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Abstract

Background—Use of antiretroviral (ARV) drugs during pregnancy has been associated with an 

increased risk of birth defects, but the evidence remains inconclusive.

Methods—We identified infants born to human immunodeficiency virus (HIV)-infected mothers 

between 1994 and 2009 using Tennessee Medicaid data linked to vital records. Maternal HIV 

status was based on diagnosis codes, prescriptions for ARVs, and HIV-related laboratory testing. 

ARV exposure was identified from pharmacy claims. Birth defects diagnoses during the first year 

of life were identified from maternal and infant claims, and from vital records, and were 

confirmed through medical record review. Multivariate logistic regression models were used to 

evaluate associations between first trimester ARV dispensing and birth defects.

Results—Of 806 infants included in the study, 32 (4.0%) had at least 1 major birth defect, most 

(44%) in the cardiac system. There was no increased risk for infants exposed in the first trimester 

to ARVs compared to unexposed infants (odds ratio = 1.07; 95% confidence interval (CI): 0.50 – 

2.31). Of the 20 infants exposed to efavirenz (EFV), none had a birth defect (0%; 95% CI: 0.0 – 

13.2).

Conclusions—There was no significant association between first trimester ARV dispensing and 

the risk of birth defects in this Medicaid cohort of HIV positive women.
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More than 3 million human immunodeficiency virus (HIV)-infected women worldwide give 

birth each year [1], and an increasing number conceive while receiving antiretroviral (ARV) 

treatment for their own infection or to prevent mother-to-child transmission (MTCT). Yet, 

the fetal safety of many of the currently approved ARV medications for use in non-pregnant 

adult populations is largely unknown. ARVs are associated with numerous toxicities in both 

adults and children [2, 3], and therefore it seems biologically plausible that they would also 

be toxic to the developing fetus. Until recently, data on the potential teratogenic effect of 

ARVs had mainly been obtained from animal studies [4], case reports [5, 6], and 

surveillance data [7]. Nowadays, we do have the results provided by several cohort studies 

[8–15], but the evidence to date is still limited by differences in the definition and 

ascertainment of cases across the studies and variations in the selection of control groups. 

Moreover, some of the studies included a selective sample of relatively healthy participants. 

Thus, there is a compelling need to have further safety data for the use of ARVs during 

pregnancy, particularly for disadvantaged populations often neglected by volunteered based 

research. Large health care utilization databases are an efficient resource for conducting 

population-based studies with valid reference groups [16–18]. We therefore used data from 

the Tennessee Medicaid Program (TennCare), linked to vital records and supplemented by 

in-depth medical chart reviews, to assess the risk of birth defects after in utero exposure to 

ARVs among infants born to HIV-infected women enrolled in TennCare between 1994 and 

2009. Key elements of the database have been validated and these data have been used to 

conduct several epidemiologic studies of medications in pregnancy [19–22].

METHODS

Study Population

The study source population consisted of all infants, including stillbirths, who were born 

between January 1, 1994 and December 31, 2009 to HIV-infected women enrolled in 

TennCare. We classified a woman as being HIV-infected if she had confirmation of HIV 

infection or ARV use between 365 days prior to her last menstrual period (LMP) and 

delivery. HIV infection was determined based on an algorithm that required codes for HIV 

diagnosis, HIV related laboratory testing (CD4 count or HIV viral load), or prescription 

dispensing for ARVs. We obtained HIV diagnosis codes (International Classification of 

Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes: 042, 043, 044, V08, 

795.8 in years prior to 2007 only, 079.53, or 795.71) and laboratory testing codes (Current 

Procedural Terminology [CPT] codes: 86360, 86361, or 87536) from inpatient and 

outpatient claims; information on ARV prescription dispensing was obtained from pharmacy 

records. A comprehensive review of a random sample of medical charts for the women 

identified as HIV-infected using our algorithm yielded a positive predictive value (PPV) of 

94%.
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Infants were included in our analysis if their mothers had prescription drug coverage from at 

least 30 days before their LMP to delivery. In addition, we also required infants to have been 

enrolled in TennCare within the first 30 days of life and for at least 90 days in order to 

identify most major birth defects [23]. As shown in a previous study, over 90% of infants 

enrolled in TennCare meet this requirement [19]. To maximize case ascertainment for major 

birth defects, we included all claims prior to the first birthday of infants meeting the 

inclusion criteria. We also included multiple pregnancies for a mother if enrollment 

requirements were met. In multiple gestations infants were included independently.

Permission to use TennCare data was obtained from the Tennessee Department of Health 

and the TennCare Bureau. The study was reviewed and approved by Harvard School of 

Public Health and Vanderbilt University institutional review boards.

ARV Exposure

We identified prescriptions for ARVs from the mothers’ Medicaid pharmacy claims. An 

infant was considered to have been exposed in utero to a specific ARV or ARV drug class if 

the mother had at least one prescription dispensing for that ARV from 30 days prior to the 

LMP through delivery. Trimester exposures were also based on at least one prescription 

dispensing during the specific trimester. We defined first trimester as LMP to 90 days 

gestation; second trimester as 91 to 179 days gestation; and third trimester as 180 days to 

delivery. The LMP date was identified from birth certificate files for 82% of pregnancies in 

the study cohort. For 17% of the pregnancies the LMP date and gestational age at birth were 

missing from the birth certificates and we estimated LMP from the birth weight of the infant 

using a validated algorithm based on the birthweight-for-gestational age distribution in the 

TennCare population and accounting for calendar year of birth and maternal race [24]. In 

1% of pregnancies with missing birth weight, we estimated LMP as delivery date minus 270 

days.

All infants were classified according to first trimester maternal ARV use (overall and by 

ARV class), since this is the most etiologically relevant period for birth defects. We also 

classified infants according to use in all three trimesters and identified the trimester in which 

the first ARV prescription occurred (first trimester, second or third trimester, or never 

exposed).

Identification and Classification of Birth Defects

Our outcome of interest was the presence of a confirmed, major birth defect not related to a 

chromosomal anomaly or perinatal conditions associated with prematurity [25, 26]. We used 

a 3-stage process to identify, confirm and classify infants with a birth defect. First we 

utilized ICD-9-CM codes (740 to 759) for birth defects to identify potential cases from 

maternal diagnosis claims (delivery through 90 days postpartum), infant diagnosis claims 

(birth through the first birthday), information from birth certificate checkbox data, fetal 

death certificate (after 20 weeks of gestation), and death certificate causes of death (for 

deaths occurring before the first birthday). Second, to verify and confirm each diagnosis, the 

study research nurses, blinded to ARV exposure, reviewed the medical charts of all potential 

cases and then copied pertinent information to a standardized chart review abstraction form. 
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Two study physicians, also blinded to ARV exposure, independently reviewed all the 

potential cases using a standardized outcome adjudication form to determine the final case 

status and diagnosis of each infant. Case status was classified as either confirmed, or not a 

case. Any ambiguous cases or disagreements were resolved by the two primary investigators 

of the study. We considered all potential defects within the same infant. Finally, to classify 

the confirmed malformations into major versus minor defects, we used the classification 

system outlined in the Metropolitan Atlanta Congenital Defects Program (MACDP) 

guidelines [27]. For all other infants who were not identified as potential cases based on 

ICD-9-CM codes for birth defects, we took a random sample of 50 to also verify and 

confirm that they were true non-cases and found that 49 (98%) had no evidence of a birth 

defect in the medical record; one had postaxial polydactyly.

Study Covariates

Study covariates were chosen based on known risk factors for birth defects and potential 

confounders for their association with ARV use during pregnancy. We obtained information 

on demographic and lifestyle factors from birth certificate files; clinical information came 

from Medicaid inpatient and outpatient diagnosis claims; and information on non-ARV 

prescription dispensing was obtained from Medicaid pharmacy claims.

Statistical Analysis

We compared maternal demographic, reproductive and medical characteristics for infants 

whose mothers received their first ARV prescription dispensing during the first trimester, to 

those with first dispensing in the second or third trimester, and those who were never 

exposed to ARVs in utero. We used the χ2 and Fisher’s exact tests for categorical variables 

and the Wilcoxon test for continuous variables. Unadjusted logistic regression models were 

used to assess the potential risk factors for birth defects. All variables with a 2-sided P-value 

< .10 in the univariable analysis were included in the multivariable logistic regression 

models. We assessed the risk of birth defects according to first trimester exposure to any 

ARV or to specific ARV classes versus no exposure in the first trimester, and then also 

evaluated the risk according to the trimester in which the first ARV prescription dispensing 

occurred. To control for temporal trends of ARV use, we included the calendar year of 

delivery in the final regression models. We also adjusted for maternal age and race 

regardless of whether the variables were significant in the univariable analyses in order to 

account for their reported association with birth defects in past studies [28, 29]. Unadjusted 

and adjusted regression models were fit using generalized estimating equations (GEE) to 

account for clustering of multiple pregnancies in a woman (sibling or multiple gestation 

births) during the study period. Statistical significance was defined as p<0.05. All analyses 

were performed using SAS (version 9.2; SAS Institute, Cary, NC).

Sensitivity analysis

Since neither CD4+ cell count nor viral load are recorded in claims data, in order to assess 

potential differences in maternal HIV disease severity for infants with birth defects 

compared to those without, we obtained information on CD4+ cell count from the medical 

charts of all confirmed major cases and the random sample of 50 non-cases; we did not have 

Phiri et al. Page 4

Pediatr Infect Dis J. Author manuscript; available in PMC 2015 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sufficient information to assess viral load. The laboratory values of CD4+ cell count closest 

to the LMP date were used to compare mean values among cases versus non-cases.

RESULTS

Of the 806 live born infants included in the study, 671 (83%) had maternal ARV 

prescription dispensing during pregnancy. Of these, 221 (33%) had first dispensing in the 

first trimester, and 450 (67%) had first dispensing in the second or third trimester; 135 

infants (17%) were unexposed throughout pregnancy (Table 1). Infants that were exposed to 

ARVs in the first trimester, compared to those exposed only in the second or third trimester 

or not exposed to ARVs in utero, were more likely to have had early maternal prenatal care 

(defined as prenatal care in the first or second trimester). Furthermore, these infants were 

more likely to have mothers with the following characteristics during pregnancy: HIV-

related illnesses, AIDS diagnosis, cotrimoxazole prescriptions in the first trimester and 

prescriptions for non-ARV medications.

We identified 97 potential cases with ICD-9-CM codes for birth defects. From these infants, 

88 (91%) medical charts were found and we confirmed 33 malformations (PPV = 37.5%) 

[Figure 1]. (It should be noted that the low PPV is due to the unrestrictive definition applied 

to define “potential cases”, which was used to maximize sensitivity since we were going to 

conduct a subsequent medical record review to prioritize specificity). For the 9 infants 

whose charts were not found, we classified them as non-malformed since we would expect 

approximately 3 confirmed major malformations based on the PPV. In a sensitivity analysis, 

reclassification of all 9 infants as major cases did not change any of our results. Major birth 

defects were identified in 31 of the 33 infants confirmed to be true cases and 1 infant from 

the 50 potential non-cases, resulting in an overall prevalence of 4.0% (95% CI: 2.6 – 5.3). 

Details of the confirmed major defects for the 32 infants are shown in a Table in the 

Supplemental Digital Content. The two remaining infants from the 33 confirmed to be true 

cases only had minor birth defects - congenital ptosis and atrial septal defect [Figure 1].

There were no statistically significant differences in the risk of birth defects for infants 

exposed to ARVs in the first trimester, overall (OR = 1.07; 95% CI: 0.50 – 2.31) or by drug 

class, compared to those not exposed in the first trimester (Table 2). The prevalence of birth 

defects according to the trimester in which the first ARV prescription occurred was lowest 

among infants who were never exposed in utero (2.2%) compared to those exposed for the 

first time in the first trimester (4.1%) or second/third trimester (4.4%) (Table 3). The odds 

ratio for birth defects for first trimester dispensing compared to never exposed in utero was 

1.90 (95% CI: 0.49 – 7.30). This odds ratio was similar for infants exposed in the second or 

third trimester compared to those never exposed.

For in utero exposure to specific ARVs during the first trimester, the numbers were small 

and the estimates unstable (Table 4). Among the 20 infants who were exposed to efavirenz 

(EFV), none had a birth defect (0%; 95% CI: 0.0–13.2).

Results from the analysis of the association between HIV disease severity and major birth 

defects showed no difference in maternal mean CD4+ cell count for infants with major 
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malformations (461 cells/mm3, N=13 infants) compared to those with no malformations 

(471 cells/mm3, N=27 infants).

DISCUSSION

In this cohort of 806 infants born to HIV-infected women enrolled in Tennessee Medicaid 

between 1994 and 2009, 32 (4.0%) had at least 1 major malformation. There was no 

significant difference in the prevalence of any major malformations between infants who 

were exposed to ARVs in the first trimester compared to those only exposed later in 

pregnancy or those never exposed throughout pregnancy. We found no statistically 

significant association for first trimester exposure to ARVs overall or by drug class and the 

risk of any major malformations.

The prevalence of major malformations in our study population was slightly higher than 

current estimates from the general United States pediatric population (3%) [30] and findings 

from studies conducted among HIV-infected pregnant women in the US and Europe [9, 14], 

including the most recent estimate of 2.9% from the Antiretroviral Pregnancy Registry [7]. 

However, compared to four studies in the US and international cohorts that were published 

in the past two years, the prevalence of birth defects in our study was slightly lower [10–13]. 

These four studies reported overall prevalence that ranged from 4.7% to 6.2%, reflecting 

differences that are likely due to variations in the case definition and ascertainment. For 

example, in the National Institute of Child Health and Human Development (NICHD) 

International Site Development Initiative (NISDI) Study [11] which reported the highest 

overall prevalence of 6.2%, both stillbirths and infants with chromosomal abnormalities 

were included in the case definition, unlike in our study. The Pediatric AIDS Clinical Trials 

Group protocols 219 and 219C (PACTG 219/219C) study [10] had echocardiograms, per 

study protocol, for approximately 30% of the children in their cohort. As the study authors 

noted, this may lead to a prevalence of cardiac defects 5% to 10% higher than that in regular 

clinical practice. While some studies explicitly differentiated major versus minor birth 

defects and reported the numbers for each category, others, for example the International 

Maternal Pediatric Adolescent AIDS Clinical Trials Group protocol P1025 (IMPAACT 

P1025) study [12], did not state whether they made this distinction. This information is 

crucial to compare results across studies. Had our study included both major and minor 

malformations, the reported prevalence would have been 4.2%. Furthermore, the 3-stage 

validation process that we employed prioritized specificity and therefore the validity of our 

relative risk estimates, at the cost of sensitivity. Therefore, our final case number was small 

and could have slightly underestimate the true prevalence of birth defects in our study 

population.

The estimated relative risk of birth defects among those with first trimester exposure to any 

ARVs compared to those unexposed to ARVs during the first trimester in our study (OR= 

1.07; 95% CI: 0.50 – 2.31) was similar to that reported in the PACTG 219/219C study (OR= 

1.10; 95% CI: 0.72 – 1.67) [10]. These findings suggest no or limited teratogenic effect for 

ARVs overall. However, a few studies did find an association between exposure to 

individual ARVs and risk of birth defects [10, 12, 14]. Of note, the PACTG 219/219C [10] 

and the IMPAACT P1025 [12] were the first population-based studies to find an association 
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between EFV and birth defects, although EFV has been classified as FDA pregnancy 

category D (positive evidence of risk) since 2005 based on evidence from multiple case 

reports and results from animal studies [31]. Among the 20 infants with first trimester 

exposure to EFV in our study, none had a birth defect.

Our study had several limitations. First, we did not have detailed clinical information on 

maternal HIV disease severity since these are not available in health care utilization 

databases. However, we obtained information on CD4+ cell count from a sample of medical 

charts and found no association with birth defects, suggesting there is not substantial 

confounding by disease severity. Moreover, previous studies with information on maternal 

viral load, a strong indicator for HIV disease severity, did not observe an association 

between this marker and the risk of birth defects [11, 12]. Second, we ascertained first 

trimester ARV exposure based on drug dispensing which could lead to exposure 

misclassification (i.e., filling a prescription does not guarantee that the medication was 

actually taken). Third, given our sample of 806 mother-infant pairs and the low frequency of 

specific malformations (in the order of 1 per 1000 births or lower), we had limited power to 

evaluate specific birth defects. Moreover, given the infrequent use of specific ARV in the 

population, we had limited power to study the safety of specific drugs.

To our knowledge, our study is the first to assess the association between in utero ARV 

exposure and birth defects using electronic health care data, supplemented by in-depth 

medical chart reviews of all potential cases and a subsample of non-cases. The data reflects 

real clinical practice in the US, compared to other studies previously conducted in 

volunteers. While Medicaid recipients represent a disadvantaged, poorer population of the 

country, the program is the single largest source of health care coverage for people living 

with HIV [32] and covers medical expenses for over 40% of all births in the Nation [33]. 

Future studies could combine several similar health care databases, for example Medicaid 

data from different states, to increase the study sample size and power to better define the 

safety boundaries for specific ARVs.

In conclusion, our analysis did not detect an increased risk of birth defects associated with 

first trimester ARV dispensing in a cohort of infants born to HIV-infected women enrolled 

in Medicaid.
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Figure 1. 
Validation and Classification of Malformations
aThis was an infant with neonatal intensive care unit admission found to have an extra 

appendage (ligated in nursery) next to left fifth finger.
bThe 2 minor malformations were: congenital ptosis (1) and atrial septal defect (1)
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Table 1

Characteristics of pregnancies according to maternal timing of earliest ARV prescription dispensing during 

pregnancy (N= 806 infantsa)

Characteristic Timing of the first ARV prescription dispensing P Value

1st Trimester (N = 221) 2nd/3rd Trimester (N = 
450)

No ARV (N = 135)

Year of delivery, no (%) 0.03

 1994 – 1998 35 (16%) 121 (27%) 38 (28%)

 1999 – 2002 76 (34%) 145 (32%) 49 (36%)

 2003 – 2006 70 (32%) 110 (24%) 29 (21%)

 2007 – 2009 40 (18%) 74 (16%) 19 (14%)

Age, median (range) 27 (14 – 43) 25 (15 – 43) 26 (16 – 40) <.0001

Race, no (%) 0.02

 Black 169 (76%) 386 (86%) 113 (84%)

 White 52 (24%) 63 (14%) 22 (22%)

 Other 0 1 0

Education, no (%) 0.38

 ≤12 184 (83%) 387 (86%) 119 (88%)

 >12 37 (17%) 61 (14%) 16 (12%)

Parity, mean (25th – 75th) 2 (1 – 3) 2 (1 – 3) 3 (1 – 4) 0.0016

Trimester prenatal care began, no (%) <.0001

 None 6 (3%) 13 (3%) 28 (22%)

 1st 141 (67%) 239 (55%) 55 (43%)

 2nd 57 (27%) 151 (35%) 31 (24%)

 3rd 7 (3%) 32 (7%) 13 (10%)

Number of prenatal visits among those with at least 
one visit, median (range)

10 (1 – 28) 10 (1– 37) 10 (1 – 21) <.0001

Chronic health diagnosis b, no (%) 62 (28%) 130 (29%) 47 (35%) 0.35

Non-ARV medication use during pregnancy c, no 
(%)

106 (48%) 169 (38%) 28 (21%) <.0001

Possibly HIV-related maternal illnesses d, no (%) 112 (51%) 199 (44%) 28 (21%) <.0001

AIDS diagnosis during pregnancy, no (%) 141 (64%) 209 (46%) 22 (16%) <.0001

Cotrimoxazole use in the 1st trimester, no (%) 65 (29%) 40 (9%) 5 (4%) <.0001

Tobacco use, no (%) 58 (26%) 106 (24%) 38 (28%) 0.49

ARV: antiretroviral.

a
Infants from multiple gestation pregnancies (20 sets of twins) were counted individually even though they share the same pregnancy exposure

b
Chronic health diagnoses (LMP-180 days through delivery) defined as having at least one of the following conditions: epilepsy, sickle cell 

disease, asthma, renal disease, neoplastic disease, cardiac disease, hypertension, cystic fibrosis, substance abuse, alcohol abuse, mental health 
disorders, cerebrovascular disease, obesity, migraine, sexually transmitted infection, or hepatitis

c
Non-ARV medication use during pregnancy (LMP through delivery) defined as having a prescription for at least one of the following: androgens, 

ACE inhibitors, non ACEI-antihypertensive, anticoagulants, anticonvulsants, lithium, anti-infectives, estrogens, GI agents, thyroid agents, vitamin 
A, statins, other drugs, diabetes medications, asthma, neoplastic disease, mental health disorders, or migraine.
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d
Possibly HIV-related illnesses (LMP through delivery) defined as having at least one of the following conditions: pneumocystis pneumonia, 

tuberculosis, Kaposi’s sarcoma, cytomegalovirus infection, toxoplasmosis, HIV encephalopathy, cryptosporidiosis, isosporiasis, histoplasmosis, 
coccidiomycosis, lymphoma, weight loss, mycobacterial infection, nephropathy, cardiomyopathy, or diarrhea
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Table 2

Risk of birth defects according to first trimester dispensing of any ARV or specific ARV class (N= 806 

Infants)

Exposure Group Na Birth Defect (N = 32) % Prevalence Adjusted ORb (95% CI)

Unexposed

Any ARV 585 23 3.9 ref

Exposed

Any ARV 221 9 4.1 1.07 (0.50, 2.31)

 NRTIs 217 9 4.1 1.09 (0.51, 2.34)

 NNRTIs 50 0 0 ---

 PIs 89 5 5.6 1.76 (0.62, 4.94)

ARV: antiretroviral; NRTIs: nucleoside reverse transcriptase inhibitors; NNRTIs: non-nucleoside reverse transcriptase inhibitors; PIs: protease 
inhibitors; OR: odds ratio; CI: confidence interval

a
These are non-mutually exclusive groups

b
Logistic regression models adjusted for calendar year of delivery (categorical), maternal age (continuous) and race (categorical) were utilized.
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Table 4

Prevalence of birth defects according to ARV prescription dispensing during the first trimester (N= 806 

Infants)

Type of Antiretroviral (ARV) Total (%) Exposed

Total (%)with Birth Defect

Adjusted ORa (95% CI)Exposed Unexposed

Any Antiretroviral 221 (27) 9 (4.1) 23 (3.9) 1.07 (0.50, 2.31)

Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 217 (27) 9 (4.2) 23 (3.9) 1.10 (0.51, 2.36)

 Zidovudine (ZDV) b 156 (19) 7 (4.5) 25 (3.9) 1.23 (0.54, 2.82)

 Lamivudine (3TC) c 158 (20) 8 (5.1) 24 (3.7) 1.53 (0.68, 3.41)

 Stavudine (d4T) 31 (4) 0 (0.0) 32 (4.1)

 Emtricitabine (FTC) d 23 (3) 1 (4.3) 31 (4.0) 0.91 (0.08, 10.19)

 Tenofovir (TDF) d 28 (3) 0 (0.0) 32 (4.1)

 Other NRTIs f 57 (7) 4 (7.0) 28 (3.7) 2.11 (0.76, 5.86)

Non-Nucleoside Reverse Transcriptase Inhibitors 
(NNRTIs)

50 (6) 0 (0.0) 32 (4.2)

 Nevirapine (NVP) 34 (4) 0 (0.0) 32 (4.2)

 Efavirenz (EFV) e 20 (2) 0 (0.0) 32 (4.1)

 Other NNRTIs g 0 (0) 0 (0.0) 32 (4.0)

Protease Inhibitors (PIs) 89 (11) 5 (5.6) 27 (3.8) 1.76 (0.64, 4.82)

 Lopinavir/Ritonavir (LPV/RTV) 12 (1) 0 (0.0) 32 (4.0)

 Nelfinavir (NFV) 51 (6) 3 (5.9) 29 (3.8) 1.58 (0.47, 5.31)

 Other PIs h 30 (4) 2 (6.7) 30 (3.9) 2.24 (0.55, 9.16)

OR: odds ratio; CI: confidence interval

a
Logistic regression models adjusted for calendar year of delivery (categorical), maternal age (continuous) and race (categorical) were utilized. 

Some values for adjusted ORs are missing (e.g. all NNRTIs) because there were no exposed infants with birth defects and therefore ORs could not 
be calculated.

b
Includes Combivir and Trizivir

c
Includes Combivir, Epzicom and Trizivir

d
Includes Atripla and Truvada

e
Includes Atripla

f
Abacavir (includes Trizivir), Epzicom, Didanosine, Zalcitabine

g
Delavirdine, Etravirine

h
Amprenavir, Atazanavir, Darunavir, Fosamprenavir, Indinavir, Ritonavir, Saquinavir, Tipranavir

Note 1: 1 infant (with no malformation) was exposed to other ARV class (Maraviroc)
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