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O pioid use disorder has become increasingly 
prevalent worldwide and thus is a topic of public 
concern [1]. Concomitantly, this is resulting in in-
creased rates of opioid use in pregnancy [2]. The 

number of infants born to opioid dependent women in On-
tario has increased from 46 to almost 800 between 2002 and 
2014 [2]. The Society of Obstetrics and Gynaecology of Canada 
(SOGC) recommends opioid replacement therapy in pregnancy 
to avoid withdrawal and illicit substance abuse [3,4]. The SOGC 

cites benefits of opioid replacement during pregnancy such as 
increased birth weight, longer gestation, improved prenatal 
care, more infants being discharged in the care of their moth-
ers, and decreased complications [3,4].

Opioid replacement can be carried out with full agonist therapy 
(methadone), partial agonist therapy (buprenorphine), or com-
bined partial agonist and antagonist therapy (buprenorphine 
plus naloxone) [3,4]. In longitudinal studies looking at develop-
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This paper reviews the published literature regarding neurodevelopmental outcomes in neonates following in utero exposure 
to opioids. We have summarized available clinical and experimental data. Overall, clinical data is limited and equivocal with most 
studies showing no significant neurodevelopmental impairments in infants and children exposed to opioids in utero. Various out-
come measures assessed language, communication, cognitive, psychomotor, and behavioural outcomes. The equivocality of the 
data may be a result of the complexity of the cohort and the inability to disentangle the effect of the opioids from the multiple 
comorbidities. Results from experimental data show that all opioids cross the placental barrier. Mouse studies show biochemical 
and neurophysiological changes, leading to long-term effects on learning and memory. Some data also suggests that epigenetic 
and imprinting changes in the central nervous system of mice may lead to multigenerational effects of opioid exposure. Ultimately, 
the benefits of opioid replacement therapy outweigh its risks, but it should be done in the context of a broader biopsychosocial risk 
reduction approach. Promoting mother-child bonding and care through skin-to-skin contact, rooming-in, and breastfeeding can 
reduce severity of neonatal abstinence syndrome and improve outcomes. This cohort of women and children requires advocacy for 
comprehensive multidisciplinary care.
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ABSTRACT

Cet article passe en revue la littérature publiée concernant les résultats neurodéveloppementaux chez les nouveau-nés après ex-
position in utero aux opioïdes. Nous avons résumé les données cliniques et expérimentales disponibles. Dans l’ensemble, les don-
nées cliniques sont limitées et équivoques, avec la plupart des études ne montrant aucune déficience neurodéveloppementale 
significative chez les nourrissons et les enfants exposés aux opioïdes in utero. Diverses mesures de résultats ont évalué les résultats 
linguistiques, de communication, cognitifs, psychomoteurs et comportementaux. L’équivocité des données peut être le résultat de 
la complexité de la cohorte et de l’incapacité à démêler l’effet des opioïdes des multiples comorbidités. Les résultats des données 
expérimentales montrent que tous les opioïdes traversent la barrière placentaire. Les études sur la souris montrent des change-
ments biochimiques et neurophysiologiques, conduisant à des effets à long terme sur l’apprentissage et la mémoire. Certaines don-
nées suggèrent également que les changements épigénétiques et d’empreinte dans le système nerveux central des souris peuvent 
conduire à des effets multigénérationnels de l’exposition aux opioïdes. En fin de compte, les avantages de la thérapie de substitu-
tion aux opioïdes l’emportent sur ses risques, mais cela devrait être fait dans le contexte d’une approche plus large de réduction des 
risques biopsychosociaux. La promotion des liens et des soins entre la mère et l’enfant par le contact peau à peau, l’accoutumance 
et l’allaitement peut réduire la gravité du syndrome d’abstinence néonatale et améliorer les résultats. Cette cohorte de femmes et 
d’enfants a besoin de plaidoyer pour des soins multidisciplinaires complets.
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mental outcomes, it is difficult to separate effects of opioid ex-
posure from comorbidities existing in this population including 
poverty, malnutrition, and co-infection (such as with Hepatitis 
B and C and HIV) [3,5]. Despite the potential effects of opioid 
replacement on fetal neurodevelopment, the risk of the mother 
experiencing withdrawal or relapse of illicit drug use when re-
placement is not provided carries greater morbidity; thus, re-
placement is recommended [3,4]. 

Infants exposed to opioids in utero either through illicit use or 
medical opioid replacement can experience withdrawal symp-
toms. The manifestation of these withdrawal symptoms in the 
neonate is referred to as neonatal abstinence syndrome (NAS) 
[6]. The symptoms of NAS include features of hyperactivity of 
the central and autonomic nervous system [6]. Hyperactivity 
of the central nervous system results in symptoms such as jit-
teriness and tremors. Hyperactivity of the autonomic nervous 
system results in symptoms such as sweating and mottling of 
the skin and enteric symptoms such as vomiting and diarrhea.  
NAS severity is graded with a validated clinical tool, called the 
Modified Finnegan Scoring System and is managed by pharma-
cological treatment with oral morphine or methadone [6].

Here, we will review literature on neurodevelopmental out-
comes of neonates with in utero exposure to opioids. We note 
that neonatal abstinence syndrome can also affect fetal neu-
rodevelopment. We will focus on the effects of opioids them-
selves on the developing brain. We will first review the clinical 
data (outcome studies) of in utero opioid exposure. We will 
then discuss the limitations of such studies. Next, we will review 
existing basic scientific data and summarize what this data sug-
gests in terms of potential (perhaps more subtle) consequences 
that we should be mindful of. 

CLINICAL DATA
Overall, the majority of data that is older than a decade sug-
gests that there is no significant long-term neurodevelopmen-
tal effect of in utero opioid exposure [4]. Recent data is slightly 
more equivocal, with various levels of deficit being document-
ed in opioid exposed cohorts on general developmental scales 
(such as the Bayley Scale of Infant Development), motor delays, 
and changes in Electroencephalographic (EEG) responses to 
auditory stimulation. These changes were seen in infancy and 
in some studies, they persisted into toddlerhood [7]. In contrast, 
one large epidemiological study showed that language devel-
opment and communication skills were not affected in 3-year-

old children who were exposed to analgesic opioid in preg-
nancy [8].  A meta-analysis published in 2014 aggregated five 
case-controlled observational studies that compared opioid 
exposed to non-exposed children, using various quantitative 
psychometric tests [9]. All five studies involved populations liv-
ing in urban, low socioeconomic communities.  For the sake of 
the meta-analysis, the outcomes of the tests were grouped into 
one of three domains: cognitive, psychomotor and behavioural. 
The meta-analysis found no statistically significant impairment 
in cognitive, psychomotor, or observed behavioural outcomes 
in infants and pre-school children exposed to opioids in utero. 
However, there was a trend to impaired outcomes in all do-
mains [9]. 

Another group of investigators attempted to examine cor-
relates of neurodevelopment measured in utero [10,11]. This 
was accomplished by assessing the relationship between fetal 
movement and the integration of movement with cardiac regu-
lation, as measured by Doppler. The authors found that towards 
the end of gestation, there were reductions in intrauterine fe-
tal movement in fetuses of mothers receiving buprenorphine. 
They also found a reduction in the coupling of cardiac activity 
with fetal movement at peak buprenorphine levels (2.5 hours 
following the daily dose) when compared to trough buprenor-
phine levels (measurements taken immediately prior to the 
daily dose) [10,11]. The authors consider the evolving ability of 
a developing fetus to match cardiac rate to activity level as a 
form of neurodevelopment and thus question whether opioids 
could impact neurodevelopment more broadly.

LIMITATIONS
Mothers and neonates with opioid exposure in pregnancy have 
multiple co-morbidities and are therefore very complex. These 
comorbidities include food insecurity, lack of access to care, 
additional drug and alcohol dependencies, mental health con-
ditions, exposure to trauma, victimization and violence, mal-
nutrition, and infection.  This makes it extremely difficult to dis-
entangle where the risk to neurodevelopment lies [7]. Authors 
have suggested that sociodemographic factors and effects of 
the care-taking environment may be more important determi-
nants of developmental outcomes than the biological effects 
of opioid exposure. These authors have emphasized the need 
for interventions that support the parent and enrich the child’s 
environment [5,12,13].
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Another limitation of clinical studies is that opioid doses vary 
widely, which makes it difficult to generalize a given study. Ac-
curate quantification of illegal opioid use is very difficult, and in 
studies of patients receiving medical replacement, it is difficult 
to account for potential illicit use during the study interval. 

EXPERIMENTAL DATA 
Evidence that opioids cross the placenta
All opioid replacement regimens are known to cross the placen-
ta. Malek et al. reviewed the pharmacology of the interaction 
of opioids with the placenta [14]. The studies they reviewed in-
cluded analyses of metabolites within maternal blood and um-
bilical cords (fetal blood) of mothers exposed to opioids, as well 
as experiments employing in vitro perfused placental explants. 
All methodologies suggested that opioids, including morphine, 
and synthetic opioids (such as fentanyl) can cross the placenta 
[14].

Mouse data of anatomical CNS variations in mice exposed an-
tenatally to opioids
One elegant and carefully designed experiment demonstrated 
that mice exposed to morphine prenatally showed early post-
natal biochemical and physiological changes, which correlated 
with changes in learning and memory at older ages [15]. The 
authors compared total protein and protein phosphoryla-
tion levels between the hippocampus of mice that had been 
exposed to morphine in utero with unexposed controls. They 
found evidence of altered expression of markers known to be 
associated with signaling through the N-methyl-D-aspartate 
receptor (NMDAR), which plays an important role in learning, 
memory, and development. This included reduced level of a 
protein called PSD-95, which complexes with the NMDAR, and 
mediates signaling as well as decreased phosphorylation of 
the cAMP responsive element binding protein (CREB) at serine 
133. CREB is an NMDA activated transcription factor involved in 
learning and memory. The change in PSD-95 levels was seen at 
day 14 of life but normalized at later time points [15]. 

The results also showed that neurophysiological changes were 
taking place in those mice exposed to morphine in utero [15]. 
Hippocampal neurons of these mice showed decreased long-
term depression of excitatory post-synaptic potentials follow-
ing a stimulatory voltage pulse, thus showing reduction in a 
form of synaptic plasticity — a cellular correlate of learning. This 
study also found persistent long-standing changes in memory 
and learning. Mice exposed to morphine in utero had impaired 

performance on the water maze task, which is a classical test 
of spatial learning and memory. This effect was only seen in 
the first 2 days of testing and on consecutive days the mice did 
catch up to their respective controls [15].

Another study showed region-specific changes in the quanti-
ties of a specific class of neuron (defined by its expression of 
the calcium binding protein Calbindin D28-k) in the offspring 
of mice exposed to morphine throughout gestation [16]. The 
study looked at expression of Calbindin D-28k in the cingulate 
cortex, parietal cortex, and hippocampus of opioid exposed 
versus unexposed neonatal mice. The study found that in cer-
tain cortical layers, expression was increased whereas in others 
it was decreased by opioid exposure. These changes were not 
seen when adult mice were exposed to opioids. This suggests 
that immature neurons in the mouse brain have specific sen-
sitivities to opioid exposure during development, which could 
theoretically affect learning, behaviour, or mood later in life. 
There is also evidence that maternal exposure to morphine 
prior to conception, even if there is no fetal exposure in the 
pregnancy itself, could have biological effects on the fetus. One 
study showed that when morphine was administered to female 
rats for five weeks, and then discontinued 4 weeks prior to mat-
ing, the offspring showed increased levels of hippocampal tu-
mor necrosis factor alpha (TNFα) and decreased levels of the 
S100B protein [17]. Hippocampal TNFα has been shown in pre-
vious studies to alter memory performance in rats with chronic 
morphine exposure [18]. S100B protein is mainly expressed by 
astrocytes, a glial cell, and plays a role in neuro-inflammation 
and response to CNS damage.

Epigenetic and imprinting changes in the CNS lead to long-
term consequences
Human studies have established that epigenetic changes in 
the promoter of the mu opioid receptor (OPRM1), which is the 
main site of action of opioids, exist in adults with opioid use dis-
order [19,20]. This was demonstrated by showing a higher fre-
quency of methylation of certain cytosine residues within the 
OPMR1 promoter, part of CpG islands, which are areas on the 
DNA subjected to epigenetic control by methylation. This epi-
genetic change has been postulated as a potential mechanism 
contributing to tolerance and addiction. A group of investiga-
tors showed similar higher levels of methylation on the OPMR1 
promoter in the saliva and blood of infants with neonatal ab-
stinence syndrome. However, the study could not determine 
whether the epigenetic change was a pre-existing risk factor or 
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a change caused by the opioid exposure itself [21].

Animal experiments have suggested that exposure to mor-
phine can cause multigenerational inherited effects. Byrnes et 
al. showed that when adolescent female mice were exposed 
to morphine prior to conception, the first generation (F1) and 
even second generation (F2) offspring showed behavioral and 
endocrine changes and accompanying molecular changes 
within the nucleus accumbens [22]. The nucleus accumbens 
is a dopaminergic system in the basal forebrain that is central 
to the reward circuit and is integrally implicated in addiction 
neuroscience. The authors used the locomotor sensitization 
assay, which is an established behavioural assay wherein ani-
mals that are chronically exposed to addictive drugs such as 
cocaine show hyperactivity following an acute challenge. The 
study showed that first and second generation progeny of fe-
male mice that were given morphine prior to conception show 
diminished locomotor sensitization in response to a dopamine 
agonist, quinprole, This was accompanied by reduced cortico-
steroid release which is mediated through the nucleus accum-
bens. They also found upregulation of mRNA expression of the 
kappa opioid receptor and the D2 dopamine receptor in the 
nucleus accumbens of the F1 and F2 female progeny. This heri-
tability suggests an epigenetic mechanism whereby changes in 
genomic regulation (such as chromatin methylation or histone 
modification) are transmitted across generations [22].

As a caveat, we note that extrapolating such results from mouse 
to human is controversial. For example, the behavioural effects 
of epigenetic changes are likely to be much stronger in mice 
than humans, as behaviour in humans is, in general, less deter-
ministic. 

CLINICAL APPLICATIONS
Opioid replacement during pregnancy is currently indicated 
as part of a realistic risk reduction approach. Uniformly, pub-
lished consensus statements and practice-guidelines state that 
the potential risk of in utero opioid replacement is strongly 
outweighed by its benefits [3,4,6]. These benefits include im-
proved prenatal care, longer gestation, and reduced incidences 
of fetal demise, placental abruption and fetal passage of meco-
nium [3,4]. In addition, untreated opioid use disorder is associ-
ated with high-risk activities such as prostitution, which expose 
women to violence, STIs and potential legal consequences [3]. 
Opioid replacement has also been shown to increase the rate of 
newborns remaining in the care of their mothers [4]. 

Long term follow-up and careful studies of language cogni-
tion and communication are required. This will help optimize 
management to ensure the best possible outcome. A poten-
tial, but not well-studied, alternative to opioid replacement 
is supervised withdrawal. This approach is not currently sup-
ported because it is associated with high relapse rates (to illicit 
opioid use) and poorer overall outcomes [3]. A recent study in 
Northern Ontario at the Meno Ya Win Health Centre in Sioux 
Lookout demonstrated that narcotic tapering with long-acting 
morphine preparations can be safely conducted in pregnancy 
and is associated with significantly lower incidences of NAS [23]. 
More studies are needed to assess whether supervised with-
drawal may have a role, for example, in remote communities 
where there is no access to a methadone replacement program 
and where obtaining funding and supply for buprenorphine 
may be challenging. 

As opioid replacement is a harm reduction strategy, it should 
be part of a comprehensive approach that provides support-
ive care to the mother, child, and family in order to optimize 
outcomes. Immediately following birth, skin-to-skin contact 
is protective against NAS [24]. Enabling a mother to room-in 
with her newborn while the newborn is getting advanced care 
or monitoring has also been shown to lower the incidence of 
NAS [24,25]. Providing maternal support to improve rates and 
duration of breastfeeding is also important, because evidence 
shows that breastfeeding not only decreases severity of NAS 
but also reduces maternal stress and enhances maternal con-
fidence and mother-child bonding [6]. Ongoing medical and 
social support assistance to the family should include chemical 
dependency and relapse prevention programs [6], nutritional 
and financial support [26], and screening and support for co-
occurring mental health conditions, trauma, and victimization 
[3]. Preventive interventions that provide enriched environ-
ments and high-quality care for infants and children are benefi-
cial to neurodevelopmental outcome [12]. 

CONCLUSION
Clinical literature strongly supports opioid replacement in preg-
nancy for mothers with opioid use disorder and this approach 
is recommended by most professional guidelines. Opioid re-
placement prevents withdrawal and relapse and increases par-
ticipation in antenatal care. Clinical experience and the studies 
conducted show that the benefits of opioid replacement out-
weigh its risks and that there are no major short-term devel-
opmental risks to the neonate. Careful epidemiological and ex-
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perimental data, however, suggests that there could be subtler 
neurodevelopmental consequences that merit further study. 
Opioid replacement is part of a risk reduction strategy and the 
child’s longer-term outcome can address social, psychological 
and physical injustices and comorbidities experienced by this 
vulnerable and precious population.
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