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Abstract 

Background:  Opioid exposure during pregnancy has increased alarmingly in recent decades. However, the associa-
tion between prenatal opioid exposure and congenital malformation risk has still been controversial. We aim to assess 
the association between opioid exposure during pregnancy and the risk of congenital malformations.

Method:  PubMed, Embase, and Cochrane library of clinical trials were systematically searched to September 13th, 
2021. Cohort studies reporting risk of congenital malformation after opioid exposure compared with non-exposure 
during pregnancy were included. Risk of studies was appraised with the ROBINS-I tool. Meta-analysis was conducted 
using the random-effects model. Subgroup analyses were conducted for the primary outcome based on indication, 
exposed period, whether adjusted data was used, and risk of bias assessment. Meta-regression was performed to 
evaluate the relation of publication year.

Main results:  Eighteen cohort studies with 7,077,709 patients were included. The results showed a significant 
increase in the risk of overall congenital malformation (RR = 1.30, 95%CI: 1.11–1.53), major malformation (RR = 1.57, 
95%CI:1.11–2.22), central nervous system malformation (RR = 1.36, 95% CI:1.19–1.55), and limb malformation 
(RR = 2.27, 95%CI:1.29–4.02) with opioid exposure during pregnancy. However, the predictive interval conveyed a 
different result on overall congenital malformation (95%PI: 0.82–2.09) and major malformation (95%PI: 0.82–2.09). 
No association between opioid exposure and overall congenital malformation in the first trimester (RR = 1.12, 
95%CI:0.97–1.31) and prescribed for analgesic or antitussive treatment (RR = 1.03, 95%CI:0.94–1.13) were observed. In 
subgroups that study provided data adjusted for confounders (RR = 1.06, 95%CI:0.93–1.20) or identified moderate or 
serious risk of bias (RR = 1.00, 95%Cl: 0.85–1.16; RR = 1.21, 95%Cl: 1.60–2.68), no association was found.

Conclusion:  Opioid exposed in the first trimester or prescribed for analgesic or antitussive treatment did not increase 
the risk of overall congenital malformation. The findings should be discussed in caution considering the situation of 
individual patients and weigh out its potential risk of congenital malformation.

Trial registration:  Registration number: CRD42​02127​9445.
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Introduction
Opioid is frequently prescribed for pain, such as lower 
back pain and pelvic joint pain, to reduce perception of 
pain during pregnancy. Also, opioid medications, such 
as methadone and buprenorphine, are used to treat opi-
oid use disorder [1]. Opioid exposure during pregnancy 
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has increased alarmingly in recent decades [2–8]. It was 
reported that 21.6% of women receive an opioid prescrip-
tion during pregnancy in the US, which meant up to one 
of five pregnant women filled an opioid prescription [4]. 
The prescriptions were widespread in either commercial 
insurance or Medicaid [5, 9]. A 2019 self-reported study 
found that about 7% of women reported using prescrip-
tion opioid pain relievers during pregnancy [7]. On the 
other hand, increasing opioid use among reproduc-
tive-age women has also been widespread [9, 10]. Since 
unplanned pregnancies are not uncommon and many 
pregnancies are not recognized until a few weeks after 
conception [11], all women prescribed opioid at repro-
ductive age were at potential risk [12].

The association between prenatal opioid exposure and 
congenital malformation risk has still been controversial. 
Two studies funded by the Centers for Disease Control 
and Prevention have set off an upsurge in studying the 
relationship between opioid use during pregnancy and 
congenital malformations [13, 14]. Some studies reported 
an increased risk of congenital malformations in relation 
to maternal opioid use [13, 15–17], while other studies 
have found no association [18, 19]. Specially, a systematic 
review from the CDC in the US reported some potential 
higher risk of congenital malformations related to opioid 
exposure during pregnancy, such as congenital malfor-
mations overall, cardiovascular malformations, oral cleft, 
and clubfoot [20]. However, they still reported uncer-
tainty regarding the teratogenicity of opioids. Recently, 
two large population-based cohort studies have been 
conducted to explore the gestational opioid exposure and 
risk of congenital malformations in Europe and the US 
[21, 22]. Bateman et  al. [21] reported that prescription 
opioids used in early pregnancy are not associated with a 
substantial increase in risk for most of the malformation 
types considered except oral clefts. Wen [22] found no 
excess risk for major birth defects in infants with opioid 
exposure in the first trimester. In contrast, a higher risk 
of minor congenital malformations associated with opi-
oid use in the third trimester was found.

These findings call for the safety re-evaluation of opi-
oid exposure during pregnancy to inform clinical prac-
tice. Therefore, we performed a meta-analysis using data 
from real-world cohort studies to assess the association 
between opioid exposure during pregnancy and the risk 
of congenital malformations.

Methods
Protocol and registration
We followed the Meta-analysis of Observational Studies 
in Epidemiology [23] to perform the meta-analysis. The 
study protocol was registered at https://​www.​crd.​york.​

ac.​uk/​prosp​ero/ (registration number CRD42021279445) 
before searching articles.

Eligibility criteria
We used PICOS model to select the population. The 
inclusion criteria were: (1) cohort studies; (2) investigated 
opioid use during pregnancy; (3) reported both opioids-
exposed and -unexposed group; (4) reported on any 
congenital malformations and specific congenital malfor-
mation at birth; (5) reported available data, such as odds 
ratio (OR), adjusted OR, risk ratio (RR), adjusted RR, 
hazard ratio (HR), or data to calculate RR; (6) reported 
outcomes including any congenital malformations, major 
congenital malformation, and/or sub-categories of con-
genital malformations. The exclusion criteria were: (1) 
review, systematic review and meta-analysis, conference 
abstract, and case report; (2) not human studies; (3) did 
not clarify the exposure of opioid during pregnancy; (4) 
overlapped data source is included.

Search strategy
We systematically searched PubMed, Embase, and 
Cochrane library of clinical trials up to September 13th, 
2021. The search terms were attached in Table S1.

Selection of studies and data extraction
Two reviewers (X.W, Y.W) independently screened titles 
and abstracts through Endnote (version 9.3.2). Duplica-
tions were removed through Endnote and manually. We 
also screened the references lists of relevant reviews and 
articles. Any disagreement was resolved by discussion 
until consensus was reached or by consulting a third 
author (X.F).

Data were independently extracted by two investigators 
(X.W and Y.W) for eligible studies. Disagreements were 
discussed and resolved by a third author (X.F). The data 
obtained for each study included first author, year of pub-
lication, study setting, drug used, exposure measurement, 
exposed period, outcome assessment, indication, sample 
size, congenital malformations with their risk estimates, 
95% confidence interval (CI) and 95% prediction interval 
(PI). The primary outcome was overall congenital malfor-
mations. The secondary outcome was organ-specific con-
genital malformations.

Quality assessment
We assessed the risk of bias for each study included using 
the ROBINS-I tool [24], which is developed for evaluat-
ing risk of bias of interventions for non-randomized stud-
ies. The quality of each study was evaluated for the risk of 
bias in seven domains: (1) bias due to confounding; (2) 
bias in selection of participants into the study; (3) bias in 
classification of intervention; (4) bias due to deviations 
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from intended interventions; (5) bias due to missing data; 
(6) bias in measurement of outcomes; (7) bias in selec-
tion of the reported result. The interpretations of domain 
level and overall judgment for risk of bias are classified as 
low, moderate, serious, or critical.

We evaluated the level of evidence for each outcome 
using Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach [25]. The 
results were classified as high, moderate, low, or very low.

Statistical analysis
The meta-analysis was conducted with R (version 4.0.5). 
For the expected high heterogeneity in terms of the 
enrolled populations, DerSimonian and Laird random-
effect models was used to pool RRs along with the cor-
responding 95% CIs. Due to the low prevalence of 
congenital malformation in the general population, we 
proposed RR, HR, and OR to be comparable. For those 
studies that did not report the RRs of congenital mal-
formations, we used other risk measures, including ORs 
or HRs, as an approximation to the RRs. Therefore, we 
summarized them together using meta-analysis meth-
ods. The adjusted effect sizes were selected to pool the 
risk estimates preferentially. Statistical heterogeneity 
among studies was tested using Cochran’s Q test and the 
I2 statistic. I2 > 50% or P <  0.05 was considered to indicate 
significant heterogeneity. We also addressed heteroge-
neity by calculating the 95% prediction interval for the 
pooled unadjusted OR, which gives an estimate of the 
point at which the true effects are to be expected for 95% 
of similar studies that might be conducted in the future 
[26]. The Egger test was used to assess the funnel plot for 
asymmetry, indicating possible publication biases.

To explore the sources of heterogeneity, subgroup 
analyses were run for primary outcome based on indica-
tion (analgesic or antitussive treatment, opioid abuse or 
opioid abuse treatment), exposed period (first trimester, 
all trimesters), risk of bias assessment (moderate, seri-
ous, critical), and whether adjusted data was used (yes, 
no). Due to the large span of publication year of included 
studies, we performed random-effects meta-regression 
analyses by the empirical Bayes method to estimate the 
between-study variance and the method by Hartung and 
Knapp was used to adjust statistics and evaluate the rela-
tion of covariates (year of publication) on the primary 
outcome. To evaluate the stability of the results, sensi-
tivity analyses were performed with the leave-one-out 
method.

Results
One thousand one hundred seventeen studies were iden-
tified after database searching. 18 additional records were 
identified manually through references lists of relevant 

articles. After removing the duplications, 1030 studies 
were excluded by screening titles and abstracts. Only 
18 studies [15, 16, 19, 21, 22, 27–39] were eligible for 
meta-analysis after full-text assessment (Fig. 1). Charac-
teristics of the included studies are presented in Table 1. 
The included studies were published between 1976 and 
2021. According to the results of risk of bias assessment 
using ROBIN-I tool, the risk of bias of each included 
study ranged from moderate to critical. The results of all 
domains of quality assessment are summarized in Table 
S2. In addition, according to the GRADE approach, the 
overall level of evidence among all outcomes ranged from 
very low to moderate (Table 2).

Opioid indications were analgesic or antitussive treat-
ment, opioid abuse, and opioid abuse treatment. The total 
sample size of these studies ranged from 96 to 2,780,256. 
Kallen 2015 and Kallen 2013 were both from the Swedish 
Medical Birth Register and the time covered were over-
lapped. Therefore, we included Kallen 2013 (reported 
all opioids exposure) for statistical analysis in most out-
comes. Kallen 2015 were included for analysis for uro-
genital malformation, where Kallen 2013 did not provide 
available data. Sensitivity analysis and subgroup analysis 
was conducted only for overall congenital malformations 
for the few studies included in different specific congeni-
tal malformations.

Overall congenital malformation
Thirteen studies [15–17, 19, 21, 28–32, 35–37] reported 
overall congenital malformation. The results showed a 
significant increase in the risk of congenital malforma-
tions with opioid exposure during pregnancy (RR = 1.30, 
95%CI: 1.11–1.53); however, the 95% predictive interval 
(95%PI: 0.82–2.09) did not show the same effect. This 
indicates the uncertainty of the estimates and in the con-
clusions, given the observed between-study heterogene-
ity (P<0.001, I2 = 82%) (Fig.2). No evident asymmetry in 
the funnel plot (Fig. S1).

Organ‑specific congenital malformations
The summary of meta-analysis of 13 estimates, which 
analyzed organ-specific congenital malformations, was 
shown in Fig.  3. The interpretation of major malforma-
tion (RR = 1.57, 95%CI:1.11–2.22), central nervous sys-
tem (CNS) malformation (RR = 1.36, 95%CI:1.19–1.55) 
and limb malformation (RR = 2.27, 95%CI:1.29–4.02) 
using the confidence interval shows a statistically sig-
nificant treatment effect, whereas the predictive inter-
val conveyed a different result on major malformation 
(95%PI: 0.82–2.09). No significant relationship between 
opioid use and cardiovascular malformation, gastro-
intestinal malformation, ear, face, and neck malfor-
mation, respiratory malformation, musculoskeletal 
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malformation, urogenital malformation, orofacial clefts, 
neural tube defects, gastroschisis, and clubfoot were 
found (Fig. S2–14).

Sensitivity analysis and meta‑regression
The sensitivity analyses revealed no substantial change 
in the pooled risk estimates upon excluding of any sin-
gle study (Fig. 4). Meta-regression analysis based on the 
year of publication showed no significant relationship 
(Fig. S15).

Subgroup analysis
We performed subgroup analyses regarding exposed 
period, indication, adjusted for confounders, and risk of 
bias assessment by ROBINS-I (Fig. S16–20). The results 
were summarized in Table  3. There was no significant 
increased risk of overall congenital malformation among 
studies that specifically examined exposure to opioids 
in the first trimester (RR = 1.12, 95%Cl:0.97–1.31). In 
contrast, studies reported opioid exposure during preg-
nancy, no significant result was observed. When strati-
fied by indication, studies that use opioid abuse or opioid 

abuse treatment as a reason for opioid exposure, the risk 
(RR = 2.09, 95%Cl:1.74–2.52) was significantly increased. 
No difference was found for those opioid use for analge-
sic or antitussive treatment (RR = 1.03, 95%Cl:0.94–1.13). 
In addition, a significant association was found in studies 
that used unadjusted data (RR = 2.07, 95%CI:1.60–2.68), 
but not in studies that provided adjusted data (RR = 1.06, 
95%CI:0.93–1.20). Furthermore, studies with moderate 
or serious risk of bias showed no significant difference 
between opioid exposure and overall congenital malfor-
mation (RR = 1.00, 95%Cl: 0.85–1.16; RR = 1.21, 95%Cl: 
0.90–1.63).

Discussion
The overall result of this meta-analysis included 18 
cohort studies and demonstrated opioid exposure dur-
ing pregnancy with a 1.3-fold risk of congenital mal-
formations. Additionally, opioid use was associated 
with increased risks of major malformation, CNS mal-
formation, and limb malformation with an increase of 
57, 36, and 127%, respectively. We found no significant 
relationship between opioid use and cardiovascular 

Fig. 1  Flow-chart of studies selection
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malformation, gastrointestinal malformation, ear, face, 
and neck malformation, respiratory malformation, mus-
culoskeletal malformation, urogenital malformation, 

orofacial clefts, neural tube defects, gastroschisis, and 
clubfoot were found. No association in subgroups that 
opioid was exposed in the first trimester or prescribed for 

Table 2  GRADE assessment on the certainty of evidence for all the outcomes

GRADE, grading of recommendations assessment, development, and evaluation

Outcomes (no. of 
studies)

Certainty assessment No. of patients Risk Ratio (95% 
Confidence 
Interval)

Certainty

Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Overall congenital 
malformation (13)

Serious Serious Serious Not Serious None 7,246,838 1.30(1.11,1.53) Very low

Major malforma-
tion (9)

Serious Serious Serious Not Serious None 143,754 1.57(1.11,2.22) Very low

Cardiovascular 
malformation (6)

Serious Not Serious Serious Serious None 6,186,924 1.70(0.62,4.63) Very low

Central nervous 
system malforma-
tion (6)

Serious Not Serious Serious Not Serious None 4,504,346 1.07(0.90,1.26) Low

Gastrointestinal 
malformation (3)

Serious Not Serious Not Serious Serious None 163,690 1.48(0.27,7.98) Low

Ear, face, and neck 
malformation (2)

Serious Not Serious Not Serious Serious None 62,104 2.27(1.29,4.02) Low

Limb malforma-
tion (2)

Not Serious Not Serious Not Serious Not Serious None 1,621,180 1.36(1.19,1.55) Moderate

Respiratory malfor-
mation (2)

Serious Not Serious Not Serious Serious None 62,104 2.46(0.34,17.78) Low

Musculoskeletal 
malformation (3)

Serious Not Serious Not Serious Serious None 163,690 1.35(0.81,2.26) Low

Urogenital malfor-
mation (5)

Serious Not Serious Serious Serious None 1,848,287 0.93(0.65,1.33) Very low

Orofacial clefts (4) Not Serious Serious Not Serious Serious None 4,503,022 1.08(0.48,2.44) Low

Neural tube defects 
(4)

Serious Not Serious Serious Serious None 4,442,356 0.90(0.63,1.30) Very low

Gastroschisis (2) Not Serious Serious Not Serious Serious None 2,841,400 2.08(0.84,5.20) Low

Clubfoot (2) Not Serious Serious Not Serious Serious None 6,023,252 1.28(0.82,2.00) Low

Fig. 2  Forest plot of opioid exposure during pregnancy and the risk of congenital malformation; TE, treatment effect; SE, standard error; IV, inverse 
variance test; CI, confidence interval; df, degrees of freedom
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Fig. 3  Forest plot of opioid exposure during pregnancy and the risk of specific congenital malformation; RR, risk ratio; CI, confidence interval

Fig. 4  Summary of sensitivity analysis by leave-one-out method
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analgesic or antitussive treatment. However, the positive 
findings were only observed in subgroups that studies 
provided data unadjusted for confounders or identified 
critical risk of bias assessment. In subgroups that study 
provided data adjusted for confounders or identified 
moderate or serious risk of bias, no association of opioid 
exposure and overall congenital malformation was found 
between exposed and not exposed group.

Opioids can compound act on the endogenous opioid 
system, which comprises four G protein-coupled recep-
tors and four major peptide families. They can regulate 
neuronal function and neurotransmission in human 
brain, brain stem and other tissues, to effectively pre-
vent the sensation of pain from being transmitted to 
the brain [40]. Pregnant women would experience vari-
ous physiological changes in the body, such as changes 
in renal blood flow, gastric emptying speed, plasma 
protein level and apparent distribution volume, making 
it difficult to predict the pharmacokinetic metabolism 
of opioids. For instance, maternal hepatic metabolism 
altered in pregnancy [41, 42], affecting the pharma-
cokinetics of several opioids metabolized through these 
pathways [43]. The increase of tidal volume and res-
piratory rate during pregnancy may also promote the 
absorption of drugs into the system through the alveoli, 
which could amplify fetal drug exposure to inhaled opi-
oids [44]. Moreover, the plasma albumin of pregnant 
women will gradually decrease and reach stabilization 
at the end of the first trimester in pregnancy, which 
will make the free fraction of high plasma protein bind-
ing drugs such as oxycodone, methadone, and fenta-
nyl higher than non-pregnant women [45, 46]. Zagon 
[47] found that the opioid exposure of rats during 

pregnancy will reduce DNA synthesis in three germ 
layer organ cells which leads to fetal congenital malfor-
mation. It was proposed that exogenous opioids during 
the critical period might destroy the normal develop-
ment process and lead to fetal congenital malforma-
tions. Nevertheless, we found a significantly increased 
risk of congenital malformation during pregnancy 
while no difference in the first trimester. More research 
exploring the biological mechanism of opioid exposure 
and congenital malformation were needed.

When stratified by opioid indications, we found opi-
oid use for analgesic or antitussive treatment did not 
associate with a higher risk of congenital malformation 
compared with no exposure. On the contrary, patients 
who use opioids for abuse or opioid-dependent treat-
ment were more likely to give birth to babies with con-
genital malformations. The cumulative dose of drug 
used varied between these indications may explain one 
of the reasons, which might cause increased blood drug 
level and risk of congenital malformations. Given that 
those who were addicted to opioids were at greater risk 
of misusing prescription opioids and might use more 
opioids, which is way higher than the therapeutic safe 
boundary [48]. Only two studies reported the dose-
response relationship between opioid and congenital 
malformations. Wen [22] observed that overall minor 
birth defects showed significant dose responses in tri-
mester 3. No evidence of increasing risk with higher 
cumulative opioid exposure was found for any of the 
primary outcomes as demonstrated by Bateman [21]. 
The higher dosage range of these studies varied from 
≥42.25 cumulative morphine milligram equivalent 
(MME) to > 300 MME. More research assessing the 

Table 3  Summary risk estimates of the relationship between opioid exposure and overall congenital malformations

RR risk ratio, CI confidence interval, P*, P-value in-subgroup; P**, P-value between-subgroup; bold indicate significant difference

No. of study Summary RR (95%CI) I2 (%) P* P**

Exposed period 0.113

  First trimester 4 1.12(0.97, 1.31) 86 0.127

  During pregnancy 9 1.72(1.04, 2.84) 81 0.035
Indication < 0.001

  Analgesic or antitussive treatment 2 1.03(0.94, 1.13) 47 0.549

  Opioid abuse/opioid abuse treatment 9 2.09 (1.74, 2.52) 0 <  0.001
  Not reported 2 0.97 (0.87, 1.10) 42 0.661

Adjusted for confounders < 0.001

  Yes 5 1.06 (0.93, 1.20) 82 0.364

  No 8 2.07 (1.60, 2.68) 9 <  0.001
Risk of bias assessment < 0.001

  Moderate 2 1.00 (0.85, 1.16) 74 0.955

  Serious 3 1.21 (0.90, 1.63) 89 0.214

  Critical 8 2.07 (1.60, 2.68) 9 <  0.001
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dose-response relationship between opioid use and the 
risk of congenital malformations should be pursued.

After stratified by whether the study controlled for 
potential confounders to avoid unpredictable bias intro-
duced by other confounders, we found significant het-
erogeneity between subgroups. The confounding factors 
included baseline characteristic such as maternal age, 
obesity, tobacco use, parity, and so on. Alternatively, the 
result of confounders adjusted studies showed no asso-
ciation between opioid use and overall congenital mal-
formations, which is different from the pooled result. The 
potential confounders adjusted in these studies were not 
consistent. For example, Bateman [21] and Nezvalová-
Henriksen [19] adjusted for concomitant medication 
use while others did not. Furthermore, in both subgroup 
of moderate and serious risk of bias, most of which 
adjusted for confounders, the result showed no associa-
tion between opioid exposure and overall congenital mal-
formation. The results still provide reasonable doubt that 
after adjusting some potential confounders, opioid itself 
did not contribute to a higher risk of overall congenital 
malformations.

Our findings provide evidence for health profession-
als to weigh the benefit of opioid along with its poten-
tial risks. Also, pregnant women, women intended to 
get pregnant, or reproductive-aged women at risk of 
any unintended pregnancy could evaluate the potential 
risk of opioid during pregnancy. Still, the use of opioid 
in some situations, especially medication assisted ther-
apy for the treatment of substance use disorder, might 
provide far greater benefits than risks [49]. Our results 
should be treated with caution by pregnancy opioids 
users or potential opioid users to make the safest choice. 
Besides, since we detected raised risk of major congeni-
tal malformation, CNS malformation, and limb malfor-
mation, exposed pregnant women could take ultrasound 
examinations more frequently to detect the fetus growth, 
especially for CNS growth and limb growth.

Our study has several strengths. To date, this is the first 
meta-analysis evaluating the association between opioid 
exposure and the risk of congenital malformations. The 
meta-analysis included a large sample size of 7,077,709 
patients and only cohort studies to reduce recall and 
selection bias. We also did comprehensive subgroup 
analyses to evaluate the relationship between opioid use 
and congenital malformations.

Our findings are also subject to several limitations. 
Firstly, the publication year of the studies included 
ranged from 1976 to 2021 and might contribute to meth-
odologic bias. However, no significance was observed on 
meta-regression evaluating the relation of publication 
year and overall congenital malformations. Secondly, 
high heterogeneity was detected in most of the outcomes. 

The reason might be that all included studies are ret-
rospective studies, with the potential for confounding. 
We performed subgroup analyses to reduce the possible 
influence. Besides, included studies reported congenital 
malformations based on several kinds of opioids. Some 
contained only methadone, and some investigated opi-
oid prescriptions, including hydrocodone, oxycodone, 
codeine. This might contribute to the heterogeneity of 
the results. Thirdly, the evaluation of the prediction inter-
val revealed that the current 95%CI produces a positive 
biased estimate of the overall congenital malformation 
and major malformation, probably due to the between-
study heterogeneity, or to the very low certainty of evi-
dence for the two outcomes. Therefore, large size studies 
with higher level evidence are needed. Fourthly, most of 
the studies considered the pregnancies as opioid-exposed 
by referring to prescriptions during pregnancy, it might 
be possible that though prescriptions were dispensed 
while opioids were not taken. Well-designed prospec-
tive studies are needed to affirm the findings. Fifthly, few 
studies reported organ-specific malformations, and the 
categories of malformations reported were inconsistent. 
For example, Cleary [15] reported 10/13 of the organ-
specific malformations, Kelty [16] reported 8/13, and 
Brown [27] only reported 2/13. Hence, we were unable 
to carry subgroup analyses. More studies were needed 
to provide data classified by specific organs to assess 
the association between opioid exposure and the risk of 
organ-specific malformations.

Conclusion
In conclusion, we found that maternal opioid exposure 
in pregnancy was associated with increased risk of major 
malformation, CNS malformation, and limb malforma-
tion. Opioid exposed in the first trimester or prescribed 
for analgesic or antitussive treatment did not increase the 
risk of overall congenital malformation. In studies with 
moderate or serious risk of bias or studies adjusted for 
confounders, no association was found between opioid 
exposure and overall congenital malformation. Therefore, 
the results should be interpreted in caution.
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