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Abstract

Prenatal opioid agonist therapy with methadone or buprenorphine prevents maternal illicit opioid use and
withdrawal and improves pregnancy outcomes compared to heroin use alone. Historically, methadone has been the
first-line opioid agonist therapy for pregnant opioid dependent women; in recent years buprenorphine has become
first-line treatment for some opioid dependent pregnant women. While there is some evidence of better outcomes in
neonates exposed to buprenorphine vs. methadone, the effect of confounding from differences in women who use
buprenorphine and methadone has not been carefully examined in most studies. This review explores mechanisms
by which confounding can arise in measuring associations between prenatal buprenorphine vs. methadone
exposure on neonatal outcomes using a graphical approach, directed acyclic graphs. The goal of this paper is to
facilitate better understanding of the factors influencing neonatal abstinence syndrome and accurate assessment of
the comparative safety of opioid agonist therapies on the neonate.

Keywords: Confounding; Buprenorphine; Methadone; Pregnancy;
Neonatal abstinence syndrome

Background
There has been a striking increase in rates of opioid use in pregnant

women and in neonatal abstinence syndrome (NAS) in their infants in
the United States and Canada [1,2]. NAS is a drug withdrawal
syndrome that most commonly manifests from in utero opioid
exposure and affects the neonate’s postnatal life adaptation in critical
areas of sleep, feeding, and autonomic function [3,4]. NAS incidence
rose from 1.20 to 3.39 per 1,000 American live-births from 2000 to
2009 [5], and from 0.28 to 4.29 per 1000 Canadian live-births from
1992 to 2011[2].Total hospital charges for NAS grew from $190 to $720
million United States during this period [5]. Significant increases in
the rate of neonatal intensive care unit admissions for NAS, the median
length of neonatal hospitalization for NAS, and neonatal receipt of
pharmacotherapy for NAS in the Unites States from 2004 to 2014 were
recently observed [1].

Studies have attributed this increase in NAS to rising rates of opioid
addiction in pregnant women [1,2].Some cohort studies and
randomized controlled trials (RCTs) have observed decreased NAS
severity [6-9], lower risk of NAS treatment [10], and higher gestational
age at birth [8], birth weight [8,11], body length [11] and head
circumference [11,12] in buprenorphine vs. methadone exposed
neonates. Evidence, however, is subject to bias from study drop out in
RCTs and by confounding in cohort studies [8-17]. A meta-analysis
showed that confounding may account for some of the protective effect
of buprenorphine vs. methadone on NAS severity, and that limited
data on confounding of the comparative safety of buprenorphine vs.
methadone on NAS are available [18].

In epidemiologic studies that aim to assess the effect of treatment A
vs. treatment B on the risk of illness, a central problem is the need to

consider extraneous factors that might explain, partially or totally, the
association (or lack of) between treatment and the risk of illness [19].
When the extraneous factor affects both the choice of treatment (i.e., is
an indication for treatment) and the risk of the illness, this is called
confounding by indication. With respect to the effect of buprenorphine
vs. methadone on NAS, the central problem of confounding by
indication has not been carefully considered in many studies [18].
Confounding by indication is a concern because buprenorphine and
methadone are not only pharmacologically different, but in the United
States, each treatment is delivered differently. Buprenorphine generally
is provided in an office-based setting where women fill a prescription
and take buprenorphine on their own, while methadone is given
through observed daily dosing at a methadone clinic. As a result,
pregnant women treated with methadone (vs. buprenorphine) tend to
have poorer patient profiles including a longer duration of opioid
dependence, a higher prevalence of hepatitis B infection, and more
severe addiction [8,10,14-16]. And of course, women with poorer
clinical profiles are more likely to have neonates with worse NAS and
birth outcomes than women with better clinical profiles. Consequently,
when the regression model is unadjusted for an important confounder
- such as an important difference in clinical profile—the estimated
measure of effect (i.e., risk ratio, mean difference) is a mix of the effect
of prenatal opioid agonist exposure on NAS and the confounder effect
on NAS. Confounding can attenuate, increase, or reverse the true effect
of prenatal opioid exposure to buprenorphine vs. methadone on
neonatal outcomes. The impact of confounding depends on the
strength of the relationships between the confounder and the exposure,
the confounder and the outcome, and the prevalence of the
confounder.

A clear understanding of potential confounders is essential to
designing a study that will minimize confounding in the study’s
estimated measure of effect of the exposure on the outcome. We
undertook the present review paper to explore how confounding might
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arise in the use of buprenorphine vs. methadone in pregnancy to
inform study design, and ultimately to improve study evidence.

Approach
We previously conducted a systematic review and meta-analysis of

the association of prenatal buprenorphine vs. methadone exposure on
the neonate using the published literature through October 2013 [18];
14 published comparative studies were identified. For the present
article the computerized search of PubMed, the Cochrane Central
Register of Controlled Trials and the Cochrane Database using the key
words buprenorphine, methadone, opioid agonist therapy, pregnancy,
infant, and neonatal abstinence syndrome was updated through
October 2015. Variables considered as confounders in the identified
articles were abstracted and used to guide our discussion.

We used diagrams known as directed acyclic graphs (DAGs) [20] to
illustrate the relationships between potential confounders, prenatal
opioid agonist therapy, and NAS severity. DAGs link these different
variables (i.e., confounders, treatments, outcomes) by arrows that
represent direct causal effects (protective or increasing risk) of one
variable on another. DAGs are acyclic because the arrows never point
from a given variable to any other variable in its past (i.e., causes
precede their effects). The absence of an arrow between two variables
indicates there is no proposed direct effect of one variable on the other.
We build upon previous publications in which investigators used
DAGs [21] to show how confounding might arise in assessing the
comparative safety of buprenorphine vs. methadone on the neonate
under several proposed scenarios. We considered NAS severity as our
outcome for the purpose of illustration.

Results
Our updated search identified 16 published studies of prenatal

buprenorphine vs. methadone exposure on the neonate. Fifteen of the
studies used the Subutex formulation of buprenorphine, which
contains only buprenorphine and is preferred in pregnancy [7]; one
study used the Suboxone formulation of buprenorphine, which
contains naloxone and may have potential harm in pregnancy [22-24].
Of the 16 studies, five (31%) adjusted for one or more variable that the
investigators had identified as a potential confounder (Table 1). As
shown, a variety of factors were considered. The proposed confounders
can be broadly classified as maternal characteristics measured prior to
the initiation of opioid agonist therapy (i.e., age, years of opioid
dependence, other concomitant medication use at enrollment, number
of prenatal visits at enrollment, cigarette use at enrollment, other drug
use in the month before pregnancy confirmation) and maternal and
neonatal characteristics measured after the initiation of opioid agonist
therapy (i.e., heroin and other drug use late in pregnancy or at delivery,
gestational age at birth). Variables from these two broad groups are
included in our DAGs for further discussion of confounding; we
selected years of opioid dependence as our potential measured
confounder. Some studies also adjusted for the dose of buprenorphine
or methadone at delivery and the number of days of buprenorphine or
methadone at delivery. These variables, however, are alternate
classifications of prenatal exposure and not confounders.

Study Participants Location Years of Birth Covariates

Kakko, et al. [15]

Prospective (2001-2006) and
retrospective (1982-2006) cohort of
83 mother-neonate pairs at an
antenatal clinic

Stockholm, Sweden

2001 to 2006
buprenorphine exposed,
1982 to 2006
methadone exposed

Maternal age

Jones, et al. [7] Randomized controlled trial of 175
mother- neonate pairs

Six sites in the US, Canada and
Austria 2005 to 2008

Number of days of buprenorphine or
methadone exposure, cigarette use
at enrollment, selective serotonin
reuptake inhibitor use at enrollment,
percent of urine tests positive for
cocaine in pregnancy, number of
prenatal visits at enrollment,
gestational age at delivery

Lacroix, et al. [10]
Prospective multisite cohort of 135
mother-neonate pairs (125 resulted
in live births)

France 1998 to 2006 Heroin use late in pregnancy

Welle Strand, et al. [11] Cohort of 139 mother-neonate pairs
in opioid maintenance treatment Norway 1996 to 2009

Maternal age, years of opioid
dependence before treatment, dose
of buprenorphine or methadone at
delivery, other drug use (opiates,
benzodiazepines, amphetamines,
cannabis) one month before
pregnancy confirmation, cigarette
use and other drug use one month
before delivery

Wiegand, et al. [25] Retrospective cohort of 62 mother-
neonate pairs Chapel Hill, North Carolina, US 2001 to 2013 Gestational age at birth, maternal

indication for opioids

Table 1: Covariates considered as potential confounders in 5 of 16 identified studies of the comparative safety of prenatal buprenorphine vs.
methadone exposure on the neonate.
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The DAG in Figure 1 is the simplest representation of a confounder
relationship. Here, as shown by the directions of the arrows, years of
opioid dependence is causally related to the choice of opioid agonist
therapy with buprenorphine or methadone and to the severity of NAS.
There is some evidence to suggest that duration of opioid dependence
is predictive of treatment outcome in opioid dependent adults [26,27],
and it is plausible that duration of dependence could also affect choice
of treatment and NAS. If the DAG depicts the correct relationships,
and assuming, as shown, there are no unmeasured confounders,
adjusting for the duration of opioid dependence prior to treatment
initiation will remove the confounding effect of years of opioid
dependence from the estimated association of buprenorphine vs.
methadone on NAS severity. The same would hold true for the other
variables that that were associated with both the choice of prenatal
opioid agonist therapy and NAS severity (e.g., prenatal selective
serotonin reuptake inhibitors). Most published studies, however, have
been unadjusted for such potential confounders (Table 1).

Figure 1: Possible relationship between a measured confounder
(years of opioid dependence), prenatal opioid agonist therapy and
neonatal abstinence syndrome (NAS) severity.

The DAG in Figure 2 expands on the scenario of Figure 1 and
includes relapse to heroin use as an effect of prenatal agonist therapy
exposure and a cause of NAS severity. While we cannot be certain this
DAG depicts the correct relationship, there are some data to support
these relationships. As previously discussed, fewer pregnant women
treated with buprenorphine vs. methadone had opioids detected late in
pregnancy [18] and NAS severity may be lower in buprenorphine
exposed neonates although the results may be subject to confounding.
As well, RCTs show different treatment retention rates in adults and
pregnant women randomized to certain doses of methadone vs.
buprenorphine [7,28]. If the DAG does depict correct relationships,
adjusting for heroin use will remove part of the effect of the agonist
therapy on the neonate. The total effect of prenatal buprenorphine or
methadone treatment on NAS includes the pharmacologic effect of
therapy on NAS in addition to any effect of illicit drugs following
initiation of buprenorphine or methadone. Failure of agonist therapy
to prevent heroin relapse is indeed part of the effect of agonist therapy
on the neonate. Further, because heroin use is an effect of the agonist
therapy and not a cause of it, it cannot be a confounder and does not
need to be adjusted for.

Figure 2: Possible relationship between a measured confounder
(years of opioid dependence), prenatal opioid agonist therapy,
relapse to heroin use and neonatal abstinence syndrome (NAS)
severity.

In perinatal research of in utero exposures on birth outcomes, there
is a natural tendency to want to adjust for gestational age at birth [29].
Returning to Figure 2, the relationship with gestational age can be
envisioned by replacing heroin relapse with gestational age at birth.
While data suggest that preterm infants are less likely to be treated for
NAS, it remains unclear whether this is due to NAS severity or
physiological immaturity [30,31] and whether opioid agonist therapy is
causally related to preterm birth [7,18]. If the DAG is correct, the
arguments above negating the need to adjust for a consequence of
exposure also apply to gestational age at birth. If we assume that
prenatal opioid agonist therapy itself is not causally related to
gestational age at birth and it is duration of opioid dependence that
plays a causal role, we can instead draw the DAG in Figure 3 to depict
the relationships. In this scenario, gestational age at birth does not
need to be adjusted for because it is not causally related to prenatal
opioid agonist therapy. Indeed, adjustment for duration of opioid
dependence would remove the effect of gestational age at birth on the
estimated association between prenatal opioid agonist therapy and
NAS severity.

Figure 3: Possible relationship between a measured confounder
(years of opioid dependence), prenatal opioid agonist therapy,
gestational age at birth and neonatal abstinence syndrome (NAS)
severity.

The DAG in Figure 4 expands on Figure 3. Here, duration of
prenatal agonist therapy is causally related to gestational age at birth in
addition to the covariate, risky behaviour. As drawn, there is no causal
relationship between prenatal opioid agonist therapy and risky
behaviour. Assuming the DAG depicts the correct relationships among
the covariates, there is no need to adjust for risky behaviour or
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gestational age at birth. Neither variable is a predictor of prenatal
opioid agonist therapy and therefore cannot cause confounding. In
fact, adjusting for gestational age is likely to bias the estimated direct
causal effect of prenatal agonist therapy on NAS severity. In this
scenario, gestational at birth is a variable called a collider [20]. As such,
adjustment for gestational age at birth creates an association between
NAS severity and prenatal agonist therapy exposure through risky
behaviour. This will bias the assessment of the effect of prenatal opioid
agonist therapy on NAS.

Figure 4: Possible relationship between a measured confounder
(years of opioid dependence), prenatal opioid agonist therapy, risky
behaviour, gestational age at birth and neonatal abstinence
syndrome (NAS) severity.

Discussion
Appropriate adjustment for confounders is necessary to estimate the

true causal effects of opioid agonist therapies on infant outcomes, and
to carefully guide pregnant women and providers in their treatment
choices. Yet, few epidemiologic studies of the comparative safety of
buprenorphine vs. methadone on the neonate have adjusted for
confounding. Further, characteristics of the exposure, such as duration
of agonist therapy use, which are not confounders, were adjusted for in
some studies. We illustrate the use of causal diagrams to provide a
conceptual framework to evaluate confounding, and to demonstrate
that confounders are correctly conceptualized as a common cause of
the choice of prenatal agonist therapy and of NAS severity.

In the published studies that have considered confounders, some
variables that have been adjusted for cannot be confounders because
they do not meet the criteria of being antecedent to both treatment and
NAS. For example, gestational age at birth is not a confounder of the
effect of prenatal exposure to buprenorphine vs. methadone on NAS
outcomes. Adjusting for gestational age, which is potentially affected
by prenatal opioid agonist therapy, can introduce selection bias and
distort the estimated measure of association between agonist therapy
and NAS. Similar comments extend to heroin relapse following
treatment initiation. An extreme example of the harm of adjusting for
birth weight is the birth weight paradox, where it was suggested that
maternal smoking had a beneficial effect on mortality among low birth
weight infants [32]. It was subsequently shown through the use of
causal diagrams that this apparent paradox could be conceptualized as
selection bias due to stratification on a variable (birth weight) that was
affected by the exposure of interest (smoking) and that shared
common causes with the outcome (infant mortality) [21]. Another less
extreme example is a study that observed higher neonatal withdrawal
rates in methadone vs. buprenorphine exposed babies, which did not

persist after adjusting for heroin use late in pregnancy [10]. Here,
heroin relapse cannot be a confounder because it is not an antecedent
to treatment; rather it may be in the causal pathway (i.e., an
intermediate, Figure 2). Assuming heroin relapse is an intermediate,
the implications of this finding could be that the increased risk of NAS
from methadone vs. buprenorphine exposure was primarily through a
lower effect of methadone vs. buprenorphine on prenatal heroin use.
The underlying causal scenario for the exposure and outcome in a
study thus needs to be specified for the clinical implications to
accurately follow.

A limitation of our work is that our examples may not correctly
depict the causal relationships among the exposure, covariates, and
outcome. We did, however, use the existing literature to develop
relationships between variables. Importantly, the DAGs serve to
illustrate the concept of confounding in studying the comparative
effect of prenatal opioid agonist therapy exposure on NAS.
Specification of the assumptions regarding the causal structure is a
prerequisite for the analytical approach and essential to guide clinical
practice. Additional research is needed to delineate the relationships
between prenatal opioid agonist therapy exposure, other covariates and
NAS outcomes.

In sum, researchers are encouraged to use their expert knowledge
and available data to propose scenarios that show how prenatal opioid
agonist therapy with buprenorphine or methadone, confounders and
NAS outcomes are causally related [21]. Adjustment for characteristics
that determine the choice of prenatal opioid agonist therapy treatment
and are associated with NAS (e.g., smoking, concomitant medications
and comorbidities) is necessary to adjust for confounding. This
pertains to observational studies, including case-control and cohort
designs, and to RCTs; although RCTs are designed to balance
confounders among treatment groups, high rates of study drop out
have been reported in this population [7]. Adjusting for factors that are
potentially affected by prenatal opioid agonist therapy (e.g., heroin use
near delivery, gestational age) is not justified to estimate the total effect
and can introduce selection bias. The magnitude of the bias and the
interpretation depends on each specific study and should be
considered in interpreting study evidence. More accurate
quantification of the risks associated with prenatal treatment for opioid
dependence is essential to guide health care providers and pregnant
women in their treatment choices, and to improve the health of this
rapidly growing population.
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