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ABSTRACT

OBJECTIVE

To evaluate the risk of first trimester exposure

to prescription opioids for major congenital
malformations, previously reported to be associated
with such exposure.

DESIGN
Population based cohort study.

SETTING

Nationwide sample of publicly and commercially
insured pregnant women linked to their liveborn
infants, nested in the Medicaid Analytic eXtract (MAX,
2000-14) and the MarketScan Research Database
(MarketScan, 2003-15).

PARTICIPANTS

1602580 publicly insured (MAX) and 1177676
commercially insured (MarketScan) pregnant women
with eligibility from at least three months before
pregnancy to one month after delivery; infants with
eligibility for at least three months after birth.

INTERVENTIONS

Use of prescription opioids was ascertained by
requiring two or more dispensations of any opioid
during the first trimester.

MAIN OUTCOMES MEASURES

Major malformations overall, cardiac malformations
overall, ventricular septal defect, secundum atrial
septal defect/patent foramen ovale, neural tube
defect, clubfoot, and oral cleft, defined based on
validated algorithms. Propensity score stratification
was used to adjust for potential confounders and/
or proxies for confounders. Estimates from each
database were combined using meta-analysis.

RESULTS

70447 (4.4%) of 1602580 publicly insured and
12454 (1.1%) of 1177 676 commercially insured
pregnant women had two or more dispensations of
an opioid during the first trimester. Absolute risk of
malformations overall was 41.0 (95% confidence
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interval 39.5 to 42.5) per 1000 pregnancies exposed to
opioids versus 32.0 (31.7 to 32.3) per 1000 unexposed
pregnancies in the MAX cohort, and 42.6 (39.0 to

46.1) and 37.3 (37.0 to 37.7) per 1000, respectively,
in the MarketScan cohort. Pooled unadjusted relative
risk estimates were raised for all outcomes but

shifted substantially toward the null after adjustment;
for malformations overall (relative risk 1.06, 95%
confidence interval 1.02 to 1.10), cardiovascular
malformations (1.09, 1.00 to 1.18), ventricular septal
defect (1.07, 0.95 to 1.21), atrial septal defect/patent
foramen ovale (1.04, 0.88 to 1.24), neural tube defect
(0.82, 0.53 to 1.27), and clubfoot (1.06, 0.88 to 1.28).
The relative risk for oral clefts remained raised after
adjustment (1.21, 0.98 to 1.50), with a higher risk of
cleft palate (1.62, 1.23 to 2.14).

CONCLUSIONS

Prescription opioids used in early pregnancy are not
associated with a substantial increase in risk for most
of the malformation types considered, although a
small increase in the risk of oral clefts associated with
their use is possible.

Introduction
Pain is common during pregnancy. In addition to the
pain that affects women of reproductive age generally,
pregnant women undergo a range of physiological
changes, including increased ligamentous laxity and
weight gain, which can cause or worsen a range of
pain inducing conditions.! Thus analgesics, including
opioids, are drugs often used during pregnancy.’
Nationwide estimates in the United States suggest that
approximately 22% of Medicaid beneficiaries® and
14% of commercial insurance beneficiaries* receive
at least one prescription opioid during pregnancy. The
frequency of opioid use during pregnancy in European
countries, Canada, and Australia, although lower than
in the US, is also substantial (around 5% for most
populations studied).>°

Evidence for the teratogenicity of opioids from
epidemiological studies is limited and conflicting. A
systematic review from the Centers for Disease Control
and Prevention in the US found that previous studies
most often reported increases in the risk of congenital
malformations overall, cardiovascular malformations
overall, ventricular septal defect/atrial septal defect,
spina bifida, oral cleft, and clubfoot.!* In view of
the quality of the evidence considerable uncertainty
remains about the association between opioids and
congenital malformations.!’ A teratogenic effect of
opioids is biologically plausible as endogenous opioids
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are regulators of growth and development, raising
concern that use of exogenous opioids at key times
might disrupt normal developmental processes, giving
rise to congenital malformations.’? 1> The potential
increase in the risk of birth defects associated with
use of opioids has been highlighted by public health
authorities.™

Understanding this risk is important given the
substantial number of women exposed during
early pregnancy and the need to appraise the risk-
benefit trade-off in the use of opioids for pain control
during this period. Additionally, as about half of all
pregnancies are unplanned,’® understanding the
risk informs the safety of opioid use in women of
reproductive age more generally.'®’

In this study we assessed the association between
exposure to prescription opioids during the first
trimester and the risk of congenital malformations.
We focused on types of malformation previously
suggested to be associated with such exposure, while
carefully controlling for confounding and other biases,
using nationwide cohorts of publicly and commercially
insured pregnant women.

Methods

Data source and study cohort

The study used pregnancy cohorts nested in the
Medicaid Analytic eXtract (MAX), which includes
data on healthcare use for Medicaid beneficiaries
nationwide, for the years 2000 to 2014, and
the IBM Health MarketScan Research Database
(MarketScan), which includes data on healthcare
use from a nationwide sample of commercially insu-
red beneficiaries, for the years 2003 to 2015. The
development of the MAX pregnancy cohort by linking
maternal and infant claims records has been previously
described'®; it has been used extensively to study the
safety of drugs in pregnancy.'®?® The MarketScan
pregnancy cohort was developed similarly, by linking
maternal and infant claims. Both data sources include
information on maternal demographics, diagnoses,
and procedures received during inpatient, outpatient,
or emergency department visits, and dispensed
outpatient prescription drugs. The inclusion and
exclusion criteria are described in appendix 1 and
eFigures 1 and 2.

Exposure to prescription opioids

In the primary analysis, pregnancies were considered
exposed if the mother filled at least two opioid
prescriptions during the first trimester (first 90 days
of pregnancy), which is the etiologically relevant
exposure window for congenital malformations.
eTable 1 lists the specific opioids included. We defined
exposure based on two filled prescriptions on the
assumption that if a woman refilled her prescription
for opioids, she was probably consuming them. Preg-
nancies were considered unexposed if women did not
fill an opioid prescription from 90 days before the date
of the estimated last menstrual period through the end
of the first trimester.
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Congenital malformations

The primary study outcomes included congenital
malformations overall, cardiovascular malformations
overall, ventricular septal defect, secundum atrial
septal defect/non-prematurity related patent foramen
ovale, neural tube defect, clubfoot, and oral cleft
(cleft lip or cleft palate, or both). These congenital
malformations were selected as the primary study
outcomes because they are the types most commonly
found to have a significant association with opioid
exposure in prior studies.'! Atrial septal defect and
non-prematurity related patent foramen ovale were
evaluated together as the International Classification
of Disease, revision 9 (ICD-9) diagnostic codes do
not distinguish between these malformations. The
algorithms used to define malformations were based
on diagnoses and procedure codes recorded in the
infant record in the first three months after birth or
in the maternal record in the first month after birth
(because infant conditions might be recorded in
the maternal claims before the infant’s eligibility is
processed; eTable 2). The positive predictive value
of the algorithms used to identify the primary study
outcomes was assessed by performing a validation
study based on review of the medical chart (appendix
2). A range of additional malformations that might be
associated with opioid exposure were also evaluated as
secondary outcomes.

Covariates

We considered five groups of covariates as potential
confounders or proxies for potential confounders,
including indications for opioids, maternal demo-
graphic characteristics, chronic comorbidities, con-
comitant medication use, and general markers of the
burden of illness (eTable 3). The potential indications
for opioids included both acute and chronic pain
conditions. Maternal demographic conditions
assessed included age, calendar year of delivery,
multiple gestation, and race/ethnicity (for Medicaid
beneficiaries). Chronic maternal conditions were
defined based on diagnostic codes recorded at any
time during the three months before the last menstrual
period until the end of the first trimester and included
a range of medical and psychiatric conditions as well
as use and abuse of non-opioid substances. Exposure
to drugs that can act as proxies for maternal morbidity
or its severity was based on filled prescriptions during
the same assessment period as used for chronic
conditions. Exposure to suspected teratogens was
defined based on filled prescriptions during the
first trimester. General markers of the burden of
illness included the obstetric comorbidity index,*” %
number of non-opioid prescriptions, number of
distinct diagnoses, and number of outpatient visits,
admissions to hospital, and emergency visits (based
on the three months before but not during pregnancy
so that these measures are not affected by the early
detection of pregnancy complications). These markers
also control for confounding by access to medical
care.

doi: 10.1136/bmj.n102 | BMJ 2021;372:n102 | thebmj
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Analyses

Analyses were conducted separately for the Medicaid
and MarketScan cohorts. Unadjusted and adjusted risk
estimates were further combined using fixed effects
meta-analysis.”’ Baseline characteristics of patients
exposed and non-exposed to prescription opioids were
compared using standardized differences. The absolute
risks for the congenital malformations of interest were
calculated, stratified by exposure to prescription
opioids, and relative risks and 95% confidence
intervals were determined. We used prevalence of
malformations at birth as a proxy for absolute risks for
the outcome based on the assumption that, for most
malformations, a relatively small proportion of fetuses
with non-syndromic defects would die in utero or be
terminated; given this, the actual risk might be slightly
larger.?° For malformations with lower survival during
pregnancy (eg, neural tube defects), the prevalence
would underestimate the risk, but the prevalence ratio
would still be valid, assuming that the termination of
those pregnancies does not vary by maternal use of
opioids within levels of the covariates adjusted for in
the analyses.

Propensity score based methods were used to control
for potential confounders or proxies for potential
confounders.’’ The propensity score for exposure to
prescription opioids was estimated using a logistic
regression model that included all covariates specified
as potential confounders without further selection.
After trimming observations from non-overlapping
regions of the propensity score distribution, we created
50 strata based on the distribution among the exposed
women. The unexposed women were weighted using
the distribution of the exposed women among the
propensity score strata to assess covariate balance after
stratification. Adjusted relative risks were estimated by
pooling the propensity score strata using the Mantel-
Haenszel method.

A range of sensitivity analyses were conducted to
evaluate the robustness of the results from our primary
analyses. Firstly, we used high dimensional propensity
scores to empirically identify 200 additional potential
confounding variables or proxies for confounding
variables. A high dimensional propensity score is an
automated algorithm that has been shown to improve
confounding control in some circumstances.>?

Secondly, we conducted an analysis in which the
reference group was redefined as women who had used
prescription opioids before pregnancy but not during
the first trimester (discontinuers), as the unmeasured
conditions of these women might be more similar to
those of women exposed to opioids during the first
trimester.

Thirdly, to reduce the potential for exposure
misclassification, we excluded women with opioid
filling patterns that might suggest misuse or
diversion.?>3*

Fourthly, we restricted the analysis to women
with dispensed folate supplements, as low folate
intake is a risk factor for some of the malformations
considered.
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Fifthly, we redefined exposure to require that at
least one dispensation of opioids was during the first
trimester between six and 12 weeks after the last
menstrual period, which is the critical time for some
of the malformations considered (exposure during the
late first trimester).

Sixthly, because some malformations might not
be diagnosed shortly after birth, we extended the
ascertainment of malformations to one year for infants
who remained enrolled in our cohorts during this
interval.

Seventhly, in a negative control analysis, we defined
exposure to opioids based on dispensed prescriptions
five to eight months after the last menstrual period,
a time outside the etiologically relevant window for
congenital malformations; a null finding associated
with exposure in this window supports the notion that
any observed association in the main analysis was not
due to residual confounding.

Eighthly, because the cohorts were restricted to
pregnancies ending in live birth, we assessed the
impact of potentially different frequencies of non-
live births (that is, stillbirths, spontaneous abortions,
terminations) in those exposed and not exposed to
opioids within levels of covariates adjusted for in the
analyses, using methods that have previously been
described in detail (appendix 3).}° !

Finally, for outcomes for which an increased risk was
observed, to quantify the potential impact of residual
confounding by factors incompletely measured in
claims data, we assessed the extent of confounding
necessary to fully explain the observed findings if
there is no association using the target adjustment
sensitivity analysis approach (appendix 4).*®

We assessed opioid dispensing patterns during the
first trimester (eFigure 3) and examined the effect
of exposure to the most commonly used opioids,
including hydrocodone, oxycodone, and codeine. We
further performed analyses stratified by the amount of
cumulative opioid exposure during the first trimester.

Analyses were conducted using SAS version 9.4 (SAS
Institute). Precision of risk estimates are described
using 95% confidence intervals. Interpretation of
the results was based on the strength of the adjusted
risk ratio (regardless of whether the 95% confidence
interval includes the null); the degree to which the
upper bound of the 95% confidence interval indicates
low compatibility between the dataand a strong adverse
effect; and the consistency of the effect estimates
across the sensitivity analyses that we conducted. No
adjustments were made for multiple comparisons. The
analyses of secondary endpoints should be considered
as exploratory. The use of the deidentified database
for research was approved by the institutional review
board at Brigham and Women'’s Hospital.

Patient and public involvement

Members of the public were not included in the
analysis owing to restriction on the use of the data
included in the study and a lack of training in the use
of these data.
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Results

Cohort characteristics

The MAX cohort consisted of 1602580 pregnancies,
of which 70447 (4.4%) were dispensed two or more
opioid prescriptions during the first trimester. The
MarketScan cohort consisted of 1 177 676 pregnancies,
of which 12454 (1.1%) were dispensed two or more
opioids during the first trimester. About one third of
all women exposed to opioids in both cohorts had
prescriptions for hydrocodone only, followed by 13.9%
(MAX) and 12.0% (MarketScan) with prescriptions for
hydrocodone and codeine, and 8.6% (both cohorts)
with prescriptions for codeine only (eFigure 3). Of
the cohort, most women (MAX: 1135567 (84.4%);
MarketScan: 943928 (89.3%)) had one pregnancy,
171999 (12.8%; MAX) and 105232 (10.0%;
MarketScan) had two pregnancies, and 37 654 (2.8%;

MAX) and 7558 (0.7%; MarketScan) had three or
more pregnancies. In both the MAX and MarketScan
cohorts, substantial baseline differences were seen
between women exposed to opioids and those who
were not exposed. Women exposed to opioids were
more likely to be diagnosed with pain conditions, to
have comorbid psychiatric and medical conditions,
to be dispensed other drugs in the first trimester, and
to have higher measures of general comorbidity. For
the MAX cohort, in which race/ethnicity is reported,
women exposed to opioids were more likely to be
white and less likely to be black or Hispanic (table
1, eTable 3). After propensity score stratification, all
measured characteristics of the opioid exposed and
unexposed women were well balanced in both cohorts
with standardized differences less than 0.10 (table 2,
eTable 4).

Table 1 | Selected cohort characteristics of pregnancies with and without exposure to opioids during the first trimester (unadjusted). Data are number

(%) unless stated otherwise

MAX 2000-14 MarketScan 2003-15
Standardized Standardized
Exposed Unexposed difference Exposed Unexposed difference
Total 70447 1532133 = 12454 1165222 =
Mean (SD) age 26.03 (5.46) 24.27 (5.98) 0.31 32 (4.85) 31.97 (4.6) 0.01
Year of delivery:
2000-02 5234 (7.43) 162483 (10.61) -0.11 NA NA NA
2003-05 15707 (22.3) 372573 (24.31) -0.05 1221 (9.8) 112153 (9.63) 0.01
2006-10 30531 (43.34) 617713 (40.32) 0.06 5724 (45.96) 485901 (41.7) 0.09
2011-15* 18975 (26.94) 379364 (24.76) 0.05 5509 (44.23) 567 168 (48.68) -0.09
Race/ethnicity:
White 45328 (64.34) 543765 (35.49) 0.6 NA NA NA
Black 15045 (21.36) 510311 (33.31) -0.27 NA NA NA
Hispanic 5169 (7.34) 267363 (17.45) -0.31 NA NA NA
Other or unknown 4905 (6.96) 210694 (13.74) -0.22 NA NA NA
Opioid indications:
Abdominal pain 27837 (39.51) 235467 (15.37) 0.56 3049 (24.48) 68916 (5.91) 0.54
Back/neck pain 29198 (41.45) 88306 (5.76) 0.93 4546 (36.5) 102311 (8.78) 0.7
Dental problems 11710(16.62) 22213 (1.45) 0.55 221(1.77) 747 (0.06) 0.18
Fibromyalgia 3385 (4.81) 7978 (0.52) 0.27 780 (6.26) 11189 (0.96) 0.29
Joint pain 12318 (17.49) 40329 (2.63) 0.51 1638 (13.15) 30585 (2.62) 0.4
Migraine/headache 16812 (23.86) 77038 (5.03) 0.56 2863 (22.99) 38511 (3.31) 0.61
Orthopedic injury 16459 (23.36) 58530 (3.82) 0.59 1943 (15.6) 41969 (3.6) 0.42
Surgery 6663 (9.46) 19656 (1.28) 0.37 1374 (11.03) 7381 (0.63) 0.46
Maternal conditions:
Anxiety 9468 (13.44) 43165 (2.82) 0.4 1199 (9.63) 32346 (2.78) 0.29
Depression 10911 (15.49) 76216 (4.97) 0.35 1470 (11.8) 41210 (3.54) 0.31
Diabetes 2478 (3.52) 21350 (1.39) 0.14 340 (2.73) 13374 (1.15) 0.11
Hypertension 4518 (6.41) 27597 (1.8) 0.23 835 (6.7) 23801 (2.04) 0.23
Concomitant drugs:
Antidepressants 21233 (30.14) 98 446 (6.43) 0.64 3712 (29.81) 77 348 (6.64) 0.63
Antiemetics 27570 (39.14) 215914 (14.09) 0.59 5504 (44.19) 187701 (16.11) 0.64
Antihypertensives 6192 (8.79) 32567 (2.13) 0.3 1316 (10.57) 30810 (2.64) 0.32
Benzodiazepines 14600 (20.72) 24985 (1.63) 0.64 2971 (23.86) 31726 (2.72) 0.66
Antidiabetic drugs 1402 (1.99) 11593 (0.76) 0.11 558 (4.48) 26712 (2.29) 0.12
Insulin 1293 (1.84) 11102 (0.72) 0.1 265 (2.13) 10382 (0.89) 0.1
Psychostimulants 1850 (2.63) 8038 (0.52) 0.17 527 (4.23) 7721 (0.66) 0.23
Suspected teratogens 16477 (23.39) 137941 (9) 0.4 2098 (16.85) 79845 (6.85) 0.31
Mean (SD) general markers of comorbidity:
Obstetric comorbidity index 0.52 (0.97) 0.24 (0.64) 0.34 0.72 (1.04) 0.49 (0.82) 0.25
Non-opioid prescription drugs 3.82 (3.49) 1.12(1.79) 0.97 3.7 (3.43) 1.2 (1.82) 0.91
Distinct diagnoses 5.55 (4.81) 2.08 (2.62) 0.9 4.28 (4.07) 1.87 (2.35) 0.72
Emergency department visits  0.96 (1.73) 0.2 (0.61) 0.59 0.24 (0.8) 0.03(0.23) 0.35
Multiple gestation 1142 (1.62) 19645 (1.28) 0.03 435 (3.49) 22949 (1.97) 0.09

MarketScan=IBM Health MarketScan Research Database; MAX=Medicaid Analytic eXtract; NA=information not available for MarketScan.

*2011-14 for MAX.

doi: 10.1136/bmj.n102 | BMJ 2021;372:n102 | thebmj
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Table 2 | Selected cohort characteristics of pregnancies with and without exposure to opioids during the first trimester (propensity score weighted).
Data are number (%) unless stated otherwise

MAX 2000-14 MarketScan 2003-15
Standardized Standardized
Exposed Unexposed difference Exposed Unexposed difference
Total 70074 1532118 = 12430 1152470 =
Mean (SD) age 26.02 (5.47) 25.9 (5.59) 0.02 32 (32.08) 4.85 (4.92) -0.02
Year of delivery:
2000-02 5228 (7.46) 120720 (7.88) -0.02 NA NA NA
2003-05 15660 (22.35) 352505 (23.01) -0.02 1221 (9.82) 112208 (9.74) 0.00
2006-10 30351 (43.32) 637860 (41.63) 0.03 5715 (45.98) 528656 (45.88) 0.00
2011-15* 18835 (26.87) 421033 (27.47) -0.01 5494 (44.19) 511606 (44.4) 0.00
Race/ethnicity:
White 45015 (64.24) 984729 (64.27) 0.00 NA NA NA
Black 15015 (21.43) 330963 (21.6) 0.00 NA NA NA
Hispanic 5160 (7.36) 111896 (7.3) 0.00 NA NA NA
Other or unknown 4884 (6.96) 104530 (6.82) 0.01 NA NA NA
Opioid indications:
Abdominal pain 27543 (39.31) 624298 (40.75) -0.03 3030 (24.38) 283167 (24.57) 0.00
Back/neck pain 28850 (41.17) 629888 (41.11) 0.00 4523 (36.39) 434201 (37.68) -0.03
Dental problems 11460 (16.35) 253711 (16.56) -0.01 216 (1.74) 19924 (1.73) 0.00
Fibromyalgia 3282 (4.68) 77678 (5.07) -0.02 775 (6.23) 78666 (6.83) -0.02
Joint pain 12093 (17.26) 270883 (17.68) -0.01 1626 (13.08) 151651 (13.16) 0.00
Migraine/headache 16556 (23.63) 385438 (25.16) -0.04 2843 (22.87) 277320 (24.06) -0.03
Orthopedic injury 16196 (23.11) 353848 (23.1) 0.00 1925 (15.49) 178014 (15.45) 0.00
Surgery 6475 (9.24) 134270 (8.76) 0.02 1359 (10.93) 117529 (10.2) 0.02
Maternal conditions:
Anxiety 9324 (13.31) 207851 (13.57) -0.01 1188 (9.56) 112635 (9.77) -0.01
Depression 10783 (15.39) 253206 (16.53) -0.03 1457 (11.72) 139548 (12.11) -0.01
Diabetes 2452 (3.5) 56264 (3.67) -0.01 339 (2.73) 31067 (2.7) 0.00
Hypertension 4439 (6.33) 98368 (6.42) 0.00 825 (6.64) 75969 (6.59) 0.00
Concomitant drugs:
Antidepressants 21002 (29.97) 482632 (31.5) -0.03 3697 (29.74) 342963 (29.76) 0.00
Antiemetics 27289 (38.94) 593935 (38.77) 0.00 5481 (44.09) 513389 (44.55) -0.01
Antihypertensives 6108 (8.72) 137786 (8.99) -0.01 1305 (10.5) 117523 (10.2) 0.01
Benzodiazepines 14340 (20.46) 307909 (20.1) 0.01 2952 (23.75) 264276 (22.93) 0.02
Antidiabetic drugs 1390 (1.98) 32018 (2.09) -0.01 556 (4.47) 52196 (4.53) 0.00
Insulin 1280 (1.83) 29833 (1.95) -0.01 265 (2.13) 25598 (2.22) -0.01
Psychostimulants 1819 (2.6) 42073 (2.75) -0.01 522 (4.2) 44927 (3.9) 0.02
Suspected teratogens 16309 (23.27) 357238 (23.32) 0.00 2094 (16.85) 195552 (16.97) 0.00
Mean (SD) general markers of comorbidity:
Obstetric comorbidity index 0.52 (0.96) 0.53 (0.97) -0.01 0.72 (0.74) 1.04 (1.04) -0.02
Non-opioid prescription drugs 3.79 (3.46) 3.64 (3.24) 0.04 3.69 (3.59) 3.42 (3.14) 0.03
Distinct diagnoses 5.48 (4.7) 5.71(4.92) -0.05 4.25 (4.6) 4.02 (4.44) -0.08
Emergency department visits 0.93 (1.66) 0.85(1.53) 0.05 0.23(0.2) 0.76 (0.58) 0.06
Multiple gestation 1135 (1.62) 22917 (1.5) 0.01 435 (3.5) 42343 (3.67) -0.01

MarketScan=IBM Health MarketScan Research Database; MAX=Medicaid Analytic eXtract; NA=information not available for MarketScan.

*2011-14 for MAX.

Risk of congenital malformations

Absolute risk estimates for the primary outcomes in
the opioid exposed versus unexposed patients in both
cohorts are shown in eTable 5. The pooled unadjusted
relative risk estimates were raised for all primary study
outcomes, including congenital malformations overall,
cardiovascular malformations overall, ventricular
septal defect, atrial septal defect/patent foramen
ovale, neural tube defect, clubfoot, and oral cleft (fig
1 and fig 2).

Relative risk estimates shifted substantially toward
the null after adjustment for all measured covariates
using propensity score stratification. Pooled estimates
did not suggest a substantially increased risk for
congenital malformations overall (relative risk 1.06,
95% confidence interval 1.02 to 1.10), cardiovascular
malformations overall (1.09, 1.00 to 1.18), ventricular
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septal defect (1.07, 0.95 to 1.21), atrial septal defect/
patent foramen ovale (1.04, 0.88 to 1.24), neural tube
defect (0.82, 0.53 to 1.27), or clubfoot (1.06, 0.88 to
1.28). In contrast, the pooled risk estimate for oral cleft
remained high after adjustment (1.21, 0.98 to 1.50).
This increase was explained by a higher risk of cleft
palate (1.62, 1.23 to 2.14); estimates were close to the
null for cleft lip (1.02, 0.69 to 1.51) and cleft palate
with cleft lip (1.08, 0.79 to 1.47; eFigure 4).

Sensitivity, subgroup, and exploratory analyses

Sensitivity analyses to deal with the potential
for unmeasured confounding (high dimensional
propensity score adjustment and discontinuers as
reference group) yielded estimates generally consistent
with those from the main analysis, accounting for the
width of the confidence intervals. Similarly, generally
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No of events/total

Cohort Opioids Unexposed Relative risk Relative risk
(95% CD) (95%CI)
Any congenital malformation
Unadjusted
MAX 2887/70 447 48996/1 532133 —o— 1.28(1.24t0 1.33)
MarketScan 530/12 454 43470/1 165222 —_—— 1.14(1.05to 1.24)
Pooled 3417/82 901 92 466/2 697 355 -o- 1.26 (1.22 t0 1.30)
Adjusted
MAX 2864/70 074 48995/1532118 —o— 1.07(1.02t0 1.12)
MarketScan 529/12 430 42897/1152470 —_—— 1.01(0.93t0 1.11)
Pooled 3393/82 504 91892/2 684 588 -o- 1.06 (1.02 t0 1.10)
Any cardiovascular malformation
Unadjusted
MAX 768/70 447 12 800/1 532133 —_— 1.30 (1.21 to 1.40)
MarketScan 144/12 454 10521/1 165222 L 4 1.28(1.09to 1.51)
Pooled 912/82 901 23321/2 697 355 —— 1.30(1.22t0 1.39)
Adjusted
MAX 760/70 074 12800/1532118 —— 1.08(0.99t0 1.18)
MarketScan 144/12 430 10398/1 152470 L 4 1.12(0.93to0 1.34)
Pooled 904/82 504 23198/2 684 588 —¢— 1.09(1.00t0 1.18)
Ventricular septal defect
Unadjusted
MAX 343/70 447 5973/1 532133 — 1.25(1.12t0 1.39)
MarketScan 79/12 454 5778/1 165222 L 4 1.28 (1.03 to 1.60)
Pooled 422/82 901 11751/2 697 355 —_—— 1.25(1.14t0 1.38)
Adjusted
MAX 338/70074 5973/1532118 —e 1.06 (0.93t0 1.22)
MarketScan 79/12 430 5710/1 152470 L 4 1.09 (0.84 to 1.40)
Pooled 417/82 504 11 683/2 684 588 —_ 1.07(0.95t0 1.21)
Secundum atrial septal defect/patent foramen ovale
Unadjusted
MAX 181/70 447 2736/1532133 * 1.44(1.24t0 1.67)
MarketScan 34/12 454 2854/1165 222 * 1.11(0.80to 1.56)
Pooled 215/82 901 5590/2 697 355 L4 1.38(1.20t0 1.58)
Adjusted
MAX 181/70074 2736/1532118 L 2 1.03(0.86 t0 1.25)
MarketScan 34/12 430 2806/1152 470 * 1.08(0.74 t0 1.57)
Pooled 215/82 504 5542/2 684 588 & 1.04 (0.88 t0 1.24)
0.5 1.0 1.5 2.0

Decreased risk

Increased risk

Fig 1 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: main analyses (unadjusted
and propensity score stratified). MarketScan=IBM Health MarketScan Research Database; MAX=Medicaid Analytic eXtract

consistent results were seen when women with aberrant
opioid filling patterns were excluded, when the cohort
was restricted to women with dispensed prescriptions
for folate supplements, and when the outcome
assessment period was extended to 365 days after
birth. Redefining exposure based on late first trimester
dispensing slightly strengthened the association for
oral clefts (relative risk 1.32, 95% confidence interval
1.03 to 1.68), but did not substantially shift the
estimates of the other malformations. In the negative
control analysis, no increased risk was observed for
oral clefts, and the estimates shifted substantially

toward the null for cleft palate (fig 3, fig 4, eFigure 5,
eTables 6 and 7).

Under the strongest assumptions tested for the
potential impact of selection bias due to restriction to
live births, the relative risk estimates would remain
below 1.30 for the malformations of interest (appendix
3). Oral clefts were not included in this analysis as non-
syndromic oral clefts do not result in fetal death and
are rarely a reason for terminations.

For oral cleft, and specifically cleft palate, we
assessed the extent of residual confounding necessary
to fully explain the observed adjusted association

doi: 10.1136/bmj.n102 | BMJ 2021;372:n102 | thebmj
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Cohort

Neural tube defect

Unadjusted
MAX
MarketScan
Pooled

Adjusted
MAX
MarketScan
Pooled

Clubfoot

Unadjusted
MAX
MarketScan
Pooled

Adjusted
MAX
MarketScan
Pooled

Oral cleft

Unadjusted
MAX
MarketScan
Pooled

Adjusted
MAX
MarketScan
Pooled

No of events/total

Opioids Unexposed Relative risk Relative risk
(95% CD) (95% CD

28/70 447 553/1532133 * 1.10(0.75t0 1.61)

6/12 454 424/1 165222 * > 1.32(0.59 t0 2.96)
34/82 901 977/2 697 355 * 1.14(0.81t0 1.61)
28/70074 553/1532118 < * 0.76 (0.46 to 1.24)

6/12 430 420/1152 470 < * > 1.09 (0.42 t0 2.82)
34/82 504 973/2 684 588 * 0.82(0.53t0 1.27)
155/70 447 2356/1532133 * 1.43(1.22t01.68)
20/12 454 1781/1 165222 * 1.05(0.68 to 1.63)
175/82 901 4137/2 697 355 L 2 1.38(1.18t0 1.61)
154/70074 2356/1532118 * 1.10(0.90t0 1.36)
20/12 430 1763/1 152 470 * 0.87(0.53t0 1.41)
174/82 504 4119/2 684 588 L 2 1.06 (0.88 t0 1.28)
109/70 447 1702/1532 133 * 1.39(1.15t0 1.69)
28/12 454 1441/1165 222 * > 1.82(1.25t0 2.64)
137/82 901 3143/2 697 355 * 1.47 (1.24t01.75)
109/70 074 1702/1532118 * 1.07 (0.84t0 1.37)
28/12 430 1420/1 152 470 * > 1.70(1.12 t0 2.56)
137/82 504 3122/2 684588 * 1.21 (0.98 to 1.50)

0.5 1.0
Decreased risk

1.5 2.0
Increased risk

Fig 2 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: main analyses (unadjusted
and propensity score stratified). MarketScan=IBM Health MarketScan Research Database; MAX=Medicaid Analytic eXtract

if there is none (appendix 4). For an unmeasured
confounder present in 10 or 20 percent of the
population, relative risks of 2.5 or more linking the
hypothetical confounder to both opioid exposure and
oral cleft would be needed to fully explain the observed
association. For cleft palate, relative risks of 4 or more
would be necessary.

The risk of the primary outcomes was evaluated for
each of the most commonly used specific opioids (fig
5, fig 6, eFigure 6, eTables 6 and 7). Adjusted estimates
were consistent with those from the evaluation of
opioids overall, although confidence intervals were,
in some instances, wide. No evidence of increasing
risk with higher cumulative opioid exposure was
found for any of the primary outcomes, with the
possible exception of oral clefts and specifically, cleft
palates, for which the point risk estimate for the group
receiving the lowest dose was near the null, whereas
it was raised for each of the other three dose groups.

We evaluated the associations between prescription
opioids and a range of specific (secondary) malfor-
mations in exploratory analyses (eFigures 7 and 8,

thebmj | BMJ2021;372:n102 | doi: 10.1136/bmj.n102

eTable 8). In the context of multiple comparisons,
a small increase was seen in the point estimates for
gastroschisis and anomalous pulmonary venous return,
but confidence intervals were wide and included the
null. We further observed an approximately 40 percent
increase in the risk of hydrocephaly and of persistent
pulmonary hypertension of the newborn.

Discussion

Principal findings

In this study, which included more than 82000
pregnant women exposed to prescription opioids
during the first trimester drawn from approximately
2.7 million pregnancies, no substantial increase was
seen in the risk for congenital malformations overall,
cardiovascular malformations overall, ventricular
septal defect, atrial septal defect/patent foramen
ovale, neural tube defect, or clubfoot with in utero
opioid exposure. The upper bound of the 95%
confidence interval from the pooled adjusted estimates
in the main analysis excluded a more than 30 percent
increase in the risk for these malformations. Although
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Cohort

Any congenital malformation
Main analysis (adjusted)
hdPS estimate
Discontinuers as referent
Excluding women with aberrant opioid filling patterns
Restriction to women with folate supplementation
Late first trimester exposure
Outcome assessment to 365 days
Negative control analysis
Any cardiovascular malformation
Main analysis (adjusted)
hdPS estimate
Discontinuers as referent
Excluding women with aberrant opioid filling patterns
Restriction to women with folate supplementation
Late first trimester exposure
Outcome assessment to 365 days
Negative control analysis
Ventricular septal defect
Main analysis (adjusted)
hdPS estimate
Discontinuers as referent
Excluding women with aberrant opioid filling patterns
Restriction to women with folate supplementation
Late first trimester exposure
Outcome assessment to 365 days
Negative control analysis

No of events/total

Secundum atrial septal defect/patent foramen ovale

Main analysis (adjusted)

hdPS estimate

Discontinuers as referent

Excluding women with aberrant opioid filling patterns
Restriction to women with folate supplementation
Late first trimester exposure

Outcome assessment to 365 days

Negative control analysis

Opioids Unexposed Relative risk
(95%CI)
3393/82504 91892/2 684588 -&
3398/82539 92466/2 697 354 -
2344/55675 11961/315890 -@-
2717/66 741 91925/2 685187 -&
1766/42533 37518/1075227 10~
2339/56 015 91 600/2 677 585 -&-
4472/65878 127 230/2 085598 *
1194/33 842 83247/2434040 -&-
904/82504 23198/2684588 —o—
907/82539 23321/2697 354 —o—
645/55 675 3153/315 890 —o—
728/66 741 23207/2 685187 —o—
454/42533 9456/1 075227 —o—
633/56 015 23 141/2 677 585 ——
1067/65878 27427/2085598 ro-
298/33842 20985/2 434040 —o—
417/82504 11683/2684588 —o—
419/82539 11751/2697 354 —o—
292/55 675 1511/315890 ——
341/66 741 11689/2 685187 -——
214/42533  4777/1075227 ——
292/56 015 11 649/2 677 585 ——
425/65878 11904/2 085598 —o—
131/33842 10642/2 434040 ——
215/82504 5542/2 684588 —r—
214/82539  5590/2 697 354 ——
156/55 675 772/315890 ——
163/66 741  5544/2 685187 ——
109/42533  2259/1 075227 —_—
150/56 015  5527/2 677 585 —_—
384/65878 10175/2 085598 ——
71/33842  4990/2 434 040 —_—
0.5 1.0 1

Decreased risk

.5 2.0
Increased risk

Relative risk
(95% CI)

1.06 (1.02 to 1.10)
1.08(1.04t0 1.13)
0.99(0.94 to 1.04)
1.06 (1.01 to 1.10)
1.04(0.98 t0 1.10)
1.08(1.03t0 1.13)
0.97(0.94 to 1.00)
1.01(0.96 to 1.07)

1.09(1.00t0 1.18)
1.09(1.01t0 1.19)
1.00(0.91 t0 1.10)
1.09(1.00 to 1.19)
1.05(0.94t01.18)
1.13(1.03to 1.24)
1.06 (1.00 to 1.13)
1.00(0.89t0 1.12)

1.07(0.95t0 1.21)
1.10(0.98 to 1.24)
0.97(0.84t0 1.13)
1.09 (0.96 to 1.23)
1.05(0.89 to 1.25)
1.13(0.98 t0 1.29)
1.12(1.01t0 1.23)
0.92(0.77 to 1.09)

1.04(0.88 to 1.24)
1.08(0.91 to 1.28)
0.98(0.80to 1.20)
1.02(0.85t0 1.22)
1.03(0.81t0 1.31)
1.12(0.93t0 1.35)
1.01(0.92t01.12)
1.04(0.82t0 1.32)

Fig 3 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: sensitivity analyses
(pooled estimates, propensity score stratified). Aberrant opioid filling patterns were defined based on an average of 120 mg oral morphine
milligram equivalents for 90 or more consecutive days or use of more than three pharmacies or more than three prescribers for opioid prescriptions
between three months before pregnancy and the end of the first trimester. hdPS=high dimensional propensity score

point estimates for risk were slightly raised for some
of these outcomes (eg, relative risk of 1.06 for any
congenital malformations and 1.09 for cardiovascular
malformations overall), given the observational nature
of the study, these small increases should probably not
be considered clinically meaningful.

In contrast, the risk for oral clefts was increased,
which was attributable to an increase in the risk for
cleft palate. This increase in risk corresponds to four
to five additional cases of cleft palate per 10000
pregnancies exposed to opioids in the first trimester.

The consistency of the finding for oral clefts across
multiple sensitivity analyses, and the null finding
when exposure was based on dispensation of the drug
outside of the etiologically relevant window, reinforce
the suggestion that the effect is unlikely to be due to
residual confounding.

Comparison with other studies

Our analyses expand the available evidence for
the safety of opioids in pregnancy. Based on a
systematic review, 12 case-control and 18 cohort

doi: 10.1136/bmj.n102 | BMJ 2021;372:n102 | thebmj
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No of events/total

Cohort Opioids Unexposed Relative risk Relative risk
(95%CI) (95%CI)
Neural tube defect
Main analysis (adjusted) 34/82 504 973/2 684 588 >— 0.82(0.53t01.27)
hdPS estimate 34/82 539 977/2 697 354 >— 0.85(0.54t01.32)
Discontinuers as referent 24/55 675 141/315 890 —® 0.75(0.45t0 1.25)
Excluding women with aberrant opioid filling patterns ~ 24/66 741 973/2 685187 —® 0.73(0.45t0 1.19)
Restriction to women with folate supplementation 13/42 533 407/1 075 227 * 0.53(0.24t01.14)
Late first trimester exposure 24/56 015 970/2 677 585 * 1.03(0.64 to 1.65)
Outcome assessment to 365 days 33/65878 1047/2 085 598 — 0.75(0.53t0 1.07)
Negative control analysis */33 842 859/2 434 040 L 4 > 1.40(0.84 t0 2.34)
Clubfoot
Main analysis (adjusted) 174/82504 4119/2 684588 —_—— 1.06 (0.88 to 1.28)
hdPS estimate 174/82539  4137/2 697 354 —— 1.20 (1.00 to 1.44)
Discontinuers as referent 131/55 675 559/315 890 — 1.10(0.87 to 1.39)
Excluding women with aberrant opioid filling patterns  140/66 741 4122/2 685 187 —_—— 1.07 (0.88 to 1.31)
Restriction to women with folate supplementation 100/42533  1735/1075 227 —e 1.11(0.86 to 1.44)
Late first trimester exposure 118/56 015  4106/2 677 585 —_—— 1.07 (0.86 to 1.33)
Outcome assessment to 365 days 182/65878  4090/2 085598 —r— 1.29(1.11 to 1.50)
Negative control analysis 57/33 842 3706/2 434 040 — 1.05(0.81t0 1.37)
Oral cleft
Main analysis (adjusted) 137/82504 3122/2 684588 —e 1.21(0.98 to 1.50)
hdPS estimate 137/82539 3143/2 697354 —_—— 1.25(1.02t0 1.52)
Discontinuers as referent 103/55 675 384/315890 — 1.25(0.97 t0 1.62)
Excluding women with aberrant opioid filling patterns  112/66 741 3123/2 685 187 —e 1.24(0.99 to 1.54)
Restriction to women with folate supplementation 71/42 533 1296/1 075227 — 1.12(0.84t0 1.51)
Late first trimester exposure 94/56 015 3116/2 677 585 >— 1.32(1.03 t0 1.68)
Outcome assessment to 365 days 116/65878 2807/2 085598 —_— 1.25(1.04 to 1.50)
Negative control analysis 45/33 842 2807/2 434 040 — 1.04 (0.77 to 1.40)
0.5 1.0 1.5 2.0

Decreased risk

Increased risk

Fig 4 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: sensitivity analyses
(pooled estimates, propensity score stratified). *Cell size less than 11 for the MAX cohort. Numbers suppressed in accordance with the CMS cell
size suppression policy. Aberrant opioid filling patterns were defined based on an average of 120 mg oral morphine milligram equivalents for
90 or more consecutive days or use of more than three pharmacies or more than three prescribers for opioid prescriptions between three months
before pregnancy and the end of the first trimester. CMS=Centers for Medicare and Medicaid Services; hdPS=high dimensional propensity score;

MAX=Medicaid Analytic eXtract

studies have previously measured the association
between opioid exposure in pregnancy and congenital
malformations.’! Of these 30 studies, 17 reported
significant associations with at least one type of
malformation. The possibility of confounding bias,
outcome and exposure misclassification, and recall
bias could not be excluded for some studies, however,
and combined with limited power led to uncertainty
about the teratogenic potential of opioids.'’ The
number of opioid exposed pregnancies included in
our study is about 10-fold larger than in any cohort
study published to date,** allowing relatively precise
risk estimates for specific malformation types, while
carefully controlling for a large number of potential
confounders. The analyses were based on data from
nationwide cohorts of both Medicaid and commercially
insured pregnant women, making the cohorts broadly
representative of the entire obstetric population in
the US. Furthermore, outcomes were defined using

thebmj | BMJ2021;372:n102 | doi: 10.1136/bmj.n102

algorithms with a high positive predictive value. Finally,
the large cohort size and the information available
about filled prescriptions allowed us to examine the
most commonly used opioid types individually and to
assess the effect of dose.

Previous studies identified in the Centers for Disease
Control and Prevention systematic review which
showed an increase in the risk for oral clefts, are older
(completed in the 1970s and 1980s).'’ More recent
case-control data also point to a potential increase in
the risk for oral clefts; data from the National Birth
Defects Prevention Study reported increased point
estimates for cleft palate and cleft lip with cleft palate,
albeit with wide confidence intervals that intersected
the null (cleft palate: adjusted odds ratio 1.3, 95%
confidence interval 0.84 to 2.0; cleft lip with cleft
palate: 1.4, 0.96 to 2.1), but not isolated cleft lip
(cleft lip without cleft palate: 0.68, 0.34 to 1.3).}? In
our analysis, the point estimates were near the null
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No of events/total

Cohort Opioids Unexposed Relative risk Relative risk
(95% CI) (95% CI)
Any congenital malformation
Hydrocodone 1678/40840 91580/2 673531 -o— 1.03 (0.98 to 1.09)
Oxycodone 361/8385 77722/2230628 —_—— 1.05(0.94t0 1.18)
Codeine 403/10960 91576/2 675741 —— 1.02(0.92t01.13)
Dose analysis
<300 MME 1205/30732 91591/2 676 481 —o— 1.05(0.99t01.12)
>300-<600 MME 707/16 612 90 965/2 660 050 —— 1.08(0.99t0 1.17)
>600 - <1200 MME 552/13129 92 458/2 697 246 —_—— 1.04 (0.95t0 1.14)
>1200 MME 872/20416 91740/2 678618 —to— 1.03(0.95t0 1.11)
Any cardiovascular malformation
Hydrocodone 437/40840 23122/2673531 —_— 1.02(0.91t0 1.14)
Oxycodone 93/8385  19540/2 230628 * 1.05(0.84 t0 1.32)
Codeine 120/10960 23085/2 675741 1.16 (0.97 to 1.40)
Dose analysis
<300 MME 294/30732 23121/2 676481 —_—— 0.99(0.88t01.13)
>300-<600 MME 201/16 612 22 996/2 660 050 1.20(1.03 to 1.40)
>600 - <1200 MME 152/13129 23 320/2 697 246 L 2 1.07 (0.90 to 1.27)
>1200 MME 236/20416 23156/2 678618 —e 1.04 (0.90to 1.22)
Ventricular septal defect
Hydrocodone 192/40840 11648/2673531 0.99(0.83t01.18)
Oxycodone 45/8385 9713/2 230628 4 1.11(0.79 t0 1.57)
Codeine 53/10960 11622/2 675741 * 1.12(0.84 to 1.49)

Dose analysis

<300 MME 135/30732 11639/2 676481 L 4
>300-<600 MME  81/16 612 11 575/2 660 050 *
>600-<1200 MME  73/13129  11751/2 697 246 *
>1200 MME 113/20416 11662/2 678618 *
Secundum atrial septal defect/patent foramen ovale
Hydrocodone 106/40840 5535/2 673 531 L 2
Oxycodone 23/8385 4617/2 230628 *
Codeine 29/10960  5521/2 675741 *
Dose analysis
<300 MME 78/30732  5528/2 676481 *
>300-<600 MME  43/16612  5484/2 660 050 *
>600-<1200 MME 36/13129  5590/2 697 246 *
>1200 MME 51/20416  5539/2678 618 *
0.5 1.0

1.02(0.85t0 1.23)
1.08 (0.85t0 1.37)

1.16 (0.90 to 1.50)

1.02(0.81t0 1.29)

0.95(0.75t0 1.20)
1.26 (0.80to 1.99)

1.24(0.84 t0 1.83)

1.05(0.82 to 1.36)

1.06 (0.76 to 1.47)

1.07 (0.74 to 1.54)
0.94(0.68t0 1.31)

Decreased risk

1.5 2.0
Increased risk

Fig 5 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: subgroup analyses (pooled
estimates, propensity score stratified). MME=morphine milligram equivalent
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for isolated cleft lip and cleft lip with cleft palate, but
raised for cleft palate.

Limitations

Our study is subject to certain limitations inherent
in its design. Exposure is defined based on filled
prescriptions, which does not necessarily indicate use.
To minimize the risk of exposure misclassification, we
required that women filled at least two prescriptions
during the first trimester to be classified as exposed
on the assumption that if a woman refills her opioid
prescription, she is taking it as prescribed.

As with all observational studies, residual con-
founding is a potential concern. However, we adjust
for a large number of indications for opioids, as well
as co-exposures to drugs and medical and obstetric
conditions that might be associated with opioid
exposure.

Further, we observed null or near null associations
for most of the primary study outcomes; confounding
resulting in downward bias associated with opioid
exposure is highly unlikely, which allays this concern.
The observed increase in the risk of oral clefts (and
cleft palate, in particular) is of greater concern.

doi: 10.1136/bmj.n102 | BMJ 2021;372:n102 | thebmj
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No of events/total

Cohort Opioids Unexposed Relative risk Relative risk
(95% CD) (95%CI)
Neural tube defect
Hydrocodone 17/40 840 972/2 673531 < * 0.81 (0.45to0 1.46)
Oxycodone <11*t/8385  808/2230628 < * 1.02(0.34to0 3.01)
Codeine <11*t/10960 974/2675741 |« 0.28 (0.04 to 1.85)
Dose analysis
<300 MME 11/30732 970/2 676481 1« * 0.79(0.41t0 1.51)
>300-<600 MME  <11*/16 612  966/2 660050 < * 1.01(0.44 to 2.34)
>600-<1200 MME <11*1/13129 977/2697 246 < * 0.73(0.27 t0 1.95)
>1200 MME 11/20416 971/2 678 618 * 1.07 (0.51 to 2.27)
Clubfoot
Hydrocodone 102/40840 4116/2 673 531 * 1.19(0.92t0 1.53)
Oxycodone 18/8385 3465/2230628 « * 0.91(0.48t0 1.70)
Codeine 20/10960  4099/2 675 741 * 1.02 (0.65 to 1.59)
Dose analysis
<300 MME 55/30732  4106/2 676 481 * 0.98(0.74t0 1.31)
>300 - <600 MME 41/16 612  4086/2 660 050 * 1.26 (0.90to 1.77)
>600-<1200MME  281/13129 4136/2 697 246 * 1.22(0.78 t0 1.89)
>1200 MME 49/20416  4117/2678 618 * 1.18(0.82 to0 1.68)
Oral cleft
Hydrocodone 79/40840  3112/2673 531 * 1.39(1.06 to 1.83)
Oxycodone 16/8385 2590/2 230 628 * > 1.34(0.72 to 2.50)
Codeine 11/10960  3120/2675741 « * 0.74 (0.40t0 1.37)
Dose analysis
<300 MME 37/30732  3118/2676 481 * 0.94(0.67t0 1.31)
>300 - <600 MME 35/16 612  3091/2 660 050 * > 1.37(0.92t02.04)
>600-<1200MME  24/13129  3143/2697 246 * > 1.44(0.93t02.24)
>1200 MME 38/20416  3119/2678618 * 1.33(0.89 to 2.00)
0.5 1.0 1.5 2.0

Decreased risk Increased risk

Fig 6 | Risk of congenital malformations (primary outcomes) in infants after exposure to opioids during the first trimester: subgroup analyses (pooled
estimates, propensity score stratified). *Cell size less than 11 for the MAX cohort. Numbers are suppressed in accordance with the CMS cell size
suppression policy. TResults presented here are not pooled but represent results in the MAX cohort as there were no outcomes among infants
exposed in the MarketScan cohort. CMS=Centers for Medicare and Medicaid Services; MarketScan=IBM Health MarketScan Research Database;
MAX=Medicaid Analytic eXtract; MME=morphine milligram equivalent

Yet, given the null/near null findings for the other
malformations, residual confounding for one outcome
but none of the others seems unlikely. Furthermore, the
increase in risk of oral clefts persisted across multiple
sensitivity analyses designed to deal with residual
confounding, including the use of high dimensional
propensity score analysis and an alternative reference
group of opioid discontinuers. Additionally, no
increase in the risk of oral clefts was seen in a
negative control analysis in which the association
with opioid exposure outside the etiologically relevant
window was assessed, providing indirect evidence
of no substantial residual confounding. As indicated
by the target adjustment sensitivity analysis, the
strength of an association between an unmeasured
confounder and both opioid exposure and oral
clefts would need to be unrealistically high to fully
explain the observed association based on residual
confounding.

thebmj | BMJ2021;372:n102 | doi: 10.1136/bmj.n102

The analysis was based on pregnancies resulting
in live births, which might introduce selection bias.
Formal measurement of the potential for selection
bias, however, suggests that in the range of plausible
differences in the proportion of non-live born pregnan-
cies to opioid users versus non-users the effect of such
selection bias on risk estimates is likely to be small.

Finally, although the study population included
pregnant Medicaid and commercial insurance bene-
ficiaries, the characteristics of this patient population
are not expected to affect the biological associations
studied and, therefore, the findings should be
generalizable to other populations.

Conclusions

Overall, our findings suggest that prescription opioids
used in early pregnancy are not associated with a
substantial increase in risk for most of the malformation
types considered, although clinicians should be aware

1
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of the potential for a small increase in the risk of oral
clefts and counsel patients about this risk. The results
inform the selection of analgesic drugs for women
who are pregnant and women of reproductive age who
might inadvertently become pregnant.
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