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Research

AbstrACt
Objective To assess the impact of various antiretroviral/
antiviral regimens in pregnant women living with HIV or 
hepatitis B virus (HBV).
Design We performed random effects meta-analysis for 
HIV-related outcomes and network meta-analysis for HBV 
outcomes, and used the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
framework to assess quality separately for each outcome.
Data sources Embase and Medline to February 2017.
Eligibility criteria For maternal outcomes, we considered 
randomised controlled trials (RCTs) comparing tenofovir-
based regimens with those with alternative nucleoside/
nucleotide reverse transcriptase inhibitors (NRTIs). For 
child outcomes, we included RCTs and comparative 
observational studies of tenofovir-based regimens versus 
alternative NRTIs regimens or, for HBV, placebo.
results Ten studies (seven RCTs) met the inclusion 
criteria for maternal and child outcomes, and an additional 
33 studies (12 RCTs) met the inclusion criteria for HBV-
specific outcomes. The most common comparison 
was tenofovir and emtricitabine versus zidovudine and 
lamivudine. There was no apparent difference between 
tenofovir-based regimens and alternatives in maternal 
outcomes, including serious laboratory adverse events 
(low certainty) and serious clinical adverse events 
(moderate certainty). There was no difference between 
NRTIs in vertical transmission of HIV: 1 more per 1000, 8 
fewer to 10 more, low certainty; or vertical transmission 
of HBV: 7 fewer per 1000, 10 fewer to 38 more, moderate 
certainty. We found moderate certainty evidence that 
tenofovir/emtricitabine increases the risk of stillbirths and 
early neonatal mortality (51 more per 1000, 11 more to 
150 more) and the risk of early premature delivery at <34 
weeks (42 more per 1000, 2 more to 127 more).
Conclusions Tenofovir/emtricitabine is likely to increase 
stillbirth/early neonatal death and early premature delivery 
compared with zidovudine/lamivudine, but certainty is low 
when they are not coprescribed with lopinavir/ritonavir. 
Other outcomes are likely similar between antiretrovirals.
trial registration number PROSPERO CRD42017054392

bACkgrOunD
More than 17 million women are living with 
HIV, most of whom are of childbearing age.1 

Every year, 1.4 million of these women expe-
rience pregnancies, which, without any inter-
vention, carry a risk of vertical transmission to 
the infant of approximately 15%–45%.2 3 To 
reduce the risk of vertical transmission, approx-
imately 80% of pregnant women living with 
HIV use antiretroviral therapy, primarily 
combination antiretroviral therapy (cART).4 
The risk of vertical transmission is below 2% 
in high-income countries and below 5% in 
several low-income and middle-income coun-
tries when cART is universally available and 
routine HIV screening of pregnant mothers 
is provided.5–7 Early initiation of cART may 
also reduce the risk of serious HIV-related 
events in all patients living with HIV,8 9 which 
has resulted in the WHO recommending 
cART for all people living with HIV, including 
pregnant women.10

cART typically consists of two nucle-
oside/nucleotide reverse transcriptase 
inhibitors (NRTIs)—the ‘backbone’—and 
a third antiretroviral agent. The most 
frequently used NRTI is tenofovir disoproxil 

strengths and limitations of this study

 ► We synthesise the best available evidence to inform 
choice of HIV and/or hepatitis B therapy for pregnant 
women.

 ► This review is linked to a BMJ Rapid 
Recommendations project. We conducted the 
review directed by a guideline panel that included 
patient representatives. This guideline panel 
provided detailed input with regard to the patients, 
interventions and outcomes, and the interpretation 
of the results from this review.

 ► We paid careful attention to what evidence could be 
appropriately pooled and which could not.

 ► The evidence for a likely increase of early premature 
delivery and neonatal mortality with tenofovir and 
emtricitabine comes mostly from a single study.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-019022
http://dx.doi.org/10.1136/bmjopen-2017-019022
http://dx.doi.org/10.1136/bmjopen-2017-019022
http://crossmark.crossref.org
PROSPERO%20CRD42017054392
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fumarate (TDF), which is most often coformulated with 
another NRTI, emtricitabine (FTC) or lamivudine as a 
convenient once per day medication. Approximately 70% 
of persons taking cART use a tenofovir-based regimen, 
both in high-income and low-income and middle-in-
come countries.11

In a November 2016 publication, the Promoting 
Maternal and Infant Survival Everywhere (PROMISE) 
study randomised pregnant women to either zidovu-
dine (AZT) monotherapy or one of two cART arms with 
different NRTI backbones: tenofovir/FTC and AZT/
lamivudine, each combined with the protease inhibitor 
lopinavir, boosted with ritonavir (hereafter, LPV/r).12 
The authors reported that both cART regimens reduced 
vertical transmission more effectively than AZT mono-
therapy. Notably, tenofovir/FTC, compared with AZT/
lamivudine, was associated with an increased risk of early 
premature labour, early neonatal death and a composite 
of severe adverse pregnancy outcomes. A subsequent 
systematic review concluded that tenofovir/FTC appears 
generally safe in pregnancy, but assumed equal credi-
bility in randomised and observational studies by pooling 
evidence from all studies.13

NRTIs can also be used for indications other than HIV 
treatment. Tenofovir or lamivudine are often used in the 
third trimester to reduce the risk of vertical transmission 
of hepatitis B virus (HBV).14 HIV-negative women at risk 
for HIV, many of whom will become pregnant, may also 
use tenofovir/FTC for pre-exposure prophylaxis (PrEP) 
to reduce risk of HIV infection.15 The Joint United 
Nations Programme on HIV/AIDS (UNAIDS) has set a 
global target to increase uptake of PrEP to more than 
3 million people by 2020.16

The WHO and the Centers for Disease Control and 
Prevention (CDC), despite being aware of the prelimi-
nary data from the PROMISE trial presented at a confer-
ence in 2015,17 recommended tenofovir/FTC as first-line 
therapy for all pregnant women.10 18 We revisited this 
issue after publication of the full report12 that raised 
concerns about the safety of tenofovir/FTC in preg-
nancy. Our approach contrasts with a prior effort that 
pooled randomised controlled trials (RCTs) with far less 
trustworthy observational studies13: our more standard 
approach deals with these two designs separately. Because 
of the high prevalence of hepatitis B and HIV coinfec-
tion and because the same medications are used for both 
conditions, we also include an evaluation of the impact of 
tenofovir versus alternative antivirals in pregnant women 
living with hepatitis B. This systematic review, along with 
a systematic review on patient values and preferences,19 
informs a BMJ Rapid Recommendation11 (see box 1). 
The BMJ Rapid Recommendation initiative attempts to 
provide timely, unconflicted and trustworthy recommen-
dations for clinical situations where new evidence might 
change practice.20

MEthODs
Protocol
We conducted this systematic review based on a registered 
protocol (PROSPERO CRD42017054392).

Patient involvement
As with all BMJ Rapid Recommendations, patients were 
included in all stages of the research production (see 
box 2).

Information sources
Our review used three separate search strategies. First, we 
searched Medline and Embase from 1 January 1996 to 
13 January 2017 for observational studies and RCTs that 
compared a tenofovir-based cART regimen with another 
regimen with the same non-NRTI antiretroviral in preg-
nant women, using a mix of keywords and medical subject 
headings (MeSH) terms for HIV and pregnancy and 
NRTIs (online supplementary appendix 1a). Second, 
anticipating that for many maternal outcomes there 
would be only low-quality or very low-quality evidence if 
we included only direct evidence from pregnant women, 
we searched for RCTs of non-pregnant adults living with 
HIV initiating cART with a tenofovir-based regimen or 
an alternative NRTI-regimen that included the same 
non-NRTI antiretroviral(s). We updated a comprehen-
sive search conducted on 7 July 2015.21 We searched from 
7 July 2015 to 17 February 2017 and used a mix of MeSH 
and keywords for HIV and antiretrovirals and RCTs 
(online supplementary appendix 1b). We also searched 
the abstracts of recent major conferences, including the 

box 1 Linked articles in this BMJ rapid 
recommendations cluster

Siemieniuk R, et al. Antiretroviral therapy in pregnant women living 
with HIV: a clinical practice guideline.

 ► BMJ Rapid Recommendation
Lytvyn L, et al. Values and preferences of women living with HIV who 
are pregnant or considering pregnancy on choice of antiretroviral 
therapy during pregnancy (cosubmitted).

 ► A systematic review of values and preferences
MAGICapp

 ► Expanded version of the evidence with multilayered 
recommendations, evidence summaries and decision aids for use 
on all devices

 ► https://www.magicapp.org/goto/guideline/VLpr5E

box 2 Patient involvement

Three women living with HIV, two of whom had children after being 
diagnosed with HIV and another who is considering having children in 
the future, participated in the panel. The community representatives 
received personalised training and support to optimise contributions 
throughout the guideline development process. These women helped 
choose the outcomes that were most important to them, all of which 
were included in our review. The patient panellists approved the 
review protocol and helped guide interpretation of the results.

https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
https://www.magicapp.org/goto/guideline/VLpr5E.
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Conference of Retroviruses and Opportunistic Infections, 
the International AIDS Society Conference and the Inter-
national AIDS Conference on 17 February 2017.

To inform outcomes specific to pregnant women living 
with chronic HBV infection, we searched for comparative 
observational studies and RCTs of tenofovir, lamivudine 
or FTC in pregnant women living with HBV. We built on 
a systematic search conducted on 11 September 2014.22 
We searched Medline and Embase from 1 January 2014 
to 14 January 2017. We used a combination of keywords 
and MeSH terms for pregnancy and HBV and antivirals 
(online supplementary appendix 1c).

We also searched reference lists of all included studies, 
systematic reviews and relevant guidelines. We searched  
ClinicalTrials. gov for additional studies on 17 February 
2017, including unpublished studies. We did not have any 
language restrictions and had two reviewers fluent in the 
language of publication assess for inclusion and abstract 
data if deemed eligible.

study selection
For child outcomes, we included observational studies 
and RCTs that compared tenofovir with alternative 
NRTI regimens in pregnant women. We included 
studies on women taking NRTIs for PrEP, for treat-
ment of hepatitis B or for HIV infection, in combina-
tion with other antiretrovirals as long as the non-NRTI 
antiretrovirals were the same in both arms. Because 
for several critical outcomes specific to the mother we 
anticipated finding no direct evidence or the evidence 
would be of very low certainty, we also included RCTs 
that compared tenofovir-based regimens with alter-
native NRTIs in non-pregnant adults living with HIV. 
We considered evidence from pregnant women alone 
before including evidence from non-pregnant adults. 
For child outcomes, we included studies of PrEP (teno-
fovir/FTC vs placebo). For outcomes specific to women 
also living with HBV, we included observational studies 
and RCTs that compared tenofovir, FTC or lamivudine 
against each other or, because we anticipated that 
there would be few head-to-head studies, a control (no 
antiviral treatment). We excluded studies of NRTIs 
that are not in widespread use or are not used for HIV 
infection, including stavudine, didanosine, zalcitabine, 
adefovir and entecavir. Observational studies included 
cohort, case–control and any other observational study 
type that attempted a direct and coincident compar-
ison between any two of the eligible interventions.

Reviewers screened all titles and abstracts independently 
and in duplicate. If either reviewer felt that a study might 
meet inclusion criteria, two reviewers independently 
assessed the full text. Reviewers resolved disagreements 
through discussion.

Data collection
Two reviewers independently abstracted data and resolved 
conflicts by discussion. When data were only available in a 
figure, we digitised the figure.

BMJ rapid recommendation process
The semi-independent Rapid Recommendation panel 
chose outcomes they felt were most likely to influence 
patient decisions between NRTI regimens; they also iden-
tified subgroups in whom effects might differ. As with all 
BMJ Rapid Recommendations,23–25 the panel was free 
from financial conflicts, and intellectual and professional 
conflicts were minimised.20 The panel included three 
women living with HIV, clinical experts (two obstetricians, 
four paediatricians, three infectious diseases specialists, 
a pharmacist, a hepatologist and a primary care physi-
cian with substantial experience treating HIV) and five 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) methodologists.25 Panellists 
resided in Africa, Australasia, Europe, North America 
and South America. The guideline panel provided crit-
ical oversight to the review and identified populations, 
subgroups and outcomes of interest. Panel members 
provided input at all stages of the systematic review. The 
patient panel members led the interpretation of the 
results based on what they expected the typical patient 
values and preferences to be, as well as the variation 
between patients. A parallel systematic review of patient 
values and preferences was also conducted to help with 
interpretation.19

summary measures
Maternal outcomes included mortality, acceptability (we 
used drug discontinuation rates as a surrogate), clinical 
adverse events (grade 2 or higher),26 laboratory adverse 
events (grade 2 or higher), detectable viral load 6 months 
after starting cART as a proxy for viral load at delivery, 
AIDS-defining illnesses, hepatitis B flares and develop-
ment of HBV resistance to one or more antivirals. When 
we included data from RCTs in non-pregnant adults, we 
used the endpoint closest to 26 weeks after enrolment 
to approximate the timeline of a woman-starting cART 
at the beginning of the second trimester. Fetal outcomes 
included a composite of stillbirth after 20 weeks’ gesta-
tional age (GA) and early neonatal mortality within the 
first week, spontaneous abortion, HIV transmission, 
prematurity <37 weeks, early prematurity <34 weeks, 
serious birth defects, low birth weight <2500 g, very low 
birth weight <1500 g, neonatal adverse laboratory event 
(grade 2 or higher), long-term child growth/development 
and HBV transmission. We combined stillbirths with early 
neonatal mortality because of a similar pathophysiology 
(most early neonatal deaths are caused by pregnancy-re-
lated factors) and because we believe that most women 
would place a similar value on the two events.

risk of bias and quality of evidence
We used a modified Cochrane Collaboration tool to assess 
risk of bias for RCTs,27 which substitutes response options 
of ‘probably low risk’ or ‘probably high risk’ for unclear; 
empirical evaluation has shown that reviewers can make 
these judgements accurately.28 Ultimately, we collapsed 
the low and probably low, and high and probably high 

https://dx.doi.org/10.1136/bmjopen-2017-019022
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risk, for presentation. Two reviewers assessed risk of bias 
independently and resolved disagreements through 
discussion. We used a modified Ottawa-Newcastle instru-
ment for assessing risk of bias for observational studies.29

The GRADE approach provided the framework for 
rating the certainty of evidence for each outcome.30 
Evidence from RCTs started at high certainty, whereas 
evidence from observational studies started at low 
certainty. Concerns with risk of bias, inconsistency, indi-
rectness, imprecision and publication bias lowered 
certainty. We considered the bodies of evidence from 
RCTs and observational studies separately.

For the outcomes specific to HBV, we used the GRADE 
approach for rating certainty of network effect estimates 
obtained from a network meta-analysis.31 In brief, we rated 
the certainty of evidence for direct comparisons using the 
standard GRADE approach. For indirect comparisons, 
we rated evidence from the dominant first-order loop 
by first taking the lowest certainty of the direct compar-
isons. We then considered further rating down if there 
were concerns with intransitivity.31 For mixed estimates 
(those that included both indirect and direct evidence), 
we started with the higher of the two certainty ratings 
and rated down certainty for imprecision or incoherence 
between the indirect and direct effect estimates.

subgroups and sensitivity analyses
We planned subgroup analyses if there were at least two 
studies per group (online supplementary appendix 2). 
We performed a post hoc sensitivity analysis for preg-
nancy loss and early infant death as well as premature 
labour <34 weeks, including PROMISE participants 
randomised to AZT/lamivudine prior to the introduction 
of the tenofovir/FTC arm because of concerns that there 
were fewer events than expected in the AZT/lamivudine 
arm in the latter part of the study.

synthesis of results
We used random effects meta-analysis of risk ratios (RRs) 
and calculated 95% CIs with the DerSimonian and Laird 
approach. When events were rare across all studies 
(<2%), we performed meta-analysis directly with the Peto 
method unless one or more studies had zero events in 
both arms, in which case we used risk differences (RD) 
directly. We planned assessment of publication bias with 
visual inspection of funnel plots for outcomes with 10 or 
more studies. We present evidence that led to the highest 
quality using the GRADE framework—for all outcomes, 
looking first for evidence from RCTs of pregnant women, 
but if that evidence was either not available or proved of 
low or very low certainty, then also considering evidence 
from RCTs of non-pregnant adults and observational 
studies of pregnant women living with HIV.

For the comparisons of antivirals for HBV infection, 
we anticipated that there would be few if any direct 
comparisons between antivirals and therefore performed 
a network meta-analysis within a frequentist framework 
using RRs. We added 0.5 events to both arms if one arm 

had zero events and excluded trials with zero events in 
both arms because CIs could not be calculated. Direct 
comparisons were also analysed with standard pairwise 
DerSimonian and Laird meta-analysis. We used the 
back-calculation and node splitting methods to estimate 
the RR and CIs from indirect and direct evidence and 
to assess for incoherence. Inconsistency was assessed for 
each pairwise comparison by visual inspection of forest 
plots and the I2 statistic for heterogeneity. We also consid-
ered the global I2 for network meta-analyses.32 We used 
RevMan V.5.3 for meta-analyses of direct comparisons 
and Stata V.13 and the netmeta package in R (R project) 
for network meta-analyses.

We present all outcomes as absolute effects, either 
calculated directly or by multiplying the RR by the base-
line risk. Where possible, we apply the relative risk calcu-
lated from RCTs to a baseline risk from observational 
studies.33 For outcomes in which trustworthy obser-
vational data were not identified, we used the pooled 
baseline risk from the control group. The Rapid Recom-
mendation panel suggested outcomes in which they 
expected baseline risk to differ between settings (eg, 
the panel believed vertical transmission of HBV would 
be lower in high-resourced health systems than lower 
resource settings).

rEsuLts
We screened 2750 studies in the primary search for 
comparative studies in pregnant women and included 10 
studies (online supplementary appendix 3a). All studies 
compared a tenofovir-based regimen with placebo or 
alternative NRTI-based regimens in pregnant women: 
seven were RCTs (three included women living with 
HIV,12 34 35 three evaluated tenofovir/FTC for PrEP in 
HIV-negative women,15 36 37 and one evaluated tenofovir 
alone in pregnant women with HBV infection38) and 
three were observational cohort studies of HIV-positive 
women39–41 (table 1). Two of the potentially eligible PrEP 
RCTs had very low compliance (less than 33%), and we 
therefore excluded them from further consideration.36 37 
The PrEP RCT that we included had greater than 60% 
compliance, discouraged pregnancy, tested for pregnancy 
monthly and discontinued the study medications when 
pregnancy was detected (at an average of 35 days’ GA).15 
Given the very early and limited exposure to antiretroviral 
medication, we included this study only for the outcome 
of stillbirth. The RCT of tenofovir versus placebo in preg-
nant women with HBV infection initiated therapy at 32 
weeks’ gestation.38 Given the limited late exposure to the 
drugs, we included these results only for the outcome of 
stillbirths, early neonatal deaths and low birth weight. At 
the request of the BMJ Rapid Recommendation panel,11 
we also included evidence from the Antiretroviral Preg-
nancy Registry for the outcome of birth defects.42 The 
registry is a frequently updated non-comparative database 
that tracks the incidence of birth defects in mothers who 
have taken antiretrovirals.

https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
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RCTs that enrolled pregnant women provided evidence 
at low risk of bias. The main limitation of the RCTs was the 
lack of blinding in the PROMISE trial12 and two smaller 
RCTs.34 38 The PROMISE trial was also stopped early, but 
that decision was based on the reduction in vertical trans-
mission of cART compared with AZT monotherapy and 
therefore should not bias comparison of tenofovir-based 
cART versus alternative NRTI-based cART, the focus of 
this review.12 The PROMISE trial randomised 823 women, 
most in Africa, to the comparison of interest. All the obser-
vational studies were at high risk of bias because the anal-
yses did not control for most expected key confounders 
(eg, socioeconomic status and year of cART initiation).

To inform outcomes specific to the mothers in which 
direct evidence from pregnant women provided only 
low-quality or very low-quality evidence, we considered 
indirect evidence from RCTs of tenofovir-based regimens 
versus alternative NRTI-based regimens in non-pregnant 
HIV-positive adults (table 2). We screened 297 studies and 
ultimately included eight RCTs from nine publications 
with 5353 participants (online supplementary appendix 
3b).12 35 43–49 Four RCTs with 2316 participants compared 
tenofovir/FTC with AZT/lamivudine,12 35 43 46 and four 
with 3037 participants with abacavir/lamivudine. These 
RCTs were limited primarily by lack of allocation conceal-
ment (4 of 8) and lack of blinding (5 of 8) (online supple-
mentary appendix 4a).

Maternal outcomes
Acceptability
Pooled evidence for discontinuation rates from seven RCTs 
(n=4198) including non-pregnant adults proved of very 
low certainty due to inconsistency, indirectness because 
evidence is from non-pregnant adults, and imprecision 
(online supplementary appendix 5a). Higher certainty 
evidence addressing acceptability came from medication 
discontinuation rates in the PROMISE trial,12 in which 
there was no important difference between groups: 15 
(4.2%, n=356) discontinued in the tenofovir/FTC group 
and 10 (2.8%, n=360) discontinued in the AZT/lami-
vudine group (RD 15 more per 1000 discontinued with 
tenofovir/FTC, CI 9 fewer to 65 more; table 3).

Mortality
For mortality, the PROMISE trial12 and pooled estimates 
from RCTs of pregnant women provided moderate 
certainty evidence of no important difference between 
alternative cART regimens. No women in the PROMISE 
trial died12: RD 0 per 1000, CI 11 fewer to 11 more. There 
was no apparent difference between tenofovir/FTC 
(1.4%, n=2337) and alternative NRTIs (1.6%, n=2313) in 
mortality in seven RCTs (n=4650) that included non-preg-
nant adults (RD 2 fewer per 1000 with tenofovir, CI 6 
fewer to 2 more; online supplementary appendix 5b).

Clinical maternal adverse events
Although low certainty evidence (very serious impreci-
sion) from the PROMISE trial suggested no difference 

between groups,12 higher certainty evidence for clinical 
maternal adverse events comes from pooled estimates 
from RCTs of non-pregnant adults. Six RCTs reported 
adverse effects; three compared AZT/lamivudine versus 
tenofovir/FTC (n=2139), and three abacavir/lamivu-
dine versus tenofovir/FTC (n=2343). Results suggested 
a subgroup difference between AZT/lamivudine and 
abacavir/lamivudine, with relatively more adverse events 
in the abacavir/lamivudine group than in the AZT/
lamivudine group (p for interaction=0.009) (figure 1). 
Clinical adverse effects were similar for tenofovir/FTC 
(26.8%, n=1061) and AZT/lamivudine (26.3%, n=1078): 
RR 1.00, CI 0.90 to 1.12, I2=0%; RD 0 per 1000 (table 3). 
There were fewer clinical adverse events in the tenofovir/
FTC group (14.1%, n=1173) than the abacavir/lamivu-
dine group (19.6%, n=1170): RR 0.72, CI 0.60 to 0.86, 
I2=0%; RD 8 fewer per 1000; moderate certainty due to 
indirectness. Pain or discomfort (6.0%) and pruritus 
(2.3%) accounted for most of the difference in one study 
that combined each with atazanavir/ritonavir.48

Maternal laboratory adverse events
Four RCTs (n=2217), three of which were in non-preg-
nant adults, reported fewer grade 2 or higher laboratory 
adverse events with tenofovir/FTC than alternatives, but 
the evidence proved lower certainty evidence than the 
PROMISE12 trial alone (inconsistency and indirectness) 
(figure 2). In the PROMISE trial12 there was no apparent 
difference in laboratory adverse events between teno-
fovir/FTC (10.9%, n=329) and AZT/lamivudine (12.9%, 
n=333): RR 0.85, CI 0.56 to 1.28; RD 19 fewer per 1000 
(table 3).

Undetectable viral load 6 months after starting cART
The PROMISE study did not provide data informing viral 
load outcomes at birth.12 We therefore examined indirect 
evidence in non-pregnant adults living with HIV initiating 
cART: failure to suppress HIV viral load at 6 months after 
starting therapy to approximate viral load suppression 
at delivery for a pregnant woman initiating cART at the 
start of the second trimester. The pooled results from six 
RCTs (n=4220) suggested no difference between tenofo-
vir-based cART (19.5%, n=2126) and alternative NRTIs 
(22.2%, n=2094): RR 0.93, CI 0.71 to 1.23; I2=77%; RD 16 
fewer per 1000 (figure 3, table 3).

Child outcomes
Stillbirth and early neonatal mortality
The evidence from the PROMISE trial12 and two 
smaller RCTs reported 21 (6.3%, n=334) stillbirths and 
early infant deaths in the tenofovir/FTC arm and 5 
(1.4%, n=348) in the AZT/lamivudine arm (pooled RR 
4.40, CI 1.75 to 11.01; I2=0%; figure 4). Observational 
evidence suggests that the baseline risk of stillbirth and 
early neonatal mortality is approximately 15 per 1000 
in high-income countries50 and approximately 69 per 
1000 in low-income countries.51 The best estimate of the 
increase in stillbirths and neonatal mortality is therefore 

https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
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51 more per 1000 in low-income settings and 235 more 
per 1000 in high-income settings (table 4). In a post hoc 
sensitivity analysis that included PROMISE participants12 
randomised to AZT/lamivudine prior to the introduction 
of the tenofovir/FTC arm, the results remained statisti-
cally significant.

Observational studies reported conflicting results 
(online supplementary appendix 5c). One suggested a 
higher rate of stillbirth and early neonatal mortality in 
tenofovir-based regimens than in alternative regimens 
(combined in a triple NRTI regimen with AZT/lamivu-
dine)39; two others found similar results in tenofovir-based 
and alternative NRTI regimens (combined with either 
LPV/r or nevirapine)40 41; and one reported a lower rate 
of stillbirths and early neonatal mortality (combined with 
nevirapine).41 No study controlled for most of the crit-
ical confounders such as socioeconomic status, immune/
disease status and cointerventions. Pooled results from 
these four observational studies suggested no difference 
between tenofovir-based and alternative regimens, but 
with a wide CI: RR 0.92, CI 0.52 to 1.64; I2=68% (online 
supplementary appendix 5c). Thus, the evidence from 
observational studies is of very low certainty due to the 
observational design, imprecision, inconsistency and risk 
of bias.

Vertical transmission of HIV
Two observational studies including 1850 patients12 39 
and two small RCTs with 75 patients34 35 reported vertical 
transmission of HIV. The PROMISE trial did not report 
vertical transmission in the groups as randomised, and 
therefore we considered it an observational study for this 
outcome12; there were no other transmission events in any 
of the other studies. There were two (0.4%, n=472) trans-
mission events in the TDF/FTC-based cART group and 
seven (0.5%, n=1484) in the alternative NRTI groups: RD 
1 fewer per 1000, CI 10 fewer to 8 more; low certainty due 
to observational design (online supplementary appendix 
5d).

Birth defects
The PROMISE trial and a study of PrEP did not detect 
any difference in birth defects12 15: RR 1.05, CI 0.68 to 
1.62, RD 0 per 1000, CI 3 fewer to 5 more, moderate 
certainty because of imprecision. However, women in the 
PROMISE trial were enrolled at a median of 26 weeks’ 
gestation (IQR 21–31)12; thus, the evidence has little or no 
bearing on exposure in the first trimester. Evidence from 
two small RCTs with ART exposure in the first trimester 
did not find any apparent difference in birth defects 
between tenofovir and alternatives15 35: RR 0.57, CI 0.15 to 

Figure 1 Forest plot of the risk ratio for clinical adverse events (data from randomised trials in non-pregnant adults except 
Fowler et al12). ART, antiretroviral therapy; M-H, Mantel-Haenszel; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; 
TDF, tenofovir disoproxil fumarate.

Figure 2 Forest plot of the risk ratio for laboratory adverse events (data from randomised trials in non-pregnant adults except 
Fowler et al12). ART, antiretroviral therapy; M-H, Mantel-Haenszel; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; 
TDF, tenofovir disoproxil fumarate.
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2.16; RD 3 fewer per 1000 with TDF-ART, CI 7 fewer to 9 
more (table 3). Two observational studies suggested that 
the overall birth defect rate might be lower with tenofo-
vir-based ART than with alternative NRTIs—a result that 
was driven by the Antiretroviral Pregnancy Registry,42 that 
relies on voluntary reporting and dates back to 1989: RD 
9 fewer per 1000, CI 16 fewer to 2 fewer; very low certainty 
due to the observational design, imprecision, and risk of 
bias (online supplementary appendix 5e).

Spontaneous abortion
The PROMISE trial did not report any spontaneous abor-
tions, but did not enrol participants prior to 14 weeks’ 
gestation and more than 75% of women were enrolled 
after 20 weeks’ gestation.12 Evidence from an RCT of HIV 
PrEP suggested that tenofovir combined with FTC may 
increase the risk of pregnancy loss, 91% of which were 
spontaneous abortion: 42.5% (34 in 80 pregnancies) 
with tenofovir/FTC vs 32.3% (31 in 96 pregnancies) with 
placebo; RD: 103 more per 1000, CI 36 fewer to 304 more 
(table 3).15 Evidence from one observational study was 
consistent but did not increase certainty (online supple-
mentary appendix 5f).39

Prematurity at <34 and<37 weeks’ gestation
The PROMISE trial alone provided the highest quality 
evidence for prematurity.12 There was an increase in early 
prematurity <34 weeks’ gestation with tenofovir/FTC 
(6.0%, n=335) compared with AZT/lamivudine (2.6%, 
n=346): RR 2.30, CI 1.06 to 4.97; RD 42 more per 1000 
(table 3). All 35 infants were born after 34 weeks’ gesta-
tion in one other RCT.34 The results were similar in a 
sensitivity analysis that included PROMISE12 participants 
randomised to AZT/lamivudine prior to the introduction 

of the tenofovir/FTC arm. There was no apparent differ-
ence in prematurity at <37 weeks’ gestation between teno-
fovir/FTC (18.5%, n=335) and AZT/lamivudine (19.7%, 
n=346): RR 0.94, CI 0.69 to 1.28; RD 12 fewer per 1000 
(table 3).

Three observational studies that included four compar-
isons (n=3878) suggested that tenofovir-based cART may 
be associated with reduced risk of premature delivery <37 
weeks, but certainty in evidence is very low because of 
the observational study design and in addition risk of 
bias from failure to control for key confounders (online 
supplementary appendix 5g).39–41 Similarly, there was 
only very low-quality evidence from the same observa-
tional studies addressing very early or early premature 
delivery (online supplementary appendix 5h).

Low and very low birth weight
The PROMISE trial alone provides the highest quality 
evidence for low and very low birth weight.12 There was 
no apparent increase in low birth weight <2500 g with 
tenofovir/FTC (16.9%, n=301) and AZT/lamivudine 
(20.4%, n=319): RR 0.83, CI 0.60 to 1.16; RD 35 fewer 
per 1000; moderate certainty because of imprecision. 
There were more neonates born weighing <1500 g with 
tenofovir/FTC (2.1%, n=335) than with AZT/lamivudine 
(0.6%, n=346): RR 3.61, CI 0.76 to 17.28; RD 16 more per 
1000; moderate certainty due to imprecision. One addi-
tional observational study did not improve the certainty 
in either outcome (online supplementary appendix 5i 
and j).

Neonatal laboratory adverse events
The best evidence is provided by the PROMISE trial 
alone.12 There was no difference in grade 3 or higher 

Figure 3 Forest plot of risk ratio for detectable serum viral load 26 weeks after antiretroviral initiation as a proxy for viral load at 
time of delivery (data from randomised trials of non-pregnant adults). ART, antiretroviral therapy; M-H, Mantel-Haenszel; NRTI, 
nucleoside/nucleotide reverse transcriptase inhibitor; TDF, tenofovir disoproxil fumarate.

Figure 4 Forest plot of risk ratio for stillbirth and early neonatal mortality from randomised controlled trials. ART, antiretroviral 
therapy; M-H, Mantel-Haenszel; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor.

https://dx.doi.org/10.1136/bmjopen-2017-019022
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https://dx.doi.org/10.1136/bmjopen-2017-019022
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laboratory adverse events: 5.9% of 324 with AZT/lamivu-
dine and 6.2% of 315 with tenofovir/FTC: RD 5 more per 
1000, CI 24 fewer to 58 more (table 3).

Medium and long-term development
None of the studies reported medium and long-term 
developmental outcomes.

hepatitis b outcomes
We screened 1035 titles and abstracts and ultimately 
included 33 comparative studies of NRTIs (tenofovir, 
lamivudine and FTC) in pregnant women living with HBV 
(online supplementary appendix 3c and online supple-
mentary appendix 7).34 38 52–81 The primary network 
meta-analysis was restricted to RCTs and included eight 
RCTs (n=857) comparing lamivudine with a control 
without antiviral activity (usually placebo)56 59 66 71 74–76 81 and 
one RCT (n=180) that compared tenofovir with placebo38 
(online supplementary appendix 6). Two additional RCTs 
that compared lamivudine with placebo met inclusion 
criteria but were excluded from the analyses post hoc.34 82 
One included 35 women with HIV and HBV coinfection, 
but no transmission events occurred in either group.34 
The other, an unpublished study identified in the refer-
ence list of a systematic review,22 was excluded post hoc 
because the methods and definition of transmission were 
not described in sufficient detail.82 The main limitations 
within the RCTs were possible lack of allocation conceal-
ment (all but two RCTs) and lack of blinding (all but two 
RCTs) (online supplementary appendix 4b).

The secondary network meta-analysis included an addi-
tional 22 observational studies with an additional 1522 
pregnant women, thus included 31 studies with 2559 
pregnant women (online supplementary appendix 6). All 
22 observational studies failed to adjust or match for most 
known confounders, the included populations were prob-
ably dissimilar in nine studies, and cointerventions may 
have been applied differently between the groups in 10 
studies (online supplementary appendix 4c). Including 
the RCTs, 19 studies were conducted primarily in China, 
8 in Europe or North America, and 1 in Africa.

Vertical transmission of HBV
There was low global heterogeneity for the network 
restricted to RCTs and for the network that included 
observational studies (global I2=0% for both). There were 
no concerns of intransitivity. In the network restricted to 
RCTs (online supplementary appendix 8), lamivudine 
reduced risk of vertical transmission of HBV more than 
control (RR 0.28, CI 0.17 to 0.49; high certainty) as did 
tenofovir, but the CI included no effect (RR 0.07, CI 0.00 
to 1.29) (table 4, figure 5). There was no apparent differ-
ence between tenofovir and lamivudine: RR 0.26, CI 0.01 
to 4.77. Without antiviral therapy, the baseline risk of 
transmission is approximately 1 in 10083 in high-income 
countries and is approximately 380 per 1000 in low-re-
source countries without access to early neonatal hepatitis 
B vaccination and hepatitis B immunoglobulin (HBIg).84 

The effect of tenofovir compared with lamivudine on 
vertical transmission of HBV in high-income countries is 
7 fewer per 1000, CI 10 fewer to 38 more, and in low-in-
come countries is 82 fewer per 1000, CI 110 fewer to 418 
more (table 4).

When observational studies were included in the 
network meta-analysis (online supplementary appendix 
9), tenofovir reduced risk of vertical transmission of hepa-
titis B compared with control: RR 0.23, CI 0.10 to 0.54; 
low certainty because of observational data (figure 5). 
Tenofovir did not reduce risk of vertical transmission of 
HBV compared with lamivudine: RR 0.99, 0.38 to 2.59; 
very low certainty due to observational data and impreci-
sion (online supplementary appendix 9).

The pooled estimates of RCTs are shown in red, the 
pooled estimate of observational data is shown in yellow, 
and the pooled mixed estimates shown in blue.`

Other hepatitis B outcomes
Five studies (one RCT, four observational) reported 
hepatitis B flares, including three that compared teno-
fovir with control38 57 63 and two that compared lamivu-
dine with control.68 72 Four studies defined a hepatitis 
flare as an increase in serum transaminase levels more 
than five times the upper limit of normal and one used 
an increase more than two times the upper limit of 
normal.72 All included flares prior to and after stopping 
antiviral therapy. The network had high global heteroge-
neity (I2=63.5%, p=0.042 for inconsistency; online supple-
mentary appendix 10). We found no apparent difference 
between any of tenofovir, lamivudine or control, but our 
certainty in the evidence was very low for all compari-
sons due to observational data, inconsistency and very 
wide CIs (online supplementary appendix 10). One 
study reported the development of HBV resistance: HBV 
lamivudine resistance occurred in 1 of 25 (4.0%, 0.1% to 
20.4%) women.53

DIsCussIOn
The PROMISE trial dominated results for neonatal 
outcomes.12 We found moderate certainty evidence of 
a large absolute increase (point estimate 5%) in still-
birth and early neonatal death with tenofovir/FTC 
versus AZT/lamivudine when they are combined with 
LPV/r. Moderate certainty evidence also suggested an 
increase in prematurity before 34 weeks with tenofovir/
FTC plus LPV/r versus AZT/lamivudine (point estimate 
also approximately 5%). The evidence is indirect when 
applied to cART regimens in which the third antiretro-
viral is something other than LPV/r, particularly if it is 
not a protease inhibitor. In this situation, our certainty is 
low rather than moderate.

We also summarised the results of observational studies 
comparing tenofovir-based ART regimens with alterna-
tives on stillbirth and neonatal deaths. Based on similar 
evidence, our review comes to a different conclusion 
than another recent meta-analysis.13 The reason for this 

https://dx.doi.org/10.1136/bmjopen-2017-019022
https://dx.doi.org/10.1136/bmjopen-2017-019022
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is Nachega and colleagues13 pooled RCTs and observa-
tional studies which, given the much higher certainty 
associated RCTs, we consider inadvisable and, indeed, 
inappropriate. This is particularly the case here because 
the available observational studies, already beginning as 
low quality using the GRADE framework,85 were further 
limited by inconsistent results, imprecise pooled esti-
mates and failure to adjust for important confounders. 
For instance, AZT/lamivudine is an older drug combina-
tion than tenofovir/FTC. Thus, clinical care for women 
who received AZT/lamivudine was more likely limited or 
outdated for other aspects of their pregnancy.

For the other key outcomes, there did not appear to be 
important differences between tenofovir-based regimens 
and alternatives. Outcomes without evidence of a between 
group difference include acceptability to pregnant 
women, clinical and laboratory maternal adverse events, 
maternal mortality, maternal viral load, vertical transmis-
sion of HIV, birth defects, low birth weight and prematu-
rity prior to 37 weeks. Further, in pregnant women with 
hepatitis B coinfection, tenofovir and lamivudine likely 
confer a similar large reduction in risk of vertical hepatitis 
B transmission compared with no maternal intervention, 
although this is more certain for lamivudine than it is for 
tenofovir (high versus moderate certainty).

Strengths of our review include the comprehensive 
search; duplicate assessment of eligibility, risk of bias and 
data abstraction; summarisation of both RCT and obser-
vational studies; careful attention to what findings can or 
cannot be appropriately pooled; and use of the GRADE 
framework to address certainty of evidence. The primary 
limitations of the review are associated with the available 
evidence. The key results come primarily from a single 
study of moderate size.12 Single studies demonstrating 
large benefits on the basis of small number of events typi-
cally yield large overestimates of effect.86 This is likely true 
of harm outcomes as well, suggesting that the increase in 
stillbirths and neonatal deaths with tenofovir/FTC likely 
represents an overestimate. Because some have raised 
concerns that the event rates in the AZT/lamivudine 
arm are lower than might have been anticipated, we also 
performed a sensitivity analysis that includes participants 
in the AZT/lamivudine arm who were randomised early 
in the PROMISE study, before the tenofovir/FTC arm was 
added.12

The results raise challenges in interpretation. The first 
is the mechanisms that tenofovir/FTC might increase in 
stillbirths and neonatal mortality. One hypothesis would 
be that the mediating factor is prematurity. Support from 
this hypothesis comes from the increase in prematurity 

Figure 5 Forest plot of maternal antivirals (lamivudine and tenofovir) versus control (no antiviral) for prevention of vertical 
transmission of hepatitis B, by study type and antiviral. 3TC, lamivudine; ART, antiretroviral therapy; NRTI, nucleoside/nucleotide 
reverse transcriptase inhibitor; RCT, randomised controlled trial; RR, risk ratio; TDF, tenofovir disoproxil fumarate.
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before 34 weeks in the tenofovir group, and that approxi-
mately two-thirds of the deaths were attributed to prema-
turity or sequelae of prematurity.

Another interpretation issue is whether the culprit drug 
that might cause an increase in stillbirths/early deaths is 
tenofovir or FTC, and circumstances in which the culprit 
drug would lead to increases in stillbirths and neonatal 
deaths. The culprit could be tenofovir or FTC, or the 
combination of the two.

Another mechanism postulates a role for LPV/r in the 
increase in stillbirths and neonatal deaths.87 This cannot 
be a direct effect: patients in both the tenofovir/FTC and 
AZT/lamivudine groups received LPV/r.12 Thus, the only 
possibility for implicating LPV/r is that it modifies the 
effect of tenofovir/FTC but not AZT/lamivudine on still-
births and neonatal mortality. Were this true, tenofovir/
FTC would have an adverse effect relative to AZT/lami-
vudine only when coadministered with LPV/r or similar 
antiretrovirals. The mechanism of such an interaction is 
unlikely to be increased LPV drug levels in the presence 
of tenofovir: if anything, tenofovir decreases LPV drug 
levels.88–91 Further, protease inhibitors including LPV/r 
only slightly increase serum tenofovir levels88–91 and 
implicating this drug–drug interaction would nonetheless 
implicate tenofovir at serum concentrations within the 
typical therapeutic range (the increase in tenofovir from 
concurrent LPV/r is a magnitude lower than normal vari-
ability between patients).92 The increased LPV/r dosing 
used in the PROMISE study during the third trimester 
provides similar serum drug concentrations to non-preg-
nant women taking LPV/r.93 Thus, the hypothesis that 
the adverse effects on fetal outcomes with tenofovir/FTC 
occur only with concomitant administration of LPV/r 
has no evident biological basis. Nevertheless, we conser-
vatively chose to rate down our certainty in the evidence 
for indirectness from moderate to low for key outcomes 
when tenofovir/FTC is combined with antiretrovirals 
other than LPV/r.

Tenofovir is currently the drug of choice for preven-
tion of vertical transmission of HBV. The PROMISE 
results raise challenges for maternal prophylaxis against 
vertical transmission of HBV. The evidence that lamivu-
dine results in a large reduction in vertical transmission 
of HBV compared with no antiviral therapy warrants 
higher certainty than is the case for tenofovir (although 
point estimates are similar).38 The results of our indirect 
comparisons suggest similar effects with use of tenofovir 
and lamivudine in decreasing vertical transmission of 
HBV. Generally, tenofovir is favoured for its lower likeli-
hood of pretreatment HBV resistance and of developing 
HBV resistance during treatment than lamivudine.14 
These considerations are particularly important in preg-
nant women who have long-term exposure to lamivudine, 
are at high risk of vertical transmission and in those who 
do not have access to early infant HBV vaccination or 
HBIg.

The results of this review present a dilemma for policy-
makers. Tenofovir/FTC is convenient as a single pill taken 

once a day. It is also the currently recommended regimen 
and allows harmonisation across a wide range of popula-
tions, resulting in simplification of cART and widespread 
provision in low-income and middle-income countries. 
Moreover, the adverse effect on stillbirths and neonatal 
mortality is likely an overestimate, and the mechanism 
and circumstances under which the effect exists remain 
uncertain. Nevertheless, fully informed pregnant women 
living with HIV are likely to choose regimens that do not 
include tenofovir or FTC.
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