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Abstract

Beta-blockers are commonly used during the first trimester of pregnancy. Data regarding risks of

congenital anomalies in offspring have not been summarized. We performed a meta-analysis to

determine teratogenicity of beta-blockers in early pregnancy. A systematic literature search was
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performed using PubMed, EMBASE, Cochrane Clinical Trials, and hand search. Meta-analyses

were conducted using random-effects models based on odds ratios (ORs). Pre-specified subgroup

analyses were performed to explore heterogeneity. Randomized controlled trials or observational

studies examining risks of congenital malformations associated with first trimester beta-blocker

exposure compared to no exposure were included. Thirteen population-based case-control or

cohort studies were identified. Based on meta-analyses, first trimester oral beta-blocker use

showed no increased odds of all or major congenital anomalies (OR = 1.00; 95% CI: 0.91 – 1.10,

five studies). However, in analyses examining organ-specific malformations, increased odds of

cardiovascular (CV) defects (OR = 2.01; 95% CI: 1.18 – 3.42; 4 studies), cleft lip/palate (CL/P)

(OR = 3.11; 95% CI: 1.79 – 5.43; 2 studies) and neural tube (NT) defects (OR = 3.56; 95% CI:

1.19 – 10.67; 2 studies) were observed. The effects on severe hypospadias were non-significant (1

study). Causality is difficult to interpret given small number of heterogeneous studies and

possibility of biases. Given the frequency of this exposure in pregnancy, further research is

needed.
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INTRODUCTION

There has been a rapid rise in the use of anti-hypertensive medications in pregnancy during

the past decade.12 Recent data demonstrate that the most common 1st trimester

antihypertensive exposure is beta adrenergic blocking agents, with nearly 0.5% of all

pregnant women exposed to these medications during this trimester.12

The most concerning potential adverse effect of first-trimester medication exposure is

teratogenicity. Each year, approximately 3% of infants are born with serious birth defects;3

malformations are the leading cause of infant mortality in the U.S.4 Most beta-blockers are

designated by the United States Food and Drug Administration as class C,5 meaning that

animal studies have demonstrated adverse fetal effects but there are no adequate or well-

controlled studies in humans.

Despite the frequency of this exposure, data regarding risks of fetal congenital anomalies

associated with 1st trimester use of oral beta-blockers have not previously been summarized.

We, therefore, undertook this systematic review and meta-analysis to combine data from

existing randomized controlled trials (RCTs), cohort and case-control studies to answer the

hypothesis that first-trimester beta-blocker exposure may be associated with birth defects.

METHODS

Search Strategy

The search engines used included PUBMED (1966-August 2011), EMBASE (1982 to

August 2011), Cochrane Clinical Trials, controlled-trials.com, and clinicaltrials.gov to

identify all published studies on beta-blocker use and congenital anomalies in all languages.
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References of selected articles were also hand searched to ensure all possible articles were

captured.

Combinations of MeSH and text words in our search string in PubMed and EMBASE

included: antihypertensive agent/therapy, beta-adrenergic receptor blocking agent/beta-

blocker/beta-antagonist/adrenergic beta-3 receptor antagonists/adrenergic beta-2 receptor

antagonists/adrenergic beta-1 receptor antagonists, anti-adrenergic, anti-anxiety agents,

generic names of all beta blockers AND pregnancy/pregnant woman/pregnan* AND

congenital disorder/congenital abnormality/congenital anomaly/congenital malformation or

birth defects/deformit*. The Cochrane Library, clinicaltrials.gov, and controlled-trials.com

were searched with similar search strings. No limits were applied to any of these searches.

MOOSE guidelines6 were followed.

Inclusion/Exclusion criteria

All available RCTs, cohort, and case-control studies were selected. The inclusion criteria

were exposure of pregnant women to one or more oral beta-adrenergic receptor blocking

agents during the first trimester of pregnancy versus no use of these drugs in this time frame,

and an outcome measure of one or more congenital anomalies. We excluded studies that

were cross-sectional, descriptive or case series/reports. Studies examining treatment of

hypertensive disorders of late pregnancy including gestational hypertension and

preeclampsia/eclampsia were excluded, as late pregnancy exposures are beyond the

etiologically relevant gestational period. We also excluded studies in which subjects used

beta-blockers to treat thyroid disorders, as these disorders may be independently associated

with congenital anomalies.

Selection and Quality Assessment

The titles and abstracts were reviewed independently by two reviewers (R.A.H. and

M.Y.Y.), who then retrieved all potential full text manuscripts based on abstracts. Non-

English articles meeting eligibility criteria were translated into English using software

available online. Authors were contacted for clarification in circumstances where data were

not clear or were difficult to interpret (see Results section). The reviewers (R.A.H. and

M.Y.Y.) also independently assessed study quality based on criteria determined by all

authors. The most important two factors that were thought to potentially influence study

validity and quality were 1) whether the study excluded or adjusted for pre-existing diabetes

mellitus (DM) (as DM may be associated with beta-blocker use and is independently

associated with congenital anomalies); and 2) potential for recall bias (in which women with

affected babies could be more likely to recall exposure to drugs). Possible recall bias was

assessed based on whether data collection involved retrospective maternal interviews or self-

report of beta-blocker exposure after the outcome had occurred, compared to data collection

that was prospective or relied on pre-existing prenatal medication records (where recall bias

would be unlikely).

Data Extraction

Two authors (R.A.H. and M.Y.Y.) independently extracted data from original full text

articles using a standardized data collection form. Data extracted included study type, data
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source, study location, primary indication for beta-blocker use, timing of exposure, class(es)

of malformation(s), confounders adjusted for, sample size, ORs (adjusted if available) and

95% confidence intervals (CIs), study exclusion/adjustment for diabetes, and potential for

recall bias. Extracted data were compared and discrepancies resolved by discussion among

all authors. Where multiple articles existed from a single database, the one with the most

complete and/or recent data was used. Data from studies having multiple datasets using the

same control group were adjusted for potential multiple comparison issue7 by performing

sensitivity analyses to confirm the robustness of results.

Statistical Analysis

The primary outcome analyzed was all congenital anomalies. Various organ-specific

anomalies were also studied, including cardiovascular (CV) defects, cleft lip/palate (CL/P),

neural tube (NT) defects, and severe hypospadias. These organ-specific outcomes were

decided post hoc based on available data. Odds ratio was the a priori metameter of choice

given expectations that most studies would be case-control in design. When stated/available

in the manuscripts, adjusted ORs were used. If adjusted ORs were not available, raw

numbers were used to compute ORs with 95% CIs. The included studies were meta-

analyzed (separately for studies that analyzed all or major malformations overall and studies

that specified organ system-specific anomalies, as appropriate). The specific beta-blocker

medication varied or was often not stated. DerSimonian-Laird random effects was the a

priori model of choice given our assumption of high heterogeneity. Heterogeneity among

studies was determined using visual inspection of forest plots and I2 statistic. An I2 value of

> 30% was taken to indicate substantial heterogeneity.

Pre-specified sub-group analyses were performed for outcomes where substantial

heterogeneity was found. This was based on the main quality criterion of study adjustment

or exclusion of diabetics. The studies were also stratified according to potential for recall

bias and indication of beta-blocker use. Publication bias was analyzed by visual inspection

of funnel plots and the Egger's test. A two-tailed p-value of < 0.05 was considered to

indicate publication bias. If such bias was found, a trim-and-fill plot was used to address

potential missing studies and to obtain pooled estimates after adjusting for this bias.

We used three data sets from Puho et al.8 for the CL/P analysis (all with the same control

group) and two data sets from Medveczky et al.9 for the NT defects analysis (both with the

same control group). We, therefore, performed sensitivity analyses, removing two studies at

a time for the CL/P analysis and one study at a time for the NT defects analysis to assess

overall robustness of the results after accounting for this multiple comparison issue.

Power calculations were performed post-hoc after all studies had been collected using

methodology described by Cafri et al.10 The power was 96% to detect an OR of 1.20 for all

or major anomalies, 72.1% for an OR of 2.00 for CV defects, 97.9% for an OR of 3.10 for

CL/P and 60.9% for an OR of 3.50 for NT defects. For details about the macro and SAS

code used, refer to the Supplemental Material.

Meta-analyses were conducted in Review Manager Version 5.0 (RevMan Version 5.0,

Cochrane Collaboration, 2008).
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RESULTS

Electronic searches identified 2,582 citations; 2,462 citations remained after duplicates were

removed. After title and abstract screening, 101 abstracts were selected for full text review

and thirteen (nine case-control8, 9, 11-19 and four cohort20-23) studies met final inclusion

criteria. We did not identify any published RCTs. The search flow diagram is given in

Figure 1. Details of included studies, including quality grading, are given in Table 1. Sipek

et al.19 , written in Czech, was translated into English, but was excluded because the author

did not respond to queries regarding numbers and interpretation of study results.

Furthermore, the Zagreb-based part of Eric et al.22 was excluded because timing of beta-

blocker exposure could not be determined. The exposure comparison in all remaining

included studies was use of oral beta-blockers versus none. All studies were conducted in

developed countries: three in the US,12, 13, 20 three in Hungary,8, 9, 11, three in

Sweden14, 21, 23 and one in Canada,15-17 Germany,18 and Serbia.22 The timing of exposure

was first trimester in all studies. In the Puho study8, however, a portion of the data (on

posterior cleft palate) reported use in the third and fourth months of pregnancy, just past the

first trimester. This study utilized a slightly later definition of the window of teratogenicity

due to embryologic timing of palatal fusion (and therefore, cleft palate), and so was

included. The indication for beta-blockers was hypertension alone in six

studies,8, 12, 13, 15-17, 20, 23 hypertension and other diseases in two studies11, 22 and

unspecified/not given in the remaining 4 studies9, 14, 18, 21 (Table 1).

Details of data used for the meta-analyses are given in Supplemental Table S1. Based on the

meta-analysis of the five studies that analyzed all or major malformations (not organ-

specific), use of beta-blockers during the first trimester of pregnancy was not associated

with increased odds in the random effects model (OR = 1.00, 95% CI: 0.91 – 1.10) (Figure

2). There was no evidence of heterogeneity (I2 = 0%) or publication bias (Egger's p = 0.32).

None of these studies adjusted or excluded for diabetes (adjustment status of one study11

was not clear), so subgroup analysis with this quality factor could not be performed. Studies

with potential for recall bias showed similar results (OR = 1.01; 95% CI: 0.91 – 1.13) to

studies that did not have this possibility (OR = 0.96; 95% CI: 0.79 – 1.18) (see

Supplemental Figure S1). Studies using “hypertension only” as indication for beta-blocker

use showed similar results (OR = 0.97; 95% CI: 0.79 – 1.19) to studies where indication was

“hypertension and other cardiovascular disorders” (OR = 1.01; 95% CI: 0.91 – 1.13) and

where indication was “unspecified” (OR = 0.90; 95% CI: 0.29 – 2.75) (see Supplemental

Figure S2).

Studies that detailed organ-specific malformations were each meta-analyzed by organ

system. In these post hoc secondary analyses, there was a statistically significant increase in

odds of cardiovascular abnormalities (OR = 2.01; 95% CI: 1.18 – 3.42; 4 studies). There was

evidence of substantial heterogeneity (I2=52%), but no evidence of publication bias (Egger's

p = 0.13). Subgroup analyses of studies that excluded/adjusted for diabetes remained

significant (OR = 2.72; 95% CI: 1.90 – 3.90) (Figure 3A), and this quality factor accounted

to some extent for heterogeneity. However, there was no association with beta-blocker use

and cardiovascular anomalies noted among studies that did not exclude/adjust for diabetes

(OR = 0.88; 95% CI: 0.18 – 4.18) (Figure 3A). Studies with potential for recall bias showed
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significant association with CV anomalies (OR = 2.60; 95% CI: 1.24 – 5.47), while studies

that used prospectively collected data showed no association (OR = 1.67; 95% CI: 0.75 –

3.71) (see Supplemental Figure S3). To further explore this heterogeneity, we stratified

studies according to indication of beta-blocker use. Studies where “hypertension” was the

main indication showed statistical significance (OR = 2.36; 95% CI: 1.67 – 3.34), compared

with “unspecified” indications (OR = 0.28; 95% CI: 0.03 – 2.25), with reduced

heterogeneity in sub-groups (see Supplemental Figure S4).

The results for CL/P (OR = 3.11; 95% CI: 1.79 – 5.43; 2 studies) and for NT defects (OR =

3.56; 95% CI: 1.19 – 10.67, 2 studies) were also statistically significant (Figure 3 B & C).

There was no evidence of heterogeneity or publication bias. The association of beta-blockers

with severe hypospadias (OR = 2.27; 95% CI: 0.69 – 7.46) was statistically non-significant

based on a single study.13 No subgroup analyses could be performed for these outcomes

because of very few studies.

Sensitivity analyses

After removing two studies at a time for the CL/P analysis, retaining only either Puho (b) or

Puho (c) data sets with Davis et al., the results were still statistically significant. However,

when analyzing only the Puho (a) data set with Davis et al. the results became statistically

non-significant. This indicates that two of three data sets were influential and that the results

largely remained significant even after accounting for double counting of controls. However,

for NT defects, removal of the Medveczky (a) data set made the results non-significant,

while removing the Medveczky (b) data resulted in retained significance. This analysis is

susceptible to the multiple comparison issue, and findings are less robust than that of CL/P.

DISCUSSION

The rate of antihypertensive use in pregnancy is rapidly escalating. Beta-blockers are the

most common antihypertensive used during the 1st trimester, with approximately 1 in 200

pregnant women exposed to these agents.12 Our systematic search found 13 case-control and

cohort studies that examine this issue. Our meta-analyses incorporating 12 of these studies

showed that use of beta-blockers during the first trimester of pregnancy was associated with

increased odds of CV anomalies, CL/P, and NT defects, although the primary outcome of all

or major congenital anomalies was non-significant.

There are a few explanations for our findings of positive organ-specific associations without

an overall increase in odds of all anomalies. The first is that these organ-specific effects are

real and get diluted when we pool other anomalies that are not increased. This seems

unlikely to fully account for our findings given that these organ-specific anomalies form a

significant proportion of all anomalies. An alternative explanation is publication bias for

organ-specific anomalies. Although the formal publication bias statistical tests for this

outcome were non-significant, these tests are severely underpowered given small numbers

of studies. It is also notable that the studies included in the analysis of overall malformations

and organ-specific anomalies are, with the exception of two studies,8, 9, 11, 20 different. One

of these two studies20 did not show significant results for either overall or organ-specific

anomalies. Additional potential explanations include differences in the populations studied,
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type and dose of beta blockers used, potential differential misclassification of exposure in

retrospective case-control studies, or the accuracy with which malformations are detected.

Irrespective of the cause, the findings of strong associations with particular malformations

provide a powerful incentive to conduct more research in this area.

The sub-group analyses for CV defects highlight some of the factors that may explain

heterogeneity and potential sources of bias. The studies that excluded diabetes remained

significant, while the subgroup with no adjustment/exclusion of diabetes was non-

significant. It is difficult to explain these non-significant findings given the known

association between diabetes and malformations; chance may play some role in the patterns

we observe here. In other sub-group analyses, there were statistically significant results for

studies with potential recall bias compared to non-significant results for studies that did not

have a possibility of this bias. This might be due to an element of differential

misclassification, shifting the point estimate away from null in retrospective studies.

However, we do not actually know if there truly was recall bias, just that there was a

possibility; it could also be non-differential misclassification in prospective studies

attenuating the results towards null. The CV studies that had hypertension as indication

showed significant results, compared to non-significant result of study where indication was

not specified. But we assume that even when indication was unspecified, the majority of

subjects would still actually be using these drugs for hypertension, so this analysis is likely

somewhat artificial. Furthermore, absence of statistical significance in any of these analyses

could also be due to lack of power.

To the best of our knowledge, this is the first meta-analysis in the literature examining the

association of oral beta-blocker usage in the first trimester of pregnancy on congenital

anomalies. The strengths of this analysis include a comprehensive search strategy designed

to identify all pertinent data on this subject, careful extraction of study data by multiple

authors, and rigorous statistical methodology. An additional strength is our careful attention

to the potential confounding role of diabetes. This is important given the known association

of poorly controlled maternal diabetes and congenital anomalies in offspring 24-28 and the

co-existence of chronic hypertension and diabetes as part of the “metabolic syndrome”. 29

Further, the studies upon which we based these analyses were generally population-based

with large sample sizes.

This review, however, does have some limitations. Six included studies were potentially

subject to recall bias, in which exposure information and prenatal medication usage was

collected through maternal interviews after delivery. Because the outcome had already

occurred, mothers of infants with congenital malformations may be more likely to recall the

exposure (the use of beta-blockers), thus introducing potential recall bias and differential

misclassification. Recording bias would have the same effect. Retrospective interview-based

studies tended to find associations while prospective prescription-based data did not, that

can also be because women in the prescription database stopped using their prescriptions,

leading to non-differential misclassification and attenuating the estimate towards the null.

Most studies did not include miscarriages, thus introducing an element of survivor bias that

may affect generalizability of the results.
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In addition, most studies do not clearly report the indication for beta-blocker use.

Hypertension, which is the leading indication for beta-blockers, may itself be associated

with congenital malformations30 and act as a confounder. None of the studies compared the

risk of malformations in beta-blockers to alternative treatments for hypertension such as

methyldopa, calcium channel blockers, or diuretics; this is an important limitation to the

available literature and an important focus for future research. There is a small significant

increased risk shown in some studies of hypertension itself (41% for CV defects and 43%

for NT defects),30 but our estimates are much stronger than these reported estimates, which

may indicate risk over and above that of underlying hypertension. Women taking beta-

blockers may be taking concurrent medications, but this information was not available from

the included studies.

The studies had variability in timing of exposure within the first trimester (Table 1). Also, it

was not reported whether the exposure was continued in subsequent trimesters. There were

little to no data describing dosages or frequency of beta-blocker use and many papers did not

report which specific beta-blockers were utilized. The small number of studies in each

category precluded sub-group analyses according to beta-blocker type. It is also noteworthy

that the significant CL/P and NT defect results were primarily driven by the use of

oxprenolol. This non-selective lipophilic beta-blocker is no longer frequently used, and it

should be noted that all papers documenting its use were from Hungary, with data prior to

1997. Therefore, the inclusion of this drug may limit applicability of the findings. It is not

known if it had differential association with CL/P and NT defects compared to other beta-

blockers, particularly lipophilic ones such as metoprolol, pindolol, propranolol or labetolol;

although there is no evidence that its mechanism of action is different from other beta-

blockers. Finally, all studies were performed in developed countries with largely Caucasian

populations. However, there is no reason to postulate that racially/ethnically dissimilar

populations would have different teratogenic responses to beta-blockers.

Our meta-analysis suggests an increased risk of cardiovascular, orofacial, and NT defects

with oral beta-blocker exposure during the first trimester of pregnancy. The strength and

causality of this association is difficult to ascertain due to the limited number of published

studies, heterogeneity between studies, and potential biases, particularly confounding by

indication and/or publication bias. In the future, more accurate and complete data should be

collected regarding beta-blocker use, timing of exposure, and confounders to further study

this, preferably in the setting of large scale observational studies, if possible. Future studies

should also compare beta-blockers with other anti-hypertensives, and to dissociate the effect

of underlying hypertension from beta-blocker use, by incorporating untreated hypertensive

controls as a comparison group.

PERSPECTIVES

In conclusion, our meta-analysis of available data showed no increase in overall congenital

malformations associated with first-trimester exposure to beta-blockers. However, in organ-

specific analyses, a two-fold increase in the risk of cardiovascular defects and more than

three-fold increase in oral clefts and NT defects were found. These organ-specific findings

may either be true associations given their magnitude, or be attributable to publication bias

Yakoob et al. Page 8

Hypertension. Author manuscript; available in PMC 2014 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



or potential differential misclassification of exposure, for which further research is

warranted given the frequency of exposure to these medications in early pregnancy. The

current literature assessing risk is limited by lack of comparisons with alternative anti-

hypertensives and untreated hypertension, and future research should address this deficit.

Given the increasing incidence of hypertension, more information is needed to ensure that

healthcare providers treat hypertensive pregnant women, as well as those with the potential

to become pregnant, with the least teratogenic anti-hypertensive available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What is New?

• Data regarding teratogenic risks of 1st trimester use of oral beta-

blockers have not previously been summarized.

2. What is Relevant?

• In organ-specific meta-analyses, increased odds of CV defects, cleft

lip/palate, and NT defects were observed.

3. Summary

• This meta-analysis suggests beta-blockers may be associated with

organ-specific teratogenicity.

• Given the increasing incidence of hypertension, more information is

needed to ensure that healthcare providers use the least teratogenic

anti-hypertensives available.
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Figure 1.
Flow diagram of literature search.
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Figure 2.
Meta-analysis of the association between beta-blocker exposure in first trimester of

pregnancy and all or major congenital anomalies.

Yakoob et al. Page 13

Hypertension. Author manuscript; available in PMC 2014 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Meta-analyses of the association between beta-blocker exposure in first trimester of

pregnancy and A) congenital cardiovascular defects; B) cleft lip/palate; C) neural tube

defects.
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