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Abstract
OBJECTIVE—Antiretroviral (ARV) drugs are routinely provided to HIV-infected pregnant
women to prevent HIV mother-to-child transmission. Although ARV use has significantly reduced
mother-to-child transmission to <2% in the United States, it remains crucial to monitor uninfected
infants and children for adverse consequences of in utero ARV exposure.

METHODS—We studied neurodevelopmental function in HIV-exposed uninfected children who
were enrolled in Pediatric AIDS Clinical Trials Group 219/219C, a multisite, prospective, cohort
study. Mental and motor functioning were assessed with the Bayley Scales of Infant Development
(BSID), first and second editions. ARV exposure information was collected during pregnancy or
within the first years of life. Linear regression methods were used to evaluate the association of in
utero ARV exposure on Mental Developmental Index and Psychomotor Developmental Index at 2
years of age, controlling for demographic factors (age, gender, and race/ethnicity) and potential
confounders: test version, primary language, primary caregiver, caregiver education level, low
birth weight, geographic and urban/rural location, birth year, and maternal illicit drug use.

RESULTS—Among 1840 infants who were born between 1993 and 2006, 1694 (92%) were
exposed to ARV in utero and 146 (8%) were not exposed. After controlling for confounders,
children who were exposed in utero to any ARV did not have lower Mental Developmental Index
and Psychomotor Developmental Index scores than unexposed children. Among low birth weight
infants, significantly higher BSID scores were observed for prenatally ARV-exposed than
unexposed children. Maternal illicit drug use was reported for 17% of mothers but was not
associated with BSID scores.

CONCLUSIONS—Mental and motor functioning scores were not lower for infants with in utero
ARV exposure compared with no exposure. Although these results are reassuring, continued
evaluation of uninfected children with in utero ARV exposure for long-term adverse outcomes is
important.
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Antiretroviral (ARV) drugs are routinely provided to HIV-infected pregnant women to
prevent HIV mother-to-child transmission (MTCT) and have dramatically reduced MTCT in
the United States and other developed countries.1-4 In particular, use of zidovudine (ZDV)
during pregnancy, intrapartum ZDV treatment, and short-term neonatal treatment was
demonstrated by the AIDS Clinical Trials Group 076 study to reduce perinatal transmission
from 25% to 8%.1 Treatment with highly active antiretroviral therapy (HAART) in resource-
rich countries has further reduced transmission to <2%.2-4 Perinatal HIV prevention
programs are now implemented in many countries across the world, making in utero ARV
exposure and its potential consequences a global issue. Since 1998, the US Public Health
Service has recommended the use of combination ARV to prevent MTCT of HIV.5 Despite
the clear successes of these programs in reducing transmission rates, concern remains
regarding possible adverse consequences of prenatal exposure, given that many ARV drugs
readily cross the placenta and some have demonstrated mutagenic and carcinogenic effects
in animal studies.6-8

In response to such concerns, a number of studies have been conducted to evaluate whether
congenital malformations, cancer, growth delay, neurodevelopmental problems, hematologic
and lactic acid abnormalities, and potential mitochondrial toxicity could be associated with
prenatal ARV exposure in infants who are born to HIV-infected mothers. These studies have
generally provided reassuring support for the safety of perinatal regimens,9,10 showing little
evidence of increased risk for congenital malformations,10-12 early childhood cancers,9,13,14

or growth abnormalities.15,16 Several studies have shown that in utero ARV exposure
(particularly to combination ARV agents) may be associated with mild but persistent
hematologic abnormalities in lymphocytes or neutrophil populations.17-20 The evidence
regarding mitochondrial toxicity in HIV-exposed and ARV-exposed children remains
equivocal; some studies support a lack of association of mitochondrial dysfunction with
perinatal ARV exposure in uninfected infants,9-11,21-26 whereas others suggest potential
associations with nucleoside reverse transcriptase inhibitors (NRTIs), particularly
combinations such as ZDV plus lamivudine (3TC).27-30

Few studies have evaluated the effects of prenatal ARV exposure on neurodevelopment in
uninfected children. An evaluation of children who were enrolled in the Women and Infants
Transmission Study (WITS) compared declines in cognitive and motor functioning between
114 HIV-infected versus 481 HIV-exposed children and found significantly higher risk for
decline in the HIV-infected children31; however, this study did not address the impact of
maternal ARV exposure. An evaluation of the Pediatric AIDS Clinical Trials Group
(PACTG) 219/219C cohort compared changes in neurodevelopmental functioning in HIV-
infected children who were treated with protease inhibitors with those of uninfected
children.32 Investigators observed no effect of prenatal ARV exposure on cognitive and
motor functioning in uninfected children who were younger than 1 year but did not adjust
for any potential confounders. One study examined the effect of in utero exposure to
HAART on cognitive functioning of HIV-uninfected children.33 A significant difference
was observed in mean mental development scores in 39 HIV-uninfected children who were
exposed to HAART compared with 24 control children from an ongoing hepatitis C study;
however, after adjustment for maternal substance use, the difference in average mental
scores was not statistically significant. Adjustment for other potential confounders was not
possible because of the small study size.
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We studied neurodevelopmental function in 1840 HIV-exposed uninfected children who
were enrolled in PACTG 219/219C, a multisite, prospective, cohort study. Our assessment
compared mental and motor development scores between those with and without maternal
ARV exposure, controlling for many factors that are associated with cognitive functioning,
including primary language, race/ethnicity, birth weight, and caregiver characteristics. We
also conducted sensitivity analyses to evaluate the timing and duration of prenatal ARV
exposure and specific regimens of interest and their association with neurodevelopmental
function.

METHODS
This study was based on data collected as part of the PACTG 219 and 219C cohort studies,
which enrolled children in the United States with HIV infection or perinatal HIV exposure
between 1993 and 2006. PACTG 219 was initiated to study long-term effects of in utero
ARV exposure and complications of HIV infection in children who were co-enrolled in
another PACTG treatment trial or whose mother participated in a PACTG perinatal
treatment trial. A revised version, PACTG 219C, opened in 2000 and extended enrollment
to any youth who was aged ≤21 and had HIV infection or perinatal HIV exposure. Children
and adolescents were enrolled at >80 participating sites across the United States, including
Puerto Rico. The study protocol was reviewed and approved by the institutional review
board at each participating site, and written informed consent was obtained from each child's
parent/guardian. The study closed to follow-up in May 2007; additional details of study
conduct have been previously reported.34,35

Our analysis focused on children who were perinatally HIV-exposed but uninfected and who
had at least 1 neurodevelopmental functioning test by using the Bayley Scales of Infant
Development (BSID). At the time of enrollment into PACTG 219/219C, clinical records
were abstracted to obtain medical and clinical histories. ARV exposure information was
collected during pregnancy or within the first years of life (75% enrolled before age 1 and
90% before age 18 months) and was supplemented with data collected in other PACTG
studies (primarily perinatal protocols 076, 185, and 316). Maternal HIV RNA levels during
pregnancy were not collected in 219/219C but were obtained from these perinatal protocols
when available.

Neurodevelopmental functioning in children up to 3 years of age was assessed by using the
BSID I36; the BSID II replaced the BSID I study-wide in March 1996, after being revised by
test developers to address both changes in theory and developmental research and the
upward shifts in scores.37,38 BSID were scheduled to be administered as study-required
assessments by trained psychologists according to standardized procedures every 6 months
until 36 months of age in PACTG 219 and at 6, 12, 24, and 36 months of age in PACTG
219C. Our analysis included the BSID test conducted closest to 24 months of age. Floor-
adjusted scaled scores were used, and results that were judged invalid by the site
psychologist and confirmed invalid after review by team psychologists were excluded. The
Mental Developmental Index (MDI) and the Psychomotor Developmental Index (PDI) were
used to measure general functioning in mental and motor skills, respectively. The MDI and
PDI are well-established measures that are standardized to have a mean 100 and an SD 16
(BSID I)36 or 15 (BSID II).37 Our study of 1840 individuals had 90% power to detect
differences in BSID test scores of ≥4.2 points between exposed and unexposed subjects.

Linear regression methods were used to estimate the association of in utero ARV exposure
on MDI and PDI scores, controlling for demographic factors (age at test, gender, and race/
ethnicity) and potential confounders: test version (BSID I or II), primary language, primary
caregiver, caregiver education level, low birth weight (LBW; >2500 g), and birth year. In
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addition, we controlled for variation on the basis of the size of clinical unit (patient accrual),
geographic location in the United States, and urban/rural location. The effects of ARV and
other covariates on MDI and PDI scores are summarized by using least squares means; these
adjusted means reflect the predicted BSID scores when all other model covariates were set
to their average values. Interactions between in utero ARV exposure and other covariates
were explored to evaluate possible effect modification. Because of the reported decrease in
mean scores for the BSID II as compared with the BSID I test versions,38 along with the
coincident introduction of pro-tease inhibitors,39 we also conducted a stratified analysis by
test version. In addition, subgroup analyses were conducted among the subset of women
with information available on maternal substance use (heroin, cocaine, or other stimulants, n
= 1162) and among those with maternal viral load measurements (n = 936) during
pregnancy.

Comparisons were also conducted of the proportion of children in each group with severe
mental or motor impairment, defined as an MDI or PDI score <70, respectively, both overall
and adjusted for potential confounders by using logistic regression analysis. Analyses were
conducted using SAS 9 (SAS Institute Inc, Cary, NC) and included data submitted as of
November 2006. All P values are 2-sided, and P < .05 was considered statistically
significant.

RESULTS
A total of 2342 uninfected, HIV-exposed infants were enrolled in PACTG 219 or 219C as of
November 2006, 2300 of whom were enrolled within the recommended age range for BSID
I and II testing. Among these 2300 infants, 1910 had at least 1 BSID test reported, and 1840
(96%) of these had both valid test results and known maternal ARV exposure (47 were
judged invalid after review by team psychologists, and 23 were excluded because of missing
ARV exposure). These 1840 infants were born between 1993 and 2006 and included 1694
(92%) children who were exposed and 146 (8%) who were not exposed to ARV in utero.
Demographic characteristics of the study population are summarized in Table 1. Of the 1840
children, 293 (16%) had LBW. Maternal use of heroin, cocaine, or stimulants during
pregnancy was self-reported by 17% of those with information available. Although most
characteristics were similar by exposure status, those with in utero ARV exposure were
more likely to be born after 1994 (89% vs 22%) and to have been assessed by using the
BSID II test (81% vs 21%). There was no significant difference in background
characteristics for those who were excluded because of invalid BSID scores, but the 23 who
were excluded because of missing ARV exposure were less likely to have a biological
parent as caregiver.

Mean MDI and PDI scores are presented in Tables 2 and 3, respectively, both unadjusted
and adjusted for all other covariates in a linear regression model. Overall, unadjusted mean
MDI and PDI scores were significantly lower than the US population norms of 100. After
controlling for confounders, children who were exposed in utero to any ARV agent showed
no decrement in MDI and PDI scores as compared with ARV-unexposed children (adjusted
mean MDI: 94.8 vs 92.2 [P = .07]; PDI: 93.9 vs 93.5 [P = .82]). Significantly higher
adjusted mean MDI and PDI scores were observed among girls, infants of normal birth
weight, and those with more highly educated primary caregivers. In addition, significant
variation in both MDI and PDI scores was observed across clinical sites on the basis of site
size and of geographic and urban location. Significantly lower adjusted MDI and PDI mean
scores were observed in children who were tested with the BSID II as compared with the
BSID I. Significant differences among race/ethnicity groups and according to primary
language were observed for MDI scores but not for PDI scores. Sensitivity analyses for MDI
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and PDI scores excluding the effect of birth weight, which may itself be a result of maternal
ARV exposure, yielded similar conclusions regarding prenatal exposure (Table 4).

Although no overall effect of maternal ARV exposure was observed, adjusted mean MDI
scores were 10 to 12 points higher for ARV-exposed than unexposed among the 293 LBW
infants (P = .01; Table 4, Fig 1), whereas no significant difference was observed among
infants of normal birth weight. No other significant interactions of covariates with maternal
ARV exposure were observed. Separate models fit by BSID test version confirmed results of
the overall analysis (Table 4, Fig 2); adjusted MDI and PDI means were within 2 to 4 points
for ARV-exposed and unexposed children for each version and were not significantly
different.

We also considered several different exposure classifications for maternal ARV, again
adjusting for all other covariates in Table 1; however, none of the classifications suggested
lower MDI or PDI scores with increasing levels of in utero exposure (data not shown). In
particular, we compared infants whose mother received HAART during pregnancy (47%)
with those whose mother received a non-HAART regimen (45%) or were unexposed
prenatally to ARV (8%) and observed no difference in MDI or PDI scores. The non-
HAART regimens (n = 834) included a single NRTI (primarily ZDV; 59%), 2 NRTIs
(15%), and other nonHAART combinations (26%). We addressed the effect of regimens,
including ZDV plus 3TC, and observed higher adjusted MDI scores in those who were
exposed to regimens that contained ZDV + 3TC (57%) than in those who were not exposed
(adjusted MDI means: 95.4 vs 91.9; P = .04) but no difference between those who were
exposed to other ARV regimens (35%) versus unexposed (mean MDI: 94.2 vs 91.9; P = .
16). No difference was observed in adjusted PDI means on the basis of ZDV + 3TC
exposure (adjusted means: 93.7 vs 94.0 vs 93.6 for ZDV + 3TC-containing, other ARV, and
unexposed, respectively).

We found a significant trend of higher mental scores with increasing duration of maternal
ARV exposure, with adjusted mean MDI scores of 92.4, 94.5, 95.3, and 95.9 for infants who
were exposed 0 weeks (9%), 1 to 13 weeks (23%), 13 to 25 weeks (36%), and ≥26 weeks
(32%), respectively (P = .02); however, mean scores were only ~3 points higher for those
who were exposed for ≥26 weeks as compared with unexposed children. Trimester of in
utero exposure could be adequately ascertained for 1614 (88%) infants; mean MDI scores
for children whose mother received a ZDV + 3TC- containing regimen were marginally
higher for second-trimester exposure and significantly higher (~3 points) for third-trimester
exposure, as compared with those who were not exposed during that respective trimester.

Maternal substance use during pregnancy was reported for 17% of mothers with available
information but was not associated with MDI or PDI scores (Table 5). Among the subset of
936 (51%) infants with maternal viral load information available from other PACTG
perinatal treatment trials, there were slightly lower (but not statistically significant) adjusted
MDI scores with increasing viral load, from 93.9 for those with <400 copies per mL to 89.1
for those with >50 000 copies per mL (trend test P = .09), and a parallel significant decline
in adjusted PDI scores (trend test P = .03). In this subset, there was no overall effect of
maternal ARV exposure after adjustment for maternal viral load, but the significant increase
of ~10 points in MDI scores among LBW infants who were exposed to ARV as compared
with unexposed LBW infants was confirmed.

Last, logistic regression models supported a lack of association between in utero ARV
exposure and higher percentages of children with mental or motor impairment (defined by
BSID scores <70). The prevalence of mental impairment was 13% within each exposure
group and for motor functioning was 10% within each group. Multiple logistic regression
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models that adjusted for the covariates described previously suggested a decreased odds of
mental impairment for ARV-exposed versus unexposed infants (odds ratio: 0.50; P = .05)
and no difference in motor impairment rates (odds ratio: 0.85; P = .65).

DISCUSSION
Our study of >1800 children who were born to HIV-infected mothers found no decrement in
neurodevelopmental functioning at 2 years of age associated with in utero exposure to ARV
agents. After adjustment for important covariates that are associated with mental and motor
functioning, similar or slightly higher mean BSID scores were observed among those with
prenatal ARV exposure as compared with those without. These relationships were
maintained even in separate models fit for each BSID test version, which is notable given
the shift in mean scores between these 2 versions.38 These results provide additional support
to previous studies that found no association between early neurodevelopmental functioning
and prenatal ARV exposure and also provide reassurance regarding the safety of in utero
ARV exposure.

Alimenti et al33 observed significantly lower mean MDI scores for 39 HAART-exposed
children as compared with 24 unexposed children and consistently lower scores across a
number of other developmental assessments; however, their study had unexpected
imbalances between their ARV-exposed group and their “control” group in maternal illicit
drug use and other important confounders. A previous analysis of >800 children with the
BSID II test by Lindsey et al32 found no difference in mental and motor functioning
between infants who were younger than 1 year who did or did not have maternal ARV
exposure; however, this was not the primary focus of their evaluation and was not adjusted
for any potential confounders.

High rates of illicit drug use during pregnancy have been reported for HIV-infected women,
40-42 which could pose risks for infant neurodevelopment; however, we did not observe a
relationship between self-reported maternal illicit drug use and cognitive or motor
functioning, which is consistent with findings from a number of other large studies.31,32,40

The WITS found a delay in mental and motor functioning at 4 months of age but not at 24
months among HIV-exposed uninfected children with maternal hard drug exposure.40

Similarly, other evaluations of the WITS data have found no effect of prenatal illicit drug
exposure on mental or motor scores through the first 30 months of life31 or on behavioral
outcomes.42 Previous evaluations of the PACTG 219/219C cohort also identified no effect
of maternal injection drug use on BSID scores.32 However, it is possible that self-reported
maternal substance use in our study is under-reported because of social desirability, fear of
legal consequences, and concerns regarding child custody issues; such underreporting may
attenuate associations.41

Although we observed slightly higher BSID scores for ARV-exposed children after
adjustment for demographic and socioeconomic measures, these differences were small and
may reflect incomplete control for other potential confounders, such as household income
levels and access to prenatal care. We found significantly higher mental functioning among
LBW infants who were prenatally exposed to ARV, which suggests the possibility of greater
access to prenatal care as compared with the ARV-unexposed LBW infants. The additional
advantages of both prenatal and postnatal care may be most dramatic in situations in which
the infant's health is at risk, such as for LBW infants. Such care may include skilled neonatal
attention along with health and nutritional counseling for both infants and their mothers,
which in turn may create a home environment that is conducive to appropriate
neurodevelopment; however, greater access to prenatal care would not be expected for those
who originally were randomly assigned to placebo in AIDS Clinical Trials Group 076,
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which comprised 68% of the unexposed individuals in our analysis. We also observed a
trend suggestive of lower neurodevelopmental functioning with higher maternal viral load,
suggesting the possibility of a cytokine response associated with incompletely controlled
viral load during pregnancy.43

The major strengths of our study are its large size, its prospective nature, and its ability to
control for many potential confounders. In addition, the inclusion of a subgroup of ARV-
unexposed children is a key strength that is unlikely to be repeated in future studies, at least
in high-resource settings; however, the observational nature of the study is a limitation in
that there may be unmeasured confounders, which could lead to biases in estimated effects.
44 Assessment of neurodevelopmental functioning among ARV-exposed uninfected children
as they age into school years is warranted, along with continued monitoring to address the
safety of new ARV agents and combination regimens received by HIV-infected pregnant
women.

WHAT'S KNOWN ON THIS SUBJECT

Two previous studies evaluated the effects of prenatal ARV exposure on
neurodevelopmental functioning in HIV-exposed uninfected infants and found no
association; however, these studies were limited by sample size or lack of adjustment for
potential confounders.

WHAT THIS STUDY ADDS

We evaluated the association of prenatal ARV exposure with neurodevelopmental
functioning in >1800 HIV-exposed uninfected infants, adjusting for many potential
confounders. We found no decrement in functioning of ARV-exposed 2-year-olds,
providing reassurance regarding the safety of in utero ARV exposure.
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ZDV zidovudine

HAART highly active antiretroviral therapy

NRTI nucleoside reverse transcriptase inhibitor

3TC lamivudine

WITS Women and Infants Transmission Study

PACTG Pediatric AIDS Clinical Trials Group

BSID Bayley Scales of Infant Development

MDI Mental Developmental Index

PDI Psychomotor Developmental Index

LBW low birth weight
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FIGURE 1.
MDI and PDI scores overall and by birth weight; estimated least squares means for 1840
HIV-exposed uninfected children in PACTG 219/219C at age 2 years, by exposure to ARV
treatment (ART). Least squares means are adjusted for exact age at test, birth year, gender,
race/ethnicity, type of caregiver, caregiver education level, primary language, region of
country, site size, rural/urban site classification, and BSID test version.
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FIGURE 2.
MDI and PDI scores overall and by BSID test version (I or II); estimated least squares
means for 1840 HIV-exposed uninfected children in PACTG 219/219C at age 2 years, by
exposure to ARV treatment (ART). Least squares means are adjusted for exact age at test,
birth year, gender, race/ethnicity, type of caregiver, caregiver education level, primary
language, birth weight, region of country, site size, and rural/urban site classification.
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TABLE 1

Demographic, Health, and Site Characteristics of 1840 HIV-Exposed Uninfected Study Participants Overall
and by In Utero ARV Exposure

Characteristic All Study
Subjects

(N= 1840)

In Utero ARV Exposure

Exposed
(n = 1694)

Not Exposed
(n = 146)

Female, n (%) 921 (50) 844 (50) 77 (53)

Age at test, median (IQR) 1.8 (1.0–2.0) 1.6 (1.0–2.0) 1.8 (1.5–2.1)

Race/ethnicity, n (%)

 White non-Hispanic and other races 242 (13) 219 (13) 23 (16)

 Black non-Hispanic 1016 (55) 933 (55) 83 (57)

 Hispanic 582 (32) 542 (32) 40 (27)

Non-English primary language, n (%) 485 (26) 454 (27) 31 (21)

Biological parent as primary caregiver, n (%) 1758 (96) 1624 (96) 134 (92)

Education level of primary caregiver, n (%)

 Less than high school 642 (35) 589 (35) 53 (36)

 High school graduate 601 (32) 557 (33) 44 (30)

 Some college/technical school 401 (22) 365 (21) 36 (25)

 College graduate or higher 93 (5) 88 (5) 5 (3)

 Other/unknown 103 (6) 95 (6) 8 (6)

LBW, n (%) 293 (16) 274 (16) 19 (13)

BSID II used, n (%) 1391 (76) 1360 (81) 31 (21)

Child;s year of birth, n (%)

 1991–1994 294 (16) 180 (11) 114 (78)

 1994–2000 817 (44) 804 (47) 13 (9)

 2000–2006 729 (40) 710 (42) 19 (13)

Small Clinical site (<45 accrued infants), n (%) 1034 (56) 936 (55) 98 (67)

Region, n (%)

 Northeast 579 (32) 546 (32) 33 (23)

 South 851 (46) 779 (46) 72 (49)

 Midwest 165 (9) 143 (9) 22 (15)

 West 245 (13) 226 (13) 19 (13)

Urban site (>1 million population), n (%) 1539 (84) 1419 (84) 120 (82)

Maternal substance use (n = 1162), n (%) 202 (17) 171 (16) 31 (27)

Maternal viral load, n (%), copies per mL

 ≤400 362 (39) 350 (42) 12 (13)

 401–5000 272 (29) 229 (27) 43 (46)

 5000–50 000 235 (25) 199 (23) 36 (38)

 >50 000 67 (7) 64 (8) 3 (3)

 Unknown 904 852 52

IQR indicates interquartile range.
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TABLE 2

Unadjusted and Adjusted MDI Scores by ARV Exposure and Other Characteristics

Characteristic n Unadjusted,
Mean ± SD

Least Squares
(Adjusted), Mean

Pa

In utero ARV exposure .070

 Not exposed 146 90.6 ± 18.4 92.2

 Exposed 1694 87.7 ± 16.9 94.8

BSID test version <.001

 BSID I 449 95.4 ± 18.3 100.6

 BSID II 1391 85.5 ± 15.9 86.4

Primary caregiver .580

 Biological parent 1758 87.9 ± 17.0 93.0

 Other adult (foster, adoptive) 82 87.4 ± 17.1 93.9

Primary caregiver education level <.001

 Less than high school 642 86.3 ± 17.2 90.8

 High school graduate/equivalency 601 87.8 ± 16.6 92.0

 Some college/technical school 401 89.2 ± 17.1 93.8

 College graduate 93 93.2 ± 18.6 98.9

 Other education 103 89.1 ± 15.8 92.0

Primary language .009

 English 1355 88.5 ± 17.0 94.8

 Other 485 86.4 ± 17.1 92.2

Gender <.001

 Male 919 86.0 ± 16.5 91.3

 Female 921 89.8 ± 17.4 95.6

Age at time of test, mo <.001

 <9 209 95.5 ± 13.2 101.5

 9–15 393 94.2 ± 12.9 100.0

 15–21 285 88.4 ± 15.2 92.2

 21–27 804 84.0 ± 18.2 88.3

 >27 149 80.7 ± 18.7 85.4

Race/ethnicity <.001

 White Non-Hispanic and other race 242 95.3 ± 17.7 95.7

 Black non-Hispanic 1016 86.5 ± 16.4 91.5

 Hispanic 582 87.4 ± 17.1 93.3

Birth weight <.001

 LBW (<2500 g) 293 82.2 ± 16.9 90.9

 Normal birth weight (>2500 g) 1547 89.0 ± 16.9 96.1

Birth year .019

 1991–1994 294 92.7 ± 17.5 90.8

 1994–2000 817 87.2 ± 17.8 94.7

 2000–2006 729 86.8 ± 15.7 95.0

Region of United States <.001
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Characteristic n Unadjusted,
Mean ± SD

Least Squares
(Adjusted), Mean

Pa

 Midwest 165 92.0 ± 14.5 96.6

 Northeast 579 84.8 ± 17.9 89.0

 South (including Puerto Rico) 851 87.8 ± 16.7 94.0

 West 245 93.1 ± 16.1 94.4

Type of site <.001

 Rural (<1 million population) 301 93.6 ± 15.4 97.0

 Urban 1539 86.8 ± 17.1 90.0

Size of site (total accrual) <.001

 ≤45 subjects 1034 90.6 ± 16.5 96.2

 >45 subjects 806 84.5 ± 17.1 90.8

a
From type III F test of effect in multiple linear regression model, adjusting for all other covariates shown above at their average levels.
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TABLE 3

Unadjusted and Adjusted PDI Scores by ARV Exposure and Other Characteristics

Characteristic n Unadjusted,
Mean ± SD

Least Squares
(Adjusted), Mean

Pa

In utero ARV exposure .820

 Not exposed 146 97.9 ± 20.3 93.5

 Exposed 1694 92.9 ± 16.9 93.9

BSID test version <.001

 BSID I 449 100.3 ± 19.1 98.8

 BSID II 1391 91.0 ± 15.9 88.5

Primary caregiver .090

 Biological parent 1758 93.5 ± 17.4 95.3

 Other adult (foster, adoptive) 82 89.4 ± 17.2 92.1

Primary caregiver education level .040

 Less than high school 642 91.9 ± 18.1 91.9

 High school graduate/equivalency 601 94.0 ± 16.4 94.0

 Some college/technical school 401 94.7 ± 16.7 95.0

 College graduate 93 92.7 ± 16.7 94.1

 Other education 103 93.0 ± 18.3 93.5

Primary language .530

 English 1355 93.2 ± 16.7 93.5

 Other 485 93.4 ± 18.6 94.1

Gender .025

 Male 919 92.5 ± 17.3 92.8

 Female 921 94.1 ± 17.0 94.5

Age at time of test, mo <.001

 <9 209 93.6 ± 15.5 95.1

 9–15 393 95.6 ± 14.9 97.1

 15–21 285 94.3 ± 14.4 93.8

 21–27 804 92.6 ± 18.4 92.8

 >27 149 88.7 ± 21.8 89.7

Race/ethnicity .490

 White Non-Hispanic and other race 242 96.2 ± 16.8 94.7

 Black non-Hispanic 1016 92.8 ± 16.4 93.4

 Hispanic 582 92.9 ± 18.5 93.0

Birth weight <.001

 LBW (<2500 g) 293 88.2 ± 18.4 91.2

 Normal birth weight (>2500 g) 1547 94.3 ± 16.8 96.1

Birth year .450

 1991–1994 294 99.0 ± 20.4 92.5

 1994–2000 817 93.2 ± 17.0 94.4

 2000–2006 729 91.1 ± 15.4 94.1

Region of United States <.001
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Characteristic n Unadjusted,
Mean ± SD

Least Squares
(Adjusted), Mean

Pa

 Midwest 165 93.9 ± 14.2 94.5

 Northeast 579 89.7 ± 17.3 90.2

 South (including Puerto Rico) 851 95.0 ± 17.3 96.5

 West 245 95.4 ± 17.0 93.7

Type of site <.001

 Rural (<1 million population) 301 96.9 ± 16.7 95.7

 Urban 1539 92.6 ± 17.2 91.7

Size of site (total accrual) <.001

 ≤45 subjects 1034 94.5 ± 17.2 95.8

 >45 subjects 806 91.7 ± 17.0 91.6

a
From type III F test of effect in multiple linear regression model, adjusting for all other covariates shown above at their average levels.

Pediatrics. Author manuscript; available in PMC 2010 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Williams et al. Page 19

TA
B

LE
 4

A
dj

us
te

d 
M

D
I 

an
d 

PD
I 

Sc
or

es
 b

y 
A

R
V

 E
xp

os
ur

e 
O

ve
ra

ll,
 b

y 
B

ir
th

 W
ei

gh
t, 

an
d 

on
 th

e 
B

as
is

 o
f 

Se
pa

ra
te

 M
od

el
s 

fo
r 

E
ac

h 
B

SI
D

 T
es

t V
er

si
on

C
ha

ra
ct

er
is

ti
c

n
M

D
I

P
D

I

A
dj

us
te

d
M

ea
na

P
b

A
dj

us
te

d
M

ea
na

P
b

O
ve

ra
ll 

in
 u

te
ro

 A
R

V
 e

xp
os

ur
e

.0
7

.8
2

 
N

ot
 e

xp
os

ed
14

6
92

.2
93

.5

 
E

xp
os

ed
16

94
94

.8
93

.9

M
od

el
 e

xc
lu

di
ng

 a
dj

us
tm

en
t f

or
 b

ir
th

 w
ei

gh
t

 
O

ve
ra

ll 
in

 u
te

ro
 A

R
V

 e
xp

os
ur

e
.0

7
.8

2

 
 

N
ot

 e
xp

os
ed

14
6

93
.8

95
.2

 
 

E
xp

os
ed

16
94

96
.4

95
.5

M
od

el
 in

cl
ud

in
g 

in
te

ra
ct

io
n 

by
 b

ir
th

 w
ei

gh
t

 
L

B
W

 (
<

25
00

 g
)

.0
1

<
.0

1

 
 

N
ot

 e
xp

os
ed

19
82

.8
79

.9

 
 

E
xp

os
ed

27
4

92
.8

92
.3

 
N

or
m

al
 b

ir
th

 w
ei

gh
t (

≥2
50

0 
g)

.7
3

.7
6

 
 

N
ot

 e
xp

os
ed

12
7

95
.9

97
.8

 
 

E
xp

os
ed

14
20

97
.3

96
.3

Se
pa

ra
te

 m
od

el
s 

fo
r 

ea
ch

 B
SI

D
 te

st
 v

er
si

on

 
B

SI
D

 I
.3

1
.3

6

 
 

N
ot

 e
xp

os
ed

11
5

96
.4

10
2.

1

 
 

E
xp

os
ed

33
4

98
.4

10
0.

0

 
B

SI
D

 I
I

.1
3

.1
4

 
 

N
ot

 e
xp

os
ed

31
85

.5
85

.5

 
 

E
xp

os
ed

13
60

89
.3

89
.7

a A
dj

us
te

d 
fo

r 
ag

e,
 b

ir
th

 y
ea

r,
 s

ex
, r

ac
e/

et
hn

ic
ity

, t
yp

e 
of

 c
ar

eg
iv

er
, c

ar
eg

iv
er

 e
du

ca
tio

n 
le

ve
l, 

pr
im

ar
y 

la
ng

ua
ge

, b
ir

th
 w

ei
gh

t (
ex

ce
pt

 w
he

re
 in

di
ca

te
d)

, B
SI

D
 te

st
 v

er
si

on
 (

ex
ce

pt
 in

 s
ep

ar
at

e 
m

od
el

s 
by

ve
rs

io
n)

, r
eg

io
n 

of
 c

ou
nt

ry
, s

ite
 s

iz
e,

 a
nd

 r
ur

al
/u

rb
an

 s
ite

 c
la

ss
if

ic
at

io
n,

 a
ll 

at
 th

e 
le

ve
ls

 s
ho

w
n 

in
 T

ab
le

 1
.

b Fr
om

 F
 te

st
 in

 m
ul

tip
le

 r
eg

re
ss

io
n 

m
od

el
, a

dj
us

tin
g 

fo
r 

al
l o

f 
th

e 
ab

ov
e 

co
va

ri
at

es
.

Pediatrics. Author manuscript; available in PMC 2010 October 7.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Williams et al. Page 20

TA
B

LE
 5

A
dj

us
te

d 
M

D
I 

an
d 

PD
I 

Sc
or

es
 b

y 
A

R
V

 E
xp

os
ur

e 
W

ith
in

 S
ub

se
ts

 W
ith

 M
at

er
na

l V
ir

al
 L

oa
d 

an
d 

M
at

er
na

l S
ub

st
an

ce
 U

se
 I

nf
or

m
at

io
n

C
ha

ra
ct

er
is

ti
c

n
M

D
I

P
D

I

A
dj

us
te

d
M

ea
na

P
b

A
dj

us
te

d
M

ea
na

P
b

A
m

on
g 

th
os

e 
w

ith
 m

at
er

na
l s

ub
st

an
ce

 u
se

 d
at

a 
(n

 =
 1

16
2)

 
In

 u
te

ro
 A

R
V

 e
xp

os
ur

e
.4

6
.3

2

 
 

N
ot

 e
xp

os
ed

11
6

92
.6

95
.3

 
 

E
xp

os
ed

10
46

93
.9

93
.3

 
M

at
er

na
l s

ub
st

an
ce

 u
se

.6
9

.9
4

 
 

Y
es

20
2

93
.0

94
.3

 
 

N
o

96
0

93
.5

94
.4

A
m

on
g 

th
os

e 
w

ith
 m

at
er

na
l v

ir
al

 lo
ad

 d
at

a 
(n

 =
 9

36
)

 
In

 u
te

ro
 A

R
V

 e
xp

os
ur

e
.8

3
.1

3

 
 

N
ot

 e
xp

os
ed

94
91

.8
92

.6

 
 

E
xp

os
ed

84
2

92
.2

89
.0

 
M

at
er

na
l v

ir
al

 lo
ad

, c
op

ie
s 

pe
r 

m
L

.1
2

.0
6

 
 

≤4
00

36
2

93
.9

93
.5

 
 

40
1–

50
00

27
2

92
.0

91
.0

 
 

50
00

–5
0 

00
0

23
5

93
.0

91
.6

 
 

>
50

 0
00

67
89

.1
87

.1

a A
dj

us
te

d 
fo

r 
ag

e,
 b

ir
th

 y
ea

r,
 g

en
de

r,
 r

ac
e/

et
hn

ic
ity

, t
yp

e 
of

 c
ar

eg
iv

er
, c

ar
eg

iv
er

 e
du

ca
tio

n 
le

ve
l, 

pr
im

ar
y 

la
ng

ua
ge

, b
ir

th
 w

ei
gh

t, 
B

SI
D

 te
st

 v
er

si
on

, r
eg

io
n 

of
 c

ou
nt

ry
, s

ite
 s

iz
e,

 a
nd

 r
ur

al
/u

rb
an

 s
ite

cl
as

si
fi

ca
tio

n,
 a

ll 
at

 th
e 

le
ve

ls
 s

ho
w

n 
in

 T
ab

le
 1

.

b Fr
om

 F
 te

st
 in

 m
ul

tip
le

 r
eg

re
ss

io
n 

m
od

el
, a

dj
us

tin
g 

fo
r 

al
l o

f 
th

e 
ab

ov
e 

co
va

ri
at

es
; f

or
 m

at
er

na
l v

ir
al

 lo
ad

, f
ro

m
 tr

en
d 

te
st

 o
f 

de
cr

ea
si

ng
 s

co
re

s 
w

ith
 in

cr
ea

si
ng

 v
ir

al
 lo

ad
.

Pediatrics. Author manuscript; available in PMC 2010 October 7.


