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Vertical transmission of HIV has been substantially reduced since antiretroviral medications
(ARVs) were introduced, leading to increasing numbers of HIV-uninfected children who
have been exposed to multiple ARVs.1-3 As efforts to increase ARV coverage to all
pregnant women with HIV reach their full potential in low- to mid-resource countries,
roughly 1.5 million women and their infants may be exposed to ARVs each year.?

ARVs such as nucleoside reverse transcriptase inhibitors (NRTIs) and non-nucleoside
reverse transcriptase inhibitors (NNRTIs) are known to cross the placental barrier.>6 Animal
studies suggest that NRTIs can cause mitochondrial toxicities.”-10 In addition, structural and
functional changes in the central nervous system (CNS) have been found in animal and
human studies, suggesting that the CNS may be an important target of zidovudine (Retrovir;
GlaxoSmithKline, Brentford, Middlesex, UK) or other ARV agents.11-14 Thus, the long-
term effect of ARV exposure on neurodevelopmental functioning has become a particular
area of concern.

Research on the neurodevelopmental functioning of children exposed to ARVs /n utero and
in the neonatal period has focused on infants and very young children, and the results have
been variable. Most studies have not shown a risk for lowered cognitive performance or
behavior problems.3-12 While data from 12-month-old infants in the Surveillance
Monitoring for Antiretroviral Treatment Toxicities (SMARTT) study indicated that ARV
regimens used in pregnancy and the neonatal period are safe overall, some individual
medications were associated with negative effects on infant development.29 Additionally,
the French Perinatal Cohort study reported a higher than expected rate of mitochondrial
dysfunction and developmental delays in infants and children exposed to HIV and ARVs.21
Subsequently, Brogly et al.22 observed an association between third trimester exposure to
zidovudine/lamivudine (Combivir;GlaxoSmithKline, Brentford, Middlesex, UK) and
possible mitochondrial dysfunction, including developmental delays. To date, the impact of
in utero and neonatal ARV exposure on the neurodevelopmental functioning of HIV-
exposed, uninfected school-age children and adolescents has not been studied.23
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The results of studies comparing HIV-infected and HIV-exposed, uninfected children (the
majority of whom were also ARV-exposed) with normative samples have been variable. In a
group of children age 9-16 years, Brackis-Cott et al.24 found that about one-third of HIV-
infected and HIV-exposed, uninfected children fell below the tenth percentile on measures
of word reading and receptive vocabulary. Smith et al.25 in their study of cognitive and
adaptive functioning in HIV-infected and HIV-exposed, uninfected children age 7-16 years
found that overall mean scores fell within the low normal range in both groups. Although
providing important information regarding the impact of HIV on developmental and
cognitive functioning, previous studies of school-age children and adolescents have not
addressed the specific contribution of ARVs prescribed during pregnancy and the neonatal
period to cognitive outcomes. It is important to evaluate individual ARVs because certain
medications or combinations of medications may be more toxic than others to the
developing fetus, but their adverse effects on cognitive, academic, or behavioral outcomes
might not manifest until later in life.

According to Ciaranello et al.,28 many prior studies failed to control adequately for
important maternal/caregiver characteristics relevant to child development such as obstetric
complications, maternal viral load and CD4, pre- and postnatal substance use, psychiatric
health, and socio-economic status.?122:26 |n addition, environmental factors associated with
poverty have been shown to have adverse effects on children's development.27-30 Examining
the factors contributing to developmental, cognitive, or behavioral disturbances that may be
seen in children exposed to HIV and ARVs is crucial to their prevention and treatment.
Therefore, it is important to follow children into later childhood and adolescence to examine
the potential latent effect of their early exposure to ARVS. The current study of HIV-
exposed, uninfected children examines how cognitive outcomes, as well as academic
functioning, relate to prenatal and neonatal ARV exposure, while considering the effects of
important pre- and postnatal influences on development.

Materials and Methods

Participants

Study participants were enrolled in SMARTT, a multisite cohort of HIV-exposed,
uninfected children. SMARTT is designed to evaluate the safety of /n utero and neonatal
exposure to ARVs and is conducted by the Pediatric HIVV/AIDS Cohort Study (PHACS)
network at 22 sites in the United States, including Puerto Rico. SMARTT includes infants
followed from birth (Dynamic cohort) and infants and children enrolled past infancy or in
earlier HIV-related studies (Static cohort). For this study, all children enrolled in the
SMARTT Static cohort (HIVV-exposed) were eligible if they had completed a valid, age-
appropriate measure of cognition and/or academic achievement in English (at ages 5, 7, 9,
11, and/or 13 years) and had information regarding /n utero and neonatal ARV exposure.

The institutional review board at each participating site and at Harvard School of Public
Health approved the study. Children provided assent and parents or legal guardians provided
written informed consent for research participation.

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 November 01.
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Cognitive and academic assessments were administered at protocol-specific time points (+ 3
months of the children's birthdays) and according to standardized procedures by licensed
psychologists or psychometricians under supervision of a licensed psychologist. The
cognitive and academic tests used in this study were only available in English and were
therefore administered only to children who could complete the tests in English.

ARV exposure—Combination ARV regimens (CARV) were defined as any maternal
regimen containing at least three ARVs from at least two drug classes. ARV regimens were
categorized as follows: (1) cARV with protease inhibitor (PI; with or without NNRTI), (2)
cARV with NNRTI (no PI), (3) non-cARV (mono or dual therapy or three or more NRTIS),
and (4) no ARV. Neonatal prophylaxis was defined as use of ARV medications during the
first eight weeks of life, dichotomized into zidovudine monotherapy versus zidovudine with
another ARV.

Cognitive outcomes—Two standardized measures of intelligence were used. The
Wechsler Preschool and Primary Scale of Intelligence--11131 (WPPSI-111) was administered
to 5-year-old children and the Wechsler Abbreviated Scale of Intelligence32 (WASI) to 7-,
9-, 11-, and 13-year-old children. The batteries provide comparable Verbal and Performance
Intelligence Quotients (VIQ and PIQ) with population norm mean = 100 (standard deviation
[SD] = 15). The VIQ and PIQ were the primary measures of cognitive functioning.

Academic outcomes—The Wechsler Individual Achievement Test, Second Edition,
Abbreviated33 (WIAT-II-A) is a standardized measure of academic achievement (mean =
100 [SD = 15]), providing assessment of acquired skills in word reading, spelling, and
written arithmetic. It was administered to children at ages 7, 9, 11, and 13 years of age.

Because of the longitudinal nature of SMARTT, some children had completed both a
WPPSI-II1 and a WASI at the appropriate ages. This analysis included only the first
cognitive and academic assessment for each study participant.

Covariates and potential confounders—Prenatal and postnatal factors that could
serve as potential confounders of the relationship between ARV exposure and cognitive and
academic outcomes were evaluated. Covariates and potential confounders were identified a
prioriand included the following: severity of maternal HIV disease (as measured by first
and last CD4% and viral load prior to delivery), maternal substance use during pregnancy
and at the time of the child's assessment, sexually transmitted infection (STI) during
pregnancy, child's year of birth, sex, and ethnicity, gestational age and birth weight,
household income, and maternal/caregiver variables of education, cognitive and psychiatric
status, and functional limitations. Demographic and maternal health data were obtained
through medical record review and maternal/caregiver interviews at study entry. Maternal/
caregiver cognition was measured at study entry with the WASI, providing a Full Scale 1Q
(FSIQ) score. Maternal/caregiver mental health status was assessed with the Client
Diagnostic Questionnaire34 (CDQ), a screening instrument developed and validated for
populations affected by HIV. The CDQ was administered as a face-to-face interview to
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assess the presence of symptoms of psychiatric illness, including depression, anxiety,
alcohol and illicit substance abuse, post-traumatic stress disorder, and psychosis. Virtually
all of the maternal/caregiver CDQ data (97-99%) were collected within 90 days of the
child's cognitive and academic testing.

Statistical Methods

Results

To evaluate potential selection bias, statistical comparisons of background characteristics for
children included versus not included in the analyses (due to missing or invalid assessments)
were conducted using two-sample t-tests or chi-square tests, as appropriate. Univariate
analyses were performed to evaluate the associations of each of the cognitive and academic
outcomes with the selected covariates and with prenatal and neonatal ARV exposures. For
each outcome, a multivariable general linear model was constructed including all covariates
with p < 0.20 in univariate analyses. The model was further reduced to a core model
containing only the covariates with p < 0.10. Adjusted associations of each outcome with
ARV exposures were estimated with general linear models, controlling for the core model
covariates.

Use of CARV and other ARV regimens during pregnancy was analyzed as follows. Children
with no /n utero ARV exposure were excluded (3-7% within each sample). For the children
exposed to ARVSs in utero, individual ARVs were evaluated by comparing children exposed
to a specific ARV versus children not exposed to that ARV. A separate analysis was
performed to compare the outcomes of children exposed to Pls either boosted or not boosted
with ritonavir to the outcomes of children with no exposure to Pls.

Sensitivity analyses were conducted to adjust for prematurity3® and low birth weight. Since
these birth characteristics could be on the causal pathway between /n utero ARV exposure
and later cognitive or academic functioning, they were not considered in the primary
analyses. Due to the potential for inherent differences among research sites, a sensitivity
analysis was conducted to adjust for site by considering site as a random effect in a mixed
effect model.

Analyses were based on the data collected as of April 1, 2012. SAS Version 9.2 (SAS
Institute Inc., Cary, NC) was used to conduct all statistical analyses. Two-sided p-values <
0.05 were considered statistically significant. Because SMARTT is a safety study, no
correction for multiple comparisons was made to minimize the Type Il error rate (the
probability of failing to detect true associations), thus the findings warrant confirmation in
future studies.

Participant Characteristics

A total of 739 children with HIV-exposure /n utero had completed at least one Wechsler test
and were considered eligible for this analysis (Figure 1). The numbers of assessments were:
WPPSI-III (n = 369), WASI (n = 452), and WIAT-II-A (n = 451). Some children (n = 216)
were considered ineligible for the analyses because they had a study visit at which one or
more Wechsler tests were expected to be administered but were not. The reasons for this

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 November 01.
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were primarily that the test could not be completed in English, lack of time, or scheduling
problems. Of the eligible assessments, three WPPSI-111s were confirmed invalid and
excluded from the analysis. In addition, 83 children who completed both a WPPSI-I11 and a
WASI test were excluded from the sample for WASI analysis, since this analysis used only
the first cognitive assessment for each child. Of the children with a valid cognitive or
academic assessment, 26 additional children without available prenatal ARV data were
excluded, as follows: WPPSI-I1I, n =5 (1.4%); WASI, n =9 (2.4%); and WIAT-1I-A, n =12
(2.7%). The final sample size for analysis was WPPSI-III, n = 361; WASI, n = 360; and
WIAT-1I-A, n = 439. There were some significant differences in demographic
characteristics between children who were included in the analyses versus those who were
not included. For all three outcomes, the differences were associated primarily with the
child's race, ethnicity, and primary language (p < 0.001).

Several of the demographic characteristics of the sample included in this study (Table 1) are
of note. The proportion of pre-term births (< 37 weeks) ranged from 17-21% and low birth
weight (< 2500 grams), 18-20%. Additionally, 59-69% of the children lived in households
with < $20,000 annual income. Approximately one third of the caregivers had less than a
high school education, and 9-10% had a FSIQ of < 70.

ARV Exposures

Among the WPPSI-111 sample, 97% of children were exposed /n uteroto some type of ARV;
81% were exposed to CARV and 66% to a Pl-containing CARYV regimen. In the WASI
sample, 93% were exposed in uteroto some type of ARV; 60% to cARV and 45% to a PI-
containing CARV regimen. In the WIAT-II-A sample, 94% were exposed /in uteroto some
type of ARV; 63% to cCARV and 47% to a PI-containing CARYV regimen. Regarding neonatal
prophylaxis, 91% of the WPPSI-111 sample, 86% of the WASI sample, and 87% of the
WIAT-11-A sample were exposed to zidovudine alone. In each sample, only 1% received no
neonatal ARV prophylaxis.

Cognitive and Academic Outcomes

Unadjusted WPPSI-111, WASI, and WIAT-11-A scores are presented in Figure 2. The mean
scores were significantly below population norms (p = 0.01 to p < 0.001) with the exception
of the WASI VIQ (p = 0.48), yet these mean scores (ranging from 93 to 99) still fell within
the expected range for the children's ages.

Associations of Cognitive and Academic Outcomes with ARV Exposure

By prenatal ARV regimen—Table 2 presents the adjusted mean cognitive and academic
scores for each prenatal ARV regimen. The means were adjusted for the core confounders
shown in the table note. No significant differences in adjusted mean scores were observed
between the groups exposed prenatally to cARV versus non-cARV regimens. There were no
significant differences in mean scores for any cognitive or academic outcome when
comparing NNRTI-based cARV regimens and non-cARV regimens with Pl-based cCARV
regimens. No significant differences were found when comparing outcomes for children not
exposed to any Pl with those exposed to boosted or non-boosted Pls. In addition, no
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significant associations were observed between the cumulative duration (in months) of
prenatal cARV exposure and cognitive and academic outcomes.

By prenatal exposure toindividual ARVs—No individual ARV was associated with
significantly lower mean cognitive or academic outcomes. However, prenatal exposure to
regimens containing tenofovir (Viread; Gilead Sciences, Inc., Foster City, CA) was
associated with higher mean WPPSI-I11 PIQ scores compared to regimens without tenofovir
(100.8 versus 96.1, p = 0.03) (Table 3).

By neonatal exposure—The majority of children received zidovudine alone; only 46
(13%) and 52 (12%) of the WASI and WIAT-11-A samples, respectively, were exposed to
combination neonatal prophylaxis. Children who received zidovudine in combination with
another ARV during the first eight weeks of life had significantly higher WASI VIQ and
WIAT-11-A Word Reading and Spelling scores (by 6.4 to 8.3 points) as compared to
children who received zidovudine alone.

Sensitivity Analyses

Sensitivity analyses including prematurity and low birth weight in the adjusted models
resulted in similar adjusted effects of ARV regimen, cCARV exposure, individual ARVSs, and
neonatal prophylaxis on cognitive and academic outcomes. A significant association of /n
utero exposure to zidovudine or to zidovudine/lamivudine (Combivir; GlaxoSmithKline,
Brentford, Middlesex, UK) with lower WPPSI-111 VIQ was observed; these findings were
not observed in the primary analysis.

The results of sensitivity analyses including research site in the adjusted models were similar
to the results of the primary analyses. The significant association of tenofovir with higher
WPPSI-I11 P1Q was attenuated. Exposure to didanosine (Videx; Bristol-Myers Squibb, New
York, NY) was significantly associated with lower WASI VIQ); this result was not observed
in the primary analysis.

Discussion

The results of the present study indicated that mean scores for the cognitive and academic
outcomes in this sample of HIV-exposed children, age 5-13 years fell slightly below the
average range. There were no significant associations between any ARV regimen or drug
class and any cognitive or academic outcome. In addition, no individual ARV drug was
associated with significantly lower cognitive or academic outcomes. Overall, these results
support the safety of ARV use during pregnancy and the neonatal period and increase our
knowledge regarding the long-term effects of /n utero and neonatal ARV exposure on the
cognitive and academic functioning of HIV-exposed, uninfected school-age children.

The present study found no differences in verbal intelligence when comparing school-aged
children with and without atazanavir (Reyataz; Bristol-Myers Squibb, New York, NY)
exposure, contrary to earlier analyses of SMARTT data by Sirois et al.20 and Rice et al.36
that found small but significant negative associations between atazanavir exposure and
language development in infants at one and two years of age. Atazanavir is a relatively new

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 November 01.
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ARV approved for use during pregnancy; the cohorts of infants and young children in the
earlier studies were more likely to have been exposed to atazanavir than the cohort of
school-age children in the present study. The finding of no difference in our study may
therefore be due to the small number of children with atazanavir exposure. This question
should be further examined in future studies.

Children in this study with /n utero tenofovir exposure attained higher mean WPPSI-I11 PIQ
scores and those exposed to combination neonatal prophylaxis obtained higher WASI VIQ
and WIAT-11-A Word Reading and Spelling scores. While the finding regarding P1Q
suggests a possible relative protective effect of tenofovir exposure, it should be interpreted
with caution, given the multiple comparisons included in the analysis. In addition, although
we controlled for maternal health factors during pregnancy and socioeconomic factors that
may have predicted maternal use of specific ARV regimens or individual ARV drugs, as
well as receipt of combination prophylaxis in infants, these findings could be at least
partially attributable to residual confounding from unmeasured or imperfectly measured
factors.

In the general population, many variables have been found to affect cognitive and academic
functioning, specifically, maternal cognitive status, prematurity, small for gestational age
and household income.37-39 This study of children with /7 utero HIV exposure corroborated
the findings of previous research. Our study participants were more likely to live in low
income households, with mothers or caregivers whose mean cognitive scores fell below
average. Prenatal alcohol exposure was significantly associated with several of the
outcomes. Although we could reasonably have expected that HIV and ARV exposure, in
addition to these factors, might have been associated with even lower scores, this was not
seen in the present study and is an encouraging finding. Thus, while prenatal HIV and ARV
exposure may be important factors to consider, this study highlights the significant influence
of other biological and environmental factors on development of children exposed to HIV.

The strengths of this study included the large sample of children with perinatal HIV and
ARV exposure and valid cognitive and academic data. The study included detailed
information concerning maternal immunologic status, ARV history during pregnancy, and
duration of ARV use. Detailed information about the children's birth history and exposure to
ARVs in the neonatal period and other relevant confounders was also included.

The generalizability of our results may be limited by demographic differences between the
children included versus not included in the analyses. The requirement for fluency in
English limited the number of Spanish-speaking children who completed the assessments for
this study. Although there was a significant difference between the children included and not
included in the WPPSI-111 sample with respect to their exposures to CARV in utero, the
proportion of children with prenatal exposure to cARV was high in both groups; thus, the
difference was unlikely to affect study conclusions. Additionally, we did not have
information on maternal adherence to ARV regimens and the analyses did not include all
possible combinations of ARVs, thus limiting our ability to detect potential effects of any
specific combination.

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 November 01.
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In conclusion, these results support the safety of ARV use during pregnancy and the
neonatal period with respect to later cognitive and academic outcomes in school-aged
children. As access to ARVs to prevent mother-to-child transmission increases across the
globe, it is anticipated that an increasing number of children will experience /n utero ARV
exposure. Thus, it is critical that more information be obtained on the potential short- and
long-term toxicities of such exposures on the child. New drugs and combinations of drugs
continue to become available and will be used during pregnancy for treatment of women
with HIV. Therefore, continued follow-up studies of HIV- and ARV-exposed youth are
critical to monitor for potential neurobehavioral consequences of such exposure and to help
determine if there are optimal approaches to choice of ARV drug regimens during
pregnancy.
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Abbreviations

ARV antiretroviral medication

cARV combination antiretroviral regimen

CDQ Client Diagnostic Questionnaire

CNS central nervous system

FSIQ Full Scale Intelligence Quotient

HIV human immunodeficiency virus

NNRTI non-nucleoside reverse transcriptase inhibitor
NRTI nucleoside reverse transcriptase inhibitor

Pl protease inhibitor

SGA small for gestational age

SMARTT Surveillance Monitoring for ART Toxicities
STI sexually transmitted infection
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Viral load
WASI
WIAT-II-A
WPPSI-II
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HIV RNA plasma level (copies/mL)
Wechsler Abbreviated Scale of Intelligence
Wechsler Individual Achievement Test, Second Edition, Abbreviated

Wechsler Preschool and Primary Scale of Intelligence, Third Edition
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Completed a cognitive and/or academic evaluation as
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Figure 1. Derivation of study samples
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Figure 2. Unadjusted mean cognitive and academic scores with 95% confidence limits
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Demographic Characteristics Among Children Who Completed a Cognitive or Academic

Assessment

Characteristic
Male sex
Black race
Hispanic ethnicity
Birth year
1995 - 1999
2000 - 2001
2002 - 2003
2004 - 2005
2006 - 2007
Primary language of child is English
Number of people in home (excluding child)
1-2
3-4
5 or more
Preterm (gestational age < 37 weeks)
Birth weight < 2500 g
Caregiver identity: biological parent
Primary language of caregiver is English
Maternal age at delivery = 35
Annual household income
< $20,000
$20,000 — 40,000
> $40,000
Caregiver education less than high school
Single parent
Number of caregiver functional limitations
0
1-2
3 or more
Caregiver: any psychiatric diagnosis
Caregiver: any postnatal substance abuse disorder
Maternal alcohol use during pregnancy
Maternal tobacco use during pregnancy
Maternal illicit drug use during pregnancy
Caregiver FSIQ, Mean (SD)
Caregiver FSIQ < 85
Caregiver FSIQ <70

Any obstetric complication

WPPSI-III (n = 361)
176 (49%)
262 (75%)
91 (25%)

0 (0%)
0 (0%)
108 (30%)
152 (42%)
101 (28%)
319 (88%)

104 (29%)
177 (50%)
76 (21%)
73 (21%)
72 (20%)
342 (96%)
265 (74%)
53 (15%)

234 (69%)
81 (24%)
25 (7%)
113 (32%)
176 (49%)

202 (59%)
79 (23%)
59 (17%)
115 (34%)
34 (10%)
20 (6%)
74 (23%)
31 (10%)
86.3 (13.1)
135 (46%)
28 (9%)
206 (59%)

WASI (n = 360)
188 (52%)
270 (77%)
69 (19%)

157 (44%)
144 (40%)
59 (16%)
0 (0%)
0 (0%)
330 (92%)

103 (29%)
188 (52%)
68 (19%)
59 (17%)
66 (18%)
327 (91%)
289 (81%)
47 (14%)

205 (59%)
100 (29%)
45 (13%)
121 (34%)
195 (54%)

210 (61%)
90 (26%)
43 (13%)
95 (29%)

19 (6%)
17 (6%)
49 (16%)
23 (8%)

86.1 (13.6)

145 (49%)
27 (9%)
193 (56%)

WIAT-11-A (n = 439)
221 (50%)
331 (77%)
87 (20%)

156 (35%)
143 (33%)
140 (32%)
0 (0%)
0 (0%)
408 (93%)

131 (30%)
229 (52%)
77 (18%)
76 (18%)
82 (19%)
398 (91%)
354 (81%)
57 (14%)

259 (61%)
114 (27%)
54 (13%)
149 (34%)
235 (54%)

252 (60%)
115 (27%)
54 (13%)
122 (30%)
34 (9%)
23 (6%)
70 (19%)
29 (8%)
86.1 (13.7)
175 (48%)
36 (10%)
236 (56%)
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Characteristic WPPSI-111 (n=361) WASI (n=360) WIAT-11-A (n = 439)
Sexually transmitted infection (STI) during pregnancy 129 (38%) 116 (34%) 145 (35%)
First CD4% during pregnancy < 25% 145 (45%) 120 (41%) 161 (44%)
Last CD4% prior to delivery < 25% 93 (29%) 93 (32%) 114 (32%)
First viral load during pregnancy > 400 199 (60%) 195 (72%) 241 (70%)
Last viral load prior to delivery > 400 62 (19%) 86 (33%) 104 (32%)

Participants with missing data were excluded from the relevant calculations, as follows. WPPSI-III: race (12), ethnicity (1), number of people in
home (4), prematurity (10), birth weight (2), caregiver identity (4), caregiver primary language (4), maternal age at delivery (4), household income
(21), caregiver education (4), single parent (4), number of caregiver functional limitations (21), caregiver psychiatric disorder (22), caregiver
postnatal substance abuse disorders (30), alcohol/tobacco/illicit substance use during pregnancy (37), caregiver FSIQ (66), obstetrical
complications (11), STI during pregnancy (21), first /last CD4% during pregnancy (38), first/last RNA during pregnancy (29). WASI: race (9),
number of people in home (1), prematurity (7), birth weight (1), caregiver identity (1), caregiver primary language (1), maternal age at delivery
(11), household income (10), caregiver education (1), single parent (1), number of caregiver functional limitations (17), caregiver psychiatric
disorder (31), caregiver postnatal substance abuse disorders (38), alcohol/tobaccol/illicit substance use during pregnancy (62), caregiver FSIQ (64),
obstetrical complications (15), STD during pregnancy (23), first /last CD4% during pregnancy (67), first/last RNA during pregnancy (90). WIAT-
1I-A: race (10), number of people in home (2), prematurity (13), birth weight (2), caregiver identity (2), caregiver primary language (1), maternal
age at delivery (14), household income (12), caregiver education (1), single parent (1), number of caregiver functional limitations (18), caregiver
psychiatric disorder (31), caregiver postnatal substance abuse disorders (39), alcohol/tobaccofillicit substance use during pregnancy (71), caregiver
FSIQ (73), obstetrical complications (17), STD during pregnancy (29), first/last CD4% during pregnancy (75), first/last RNA during pregnancy
97).
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