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Abstract

Background—Some studies have detected associations between in utero antiretroviral therapy
(ARV) exposure and birth defects but evidence is inconclusive.

Methods—2,202 HIV-exposed children enrolled in the Pediatric AIDS Clinical Trials Group 219
and 219C protocols before one year of age were included. Birth defects were classified using the
Metropolitan Atlanta Congenital Defects Program (MACDP) coding. Logistic regression models
were used to evaluate associations between first trimester in utero ARV exposure and birth defects.

Results—117 live-born children had birth defects for a prevalence of 5.3% (95% Cl: 4.4, 6.3).
Prevalence did not differ by HIV infection status or overall ARV exposure; rates were 4.8% (95%
Cl: 3.7, 6.1) and 5.8% (95% ClI: 4.2, 7.8) in children without and with first trimester ARV exposure,
respectively. The defect rate was higher among children with first trimester efavirenz exposure (5/32,
15.6%) versus children without first trimester efavirenz exposure [adjusted odds ratio (aOR)=4.31
(95% CI: 1.56, 11.86)]. Protective effects of first trimester zidovudine exposure on musculoskeletal
defects were detected [aOR=0.24 (95% CI: 0.08, 0.69)], while a higher risk of heart defects was
found [aOR=2.04 (95% ClI: 1.03, 4.05)].

Conclusion—The prevalence of birth defects was higher in this cohort of HIVV-exposed children
than in other pediatric cohorts. There was no association with overall ARV exposure, but there were
some associations with specific agents including efavirenz. Additional studies are needed to rule out
confounding and to evaluate newer ARV agents.
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Background

Methods

Since 1998 the US Public Health Service has recommended the use of combination
antiretroviral therapy (ARV) to prevent mother-to-child HIV transmission (1). Because
zidovudine and other nucleoside analogues can affect nuclear and mitochondrial DNA
replication, the safety of in utero exposure to these drugs is of concern (2). In addition, there
is inadequate fetal and neonatal safety data for non-nucleoside analogues and protease
inhibitors. Efavirenz, a non-nucleoside analogue, is considered a potential teratogen on the
basis of animal data and case reports (1,3-6).

While existing data on in utero ARV exposure and birth defects have been mostly reassuring
(7-9), some studies have reported elevated risks with specific exposures (10,11); others have
been limited by small sample size or possible confounding. The US Woman and Infants
Transmission Study documented a birth defect rate of 3.56 per 100 live births in 2,527 infants
born to HIV-infected women from 1990 through 2000 (12), which was not significantly
different than the rate major of defects of 2.76 per 100 live births in the general pediatric
population estimated by the Metropolitan Atlanta Congenital Defects Program (MACDP)
(11). However, first trimester zidovudine exposure was significantly associated with an
increased risk of hypospadias among male infants. The US Antiretroviral Pregnancy Registry
(APR) estimated an overall prevalence of defects of 2.9% (95% CI: 2.4, 3.5) among greater
than 4,300 first trimester ARV exposed children, which did not differ from the rate among
children exposed in later trimesters (13). The Pediatric AIDS Clinical Trials Group (PACTG)
protocols 219 and 219C provided an opportunity to further estimate the independent association
between in utero ARV exposure, including newer agents, and birth defects.

Study Population

The source population was children enrolled in PACTG protocols 219 and 219C, a multisite
US cohort of children born to HIV-infected women initiated to study the long-term effects of
in utero ARV exposure and complications of pediatric HIV infection (14). Protocol 219
followed HIV-infected and HIV-uninfected perinatally exposed children at clinics across the
US from May 1993 through August 2000. Children currently or previously enrolled in another
PACTG protocol and children whose mothers were enrolled in a PACTG perinatal protocol
during pregnancy were eligible. In September 2000 a revised protocol was initiated, PACTG
219C, and the eligibility criterion mandating enrollment in another PACTG protocol was
removed. The present study was restricted to children enrolled in 219 or 219C before one year
of age to improve the accuracy of birth defect information recorded on protocol case report
forms. The study was approved by site institutional review boards, and parents or guardians
provided informed consent.

Data Collection

Study visits, which included physical examinations, were scheduled every three months for
HIV-infected children, and every six months until two years of age (protocol 219), or every
three months through one year of age (protocol 219C) and annually thereafter for HIV-
uninfected children. Protocol 219 did not include a direct question regarding the presence of
defects, but birth defects were a primary outcome and were recorded on diagnosis case report
forms. Protocol 219C included a direct question regarding birth defects. Detailed data on birth
defects also were collected in PACTG perinatal protocols 076, 185, 249, 250, 316, 332, 353,
354, 358, and 386 and the International Maternal Pediatric and Adolescent AIDS Clinical Trials
(IMPAACT) protocol P1025. Forty-two percent of mother-infant pairs in protocol 219 and
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219C participated in one of these perinatal protocols during pregnancy-gestation; these data
were used to supplement 219 and 219C data.

Gestational age at birth was estimated from the date of last menstrual period, ultrasound
measurement before 22 weeks gestation, or newborn examination. Trimesters were defined as
first trimester, conception to <14 weeks gestation; second trimester, 14 weeks to <28 weeks
gestation; and third trimester, 28 weeks to delivery. The primary determinant was first trimester
inutero ARV exposure. We considered overall ARV exposure, ARV classes, and specific ARV
agents to which at least one child with a birth defect was exposed in the first trimester. The
reference group consisted of children unexposed to the particular ARV drug (or class) during
the first trimester, and thus included ARV unexposed children, children exposed to ARV in
labor only, children unexposed to the particular ARV drug but to other ARV, and children
exposed to the particular ARV drug in the second and/or third trimester only (15). We also
examined ARV exposure by trimester of first exposure (unexposed, first trimester, second or
third trimester); however, since the first trimester estimates were substantially unchanged in
this model from the former classification, results from the more parsimonious models were
presented.

The outcome was the presence of a birth defect documented within the first year of life.
Clinicians blinded to ARV exposure reviewed and classified the reported defects according to
the MACDP guidelines as major defects or conditional defects (16). To further prevent
misclassification we followed a modified version of MACDP guidelines employed by the APR
(13), in which children with two or more conditional defects in the absence of a major defect
were considered a case. Therefore, a child with at least one major defect or at least two
conditional defects in the absence of a major defect was considered a case. Children classified
as having birth defects solely based on conditional MACDP defects were categorized
separately from those with major defects.

Statistical Analysis

Results

The prevalence and exact 95% confidence interval (Cl) of birth defects per 100 live births was
estimated overall, by cohort (219 versus 219C), and infant HIVV-infection status. Differences
in birth defect prevalence across these and other characteristics were assessed using the Chi-
square test, Fisher’s exact test, and Cochran-Armitage trend test for categorical variables, and
the Wilcoxon rank sum test for continuous variables. Logistic regression models were used to
estimate associations between first trimester in utero ARV exposure of any drug and of specific
drugs and the most common categories of birth defects (all birth defects, musculoskeletal
defects, and heart defects) including both HIV-infected and uninfected children. Potential
confounders with a p-value <0.25 in univariate analysis were initially included in adjusted
models, but only those that produced at least a 10% change in the estimated odds ratio were
retained in final models. Children with recognized chromosomal abnormalities or congenital
infections such as toxoplasmosis were excluded from regression analyses.

Of 5,931 children in protocols 219 and 219C, 2,202 enrolled by one year of age and constituted
the study population. Following clinical review of birth defects according to MACDP
guidelines, 117 children had at least one defect, 103 with at least one major defect, and 14 with
two or more conditional defects but no major defect. Among these 117 children, 77 had one
birth defect, 30 had two, six had three, and four had four. Overall defect prevalence was 5.3%
(95% ClI: 4.4, 6.3) including all 117 cases, and was 4.7% (95% CI: 3.8, 5.6) including 103
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cases with major defects. Prevalence was 4.9% (95% Cl: 2.6, 8.2) and 5.4% (95% Cl: 4.4, 6.5)
in HIV-infected and HIV-uninfected/indeterminate children (Table 1), respectively, and was
4.8% (95% ClI: 3.7, 6.1) in first trimester unexposed children, and 5.8% (95% ClI: 4.2, 7.8) in
first trimester ARV exposed children (Table 2).

The majority of defects occurred in the heart and musculoskeletal system (Supplemental Digital
Content 2, http://links.lww.com/INF/A514). Prevalence was significantly higher among
children whose mother had participated in a PACTG study during pregnancy and increased
with increasing maternal age (Table 1). Prevalence also was higher among males and children
with first trimester folate antagonist exposure (i.e. trimethoprim/sulfamethoxazole), although
these differences were not statistically significant and folate antagonist exposure was
unavailable for over half of the children. There was no difference in defect prevalence by
highest log;g median maternal HIV viral load [3.4 copies/mL (children with defects) versus
3.5 copies/mL (children without defects)], or lowest median maternal CD4 count [(360 cell/
mL (children with defects) versus 372 cells/mL (children without defects)] during pregnancy.
Defect prevalence significantly differed by protocol: rates were 6.8% (95 % ClI: 5.2, 8.7) and
4.4 (95 % ClI: 3.3, 5.6) for children enrolled in protocol 219 (whether or not in 219C) and in
219C alone. Supplemental Digital Content 1, http://links.lww.com/INF/A513 shows the
prevalence of birth defects by year of birth; 1992 and 2006 were excluded because of the small
number of children born in these years. No overall difference in prevalence by year of birth
was identified.

The unadjusted and adjusted estimates between first trimester in utero ARV exposure and birth
defects are shown in Table 2. In unadjusted analyses there was no significant association with
overall first trimester ARV exposure or first trimester exposure to specific drug classes.
Significantly more children with birth defects were exposed to efavirenz in the first trimester.
The mothers of all five cases were taking efavirenz at the time of conception and three stopped
efavirenz around the time pregnancy would have been identified; the other two mothers stopped
efavirenz in the second trimester. All mothers of the five efavirenz-exposed children with
defects also were receiving lamivudine plus other ARV. The defects of these efavirenz exposed
children included laryngiomalacia (N=1), meningomyelocele with Arnold-Chiari
Malformation Type Il (N=1), hypospadias (N=1), varus feet and hypertonicity of extremities
(N=1), and cleft palate (N=1).

The rate of birth defects also was higher in children exposed to lopinavir/ritonavir in the first
trimester than in children unexposed to lopinavir/ritonavir in the first trimester. The defects of
the six lopinavir/ritonavir exposed children included hydronephrosis (N=1), supernumerary
nipple and umbilical hernia (N=1), atrial septal defect (N=1), pyloric stenosis (N=2), and
ventricular septal defect and hemangioma (N=1). None of the children with defects were
exposed to both efavirenz and lopinavir/ritonavir in the first trimester.

In models adjusted for first trimester folate antagonist exposure, year of birth, and perinatal
study participation, the association with efavirenz persisted while the association with
lopanivir/ritonavir was marginally significant (p=0.07). To further examine possible
confounding we examined maternal and infant characteristics by perinatal protocol
participation (data not shown). In models adjusted for year of birth, participation in a perinatal
protocol was higher among infants with first trimester exposure to any ARV (OR=1.47, 95%
Cl: 1.21, 1.79) and to any nucleoside analogue (OR=1.48, 95% CI: 1.22, 1.80), and was lower
among infants with first trimester exposure to any non-nucleoside analogue (OR=0.57, 95%
ClI:0.38, 0.85). However, other characteristics generally were in the direction of a higher
possible risk of defects in those who did not participate in a perinatal protocol (e.g. more
mothers < 20 and >30 years of age, more maternal cocaine use, lower infant birth weights,
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more preterm births, and more HIV-infected infants) except for maternal alcohol use, which
was higher among perinatal study participants.

We also examined associations between in utero ARV exposure and the most common
categories of specific defects: musculoskeletal and heart (Supplemental Digital Content 2,
http://links.lww.com/INF/A514). Because of the lower number of cases (N=36 and 34,
respectively), these models were only adjusted for perinatal protocol participation and first
trimester folate antagonist exposure. Protective effects of first trimester zidovudine exposure
on musculoskeletal defects were detected in unadjusted (OR=0.30, 95% CI: 0.10, 0.84) and
adjusted models (OR=0.24, 95% CI: 0.08, 0.69). Protective effects on musculoskeletal defects
also were found with overall first trimester ARV exposure and any first trimester nucleoside
analogue exposure in adjusted models. These latter findings appeared to be driven by
zidovudine exposure; the frequency of exposure was similar for any ARV, for any nucleoside
analogue, and for zidovidine. In contrast, significantly more children with heart defects—
MACDP category of heart, other, which excludes conotruncal and obstructive defects
(Supplemental Digital Content 2, http://links.lww.com/INF/A514) — were exposed to
zidovudine in the first trimester in unadjusted (OR= 2.11, 95% CI: 1.07, 4.16) and adjusted
models (OR= 2.04, 95% CI: 1.03, 4.05). This association was marginally significant when
conotruncal and obstructive defects were included (OR= 1.78, 95% CI: 0.93, 3.40, p=0.08).

To examine possible selection bias we assessed enrollment into 219 and 219C of children who
participated in PACTG 076, 316 or IMPAACT P1025 by defect status and in utero ARV
exposure. These latter three studies were examined because birth defect information was
collected and reviewed in these studies by the 076, 316 and P1025 investigators; thus data on
birth defects from these three perinatal studies were available. It should be noted that 74% of
children in 219 and 219C who participated in a perinatal protocol were in one of these studies.
Among children who participated in PACTG 076, 316 or IMPAACT P1025, more children
with (31.2%) than without defects (24.8%) enrolled in protocols 219 and 219C (p=0.054).
However, the only important differences in enrollment by defect status and in utero ARV
exposure were among children without defects: enrollment was higher among children
unexposed to abacavir (17.0% exposed vs. 25.2% unexposed enrolled, p=0.048), and exposed
to saquinavir (44.4% exposed vs. 24.6% unexposed enrolled, p=0.018). This differential
enrollment among children without defects would increase and decrease estimated associations
with abacavir and saquinavir exposure, respectively. No other evidence of selection bias was
identified.

Discussion

In HIV-uninfected and HIV-infected children enrolled in protocols 219 and 219C by one year
of age we documented a birth defect prevalence of 5.3% including all 117 cases, and 4.7%
including 103 major cases only. No differences were found according to infant HIV infection
status. While we did not detect an association between overall in utero ARV exposure and
defects, associations with particular ARV drugs were identified.

Our study is the first to provide evidence of an association between efavirenz and birth defects
in a population-based investigation, although the small number of infants with first trimester
efavirenz exposure must be considered. Of the 5 children in our study with birth defects and
first trimester efavirenz exposure, only one had a neural tube defect and has previously been
described (5) and retrospectively reported to the APR. In prospectively reported APR cases,
defects were detected in 13 (3.2%) of 407 live births with first trimester efavirenz exposure,
which was similar to the overall APR rate; no specific pattern of defects was observed (one
case of meningomyelocele and one case of facial cleft with anophthalmia) (13). However, 3
(15%) of 20 infant cynomolgus monkeys with first trimester efavirenz exposure at levels
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similar to human exposure had defects (anencephaly and unilateral anophthalmia, micro-
ophthalmia, and cleft palate) (6). We also detected associations between first trimester
lopinavir/ritonavir exposure and defects, but this did not remain significant after adjustment
for other covariates, perhaps because of low power. Animal studies have not demonstrated
teratogenic effects, but have shown delayed skeletal ossification and skeletal variation at
maternally toxic doses (1).

The rate of birth defects in our cohort was higher than the 2.9% prevalence reported by the
APR (13). Other US (12) and European (8) studies of children born to HIV-infected women
have not reported an elevated defect prevalence of birth defects, excluding the PACTG 076
randomized trial in which a rate of major defects of 8% was detected, and all ARV exposure
occurred after the first trimester (17). Itis possible that differential ascertainment across studies
could account for the differences. Six hundred thirty-six children in our study population had
echocardiograms, most per study protocol, and more children with (41%) than without defects
(28%) had echocardiograms. Early screening echocardiography can detect important
subclinical malformations and produce rates of cardiac defects 5-10% higher than expected
(18,19). Additionally, children whose mother had participated in a perinatal protocol were more
likely to have a birth defect, possibly suggesting differential ascertainment.

To investigate potential selection bias we examined enrollment into 219 and 219C among
children who had participated in perinatal protocols PACTG 076, 316 and IMPAACT P1025.
Despite the higher enroliment of children with defects into our cohort, it was non-differential
with respect to most in utero ARV exposures, and importantly, those with which we detected
notable associations. Selection bias of our estimated associations between defects and ARV
exposure is not of major concern. It should also be noted that IMPAACT P1025 is a cohort
study and no ARV was given as part of the protocol (20); likewise, in PACTG 316, all women
were on clinically-indicated ARV and the only randomized component was single-dose
nevirapine at labor and delivery (21).

To control for possible confounding models were adjusted for perinatal protocol participation,
exposure to folate antagonists, and year of birth. We examined other potential confounders of
the association between in utero ARV exposure and birth defects, including maternal drug use,
but had incomplete information. Some residual confounding may persist. Finally, because of
the large number of ARVs available for use during pregnancyi, it is impossible to adjust for all
other ARVs when estimating effects of a particular ARV, and this should be considered in
weighing the evidence from our study as well as other studies.

Itis possible that some associations might have been attenuated if particular defects result from
exposure to a particular ARV. We attempted to look at more refined categories of birth defects
where power was sufficient. A lower risk of musculoskeletal defects and a higher risk of heart
defects were found with first trimester zidovudine exposure. These findings were based on a
small number of cases and require confirmation in other studies. An association between first
trimester zidovudine exposure and septal heart defects was noted in PACTG protocol 185 and
in a German study, although selection bias could not be ruled out (13).

A potential limitation of our study is that children, not pregnant women, enrolled in protocols
219 and 219C. Therefore, birth defects resulting in fetal loss were not included. Birth defects
in stillbirths occurring after 20 weeks gestation were included in WITS (12) and the APR
(13). If defects caused by a specific exposure resulted in an increase in stillbirths then our
estimates would likely be attenuated.

In this US cohort of children born to HIV-infected women we identified a higher prevalence
of birth defects than other studies. Overall first trimester in utero ARV exposure was not
associated with an increased risk of defects. However, some associations with first trimester
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in utero exposure to particular ARVs were identified. Further study is needed to rule out
possible confounding, and to examine associations between ARV exposure and specific birth
defects. Practitioners are urged to report all pregnant women receiving ARV during pregnancy
to the APR (www.APRegistry.com) as early as possible and preferably before the pregnancy
outcome is known.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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