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Introduction: Primate studies and some observational human data have raised concern
regarding an association of first-trimester efavirenz exposure with central nervous
system congenital anomalies. The objective of this review is to update evidence on
efavirenz safety in HIV-infected pregnant women to inform revision of the 2013 WHO
guidelines for antiretroviral therapy in low and middle-income countries.

Design: A systematic review and meta-analysis.

Methods: We searched for studies reporting birth outcomes among women exposed to
efavirenz during the first trimester of pregnancy up to 10 January 2014. Relative risks of
congenital anomalies comparing women exposed to efavirenz and nonefavirenz-based
antiretroviral regimens were pooled using random effects meta-analysis.

Results: Twenty-three studies were included in this review, among which 21 reported
the birth outcomes of 2026 live births among women exposed to efavirenz during the
first trimester of pregnancy. Forty-four congenital anomalies were reported, giving a
pooled proportion of 1.63% [95% confidence interval (95% CI) 0.78–2.48], with only
one neural tube defect. Twelve studies reported birth outcomes of women exposed to
efavirenz or nonefavirenz-containing regimens during the first trimester of pregnancy.
Pooled analysis found no differences in overall risks congenital anomalies between
these two groups (relative risk 0.78, 95% CI 0.56–1.08). The incidence of neural tube
defects was low, 0.05% (95% CI <0.01–0.28), and similar to incidence in the general
population.

Discussion: This updated analysis found no evidence of an increased risk of overall or
central nervous system congenital anomalies associated with first-trimester exposure to
efavirenz, similar to previous systematic reviews. This review contributed to the
evidence base for the revised 2013 WHO guidelines on antiretroviral therapy, which
recommend that efavirenz can be included as part of first-line therapy in adults
regardless of sex, and that it can be used throughout pregnancy, including during
the first trimester. However, because of the low incidence of central nervous system
anomalies in the overall population and relatively small number of exposures in the
current literature, continued birth outcomes prospective surveillance is warranted.
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Introduction
Efavirenz is one of the most widely used nonnucleoside
reverse transcriptase inhibitors (NNRTIs) in first-line
antiretroviral therapy (ART) and is recommended as
a preferred option in adult treatment guidelines [1–3].
However, data from primate studies [4] and some
human case reports [4,5] have raised concern regarding
a association of first-trimester efavirenz exposure with
central nervous system congenital anomalies. These data
resulted in a recommendation by the United States
Food and Drug Administration (FDA) in 2005 and
the European Medicines Agency (EMEA) to avoid
using efavirenz-based regimens in the first trimester
of pregnancy (http://www.ema.europa.eu/docs/en_
GB/document_library/EPAR_-_Product_Information/
human/000249/WC500058311.pdf) [6].

Over nearly two decades, an accumulation of data from
pregnant women exposed to antiretroviral drugs during
the first trimester of pregnancy has allowed for an
assessment of the potential association between efavirenz
and congenital anomalies. Systematic reviews published
in 2010 and 2011 summarized available data at the time
and found no evidence of increased risk of congenital
anomalies associated with first-trimester exposure to
efavirenz [7,8]. On the basis of this evidence, in mid-
2012, the WHO released a technical update that
highlighted the significant clinical and programmatic
benefits of efavirenz use in pregnancy and the potential
risks, and recommended that efavirenz can be included as
part of preferred first-line therapy in pregnant women
and women of childbearing age because the benefits
outweighed potential risks [9].

In order to further validate this technical update in
the context of the 2013 revised WHO global guidelines
for ART in low and middle-income countries, we
conducted an updated review to assess the evidence for
the safety of efavirenz in pregnancy.
Materials and methods

This systematic review was conducted according to
a study protocol following the requirements of the
PRISMA Statement [10]. A preliminary version of this
analysis was prepared for the WHO guidelines develop-
ment group in December 2012. This article presents
the final, updated analysis, based on updated literature
searches up to 10 January 2014.

Search strategy and study selection
We used a compound search strategy to update a previous
systematic review of the safety of efavirenz in pregnancy,
published in 2011 [7]. The following databases were
searched from 01 July 2011 (the date of the last search) up
pyright © Lippincott Williams & Wilkins. Unautho
to 30 June 2013: MEDLINE via PubMed, EMBASE,
Cochrane CENTRAL, LILACS and Web of Science;
this search was updated in MEDLINE via PubMed up to
10 January 2014. We also searched the websites of two
major HIV conferences: all International AIDS Society
(IAS) conferences (up to Kuala Lumpur, June 2013) and
all Conferences on Retroviruses and Opportunistic
Infections (CROI, up to Atlanta, March 2013). We also
retrieved the latest report of the Antiretroviral Pregnancy
Registry (http://www.apregistry.com) (up to January,
2014). Finally, bibliographies of all relevant articles were
screened to check for additional publications. No date,
language or other restriction was applied. Searches were
done in duplicate (N.F., Z.S.).

After preliminary screening of all the titles obtained from
our searches, all abstracts were then assessed for eligibility
by two reviewers according to the inclusion criteria
defined by the protocol. Our primary outcome of
interest was any congenital anomaly (birth defect)
(http://www.who.int/mediacentre/factsheets/fs370/en
[Accessed 26 January 2014]); secondary outcomes inclu-
ded spontaneous abortions, terminations of pregnancy,
stillbirths, preterm deliveries and adverse drug reactions.
Studies that only reported data on secondary outcomes
were included (i.e. they did not have to also report the
primary outcome). We sought to compare the risk of
congenital anomalies overall, and specifically neural tube
defects, among infants born to women receiving efavirenz
during the first trimester of pregnancy to the risk among
infants born to mothers exposed to other antiretrovirals in
the first trimester of pregnancy, and to background
reference prevalence. Nonsystematic observations (case
series or case reports that did not include denominators
to allow for assessment of risk) and data from animal
studies were excluded from all analyses.

Data extraction
Data extraction was done independently, in duplicate,
using a standardized form. For each study, we gathered
information on the study setting, the study population,
the sample size, the timing and duration of efavirenz
exposure and birth outcomes. Data on patient and study
characteristics, and predefined indicators of potential risk
of bias were also extracted. The GRADE system was used
to assess the overall quality of the evidence [11].

Data analysis
Point estimates and 95% confidence intervals (95% CI)
were calculated for the proportion of congenital
anomalies reported among live births for each study.
We excluded spontaneous and induced abortions as well
as stillbirths from the numerator and denominator for the
estimate of congenital anomalies, consistent with current
reporting conventions [12]. For cohorts that reported
and compared birth outcomes of infants born to
mothers exposed to efavirenz during the first trimester
of pregnancy to outcomes of infants born to mothers
rized reproduction of this article is prohibited.
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exposed to other antiretroviral drugs, relative risks (RRs)
and 95% CIs were calculated. In the case of zero outcome
events in one arm, the Haldane method was applied,
adding 0.5 to each arm. The variance of the raw
proportions was stabilised using a Freeman–Tukey
type arcsine square-root transformation [13] and estimates
were pooled using a DerSimonian–Laird random effects
model [14]. Pooled estimates were subsequently back-
transformed to the original scale [15]. Prevalence and
95% CIs were calculated for all secondary outcomes. We
did not pool data on our secondary outcomes because
the background prevalence of the secondary outcomes
is known to vary considerably between study settings.
We calculated the t2 statistic using DerSimonian and
Laird’s method of moments estimator [16] to assess
between-study heterogeneity [17]. Subgroup analyses
were conducted to assess the potential effects of study
design, geographical location (low/lower-middle income
country versus middle/high-income country, as defined
by the World Bank), duration of efavirenz exposure and
status of publication (full text article versus conference
abstract or unpublished data) on the pooled estimates.
Sensitivity analyses were conducted comparing the RR
estimates if using fixed-effects rather than random-effect
methods, the overall pooled prevalence of congenital
anomalies with that reported by the antiretroviral
pregnancy registry and by running a ‘leave-one-out’
Copyright © Lippincott Williams & Wilkins. Unaut
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Fig. 1. Flow chart of study selection process.
analysis to assess the extent to which the overall result
might be influenced by any single study. A P value less
than 0.05 was considered significant. Publication bias
was assessed using the eggers test for small study
effects [18]. All analyses were conducted using STATA
(version 12, www.stata.com) and GRADE Pro (www.
gradeworkinggroup.org).
Results

Our updated search yielded 397 additional titles
for screening, in addition to the previous review
published in 2011 [7], bringing the total number of
study titles screened to 2080 (Fig. 1). Two articles
published since the previous review was completed
were excluded because they reported outcomes that had
previously been reported to the Antiretroviral Pregnancy
Registry [19,20]. In total, two updated reports [13,21]
from previously published cohorts [22,23], data from
one additional published article [24] and one additional
conference abstract [25] were included in this updated
review. Overall, 23 studies were included in this
review, comprising 20 articles and conference abstracts
[21,24–42], one unpublished study [43], the Antiretro-
viral Pregnancy Registry [12] and one unpublished
horized reproduction of this article is prohibited.
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cohort (the MTCT Plus cohort: E. Abrams, personal
communication; data unchanged and carried forward
from previous systematic reviews [8]). Additional data on
secondary outcomes for one study [35] were provided by
a conference abstract [44].

Study characteristics are summarized in Table 1.

Assessment of study quality
Our assessment of the overall risks of bias found that
most studies were at a moderate risk of bias. Very few
studies considered potential confounders or baseline
imbalances between patients receiving efavirenz com-
pared with nonefavirenz regimens (Supplementary Table
S1, http://links.lww.com/QAD/A490). Our GRADE
review assessed the 12 studies that compared birth
outcomes of women exposed to both efavirenz and non-
efavirenz containing regimens during the first trimester of
pregnancy. We rated the overall evidence base to be of low
quality, mainly due to the observational nature of the
studies, and due to the limited number of exposures and
varying methodologies (Supplementary Table S2, http://
links.lww.com/QAD/A490). There was no statistical
evidence of publication bias (P¼ 0.14 using Egger’s test
for funnel plot asymmetry).

Congenital anomalies
Of the 23 studies included in this review, 22 reported the
birth outcomes of 2026 live births among women
exposed to efavirenz during the first trimester of preg-
nancy. Details are summarized in Table 2. Forty-four
congenital anomalies were reported, yielding a pooled
proportion of 1.63% (95% CI 0.78–2.48; t2¼ 0.01).
Of these, one was a neural tube defect. We found no
additional cases of neural tube defects compared with
previous reviews, thus keeping the overall prevalence of
neural tube defects low (0.05%, 95% CI <0.01–0.28).

Results of the overall analysis were not statistically
different to the raw proportion of congenital anomalies
reported by the Antiretroviral Pregnancy Registry
(2.3%, 95% CI 1.3–3.7), and the overall proportion
of congenital anomalies in our analysis did not
exceed 2% in the ‘leave-one-out’ sensitivity analysis
(Supplementary Table S3, http://links.lww.com/QAD/
A490).

Twelve studies reported birth outcomes of women
exposed to both efavirenz and nonefavirenz-containing
regimens during the first trimester of pregnancy. This
analysis found no differences in risk of congenital
anomalies between these two groups (RR 0.78, 95%
CI 0.56–1.08) (Fig. 2). Heterogeneity between the
studies was low (t2¼ 0), and none of the subgroup
analyses assessing the impact of study design, geographical
location, duration of efavirenz exposure and publication
status were significant (all P> 0.1).
pyright © Lippincott Williams & Wilkins. Unautho
Secondary outcomes
The reporting of secondary outcomes varied between the
studies. Nine studies reported spontaneous abortions,
with prevalence ranging from 0 to 16.1% (95% CI 7.6–
28.3). The prevalence of stillbirths, reported by seven
studies, ranged from 0 to 7% (95% CI 4.0–11.3). Five
studies reported on the prevalence of preterm delivery,
with prevalence ranging from 9.1 (95% CI 5.3–15.5) to
18.2% (95% CI 7.0–35.5). These data were not pooled
because of differences in background prevalence across
populations. The large variation in point estimates and
wide CIs resulting from small sample sizes of individual
studies make these findings difficult to interpret with
respect to any indication of increased risk for these
outcomes.

The proportion of medical terminations of pregnancy,
reported by 10 studies, ranged from 0 to 34%. Three
studies reported data on terminations of pregnancy
(terminations not associated with prenatal screening) for
women exposed to efavirenz and nonefavirenz-based
regimens; pooling these data gave an RR of 2.81 (95% CI
0.94–8.36) for pregnancy terminations compared with
women exposed to nonefavirenz-based therapy. A fourth
study, from South Africa, reported that 19 of 56 women
(34%) who conceived while on efavirenz terminated
their pregnancy; data from this study were not included in
the pooled analysis, as comparative information for non-
EFV regimens was not reported [24]. None of these
terminations was due to congenital anomalies detected
in utero (Sheree Schwartz, personal communication). Data
on secondary outcomes are summarized in Supple-
mentary Table S4, http://links.lww.com/QAD/A490.

Adverse drug reactions
Only two studies reported on adverse drug reactions
among mothers receiving efavirenz during pregnancy. The
first study, reporting data on 25 first-trimester exposures,
found no adverse drug reactions resulting from efavirenz
treatment [31]. The second study, reporting data on
56 first-trimester exposures, reported one adverse drug
reaction resulting from efavirenz therapy (vomiting) [26].
Discussion

This review provides an updated, systematic review of
evidence on the safety of efavirenz use during the first
trimester of pregnancy and includes information from
an additional 589 live births compared with the last
review published in 2011 [8], including published data up
to January 2014. Nevertheless, the use of efavirenz
in pregnancy remains a controversial topic, and this is
reflected by varying recommendations in national
guidelines: guidelines from the British HIV Association
recommend using efavirenz in pregnancy [45] while
those issued by the European AIDS Clinical Society [46]
rized reproduction of this article is prohibited.
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Fig. 2. Forest plot of relative risk of birth defects on efavirenz vs. nonefavirenz regimens. CI, confidence interval; EFV, efavirenz.
recommend avoiding efavirenz during the first 8 weeks
of pregnancy. A recent report from France suggested
an increased risk of neurologic defects (none of which
were neural tube defects) among infants born to women
receiving efavirenz during the first trimester of pregnancy
[25]. However, when these data were considered together
with other available data in our review, we still found no
evidence of an increased risk of congenital anomalies
associated with first-trimester exposure to efavirenz
compared with exposure to other antiretroviral drugs.
In the available dataset of published reports, there is only
one neural tube defect, giving a prevalence of 0.05%,
which is in line with the prevalence of 0.1% reported in
the general population [47]. The prevalence of overall
congenital anomalies is also in line with that reported in
the general population [48]. Although this finding is
based on an evidence base that is rated as low quality
according to the GRADE approach, randomized trials are
unlikely to ever be conducted to address this question.

Strengths of this review include a broad search strategy
that identified a number of studies not yet published in
the literature and the inclusion of updated data for
several cohorts. Results appeared to be consistent across
studies, as demonstrated by low statistical heterogeneity
and the robustness of the main findings to sensitivity and
subgroup analyses. There was no statistical evidence of
publication bias, but these tests are less reliable when the
Copyright © Lippincott Williams & Wilkins. Unaut
number of studies is small [49] and we cannot rule out
the possibility of publication bias, but consider that
publication bias is likely to favour the reporting of
congenital anomalies among women exposed to efavirenz
considering prior concerns; such publication bias would
be expected to lead to an overestimation of the risk of
efavirenz compared with other antiretroviral drugs. Few
studies reported on risk of bias or attempted to control for
potential confounders, in particular women on efavirenz
may differ from those not on efavirenz in ways that
were not reported by the studies. For example, the latter
group may include more women who planned their
pregnancies and so were more likely to be exposed
to protective factors (such as folate supplementation) and
reduced risk factors (such as smoking and poor nutrition).
Consideration of confounding is all the more important
given that it would not be ethically acceptable to conduct
a randomized trial to assess risk. Nevertheless, such
differences are unlikely to affect our results to an
important degree and would be expected to result in
an overestimation of the risk of congenital anomalies
in the efavirenz group. Finally, future studies should be
encouraged to provide full descriptions of the types of
birth defects that occur.

The variation in the reporting and difficulty in
interpreting available evidence on secondary out-
comes including spontaneous abortions, terminations
horized reproduction of this article is prohibited.
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of pregnancy, stillbirths, and preterm deliveries, as well
as the still limited prospective data on congenital
anomalies compared with larger number of therapeutic
exposures confirms the need for better monitoring of
these birth outcomes at sentinel sites [50]. The review
highlights that medical termination of pregnancy for
women exposed to efavirenz has been in the past more
frequent than for women not exposed to efavirenz; this is
expected to change due to the reassurances provided by
recent technical updates and guidelines. The limited
reporting of adverse drug reactions means that very little
information is available to draw any conclusions regard-
ing potential increased risk of adverse drug reactions
associated with efavirenz use in pregnancy, in particular
the potential for depression that has been associated
with efavirenz use in some [51], but not all [50], studies.
Future studies should be encouraged to report data on
efavirenz safety and tolerability in pregnancy for both the
mother and the child.

In conclusion, this updated review does not find any
evidence of an increased risk of congenital anomalies in
general, or increased risk of neural tube defects, associated
with efavirenz exposure during the first trimester of
pregnancy and provides the supporting evidence for
WHO’s 2013 recommendation that efavirenz should be
part of the recommended first-line ART regimen,
including for women of child-bearing potential, and
can be used during first trimester and throughout
pregnancy [3]. As with all drugs used in pregnancy,
programmes should be encouraged and supported to
collect and report on birth outcome data to further assess
any potential risk of adverse outcomes [7–9]. Surveillance
planning efforts have recently been established in several
countries [52] and such efforts need to be sustained and
supported as an increasing number of countries adopt
the recommended first-line ART with tenofovir/
lamivudine/efavirenz and implement recommendations
for provision of ART to all pregnant and breastfeeding
women for both prevention of mother-to-child HIV
transmission as well as maternal health. The data
generated from these efforts to improve data collection
and reporting will inform future guidelines on the safety
of efavirenz and other antiretrovirals in pregnancy.
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