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Abstract: We assessed the prevalence of neonatal abstinence syndrome (NAS) and fetal growth
outcomes in neonates exposed to methadone compared to buprenorphine in utero. Three authors
assessed the titles and abstracts of all potentially eligible studies. The selection criteria were ran-
domized controlled trials and observational cohort studies from January 2000 to January 2020 which
indexed and reported original data for occurrence of NAS and fetal growth outcomes in pregnant
people who received methadone vs. buprenorphine treatment. The quality and possible bias of each
study was assessed using the Cochrane-risk-of-bias tool. Data were pooled to compare the occurrence
of NAS and fetal growth restriction among women who received methadone vs. buprenorphine
treatment. Of the 106 articles screened, 1 randomized controlled trial and 5 observational cohort
studies including 2041 pregnancies fulfilled the inclusion criteria. Buprenorphine is associated with
less NAS and improved growth outcomes compared to methadone. (OR = 0.515; p-value < 0.001).
Compared to methadone, buprenorphine is associated with less adverse neonatal outcomes in terms
of gestational age at birth, birthweight, and head circumference. With the prevalence of NAS contin-
uing to rise, this study adds to the expanding academic research aimed at creating safer treatment
protocols.

Keywords: buprenorphine; methadone; fetus; neonatal abstinence syndrome; opioid use disorder;
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1. Introduction

In the United States, opioid use disorder (OUD) in pregnant women quadrupled
between 1999 and 2014 and now affects 6.5 per 1000 women delivering in hospitals [1].
Opioid use by pregnant women has detrimental effects on both the mother and the neonate.
Notably, infants born to women exposed to opioids during pregnancy can develop neonatal
opioid withdrawal syndrome (NOWS) or neonatal abstinence syndrome (NAS) which
is a more general term applied to multiple substance exposures [2,3]; however, other
complications are also common. With the increasing prevalence of NAS and NOWS
(from here on collectively referred to as NAS), the need for medications for addiction
treatment (MAT) is imperative. MAT has been shown to improve neonatal outcomes,
decrease the risks associated with high-risk behaviors, and reduce the risk of relapse to
illicit substances [4].

Newborns exposed to opioids in utero are more likely to be born preterm, have lower
birth weights for gestational age, and have smaller head circumferences compared to
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newborns not exposed to opioids in utero [5]. These infants are likely to have longer
hospital stays and are more likely than non-opioid exposed neonates to require care in the
NICU. Furthermore, if pregnant women with opioid dependence are not treated through
medication-assisted treatment (MAT), their neonates have significantly lower birth weight,
increased fetal mortality, increased preterm birth, and increased risk of pre-eclampsia [6].
Collectively, existing studies highlight that buprenorphine-exposed infants are less likely
to have symptoms of NAS than untreated infants and are generally healthier neonates.

The treatment of OUD in pregnancy is similar to the treatment of non-pregnant
patients and includes opioid agonist or partial agonist therapies. The most broadly known
are buprenorphine, buprenorphine-naloxone, and methadone. Detoxification without
the assistance of MAT is not encouraged due to the risk of relapse. In addition, acute
withdrawal has been associated with abruption and preterm labor [4]. Withdrawal causes
stress on the body and the fetus due to autonomic instability, which in turn increases the
chances of miscarriage and preterm delivery [7].

Many studies comparing the two medications’ efficacy and safety exist. Methadone is
more commonly used to treat OUD, but the use of buprenorphine is increasing. Methadone
has been the traditional choice given its use since the 1970s. It is subject to extensive federal
regulation and use is limited by the need for daily dosing clinics. Buprenorphine was
shown in a large, randomized control trial to have improved neonatal outcomes [8]. It can
be prescribed by general practitioners and obtained at a local pharmacy. In addition, the
risk of overdose is considerably less given its partial antagonism of the opioid receptor.
Given the less stringent oversight, there is an increased risk of diversion. Our goal was
to compare the existing literature on MAT in pregnancy, namely, to assess the risk of
NAS and fetal growth outcomes. Our hypothesis was that women who were prescribed
buprenorphine will have a lower percentage of neonates that show overall symptoms
of NAS, and their infants will have higher birth weight compared to women who were
prescribed methadone.

2. Materials and Methods
2.1. Data Sources

HC and AS followed the PRISMA guidelines to identify the relevancy and strength
of each study [9]. Relevant trials were identified through a search of PubMed, the Cu-
mulative Index to Nursing and Allied Health Literature (CINAHL), and Google Scholar.
Our search combined terms in four areas: (1) “Methadone or Buprenorphine Treatment”,
(2) “Pregnancy”, (3) “Pregnancy Outcomes”, and (4) “Newborn Outcomes”. Accordingly,
the following eight search terms were used as keywords to find studies, where [MeSH] was
added to the end of each keyword and indicated “Medical Subject Heading”: Pregnancy,
Newborn, Buprenorphine, Pregnancy Complication, Methadone/therapeutic use, Treat-
ment Outcome, Pregnancy Outcome, and Infant. Terms from different variable areas were
combined using the Boolean operator “AND”. Terms from the same area were combined
using the Boolean operator “OR”.

2.2. Study Selection

HC and AS assessed the abstracts of these titles and discarded those which did not
hold pertinent information. From the relevant titles, full-length texts were analyzed for
original data that compared the defined treatment groups and focused on NAS cases and
fetal growth outcomes as an outcome. Studies using the wrong medication, unoriginal
research such as reviews or expert opinions, and those with ineligible study designs
were excluded. Any differences were resolved by consultation with a third author (JS).
The quality of each study was assessed by HC, AS, and ]S using the PRISMA checklist.
Additionally, HC and AS assessed the bias of each study using the Cochrane risk-of-bias
tool (Figure 1) [10]. Extracted data included the presence of NAS, gestational age at delivery,
birth weight, and head circumference.
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Figure 1. Cochrane risk-of-bias tool.

2.3. Statistical Analysis

Forest plots were analyzed to compare the treatment outcomes of buprenorphine
versus methadone exposed neonates. To create these forest plots, the effect size and confi-
dence interval for each study was calculated to see whether the chosen studies significantly
agreed with each other. We then generated the pooled OR by pooling the events of NAS oc-
curring in each treatment group and the number of non-events occurring in each treatment
group. A chi-square test was used to generate the heterogeneity statistic (I-squared) for the
studies pertaining to the presence of NAS. When analyzing studies individually, a p-value
of less than 0.05 was needed for the outcome to be deemed significant.

3. Results

The initial search identified 106 potential studies. Of these, 64 were discarded due
to irrelevant titles. The abstracts of 42 studies were analyzed and 11 were excluded due
to irrelevant study design and outcomes. The 31 remaining publications were assessed
using the metrics defined in Table 1. Of these, 25 studies were excluded due to ineligible
intervention or comparison (i.e., wrong medication), unoriginal research (i.e., reviews,
or physician guidelines), and ineligible study design (i.e., focused on metrics other than
those defined in Table 1) [8,11-15]. Six studies [8,11-15] were included in our analysis,
one of which had two cohorts from two separate countries (Figure 2). These included five
observational cohort studies (OCS) (n = 1910) and one randomized controlled trial (RCT)
(n = 131). The sample sizes for treatment groups ranged from 26 to 407 women and the
pooled results for percentage of NAS cases included 1737 women. The range of gestational
age at study enrollment ranged from 6.1 weeks to 38 weeks. The mother’s average dose
at delivery ranged from 9 to 21.8 mg in the buprenorphine group and 37.5 to 137.3 mg in
the methadone group. The outcome definitions among the chosen studies were largely
consistent with one study being published as two papers by the same authors with the
same cohort of women [12,14].
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Table 1. Overview of included studies.

Gestational Age

Study Groups Methods OAT Initiated EGA at Delivery Outcome
(Mean, Weeks)
(Weeks)
Methadone Presence of NAS
Kakko et al. (n=36), Methadone: 386+ 15 Head circumference
2008 [11] buprenorphine 0Cs N/A Buprenorphine: Birth weight
(n=47) 39.5+20 Gestational age
Methadone Methadone: Presence of NAS
Jones et al. (n=73), RCT 187 + 0.8 Meg‘jdfer:(;fiﬁnf 0.3 Head circumference
2010 [8] buprenorphine Buprenorphine: p p ’ Birth weight
(n = 58) 187 + 0.7 39.1+03 Gestational age
Methadone Methadone: Presence of NAS
Meyer et al. (1 = 248), 0CS 18.9 + 19.1 Megjdfr:f’iizn# 25 Head circumference
2015 [12] buprenorphine Buprenorphine: prenorphine: Birth weight
(n =361) 159 + 8.1 392422 Gestational age
Methadone Methadone: 37.4 + 2.9 Presence of NAS
Lemon et al. (n= 407),. ocs N/A Buprenorphine: Birth weight
2018a [13] buprenorphine 5854 25 Gestational age
(n =309) : :
Methadone
Lemon et al. (n=407), Preterm birth
2018b [14] buprenorphine OCs N/A N/A
(n =309)
Cohort 1:
Methadone Cohort 1:
(n=152), Methadone 38.3 + 2.6
buprenorphine Buprenorphine Presencg of NAS
Nechanska (n=152) ocs N/A 385+ 27 Head c1r'cumference
etal. 2018 [15] Cohort 2: Cohort 2: Birth Welght
Methadone Methadone: 38.9 + 1.9 Gestational age
(n=99), Buprenorphine:
buprenorphine 392424
(n=97)

3.1. Presence of Neonatal Abstinence Syndrome

Five of the six analyzed studies [8,11-13,15] found that neonates exposed to buprenor-

phine in utero were significantly less likely to present with NAS after birth (Figure 3). The
pooled results of all women who were treated with methadone had a higher mean percent-
age of neonates born with the symptoms or presence of NAS (57.3%, SD 0.135) compared
to neonates exposed to buprenorphine (41.85%, standard deviation 0.131, p-value = 0.035).
(Figure 3). The OR was calculated to be 0.52, with a confidence interval of 95% and a
p-value < 0.001. The I-squared value was 63.91. The forest plot generated for this outcome
shows that the number of NAS cases was significantly higher in the methadone compared
to the buprenorphine group (Figure 4).
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Figure 3. This histogram showcases the percentage of neonates with NAS found in methadone and buprenorphine treatment
groups for each study and the cumulative of all the studies. For the pooled results, 57.3% of neonates born to mothers
on methadone had NAS (standard deviation 0.135) and 41.85% of neonates born to mothers on buprenorphine had NAS
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Figure 2. PRISMA diagram.
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Figure 4. Forest plot of the difference in percentage of NAS cases between buprenorphine and methadone. (p-value < 0.001).

3.2. Birth and Growth Outcomes

Among the six studies included in this analysis, five OCS [8,11-13,15] assessed gesta-
tional age at delivery. A forest plot of the difference in gestational age at delivery is shown
in Figure 5. This forest plot showed that gestational age was not significantly longer in
the buprenorphine than in the methadone group. When assessing birth weight, five of
the six studies [8,11-13,15] were included. Neonates born to women in the buprenorphine
treatment group consistently had a higher birth weight than neonates born to women in
the methadone group (Figure 6). The average difference in birth weight between these
groups was 229.3 g. For the assessment of neonatal head circumference, four OCS were
included [8,11,13,15]. The neonates exposed to buprenorphine had significantly larger
head circumferences than neonates exposed to methadone, but the difference was not large
enough to be considered significant (Figure 7). In the four OCS, mean head circumference
was 0.40 cm bigger for the buprenorphine group compared to the methadone group.

Gestational Age

Nechanska 2018 _ : 014+ 16

(Norway)
Meyer 2015 ] -0.426+ 1.6
Kakko 2008 = i -0.514% 1.6
Lemon 2018 [} -0.72+ 1.6
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Nechanska 20?L8 (Czech - : 02114 1.6

Republic)
Pooled Results: ‘ 1.002+ 1.6

Higher in Bup group Higher in Met group

-5 -4 -3 -2 -1 0 1 2 3

Figure 5. Forest plot of the difference in gestational age at delivery between buprenorphine and methadone.
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Figure 6. Forest plot of the difference in birthweight in grams between neonates born to women who received buprenorphine
versus methadone during pregnancy (p-value < 0.05).
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Figure 7. Forest plot showing that three of the four included studies agreed with each other. This shows the average head
circumference for neonates exposed to buprenorphine was larger than neonates exposed to methadone, but the result was
not significant (p-value > 0.05).

4. Discussion

Buprenorphine for treatment of OUD during pregnancy is associated with a lower
rate of NAS and higher birth weight. The I-squared for these studies on NAS was 63.91,
which qualifies these studies as substantially heterogeneous. Our results suggest that
buprenorphine may lead to better outcomes for infants, and thus may be preferred during
pregnancy.

Our findings are consistent with the findings of prior authors. Tran et al. reviewed
research conducted in the last twenty years to provide an overview of the risks and benefits
of each medication [16]. In the largest study (1 = 609), they found that infants exposed to
buprenorphine in utero were less likely to be treated for NAS (p-value < 0.001) than those



Reprod. Med. 2021, 2

192

exposed to methadone [16]. This review also states that in most of the studies it examined,
neonates exposed to buprenorphine had a higher birth weight than those exposed to
methadone, which agrees with what we found through this meta-analysis [16]. Since the
origin of their data arose from smaller studies, these researchers concluded that although
buprenorphine shows promising results, more research is needed to definitively assert this.
Our meta-analysis has included a larger sample size with 2041 pregnancies.

Our findings are also in accordance with Wilder et al. Comparing methadone and
buprenorphine as treatment therapies, they affirm the use of buprenorphine as a first-line
drug treatment for opioid-dependent mothers, largely due to the reduced rates of NAS
associated with its use. In general, researchers found that exposure to buprenorphine
is associated with a greater gestational age at delivery, larger head circumference, and
reduced rate of preterm birth [7]. Collectively, this study asserts the necessity of both
methadone and buprenorphine in opioid-exposed pregnancies, while also arguing for the
continuation of research on these medications” benefits and risks associated with both
maternal and fetal outcomes.

This analysis has limitations. In many of the studies, it was noted that some women
would switch from buprenorphine to methadone, which was accounted for in our Cochrane-
risk-of-bias tool assessment [10]. Women may switch from buprenorphine to methadone
for a variety of reasons, including the side effect profile, lack of a provider to prescribe
buprenorphine, or lack of a provider who is comfortable prescribing buprenorphine during
pregnancy. Other reasons women may switch include a change in custodial status as prisons
may not provide both treatment options. Finally, it may be that women switch from one to
another due to compliance, which may result in the methadone group most likely having a
higher saturation of highly addicted women than the buprenorphine group did. Indeed,
many clinical protocols recommend methadone for women who previously relapsed on
buprenorphine. Another limitation of this study is the varying number of participants
between the analyzed studies. Two studies were large and had around 300 women in
each treatment group, one had about 250 women per treatment group, and the remaining
studies had less than 75 women per treatment group. While RCTs provide less biased
estimates of treatment effects, the RCT included here was small.

Additionally, the studies used in this analysis had data that mainly came from large
administrative databases, which often conveyed inadequate details on OUD histories
and prescribed treatment plans. This lack of information may have contributed to con-
founding variables in our analysis. For example, the included studies did not mention
co-administration of SSRIs, and variably reported on smoking, or benzodiazepines, or
gabapentin which have known associations with NAS. Finally, the included studies only
evaluated the medications that were prescribed without the ability to confirm compliance.
In this study, we focused primarily on NAS presence as an outcome, which could have nar-
rowed our focus to more severe manifestations of the condition [8]. Lastly, this population
is highly vulnerable and challenging to study. Each individual mother may have a plethora
of differing social circumstances which makes achieving high quality research challeng-
ing [5]. These issues could vary from difficulty maintaining continuous care, implicit bias
among medical professionals lowering the quality of care, as well as mental and physical
health issues [6]. Moreover, it is hard to compare the outcomes of exposed neonates to a
control group.

The findings of this analysis are nevertheless significant. We surveyed an array of
outcomes—presence of NAS, gestational age, birth weight, and head circumference—to
provide a more holistic view of how buprenorphine and methadone differentially affect
neonates in utero. Our findings expand upon existing literature aiming to quantify these
differences in outcomes, which is increasingly necessary given the severity of the opioid
epidemic.

As research continues in this area of OUD and pregnancy, studies should not only
focus on the presence of NAS at birth but should also follow these exposed infants in the
long term. A longitudinal approach would allow us to understand the possible long-term
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effects of opioid exposure, which warrants consideration in the safety concerns of these
treatment options. Furthermore, it is also important to review the maternal adverse effects
that may be caused by either of these medications, both during and following pregnancy.
The persistent nature of the opioid epidemic in the United States emphasizes the need to
expand research on mitigating adverse effects for pregnant women and their children. As
NAS becomes increasingly prevalent, this study adds to the growing scholarship aimed at
creating safer treatment protocols that may decrease its presence.
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