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ABSTRACT

BACKGROUND

Opioid agonist therapy is strongly recommended for pregnant persons with opioid
use disorder. Buprenorphine may be associated with more favorable neonatal and
maternal outcomes than methadone, but existing data are limited.

METHODS

We conducted a cohort study involving pregnant persons who were enrolled in pub-
lic insurance programs in the United States during the period from 2000 through
2018 in which we examined outcomes among those who received buprenorphine
as compared with those who received methadone. Exposure to the two medications
was assessed in early pregnancy (through gestational week 19), late pregnancy (gesta-
tional week 20 through the day before delivery), and the 30 days before delivery. Risk
ratios for neonatal and maternal outcomes were adjusted for confounders with the
use of propensity-score overlap weights.

RESULTS

The data source for the study consisted of 2,548,372 pregnancies that ended in live
births. In early pregnancy, 10,704 pregnant persons were exposed to buprenorphine
and 4387 to methadone. In late pregnancy, 11,272 were exposed to buprenorphine
and 5056 to methadone (9976 and 4597, respectively, in the 30 days before delivery).
Neonatal abstinence syndrome occurred in 52.0% of the infants who were exposed
to buprenorphine in the 30 days before delivery as compared with 69.2% of those
exposed to methadone (adjusted relative risk, 0.73; 95% confidence interval [CI],
0.71 to 0.75). Preterm birth occurred in 14.4% of infants exposed to buprenorphine
in early pregnancy and in 24.9% of those exposed to methadone (adjusted relative
risk, 0.58; 95% CI, 0.53 to 0.62); small size for gestational age in 12.1% and 15.3%,
respectively (adjusted relative risk, 0.72; 95% CI, 0.66 to 0.80); and low birth weight
in 8.3% and 14.9% (adjusted relative risk, 0.56; 95% CI, 0.50 to 0.63). Delivery by
cesarean section occurred in 33.6% of pregnant persons exposed to buprenorphine
in early pregnancy and 33.1% of those exposed to methadone (adjusted relative risk,
1.02; 95% CI, 0.97 to 1.08), and severe maternal complications developed in 3.3% and
3.5%, respectively (adjusted relative risk, 0.91; 95% CI, 0.74 to 1.13). Results of expo-
sure in late pregnancy were consistent with results of exposure in early pregnancy.

CONCLUSIONS
The use of buprenorphine in pregnancy was associated with a lower risk of adverse
neonatal outcomes than methadone use; however, the risk of adverse maternal out-
comes was similar among persons who received buprenorphine and those who re-
ceived methadone. (Funded by the National Institute on Drug Abuse.)

N ENGL J MED 387;22 NEJM.ORG DECEMBER 1, 2022

The New England Journal of Medicine

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Dr. Suarez can be contacted at
h4p@bwh.harvard.edu or at the Division
of Pharmacoepidemiology and Pharma-
coeconomics, Brigham and Women'’s
Hospital and Harvard Medical School,
1620 Tremont St., Boston, MA 02120.

N Engl ) Med 2022;387:2033-44.
DOI: 10.1056/NEJM0a2203318
Copyright © 2022 Massachusetts Medical Society.

at NEJM.org

2033

Downloaded from nejm.org at HOSPICES CIVILS DE LYON on December 1, 2022. For personal use only. No other uses without permission.

Copyright © 2022 Massachusetts Medical Society. All rights reserved.



2034

The NEW ENGLAND JOURNAL of MEDICINE

HE PREVALENCE OF OPIOID USE DISOR-

der among pregnant persons has increased

steadily in the United States since 2000."3
As of 2017, approximately 8.2 per 1000 deliveries
were estimated to be affected by opioid use dis-
order nationwide, with a particular burden in the
population that was insured by Medicaid, in which
an estimated 14.6 per 1000 deliveries were af-
fected.” The standard care for treating pregnant
persons with opioid use disorder is opioid agonist
therapy with buprenorphine or methadone,*’
which is associated with improved adherence to
prenatal care, lower incidence of preterm birth,
reduced return to opioid use, and fewer instanc-
es of opioid overdose and death from opioid over-
dose.®” Buprenorphine and methadone have im-
portant differences.® Methadone is a full agonist
with high intrinsic activity at mu-opioid receptors,
whereas buprenorphine is a high-affinity partial
agonist with low intrinsic activity. Methadone is
administered during daily in-person visits to
federally regulated opioid treatment programs.
Buprenorphine can be prescribed by approved
providers, which allows patients to administer
the medication themselves.

The randomized, controlled Maternal Opioid
Treatment: Human Experimental Research
(MOTHER) trial showed that infants who were
exposed to buprenorphine in utero received less
morphine for treatment of neonatal abstinence
syndrome,’ received treatment and were hospitalized
for less time,” and had significantly fewer signs
of neonatal abstinence syndrome than infants ex-
posed to methadone.'®* However, the MOTHER
trial was subject to differential loss to follow-up;
treatment was discontinued by a higher percent-
age of participants in the buprenorphine group
(33%) than in the methadone group (18%).° This
difference could have resulted in a lower percent-
age of persons with severe opioid use disorder in
the buprenorphine group, leading to better out-
comes in that group. Some observational studies
and randomized trials also suggested a lower
prevalence of preterm birth and greater birth
weight among infants who were exposed to bu-
prenorphine than among those who were exposed
to methadone,'?™ but these studies were gener-
ally small, limited to a single center, or were not
fully controlled for potential confounders.'2>1°

Data on maternal outcomes are even more
limited. In the MOTHER trial, cesarean sections
comprised a smaller proportion of all deliveries

among pregnant persons who had received bu-
prenorphine than among those who had received
methadone, but the differences were not signifi-
cant.’ Observational studies have also shown a
lower proportion of deliveries by cesarean section
among patients who received buprenorphine than
among those who received methadone, but those
studies were not adjusted for potential confound-
ers.!72 The goal of the current study was to
assess the risks of adverse neonatal and maternal
outcomes associated with the use of buprenor-
phine as compared with methadone in pregnancy
in a large U.S. cohort in which there was careful
control for confounders.

METHODS

DATA SOURCE AND STUDY COHORT

We defined a pregnancy cohort nested in nation-
wide Medicaid data (2000 through 2018) that
included beneficiaries from 47 states and Wash-
ington, D.C. The process for developing the cohort
that linked pregnancies to infants has been de-
scribed previously,?! and additional details are
provided in Table S1 and the text in the Supple-
mentary Appendix (available with the full text of
this article at NEJM.org). Medicaid data include
the demographic characteristics of the patients;
diagnoses and procedures received during inpa-
tient, outpatient, or emergency department visits;
and prescription medications dispensed to outpa-
tients. Pregnancies resulting in live births to per-
sons 12 to 55 years of age who had Medicaid
coverage from 3 months before the date of the
last menstrual period to 1 month after delivery
were eligible for inclusion in the study. Infants
who had Medicaid coverage through 3 months af-
ter delivery (or until death, if death occurred before
3 months of age) were eligible for inclusion. Most
pregnant persons with opioid use disorder in the
United States are insured by Medicaid"?; there-
fore, our study cohort is highly representative of
this population (Table S2).

EXPOSURE

Buprenorphine exposure was assessed with the
use of records of medication dispensing for bu-
prenorphine monotherapy (restricted to formula-
tions approved for opioid agonist therapy; i.e.,
films or sublingual tablets) or buprenorphine—
naloxone combination therapy. Methadone expo-
sure was defined as receipt of the medication ac-
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cording to Healthcare Common Procedure Coding
System codes S0109 and H0020 for methadone
administration.

For the analysis of neonatal abstinence syn-
drome, exposure was defined as having occurred
in the 30 days before delivery. For the analyses
of all other outcomes, exposure was defined as
having occurred in early pregnancy (from the last
menstrual period through gestational week 19) or
late pregnancy (gestational week 20 through the
day before delivery). For the analysis of preterm
birth, exposure during late pregnancy was as-
sessed through 36 weeks. Pregnancies in which
the person was receiving one of the medications
and received a dispensing of or code for the com-
parator medication from 90 days before the last
menstrual period through the end of the exposure
window were excluded (Fig. S1).

OUTCOMES
Neonatal outcomes included neonatal abstinence
syndrome, preterm birth, small size for gesta-
tional age, and low birth weight and were defined
with the use of validated algorithms with high
positive predictive values (Table S3). Maternal out-
comes included cesarean section and severe ma-
ternal complications, which was defined as a
composite of potentially life-threatening condi-
tions caused or aggravated by pregnancy (Table
S3). All the outcomes were ascertained at delivery
or in the 30 days afterward.

COVARIATES

We considered a broad range of potential con-
founders, including markers of a history of opioid
use disorder and severity (e.g., opioid-related emer-
gency department and inpatient visits and treat-
ment with opioid agonists before pregnancy),
nonopioid substance use or dependence, medical
conditions associated with opioid use disorder
(e.g., hepatitis C, hepatitis B, sexually transmit-
ted diseases, and human immunodeficiency vi-
rus infection), mental health conditions, chronic
coexisting conditions, other medication use, health
care utilization metrics (e.g., number of visits,
number of distinct medications, score on the Ad-
equacy of Prenatal Care Utilization Index*?), prox-
ies for social issues (including homelessness and
domestic violence as documented with diagnosis
codes), and demographic characteristics of the
pregnant persons. County-level indicators of edu-
cation, poverty, and unemployment were used as

proxies for socioeconomic status. Covariates and
assessment periods are summarized in Table S4.

STATISTICAL ANALYSIS

Baseline covariates were compared between the
exposure groups with the use of standardized
mean differences (a difference of <10% was con-
sidered to be balanced). Propensity scores for
each exposure window were calculated with the
use of logistic regression, with exposure to bu-
prenorphine as the dependent variable and with
all the covariates as independent predictors.? In
addition, we used a high-dimensional propensity-
score algorithm to empirically select variables from
all available diagnosis codes, procedure codes, and
medication dispensings, with the goal of captur-
ing confounders beyond the prespecified list.**
All the prespecified covariates were forced into
the high-dimensional propensity-score model, and
200 additional covariates were included on the
basis of the strength of their relationship to the
exposure status.

Overlap weights were calculated. This meth-
od upweighted persons in the overlapping por-
tion of the propensity-score distribution by as-
signing each person a weight reflective of the
propensity to receive the alternative treatment and
created perfect balance between the exposure
groups with regard to all the covariates included
in the propensity score.”® Crude and adjusted risk
ratios for buprenorphine as compared with meth-
adone were estimated with the use of log-bino-
mial regression, and two-sided 95% confidence
intervals were calculated with the use of a robust
variance estimator to account for weighting. Ab-
solute risk differences were estimated with the
use of weighted binomial regression. No adjust-
ment was made for multiple testing, so the widths
of the confidence intervals should not be used in
place of hypothesis testing.

Multiple sensitivity analyses were conducted
to test the robustness of the findings. Exposure
misclassification is possible for buprenorphine
because we had records of dispensings, not of
consumption, whereas methadone was adminis-
tered under supervision in a clinic. To address this
potential misclassification, buprenorphine expo-
sure was redefined as two or more dispensings
during the exposure window on the assumption
that if the medication was refilled, it was probably
taken as prescribed.

We did not require a diagnosis code for opioid
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use disorder in order for a person to be included
in the study population because we limited expo-
sure to formulations and procedure codes that
were indicated only for opioid agonist therapy.
To test the robustness of the underlying assump-
tion that all the patients treated with these for-
mulations had opioid use disorder, the cohort
was restricted to pregnant persons with a diag-
nosis code for opioid use disorder from 90 days
before the last menstrual period to 1 day before
delivery.

Buprenorphine and methadone treatment were
not covered by Medicaid in all states or for all
years of our study period. This factor could have
introduced confounding if the risk of the outcomes
varied between states or changed over time. There-
fore, we identified the start of Medicaid coverage
for buprenorphine and methadone treatment in
each state”® and limited the analysis to pregnan-
cies in which the date of the last menstrual period
occurred when both medications were covered by
Medicaid.

Persons who received buprenorphine may have
received more comprehensive care in an office-
based care setting than persons who received
methadone in an opioid treatment program,'®’
which could have resulted in the underdiagnosis
of health conditions in persons who received
methadone; therefore, we performed an analysis
in each group that included only pregnant per-
sons who received the highest level of prenatal
care according to the Adequacy of Prenatal Care
Utilization Index (which measures the adequacy
of the timing of initiation of prenatal care and
number of received prenatal care visits).>> Preg-
nant persons who received timely prenatal care
were assumed to have similar quality of care
across all health care domains and therefore to
be less susceptible to residual confounding. Fi-
nally, in order to quantify potential bias owing
to unmeasured confounding and outcome misclas-
sification, we conducted an E-value assessment?®
and quantitative bias analyses.”

RESULTS

CHARACTERISTICS OF THE STUDY POPULATION

Among 2,548,372 pregnancies that ended in live
births, we identified 10,704 pregnant persons who
had been exposed to buprenorphine in early preg-
nancy and 4387 who had been exposed to metha-
done (Fig. 1). The relative sizes of the groups were

similar in late pregnancy (11,272 persons who
had been exposed to buprenorphine and 5056 to
methadone). Among the pregnant persons who
had exposure in early pregnancy, 85% of those
who had received buprenorphine and 89% who
had received methadone had exposure to the same
medication in late pregnancy (Table S5), reflecting
a high degree of treatment persistence during
pregnancy. Most of the pregnant persons who had
exposure in late pregnancy had evidence of ex-
posure in the 30 days before delivery (9976 per-
sons in the buprenorphine group and 4597 in the
methadone group).

Pregnant persons who received buprenorphine
were more likely to be White than those who
received methadone, and they were more likely to
be from the Northeast or Midwest and to live in
nonmetropolitan or rural areas. Characteristics of
the persons in the study population are shown
in Table 1 and Tables S6 through S8. Persons in
the buprenorphine group were more likely than
those in the methadone group to have received
diagnoses of depression and anxiety and have
documented nonopioid substance use disorders.
The use of antidepressants and other psychotropic
medication was also more common among per-
sons who received buprenorphine than among
those who received methadone. In contrast, the
use of prescription opioid agents was more com-
mon in the methadone group. The groups were
similar with regard to the prevalence of coexist-
ing conditions, the quality of prenatal care, and
most complications of opioid use disorders that
occurred. When measured covariates were ana-
lyzed according to the different exposure windows
(i.e., early pregnancy, late pregnancy, and the 30
days before delivery), findings in the study popula-
tions were similar.

OUTCOMES
Neonatal abstinence syndrome occurred in 69%
of the infants exposed to methadone as compared
with 52% of those exposed to buprenorphine in
the 30 days before delivery (adjusted relative risk,
0.73; 95% confidence interval [CI], 0.71 to 0.75)
(Table 2 and Fig. 2); corresponding risk differ-
ences are shown in Table S§9. An inverse associa-
tion was also observed between buprenorphine
exposure (as compared with methadone expo-
sure) and preterm birth regardless of whether
exposure occurred in early or late pregnancy in
both the unadjusted and adjusted analyses (ad-
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2,548,372 Live-birth deliveries linked
to infants were assessed for eligibility

10,394 Were excluded
5400 Involved infants with chromosomal
abnormality
5013 Involved infants with exposure to
known teratogen from 90 days before
the last menstrual period through the
first trimester

2,537,978 Were eligible for analysis

18,817 Infants were exposed to buprenorphine
or methadone during gestation

13,255 Were exposed to buprenorphine

6019 Were exposed to methadone

Y

11,033 Had early exposure

11,620 Had late exposure

4665 Had early exposure

5516 Had late exposure

329 Were excluded owing
to pregnant person
receiving any methadone
from 90 days before
last menstrual period
through early pregnancy

348 Were excluded owing
to pregnant person
receiving any methadone
from 90 days before
last menstrual period
through late pregnancy

278 Were excluded owing
to pregnant person
receiving buprenorphine
from 90 days before last
menstrual period
through early pregnancy

460 Were excluded owing
to pregnant person
receiving buprenorphine
from 90 days before last
menstrual period
through late pregnancy

Y

10,704 Had early exposure 11,272 Had late exposure 4387 Had early exposure 5056 Had late exposure

Y

4597 Had exposure within
30 days before delivery

9976 Had exposure within
30 days before delivery

Figure 1. Characteristics of Pregnant Persons and Infants Included in the Study Population.

Receipt of any methadone as an exclusion criterion for persons in the buprenorphine exposure group was defined according to proce-
dure codes for methadone administration and methadone dispensings for indications unrelated to opioid use disorder. Receipt of any
buprenorphine as an exclusion criterion for persons in the methadone group was defined as dispensings of buprenorphine of any for-
mulation (not limited to formulations indicated for opioid use disorder). Adjusted analyses were further restricted to pregnant persons
with complete ZIP Code data to enable calculation of the socioeconomic status proxies (missing for <1%). This restriction resulted in
10,635 persons in the buprenorphine group and 4332 in the methadone group being included in the analysis during early exposure (from
the last menstrual period to gestational week 19), 11,200 in the buprenorphine group and 5001 in the methadone group being included
in the analysis during late exposure (gestational week 20 through the day before delivery), and 9908 in the buprenorphine group and
4545 in the methadone group being included in the analysis for exposure in the 30 days before delivery.

justed relative risk in early pregnancy, 0.58 [95%
CI, 0.53 to 0.62]; in late pregnancy, 0.57 [95% CI,
0.53 to 0.62]). Inverse associations were also ob-
served between buprenorphine exposure (as com-
pared with methadone exposure) and small size

for gestational age (adjusted relative risk in early
pregnancy, 0.72 [95% CI, 0.66 to 0.80]; in late
pregnancy, 0.75 [95% CI, 0.69 to 0.82]) and low
birth weight (adjusted relative risk in early preg-
nancy, 0.56 [95% CI, 0.50 to 0.63]; in late preg-
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Table 1. Characteristics of Persons with Exposure to Buprenorphine or Methadone in Early Pregnancy.*
Characteristic Unweighted Population Weighted Populationy
Buprenorphine Methadone Buprenorphine Methadone
Population Population Standardized Population Population
(N=10,704) (N=4387) Differencer: (N=2477) (N=2477)
%
Age —yr 28.4+4.6 28.7+4.7 -6.2 28.6+2.2 28.6+3.5
Race or ethnic group — no. (%)§
Black 265 (2.5) 294 (6.7) -20.3 116 (4.7) 116 (4.7)
Hispanic 372 (3.5) 332 (7.6) -18.0 148 (6.0) 148 (6.0)
Other 239 (2.2) 193 (4.4) -12.1 90 (3.6) 90 (3.6)
White 9462 (88.4) 3390 (77.3) 29.8 2044 (82.5) 2044 (82.5)
Unknown 366 (3.4) 178 (4.1) 3.4 79 (3.2) 79 (3.2)
Substance use or abuse — no. (%)
Any opioid agonist use before pregnancy 7528 (70.3) 3123 (71.2) -1.9 1745 (70.4) 1745 (70.4)
Alcohol abuse 848 (7.9) 189 (4.3) 15.1 131 (5.3) 131 (5.3)
Cocaine abuse 660 (6.2) 220 (5.0) 5.0 138 (5.6) 138 (5.6)
Psychostimulant abuse 375 (3.5) 149 (3.4) 0.6 81 (3.3) 81 (3.3)
Sedative or hypnotic agent abuse 520 (4.9) 161 (3.7) 5.9 102 (4.1) 102 (4.1)
Tobacco use 5242 (49.0) 1792 (40.8) 16.4 1105 (44.6) 1105 (44.6)
Mental health conditions — no. (%)
Anxiety 3686 (34.4) 1182 (26.9) 16.3 741 (29.9) 741 (29.9)
Bipolar disorder 1221 (11.4) 441 (10.1) 4.4 270 (10.9) 270 (10.9)
Depression 3386 (31.6) 1027 (23.4) 18.5 657 (26.5) 657 (26.5)
Medication use — no. (%)
Antidepressant 4715 (44.0) 1324 (30.2) 29.0 864 (34.9) 864 (34.9)
Antipsychotic agent 1124 (10.5) 322 (7.3) 111 207 (8.4) 207 (8.4)
Benzodiazepine 2164 (20.2) 767 (17.5) 7.0 460 (18.6) 460 (18.6)
Other hypnotic agent 2177 (20.3) 680 (15.5) 12.6 420 (17.0) 420 (17.0)
Prescription opioid 3027 (28.3) 1544 (35.2) -14.9 810 (32.7) 810 (32.7)
Health care utilization
Opioid-related emergency department 563 (5.3) 295 (6.7) -6.2 161 (6.5) 161 (6.5)
visit — no. (%)
Opioid-related inpatient visit — no. (%) 770 (7.2) 258 (5.9) 5.3 162 (6.5) 162 (6.5)
No. of emergency department visits 1.6+2.5 1.7+3.2 -5.5 1.7£1.4 1.7£1.7
No. of hospitalizations 0.1+0.5 0.1+0.6 2.0 0.1+0.3 0.1+0.5
No. of outpatient visits 23.5+18.7 24.5+25.6 -4.5 23.319.3 23.3+17.2
Adequacy of Prenatal Care Utilization Index
classification — no. (%)9
Inadequate 4535 (42.4) 1969 (44.9) 5.1 1094 (44.2) 1094 (44.2)
Intermediate 1809 (16.9) 772 (17.6) -1.8 424 (17.1) 424 (17.1)
Adequate 1739 (16.2) 619 (14.1) 6.0 363 (14.7) 363 (14.7)
Adequate plus 2621 (24.5) 1027 (23.4) 2.5 597 (24.1) 597 (24.1)

* Plus—minus values are means +SD. Percentages may not total 100 because of rounding.

Overlap weights create a perfect balance of mean values of covariates included in the propensity score; therefore, the exposure groups are

identical after weighting.

i A standardized difference of less than 10% was considered to be balanced.

§ Race and ethnic group were determined on the basis of information that was derived from data that had been collected and coded from
Medicaid applications and submitted to the Centers for Medicare and Medicaid Services by individual states.

9§ The Adequacy of Prenatal Care Utilization Index consists of four categories ranging from inadequate (the lowest rating) to adequate plus
(the highest) that rank the adequacy of when prenatal care began and the number of prenatal care visits received.
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Table 2. Absolute Risk Estimates of Neonatal and Maternal Outcomes.
Adjusted Relative Risk
Exposure and Outcome Buprenorphine Population Methadone Population (95% ClI)
Absolute Risk Absolute Risk
(95% Cl) (95% Cl)
no. percent no. percent
Exposure 30 days before delivery
Neonatal abstinence syndrome 5188 52.0 (51.0-53.0) 3182 69.2 (67.9-70.6) 0.73 (0.71-0.75)
Exposure in early pregnancy
Preterm birth 1541 14.4 (13.7-15.1) 1086 24.9 (23.6-26.2) 0.58 (0.53-0.62)
Small size for gestational age 1294 12.1 (11.5-12.7) 669 15.3 (14.2-16.4) 0.72 (0.66-0.80)
Low birth rate 836 .3 (7.8-8.8) 649 14.9 (13.8-15.9) 0.56 (0.50-0.63)
Cesarean section 3597 33.6 (32.7-34.5) 1446 33.1 (31.7-34.6) 1.02 (0.97-1.08)
Severe maternal complications 347 .3 (2.9-3.6) 154 .5 (2.9-4.0) 0.91 (0.74-1.13)
Exposure in late pregnancy
Preterm birth 1599 14.3 (13.6-14.9) 1238 25.0 (23.8-26.2) 0.57 (0.53-0.62)
Small size for gestational age 1467 13.0 (12.4-13.6) 787 15.6 (14.6-16.6) 0.75 (0.69-0.82)
Low birth weight 925 2(7.7-8.7) 723 14.4 (13.4-15.3) 0.56 (0.50-0.62)
Cesarean section 3733 33.1 (32.2-34.0) 1646 32.7 (31.4-34.0) 1.03 (0.97-1.09)
Severe maternal complications 376 4 (3.0-3.7) 181 .6 (3.0-4.1) 0.93 (0.77-1.14)

nancy, 0.56 [95% CI, 0.50 to 0.62]). Risks of ad-
verse maternal outcomes (cesarean section and
severe maternal complications) were similar among
persons who received buprenorphine and those
who received methadone (Table 2 and Fig. 2).
Analyses that used high-dimensional propensity
scores resulted in similar estimates for all neo-
natal and maternal outcomes; however, confidence
intervals were wider.

Results were largely unchanged across sensi-
tivity analyses (Fig. 3 and Table S10). Restricting
analyses to pregnancies in which there was the
highest level of prenatal care slightly attenuated
the associations for all neonatal outcomes except
neonatal abstinence syndrome. The E-value as-
sessment and bias analyses for outcome misclas-
sification suggested that the results were robust to
potential biases (Tables S11 and S12).

DISCUSSION

In this cohort study that drew from a large data-
base of Medicaid beneficiaries, we observed strong
inverse associations between buprenorphine use
in pregnancy (as compared with methadone use)

N ENGL J MED 387;22
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and neonatal abstinence syndrome, preterm birth,
small size for gestational age, and low birth
weight. Adjustment for an extensive list of mea-
sured confounders did not meaningfully change
the estimates. No association was found between
the use of buprenorphine or methadone and ce-
sarean section and severe maternal complications.
Sensitivity analyses that targeted exposure and
outcome misclassification as well as unmeasured
confounding did not change the interpretation
of the findings.

Previous studies have suggested that buprenor-
phine may be associated with more favorable neo-
natal outcomes than methadone, but estimates
were imprecise or potentially confounded.***® The
relatively small sample size in the MOTHER trial
(58 persons in the buprenorphine group and 73
in the methadone group) did not permit defini-
tive conclusions with regard to some of the pri-
mary and secondary outcomes. For example, the
trial showed 30% lower odds of pharmacologic
treatment for neonatal abstinence syndrome
among infants exposed to buprenorphine (47% for
buprenorphine vs. 57% for methadone)® but with
very wide confidence intervals (odds ratio, 0.7
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Subgroup Risk Ratio (95% Cl)
Neonatal abstinence syndrome E
Unadjusted analysis L] 1 0.75 (0.73-0.77)
Adjusted analysis ] E 0.73 (0.71-0.75)
High-dimensional propensity-score analysis HH H 0.76 (0.73-0.79)
Preterm birth E
Early exposure .
Unadjusted analysis = 2 E 0.58 (0.54-0.62)
Adjusted analysis o 1 0.58 (0.53-0.62)
High-dimensional propensity-score analysis —e— E 0.61 (0.55-0.67)
Late exposure H
Unadjusted analysis o 0.57 (0.54-0.61)
Adjusted analysis = H 0.57 (0.53-0.62)
High-dimensional propensity-score analysis —o— E 0.59 (0.54-0.66)
Small size for gestational age H
Early exposure E
Unadjusted analysis —o— | 0.79 (0.73-0.86)
Adjusted analysis —o— 0.72 (0.66-0.80)
High-dimensional propensity-score analysis —e— | 0.79 (0.70-0.90)
Late exposure E
Unadjusted analysis o | 0.84 (0.77-0.91)
Adjusted analysis o 0.75 (0.69-0.82)
High-dimensional propensity-score analysis —o— | 0.77 (0.68—0.86)
Low birth weight E
Early exposure .
Unadjusted analysis —o— E 0.56 (0.51-0.62)
Adjusted analysis —o— H 0.56 (0.50-0.63)
High-dimensional propensity-score analysis —o—i E 0.58 (0.50-0.66)
Late exposure H
Unadjusted analysis o E 0.57 (0.52—-0.63)
Adjusted analysis —e— , 0.56 (0.50-0.62)
High-dimensional propensity-score analysis —o— E 0.59 (0.51-0.68)
Cesarean section .
Early exposure E
Unadjusted analysis HH 1.02 (0.97-1.07)
Adjusted analysis I-:.-i 1.02 (0.97-1.08)
High-dimensional propensity-score analysis - 0.97 (0.90-1.04)
Late exposure E
Unadjusted analysis HH 1.02 (0.97-1.07)
Adjusted analysis e 1.03 (0.97-1.09)
High-dimensional propensity-score analysis o 0.99 (0.92-1.06)
Severe maternal complications E
Early exposure H
Unadjusted analysis I—.—E—! 0.92 (0.77-1.11)
Adjusted analysis —e— 0.91 (0.74-1.13)
High-dimensional propensity-score analysis I—Q—E—i 0.84 (0.65-1.09)
Late exposure H
Unadjusted analysis —e—i 0.93 (0.78-1.11)
Adjusted analysis —e—— 0.93 (0.77-1.14)
High-dimensional propensity-score analysis —e—i 0.83 (0.64-1.06)
O.ISO 0.I80 1.00 1.25 Z.IOO

99% CI, 0.2 to 1.8). We found a similar point
estimate for the lower risk of neonatal abstinence
syndrome with exposure to buprenorphine than
with methadone, but our large sample size re-
sulted in narrow confidence intervals around this
estimate (adjusted relative risk, 0.73; 95% CI, 0.71

to 0.75). Similarly, in the MOTHER trial, between-
group differences in birth weight and in the risk
of preterm birth favored buprenorphine (birth
weight was on average 215 g greater with bu-
prenorphine, and the odds ratio for preterm birth
was 0.3 [99.7% CI, 0.1 to 2.0]), but differences
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Figure 2 (facing page). Adverse Outcomes at Birth
with Buprenorphine as Compared with Methadone
in Pregnancy.

The adjusted analysis was adjusted for all defined co-
variates, including markers of a history of opioid use
disorder and severity, nonopioid substance use or de-
pendence, medical conditions associated with opioid
use disorder, mental health conditions, chronic coex-
isting conditions, other medication use, health care
utilization metrics, proxies for social issues, demo-
graphic characteristics, and proxies for socioeconomic
status. The high-dimensional propensity-score analy-
sis empirically selected 200 variables from all available
diagnosis codes, procedure codes, and medication
dispensings on the basis of the strength of their rela-
tionship to the exposure status for inclusion in the
propensity score along with all prespecified covari-
ates. Confidence intervals have not been adjusted for
multiple testing and therefore should not be used in
place of a hypothesis test.

were not significant. We found marked reductions
in the risk of preterm delivery, small size for ges-
tational age, and low birth weight associated with
exposure to buprenorphine as compared with
methadone after adjustment for numerous poten-
tial confounders.

Our results support the findings of the
MOTHER trial that buprenorphine exposure in
utero results in more favorable outcomes for
neonates than methadone exposure.” Although
the biologic mechanism for these observed dif-
ferences remains uncertain,’ differences in the
pharmacologic mechanism of action between
buprenorphine (partial agonist) and methadone
(full agonist) may support the plausibility of these
findings.

It has been suggested that the observation of
more favorable outcomes among infants exposed
to buprenorphine may be explained by the use of
buprenorphine in pregnant persons with less
severe opioid use disorder and fewer complica-
tions.*1>1%30 However, results of our study do not
support this possibility. Pregnant persons who
received buprenorphine had more documented
mental health conditions and more dispensings
of nearly all medications except opioids; in addi-
tion, proxies for the severity of opioid use disorder
suggest similar severity in the two groups (Ta-
ble 1). Adjustment for an extensive list of measured
potential confounders and use of a high-dimen-
sional propensity-score algorithm to capture prox-
ies for confounders did not materially affect the
results. Moreover, the lack of an association be-

tween buprenorphine use (as compared with meth-
adone use) and maternal outcomes also suggests
that confounding by health status and opioid use
disorder severity is an unlikely explanation for
the benefits observed in infants who were exposed
to buprenorphine.

It has also been hypothesized that persons
who receive buprenorphine may receive higher
quality care and thus have more accurate docu-
mentation of health conditions than those who
receive methadone.’®*” When the population in
our study was restricted to persons who were
assumed to have received high-quality care, po-
tentially inverse associations remained the same
or were only slightly attenuated, which suggests
that differential capture of health conditions is
unlikely to explain our findings.

Our study has some limitations. Outcomes
that were defined with the use of health care
utilization data may be subject to nondifferential
misclassification. Bias analyses reassuringly in-
dicated that correction for such misclassification
would result in even stronger associations and
would not change the interpretation of the re-
sults. Residual confounding is possible, given the
lack of information on lifestyle and behavioral
factors. The E-value assessment suggested that
any such confounder would need to be associated
with exposure and the outcomes by a relative risk
of greater than 2 to explain the results. Our co-
hort was restricted to live births to enable link-
age of pregnancies to infants and assessment of
neonatal outcomes. However, it is unlikely that
our results for preterm birth, low birth weight,
and small size for gestational age are explained
by selection bias related to this restriction. Al-
though there is limited evidence that methadone
use may be associated with a greater risk of still-
birth than buprenorphine use,'**! this association
would result in an underestimation of the pro-
tective association for buprenorphine.

Inclusion in the analysis cohort required that
payment for opioid agonist therapy was made
through a state Medicaid program, which is af-
fected by state coverage policies, variable accep-
tance of Medicaid,* and funding through alterna-
tive mechanisms. Limiting the study population
to states that covered both therapies and to the
years in which both therapies were covered did
not change the results.

We also do not expect that potential unob-
served opioid agonist therapy resulted in exposure
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A Exposure within 30 Days before Delivery
Subgroup Risk Ratio (95% Cl)
Neonatal abstinence syndrome '
Adjusted analysis L] E 0.73 (0.71-0.75)
=2 Fills of buprenorphine 1o : 0.73 (0.71-0.76)
Documented opioid use disorder o E 0.73 (0.71-0.76)
Coverage of both 1o i 0.75 (0.73-0.77)
Highest prenatal care o E 0.75 (0.70-0.81)
0.I50 0.I80 1.00 1.I25 2.60
B Early and Late Exposure
Early Exposure Late Exposure
Subgroup Risk Ratio (95% ClI) Risk Ratio (95% ClI)
Preterm birth E E
Main analysis 2 2 H 0.58 (0.53-0.62) 2 H 0.57 (0.53-0.62)
>2 Fills of buprenorphine o 0.58 (0.53-0.62)  +@~ 0.57 (0.52-0.61)
Documented opioid use disorder +@~ 1 0.57 (0.53-0.62) 2 2 1 0.57 (0.53-0.62)
Coverage of both o~ 0.57 (0.53-0.63) @~ 0.56 (0.52-0.61)
Highest prenatal care —e— ! 0.64 (0.55-0.74)  +—@— ! 0.61 (0.53-0.70)
Small size for gestational age E E
Main analysis .~ ! 0.72 (0.66-0.80) o 0.75 (0.69-0.82)
=2 Fills of buprenorphine o 0.72 (0.65-0.79) o 0.75 (0.68-0.82)
Documented opioid use disorder - | 0.71 (0.65-0.79) - | 0.75 (0.68-0.82)
Coverage of both o 0.71 (0.64-0.79) o 0.74 (0.67-0.82)
Highest prenatal care —— | 0.75 (0.61-0.93) —e—, 0.79 (0.65-0.97)
Low birth weight E E
Main analysis —— ! 056 (0.50-0.63) @~ ! 0.56 (0.50-0.62)
=2 Fills of buprenorphine —o— 0.56 (0.50-0.62) +—@— 0.55 (0.50-0.62)
Documented opioid use disorder —@— 1 0.56 (0.50-0.62) +@— 1 0.55 (0.50-0.62)
Coverage of both —e— 0.55 (0.49-0.62) +—@— 0.54 (0.48-0.60)
Highest prenatal care —e— H 0.63 (0.51-0.77) —e— H 0.64 (0.52-0.79)
Cesarean section E E
Main analysis H 1.02 (0.97-1.08) o 1.03 (0.97-1.09)
=2 Fills of buprenorphine I-:O'l 1.02 (0.97-1.09) l-:Oi 1.03 (0.98-1.09)
Documented opioid use disorder 1 1.01 (0.95-1.07) HH 1.02 (0.96-1.08)
Coverage of both o 1.02 (0.96-1.08) o 1.03 (0.97-1.09)
Highest prenatal care —Ho— 1.06 (0.94-1.19) —o— 1.04 (0.92-1.17)
Severe maternal complications E E
Main analysis —e—— 0.91 (0.74-1.13) —e— 0.93 (0.77-1.14)
=2 Fills of buprenorphine '—O—E—i 0.89 (0.72-1.11) l—O:—l 0.96 (0.79-1.18)
Documented opioid use disorder —e—- 0.85 (0.68-1.07) —e— 0.89 (0.72-1.09)
Coverage of both —— 0.89 (0.71-1.12) —o— 0.89 (0.72-1.11)
Highest prenatal care —— 1.03 (0.69-1.55) —— 0.97 (0.64-1.46)
O.ISO 0.I80 1.00 1.I25 2.I00 O.ISO 0.;30 1.00 1.I25 Z.IOO
Figure 3. Sensitivity Analyses of Adverse Outcomes at Birth with Exposure to Buprenorphine as Compared
with Methadone during Pregnancy.
For the early and late exposure, the definition of two or more fills of buprenorphine was two or more dispensings during
the exposure windows. For the exposure window of 30 days before delivery, the definition of two or more fills of
buprenorphine was two or more dispensings during the 30-day window or at least one dispensing in the 30-day window
and one dispensing that was filled before the 30-day window but overlapped with the 30-day window based on the num-
ber of days supplied by that dispensing (e.g. a 30-day supply). The subgroup regarding documented opioid use disorder
was restricted to persons with a diagnosis code for opioid use disorder from 90 days before the last menstrual period to
1 day before delivery. Coverage of both medications was an analysis cohort restricted to persons who received buprenor-
phine or methadone when both were covered by the state Medicaid program. The subgroup regarding highest prenatal
care was restricted to persons with the highest level of prenatal care as measured with the Adequacy of Prenatal Care Uti-
lization Index (consisting of four categories ranging from inadequate [the lowest rating] to adequate plus [the highest] that
rank the adequacy of when prenatal care began and the number of prenatal care visits received). Confidence intervals
have not been adjusted for multiple testing and therefore should not be used in place of a hypothesis test.
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misclassification that could have had a meaning-
ful effect on the results. Our data suggest that
switching therapy during pregnancy was uncom-
mon; furthermore, switching would have been
expected to be from buprenorphine to methadone,
given the treatment guidelines for pregnant per-
sons.” If pregnant persons who had been clas-
sified as exposed to buprenorphine were also ex-
posed to methadone, we would expect this factor
to result in bias toward the null. Finally, we were
unable to compare dose amounts of buprenor-
phine and methadone or adjustment of doses of
the medications because dose information for
methadone was not available in our data.

Any opioid agonist therapy is recommended

over untreated opioid use disorder during preg-
nancy, because untreated persons have greater in-
cidence of adverse outcomes owing to withdrawal,
return to opioid use, overdose, intravenous drug
use, and inadequacy of prenatal care.® Results of
our study using a large, national database of Med-
icaid beneficiaries showed that buprenorphine
treatment for opioid use disorder during pregnancy
was associated with more favorable neonatal out-
comes than methadone treatment.
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tute on Drug Abuse.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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