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ABSTRACT

OBJECTIVE.Our intent was to investigate the neurodevelopment of HIV-uninfected
children exposed to combination highly active antiretroviral therapy in pregnancy
compared with children not exposed to highly active antiretroviral therapy but
with similar socioeconomic backgrounds.

PATIENTS AND METHODS.A prospective controlled cross-sectional study of the neurode-
velopment of children exposed to highly active antiretroviral therapy versus those
not exposed was performed by using the Bayley Scales of Infant Development and
Vineland Adaptive Behavior Scales at 18 to 36 months of age. The highly active
antiretroviral therapy–exposed children were born to HIV-infected women but
were uninfected themselves. The control children were born to HIV-uninfected
women with similar anticipated socioeconomic background (hepatitis C infected
and high proportion of substance use). Sociodemographic, clinical, highly active
antiretroviral therapy (antenatal, intrapartum, neonatal), and substance-use his-
tories were collected. Results were compared by using analyses of covariance and
�2 analysis.

RESULTS. Thirty-nine highly active antiretroviral therapy–exposed and 24 control
children were assessed. All mean scores were lower for those in the highly active
antiretroviral therapy–exposed group than those in the control group (Bayley
Mental Development Index: 85.4 vs 94.3; Bayley Psychomotor Development
Index: 93.4 vs 96.6; Vineland mean communication score: 90.1 vs 94.4; Vineland
mean daily-living score: 91.2 vs 93.6; Vineland mean socialization score: 97.1 vs
98.4). However, when maternal substance use during pregnancy was controlled
for, there were no significant differences between the groups in any domains
assessed. Children in both groups exposed to maternal substance use scored
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significantly lower than children not exposed in all do-
mains except communication skills. It is important to
note that there were no differences between the highly
active antiretroviral therapy–exposed children with no
substance exposure and the control children with no
substance exposure in any of the scores.

CONCLUSIONS.HIV- and highly active antiretroviral thera-
py–exposed HIV-uninfected children had lower devel-
opment and adaptive behavior scores when compared
with children who had not been exposed. However,
these differences were not significant after correcting for
maternal substance use, which had a greater impact on
neurodevelopment than highly active antiretroviral
therapy exposure. These results suggest that perinatal
highly active antiretroviral therapy exposure is not as-
sociated with altered development and behavior at 18 to
36 months of age.

HIGHLY ACTIVE ANTIRETROVIRAL therapy (HAART)
during pregnancy, intravenous zidovudine at de-

livery, and oral zidovudine to the neonate dramatically
reduce mother-to-child transmission of HIV-1, in the
absence of breastfeeding, to �2%.1,2 Although HAART in
pregnancy significantly reduces the risk of vertical HIV
transmission, concerns exist regarding the potential im-
pact of antiretroviral drug exposure on these children.
Most antiretroviral medications cross the placenta, and
the potential risk of drug exposure exists throughout the
pregnancy. Of particular concern is that nucleoside an-
alogues are known to inhibit mitochondrial DNA �-poly-
merase, thereby altering mitochondrial replication and
inducing mitochondrial dysfunction.3,4 Several studies
have been published that demonstrate evidence of tran-
sient or prolonged mitochondrial compromise in chil-
dren born to mothers receiving antiretroviral drugs dur-
ing pregnancy.5,6 However, the long-term relevance of
these findings remains unknown.

Studies to date, mostly evaluating monotherapy reg-
imens, have been reassuring regarding the effects of
antiretroviral drugs during pregnancy. Long-term fol-
low-up of children exposed perinatally to zidovudine
monotherapy in the Pediatric AIDS Clinical Trial Group
219/076 study has not indicated differences in growth,
immune function, or neurologic development up to the
median age of 4.2 years (range: 3.2–5.6 years).7 In a
European multivariate analysis there was an association
between prematurity and exposure to combination an-
tiretroviral therapy in pregnancy, with and without a
protease inhibitor.8 However, data from a meta-analysis
of 7 clinical studies in the United States did not find an
association between antiretroviral therapy and preterm
delivery, low birth weight (�2500 g), or low Apgar
scores.9

Although these studies are reassuring, there are few

data available regarding the developmental outcomes of
HIV-uninfected children exposed perinatally to antiret-
roviral therapy. Although organ differentiation occurs
mainly during the first trimester of pregnancy, major
brain development continues during the second and
third trimesters and in the neonatal period; therefore,
fetal and neonatal exposure could be a period of in-
creased vulnerability. Indeed, some studies of neurologic
effects have raised concerns. In France, 8 uninfected
children exposed to zidovudine or zidovudine and lami-
vudine were reported to have histologic evidence of
mitochondrial dysfunction, 5 had neurologic symptoms,
and 2 with encephalopathy died.10 In a prospective co-
hort, uninfected exposed children had a higher risk of
neurologic syndromes associated with mitochondrial
dysfunction than seen in the general population.11 How-
ever, a large retrospective review of 5 cohorts in the
United States failed to show clear evidence of clinically
relevant mitochondrial diseases in nucleoside-exposed
children who died before 5 years of age.12 The European
Collaborative Study also showed no evidence of clinical
manifestations suggestive of mitochondrial abnormali-
ties in children exposed to antiretroviral therapy in ute-
ro.8

Many of the follow-up studies of HIV-uninfected chil-
dren exposed to antiretroviral therapy have been retro-
spective studies, and, to date, none of these studies have
included a control group of children for direct compari-
son of neurodevelopmental outcomes. Our study was
performed to better address these issues in a prospective
fashion.

OBJECTIVES
The primary objective for this study was to determine if
HIV-uninfected children with perinatal exposure to
HAART display neurodevelopmental abnormalities com-
pared with children from similar socioeconomic back-
grounds not exposed to HAART. A secondary objective
was to determine if differences in neurodevelopment
occur in children exposed to illicit substances of addic-
tion compared with children not exposed to illicit sub-
stances.

METHODS

Study Design
We used a cross-sectional design to compare the neuro-
development of HIV-uninfected children exposed to
HAART versus a group of unexposed children with an-
ticipated similar socioeconomic backgrounds. Potential
factors of importance to neurodevelopment including
maternal history of smoking, alcohol use, and substance
use during the pregnancy, obstetric and delivery com-
plications, and family composition, education, and so-
cioeconomic status of the parents were all documented.
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Children underwent standardized neurodevelopmental
assessment at 18 to 36 months of age.

Sample-size calculation indicated that for an expected
10% reduction in neurodevelopment scores and a sig-
nificance level of P � .05, 30 children were required in
each group. Siblings were excluded from the study to
assure independence of observations.

Patient Population
Subjects for the HAART-exposed group were selected
consecutively from a cohort of HIV-uninfected children
born to HIV-positive women who were followed in the
provincial tertiary care clinic for HIV-infected women
and their children in British Columbia, Canada, from
June 2003 to December 2004. All the known HIV-in-
fected pregnant women in British Columbia receive care
through this university hospital–associated program. In-
clusion criteria for this group of children were: born to
HIV-positive mothers, exposed to at least 3 antiretroviral
drugs in utero for a minimum of 1 week and to zidovu-
dine during delivery and the neonatal period, HIV-un-
infected, and 18 to 36 months of age. We anticipated
that a significant proportion of these children would also
be exposed to maternal substance use and alcohol. All
HIV-uninfected children had at least 2 nonreactive HIV
polymerase chain reaction tests between 1 and 6 months
of age and had seroreverted on HIV-1 serologic testing.
Parents or guardians were informed of the study and
offered participation during routine clinic visits. Those
who expressed interest were then contacted by tele-
phone by the study coordinator.

The control group was obtained from a cohort of
children who were followed in a concurrent province-
wide hepatitis C vertical-transmission study headed by
one of the co-investigators (D.M.M.). They were born to
HIV-negative hepatitis C–infected mothers with a high
proportion (49.6%) of injection drug–use history. The
control group was chosen in an attempt to match the
HAART-exposed group in terms of socioeconomic back-
ground and substance use during pregnancy. None of
the control children were exposed to antiretroviral ther-
apy. Parents or guardians of control children were con-
tacted by telephone and informed about the study; those
who expressed interest were mailed a letter that asked
them to contact the study coordinator.

Written informed consent was obtained from all par-
ents/guardians of subjects and controls before study en-
rollment. The study received approval from the Research
Review Committee of Children’s and Women’s Health
Centre of British Columbia and the Clinical Research
Ethics Board of University of British Columbia (certifi-
cate numbers C01-0135/W01-0036). Children identified
as being developmentally delayed were referred to be-
havioral and developmental programs. For children with
more severe effects, psychoeducational assessments will

be requested at school age to allow for additional support
in the school and home environments.

Neurodevelopmental Measurements
The Bayley Scales of Infant Development-II (BSID-II)13

were used to assess cognitive, language, and psychomo-
tor functioning with the primary goal of identifying de-
velopmental delay. The BSID-II is the most widely used
scale for assessing development from infancy to 30
months. Results provide Mental Development Index
(MDI) and Psychomotor Development Index (PDI)
scores, with a mean of 100 and SD of 15.

The Vineland Adaptive Behavior Scales Revised–Sur-
vey Form14 was used to assess the areas of communica-
tion, daily-living skills, and socialization. This is a well-
standardized, norm-based questionnaire based on
semistructured interview and has been used extensively
to evaluate adaptive skills in young children. Results
provide a score with a mean of 100 and SD of 15 for each
of the domains.

An experienced, trained examiner administered all
the neurodevelopmental assessments and was blinded to
cases versus controls. Both neurodevelopmental mea-
surements and a clinic visit including a physical exami-
nation by 1 of 2 pediatricians were completed during 1
session lasting �3 hours.

Data Collection and Analysis
Demographic and associated risk-factor data were col-
lected prospectively on predesigned data-collection
forms in both study groups. Information was collected
from clinical records and through a prospective, detailed,
confidential questionnaire administered by the respec-
tive study coordinators. Data included type and duration
of exposure to HAART during pregnancy; exposure to
other substances such as drugs of addiction, alcohol,
tobacco, and medications; pregnancy and delivery com-
plications; family composition, highest level of educa-
tion, and employment and economic status; and highest
plasma lactate level recorded between birth and 6
months of age. Serum lactate levels were tested in all
HAART-exposed infants at each clinic visit; each infant
had a minimum of 4 visits from birth to 6 months of age.
Lactate levels were tested as an indirect measure of
potential mitochondrial toxicity from perinatal antiret-
roviral therapy. The technique and results were reported
previously.6 An electronic database using Microsoft Ac-
cess (Redmond, WA) software was used to store all
coded study data.

The 2 groups were compared on means by using
analysis of covariance to allow for control of specific
variables and on frequencies by using �2 tests. In a
second step, we also undertook exploratory analyses of
factors that could impact neurodevelopment, such as the
type and duration of exposure to other substances dur-
ing pregnancy, the type and duration of exposure to

PEDIATRICS Volume 118, Number 4, October 2006 e1141
 at The University of British Columbia Library on February 21, 2013pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


antiretroviral agents, and the timing of exposure (from
conception versus third trimester alone). Differences
were considered significant for a P value of �.05.

RESULTS
Thirty-nine HAART-exposed subjects and 24 control
children were assessed between June 2003 and Decem-
ber 2004. During the study period, of the 64 children
born to mothers on HAART, a total of 25 children were
unavailable or not eligible: 11 parents/guardians did not
return telephone calls, 8 declined participation or did not
keep appointments, 3 families had an English-language
barrier, and 3 children were excluded because a sibling
had participated. One child born with congenital anom-
alies and developmental delay presumably caused by
prolonged fluconazole exposure was excluded from the
study. In the control group, of the 54 children eligible,
parents of 20 children informed about the study by letter
did not participate: 13 did not return telephone calls, and
7 declined participation (5 of which were for reasons
related to distance from the study center).

Baseline characteristics of the mothers and children
are shown in Table 1. Children in the HAART-exposed
group were born at a significantly earlier gestational age
(mean: 37.7 vs 39 weeks) and with a lower birth weight
(mean: 3028 vs 3410 g) than control-group children.
Other baseline characteristics including maternal age at

delivery, education level, and employment status did not
differ significantly between the 2 groups.

HAART in pregnancy consisted of 2 nucleoside re-
verse-transcriptase inhibitors for all 39 mothers com-
bined with nevirapine in 22, a protease inhibitor in 13,
both nevirapine and a protease inhibitor in 3, and 3
nucleosides in 1. Mean duration of the HAART exposure
was 17.7 weeks (range: 1–40 weeks) with a median
exposure to zidovudine of 15 weeks (range: 1–39
weeks), lamivudine of 17 weeks (range: 1–39 weeks),
nevirapine of 12.5 weeks (range: 1–38 weeks), and
Nelfinavir of 16.5 weeks (range: 5–35 weeks). Only
9.4% of the women had �4 weeks antiretroviral therapy
during pregnancy. No significant relationships were ob-
served between duration of HAART exposure and the
dependent variables except for zidovudine duration,
which was positively correlated with the Vineland so-
cialization score (r � 0.42; P � .017).

Mean age at the time of neurodevelopmental assess-
ment, for the HAART-exposed group was 25.9 months
(range: 18.1–35.8 months) and for the control group was
22.1 months (range: 17.8–32.8 months). All mean de-
velopmental scores on the BSID-II and Vineland scales
were lower in the HAART-exposed group than the con-
trol group, as shown in Table 2. However, only the
BSID-II MDI was significantly different. A greater pro-
portion of HAART-exposed children scored �1 SD below
average on the BSID-II MDI (54% vs 25%; P � .025).
Among the Vineland domains, differences were ob-
served in the proportion of children scoring �1 SD be-
low average in daily-living skills (33% in HAART-ex-
posed vs 8% in control children; P � .024). Children
who scored �2 SD below average in the BSID-II PDI and
all Vineland domains were rare in both groups (0–3 per
group), and no significant differences were observed
between the 2 groups.

Although we anticipated that maternal substance use
in pregnancy would be similar in the 2 groups, it was
actually disproportionately higher in the HAART-ex-
posed group than in the control group (51% vs12%; P �
.002). Maternal injection drug use was 46% in HAART-

TABLE 1 Comparison of Baseline Characteristics of the Mothers and
Children

HAART Exposed
(N � 39)

HAART Unexposed
(N � 24)

Pa

Female children, n 22 12 —
Mean maternal age at delivery, y 28.5 30.1 —
Mean GA at birth, wk 37.7 39.0 .039
Prematurity, n (%)

�37 wk GA 10 (25.6) 4 (16.6) —
�34 wk GA 1 (2.6) 1 (4.2) —

Mean birth weight, g 3028 3410 .033
Birth weight �2500 g, n (%) 6 (15.4) 3/21 (14.3) —
Perinatal complications, n (%)b 10 (25.6) 1 (4.1) .029
Family composition, n (%)
Both parents 12 (31) 17/23 (74) .044
Mother alone 10 (26) 1/23 (4) —
Mother � partner 5 (13) 3/23 (13) —
Father/other 3 (8) 0 —
Foster care 5 (13) 1/23 (4) —
Adopted 4 (10) 1/23 (4) —

Income assistance 19/38 (50) 6/22 (27) —
Maternal ethnicity, n (%)
White 22 (56) 21/23 (91) .030
Aboriginal 10 (26) 1/23 (4) —
Black 4 (10) 0 —
Other 3 (8) 1/23 (4) —

GA indicates gestational age.
a P value from an exact � 2 test. — indicates that the P value was not computed or not signifi-
cant.
b Perinatal complications were placental abruption, fetal distress, or need for resuscitation ma-
neuvers at birth.

TABLE 2 Comparison of Neurodevelopment Scores With HAART
Exposure

HAART Exposed
(N � 39)

HAART Unexposed
(N � 24)

P

BSID-II
MDI 85.4 (17.2) 94.3 (15.1) .041
PDI 93.4 (14.1) 96.6 (13.5) —

Vineland
Communication 90.1 (14.8) 94.4 (13.1) —
Daily living 91.2 (13.4) 93.6 (8.3) —
Socialization 97.1 (14.0) 98.4 (10.9) —

Values are test score (SD) unless otherwise indicated. The difference in the SDportion expresses
themagnitude of the score difference between groups in SD units.— indicates that the P value
was not computed or not significant.
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exposed children and 4% in control children (P � .001).
The substances used during pregnancy consisted of co-
caine and/or heroin in �90% of the cases. It is notewor-
thy that 30% of the children in the HAART-exposed
group had narcotic withdrawal syndrome, whereas none
in the control group were affected (P � .002). Maternal
cigarette use was higher in the HAART-exposed group
than in the control group (59% vs 33%; P � .028), and
alcohol use was not significantly different. Forty percent
of the children who were exposed to substance use were
also exposed to alcohol during the pregnancy. When
maternal substance use during pregnancy was controlled
for, none of the differences in neurodevelopment scores
between the 2 groups was significant. Children who
were exposed to maternal substance use (HAART-ex-
posed and control groups combined) scored lower in all
test components than children not exposed (Table 3).
These differences reached statistical significance (all P
values �.05) for all domains except communication
skills.

An analysis of covariance was conducted to assess the
differences between the 2 study groups controlling for
maternal substance use. There were no significant dif-
ferences between the groups on any of the mean devel-
opmental scores on the BSID-II and Vineland scales (all
P values �.25). The adjusted group means are presented
in Table 4.

Subgroup analyses were also conducted for the
HAART-exposed group, comparing those with maternal
substance use to those with no maternal substance use,
and to those in the control group with no maternal
substance use. It is important to note that there was no
difference found between the latter 2 groups. For all
outcome measures the means of the control group and
the HAART-exposed group with no substance use were
closer together than either was to the HAART-exposed
group with substance exposure. Differences were noted
between the HAART-exposed group with substance use
and the control group in the BSID-II MDI result and also
with the HAART-exposed group with no substance use
in the Vineland daily-living and socialization results.

Statistical power is reduced when the group is subdi-
vided. The results of these subgroup analyses are shown
in Table 5.

When methadone exposure in the HAART-exposed
group was studied independently, significant differences
were also observed in BSID-II MDI scores (77.5 in the 13
of 39 who had methadone exposure vs 89.4 in the 26 of
39 who had no methadone exposure; P � .039).

Fourteen children who were born before 37 weeks’
gestational age (10 in the HAART-exposed group and 4
in the control group) scored lower on the BSID-II PDI
than children who were born at term (87.1 vs 96.4; P �
.026), even when controlling for substance use. Simi-
larly, the 9 children who weighed �2500 g at birth (6 in
the HAART-exposed group and 3 in the control group)
scored significantly lower on the BSID-II PDI and Vine-
land daily-living skills and socialization domains (85.9 vs
96.2 [P � .036], 84.2 vs 93.4 [P � .032], and 88.4 vs 99.1
[P � .021], respectively) but showed no significant dif-
ference in the other domains.

Perinatal complications such as placental abruption,
fetal distress, or required resuscitation maneuvers at
birth were recorded in 10 (25%) of the HAART-exposed
children versus only 1 (4%) of the control children
(Table 1). There were too few children with birth com-
plications to carry out statistical comparisons of neuro-
development scores between those in the exposed and
nonexposed groups.

Developmental scores of 9 of 39 children who had
hyperlactatemia (�5 mmol/L) at least once during the
first 6 months of life did not differ significantly from
those with levels that remained at �5 mmol/L at all
times during that period.

DISCUSSION
In this prospective cross-sectional study, perinatal
HAART-exposed HIV-uninfected children had lower but
not dissimilar developmental and behavioral outcomes
compared with a HAART-unexposed, HIV-negative, so-
cioeconomically similar control group at 18 to 36
months of age. Moreover, the differences were no longer
present when we controlled for maternal substance use
in pregnancy. It is important to note that children ex-

TABLE 3 Comparison of Neurodevelopment Scores With Illicit Drug
and Alcohol Use

Drug Use
(N � 23)

No Drug Use
(N � 40)

P

BSID-II
MDI 81.2 (18.3) 93.2 (14.4) .031
PDI 89.5 (15.8) 97.5 (11.9) .044

Vineland
Communication 88.0 (14.2) 93.9 (14.0) —
Daily-living skills 87.5 (12.5) 94.8 (10.4) .024
Socialization 93.3 (12.7) 100.0 (12.3) .047

Values are test score (SD) unless otherwise indicated. The difference in the SDportion expresses
themagnitude of the score difference between groups in SD units.— indicates that the P value
was not computed or not significant.

TABLE 4 Mean Neurodevelopment Scores Adjusted for Maternal
Substance Use

HAART Exposed
(N � 39)

Control
(N � 24)

BSID-II
MDI 86.9 91.9
PDI 94.5 94.7

Vineland
Communication 90.9 93.2
Daily-living skills 92.3 91.8
Socialization 98.1 96.7

Values are test scores.
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posed to maternal substance use in pregnancy had sig-
nificantly lower development scores than nonexposed
children. In subgroup analysis, substance use had a
greater impact on neurodevelopment than HAART ex-
posure. Indeed, children exposed to HAART with no
maternal substance use had equivalent neurodevelop-
ment scores to control children exposed to neither
HAART nor substance use in pregnancy. Overall, we
found that maternal substance use was a stronger pre-
dictor of a poor neurodevelopmental outcome than was
HAART exposure.

Given that HAART regimens involve the use of nu-
cleoside analogues that have the potential to cause mi-
tochondrial toxicity, the issue of potential impact on
neurodevelopment is of particular importance. As noted,
aside from the children followed in the Pediatric AIDS
Clinical Trial Group 219/076 study cohort, all previous
investigations of neurodevelopmental outcomes in anti-
retroviral-drug–exposed patients were retrospective and
involved children exposed to either zidovudine alone or
dual antiretroviral therapy. This is the first prospective
study of neurodevelopment in children exposed to
HAART (for a mean of 17.7 weeks exposure in preg-
nancy to at least 3 antiretroviral drugs) with a control
group of non–HAART-exposed children from similar so-
cioeconomic backgrounds. We therefore believe that this
study provides additional reassurance of the relative
safety of HAART interventions in pregnancy.

An unforeseen limitation in our study was that de-
spite attempting to have a control group well matched
from both socioeconomic-background and substance-
use perspectives, active maternal substance/alcohol use
was present in 51% of the HAART-exposed children but
only 12% of the control children. We had anticipated
similar rates of exposure to substance use in pregnancy
given that the proportion of women with any history of
substance use was very similar (61.5% in HAART-ex-
posed and 49.6% in controls). The larger-than-expected
difference in active substance use in pregnancy between
groups is likely a reflection of the recruitment process,
with women in recovery from their substance use in the
control group being more likely to volunteer to partici-

pate in the study. The control group was from a large
provincial study, and those who agreed to be enrolled in
the current study were able to devote the time to the
study and were keen to participate to receive the neu-
rodevelopmental results for their infants.

Other differences between the groups in our study
included earlier gestational age, lower birth weight, and
more perinatal complications in the HAART-exposed
children. In our study, infants from both groups born
before 37 weeks’ gestation and with birth weight �2500
g showed lower neurodevelopment scores, even when
controlling for maternal substance use. We believe that
the lower developmental scores of these children are
likely an effect of prematurity and low birth weight
rather than a direct consequence of HAART exposure,
although this study was not designed to examine effects
of prematurity and low birth weight. Maternal substance
use has been shown to be associated with lower gesta-
tional age and birth weight in HIV-uninfected infants.15

The development and behavioral impact of prenatal
exposure to cocaine has been a focus of substantial re-
search; however, the impact of such exposure is highly
associated with multiple other risk factors such as pre-
natal exposure to tobacco, marijuana, alcohol, and the
quality of the environment in which the child lives.16 In
our study, maternal prenatal substance use contributed
to lower development scores, highlighting the impor-
tance of accounting for prenatal substance exposures
other than HAART on infant development. Substance
exposure in this context may also be an indirect measure
of other factors influencing neurodevelopment, such as
home and family environment and caregiver’s health.
Home environment during the first years of life plays an
important role in a child’s neurodevelopment, and the
positive effect of intervention programs has been dem-
onstrated.17 Almost one third of the children in this
study experienced a change in the family’s status (such
as placement in foster care or separation from the father)
in the preceding year. Data obtained on family compo-
sition, parental level of education, income status, and
ethnic background were difficult to interpret given the
size of the cohort.

TABLE 5 Neurodevelopment Scores According to Group andMaternal Substance Use

HAART-Exposed,
Drug Use (N � 20)

HAART-Exposed,
No Drug Use (N � 19)

Control,
No Drug Use (N � 21)

P

BSID-II
MDI 81.0 (17.8) 90.2 (15.5) 96.0 (13.1) .012a

PDI 89.5 (15.4) 97.5 (11.7) 97.5 (12.2) —
Vineland
Communication 88.2 (14.3) 92.2 (15.5) 95.5 (12.6) —
Daily-living skills 87.0 (12.1) 95.6 (13.5) 94.0 (6.8) .044b

Socialization 92.3 (12.5) 102.2 (13.9) 98.1 (10.7) .049b

Values are test score (SD). — indicates that the P value was not computed or not significant.
a HAART-exposed, drug-use group scored significantly lower than the control, no-drug-use group.
b HAART-exposed, drug-use group scored significantly lower than HAART-exposed, no-drug-use group.
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Other limitations in our study need mentioning. A
number of key maternal pregnancy-related variables
could only be estimated, and although we attempted to
control for other prenatal drug exposure, we were not
able to precisely document the timing, quantity, and
duration of prenatal drug and alcohol exposure. As a
result, it was impossible to deduce the precise influence
of prenatal cocaine and other substance use on develop-
mental outcomes. In addition, our cross-sectional design
was not able to determine developmental trajectories.
Studying other points in time and using more precise
measures of development and behavior (attention,
memory, cognition, etc) may be needed to assess the
effects of HAART on the developing child. Finally, al-
though a number of significant effects were observed,
the sample size of 24 in the control group rendered the
study less powerful than expected.

CONCLUSIONS
Although HAART exposure may lead to mitochondrial
toxicity, these preliminary results suggest that HAART
exposure in HIV-negative children is not associated with
altered global measures of development and behavior at
2 years of age. However, our findings do illustrate the
importance of accounting for prenatal substance use,
which frequently accompanies prenatal HIV and HAART
exposure.

There potentially will be millions of HIV-infected
women treated with HAART during pregnancy over the
next few years, and it is imperative that more informa-
tion be gained regarding the safety of these therapies in
pregnancy and their impact on the exposed uninfected
child. An improved understanding of potential toxicities
will enable and inform improved approaches to antiret-
roviral therapies in pregnancy and the neonate. Addi-
tional study of developmental outcomes after prenatal
HAART exposure needs replication using prospective
longitudinal cohort designs that account for multiple
substance exposures and social and maternal factors.

ACKNOWLEDGMENTS
This study was funded through British Columbia Medi-
cal Services Foundation grants BCM01-0099 and
BCM02-0033. The Hepatitis C Vertical Transmission
Study was funded by Health Canada.

We thank the children and their parents/guardians
for participation in this study. We also thank the Hepa-
titis C Vertical Transmission Study group for providing
access for recruiting the control group and Neora Pick for
her assistance.

REFERENCES
1. Ioannidis JP, Abrams EJ, Ammann A, et al. Perinatal transmis-

sion of human immunodeficiency virus type 1 by pregnant
women with RNA virus loads �1000 copies/ml. J Infect Dis.
2001;183:539–545

2. Cooper ER, Charurat M, Mofenson L, et al. Combination an-
tiretroviral strategies for the treatment of pregnant HIV-1 in-
fected women and prevention of perinatal HIV-1 transmission.
J Acquir Immune Defic Syndr. 2002;29:484–494

3. Brinkman K, Hofstede HJ, Burger DM, Smeithink JA, Koop-
mans PP. Adverse effects of reverse transcriptase inhibitors:
mitochondrial toxicity as common pathway. AIDS. 1998;12:
1735–1744

4. Lewis W, Dalakas MC. Mitochondrial toxicity of antiretroviral
drugs. Nat Med. 1995;1:417–422

5. Poirier MC, Divi RL, Al-Harthi L, et al. Long-term mitochon-
drial toxicity in HIV-uninfected infants born to HIV-infected
mothers. J Acquir Immune Defic Syndr. 2003;33:175–183

6. Alimenti A, Burdge DR, Ogilvie GS, Money DM, Forbes JC.
Lactic acidemia in human immunodeficiency virus-uninfected
infants exposed to perinatal antiretroviral therapy. Pediatr Infect
Dis J. 2003;22:782–789

7. Culnane M, Fowler M, Lee SS, et al. Lack of long-term effects
of in utero exposure to zidovudine among uninfected children
born to HIV infected women. Pediatric AIDS Clinical Trials
Group Protocol 219/076 Teams. JAMA. 1999;281:151–157

8. European Collaborative Study. Exposure to antiretroviral ther-
apy in utero or early life: the health of uninfected children born
to HIV-infected women. J Acquir Immune Defic Syndr. 2003;32:
380–387

9. Tuomela RE, Shapiro DE, Mofenson LM, et al. Antiretroviral
therapy during pregnancy and the risk of an adverse outcome.
N Engl J Med. 2002;346:1863–1870

10. Blanche S, Tardieu M, Rustin P, et al. Persistent mitochondrial
dysfunction and perinatal exposure to antiretroviral nucleoside
analogues. Lancet. 1999;354:1084–1089

11. Barret B, Tardieu M, Rustin P, Lacroix C, Chalrol B, Pesquere
I. Persistent mitochondrial dysfunction in HIV-1 exposed but
uninfected infants: clinical screening in a large prospective
cohort. AIDS. 2003;17:1769–1785

12. The Perinatal Safety Review Working Group. Nucleoside ex-
posure in the children of HIV-infected women receiving anti-
retroviral drugs: absence of clear evidence for mitochondrial
disease in children who died before 5 years of age in five
United States cohorts. J Acquir Immune Defic Syndr. 2000;25:
261–268

13. Bayley N. Bayley Scales of Infant Development. 2nd ed. San An-
tonio, TX: The Psychological Corporation; 1993

14. Sparrow S, Balla D, Cicchetti D. Vineland Adaptive Behavior
Scales. Circle Pines, MN: American Guidance Services; 1984

15. Neu N, Leighty R, Adeniyi-Jones S, et al. Immune parameters
and morbidity in hard drug and human immunodeficiency
virus-exposed but uninfected infants. Pediatrics. 2004;113:
1260–1266

16. Frank D, Augustyn M, Knight W, Pell T, Zuckerman B.
Growth, development, and behavior in early childhood follow-
ing prenatal cocaine exposure: a systematic review. JAMA.
2001;285:1613–1625

17. Schuler M, Nair P, Kettinger L. Drug-exposed infants and
development outcome. Arch Pediatr Adolesc Med. 2003;157:
133–138

PEDIATRICS Volume 118, Number 4, October 2006 e1145
 at The University of British Columbia Library on February 21, 2013pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


DOI: 10.1542/peds.2006-0525
; originally published online August 28, 2006; 2006;118;e1139Pediatrics

Grunau, Michael P. Papsdorf, Evelyn Maan, Lesley J. Cole and David R. Burdge
Ariane Alimenti, John C. Forbes, Tim F. Oberlander, Deborah M. Money, Ruth E.

Children Exposed to Combination Antiretroviral Drugs in Pregnancy
A Prospective Controlled Study of Neurodevelopment in HIV-Uninfected

 
 

 Services
Updated Information &

 html
http://pediatrics.aappublications.org/content/118/4/e1139.full.
including high resolution figures, can be found at:

References

 html#ref-list-1
http://pediatrics.aappublications.org/content/118/4/e1139.full.
at:
This article cites 15 articles, 2 of which can be accessed free

Citations

 html#related-urls
http://pediatrics.aappublications.org/content/118/4/e1139.full.
This article has been cited by 6 HighWire-hosted articles:

Subspecialty Collections

 disease
http://pediatrics.aappublications.org/cgi/collection/infectious_
Infectious Disease & Immunity
the following collection(s):
This article, along with others on similar topics, appears in

Permissions & Licensing

 ml
http://pediatrics.aappublications.org/site/misc/Permissions.xht
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://pediatrics.aappublications.org/site/misc/reprints.xhtml

Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.
Grove Village, Illinois, 60007. Copyright © 2006 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

 at The University of British Columbia Library on February 21, 2013pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/content/118/4/e1139.full.html
http://pediatrics.aappublications.org/content/118/4/e1139.full.html#ref-list-1
http://pediatrics.aappublications.org/content/118/4/e1139.full.html#related-urls
http://pediatrics.aappublications.org/cgi/collection/infectious_disease
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

