveal inconsistent findings. In an

RCT, only 1 significant difference out

of 37 tested revealed that infants

treated for NOWS were rated higher

by their caregivers on a distress to

limitations scale (a component of

temperament) at 6 months.31 On the

other hand, in a retrospective chart

review, infants treated for NOWS with

methadone, morphine, or

buprenorphine had significantly

lower Bayley Scales of Infant

Development scores at age 2 years

compared with the general

population, but on average, they were

within 1 SD of the mean for the

Bayley Scales of Infant

Development.39

Few studies revealed effects of

prenatal opioid exposure on

neurodevelopmental outcomes in

infancy (above and beyond the effects

of confounding variables such as

socioeconomic status). Studies were

limited by small sample sizes, and

effects, when found, were small

(Table 1). One recently published

article with a large (N = 131) sample

size of children with prenatal opioid

exposure revealed few effects of

prenatal opioid exposure, and infants

developed within normal limits.31

Comparatively more studies in which

authors documented long-term

outcomes of prenatal opioid exposure
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(measured past 2 years of age) were

available and are reviewed below.

PRENATAL OPIOID EXPOSURE:

LONG-TERM NEURODEVELOPMENTAL

CONSEQUENCES

Of the 27 studies of prenatal opioid

exposure and outcomes past age

2 years, 8 were published in the last

5 years. In some studies, no

differences in cognitive outcomes

were

documented.24,32–34,37,42,46–48,52,56,58

On the other hand, differences in IQ,

neurologic performance,13,23,45,57 and

language performance30 were found,

although not always when controlling

for covariates. Other research

revealed that boys (but not girls)

exposed to opioids in utero had lower

IQ scores, which did not change over

time, compared with their unexposed

counterparts at 8.5 years of age

(above and beyond the effects of

adoption, parental socioeconomic

status, and earlier cognitive

functioning).43 One other study

revealed that children exposed to

buprenorphine in utero had,

on average, performance IQ scores 1

SD below the mean at ages 5 to

6 years as well as memory and motor

scores 1 SD below the mean on the

basis of national data, although no

unexposed control group was

examined.55

Although the research on the long-

term cognitive outcome of children

with prenatal opioid exposure is

equivocal, there is more consistency

with respect to differences in

behavioral outcomes. Children

exposed to methadone prenatally had

elevated levels of aggression, fear, and

anxiety.24 Researchers have found

elevated symptoms of attention-

deficit/hyperactivity disorder45,46,49

in children who were exposed to

opioids in utero compared with

children who were not exposed to

opioids in utero after controlling for

sociodemographic factors and

medical history.49 In addition,

a diagnosis of NOWS predicted lower

attention in children exposed to

opioids compared with unexposed

controls who were matched on sex

and age.49

With respect to executive functioning,

children exposed to opioids and other

substances (such as alcohol,

marijuana, and nicotine) had

difficulties with information

processing compared with unexposed

children, after controlling for

demographic factors,26 and boys

exposed to methadone or heroin

prenatally, and boys who reported

only caregiver opioid use during the

postnatal period had poorer

performance on a vigilance task

compared with unexposed controls.29

Four-year-old children exposed to

methadone or buprenorphine in

utero had lower executive-functioning

scores compared with their

unexposed peers.34 On the other

hand, no differences were found in

performance of short-term memory

tasks or in inhibition in 4 to 5 year

old children exposed to

buprenorphine or methadone

compared with unexposed children

after controlling for maternal

education and employment.33

Three studies were focused on visual

or visual-motor differences in

children exposed to opioids

prenatally compared with unexposed

children. Children age 4.5 years

exposed to opioids prenatally had

significantly lower visual-motor and

perceptual performance scores

compared with unexposed preschool-

aged children, after adjustment for

the effects of socioeconomic status,42

and poorer lower left eye visual

acuity.56 One other study revealed no

differences in tests of visual

perception, but 4-year-old children

exposed to methadone made fewer

goal-directed eye movements

compared with the mean, controlling

for maternal education.32

Children exposed to opioids and

diagnosed with NOWS may have

poorer neurodevelopmental

outcomes compared with their

exposed counterparts who were not

diagnosed with NOWS. Children with

NOWS were more likely to have

developmental delays and lower IQ,19

were 2.3 times more likely to be

admitted to the hospital for

a neuropsychiatric disorder,53 and

were more likely to show poorer

performance on educational testing,44

meet criteria for a disability, require

classroom therapies and services,25

and have lower attention49 compared

with children who did not develop

NOWS19 and unexposed

controls.25,44,49,53 On the other hand,

no association was found between

a diagnosis of NOWS and visual-

motor tasks, attention problems, or

general cognitive function among 4-

year-old children exposed prenatally

to buprenorphine or methadone and

nicotine.13,38 The majority of these

studies, however, were based on

a retrospective chart review.

Retrospective chart reviews and

medical record evaluations offer the

most promise for addressing

immediate questions concerning the

long-term consequences of prenatal

opioid exposure. However, chart

reviews have known limitations,

including variability in diagnosis and

treatment of NAS and insufficient

attention paid to confounding

variables.59

In summary, there were only 2

prospective studies of the long-term

neurodevelopmental consequences of

prenatal opioid exposure that were

published in the last 5 years. One

study revealed that boys exposed to

opioids had lower IQ scores at

8.5 years compared with unexposed

boys.43 Children with prenatal opioid

exposure in the second study had

average scores on cognitive measures,

but their scores were significantly

lower than those of an unexposed

comparison group.34 It is therefore

too preliminary to draw firm

conclusions regarding the long-term

neurodevelopmental consequences of

prenatal opioid exposure.
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Retrospective chart reviews revealed

that children diagnosed with NOWS

are at an increased risk for behavioral

and academic problems, although

effect sizes in these reviews are

variable. These academic challenges

may appear as the child reaches

school age because of the

complexities of cognitive processing

that are brought to bear in the

classroom, as has been demonstrated

in children with prenatal cocaine60

and nicotine61 exposure. The data on

long-term cognitive outcomes are

unclear, in large part because of

a number of methodologic limitations

in the literature, which are

described below.

KEY METHODOLOGIC SHORTCOMINGS

The conclusions that can be drawn

regarding the neurodevelopmental

outcomes of prenatal opioid exposure

are limited because of a number of

key methodologic shortcomings in the

literature.62 One methodologic

shortcoming is that the research is

plagued with small sample sizes,

which makes it difficult to adjust for

confounding variables, another

limitation of the literature. Important

potential confounding variables

include prenatal exposure to

substances other than opioids,

nutrition during pregnancy,

inadequate prenatal care, medical

complications, socioeconomic status,

the quality of the child-rearing

environment, maternal mental health,

maternal trauma exposure, and

partner use of substances, all known

to be related to opioid use and known

to impact child development. It is also

possible that there is confounding by

indication (ie, that mothers are using

opioids to treat underlying

psychiatric illness). Failing to assess

for psychotropic medication use, or

characterizing opioid exposure as

a binary outcome (eg, yes or no), may

not capture the true impact of opioid

use, which can vary by the type of

opioid used, frequency, and trimester.

Another limitation is related to the

assessment of NOWS. We have

attempted to provide a concise

review of whether infants exposed to

opioids who develop NOWS are at an

increased risk for

neurodevelopmental impairments

compared with their unexposed

peers. However, in the vast majority

of research, how a NOWS diagnosis

may impact neurodevelopmental

outcome among children who were

exposed to opioids prenatally was not

examined. This assessment would

require comprehensive identification

of infants who were prenatally

exposed, independent of whether

NOWS was present, which is often not

feasible. One difficulty in examining

how NOWS affects

neurodevelopmental outcomes may

be a lack of consensus about the

method used to assess and diagnose

NOWS. In half of the studies (6 of 12;

Fig 5) in which NOWS was examined,

the authors relied on whether the

child was diagnosed with NOWS on

the basis of clinician decision to treat

the child without using a screening

instrument (n = 2) or on whether

a diagnosis was recorded in the

medical record (n = 4). The Finnegan

Neonatal Abstinence Score Sheet is

considered the gold standard

measurement of NOWS, but a number

of researchers and clinicians have

raised concerns about its subjectivity,

length, and lack of interrater

reliability and validity.63 A related

limitation is the lack of widespread

use of a neurodevelopmental risk-

monitoring marker at birth that can

be used to identify newborns at risk

for NOWS and track their long-term

neurodevelopmental outcomes. The

lack of evidence-based assessments in

this field makes it difficult for

clinicians to improve the

management of NOWS.

In no studies have authors examined

how the timing of the opioid exposure

during pregnancy can impact

neurodevelopmental outcomes, nor

have they accounted for potential

confounding by maternal genetic or

epigenetic factors or addiction

liability. Thus, it is unclear if exposure

in the first trimester only has

differential neurodevelopmental

effects from exposure throughout the

pregnancy.

A SOLUTION-ORIENTED RESEARCH

AGENDA

In our view, a solution-oriented

research agenda starts by addressing

the existing limitations in the

literature, which would lead to more

rigorous tests of how prenatal

opioid exposure could impact

neurodevelopmental outcomes across

FIGURE 5
Number of publications on children with prenatal opioid exposure in which NOWS was examined as

an outcome.
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infancy, childhood, and adolescence.

First, large prospective studies that

account for confounding variables are

needed to improve the diagnosis and

management of NOWS. To develop

these evidence-based assessments,

researchers should examine every

child with prenatal opioid exposure

for NOWS. Researchers should

include a short-term

neurodevelopmental outcome as

a marker of risk for

neurodevelopmental impairment in

infancy, toddlerhood, or childhood.

For example, the NICU Network

Neurobehavioral Scale64 can be used

to measure neurodevelopment at

birth and is predictive of low IQ,

adaptive behavior, and problem

behavior in 4.5-year-old children.64

Authors of these studies should

examine not only neurodevelopment,

NOWS, and length-of-stay as

outcomes but also length of

treatment, length of treatment due to

NOWS, and newborn neurobehavior.

Outcomes should be assessed beyond

early childhood, given that some

effects of prenatal opioid exposure

may be latent, and not emerge until

adolescence when children’s

cognitive and executive functioning

skills may be challenged in school

settings.

These studies should incorporate

maternal reports of substance and

psychopharmacology use, ideally

beginning prenatally, as well as

collection of biospecimens so that

toxicology screens can be performed

on (1) maternal hair, (2) cord blood,

and/or (3) meconium. Characteristics

of specific populations of women who

use opioids while pregnant are

needed. For example, researchers

could compare street heroin users

with women on medically assisted

treatment and women on

prescription pain medications.

Women who use opioids today are

different from the population of

women who have used opioids in the

past because of the emergence of

prescription opioids. In short-term

follow-up studies, researchers could

then test whether a particular kind of

opioid exposure is more likely to lead

to NOWS. It is also recommended that

researchers manage children yearly

and, at minimum, include

developmental assessments with

cognitive, motor, social and

emotional, language, and adaptive

behavior components. It would also

be advantageous to include outcome

measures that have received less

attention in the literature but that are

strong predictors of academic skills,

such as executive functioning. There

is, however, a disproportionate focus

in the literature on adverse outcomes

as a consequence of prenatal opioid

exposure, such as low IQ or behavior

problems. Studies of adaptive

outcomes and protective and

resilience factors are also needed to

inform preventive intervention.

There is a strong heritable risk

component to neurodevelopmental

disorders, and genetic risk factors

continue to emerge through the

Psychiatric Genetics Consortium. It

will be critical to assess the effects of

prenatal opioid exposures in the

context of the child’s underlying

genetic and epigenetic risk for

neurodevelopmental outcomes. An

additional promising biomarker is

heart rate variability (HRV). HRV

provides an index of parasympathetic

nervous system functioning and may

provide clues about how the NOWS

symptom of autonomic instability

may develop. Authors of two studies

have investigated the HRV of fetuses

exposed to opioids in utero.65,66

Fetuses exposed to buprenorphine

showed higher HRV compared with

fetuses exposed to methadone. To our

knowledge, in no studies have

researchers examined whether

individual differences in fetal HRV

predict NOWS onset or severity.

A solution-oriented research agenda,

one that is integral to developing

methodologically sound tools for

monitoring risk for impaired

neurodevelopmental outcome, will

need to tailor effective treatments to

support the healthy development of

children with prenatal opioid

exposure. Genetic and epigenetic data

could be used to inform diagnostic

and intervention strategies and

personalized medicine approaches to

treatment.67,68 In addition to

pharmacologic treatment of NOWS,

such as buprenorphine, there is

growing support for

nonpharmacologic treatment

approaches.69,70 Rooming-in,

breastfeeding, kangaroo care, and

swaddling are just some of the

hypothesized active ingredients of

nonpharmacologic interventions.

HOW CAN THE ECHO PROGRAM

ADDRESS THESE METHODOLOGIC

SHORTCOMINGS?

This future research agenda is

ambitious and will require large

sample sizes from diverse

populations to address the key

unanswered research questions in the

field. The ECHO program was

initiated in September 2016 to

examine how environmental

exposures early in life can impact

health across the life course.71 It is

a 7-year initiative that is designed to

identify the mechanisms and

intervention targets to address 5

pediatric health outcomes: prenatal,

perinatal, and early postnatal

outcomes; childhood obesity;

airways; neurodevelopment; and

positive health outcomes.72 A key

component of the ECHO program

includes a person-reported outcomes

core to assess how physical, mental,

and social health interact within

families across the life span to

promote or hinder child health

outcomes.73 Existing data are shared

across the 71 cohorts, and new data

and biospecimens are also collected

across sites to generate solution-

oriented research that could result in

immediate benefits to the health of

children.71,74 The strengths of the

ECHO program include innovative

measures of the postnatal
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environment, with attention paid to

the postnatal rearing environment,

that will provide invaluable data

about social and emotional, cognitive,

motor, and language development.

The ECHO program instituted

a number of procedures to ensure

proper harmonization of data that

have already been collected across

sites. Scientists at a data analysis

center are responsible for identifying

common measures across sites

and creating data dictionaries so that

data can be easily abstracted for

cross-cohort data analysis.75 The

ECHO program then identified

measures to collect as part of the

ECHO-wide data collection protocol

to address how prenatal exposures

can impact the 5 broad outcomes

reviewed earlier. The use of an ECHO-

wide data collection protocol will

reduce variability in the data. The

ECHO program has a “train the

trainer” model that includes

resources for training study staff on

the common protocol. The trainers

then train their local study staff on

the protocol. Regular validity checks,

which are managed by the ECHO

Coordinating Center, are in place to

ensure that consistent data collection

procedures occur.72

An advantage of the ECHO program is

that ECHO researchers, in

collaboration with biostatisticians,

are well powered to analyze data

from ECHO-wide cohorts to test

questions that may not have been

feasible with single cohorts. For

example, a key concern of ECHO

researchers related to NOWS is what

the long-term neurodevelopmental

outcomes may be for children with

prenatal opioid exposure. The goal is

for these observational studies to

inform clinical trials more broadly as

well as clinical trials in the

Institutional Development Award

States Pediatric Clinical Trials

Network.76 This is a network of

clinical sites in 17 states that have

historically received low rates of NIH

funding. The goal is to engage these

communities and provide access to

clinical trials for children and families

in rural and underserved areas.71

There are a number of critical

postnatal variables that have been

underexamined in the prenatal opioid

exposure literature. These include

assessment of the quality of the

caregiver-child relationship, detailed

data about the socioeconomic

environment (such as neighborhood

quality), and executive functioning.

Furthermore, confounding factors,

such as maternal prenatal use of

substances in addition to opioids,

psychopathology, and prenatal care

(which also have adverse effects on

neurodevelopmental outcomes in

children77) can all be considered,

which is an advantage given that in

most of the studies reviewed,

researchers were only able to

examine a smaller number of

potential confounders. Furthermore,

the ECHO program has committed to

genotyping all 50 000 children on

a common genome-wide association

studies platform, which provides

a unique opportunity to couple the

rich environmental data being

collected with genome-wide

genetic data.

Another innovative feature of the

ECHO program is its focus on

understanding positive outcomes.78

Positive health is thought of as

biological, functional, behavioral, and

experiential assets that strengthen

the health of the child.78 As is the case

in a risky environment, positive

health promoters can have a genetic

basis, and they can also be

dynamically shaped over time via

transactions between the

environment and the child.

Attrition is a concern for research

with participants who are stressed

and using substances. The ECHO

program requires that cohorts are

only eligible for funding if they can

retain 75% of participants. The ECHO

program also has regular meetings to

discuss best practices for recruitment

and retention. For example, the ECHO

program conducted a study to

examine the factors that motivate

individuals to participate in research

and to remain in research studies.

This information, which includes

highlighting how the participants

contribute to science, is used to

improve recruitment and retention

strategies.

Our query of the extant ECHO data

includes information from 30

different cohorts across the country

with data on prenatal opioid exposure

and exposure to substances other

than opioids, including 10 cohorts

with access to information about

NOWS. Figure 6 reveals the number

of cohorts from whom there is

prenatal opioid exposure data in the

ECHO program. This figure includes

information from a subsample of

cohorts in the ECHO program. The

number of cohorts in the ECHO

program is much larger. There are

.50 000 caregiver-child pairs

enrolled from 180 sites. In all sites,

new data on prenatal opioid exposure

will be collected. Figure 6 only

includes the existing cohort-level data

that are available. Longitudinal

follow-up with these infants is

ongoing and includes assessments of

prenatal opioid exposure and

exposure to other substances such as

tobacco and psychotropic

medications; longitudinal follow-up

also includes whether

nonpharmacological interventions are

being used. Another component of the

ECHO program is the Institutional

Development Award States Pediatric

Clinical Trials Network. The cohort

and clinical trial components of the

ECHO program can collaborate on

translational protocols to evaluate

research, treatment, and best

practices for treating infants

with NOWS.

CONCLUSIONS

Prenatal opioid exposure is

a vexing public health problem

PEDIATRICS Volume 144, number 3, September 2019 21

Downloaded from http://publications.aap.org/pediatrics/article-pdf/144/3/e20190128/1077744/peds_20190128.pdf
by guest
on 20 August 2022



that is on the rise. To date, there

have been few rigorously designed

studies conducted to document

the short- and long-term

neurodevelopmental consequences

of prenatal opioid exposure. The

literature on prenatal opioid exposure

and short-term impact seems to

support no effect.79 Findings from

studies in which longer-term

neurodevelopmental outcomes

are examined, although mixed,

provide more support for an

association, although the size of the

effect varies depending on the

outcome studied. Retrospective chart

reviews indicate that as children with

a previous NOWS diagnosis enter

formal schooling, they are at an

increased risk for problems with

attention, lower IQ, and poorer

performance on academic testing

compared with children who were

exposed to opioids but did not develop

NOWS and unexposed controls.

Children with prenatal opioid

exposure are also more likely to be

raised in poverty, and in many studies,

exposure to poverty appeared to drive

many of the neurodevelopmental

outcomes observed. However, the state

of the field has serious methodologic

shortcomings, and pediatricians and

psychologists have scant evidence

with which to answer a parent’s

question, “How does opioid exposure

affect my child?” We provide an

agenda for future research in this area

that highlights the need for

prospective longitudinal data and

that takes into account relevant

potential confounding factors. We

describe how the ECHO initiative,

funded by the NIH, can address

these shortcomings. The ultimate

goal is to document these effects

so that we can identify the

children most at risk for

impairments in neurodevelopmental

outcomes.
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