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Each year, an estimated 1.3 million persons living with the human immunodeficiency

virus (HIV) become pregnant, and approximately 1.1 million (85%) of them receive
antiretroviral therapy (ART) during pregnancy.12 The vast majority of pregnant persons
living with HIV reside in low- and middle-income countries.3 In the absence of ART,

15 to 30% of infants born to persons with HIV acquire HIV antenatally or perinatally,

with additional transmission during breast-feeding. The landmark 1994 Pediatric AIDS
Clinical Trials Group (PACTG) 076 trial showed the efficacy of maternal zidovudine (ZDV)
monotherapy in decreasing the rate of vertical transmission, from 25.5% without ZDV
monotherapy to 8.3% with it.> Vertical HIV transmission is essentially eliminated in non—
breast-feeding persons who have sustained viral suppression (HIV RNA level, <50 copies
per milliliter) with a three-drug ART regimen taken from conception throughout pregnancy,®
and transmission through breast-feeding is very rare with maternal viral suppression from
ART (<0.2% per month of breast-feeding).” The global scale-up of ART has led to a 50%
decline in new perinatal infections between 2010 (320,000 cases) and 2021 (160,000 cases)
— a remarkable public health success, although still short of the ultimate global targets for
the elimination of vertical transmission.!

The ideal ART regimen during pregnancy depends on multiple factors, including
pharmacokinetics, virologic efficacy, safety, side effects, drug resistance, dosing
convenience, local cost, and availability. As noted above, the three-drug ART regimen

is remarkably effective at preventing vertical transmission (with rare exceptions),8 and
no apparent differences in prevention and efficacy have been observed to date among

the current commonly used regimens.® ART before and throughout pregnancy is strongly
recommended for the improvement of maternal, fetal, and child health outcomes.
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The main questions pertain to which ART regimens have the best safety and side-effect
profiles when used during pregnancy. As improved regimens are adopted in the general
population, guidelines for ART during pregnancy are evolving. ART regimens currently
recommended during pregnancy include two nucleoside reverse-transcriptase inhibitors in
combination with ART from a different class' (classified as “preferred or recommended”
or “alternative” in pregnancy) (Table 1). However, because of the absence or delayed
availability of pharmacokinetic and safety data associated with the use of ART during
pregnancy, recommendations for ART often lag behind guidelines for nonpregnant adults
living with HIV.8 As a result, pregnant persons often receive older, less desirable regimens.®

This review focuses on contemporary ART regimens but includes some data on “legacy”
antiretroviral agents that are still used by many persons in low- and middle-income
countries. We summarize key available evidence on the effect of ART used during pregnancy
on birth and maternal and child health outcomes (Table 2). Use of antiretroviral agents
during breast-feeding or for preexposure prophylaxis is also important but is not addressed
in this review.

RESEARCH CHALLENGES

Challenges remain in our understanding of adverse pregnancy outcomes related to ART use
during pregnancy. The greatest limitation is that pregnancy studies either are not done at

all or are completed years after drug registration. Analyses of the effect of the timing of
ART initiation in pregnancy are susceptible to selection bias, and confounders are often
inadequately controlled for in observational studies. Large numbers of ART exposures are
needed to detect differences in low-frequency end points. Background rates of adverse
birth outcomes vary markedly among populations, time periods, and settings, making
comparisons with background rates challenging to interpret in observational studies. In
addition, end point definitions vary among studies, and gestational age is not accurately
determined in the absence of fetal ultrasonography.

ADVERSE FETAL AND BIRTH OUTCOMES

With the exception of congenital anomalies, adverse birth outcomes (specifically fetal loss,
preterm birth, intrauterine growth restriction, small for gestational age, and low birth weight)
receive much less attention than prevention of HIV transmission, despite the large effect of
these outcomes on the population. Preterm birth can cause poor health and developmental
outcomes and is the leading cause of death worldwide among children under the age of 5
years.1! Low birth weight is also an important predictor of infant mortality in low-income
areas.1?

In the pre-ART era, persons living with HIV infection had worse birth outcomes than
uninfected persons, including twice the rates of preterm birth, low birth weight, and
stillbirth.13 Although birth outcomes are better in pregnant persons with HIV who are
receiving ART than in those not receiving ART, specific adverse preghancy outcomes vary
according to the regimen. In this section, we summarize major studies and findings related to
ART and birth outcomes. Figure 1 shows several proposed mechanisms for the development
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of preterm birth and measures of low birth weight in pregnant persons with HIV who are
receiving protease inhibitor-based ART.

MISCARRIAGE

Data on miscarriage (early fetal loss, generally before 20 weeks of gestation) are limited.
Many miscarriages are undetected, most are unreported in clinical settings and observational
studies, and it is difficult to determine the effect of ART on miscarriage rates in randomized
trials. Most pregnant persons living with HIV are already receiving ART at the time of
conception (rather than starting ART during pregnancy), which is ideal for overall maternal
health and prevention of vertical transmission. The multicenter Women’s Interagency HIV
Study (WIHS) showed a lower risk of miscarriage for persons receiving ART than for
those not receiving it.1” Among pregnant persons receiving ART in the WIHS cohort,
lower rates of miscarriage were reported with protease inhibitor-based ART than with

a single nucleoside reverse-transcriptase inhibitor or no ART. In contrast, data from the
Promoting Maternal and Infant Safety Everywhere (PROMISE) trial showed that persons
who conceived while receiving ART (predominantly protease inhibitor-based) were more
likely to have a miscarriage or stillbirth than those who started to receive ART during
pregnancy.819 Twenty percent of persons who conceived while receiving ART in AIDS
Clinical Trials Group (ACTG) trials?® and 37% of those who conceived while receiving
ART in the WIHS cohort” had early fetal loss, percentages that are at the higher end of
those reported in the general U.S. population.

In summary, the effect of first-trimester ART on miscarriage remains unclear. Additional
high-quality data are needed, particularly for comparing ART regimens. Most important, on
the basis of what we know, the advantages to mother and child of uninterrupted maternal
ART outweigh the risk of miscarriage.

INTRAUTERINE FETAL DEATH AND STILLBIRTH

A meta-analysis of studies from the pre-ART era showed higher rates of stillbirth (late fetal
loss, generally at or after 20 weeks of gestation) among persons living with HIV than among
those without HIV (relative risk, 1.7; 95% confidence interval [CI], 1.1 to 2.7).13 Subsequent
studies suggest that maternal ART during pregnancy reduces but does not eliminate the
excess risk of stillbirth, as compared with the risk among persons who are not living with
HIV.21.22 stillbirth rates may vary according to the maternal ART regimen, the timing of
ART exposure in pregnancy, and maternal HIV disease status, and many studies have not
been able to adequately control for potential confounding variables.

High rates of stillbirth were observed in early studies of persons who had conceived while
receiving ART (e.g., 6.3% with nevirapine [NVP]-based ART).23 However, stillbirth rates
are lower with the transition to regimens containing efavirenz (EFV) or dolutegravir (DTG)
in combination with lamivudine (3TC) or emtricitabine (FTC) plus tenofovir disoproxil
fumarate (TDF) (range, 2 to 5%).2425 Despite these reassuring findings, stillbirth rates are
reportedly still higher among persons living with HIV and receiving EFV-3TC-TDF than
among those without HIV in some studies.?!
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The relationship between the timing of ART initiation and stillbirth is uncertain and may
depend on the regimen. Two large cohort studies (one from Ireland and the United Kingdom
and one from Malawi), involving more than 18,000 women living with HIV, did not show
an association between the timing of ART (before vs. after conception) and stillbirth26:27; a
large observational study from Botswana also did not find such an association.28 In contrast,
data from the smaller PROMISE trial showed that stillbirths were more likely to occur in
persons who conceived while receiving ART than in those who were not receiving ART at
the time of conception, with no significant differences according to the ART regimen.19

SPONTANEOUS PRETERM BIRTH

Data from the pre-ART era showed that persons living with HI\V were more than twice

as likely to have a preterm birth (at <37 weeks of gestation) as persons without HIV
(21.1% vs. 9.4%, P<0.001).29 With advances in ART, HIV treatment during pregnancy
appears to partially mitigate this excess risk,30 but the risk reduction differs according to
the ART regimen.31 Most (but not all) studies have shown an increased risk of preterm
birth with an ART regimen based on lopinavir and ritonavir.31-33 The rate of very preterm
birth (at <34 weeks of gestation) was also increased with lopinavir-ritonavir-3TC-TDF

as compared with lopinavir-ritonavir-3TC-ZDV in the PROMISE randomized trial, which
used an increased dose of lopinavir and ritonavir in the third trimester.34

Tenofovir alafenamide (TAF), a prodrug of tenofovir, is characterized by lower plasma

(but higher intracellular) levels of tenofovir than is TDF.24 In the randomized IMPAACT
2010/VESTED trial, which compared three ART regimens started during pregnancy, rates
of preterm birth were lowest with TAF-DTG-FTC, highest with EFV-FTC-TDF, and
intermediate with DTG-FTC-TDF.24 In two randomized trials of EFV-FTC-TDF during
pregnancy, one comparing this regimen with integrase inhibitor-based ART containing DTG
(DolIPHIN-2 trial)3® and the other comparing the regimen with raltegravir (RAL; National
Institute of Child Health and Human Development [NICHD] P1081 trial),36 rates of preterm
birth were similar, although TAF was not used in these studies.

The effect of timing in the initiation of ART (before or after conception) on preterm birth is
also uncertain. Some studies have shown an increased risk of preterm birth among pregnant
persons who started receiving ART before conception,3738 whereas other studies have not
shown an increase in risk.3%40 As noted above, such associations may be due to biases, and
ART is recommended for all persons living with HIV, including those trying to conceive
who are concerned about preterm birth.

SMALL FOR GESTATIONAL AGE AND LOW BIRTH WEIGHT

As with other adverse birth outcomes, a small-for-gestational-age (birth weight, <10th
percentile) or low-birth-weight (<2500 g) neonate is more common among untreated persons
living with HIV than among persons without HIV infection.1® Some studies have shown
lower risks of these outcomes among those living with HIV who are receiving ART during
pregnancy than among those not receiving ART,*! whereas other studies have suggested

that the risks are higher with ART.#243 A meta-analysis of 34 cohort studies showed that
protease inhibitor-based regimens were associated with an increased risk of a small-for-
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gestational-age outcome, as compared with an ART regimen without a protease inhibitor
(relative risk, 1.24; 95% ClI, 1.08 to 1.43), with no apparent difference between protease
inhibitors.** Data regarding the timing of ART exposure during pregnancy and the risk of a
small-for-gestational-age or low-birth-weight neonate are conflicting.21:4°

NEONATAL MORTALITY

Neonatal mortality (the rate of death within 28 days after birth) has varied according to the
maternal ART regimen during pregnancy. In a Botswana surveillance study of approximately
11,000 pregnancies, neonatal mortality was higher with ART based on lopinavir-ritonavir or
with ZDV-3TC-NVP and was lower with EFV-TDF-FTC.28 In the PROMISE randomized
trial, early neonatal death occurred more frequently with TDF-FTC-lopinavir—ritonavir than
with ZDV-3TC-lopinavir—ritonavir (in 4.4% of pregnancies vs. 0.6%, P = 0.001), mostly

in fetuses delivered before 34 weeks of gestation as compared with those delivered between
34 and 37 weeks of gestation (27% vs. 3.3%, P<0.001).3* In the more recent IMPAACT
2010/VESTED trial, neonatal mortality was significantly higher with EFV—FTC-TDF than
with DTG-based regimens.24 The mechanisms for these differences in neonatal mortality are
not yet known.

CONGENITAL ANOMALIES

Detection of an association between drug exposure during pregnancy and congenital
malformations requires analysis of data from a large number of persons with medication
exposure during early pregnancy. If the background malformation rate in the general
population is 3%, approximately 200 first-trimester exposures must be analyzed to detect an
increase by a factor of 2 in any anomaly; for a rare anomaly with a prevalence of 0.1%, such
as neural-tube defects, analysis of 2000 exposures is needed to detect an increase by a factor
of 3.46 By necessity, such data are available only from postmarketing surveillance. True
teratogens are very rare, despite the common focus on potential medication teratogenicity.

Data from the Antiretroviral Pregnancy Registry#’ and the European Pregnancy and
Pediatric HIVV Cohort Collaboration rule out an increase in the baseline risk of a birth defect
by a factor of 2 or higher for most approved antiretroviral agents. Other large studies have
shown a similar prevalence of major congenital anomalies among participants commencing
ART in the first trimester and those starting ART later in pregnancy.8:49

EFV and DTG deserve special mention. Early nonhuman primate studies suggested the
possibility of central nervous system malformations with EFV, but large cohort studies and
antiretroviral pregnancy registries have not shown this association in humans.5%:51 Concern
about a possible early signal of an increase in neural-tube defects with DTG-based ART
from a birth surveillance system in Botswana was first reported in 2019.52 However, as
more data were analyzed, the prevalence of neural-tube defects with periconception DTG
exposure declined and is now similar to that in the general population.5354 As a result

of concern regarding congenital anomalies with EFV and DTG, pregnant persons have
been denied EFV and DTG regimens that were both safer and more effective than older
regimens, highlighting the need for the establishment of surveillance systems to rapidly
provide pregnant persons with high-quality data so that they can make informed decisions.
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It is also important to view concern about a potential association with rare anomalies in the
larger context of the safety and efficacy of drugs for both maternal and fetal health.5®

RISKS TO HEALTH, GROWTH, AND NEURODEVELOPMENTAL OUTCOMES

Infants who do not acquire HIV infection despite having been born to mothers with HIV are
at higher risk for illness and death than HIV-unexposed infants. However, this excess risk

is sub-stantially mitigated with maternal ART and breast-feeding in low-resource settings.>®
Children who were exposed to HIV but are uninfected are at risk for impaired growth,
including stunting (height or length for age <2 SD below the mean), underweight (weight
for age <2 SD below the mean), and wasting (weight for height or length <2 SD below

the mean).5’ Maternal EFV-based ART was associated with stunting, as compared with
DTG-based regimens, in the IMPAACT 2010/VESTED trial >’

Most (but not all) studies have shown similar postnatal neurodevelopmental outcomes

in HIV-exposed but uninfected children and HIV-unexposed children.58:59 |n addition,
most studies have failed to find causal links between maternal ART exposure and poor
neurodevelopment in exposed but uninfected children.69-62 Some exceptions include a
possible association between in utero exposure to EFV and microcephaly,®3 neurologic
conditions,® and impairment in certain developmental domains54 and between atazanavir—
ritonavir and lower language and social-emotional scores.5® The neurodevelopmental
outcomes for uninfected children exposed to many contemporary antiretroviral agents are
as yet unknown.56 Additional neurodevelopmental data are needed, particularly for in utero
exposure to newer antiretroviral agents and for outcomes in older children, given the large
and increasing number of HIV-exposed children.

ADVERSE MATERNAL HEALTH OUTCOMES

The adverse-effect profile of most medications is similar in pregnant and nonpregnant
persons. We focus here on the effects of drugs that may be expected to differ between
pregnant and nonpregnant persons (or effects that may have particular implications for birth
or child health outcomes).

WEIGHT GAIN AND METABOLIC COMPLICATIONS DURING PREGNANCY

In nonpregnant adults, ART that includes integrase strand-transfer inhibitors such as DTG
and RAL, particularly in combination with TAF, is associated with greater weight gain than
ART with EFV-3TC-TDF or EFV-FTC-TDF. This effect may be due to suppression of
weight gain by TDF, excess weight gain with integrase strand-transfer inhibitors (heightened
by TAF), or both.87-69 Among nonpregnant persons, weight gain appears to be greatest in
Black persons and persons with low pretreatment CD4 counts and high viral loads.5% Large
observational studies in Botswana showed that although persons commencing DTG-based
ART during pregnancy gained more weight than those starting EFV-based ART, neither
group gained as much weight during pregnancy as persons without HIV.”%.71 Greater weight
gain with DTG-based ART that was started during pregnancy, particularly in combination
with TAF, was also found in the randomized IMPAACT 2010/VESTED trial.24 Other
pregnancy studies have shown similar patterns of greater weight gain with TAF-DTG.7273
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In the DolPHIN-23% and NICHD P1081 trials,”* pregnancy and postpartum weight gain were
greater with DTG- and RAL-based regimens than with EFV-based regimens (in combination
with TDF).

Figure 2 shows some theories or pathways posited to explain weight gain in pregnant
persons living with HIV and receiving ART. In both the observational Botswana study

and the randomized trials, the average weekly weight gain during pregnancy in persons
taking integrase inhibitors was less than the gestational weight gain recommended by the
U.S. National Academy of Medicine. Furthermore, insufficient or low weight gain, which

is more common than excessive weight gain during pregnancy in low-resource settings,

was associated with adverse birth outcomes and was more frequent with ART that did not
include integrase inhibitors.36:74 However, the longer-term health effects of greater maternal
weight gain with DTG and TAF and the outcomes of subsequent pregnancies are unknown
and need to be evaluated.

GESTATIONAL AND PREGESTATIONAL DIABETES

Pregnancy is associated with increased insulin resistance and glucose intolerance. A recent
meta-analysis of studies involving nonpregnant adults showed variations in the effects of
different protease inhibitor-based ART regimens on the onset of diabetes.83 In a multicenter
trial involving 1407 pregnant persons living with HIV, the prevalence of gestational diabetes
was 4.6% with protease inhibitor-based ART that was started early in pregnancy, as
compared with 1.7% with other ART regimens.84 A 2017 meta-analysis showed that older
protease inhibitor-based ART regimens might be linked with gestational diabetes if strict
diagnostic criteria are used.8 There are limited data on gestational diabetes with newer
(second-generation) protease inhibitor—based regimens.83

Although TAF-DTG-FTC ART would be expected to be associated with an increased risk
of diabetes, 8 this was not reflected in maternal glucose and glycated hemoglobin levels in
the IMPAACT 2010/VESTED trial.24 The risk of observed gestational diabetes was actually
lower with DTG-based ART than with EFV-based ART in a prospective pregnancy cohort
study in Botswana.8” Additional studies are needed, and screening for gestational diabetes in
pregnant persons living with HIV who are receiving ART should be considered (Table 2).

HYPERTENSIVE DISORDERS OF PREGNANCY

ART has not been associated with an increased risk of hypertensive disorders of pregnancy
(gestational hypertension, chronic hypertension, HELLP [hemolysis, elevated liver-enzyme
levels, and a low platelet count] syndrome, and preeclampsia) in most studies, including

a 2015 meta-analysis,®8 although a 2019 meta-analysis of 28 studies did show an

increased risk of hypertensive disorders, particularly with the older protease inhibitors
lopinavir—ritonavir and indinavir-ritonavir.8% Surveillance studies in Botswana showed an
association between NVP-based ART and hypertension during pregnancy® and a possible
association of prepregnancy baseline weight and weight gain during pregnancy with
hypertensive disorders of pregnancy in persons receiving DTG-based ART.”! There is
currently insufficient evidence to recommend preventive therapies (e.g., low-dose aspirin)
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to mitigate the risk of preeclampsia in pregnant persons living with HIV who are receiving
ART and do not have other known risk factors for preeclampsia.

ART-INDUCED TOXIC EFFECTS ON RENAL TUBULES

Data from studies involving nonpregnant adults have shown an association between

TDF and renal dysfunction, with a mild-to-moderate, reversible decline in the estimated
glomerular filtration rate.91 However, clinically significant toxic effects of TDF on the
kidney are very rare in young, healthy persons, including pregnant persons4 (who have a
physiologic increase in the glomerular filtration rate).

ART-INDUCED LIVER INJURY

The protease inhibitor atazanavir is associated with indirect hyperbilirubinemia as a result of
uridine diphosphate glucuronosyltransferase inhibition, though kernicterus has not yet been
described.®? In a large French cohort of pregnant persons living with HIV, severe elevations
in liver-enzyme levels developed in 2% of the participants. The risk of elevated liver-enzyme
levels was lower with nonnucleoside reverse-transcriptase inhibitor—based regimens than
with protease inhibitor-based regimens.%3 Regular liver-function tests should be considered
for pregnant persons with HIV who are receiving ART (Table 3).

PERIPARTUM DEPRESSION

Persons living with HIV are more likely to have depressive symptoms during pregnancy
and in the postpartum period than are those without HIV infection.%*95 Perinatal depression
in persons living with HIV has been linked to increased chances of suicidal thoughts,
self-harm, gestational diabetes, and preterm birth and to low birth weight and cognitive
issues in their offspring.?> Some antiretroviral agents (e.g., EFV and, less frequently,
rilpivirine and DTG) have been associated with a risk of depression and suicidal thoughts in
adults. Screening for antepartum and postpartum depression is advised (Table 2).

RECOMMENDATIONS FOR FUTURE STUDIES

Standardized definitions of end points (e.g., miscarriage and small for gestational age),

fetal ultrasonography for dating gestation, unified approaches to screening for gestational
diabetes, and systematic assessment for congenital anomalies would improve comparability
among studies. Careful attention to enrollment criteria and analyses could reduce
confounding and biases (e.g., immortal time bias) that often complicate observational
pregnancy studies.®’ Finally, well-powered, randomized pregnancy safety trials during phase
3 or early in the postapproval period should be conducted for high-priority regimens that
will be used by large numbers of pregnant persons living with HIV. Given the possibility

of adverse pregnancy outcomes among persons receiving ART, increased prenatal fetal
surveillance should be considered (Tables 2 and 3).

CONCLUSIONS

The known benefits of ART in pregnant persons living with HIV for optimizing maternal
and infant health and preventing transmission of HIV to the infant clearly outweigh
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potential adverse outcomes. Newer ART regimens are associated with better pregnancy
outcomes than the older antiretroviral agents. For these reasons, pregnant persons should
start or continue treatment with preferred or alternative ART regimens that result in
adequate viral suppression and are associated with an acceptable adverse-effect profile.

The data on most of the newer ART regimens remain reassuring, but pharmacovigilance
should be maintained. Although there are no particular concerns, current data on the

safety of darunavir—ritonavir during pregnancy are limited, and pharmacokinetic and safety
data for bictegravir, doravirine, and the recently licensed long-acting injectable agents
cabotegravir and rilpivirine are even more limited (Table 1). Earlier (including prelicensure)
pharmacokinetic and limited safety studies of new antiretroviral agents during pregnancy
are needed, so that patients and providers do not have to wait years for sufficient data to
inform their use of new HIV drugs during pregnancy. In the meantime, clinicians should
continue to monitor pregnant persons living with HIV for potential pregnancy complications
and manage their care and the care of their babies.
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Figure 1. Possible M echanisms for Adverse Fetal and Birth Outcomesin Pregnant Persons
Living with Human Immunodeficiency Virus (HIV) Who Are Receiving Protease I nhibitors.

The data on low progesterone levels are from Papp et al.,141% and the data on drug
interactions are from Kearney et al.16 ART denotes antiretroviral therapy, and TDF tenofovir
disoproxil fumarate.
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« Integrase strand-transfer inhibitor—induced adipose-tissue effect

« Loss of metabolically beneficial adipose-tissue macrophage

« Return to normal health after initiation of ART

« Improved fat quality

« Antagonistic in vitro effect of ART on MC4R at very high plasma levels
(above therapeutic plasma levels)

« Altered caloric intake or metabolic rate

« Physical inactivity, low CD4:CD8 ratio, and higher initial weight

« Inhibition of weight gain by TDF, efavirenz

« Pharmacogenomics: influence of single-nucleotide polymorphism of
resistin gene 420 on ART
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Figure 2. Proposed Theoriesto Explain Excessive Weight Gain in Pregnant Persons Living with
HIV Who Are Receiving ART.

The proposed theories are from Gorwood et al.”® (adipose-tissue effect), Vakili et al.”8 (loss
of metabolically beneficial adipose-tissue macrophages), Guaraldi et al.”” (improved fat
quality), McMahon et al.”8 (antagonistic in vitro effect of ART on melanocortin 4 receptor
[MCA4R] at very high plasma levels), Eckard et al.”® (altered caloric intake or metabolic
rate), Guaraldi et al.80 (physical inactivity, low CD4:CD8 ratio, and higher initial weight),
Shah et al.81 (inhibition of weight gain), and Minami et al.82 (pharmacogenomics).
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