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Abstract

The global prevalence of HIV infection in the female population presents a significant healthcare 
burden in terms of mother-to-child transmission (MTCT) of the disease. This review aims to discuss 
current trends and treatment guidelines for the use of antiretroviral therapy during pregnancy and 
associated complications in this population. Historically, antiretroviral monotherapy with zidovudine 
was commonly used for preventing MTCT, and monotherapy with single-dose nevirapine is still used 
for prevention in resource-limited settings. Evidence suggests that combination therapy with HAART 
is a more effective treatment option than monotherapy when managing HIV in pregnant women. 
Current treatment guidelines recommend the use of HAART with a protease inhibitor (PI) or a 
nonnucleoside reverse transcriptase inhibitor (NNRTI) plus two nucleoside reverse transcriptase 
inhibitors (NRTI) as first-line therapy for the management of HIV infection in pregnant women and 
for preventing MTCT. Complications associated with the use of antiretroviral therapy during 
pregnancy should be taken into consideration when selecting a new antiretroviral regimen, or 
when continuing certain antiretroviral regimens in HIV-infected women who become pregnant 
while on therapy. NNRTI have been associated with severe and sometimes fatal hepatoxicity in 
some pregnant women and potentially teratogenic side effects in the fetus, and their use raises 
concerns regarding the development of drug- and class-resistant mutations. PI-based HAART has 
been associated with an increased risk of adverse effects such as premature delivery, low birth weight, 
dyslipidemia, glucose intolerance, and lipodystrophy. Despite this, initiating antiretroviral therapy with 
a PI plus two NRTI may become the preferred treatment option in pregnant women. Many of the side 
effects associated with PI were more prevalent when older PI and PI-based regimens that included 
those in combination with thymidine analog NRTI were used. An individual’s history and baseline 
clinical and laboratory parameters should also be taken into consideration when choosing the most 
appropriate antiretroviral regimen during pregnancy. (AIDS Rev. 2011;13:198-213)
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Introduction

In addition to the burden of disease for women them-
selves, the global prevalence of HIV infection in the 
female population has a significant impact in terms of 
mother-to-child transmission (MTCT) and presents an 
additional healthcare burden in terms of an ever-in-
creasing population of HIV-infected individuals. Ap-
proximately half of the people living with HIV/AIDS 
worldwide are women, and women account for ~ 60% 
of HIV-infected individuals in sub-Saharan Africa1. Most 
HIV-infected women are of child-bearing age, and 
many are sexually active and express a desire to have 
children2-4. There are an estimated two million HIV-in-
fected children (i.e. < 15 years of age) worldwide, al-
most 90% living in sub-Saharan Africa1. Approximate-
ly 90% of children acquire HIV either during pregnancy, 
at birth, or through breastfeeding1, all of which repre-
sent preventable routes of transmission. Advances in 
antiretroviral (ARV) therapy (ART) have increased the 
life expectancy of perinatally infected HIV-positive 
children, presenting a new population of adults with 
a distinct natural history of the disease5. Additionally, 
45% of new horizontally transmitted infections world-
wide are in young people (aged 15-24 years) of child-
bearing age1. Both of these populations are likely to be 
sexually active and to have a desire to have children.

When providing ART to pregnant women, the pri-
mary goals are to maintain viral suppression in the 
mother, keeping both her and the baby healthy, and 
preventing MTCT (PMTCT) of HIV without jeopardizing 
future treatment options for the mother and her infant. 
Without ART, as is often the case in resource-limited set-
tings, the risk of MTCT ranges from 20 to 50%6 and de-
pends on the clinical status of the mother, i.e. whether 
or not she is virally suppressed or in advanced stages of 
the disease, and whether or not the child is breastfed. 
As a result of early diagnosis of HIV and the subse-
quent provision of adequate combination ART and ef-
fective multidisciplinary perinatal intervention, MTCT 
rates have been reduced to < 2%, particularly in devel-
oped countries7,8, although the risk of MTCT increases 
in infants who are breastfed9.

There are special factors to consider when treating 
HIV infection in pregnant women. Women undergo 
specific physiological changes during pregnancy that 
can significantly impact ARV pharmacokinetics. Preg-
nancy may lead to reduced plasma levels of protease 
inhibitors (PI) and nucleoside reverse transcriptase in-
hibitors (NRTI) in the mother and/or infant, often requiring 

higher doses to achieve the same pharmacokinetics 
that are observed in non-pregnant HIV-infected indi-
viduals10-15. Pregnant women are also likely to experi-
ence changes in their gastrointestinal function, such as 
nausea and vomiting, which can affect drug absorption 
and resulting efficacy. Higher rates of development and 
transmission of viral drug resistance have been associated 
with the use of nevirapine (NVP)16-18 or nelfinavir (NFV)18, 
and may be linked to the interruption of ARV after de-
livery, and to the passage of ARV agents from the 
mother to the child via breast milk18. Adverse effects 
of ART for both the mother and child must also be 
taken into consideration.

There are few adequate, well-controlled trials of ART 
in pregnant women. Thus, publications on this topic are 
generally confined to retrospective reviews, or are based 
on studies with small numbers of patients or subpopula-
tions of larger cohort studies, and have often produced 
conflicting results. In recent years, a more concerted 
effort has been made to analyze the efficacy and safety 
of ART in pregnant women. This review focuses on 
current trends and treatment guidelines for the use of 
ART in pregnant women and complications associated 
with HIV during pregnancy and postpartum.

Antiretroviral therapy during pregnancy: 
monotherapy versus combination therapy

Historically, ARV monotherapy was commonly used 
in PMTCT. The use of a three-part regimen of zidovu-
dine (ZDV) monotherapy rapidly became standard 
practice in the 1990s when it was shown to reduce the 
risk of MTCT by 67.5% in women with CD4+ cell counts 
> 200 cells/mm3 19. In Western cohorts, perinatal MTCT 
has declined significantly since the implementation of 
ZDV prophylaxis20. The protective effect of ART against 
MTCT increases with the complexity and duration of 
the regimen, with combination ART or highly-active 
ART (HAART) – defined as two NRTI plus a PI or a 
nonnucleoside reverse transcriptase inhibitor (NNRTI) 
– providing significantly better protection against MTCT 
than ZDV monotherapy7. Prenatal treatment with ZDV in 
combination with other ARV can reduce MTCT to ~ 3%, 
whereas ZDV monotherapy given prenatally, intrapar-
tum and/or neonatally has been associated with higher 
MTCT rates ranging from 6-14%19,21. Zidovudine mono-
therapy does not sufficiently reduce HIV RNA viral load22, 
which is the most important risk factor for MTCT7. The 
majority of vertical infections occur at or near delivery, 
and higher viral loads at > 28 weeks gestation and 
peripartum have been associated with significantly 
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increased rates of MTCT compared with viral loads of 
< 1,000 copies/ml23. In the current US recommenda-
tions for the use of ARV drugs in HIV-infected pregnant 
women, the use of ZDV prophylaxis alone is contro-
versial, but may be considered in combination with 
Cesarean section for women with plasma HIV RNA 
levels < 1,000 copies/ml who are not on therapy24. The 
2008 version of the British HIV Association Guidelines 
for the Management of Pregnant Women still considers 
ZDV monotherapy as an alternative approach in wom-
en who do not require treatment for themselves and who 
repeatedly have a viral load < 10,000 copies/ml25; it 
should be combined with Cesarean section at 38 weeks, 
with ZDV infusion commencing four hours prior to the 
section. There is, however, no recommendation for 
ZDV monotherapy in the 2009 revised version of the 
European AIDS Clinical Society (EACS) guidelines26.

Current treatment guidelines for 
antiretroviral therapy in pregnant women

The key recommendations from current treatment 
guidelines for managing HIV infection in pregnant wom-
en are summarized in table 124,26-28. Although there are 
differences between the guidelines for different regions 
and between developed and developing nations, in 
general the key recommendations are similar. Not sur-
prisingly, HAART is the predominant recommendation 
for treating HIV-infected pregnant women in developed 
and developing countries. The US and European 
guidelines both recommend that pregnant women 
should be treated with HAART consisting of two NRTI 
plus a either a PI or a NNRTI24,26. Nevertheless, the US 
guidelines emphasize that NVP should not be initiated 
in women with CD4+ cell counts > 250 cells/mm3 24, 
whereas the European guidelines recommend that 
NVP should only be used if it was initiated before 
pregnancy26. For developing nations, current WHO 
guidelines recommend first-line therapy with NVP plus 
two NRTI27,28. In ART-naive women who become preg-
nant, treatment initiation and choice of regimen should 
be based on recommendations for non-pregnant indi-
viduals, although women in their first trimester may 
wish to delay ART until 10-12 weeks’ gestation. In 
women who are already on ART and who become 
pregnant, it is recommended that they continue with 
their current regimen unless efavirenz (EFV) is being 
used, which is contraindicated due to risks of terato-
genicity24,26-28. In asymptomatic pregnant women or in 
those with CD4+ cell counts ≥ 350 cells/mm3, ART should 
be started between 14 and 28 weeks of gestation26. 

Exposure to viral loads > 1,000 copies/ml in the first 
28 weeks of pregnancy has been shown not to be as-
sociated with an increased risk of MTCT23. Temporary 
discontinuation of HAART during the first trimester has 
also been shown to have no significant impact on the 
rate of HIV infection in newborns or on long-term 
maternal immunologic or virologic outcomes29,30.

The US guidelines recommend that women with 
nadir CD4+ cell counts < 350 cells/mm3, or with symp-
tomatic HIV infection, should be encouraged to con-
tinue HAART with no interruption in treatment 
postpartum. For women with a nadir CD4+ cell count 
≥ 350 cells/mm3 when they began ART for PMTCT, the 
decision on whether to continue HAART postpartum should 
be made in consultation with her clinician and should take 
into account current and nadir CD4+ cell count, viral load, 
and patient preference24. However, treatment interrup-
tion in pregnant women after delivery is controversial 
as there are no large well-controlled studies on the risks/
benefits of interrupting therapy after short-course ART. 
While data from the PACTG 076 and PACTG 185 stud-
ies did not suggest harm from short-term use of ZDV for 
PMTCT or from stopping ZDV monotherapy at delivery31,32, 
recent data from studies comparing scheduled treat-
ment interruptions versus continuous therapy in non-
pregnant adults have suggested that stopping HAART 
may be detrimental. Several small studies have not 
suggested harm from scheduled treatment interrup-
tions, although all of these studies showed lower CD4+ 
cell counts in treatment interruption groups by the end 
of the study33-35. In contrast, others have shown sig-
nificantly increased morbidity with treatment interrup-
tion (15.2/100 person-years) versus continuous therapy 
(6.7/100 person-years; RR: 2.27; 95% CI: 1.15-4.76)36. 
The SMART study, which enrolled subjects with CD4+ 
cell counts ≥ 350 cells/mm3, is the largest randomized 
trial to date (n = 5,472), where patients either contin-
ued therapy or had therapy interrupted; for those who 
interrupted therapy, treatment was reinstated when the 
CD4 count was < 250 cells/mm3. The rate of opportunis-
tic disease or death was significantly higher in the inter-
ruption group (3.3/100 person-years) versus the continu-
ous therapy group (1.3/100 person-years; HR: 2.6; 95% 
CI: 1.9-3.7). In addition, the hazard ratio for major car-
diovascular, renal and hepatic disease was 1.7 (95% 
CI: 1.1-2.5) for the interruption versus continuous therapy 
group despite less time on ART, and was associated with 
rapid changes in inflammatory and coagulation markers, 
factors that may influence the risk of various end organ 
damage37. Studies of drug interruption after a short course 
of ART in pregnant women are, however, limited.
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Although currently there are no controlled studies 
to support postpartum interruption of HAART, an ob-
servational study of short-term ART for PMTCT in 
pregnant women who presented with CD4+ cell counts 
≥ 300 cells/mm3 did not show faster progression to AIDS38. 
The PROMISE (Promoting Maternal and Infant Survival 
Everywhere) study is a large, multicenter, international 
trial that is currently recruiting patients and aims to 
determine whether pregnant women with a CD4+ cell 
count ≥ 350 cells/mm3 who receive HAART for PMTCT 
will be healthier if they either continue or stop HAART 
after delivery39. If women who become pregnant but 
do not meet current guidelines for initiating HAART 
derive significant benefit from HAART for PMTCT, then 
it will be important to reassess standards of care in 
many parts of the world. Alternatively, if women who 
receive HAART for PMTCT incur some penalty in terms 
of their own health, this may offset any benefits of a 
maternal HAART strategy for PMTCT. If continuing 
HAART at the end of the PMTCT intervention is associ-
ated with reduced morbidity, these data will add to the 
growing body of evidence suggesting that earlier 
HAART has benefits. The PROMISE study design pro-
vides an opportunity to address several of these ques-
tions regarding optimal use of ART among childbear-
ing HIV-infected women.

Antiretroviral safety

Preterm delivery, low birth weight,  
and pre-eclampsia

Studies have suggested that preterm delivery (PTD) 
is more common among HIV-infected women than non-
infected women, irrespective of ART use40-42. In a re-
port of hospitalization rates between 1993 and 2004, 
the 2003 rates for PTD were 16.7/100 deliveries for 
HIV-infected women compared with 10.1/100 deliveries 
for non-infected women, regardless of ART use40.

The association between HAART use and an in-
creased rate of PTD has also been evaluated in sev-
eral large cohort studies, although the data have 
been inconsistent (Table 2). Some studies suggest 
higher rates of PTD are associated with combination 
ART versus monotherapy43-47. The European Collab-
orative Study/Swiss Mother and Child HIV Cohort 
Study, for example, showed that women on combina-
tion therapy before pregnancy were twice as likely to 
deliver prematurely as those starting therapy in the 
third trimester, whereas ZDV monotherapy was not as-
sociated with PTD43.

There are also inconsistencies with regards to the 
data reported on the association of prematurity and 
PI-based HAART regimens. In one cohort study, the 
use of antenatal PI-based HAART initiated before or 
during pregnancy was associated with a significantly 
increased risk of premature delivery at < 36 weeks’ 
gestation44. In another large cohort study from the USA, 
only PI-based combination ART was significantly associ-
ated with an increased risk of PTD versus any other 
combination ART after adjustment for confounders46. 
In contrast, other cohort studies and meta-analyses 
have shown that rates of adverse delivery outcomes or 
PTD are not increased or are only slightly increased in 
association with different ART regimens, including 
monotherapy and combination ART with or without PI, 
administered either in the early or late stages of preg-
nancy48-52. In an adjusted analysis from one large pro-
spective cohort study, PI-based ART was not signifi-
cantly associated with spontaneous PTD compared 
with ART without a PI52. In a retrospective analysis, 
HIV-infected women receiving lopinavir/ritonavir 
(LPV/r) during pregnancy had a PTD rate of 21% 
compared to a rate of 10% among uninfected women 
(p < 0.01) who were matched by age, parity, and geo-
graphical area of delivery53. In a multivariate analysis 
of these data, PTD was associated with a previous 
history of PTD and HIV viral load ≥ 50 copies/ml53. This 
rate of PTD of 21% is consistent with the PTD rates of 
25.5 and 29.6% found in other reports of pregnant 
women treated with any combination of HAART46,47. 
In another small retrospective chart review of women 
who were already receiving LPV/r during pregnancy 
or who initiated LPV/r at some point during pregnancy, the 
rate of PTD was 25% of live births54. However, PTD in this 
study was not related to maternal age, baseline CD4+ cell 
count, duration or time (i.e. first versus second or third 
trimester) of LPV/r exposure, or delivery method54.

A recent Italian study reported data on 981 HIV-in-
fected mothers who delivered between 2002 and 2008 
(Table 3)55. Data showed that the use of LPV/r had 
increased from 4.8% in 2002 to 32.5% in 2007/2008 
(p < 0.001). Despite an increase in LPV/r use, there 
were no significant changes in PTD, Apgar score, low 
birth weight, or birth defects observed during the study 
period, and the rate of HIV transmission remained < 2%. 
These data would suggest that the rates of PTD and 
other labor complications in HIV-infected pregnant 
women have remained stable over time, despite the 
increased prescription of combination ART regimens, 
including PI-based HAART. Most recently, data from 
the Mma Bana Study56 demonstrated that although 
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PTD was significantly more prevalent in HIV-infected 
women who received LPV/r/Combivir (CBV) versus 
those who received Trizivir (abacavir [ABC], lamivu-
dine [3TC] and ZDV), the proportion of infants with low 
birth weight, infant six-month mortality, and stillbirths 
was not different between LPV/r vs. ABC/3TC/AZT56. 
Several other studies have shown an association be-
tween low birth weight and the use of HAART, particu-
larly PI-based HAART, versus ART monotherapy or 
dual therapy54,57-59. In contrast, a retrospective analysis 
demonstrated no differences in rates of low or very low 
birth weight among PI-based HAART-treated women53, 
and in another cohort of HIV-infected women who re-
ceived ART during pregnancy, no differences in the 
rates of low birth weight or still birth were seen regard-
less of the type of therapy received46.

Studies on the risk of pre-eclampsia and antepartum 
hemorrhage associated with HIV-infection and ART use 
during pregnancy have also reported contradictory 
outcomes40,60-63. For example, some studies have re-
ported a significantly higher risk of pre-eclampsia and 
fetal death in HIV-infected pregnant women treated 
with HAART60,61. However, in a separate study, no sig-
nificant difference in the rates of pre-eclampsia between 
HIV-infected and uninfected pregnant women were 
reported40. In another study, the rate of pre-eclampsia 
was higher in HAART-treated versus untreated HIV-
infected women; however, the same study failed to show 
any significant difference between HAART-treated 
pregnant women when compared to uninfected pregnant 
controls63. Such variance in outcomes might reflect 
differences in the populations studied and, as many 
factors unrelated to HIV infection are involved in the 
development of pre-eclampsia, it is difficult to draw 
definitive conclusions regarding the role of HAART in 
the development of pre-eclampsia.

Discrepancies observed in the rates of PTD, low birth 
weight, and pre-eclampsia highlight the importance of 
antenatal care and close monitoring of HIV-infected 
pregnant women. Additional factors that are likely play 
a role in negative pregnancy outcomes that should also 
be considered include smoking, drug or alcohol use, 
anemia, low CD4+ cell count, chronic inflammation, 
and other active infectious processes.

Birth defects and congenital abnormalities

Data from several studies have shown that there is 
no increase in the prevalence of birth defects among 
ART-treated HIV-infected women, with rates of report-
ed birth defects consistent with the general population, 

ranging from 3-4%64-67. Data from the Antiretroviral 
Pregnancy Registry (APR) has showed no increase in 
the prevalence of overall birth defects among live 
births from women exposed to NFV, atazanavir (ATV), 
LPV/r, indinavir (IDV), EFV, NVP, stavudine (d4T), ZDV, 
3TC, tenofovir (TDF), emtricitabine (FTC), or ABC when 
compared with observed rates for “early diagnosis” in 
population-based birth defects surveillance systems68,69. 

Furthermore, the prevalence of birth defects observed 
with these drugs is similar regardless of the trimester 
of ARV exposure, type of ART (i.e. HAART vs. mono-
therapy or dual therapy), or class of ARV agent65,66. 
Data on EFV safety in the first trimester are conflicting 
and it is currently not recommended for the treatment 
of pregnant women as it is known to be associated with 
malformations in animal reproductive studies and neu-
ral tube defects and other birth defects in humans62. 
Prevalence of overall birth defects with first trimester 
EFV exposure has been observed to be similar to the 
ranges reported in the general population70; however, 
the limited sample size in this cohort prevents a de-
finitive conclusion on the risk of rare birth defects such 
as neural tube defects.

Anemia

The use of ZDV is known to cause anemia. Signifi-
cant anemia and neutropenia in newborns of HIV-
infected mothers has been associated with the use of 
ZDV alone and in combination with another NRTI, or as 
a component of HAART with PI-, NNRTI-, or triple-NRTI-
based regimens71-74.

Hepatotoxicity

Treatment with NVP-based ART during pregnancy 
has been associated with serious and sometimes 
fatal hepatotoxicity in some women75-79. Studies have 
shown rates of severe (grade 3-4) hepatic adverse 
events varying from 0.8-6.5%76,78,80,81. The occur-
rence of severe hepatic adverse events (including 
one case of hepatic failure where the woman died 
and one case of Stevens-Johnson syndrome) in re-
sponse to treatment with NVP led to the early termi-
nation of the PACTG 1022 study75. An increased risk 
of severe NVP-related hepatoxicity in pregnant 
women is associated with higher CD4+ cell counts 
(> 250 cells/mm3)75-78,82, and significantly more women 
starting NVP therapy in their third trimester versus ear-
lier in pregnancy have been shown to develop severe 
hepatic adverse events77. As a result, US guidelines 
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emphasize that NVP should not be initiated in women 
with CD4+ cell counts > 250 cells/mm3.

Ritonavir-boosted saquinavir (SQV/r) has also been 
associated with increased hepatotoxicity83. In 45 wom-
en treated with SQV/r/ZDV/3TC in their third trimester, 
36% developed hepatotoxicity83, although only 16% had 
a ≥ grade 2 reaction and there was no association 
between hepatotoxicity and higher SQV trough levels, 
morbidity, or excess mortality in this population. Addition-
ally, several cases of severe hepatotoxicity in HIV-infected 
pregnant women treated with EFV-, NFV- and LPV/r-
based regimens have been reported. These cases are, 
however, isolated, spontaneously reported events and 
are not derived from robust clinical trials or even cohort 
trial data84,85. Thus, quantifying the precise risk associ-
ated with these individual agents is challenging.

Mitochondrial toxicity

It is known that NRTI induce mitochondrial dysfunc-
tion and depletion of mitochondrial DNA (mtDNA)86,87, 
and such toxicity is a concern in pregnant women and 
infants with in utero exposure to NRTI. The use of 
perinatal ZDV has been linked to postpartum mitochon-
drial dysfunction in infants born to HIV-infected moth-
ers88-90. Therapy with ZDV for PMTCT causes signifi-
cant depletion of mtDNA at birth in both cord and 
peripheral blood mononuclear cells of infants born to 
HIV-positive mothers89,90. In one study, this depletion 
remained significant up to two years after birth90. Clin-
ical disorders linked to mitochondrial toxicity include 
neuropathy, myopathy, cardiomyopathy, pancreatitis, 
hepatic steatosis, and lactic acidosis. Hyperlactemia 
and lactic acidosis are commonly reported side effects 
in infants exposed in utero to NRTI91-93. However, sev-
eral studies, including large population-based surveil-
lance studies, have shown no deaths attributable to 
mitochondrial dysfunction in the infants of HIV-infected 
woman94-96. Furthermore, both US and European guide-
lines recommend that ZDV should be included as 
part of combination therapy for pregnant women be-
cause of its efficacy and extensive experience in this 
population24,26, and, worldwide, ZDV plus 3TC is one 
of the most commonly used combinations in pregnant 
women. Alternatives to ZDV include d4T or ddl plus 
3TC; however, the combination of ddl plus d4T is not 
recommended for pregnant women due to an in-
creased risk of lactic acidosis caused by mitochon-
drial toxicity24. The impact of long-term developmental 
implications and related costs associated with prena-
tal NRTI exposure remains an open question.

Hyperbilirubinemia

The impact of ART on the development of hyperbili-
rubinemia also presents a potential concern in the in-
fants of HIV-infected women. Indirect hyperbilirubine-
mia in neonates is usually physiological in nature, and 
occurs as a result of increased lysis of red blood cells, 
leading to an increase in the release of hemoglobin, 
decreased hepatic uptake and conjugation of biliru-
bin, and increased enterohepatic reabsorption. Elevat-
ed indirect bilirubin can be associated with encephal-
opathy in neonates. Milder forms of encephalopathy 
can result in sensorineural hearing loss due to damage 
of the cochlear nuclei, with the most severe form of 
encephalopathy causing kernicterus. In infants at term, 
total bilirubin is usually elevated to a mean peak value 
of 6 mg/dl (levels are higher in Asian infants). In con-
trast, preterm infants may be at a higher risk of in-
creased levels of indirect bilirubinemia, due to lower 
serum albumin concentrations, and increased risk for 
acidosis and sepsis. Decreased hepatic uptake and 
conjugation of bilirubin is associated with immature 
glucuronyl transferase activity in all newborns: term 
infants have 1% of adult activity, whereas preterm in-
fants have 0.1%. In infants exposed to ARV agents, 
either in utero or via breastfeeding, it is important to 
assess the interaction of these drugs with the normal 
physiology. Elevation of indirect (unconjugated) biliru-
bin attributable to ATV/r-related inhibition of hepatic 
uridine diphosphate glucuronosyltransferase occurs 
frequently during treatment with ATV. Similarly, IDV may 
also exacerbate physiologic hyperbilirubinemia in the 
neonate. Both drugs have reported minimal placental 
transfer, and several pharmacokinetic studies have 
demonstrated that infants born to mothers who re-
ceived ATV/r during pregnancy do not have patho-
logical or dangerous bilirubin elevations in the newborn 
period10,97-99. Despite not showing pathological eleva-
tions, the mean peak bilirubin value in one small study 
appeared to be higher in term infants exposed to ATV/r 
than in those not exposed to ARV10. Another challenge 
faced by physicians is how to differentiate physiologi-
cal elevations versus those that might be attributable 
to ATV/r exposure intrapartum. These findings merit 
further monitoring and investigation to assess the ef-
fects of ARV in premature infants exposed in utero.

Lipid abnormalities and lipodystrophy

During pregnancy, changes in body fat and lipid 
profiles occur that are necessary to provide essential 
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nutrients to support fetal development100. Maternal hy-
pertriglyceridemia is a characteristic feature during 
pregnancy, with changes in phospholipids and choles-
terol seen less often during gestation100. Accumulation 
of triglycerides, very low-density lipoprotein (VLDL), 
LDL and high-density-lipoprotein (HDL) act as sources 
of essential fatty acids for the developing fetus100. 
There is now a wealth of data demonstrating the in-
creased risk of cardiovascular disease, lipodystrophy, 
and dyslipidemia in non-pregnant, HIV-infected indi-
viduals, which reflects, in part, the interaction of mul-
tiple risk factors. In terms of host-related risk factors, 
obesity, hypertension, a positive family history, and 
smoking all contribute to the development of cardio-
vascular disease risk. The consequences of HIV viral 
replication and the use of ART are emerging as other 
important factors that contributed to the overall risk of 
cardiovascular disease. Together, HIV infection and 
HAART increases the risk of cardiovascular disease 
through a range of mechanisms, including HIV-specif-
ic immune dysfunction, upregulation of inflammatory 
and thrombotic factors, vessel damage, and adverse 
changes in blood lipids101-105. Also, HIV infection can 
cause a decrease in total cholesterol, HDL choles-
terol, and LDL cholesterol. Along with a decrease in 
total LDL, HIV has been associated with an increase 
in proatherogenic small LDL particles and elevations in 
triglyceride levels101.

The use of ART has been associated with increased 
cardiovascular disease risk and dyslipidemia105. Com-
bination ART that includes PI and thymidine NRTI have 
in particular been associated with elevations in serum 
cholesterol and triglycerides and lipodystrophy101,102,105,106, 
although it is estimated that approximately half of the 
cardiovascular risk associated with ART is due to 
unexplained factors other than lipid abnormalities102. 
Although there is accumulating data concerning hyper-
lipidemia and other aspects relating to cardiovascular 
disease risk in HIV-infected individuals, there is a 
paucity of data regarding lipid changes and its impact 
in HIV-infected pregnant women. Data collected from 
HIV-infected pregnant women during routine care 
demonstrates that serum lipids increase progressively 
during pregnancy, with significant mean increases in 
LDL cholesterol, triglycerides, and total cholesterol be-
tween the first and third trimesters107. However, similar 
increases in lipid profiles between the first and third 
trimesters have also been observed in uninfected preg-
nant women108. It is important to note, however, that 
there have been no studies directly comparing chang-
es in lipid profiles during pregnancy in uninfected versus 

HIV-infected women. In terms of the impact of ART 
drug class in HIV-infected pregnant women, one study 
showed that in all trimesters, women on PI-based 
HAART had elevated triglycerides compared with wom-
en on non-PI-based HAART, although the mean differ-
ence in total cholesterol levels was not statistically sig-
nificant107. These data were confirmed in a study by the 
ACTG that demonstrated significant elevations in trigly
cerides and cholesterol in PI-based versus non-PI-based 
HAART in 150 pregnant HIV-infected women109. In this 
study, 58% of patients were receiving NFV, 33% were 
receiving LPV/r, and the remaining 9% were on other 
PI (SQV, SQV/r, IDV, amprenavir/r)110,111.

Lipodystrophy is characterized by abnormal or de-
generative conditions of the body’s adipose tissue. 
Manifestations of HIV-associated lipodystrophy can 
range from lipohypertrophy (abnormal central fat ac-
cumulation) to lipoatrophy (localized loss of fat tissue) 
and has been associated with HIV-infected individuals 
receiving ART. Data collected from the Italian National 
Program on Surveillance on ART in pregnancy, how-
ever, have suggested that in pregnant HIV-infected 
women, lipodystrophy is probably not a consequence of 
short-term ART use112. Among 261 pregnant HIV-infected 
women on HAART, 14% of whom had a previous his-
tory of lipodystrophy at any time prior to pregnancy, a 
previous history of lipodystrophy was strongly associ-
ated with the development of hypertriglyceridemia, and 
women with a history of lipodystrophy had significant-
ly higher triglyceride levels during all trimesters com-
pared with women with no history and this association 
was independent of ART regimen112.

HIV infection, the use of ART, and pregnancy itself 
are all associated with an increase in plasma lipid 
levels. Therefore, HIV-infected pregnant women may 
be particularly susceptible to developing clinical and 
metabolic abnormalities, with specific groups, such as 
women with a previous history of lipodystrophy, having 
a greater risk of developing complications. Data on the 
association between metabolic disorders and ARV 
drugs during pregnancy are conflicting as pregnant 
women are at a higher risk for metabolic disorders 
independent of ART usage. Furthermore, other vari-
ables such as smoking, BMI pre- pregnancy, and nu-
tritional habits also have an important role in the devel-
opment of lipid disorders during pregnancy. Moreover, 
maternal hypertriglyceridemia is a characteristic fea-
ture during pregnancy. Although triglycerides do not 
cross the placental barrier, the presence of lipoprotein 
receptors in the placenta, together with lipoprotein lipase, 
phospholipase A2, and intracellular lipase activities, 
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allows for the release of polyunsaturated fatty acids, 
initially transported as triglycerides in maternal plasma 
lipoproteins to the fetus. In addition, normal fetal de-
velopment requires the availability of both essential 
fatty acids and long-chain polyunsaturated fatty acids 
with adequate nutritional status of the mother during 
gestation essential for normal fetal growth. The ability 
to accurately evaluate the impact that additional HIV 
factors have on the hypertriglyceridemia associated 
with pregnancy and whether these factors contribute 
deleteriously to the developing fetus or to the mother 
is challenging. There are limited number of well con-
trolled clinical studies assessing associations between 
specific ARV drugs and lipid disorders in the context 
of pregnancy and its relationship between elevated 
lipid levels and fetal outcomes. Similar to the manage-
ment of HIV-negative pregnant women in general, 
careful monitoring of metabolic disorders during preg-
nancy should be considered, especially for women 
who are identified during their first prenatal visit to be 
at a higher risk for metabolic disorders. Well controlled 
clinical studies are needed in HIV-positive pregnant 
women receiving ART to better assess the short- and 
long-term maternal and infant effects resulting from 
various metabolic disorders that can occur during 
pregnancy.

Glucose intolerance

Gestational diabetes mellitus, i.e. the development 
of glucose intolerance with onset or first recognition 
during pregnancy, presents a significant health risk to 
both mother and child and a potentially huge eco-
nomic burden to society. Among pregnant women in 
general living in industrialized countries, the rates of 
gestational diabetes vary from 4-10% depending on 
the cohort and some, although not all, studies suggest 
that gestational diabetes in the general population may 
be increasing over time113-116. Despite concerns re-
garding the use of ART, and PI-based regimens in 
particular, and the potential for adverse metabolic gly-
cemic events, rates of gestational diabetes of 7-9% 
have been reported among HIV-infected pregnant 
women receiving combination ART, which is within a 
similar range to those observed in the general non-HIV-
infected population117,118. Hospitalization rates for ges-
tational diabetes among pregnant HIV-infected women 
have increased since 199440, which may reflect in-
creasing rates among the general population.

Available data on the impact of PI-based ART on the 
development of gestational diabetes are inconsistent. 

Several studies have shown an association between 
the use of PI and the development of gestational dia-
betes or glucose intolerance117-119. In a Spanish cohort 
of 669 HIV-infected pregnant women with a prevalence 
of gestational diabetes of 7%, risk factors for develop-
ing gestational diabetes among pregnant women on 
HAART included older maternal age, hepatitis C coinfec-
tion, and d4T and PI exposure117. In contrast, a multi-
center, prospective, observational study of 149 HIV-in-
fected pregnant women showed no increased risk of 
glucose intolerance or insulin resistance with PI use110, 
and another study showed that, while high rates of 
glucose intolerance (up to 38%) were observed in 
pregnant HIV-infected women, they were not associ-
ated with the use of PI or HIV infection110. In a study of 
100 consecutive HIV-infected women receiving LPV/r 
during pregnancy and who delivered after gestational 
age of 15 weeks, rates of glucose intolerance were not 
higher among LPV/r-treated HIV-infected women ver-
sus matched uninfected controls53. These conflicting 
data, in terms of the impact of PI-based ART on ges-
tational diabetes, could reflect differences in patient 
populations studied and make it difficult to draw conclu-
sions. Additionally, although rates of gestational diabe-
tes among HIV-infected pregnant women have increased 
over time, this may be due in part to the increasing 
prevalence of diabetes mellitus and gestational diabe-
tes worldwide. It has also been suggested that, as with 
the general population, traditional risk factors, such as 
age, high mean body mass index (BMI), and high 
percentage of body fat, as well as a family history of 
diabetes, are major contributing factors to the develop-
ment of diabetes in HIV-infected patients on HAART110,120. 
Further study on the impact of HIV infection and ART 
use on gestational diabetes is warranted.

Conclusions and caveats

Despite significant advances in the field of HIV ther-
apy, MTCT continues to be an important route of HIV 
transmission for women living in resource-limited set-
tings, where the availability of ARV remains limited, and 
for women living in developed countries who have 
had limited perinatal care before presenting late to 
the healthcare system. In both situations, PMTCT 
could be successfully achieved if access to HAART 
were more widely available.

The use of HAART for PMTCT has led to a significant 
reduction in the rates of HIV transmission from mother 
to infants in regions of the world were ART is readily 
available. In an earlier study from 1994, which utilized 
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ZDV monotherapy for PMTCT, a transmission rate of 
8.3% was reported19. More recently, a study that com-
pared PI-based HAART (LPV/r + CBV) versus triple 
NRTI therapy (ZDV/3TC/ABC) for PMTCT demonstrated 
in utero transmission rates of 0.4 and 1.8%, respec-
tively (range: 1.4%; 95% CI: –2.3-6.7%)56, highlighting 
the potential role for PI in PMTCT. This study demon-
strated significant reductions in MTCT with HAART, 
in particular with regimens that include a PI, which 
supports guideline recommendations that all HIV-in-
fected pregnant women should receive ART for the 
PMTCT regardless of their immunologic or virologic 
status. Most treatment guidelines now recommend the 
use of a PI or NNRTI plus two NRTI as first-line therapy 
for the management of HIV in pregnant women and for 
PMTCT24,26-28.

Many questions remain regarding optimal treatment in 
HIV-infected pregnant women. Most experts agree that 
ART should be initiated as early as possible, since early 
intervention has been associated with lower MTCT 
rates. In the Mma Bana study, a lack of HIV suppres-
sion to < 400 copies/ml at delivery was associated with 
higher baseline HIV RNA levels and later gestational 
age at enrolment (p < 0.001), reinforcing the impor-
tance of timely initiation of ART for PMTCT. When ART 
is not indicated for the health of the pregnant women 
(based on CD4+ cell count or viral load), intervention 
to prevent transmission to the fetus is usually initiated 
in the second trimester of pregnancy. This timing 
avoids exposure to ARV during the first trimester of 
pregnancy, when the potential for teratogenicity of cer-
tain drugs is expected to be the greatest.

Despite NNRTI being used commonly in non-preg-
nant HIV-infected individuals, there is a concern re-
garding the use of EFV in women of child-bearing age 
due to potential teratogenicity that can occur during 
the first trimester. Data continues to be collected in 
women exposed to EFV during the first trimester, with 
conflicting reports regarding the exact risk EFV pres-
ents during this critical period of organogenesis. An-
other concern regarding the use of NNRTI during preg-
nancy, either as a component in short-course therapy 
or as a single dose, is the risk of developing NNRTI-
associated resistance mutations. In resource-limited 
settings, intrapartum single-dose NVP has been wide-
ly used to reduce MTCT, although this strategy has led 
to NVP resistance for many women exposed to single-
dose NVP. The OCTANE 1 trial assessed the impact of 
prior maternal single-dose NVP exposure for PMTCT 
on the subsequent virologic response in women given 
NVP for their own health121. This study suggested that 

women exposed to single-dose NVP in a previous 
pregnancy had a better virologic response (and less 
mortality) when receiving LPV/r/FTC/TDF versus those 
who received NVP/FTC/TDF. The difference in viro-
logic response seen between the PI- versus NNRTI-
based regimens decreased with increasing time be-
tween the initiation of current treatment and past 
single-dose NVP. Despite widespread use of NVP for 
PMTCT, NVP has also been associated with severe 
and sometimes fatal cases of hepatoxicity in pregnant 
women. As a result, it is recommended that the use of 
NVP in women with CD4+ cell counts > 250 cells/mm3 

be avoided, regardless of pregnancy status. The con-
cerns regarding the use of NVP in women with high 
CD4+ cell counts, along with an increased, albeit not 
clearly quantified, risk associated with the use of EFV 
in the first trimester, coupled with the increase in viro-
logic failure in women with a history of single-dose NVP 
use who subsequently receive NVP-based therapy for 
their own health, all reinforce the important role of oth-
er ART regimens, including PI, in the PMTCT.

Currently, PI are more widely prescribed to HIV-in-
fected pregnant women for PMTCT for several reasons. 
There is limited potential for teratogenicity with the 
entire PI class. These agents are fairly well tolerated and 
are associated with lower toxicities; some studies, includ-
ing the Mma Bana study, reporting grade 3 or 4 adverse 
events in 6% of women treated with a LPV/r-based 
regimen, with an additional 2% of women requiring 
HAART modification due to adverse events. The good 
virologic and immunologic responses seen with PI-based 
HAART and the higher genetic barrier to resistance are 
additional benefits associated with the use of such 
regimens in PMTCT. These benefits are seen for wom-
en who do not meet criteria for HAART for their own 
health (based on CD4+ cell count or viral load) and for 
those who require ART and will continue to receive 
such therapy postpartum. The 2010 version of the US 
Department of Health and Human Services Guidelines 
for the use of ARV agents in pregnancy recommends LPV/r 
plus ZDV/3TC as the preferred regimen for HIV-infected 
pregnant women24. Although PI-based ART regimens 
have been associated with an increase in several ad-
verse events, including PTD, dyslipidemia, glucose in-
tolerance, and lipodystrophy, many of these adverse 
events were associated with the use of older PI such 
as NFV, and importantly, when PI were used in combi-
nation with thymidine analog NRTI. With more wide-
spread availability of newer PI, including LPV/r, and the 
decrease in the use of thymidine analogues including 
d4T and ZDV in combination therapy, several of the 
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adverse events previously associated with PI use will 
likely decease. Moreover, there are several, non-phar-
macological factors that have been associated with an 
increase in obstetrical adverse events, including tradi-
tional risk factors such as BMI, family history, and coin-
fection with hepatitis C virus. Clinicians need to be 
mindful of these additional risk factors and, whenever 
possible, provide aggressive intervention of modifiable 
risk factors to their patients to ensure limited obstetrical 
complications. Ideally, an individual’s history and base-
line clinical and laboratory parameters should also be 
taken into consideration when choosing the most ap-
propriate ART regimen to use during pregnancy. In re-
source-limited settings, however, the choice of ART for 
pregnant women, as for HIV-infected individuals in 
general, is dictated by cost and drug availability, rath-
er than the optimal regimen for an individual patient.

From the early days when ZDV monotherapy was 
found to have a protective role in PMTCT to more re-
cent advances seen with combination therapy, the rate 
of MTCT has significantly decreased for women who 
have received such prevention. The most effective and 
safest choice of ARV for PMTCT is still not clearly de-
lineated, although more recent studies have suggested 
a beneficial and safer role for PI-based regimens com-
pared with previously used NNRTI-based therapy. 
Currently, most data are derived from cohort studies, 
retrospective studies with small patient numbers, and 
from clinical experience of experts in the field. The lack 
of randomized clinical trials data makes comparison 
between presently available studies difficult in terms of 
efficacy and safety regarding the various ARV regimens. 
More randomized, controlled clinical trials are needed 
to better define the role that PI- versus NNRTI-based 
regimens will have in the future for PMTCT.
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