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BACKGROUND & AIMS:
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Biologics are used routinely in pregnant women with inflammatory bowel disease (IBD), but
large-scale data reporting adverse pregnancy outcomes among biologic users are lacking. We
sought to estimate the prevalence of adverse pregnancy outcomes in women with IBD on bio-
logic therapies.
METHODS:
 We searched major databases from inception to June 2020 for studies estimating the preva-
lence of adverse pregnancy outcomes in IBD when using biologics (anti–tumor necrosis factor
[TNF], anti-integrins, and anticytokines). Prevalence and relative risk (RR) were pooled using a
random-effects model.
RESULTS:
 Forty-eight studies were included in the meta-analysis comprising 6963 patients. Biologic
therapy in IBD pregnancies was associated with a pooled prevalence of 8% (95% CI, 6%–10%;
I2 [ 87.4%) for early pregnancy loss, 9% (95% CI, 7%–11%; I2 [ 89.9%) for preterm birth, 0%
(95% CI, 0%–0%; I2 [ 0%) for stillbirth, 8% (95% CI, 5%–10%; I2 [ 87.0%) for low birth
weight, and 1% (95% CI, 1%–2%; I2 [ 78.3%) for congenital malformations. These rates are
comparable with those published in the general population. In subgroup analyses of a small
er: ADA, adalimumab; CZP, certolizumab
ss; GLM, golimumab; IBD, inflammatory
; PROSPERO, International Prespective
ws; ROBINS-I, Risk of Bias in Non-
tions; RR, relative risk; UST, ustekinumab;
Z, vedolizumab.
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number of studies, the prevalence of early pregnancy loss and preterm birth were higher in
vedolizumab vs anti-TNF users. Meta-regression did not show an association of disease activity
or concomitant thiopurine on adverse outcomes. Continued TNF inhibitor use during the third
trimester was not associated with risk of preterm birth (RR, 1.41; 95% CI, 0.77–2.60; I2 [ 0%),
low birth weight (RR, 1.32; 95% CI, 0.80–2.18; I2 [ 0%), or congenital malformations (RR, 1.28;
95% CI, 0.47–3.49; I2 [ 0%).
CONCLUSIONS:
 Adverse pregnancy outcomes among pregnant IBD women using biologics are comparable with
that of the general population. PROSPERO protocol #CRD42019135721.
Keywords: Biological Agents; Crohn’s Disease; Pregnancy Outcome; Ulcerative Colitis.
The incidence and prevalence of ulcerative colitis
and Crohn’s disease, the 2 main forms of in-

flammatory bowel disease (IBD), are increasing world-
wide, although rates have stabilized in Europe and
North America in recent years.1 The incidence of IBD is
highest between the ages of 20 and 29 years, with a
median age at diagnosis of ulcerative colitis and Crohn’s
disease of 34.9 and 29.5 years, respectively.2 Thus, the
peak incidence of IBD overlaps with the prime repro-
ductive years and has considerable impact on decision
making about childbearing. In general, women with
quiescent IBD have the same fertility rates as women
without IBD,3 except for those with active disease and/
or a history of pelvic surgery.3 Active disease is asso-
ciated with an increased risk of adverse pregnancy
outcomes such as early pregnancy loss (EPL), low birth
weight, and preterm birth.4–6 Women with IBD, whether
active or inactive, are at increased risk of adverse
pregnancy outcomes and may benefit from an assess-
ment for a potential high-risk pregnancy.3,7 If the preg-
nancy health care provider is unfamiliar with
management of such pregnancies, a referral to a
Maternal Fetal Medicine or Obstetric Medicine specialist
where available may be beneficial.3

Effective medical management of IBD is essential to
optimize successful pregnancy outcomes.8 The majority
of IBD medications are safe to continue during preg-
nancy. Nonetheless, patients often misperceive the risks
and discontinue treatment before or during pregnancy9;
1 study showed that only 60% to 75% of pregnant
women complied with their recommended treatment
plan.10 Therefore, both patients and their providers,
including gastroenterologists, obstetrical providers, and
pediatricians require current evidence-based guidelines
to critically appraise the impact and safety of IBD med-
ications during pregnancy to empower shared decision
making.

Biologics have changed the landscape of IBD man-
agement, with more patients able to achieve remission
from active disease.11,12 Since the arrival of the first
tumor necrosis factor (TNF) inhibitor, infliximab (IFX),
the introduction of 3 other TNF inhibitors (adalimumab
[ADA], certolizumab pegol [CZP], and golimumab
[GLM]),12,13 followed by non-TNF biologics (ie, the anti-
integrin vedolizumab [VDZ]),14 and, more recently,
ustekinumab (UST) (the monoclonal antibody to the
p40 subunit common to interleukins 12 and 23),15 has
widened the therapeutic armamentarium for IBD.
Therefore, evidence regarding appropriate use and
safety of medications in the context of pregnancy is
crucial, because withholding these efficacious therapies
can result in suboptimal care and unfavorable out-
comes,16 including disease flares and loss of response
to an effective medication,17 as well as adverse preg-
nancy outcomes.18 Active inflammation during preg-
nancy may have detrimental effects on fetal
development. For example, proinflammatory mediators
may negatively influence both hippocampal neuro-
genesis and neuronal cytoarchitecture during brain
fetal development.19

Two current studies emphasized that preconception
care improves medication adherence and thus reduces
the risk of relapse and subsequent complications in
pregnancy.16,20 However, fetal exposure to medication
during pregnancy is a source of concern for women
with IBD as well as their health care providers.21

Population-based estimates of adverse pregnancy out-
comes with biologic exposure compared with the gen-
eral population are needed to properly counsel patients
regarding the risks and benefits of treatment. Further-
more, the optimal interval between the last dose of bi-
ologics and birth of the infant still is unknown. Many
clinicians discontinue biologic therapy before the third
trimester to lower levels of medication in cord
blood.22,23 Recent studies, however, have shown that a
longer duration between the last dose of TNF inhibitors
and delivery does not always correlate with lower in-
fant cord blood levels because several factors influence
drug metabolism in the fetus.24,25 The implications of
these data are not yet fully understood. Studies evalu-
ating the risk of adverse pregnancy outcomes among
IBD women on biologic therapies are needed to guide
clinicians and patients to make informed management
plans. To address these issues, we performed a sys-
tematic review and meta-analysis, timed to capture the
most current data, evaluating the prevalence of adverse
pregnancy outcomes associated with maternal biologic
exposure, including sensitivity analyses investigating
the impact of disease activity and stratifying by type of
biologic administered whenever possible.



What You Need to Know

Background
A systematic review and meta-analysis was needed
to assess available data on the prevalence of adverse
pregnancy outcomes for women with inflammatory
bowel disease (IBD) intended for biologics (ie, tumor
necrosis factor inhibitors, anti-integrins, and anti-
cytokines) during pregnancy to establish evidence-
based treatment regimens.
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Materials and Methods

This systematic review was performed according to
the guidelines from the Cochrane Collaboration and re-
ported outcome following the Preferred Reporting Items
for Systematic Reviews and Meta-analysis guidelines.26,27

The study protocol was registered in the International
Prespective Register of Systematic Reviews (PROSPERO)
database (CRD42019135721) on September 15, 2019,
and is available online at http://www.crd.york.ac.uk/
PROSPERO.
Findings
The use of biologics in IBD pregnancies did not affect
the prevalence of adverse pregnancy outcomes
compared with those in the general population.
Moreover, continued tumor necrosis factor inhibitor
therapy throughout the third trimester was not
associated with an increased risk of preterm birth,
low birth weight, or congenital malformations
compared with discontinuing biologics earlier on.

Implications for patient care
The data presented provide reassurance to patients
and providers contemplating discontinuation or
avoidance of biologics during pregnancy in women
with IBD who are concerned about adverse drug
effects. Thus, pregnant women with IBD may receive
biologics when needed for controlling their disease.
Review Questions

Does biologic therapy affect pregnancy outcomes in
IBD such as EPL (ie, pregnancy loss before 20 weeks),
preterm birth (ie, birth at 20 weeks and up to 37 weeks of
gestation),28 stillbirth (ie, nonviable fetus after 20 weeks
until term), low birth weight (ie, weight of less than 2500
g in an infant born at term), or congenital malformations?
Furthermore, we investigated if continuation of biologics
into or throughout the third trimester of pregnancy was
associated with an increased risk of preterm birth, low
birth weight, or congenital malformations. No data, how-
ever, were retrievable for evaluation of preterm labor
listed in the PROSPERO protocol (ie, labor that begins
before 37 weeks of pregnancy) in a meta-analysis.28
Literature Search

The author affiliated with the Cochrane Collaboration
(C.B.J.) developed a comprehensive search strategy in
collaboration with 2 of the authors (O.H.N. and J.M.G.),
who subsequently performed a systematic search for
published literature in the electronic databases Medline
via PubMed, Embase via Ovid, and CENTRAL, from
inception to June 1, 2020 (see the Supplementary
Methods section for more detail).
Eligibility Criteria

Studies were eligible for the systematic review if they
included at least 1 treatment group in which a biologic
agent was administered for IBD during pregnancy and
adverse outcomes were evaluated. Randomized
controlled trials, but also nonrandomized observational
studies, cohort studies, case series, and case reports,
were included. Timing and effect measures included a
90-day preconceptional period as well as the first, sec-
ond, and third trimesters of the pregnancy.

Main outcomes included EPL, preterm birth, stillbirth,
low birth weight, and congenital malformations as well
as continued biological therapy into or throughout the
third trimester vs discontinuation before 30 weeks’
gestation as reported in Congress abstracts or as full-
length articles.
Selection of Studies

Two members of the study team (O.H.N. and J.M.G.)
independently assessed titles and abstracts for study
eligibility and performed the data extraction. The full text
was obtained if studies were judged eligible by at least 1
reviewer. The same reviewers also independently judged
eligibility of the reviewed full-text studies. Consensus on
inclusion was reached by discussion (including C.M.,
S.E.S., and C.B.J.).
Data Extraction

Data extraction was performed by the authors (O.H.N.
and J.M.G.) using a customized data extraction form
developed for each of the outcomes. The following data
extraction was considered mandatory: study authors,
publication year, trial design, intervention characteris-
tics, trial location (in case of multicenter studies, the
primary investigator affiliation would apply), number of
patients allocated to biological treatment (ie, a TNF in-
hibitor, VDZ, or UST), number of patients with adverse
events (EPL, preterm birth, stillbirth, low birth weight,
congenital malformations), and/or whether biological
therapy was continued into or through the third
trimester.

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO


Table 1. Summary of Findings of the 48 Studies Analyzed

Pregnancy outcomes

Prevalence (95% CI)

Pregnancies, n (studies)
Quality of

evidence (GRADE) CommentsTreatment with biologics

Early pregnancy loss Anti-TNF
0.07 (95% CI, 0.05–0.08)

4040 pregnancies (31 studies) þ000a

low
Large heterogeneity, I2 ¼ 87%

Vedolizumab
0.18 (95% CI, 0.12–0.24)

140 pregnancies (4 studies) 0000a,b

very low
No heterogeneity, I2 ¼ 0%

Ustekinumab
0.17 (95% CI, 0.12–0.22)

230 pregnancies (2 studies) 0000a,b

very low
Heterogeneity not estimated

Preterm birth: birth
between 20 and
37 weeks

Anti-TNF
0.08 (95% CI, 0.06–0.10)

3226 pregnancies (27 studies) þ000a

low
Large heterogeneity, I2 ¼ 90%

Vedolizumab
0.19 (95% CI, 0.12–0.26)

110 pregnancies (4 studies) 0000a,b

very low
No heterogeneity, I2 ¼ 0%

Ustekinumab
0.08 (95% CI, 0.04–0.14)

130 pregnancies (1 study) 0000a,b

very low
Heterogeneity not estimated

Stillbirth Anti-TNF
0.00 (95% CI, 0.00–0.00)

3731 pregnancies (20 studies) þ000a

low
No heterogeneity, I2 ¼ 0%

Vedolizumab
0.00 (95% CI, 0.00–0.00)

115 pregnancies (3 studies) 0000a,b

very low
Heterogeneity not estimated

Ustekinumab
0.00 (95% CI, 0.00–0.00)

297 pregnancies (2 studies) 0000a,b

very low
Heterogeneity not estimated

Low birth weight:
<2500 g

Anti-TNF
0.08 (95% CI, 0.05–0.10)

1922 pregnancies (22 studies) þ000a

low
Large heterogeneity, I2 ¼ 88%

Vedolizumab
0.05 (95% CI, 0.01–0.23)

21 pregnancies (1 study) 0000a,b

very low
Heterogeneity not estimated

Congenital malformation Anti-TNF
0.01 (95% CI, 0.01–0.02)

4838 live births (36 studies) þ000a

low
Large heterogeneity, I2 ¼ 80%

Vedolizumab
0.01 (95% CI, 0.00–0.04)

120 pregnancies (5 studies) 0000a,b

very low
Heterogeneity, I2 ¼ 43%

Ustekinumab
0.05 (95% CI, 0.02–0.08)

216 pregnancies (3 studies) 0000a,b

very low
Heterogeneity not estimated

CI, confidence interval; TNF, tumor necrosis factor.
aObservational studies were not downgraded owing to risk of bias because no significant differences were detected in the proportion of pregnancy outcomes
according to risk of bias, no upgrading owing to dose-response or high effect.
bDowngraded because of sparse data.
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Risk of Bias Assessment

Because the reports included were nonrandomized
studies of intervention, 2 reviewers (O.H.N. and C.B.J.)
independently assessed the methodologic quality of the
48 included studies in the meta-analyses
(Supplementary Table 1), using the Risk of Bias in
Nonrandomized Studies of Interventions (ROBINS-I) tool
(Supplementary Table 2). This tool assesses these types
of studies against a hypothetical pragmatic target ran-
domized trial and has been shown by the Cochrane Sci-
entific Committee to be a conceptually rigorous tool
focusing on the risk of bias due to the counterfactual, and
consequently articulates limitations in the assessed
studies with respect to a causal effect. Any disagreement
in initial ratings of methodologic quality assessment was
discussed between the reviewers (J.M.G., S.E.S., and C.M.)
until consensus was reached. The overall quality of evi-
dence for the estimates of prevalence for pregnancy
outcome were evaluated by using the Grading of Rec-
ommendations Assessment, Development and Evalua-
tion29 approach and presented in a Summary of Findings
table (Table 1). Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) is a sys-
tematic approach to rate the quality of evidence across
studies for a specific outcome based on 5 domains that
involve the methodologic flaws of the studies (ie, risk of
bias), the heterogeneity of results across studies (ie,
inconsistency), the generalizability of the findings to the
target population (ie, indirectness), the precision of the
estimates (ie, the 95% CI), and the risk of publication
bias (ie, small study bias).
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Strategy for Data Synthesis

The prevalence of each of the outcomes (ie, EPL,
preterm birth, stillbirth, low birth weight, and congenital
malformations) was combined by applying a random-
effects model meta-analysis stratifying by type of bi-
ologics. Studies were weighted according to the
DerSimonian–Laird method taking the between-study
variance into account using the command metaprop in
STATA (StataCorp, College Station, TX).30 To include
studies with no events, 0.01 event was added to studies
with no events. The combined prevalence was compared
with either the prevalence of the outcomes in nonex-
posed studies or with the prevalence in the background
population. A random-effects model was applied because
some heterogeneity was expected owing to differences in
disease state, setting, study design, and type of biologics.
A meta-regression analysis was performed assessing the
association of, first, active disease and, second, concom-
itant thiopurine with adverse pregnancy outcomes. The
relative risk (RR) with 95% CI for adverse events (pre-
term, low birth weight, or congenital malformations) for
continued use of biologics into the third trimester or
beyond was combined in a random-effects model.

Results

The literature search identified 3497 reports,
including Congress abstracts comprising nonrandomized
observational studies, cohort studies, case series, and
case reports; no randomized controlled trials were
identified. The material included in this quantitative
evaluation is shown in Supplementary Figure 1, and
Supplementary Tables 1 and 3). Of 116 unique publica-
tions identified in this systematic review, including 7941
pregnancies among women with IBD, 5 studies were
excluded from the meta-analysis because of a mix of
patients with IBD and other chronic inflammatory dis-
orders, including rheumatoid arthritis,31–35 and 1 other
study was omitted because not all participants received a
biologic agent.36 Moreover, all studies with fewer than
10 individuals were excluded from meta-analyses
because they often are highly selected (based on a pos-
itive or negative findings) and therefore may not be
representative of pregnant women with IBD exposed to
biologics (Supplementary Table 3). For the meta-
analysis, 68 studies comprising 922 women were
excluded for the earlier-mentioned reasons, leaving 48
studies with 6963 patients to be included here
(Supplementary Table 1).17,22,23,25,35,37–79 Unless speci-
fied in Supplementary Table 1, a standard dose of bi-
ologics was administered (Supplementary Table 4),
although standard dosing is frequently not followed in
clinical settings to optimize the clinical response.
Because we did not identify any large cohort with more
than 600 women with IBD comprising all pregnancy
adverse outcomes investigated (disease-specific back-
ground population for comparison with our data), 3
published cohorts were selected accordingly.7,80,81

Early Pregnancy Loss

The pooled prevalence of EPL was 7% (95% CI, 5%–
8%) in 31 studies with administration of TNF
inhibitors,22,25,37–39,41,43–46,48,49,51–60,65,66,68–70,72,73,75,77

18% (12%–24%) in 4 studies with VDZ,40,62,64,65 or
17% (12%–22%) in 2 studies with UST63,67 (Figure 1).
Subgroup analyses identified a significantly higher
prevalence of EPL in patients exposed to VDZ (P ¼ .001)
or UST (P < .001) compared with TNF inhibitors,
although these data should be interpreted with caution
because of limited data available. No relationship was
found between concomitant thiopurine and the preva-
lence of EPL in 19 studies adding thiopurine to anti-
TNF25,37,38,41,43–46,48,52,54,56–60,68–70 (slope, -0.045; 95%
CI, -0.258 to 0.168). No relationship between EPL and
the percentage of participants with disease activity
at conception were found, including 20 studies with
sufficient data on disease activity25,38-41,
43,48,53–59,62,64,65,68,69,75 (slope, -0.033; 95% CI, -0.319 to
0.254). The overall pooled prevalence of EPL was 8%
(95% CI, 6%–10%; I2 ¼ 87.4), with biologics use in
pregnancy, which is at the same level as the reported
risk of 11% in a recent cohort of 7917 women with
accordingly (including active disease)7 and 14% in the
general population.82
Preterm Birth

The pooled prevalence of preterm birth was 8% (4%–
14%) in 27 studies with anti-TNF,17,23,25,38,41–43,45–47,
49,50,53–56,58,59,61,65,66,68–72,74 19% (12%–26%) in 4 studies
with VDZ,40,62,64,65 and 8% (4%–14%) in 1 study with
UST63 (Figure 2). Subgroup analyses identified a signifi-
cantly greater prevalence of preterm birth in patients
exposed to VDZ (P ¼ .005), but not for UST (P ¼ .912) as
compared with TNF inhibitors, although these data should
be interpreted with caution because of limited data avail-
able. No relationship was found between concomitant thi-
opurine use and the prevalence of preterm birth in 21
studies reporting the number of participants receiving
thiopurine17,23,25,38,41–43,45–47,50,54,56,58,59,61,68–71,74 (slope,
0.067; 95% CI, -0.192 to 0.327). No relationship between
the risk of preterm birth and the percentage of participants
with disease activity at conception were identified in 20
studies17,23,25,38,40,41,43,50,53–56,58,59,62,64,65,68,69,74 (slope,
0.233; 95% CI, -0.134 to 0.601). The overall pooled
prevalence of preterm birth was 9% (95% CI, 7%–11%;
I2 ¼ 89.9%) with biologics use in pregnancy, comparable
with a rate of preterm birth of 10% in a cohort of 1960
women with IBD including active disease81 and 11% in
the background population.82,83



Figure 1. Use of biologics for the management of inflammatory bowel disease in the context of early pregnancy loss. TNF,
tumor necrosis factor; VDZ, vedolizumab; UST, ustekinumab.
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Stillbirth

The pooled prevalence of stillbirth was 0% (0%–0%)
in 20 studies with anti-TNF,23,38,39,41,43,44,46,49,52,58–60,65,
66,68–70,72–74 0% (0%–0%) in 3 studies with VDZ,64,65,79

and 0% (0%–0%) in 2 studies with UST35,63

(Supplementary Figure 2). Subgroup analyses did not
identify any differences in the prevalence of stillbirth be-
tween the groups exposed for TNF inhibitors: VDZ (P ¼
.980) or UST (P¼ .875). No impact of adding thiopurine to
anti-TNF was found for stillbirth in 13 studies with suf-
ficient data23,41,43,44,46,52,58–60,68–70,74,84 (slope, -0.001;
95% CI, -0.008 to 0.005). No relationship between the risk
of stillbirth and disease activity at conception was
observed in 12 studies with sufficient data on disease
activity23,38,39,41,43,58,59,64,65,68,69,74 (slope, 0.000; 95% CI,
-0.013 to 0.012). The overall pooled prevalence of still-
birth was 0% (95% CI, 0%–0%; I2 ¼ 0%) with biologics
use in pregnancy, comparable with a 1% prevalence
observed in a cohort of 1960 women with IBD81 and the
2% prevalence in the general population for stillbirth.85

Low Birth Weight

The pooled prevalence of low birth weight was 8%
(5%–10%) in 22 studies with anti-TNF
treatment,23,25,38,41–43,45–47,51,53–56,59,61,68,69,71,74,76,78

and 5% (1%–23%) in 1 study with VDZ64 (Figure 3).
In subgroup analyses, no difference was found in the
prevalence of low birth weight for VDZ (P ¼ .514)
(1 study) as compared with TNF inhibitors, but the
results should be interpreted with caution. No rela-
tionship was found between concomitant thiopurine
and the prevalence of low birth weight in 18
studies23,25,38,41–43,45–47,54,56,59,61,68,69,71,74,76 (slope,
-0.076; 95% CI, -0.328 to 0.175). No relationship



Figure 2. Use of biologics for the management of inflammatory bowel disease in the context of preterm birth. TNF, tumor
necrosis factor; VDZ, vedolizumab; UST, ustekinumab.
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between the risk of low birth weight and disease
activity at conception was identified in 14
studies23,25,38,41,43,53–56,59,64,68,69,74 (slope, -0.354;
95% CI, -0.848 to 0.141). The overall pooled preva-
lence of low birth weight was 8% (95% CI, 5%–10%;
I2 ¼ 87.0%) with biologics used in pregnancy, which
is far lower than a rate of 20% found in a case–control
study (635 individuals in total) including flaring IBD
during pregnancy,80 but comparable with the 5% to
7% prevalence in developed countries after assess-
ment for heterogeneity.86

Congenital Malformations

The pooled prevalence of congenital malformations
was 1% (1%–2%) in 36 studies with anti-
TNF,17,22,23,25,37–39,41–49,54–61,65,66,68,69,71–78 1% (0%–
4%) in 5 studies with VDZ,40,62,64,65,79 and 5% (2%–8%)
in 3 studies with UST35,63,67 (Supplementary Figure 3).
Subgroup analyses showed a significant difference in
congenital malformations among children exposed to
UST (P ¼ .010), but no difference in children exposed to
VDZ (P ¼ .912), compared with TNF inhibitors during
pregnancy. Again, these data must be interpreted with
caution because of the limited number of observations
in the 2 non-TNF inhibitor groups. No relationship
was found between concomitant thiopurine and
the prevalence of congenital malformations in 24
studies17,23,25,38,41–48,54,56,57,59–61,68,69,71,74,76 (slope,
-0.035; 95% CI, -0.108 to 0.038). No relationship
between the risk of congenital malformations and
disease activity at conception was found in 24



Figure 3. Use of biologics for the management of inflammatory bowel disease in the context of low birth weight. TNF, tumor
necrosis factor; VDZ, vedolizumab.
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studies17,23,25,38–41,43,48,50,53–59,62,64,65,68,69,74,75 (slope,
0.004; 95% CI, -0.088 to 0.096). The overall pooled
prevalence of congenital anomalies was 1% (95% CI,
1%–2%; I2 ¼ 78.3%) with the use of biologics in preg-
nancy, comparable with 3% reported in the earlier-
mentioned cohort of 1960 IBD patients81 and the 3%
in the general population when adjusted for statistical
variance.87

Risk of Adverse Pregnancy Outcomes With
Continuous Vs Interrupted Therapy

Five large cohort studies explored the duration of
continued biological therapy (into or throughout the third
trimester vs discontinuation between gestational weeks
25–30 at the latest) with TNF inhibitors, including IFX,
ADA, CZP, and GLM (other biologics not investigated), on
pregnancy outcomes comprising preterm birth, low birth
weight, or congenitalmalformations.17,23,45,50,76 However,
1 of these studies did not present sufficient data on any of
the 3 outcomes,17 and, accordingly, the RR with 95% CIs
for adverse events was estimated pooling the 4 remaining
studies, including 906 women with IBD in a random-
effects meta-analyses.23,45,50,76 In our meta-analysis of 3
studies with 455 patients, continuation of anti-TNF ther-
apy in 244 vs discontinuation before week 30 in 211 was
not associated with preterm birth (RR, 1.41; 95% CI,
0.77–2.60; I2¼ 0%)23,45,50 (Figure 4A). In a meta-analysis
of 4 studies including 906 patients,23,45,50,76 621
continued TNF inhibitors into or throughout the third
trimester, which was not associated with low birth weight
(RR, 1.32; 95%CI, 0.80–2.18; I2¼0%) (Figure 4B). Finally,
in a meta-analysis of 3 studies with 455 patients,23,45,50

244 continued TNF inhibitors during the third trimester,
which was not associated with a risk of congenital mal-
formations (RR, 1.28; 95% CI, 0.47–3.49; I2 ¼ 0)
(Figure 4C).

Biologic Exposure and Long-Term Infant
Outcomes

Although our registered systematic review protocol
was not designed to capture long-term outcomes in in-
fants born to mothers who used biologics, we looked for



Figure 4. (A) Preterm birth medication through the third trimester shown as relative risk (RR). (B) Low birth weight through the
third trimester shown as RR. (C) Congenital malformations through the third trimester shown as RR. REML, restricted maximal
likelihood.
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reported infections, development (motor, neurophysio-
logical), response to vaccines, and atopic disease as
shown in a column of Supplementary Tables 1 and 3.
However, because most studies did not report such long-
term outcomes, we were unable to perform a meta-
analysis on this topic.
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Risk of Bias Assessment

Using the ROBINS-I tool, 13 studies were judged as
having a low risk of bias,23,25,40,42,45,50,58,60,65,68,71,72,78

19 as having a moderate risk,17,22,35,39,43,44,47–49,
51,53,54,56,57,63,67,69,73,76 and 16 as having a serious
risk37,38,41,46,52,55,59,61,62,64,66,70,74,75,77,79 (Supplementary
Table 2). Most studies judged with a serious risk of bias
were small retrospective case series because a risk of
selection bias existed owing to a lower risk of pregnancy
outcomes. Nevertheless, because these studies were
small, they accordingly had less weight in the meta-
analyses. Therefore, in the context of risk of bias, no
significant differences were detected among pregnancy
outcomes (Table 1).
Discussion

The safety of IBD treatments is an important concern
for women of reproductive age and can influence deci-
sion making regarding having children and continuation
of therapy during pregnancy.88,89 Concerns regarding the
safety of biologic therapies is a major barrier for some
patients. In the present systematic review and meta-
analysis of 48 studies comprising close to 7000 preg-
nant women with IBD, we show that the prevalence of
adverse pregnancy outcomes in biologic-treated patients
is no higher than that of the general population.
Furthermore, we show no significant increase in the risk
of adverse pregnancy outcomes with continued biologic
therapy during the third trimester as opposed to stop-
ping earlier during pregnancy. This was based on a large
updated meta-analysis exploring the association of bi-
ologics during pregnancy in women with IBD and
adverse pregnancy outcomes.

Our study was consistent with prior meta-analyses
showing no increased risk of adverse pregnancy out-
comes in pregnant women with IBD exposed to anti-TNF
agents.90,91 Given that no randomized controlled trials
exist in the management of pregnant women with IBD
and biologics, we pooled prevalence data. Compared with
other studies, our study provides pooled prevalence data
rather than relative measures of risk (odds ratios, RRs),
which is more intuitive and accessible to patients and
providers in helping to understand the risks compared
with the general population. Furthermore, our study
adds to the literature by including contemporary data
regarding VDZ and UST. In addition, we provide data
directly comparing risks of adverse pregnancy outcomes
with or without continuing biologics during the third
trimester. However, the overall quality of evidence for
the estimates of the different birth outcomes was judged
as low because of the observational nature of the studies,
and as very low when evaluating the subgroups of VDZ
and UST. Accordingly, inclusion of future trials with more
observations likely may alter the 95% CIs of the esti-
mates provided here.
Our study suggests that biologics have little or no
impact on fetal development leading to adverse preg-
nancy outcomes. Although many biologics, with the
exception of CZP, cross the placenta during pregnancy, it
is possible that the presence of biologics in fetal circu-
lation does not disrupt fetal development that could lead
to EPL, or poor fetal growth leading to low birth weight.
Given no increased risk of congenital malformations with
biologics, it also is possible the biologics in fetal circu-
lation do not impact fetal organogenesis. This is in stark
contrast with the deleterious effects of uncontrolled
inflammation in pregnancy on fetal outcomes. Uncon-
trolled inflammation during pregnancy has been associ-
ated with an increased risk of intra-amniotic infections,
cytokine-mediated premature labor, and neurologic and
developmental abnormalities in infants.92

The present study suggests that the prevalence of
adverse pregnancy outcomes among IBD women on
biologic therapy is relatively low and no greater than
observed in the general population.82,83,85–87 Adverse
outcomes of biologic-exposed pregnancies also were
comparable with previously published data on pregnant
women with IBD irrespective of therapy.7,80,81 Safety
data from prospective trials and large nationwide co-
horts of women who continued biologics in pregnancy
have not shown an increase in adverse fetal outcomes,
including congenital anomalies,17,60,65,93 and the data
presented in this robust meta-analysis support their
appropriate use in pregnancy. In this context, it has been
shown that discontinuing TNF inhibitors before the 24th
week of pregnancy increases the risk of disease
relapse.17 The results of our meta-analysis also support
that continuing biologic therapy (TNF inhibitors)
throughout the entirety of pregnancy in IBD patients is
safe and not associated with increased the risk of pre-
term birth, low birth weight, or congenital malforma-
tions. Thus, any therapy regimen adjustments needed to
minimize disease severity during pregnancy should be
performed without concern for adverse pregnancy out-
comes. This is consistent with the Toronto Consensus
Guidelines and other society recommendations.3,28

Our subgroup analyses of a small number of studies
showed that the pooled prevalence of EPL and preterm
birth were higher in VDZ users vs anti-TNF users. A
likely explanation for this higher prevalence was that
the small number of studies in these subgroup ana-
lyses likely overestimated the prevalence of adverse
pregnancy outcomes compared with the anti-TNF
subgroup, which had a significantly larger number of
studies.94 Another explanation is that differences in
baseline clinical characteristics of pregnant women in
the VDZ groups (eg, older age, more active disease)
predisposed these women to more adverse pregnancy
outcomes. Finally, a4b7 blockade by VDZ may disrupt
binding to mucosal addressin cell adhesion molecule 1
expressed by the placenta during the first trimester,95

and this interference subsequently may be associated
with increased adverse pregnancy outcomes, although
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recent data have reported uneventful pregnancies in
most cases.96 This mechanism, however, is purely
speculation and warrants further investigation. Overall,
larger prospective studies focused on VDZ and UST are
much needed in pregnant women with IBD.

Our study has a number of strengths. First, our study
was a large updated meta-analysis evaluating biologic
therapies and pregnancy outcomes in patients with IBD.
Second, this meta-analysis incorporated the newer bio-
logic agents such as VDZ and UST and quantified the risk
of adverse pregnancy outcomes with or without
continuing biologics during the third trimester of preg-
nancy. Third, we used a rigorous and comprehensive
literature search that focused solely on IBD patients.
Data were critically appraised and extracted by 2 inde-
pendent reviewers. Fourth, our meta-analyses included
several studies with relatively large population data sets,
increasing the statistical power to measure our clinical
outcomes and test associations between biologic expo-
sure and the predefined outcomes of interests. Fifth,
multiple diverse IBD patient cohorts from different parts
of the world were included, broadening the generaliz-
ability of findings presented. Finally, we performed
sensitivity analyses stratifying outcomes by type of bio-
logic exposure and meta-regression analysis to assess the
association of both disease activity and concomitant
thiopurine use with adverse outcomes.

Our study, however, had some limitations. First,
studies including the more recently available biologics
(eg, VDZ and UST), as well as studies evaluating biologics
in the third trimester, had small sample sizes and a
paucity of control groups, increasing the risk of statistical
errors. Second, most included studies were observa-
tional, and thus we cannot account for unmeasured
confounders as well as the influence of risk of bias as
seen from the ROBINS-I assessment (Supplementary
Table 2). However, performing higher-quality studies
such as randomized controlled trials to evaluate the ef-
fect of biologics on adverse pregnancy outcomes in pa-
tients with IBD poses serious feasibility and ethical
challenges. Finally, we did not assess long-term out-
comes of infants born to mothers with IBD exposed to
biologics such as risk of infection, response to vaccines,
and risk of autoimmune conditions later in life. Future
meta-analyses addressing these topics are planned.

In conclusion, our systematic review and meta-
analysis provides evidence showing that the prevalence
of adverse pregnancy outcomes in pregnant women with
IBD exposed to TNF inhibitors is not greater than in the
general population, although larger studies are needed to
better evaluate the newest biologics of VDZ and UST. Our
data also suggest that continued biologic therapy
throughout the third trimester of pregnancy is not
associated with an increased risk of adverse pregnancy
outcomes compared with discontinuing biologics earlier
on. The data presented provide reassurance to patients
and providers contemplating discontinuation or avoid-
ance of biologics during pregnancy in women with IBD
who are concerned about adverse drug effects on the
natural course of pregnancy. Our data also support
consensus guidelines3,28 and the paradigm shift occur-
ring in clinical practice where biologics during the third
trimester of pregnancy in IBD patients are continued.
Overall, our findings highlight that the benefits of bi-
ologics during pregnancy in women with IBD outweigh
the risks with regard to adverse pregnancy outcomes.
Future studies will need to focus on the impact of bio-
similars to IFX and ADA and orally administered Janus
kinase inhibitors97 in patients with IBD and risk of
adverse pregnancy outcomes as well as the long-term
consequences of infants exposed to biologics during
pregnancy. To that aim, data obtained via prospective
multicenter registries such as the Crohn’s and Colitis
Foundation registry for pregnancies in IBD
(ClinicalTrials.gov identifier NCT00904878) or the natal
outcomes registry (A Multicenter National Prospective
Study of Pregnancy in Inflammatory Bowel Disease and
Neonatal Outcomes)60 are highly warranted and eagerly
awaited.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2020.09.021.
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Supplementary Figure
1. Study screening and selec-
tion flow diagram (PRISMA).
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Supplementary Figure 2. Use of biologics for the management of IBD in the context of stillbirth. Anti-TNF includes IFX þ
ADA þ CZP þ GLM. ADA, adalimumab; CI, confidence interval; CZP, certolizumab pegol; IFX, infliximab; GLM, golimumab;
UST, ustekinumab; VDZ, vedolizumab.
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Supplementary Figure 3. Use of biologics for the management of IBD in the context of congenital malformations. Anti-TNF
includes IFX þ ADA þ CZP þ GLM. ADA, adalimumab; CI, confidence interval; CZP, certolizumab pegol; GLM, golimumab;
IFX, infliximab; UST, ustekinumab; VDZ, vedolizumab.
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