
Comparative Safety of Antiretroviral Drugs to Treat 
HIV During Pregnancy

Citation
Rough, Kathryn. 2017. Comparative Safety of Antiretroviral Drugs to Treat HIV During Pregnancy. 
Doctoral dissertation, Harvard T.H. Chan School of Public Health.

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:34214169

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:34214169
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Comparative%20Safety%20of%20Antiretroviral%20Drugs%20to%20Treat%20HIV%20During%20Pregnancy&community=1/4454687&collection=1/13398961&owningCollection1/13398961&harvardAuthors=fb9950bb6afc8b4ff7324e3f78b090e9&department
https://dash.harvard.edu/pages/accessibility


 

 
 

 

 

Comparative Safety of Antiretroviral Drugs to Treat HIV During Pregnancy 

Kathryn Rough 

 

A Dissertation Submitted to the Faculty of 

The Harvard T.H. Chan School of Public Health 

in Partial Fulfillment of the Requirements 

for the Degree of Doctor of Science 

in the Department of Epidemiology 

Harvard University 

Boston, Massachusetts 

March 2017 

 



 

ii 
 

Dissertation Advisor: Dr. George R. Seage III       Kathryn Rough 

Comparative Safety of Antiretroviral Drugs to Treat HIV During Pregnancy 

Abstract 

Each year, nearly 1.5 million women with HIV become pregnant, and require antiretroviral 

treatment to reduce risk of perinatal transmission of the virus and improve their own health.  The safety of 

currently approved antiretroviral medications for the fetus is largely unknown; recommendations about 

preferred regimens during pregnancy are often based on a small body of clinical safety data, expert 

opinion, and programmatic considerations, including regimen harmonization across sub-populations.	 

 

Therefore, there is a public health need to identify the specific antiretroviral drugs and 

combinations of drugs that are safest for use during pregnancy.  Across the papers that comprise this 

Dissertation, we apply different epidemiological methods to observational data sources in order to provide 

information on clinically-motivated questions.  

 

In Chapter II, we used descriptive statistics to explore how substance use, one important risk 

factor for adverse infant birth outcomes, changed over time among pregnant women with HIV in the US.  

We found that substance use in this population dramatically decreased from 1990 to 2012, and that 

substance use had correlations with treatment, which means it may act as an important confounder in 

subsequent antiretroviral safety studies.  

 

In Chapter III, we further investigated the relationship between specific antiretroviral regimens 

and adverse birth outcomes, providing information on safety questions raised by a recent clinical trial.  

Pooling data from two prospective cohorts, we compared three antiretroviral regimens and concluded that 

the use of tenofovir with protease inhibitors not including lopinavir/ritonavir do not increase adverse birth 

outcomes.  
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In Chapter IV, we examined the relationship between first trimester use of the antiretroviral 

zidovudine and congenital malformations.  We summarized results of published studies using a 

systematic review and meta-analysis, and used Bayesian methods to incorporate this information with 

new data from Medicaid.  We concluded that there appears to be a link between first trimester zidovudine 

use and increased risk of male genital malformations. 

 

We hope that the research undertaken in this Dissertation will substantially contribute to the 

growing body of antiretroviral safety information available to women with HIV and their clinicians, 

ultimately allowing them to make more well-informed treatment decisions 
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Chapter 1. Introduction 

 

Of the nearly 37 million people living with HIV (human immunodeficiency virus) worldwide,1 nearly 1.5 

women with HIV become pregnant each year,2 including an estimated 8,700 women in the United States 

(US).3,4 Pregnant women with HIV require treatment with antiretroviral drugs for two reasons: (1) to 

improve their own health and (2) to prevent transmission of HIV to their infant. 

 

Antiretroviral treatment for HIV is essential for individual patient health; untreated HIV infection leads to 

deterioration of the immune system, opportunistic infections, Acquired Immunodeficiency Syndrome 

(AIDS), and eventually death.5 The current standard of care for HIV, combination antiretroviral therapy 

(cART), is a multi-drug cocktail comprised of medications from different drug classes. The drugs in 

cART regimens work together to suppress viral growth and replication, leading to increased survival and 

reduced risk of transmission to others.6–9  

 

Treatment of HIV with cART during pregnancy substantially reduces the risk of perinatal transmission of 

the virus.  Over the past two decades, increasing use of cART regimens to treat HIV infection have 

resulted in dramatic benefits for maternal and infant health. In the US, the number of children born with 

HIV infection decreased by an order of magnitude, from approximately 1,750 in mid-1990s10 to less than 

115 in 2014.11 While 20-25% of untreated women transmit the disease to their infants12,13 the risk of 

perinatal HIV transmission is reduced to less than 1% for women who receive cART.14,15 As a result, 

treatment with cART during pregnancy has become the standard of care, supported by global guidelines 

from the World Health Organization.16  

 

Despite this remarkable advance, the safety of currently approved antiretroviral medications for the fetus 

is largely unknown. Recommendations about preferred regimens during pregnancy are often based on a 

small body of clinical safety data, expert opinion, and programmatic considerations, including regimen 
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harmonization across sub-populations.	Experts in the field of perinatal transmission of HIV have 

repeatedly noted the lack of information on the comparative safety of antiretroviral medications used 

during pregnancy and called for further research.17–22 In 2014, the World Health Organization identified 

cART safety in pregnancy as a priority research area.23  

 

Gaps in knowledge of cART safety during pregnancy are troubling, given pharmacological studies that 

show these medications cross the placenta and result in substantial fetal exposure.24 Because cART is so 

effective in preventing perinatal HIV transmission, its proven benefits are likely to outweigh nearly all 

potential safety risks.25 Therefore, the clinically relevant questions pertain to identifying which specific 

combinations of antiretroviral drugs are safest during pregnancy. 

 

Across the papers that comprise this Dissertation, we apply different epidemiological methods to a variety 

of observational data sources, in order to answer clinically-relevant questions that matter for patients. In 

Chapter II, we explore how substance use, one important risk factor for adverse infant birth outcomes, 

changed over time among pregnant women with HIV in the US and how this may impact antiretroviral 

safety studies. In Chapter III, we further investigate the relationship between specific regimens and 

adverse birth outcomes, providing information on safety questions raised by a recent clinical trial. In 

Chapter IV, we examine the relationship between first trimester use of an antiretroviral drug and 

congenital malformations. 

 

We hope that the research undertaken in this Dissertation will substantially contribute to the growing 

body of antiretroviral safety information available to women with HIV and their clinicians, ultimately 

allowing them to make more well-informed treatment decisions. 
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Chapter 2. Dramatic decline in substance use by HIV-infected pregnant women 

in the women in the United States from 1990-2012 

INTRODUCTION 

It is estimated that approximately 8,700 HIV-infected women give birth in the United States annually [1, 

2]. Rates of substance use in this population have historically been high; in the late 1980s and early 

1990s, approximately half of HIV-infected pregnant women used illicit substances [3, 4]. Substance use 

during pregnancy in HIV-infected women has negative implications for transmission, infant outcomes, 

and the health of the mother.  Substance use is associated with increased risk of perinatal transmission[5-

8] and lack of viral suppression in pregnant women [9]. HIV-infected substance users are less likely to 

take [10-12] or adhere to [13, 14] antiretroviral therapy (ART). In addition, prenatal exposure to 

marijuana, tobacco, alcohol, and cocaine has been linked to low birth weight, behavioral problems, and 

poorer cognitive functioning [15-25].  

 

The route of HIV acquisition among women has changed over time in the United States.  While 

approximately 50% of female AIDS cases were linked to injection drug use in 1990 [26], it was the 

suspected source of infection in only 14% of female HIV diagnoses by 2011 [27]. However, to our 

knowledge, no studies have examined substance use patterns in HIV-infected pregnant women over the 

last two decades.  

 

Using data from two large US-based cohort studies, we describe the dramatic decrease in maternal 

substance use during pregnancy from 1990 to 2012 among HIV-infected women, and explore possible 

explanations for the decrease. In addition, we compare the prevalence of substance use during pregnancy 

in our study population to prevalence estimates among pregnant women in the general US population. 

 

METHODS 
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Study participants and design 

This study included women who gave birth from January 1, 1990 to December 31, 2012 and were 

enrolled in either the Women and Infants Transmission Study (WITS) or the Surveillance Monitoring for 

ART Toxicities (SMARTT) protocol of the Pediatric HIV/AIDS Cohort Study (PHACS).  WITS was a 

prospective, multi-site cohort study designed to determine factors associated with perinatal transmission; 

it enrolled women who gave birth from 1990 to 2005 and their infants [28]. SMARTT is an ongoing, 

multi-site cohort study that follows the uninfected children of HIV-infected women longitudinally to 

evaluate the safety of in utero exposure to antiretroviral drugs [29]. The first delivery in SMARTT 

occurred in 1995.  In both WITS and SMARTT, written informed consent was obtained from each 

participating woman, and the institutional review board at each study center approved the study protocol.  

 

In WITS, women had multiple study visits during pregnancy. At each visit, a physical exam was 

performed, blood was collected, and medical histories were obtained through chart review. In SMARTT, 

two groups of women and children (i.e., dynamic and static) were enrolled.  In the dynamic cohort, 

mothers and infants were enrolled during pregnancy (23 weeks of gestation or later) through 72 hours 

after delivery. The static cohort enrolled women and their children aged 0-12 years. For both WITS and 

SMARTT, trained study personnel conducted structured interviews at enrollment to assess demographic 

characteristics (including age, race/ethnicity, education, and marital status).   

 

Women were eligible for this study if they were enrolled in WITS or SMARTT, gave birth from January 

1, 1990 to December 31, 2012, and provided self-reported information on substance use during 

pregnancy.  Duplicate pregnancies (e.g. a participant enrolled in both WITS and SMARTT during same 

pregnancy) were removed for this analysis. 

 

Substance use measures 
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In WITS, trained nurses administered a questionnaire at each study visit (up to three pre-delivery visits) to 

ascertain use of alcohol, tobacco, marijuana, heroin, and cocaine during pregnancy, as well as injection 

drug use.  One urine sample for drug testing was collected at the intake visit and one was collected during 

labor or immediately postpartum.   Urine was screened for cocaine, heroin/opiates, marijuana, alcohol or 

their metabolites using a radioimmunoassay followed by confirmatory gas chromatography and mass 

spectrometry [7].   

 

Women in the dynamic SMARTT cohort completed a substance use interview within seven days of 

delivery, and women in the static SMARTT cohort completed this interview at time of enrollment (up to 

12 years after pregnancy).  The interview collected information on alcohol, tobacco, marijuana, heroin, 

cocaine, and injection drug use during pregnancy. In a subsample of the dynamic cohort, meconium – the 

first stool of an infant – was collected from participants’ offspring and screened for cocaine, 

heroin/opiates, marijuana, alcohol, tobacco, or their metabolites using an immunoassay technique 

followed by confirmatory gas chromatography and mass spectrometry [30].   

 

In these analyses, women were classified as using a substance during pregnancy if they either self-

reported or had a positive biological sample for alcohol, tobacco, marijuana, cocaine, or heroin use at any 

time during pregnancy. Poly-substance use was defined as using two or more of these substances at any 

time during pregnancy. 

 

Statistical methods 

We summarized sociodemographic and clinical characteristics of participants.  The proportion of women 

in each of the substance use categorizations was calculated, stratified by calendar year of delivery. To test 

whether the proportion of women using substances during pregnancy changed over time, we used log 

binomial generalized estimating equation (GEE) models. Univariable GEE models were used to account 

for correlation between repeated pregnancies by the same woman over the course of the study. Because 
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meconium samples were not available for all mothers in SMARTT, we conducted two sensitivity analyses 

to ensure that our findings were robust. The first analysis included only WITS pregnancies in the GEE 

model, while the second also included the SMARTT pregnancies with available meconium data.     

 

Multivariable logistic GEE models were constructed to evaluate predictors of substance use in the pre-

highly active ART (HAART) (1990-1995) and HAART (1996-2012) eras.  This cut point was chosen to 

reflect the first reported use of a HAART regimen in WITS. These models included sociodemographic 

characteristics (race/ethnicity, age, education, household income, and marital status) and clinical factors 

(diagnosis of HIV during pregnancy, earliest available CD4 count during pregnancy, earliest available 

HIV RNA during pregnancy, and use of antiretroviral therapy regimens [defined as most intensive 

regimen used during pregnancy for more than 2 weeks]).  

 

To evaluate trends within individual women, we restricted analysis to the subset of participants who had 

multiple pregnancies under study observation in either WITS or SMARTT.  Log binomial GEE models 

were used to test whether the risk of substance use changed in successive pregnancies.  

 

We graphically compared substance use prevalence in WITS/SMARTT to prevalence among pregnant 

women participating in the National Survey on Drug Use and Health (NSDUH), by calendar year.  

NSDUH is a nationally representative household survey that provides estimates of substance use 

prevalence in the United States, including in pregnant women.  In NSDUH, a woman is considered as 

using a substance during pregnancy if she reports being pregnant and using the substance in the past 

month.  NSDUH first collected data on pregnancy in 1994; therefore, we compared WITS/SMARTT and 

NSDUH estimates from 1994-2012 [31-49].  

 

All analyses were performed in SAS version 9.2 (SAS Institute Inc, Cary, NC).  
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RESULTS 

Of the 5,724 total pregnancies in WITS and SMARTT, 233 were excluded from this analysis because 

self-reported substance use information was unavailable. An additional 40 pregnancies were excluded 

because year of delivery was unknown.  Therefore, a total of 5,451 pregnancies from 4,408 individual 

women were included in this analysis. Maternal characteristics for each pregnancy are described in Table 

2.1.  

 

Approximately 82% of respondents used at least one substance in 1990; this proportion decreased linearly 

over time until 2006 (Figure 2.1).  From 2006 to 2012 the prevalence was relatively stable, ranging from 

21.0% to 26.3%. A similar pattern was observed for each of the individual substances over the 23-year 

period. The prevalence of tobacco use decreased from 64.9% to 18.2%; alcohol use from 57.4% to 9.3%; 

marijuana use from 25.5% to 6.7%; cocaine use from 36.2% to 1.3%; and heroin use from 27.7% to 0.0%.  

The prevalence of injection drug use declined from a peak of 17.1% in 1991 to 0.0% from 2008 onwards, 

and poly-substance use fell from 64.9% in 1990 to approximately 10% from 2007 onwards. 

 

Each of these observed decreases is statistically significant after accounting for repeated pregnancies by 

individual women (Table 2.2). Each year, risk of substance use among HIV-infected pregnant women 

decreased by an average of 6% (Risk ratio [RR], 0.94; 95% Confidence Interval [CI], 0.94-0.95).  The 

largest reductions in risk over the 23-year period were for injection drug use (RR, 0.80; 95% CI, 0.77-

0.83), heroin use (RR, 0.87; 95% CI, 0.85-0.88), and cocaine use (RR, 0.87; 95% CI, 0.86-0.88).  The 

smallest reductions in risk were for marijuana (RR, 0.94; 95% CI, 0.93-0.96) and tobacco (RR, 0.94; 95% 

CI, 0.94-0.95).  Both sensitivity analyses produced estimates comparable to those found in the main 

analysis (Tables 2.4 and 2.5). 
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In both the pre-HAART and HAART eras, multivariable models showed that non-Hispanic white race, 

older age, less education, and being unmarried were statistically significantly associated with substance 

use during pregnancy (Table 2.3).  In the pre-HAART era, not receiving any antiretroviral therapy was 

associated with increased odds of substance use (Odds ratio [OR], 1.42; 95% CI, 1.07-1.88).  Similarly, in 

the HAART era, women receiving no antiretroviral therapy (OR, 2.10; 95% CI, 1.42-3.09), AZT 

monotherapy (OR, 2.42; 95% CI, 1.90-3.07), or another non-HAART antiretroviral therapy (OR, 1.35; 

95% CI, 1.12-1.64) had greater odds of substance use, compared to women receiving HAART. 

 

Of the 4,408 women included in the previous analysis, 824 had two or more pregnancies under study 

observation.  We hypothesized that the observed decreases may be explained in part by the cessation of 

substance use in women who had multiple pregnancies (i.e., women use substances less in later 

pregnancies). For most substances, the risk of a woman using the substance did not change with 

successive pregnancies; the association between pregnancy order and use of tobacco, marijuana, cocaine, 

heroin, any substance, or multiple substances was not statistically significant.  Women had 0.72 times the 

risk of injecting drugs with each successive pregnancy (95% CI, 0.50-1.03), though this result was not 

statistically significant.  Risk of alcohol use was also slightly reduced in later pregnancies (RR, 0.91; 95% 

CI, 0.82-1.00). Of note, women who used a substance in their previous pregnancy were at an elevated risk 

of substance use during their next pregnancy (RR, 5.71; 95% CI, 4.63-7.05). 

 

Figures 2.2a - 2.2e compare prevalence of alcohol, tobacco, marijuana, cocaine, and heroin use during 

pregnancy among HIV-infected women in the WITS and SMARTT cohorts to estimates from NSDUH, 

by year.  From 1994 through the early 2000s, use of all five of these substances appears substantially 

higher among HIV-infected pregnant women compared to pregnant women in the general population.  

However, from the mid-2000s through 2012, prevalence of substance use appears comparable between 

the two groups.  
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DISCUSSION 

We describe the substantial decline in substance use during pregnancy that occurred between 1990 and 

2012 in a population comprised of two large US-based cohorts of HIV-infected women.  The use of both 

licit and illicit substances decreased over the 23-year period.  While the prevalence of substance use was 

initially considerably higher in our study population, it has become similar to that of pregnant women in 

the general US population.   The relatively stable prevalence noted since 2006 suggests that new 

strategies are needed for further reductions in substance use in both HIV-infected and uninfected pregnant 

women. 

 

Women who used substances in previous pregnancies had over a 5-fold increased risk of using a 

substance in future pregnancies.  Therefore, we posit that the observed decrease in substance use over 

time is not due to the cessation of substance use in women who used them previously, but rather that HIV 

is affecting a different group of women. In other words, it is possible that an epidemiological transition 

has occurred, in which the types of women becoming infected with HIV in the United States has changed 

in recent years.  This is supported by data from the Centers for Disease Control and Prevention, which 

shows that the primary route of infection among women has gradually transitioned from injection drug 

use to heterosexual contact [26, 27].  

 

We identified several factors that were associated with substance use during pregnancy in this population, 

including non-Hispanic white race, older age, less education, being unmarried, and not receiving 

antiretroviral therapy/HAART.  Our study found that substance use is inversely associated with receiving 

antiretroviral therapy in pregnant woman, and past studies have shown this association in other HIV-

infected groups.  In a population of HIV-infected adults, people who used drugs were less likely to 

receive antiretroviral therapy [11]. Other studies found that current injection drug users were less likely 

than past users to be receiving antiretroviral therapy [10], and that substance users not enrolled in 

treatment programs were less likely to receive antiretroviral therapy than those receiving treatment [12]. 
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Because substance use is inversely associated with antiretroviral therapy as well as a number of potential 

outcomes, it may be an important confounder in antiretroviral safety studies, especially those that use 

historical comparison data.  

 

Our study has several limitations. First, as with many epidemiological studies, our sample may not 

represent the larger population of HIV-infected women who gave birth from 1990-2012.  Second, 

different types of biological specimens were used to confirm self-reported substance use in each cohort 

study (urine in WITS and meconium in SMARTT).  These tests have varying sensitivity, specificity, and 

windows of detection [50-52]. Results from a sensitivity analysis restricted to WITS participants show 

that differences in biological specimen types do not explain the observed decrease in substance use.  

Third, only 22% of women in SMARTT had meconium samples analyzed for substances, and some 

women in the static SMARTT cohort had long recall periods.  However, results from an analysis 

restricted to women with available biological assays suggest that our findings are not explained by recall 

or social desirability bias.  Furthermore, past analyses have shown that underreporting of substance use 

during pregnancy was minimal in the dynamic SMARTT cohort [30]. Fourth, NSDUH’s classification of 

substance use during pregnancy (being pregnant and using the substance in the past month) differs from 

that of WITS and SMARTT and was not confirmed by biological assays. Therefore, estimates from 

NSDUH presented in Figures 2.2a - 2.2e may be underestimates of the true prevalence of substance use 

among pregnant women in the general US population.  Finally, this analysis could not investigate 

temporal trends in the use of prescription opioids, as WITS did not collect information on prescription 

opioid use during pregnancy.  However, only a small proportion (4.4%) of women in SMARTT reported 

using prescription opioids during their pregnancy, including both medical and non-medical use.   

 

In conclusion, this study provides important information about temporal trends in substance use among 

HIV-infected pregnant women in the United States.  We documented a dramatic decrease in prevalence of 

substance use during pregnancy since 1990, which may be due to a shift in the HIV epidemic in the US 
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among women. The finding that substance use during pregnancy has historically been associated with 

lack of antiretroviral use is concerning and may warrant further investigation.  In addition, our 

observation that HIV-infected women who used substances in past pregnancies are at increased risk of 

use during future pregnancies suggests that they may be important to target in efforts to further reduce 

substance use in this population. 
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Table 2.1. Maternal Characteristics of the Eligible Pregnancies* of HIV-Infected Pregnant Women in 

WITS or SMARTT (N = 5,451)	

  n % 
Race/ethnicity   
   Non-Hispanic black 2,974 54.6 
   Hispanic 1,734 31.8 
   Non-Hispanic white 657 12.1 
   Not available 86 1.6 
Age   
   15-21 820 15.0 
   22-34 3,681 67.5 
   35-47 786 14.4 
   Not available 164 3.0 
Education   
   Less than high school 2,107 38.7 
   High school grad or above 3,292 60.4 
   Not available 52 1.0 
Yearly household income   
  Less than $20,000 3,929 72.1 
   $20,000-$40,000 738 13.5 
   $40,000 or more 248 4.5 
   Not available 536 9.8 
Marital status   
   Married 1,409 25.8 
   Unmarried 4,007 73.5 
   Not available 35 0.6 
HIV diagnosis during pregnancy   
   Diagnosed before pregnancy 3,265 59.9 
   Diagnosed during pregnancy 1,329 24.4 
   Not available 857 15.7 
CD4 count (cells/mm3)†   
   200 or fewer 707 13.0 
   201-350 1,210 22.2 
   351-500 1,260 23.1 
   More than 500 2,104 38.6 
   Not available 170 3.1 
HIV RNA (copies/mL)†   
   400 or fewer 1,650 30.3 
   401-10,000 1,899 34.8 
   More than 10,000 1,655 30.4 
   Not available 247 4.5 
ART use during pregnancy‡   
   No ART 805 14.8 
   AZT monotherapy 1,020 18.7 
   Other ART regimen 599 11.0 
   HAART 2,977 54.6 
   Not available 50 0.9 

Abbreviations: HIV, human immunodeficiency virus; WITS, Women and Infants Transmission Study; SMARTT, Surveillance Monitoring for 
Antiretroviral Therapy Toxicities Study; ART, antiretroviral therapy; AZT, zidovudine; HAART, highly active antiretroviral therapy 
* Maternal characteristics are listed separately for each pregnancy; 824 women had multiple pregnancies under study observation.   
† First available measurement during pregnancy  
‡ Most potent antiretroviral therapy regimen used during pregnancy for more than 2 weeks 
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Table 2.2.  Unadjusted Risk Ratios of Substance Use during Pregnancy for a 1-Year Increase in Time  

  N Risk 
Ratio 95% CI  p-value 

Tobacco 5,443 0.94 0.94-0.95 < .001 
Alcohol 5,451 0.91 0.90-0.92 < .001 
Marijuana 5,396 0.94 0.93-0.96 < .001 
Cocaine 5,396 0.87 0.86-0.88 < .001 
Heroin 5,396 0.87 0.85-0.88 < .001 
Any substance 5,396 0.94 0.94-0.95 < .001 
Poly-substance 5,451 0.91 0.90-0.91 < .001 
Injection drug use 5,228 0.80 0.77-0.83 < .001 

 



 

18 
 

Table 2.3.  Odds Ratios of Substance Use during Pregnancy (Multivariable Model) 

  
Pre-HAART era* 

(N = 1,093) 
HAART era† 
(N = 3,754) 

  n % using 
substances 

Odds 
Ratio 95% CI n % using 

substances 
Odds 
Ratio 95% CI  

Race/ethnicity          
   Non-Hispanic black 460 69.4 0.42 0.27-0.66 2,184 34.9 0.34 0.27-0.44 
   Hispanic 414 65.5 0.38 0.24-0.59 1,185 34.9 0.32 0.25-0.41 
   Non-Hispanic white 219 83.6 Ref   385 60.0 Ref  
Age          
   15-21 146 48.0 Ref   590 32.4 Ref  
   22-34 828 73.9 3.97 2.60-6.05 2,554 37.7 1.57 1.28-1.93 
   35-47 119 76.5 5.16 2.82-9.44 610 41.5 1.99 1.54-2.58 
Education          
   Less than high school 508 78.7 2.40 1.76-3.28 1,362 43.4 1.35 1.16-1.57 
   High school grad or above 585 63.8 Ref   2,392 34.1 Ref  
Yearly household income          
  Less than $20,000 885 71.0 Ref   2,610 40.3 Ref  
   $20,000-$40,000 79 62.0 0.84 0.51-1.37 589 28.9 0.77 0.63-0.94 
   $40,000 or more 21 66.7 0.83 0.31-2.28 208 29.8 0.83 0.59-1.17 
   Not available 108 75.9 1.12 0.70-1.81 347 35.7 0.86 0.68-1.09 
Marital status          
   Married 303 61.7 Ref   965 27.6 Ref  
   Unmarried 790 74.2 1.71 1.23-2.36 2,789 40.9 1.96 1.65-2.34 
HIV diagnosis during pregnancy          
   Diagnosed before pregnancy 677 75.8 Ref   753 40.6 Ref  
   Diagnosed during pregnancy 416 62.5 0.58 0.44-0.77 2,234 40.8 0.90 0.75-1.08 
   Not available n/a -- n/a -- 767 24.8 0.56 0.47-0.66 
CD4 count (cells/mm3)‡          
   200 or fewer 150 66.7 0.63 0.40-0.99 504 38.3 0.99 0.78-1.24 
   201-350 240 70.8 0.79 0.53-1.17 864 37.3 0.99 0.82-1.19 
   351-500 264 70.5 0.87 0.61-1.25 878 37.2 0.99 0.83-1.18 
   More than 500 439 72.2 Ref   1,508 37.5 Ref  
HIV RNA (copies/mL)‡          
   400 or fewer 88 67.1 Ref   1,453 33.4 Ref  
   401-10,000 462 71.7 1.22 0.70-2.10 1,297 39.3 1.20 1.02-1.41 
   More than 10,000 543 70.5 1.19 0.68-2.09 1,004 41.0 1.30 1.07-1.58 
ART use during pregnancy§          
   No ART 533 73.9 1.42 1.07-1.88 89 56.2 2.10 1.42-3.09 
   Any ART 560 67.7 Ref   n/a -- n/a -- 
   AZT monotherapy n/a -- n/a -- 378 61.4 2.42 1.90-3.07 
   Other ART regimen n/a -- n/a -- 509 41.3 1.35 1.12-1.64 
   HAART n/a -- n/a -- 2,778 32.9 Ref    

Abbreviations: HIV, human immunodeficiency virus; HAART, highly active antiretroviral therapy; ART, antiretroviral therapy; AZT, zidovudine 
Note: Pregnancies with missing covariate information were excluded from this model 
* Deliveries in the “pre-HAART era” occurred between 1990 and 1995 
† Deliveries in the “HAART era” occurred between 1996 and 2012   
‡ First available measurement during pregnancy  
§ Most potent antiretroviral therapy regimen used during pregnancy for more than 2 weeks 
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Figure 2.1.  Proportion of HIV-Infected Women Using Substances during Pregnancy, by Delivery Year 

(N = 5,451) 
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Figure 2.2a-2.2e.  Prevalence of Substance Use During Pregnancy in WITS/SMARTT and NSDUH, by Delivery Year 
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Figure 2.2 Legend. 

Abbreviations: WITS, Women and Infants Transmission Study; SMARTT, Surveillance Monitoring for Antiretroviral Therapy Toxicities Study; 
NSDUH, National Survey on Drug Use and Health 
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Table 2.4.  Sensitivity Analysis: Unadjusted Risk Ratios of Substance Use during Pregnancy for a 1-Year 

Increase in Time (WITS Participants Only) 

 N Risk 
Ratio 95% CI  p-value 

Tobacco 3,224 0.95 (0.94, 0.96) < .001 
Alcohol 3,232 0.92 (0.91, 0.93) < .001 
Marijuana 3,177 0.94 (0.92, 0.96) < .001 
Cocaine 3,177 0.90 (0.88, 0.91) < .001 
Heroin 3,177 0.93 (0.91, 0.95) < .001 
Any substance 3,177 0.96 (0.95, 0.97) < .001 
Poly-substance 3,232 0.92 (0.90, 0.93) < .001 
Injection drug use 3,009 0.83 (0.79, 0.87) < .001 

Abbreviations: WITS, Women and Infants Transmission Study 

 



 

 24 

Table 2.5.  Sensitivity Analysis: Unadjusted Risk Ratios of Substance Use during Pregnancy for a 1-Year 

Increase in Time (WITS Participants and SMARTT Participants with Meconium Samples) 

 N Risk 
Ratio 95% CI p-value 

Tobacco 3,712 0.93 (0.92, 0.94) < .001 
Alcohol 3,567 0.92 (0.91, 0.93) < .001 
Marijuana 3,720 0.94 (0.92, 0.96) < .001 
Cocaine 3,725 0.85 (0.84, 0.87) < .001 
Heroin 3,726 0.90 (0.88, 0.92) < .001 
Any substance 3,799 0.92 (0.91, 0.93) < .001 

Abbreviations: WITS, Women and Infants Transmission Study; SMARTT, Surveillance Monitoring for Antiretroviral Therapy Toxicities Study 
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Chapter 3. Risk of adverse infant birth outcomes with use of 

tenofovir/emtricitabine-based regimens among HIV-infected pregnant women in 

the US 

INTRODUCTION 

The use of three-drug antiretroviral therapy (ART) during pregnancy has reduced the risk of perinatal 

HIV transmission to <1%,1,2 becoming the standard of care in the United States (US) and globally.3,4 

While US and World Health Organization (WHO) perinatal guidelines specify which ART regimens are 

preferred for use during pregnancy, recommendations are based on a small body of clinical safety data, 

expert opinion, and programmatic considerations, including regimen harmonization across sub-

populations.  

 

Recently, the PROMISE (Promoting Maternal and Infant Survival Everywhere) trial, conducted across 

multiple sites in sub-Saharan Africa and India, identified potential safety concerns for one ART regimen.2 

During the trial’s Period 2, pregnant women randomized to receive tenofovir disoproxil fumarate, 

emtricitabine, and ritonavir-boosted lopinavir (TDF/FTC/LPV/r) were twice as likely to have infants born 

very prematurely (<34 weeks) or at very low birth weight (<1,500g), compared to women randomized to 

receive zidovudine, lamivudine, and ritonavir-boosted lopinavir (ZDV/3TC/LPV/r).2 Infants with in utero 

exposure to TDF/FTC/LPV/r were also found to have substantially greater risk of death within 14 days 

postpartum.   

 

The PROMISE results were unexpected given numerous observational studies have found use of 

TDF/FTC-based regimens during pregnancy to be safe for most infant outcomes.5–18  Understanding the 

safety of in utero exposure to TDF/FTC-based regimens is critical, as the WHO recommends a once-daily 

TDF/FTC-based regimen as first-line therapy for all HIV-infected adults, including pregnant women.4 It 
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is unclear whether the risks observed in PROMISE are shared by all TDF/FTC-based regimens or how 

the findings will translate to other settings.  Of particular interest is the safety of TDF/FTC with ritonavir-

boosted atazanavir (ATV/r), as it is one of the most commonly used regimens among HIV-infected 

pregnant women in the US.  

 

Using data from two large US-based perinatal cohort studies, we compared the risk of adverse birth 

outcomes for infants with in utero exposure to three specific ART regimens: ZDV/3TC/LPV/r, 

TDF/FTC/LPV/r, and TDF/FTC/ATV/r.   

 

METHODS 

Study participants and design 

This study used data from two US-based multi-site observational cohorts of pregnant women living with 

HIV and their infants: the Surveillance Monitoring for ART Toxicities (SMARTT) protocol of the 

Pediatric HIV/AIDS Cohort Study (PHACS) and the P1025 protocol of the International Maternal 

Pediatric Adolescent AIDS Clinical Trial (IMPAACT) Network. We included mother-infant pairs 

enrolled between April 2007 and March 2016 in the Dynamic cohort of SMARTT, which enrolls women 

with HIV and their infants at ³23 weeks gestation through 72 hours postpartum.  P1025 was active from 

2002 through 2013, and enrolled pregnant women from either 8 (2007-2013) or 14 (2002-2006) weeks 

gestation through 14 days postpartum. Detailed descriptions of each study have been published 

previously.19,20  

 

This analysis included all infants with an observed birth outcome in SMARTT or P1025, where the first 

ART regimen used during pregnancy was one of the three being investigated: TDF/FTC/LPV/r, 

TDF/FTC/ATV/r or ZDC/3TC/LPV/r.  Because mother-infant pairs could be enrolled in both SMARTT 

and P1025, duplicate observations were removed during pooling of the datasets.  
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The SMARTT and P1025 protocols were approved by Institutional Review Boards at each participating 

site and the Harvard T.H. Chan School of Public Health.  Written informed consent was obtained from all 

participating mothers. 

 

Antiretroviral exposure and confounder classification 

Information on maternal antiretroviral exposure, including regimen start and stop dates, was abstracted 

from medical records in SMARTT and P1025.  For this study, participant’s antiretroviral exposure was 

classified as the first regimen taken during pregnancy, mimicking the intention-to-treat principle. We 

further classified antiretroviral exposure based on timing of therapy initiation as pre-conception, first 

trimester, or second/third trimester. 

 

Maternal demographic and behavioral characteristics, including age, education, race/ethnicity, and 

substance use, were based on maternal self-report.  CD4 cell count, HIV viral load, and information on 

diagnoses (pre-gestational diabetes, hepatitis [B and C], sexually transmitted infections) were abstracted 

from medical charts and recorded lab results.  

  

For participants co-enrolled in both SMARTT and P1025, data from P1025 was generally more complete 

and was prioritized, with several exceptions.  Information on substance use was used preferentially from 

SMARTT (where it was collected more thoroughly),21 and if covariate or outcome values were missing in 

P1025, data from SMARTT were used when available. 

 

Outcome classification 

In both SMARTT and P1025, gestational age was assessed using obstetric estimates based on ultrasound, 

physical exam, or date of last menstrual period.22,23 In accordance with definitions used in PROMISE, 

deliveries occurring <37 completed weeks of gestation were considered preterm and those occurring <34 

completed weeks were considered very preterm.  We classified birth weights <2,500g as low birth weight 
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and those <1,500g as very low birthweight. We analyzed a composite adverse outcome (preterm birth, 

low birth weight, fetal demise, or death <14 days postpartum), and a composite severe adverse outcome 

(very preterm birth, very low birth weight, fetal demise, or death <14 days post-partum). 

 

Statistical methods 

Maternal characteristics were summarized, stratified by initial regimen during pregnancy.  The unadjusted 

risk of each outcome by regimen was calculated along with the corresponding 95% Wald confidence 

intervals (CIs).  

 

In primary analyses, we made three separate pairwise comparisons of ART regimens: TDF/FTC/LPV/r 

versus ZDV/3TC/LPV/r (the comparison made in the PROMISE trial), TDF/FTC/ATV/r versus 

ZDV/3TC/LPV/r (a comparison between two common regimens used during pregnancy in the US), and 

TDF/FTC/LPV/r versus TDF/FTC/ATV/r (a comparison between two different protease inhibitors used 

with TDF/FTC). For gestational age and birth weight analyses, comparisons were limited to live born 

infants. Log-binomial models were used to estimate risk ratios (RRs) and corresponding 95% CIs. In 

adjusted analyses, four risk factors with consistently strong associations with the outcomes across 

multiple studies were included in the models (race/ethnicity, smoking, diabetes, and sexually transmitted 

infection).24 We also examined potential confounders listed in Table 3.1 and included variables 

substantially associated with the exposures and outcomes of interest. Due to sparse numbers for very 

preterm birth, very low birth weight, and severe adverse outcomes, multivariable adjustment was not 

feasible for these outcomes.   

 

We conducted four subgroup analyses to ensure findings were robust and identify potential effect 

modification; we restricted our sample to: (1) women who initiated ART during pregnancy, (2) women 

who continued an ART regimen initiated before conception, (3) the first singleton pregnancy for a woman 
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observed in either study, and (4) women who did not switch their regimen during pregnancy.  Due to 

sample size limitations, subgroup analyses were not adjusted for potential confounders. 

 

In secondary analyses, we compared the use of TDF/FTC with any PI to ZDV/3TC with any PI using the 

same methodology described above. We also summarized risks of our outcomes by timing of regimen 

initiation. 

 

All analyses were conducted in SAS, version 9.4 (SAS Institute, Cary, NC).  

 

RESULTS 

Of the 2,389 infants enrolled in the Dynamic SMARTT cohort and 3,146 infants enrolled in the P1025 

cohort, 4,646 birth outcomes to 3,847 unique women were observed (Figure 3.3).  Among these infants, 

128 (2.8%) were exposed to TDF/FTC/LPV/r as the initial regimen during pregnancy, 539 (11.6%) were 

exposed to TDF/FTC/ATV/r, and 954 (20.5%) were exposed to ZDV/3TC/LPV/r.  The percentage of 

women who switched regimens during pregnancy varied; 48% whose initial regimen was 

TDF/FTC/LPV/r changed regimens before delivery, compared to 32% in the TDF/FTC/ATV/r group and 

36% in the ZDV/3TC/LPV/r group. 

 

The distribution of most maternal characteristics was similar across the three regimens (Table 3.1).  

TDF/FTC/ATV/r was used more frequently in later calendar years compared to the other two regimens, 

and women on TDF/FTC/ATV/r as their initial regimen during pregnancy tended to be older. The timing 

of regimen initiation also differed between regimens; 76% of women whose first regimen was 

ZDV/3TC/LPV/r initiated therapy in Trimester 2 or 3 (compared to 41% for TDF/FTC/LPV/r and 36% 

for TDF/FTC/ATV/r), while TDF/FTC-based regimens were more likely to be started before conception 

(45% for TDF/FTC/LPV/r and 49% for TDF/FTC/ATV/r versus 12% for ZDV/3TC/LPV/r).  

Correspondingly, women on ZDV/3TC/LPV/r were more likely to be diagnosed with HIV-infection 
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during pregnancy, and women on the TDF/FTC-based regimens were more likely to have their first viral 

load measurement below 400 copies/mL. 

 

There were 10 recorded fetal losses in our sample: 2 (1.6%) among women who received 

TDF/FTC/LPV/r as their first regimen during pregnancy, 2 (0.4%) among those receiving 

TDF/FTC/ATV/r, and 6 (0.6%) among those receiving ZDV/3TC/LPV/r.  One infant each in the 

TDF/FTC/ATV/r and ZDV/3TC/LPV/r groups died within 14 days after delivery (0.2% and 0.1%, 

respectively); in both cases, the cause of death was extreme prematurity.  The risks of preterm birth, low 

birth weight, and any adverse outcomes across the three regimens ranged from 16.1-21.4%, 16.2-23.8%, 

and 23.7-28.1% respectively (Table 3.2). The risks of these outcomes were lowest in the TDF/FTC/ATV/r 

group, though there were only slight differences between regimens for severe adverse outcomes.  In 

unadjusted analyses, the 95% CIs for all comparisons of TDF/FTC/LPV/r to ZDV/3TC/LPV/r included 

the null value of 1 (Table 3.3). TDF/FTC/ATV/r appeared to be associated with a lower risk of preterm 

birth, low birth weight, and any adverse outcome, though only the comparison to TDF/FTC/LPV/r for 

low birth weight had a 95% CI that excluded the null value (RR=0.68 [0.47, 0.98]).    

 

After adjustment, the comparison of TDF/FTC/LPV/r to ZDV/3TC/LPV/r yielded estimates close to the 

null value for preterm birth, low birth weight, and any adverse outcomes (RR=0.95 [0.66, 1.39]; RR=1.08 

[0.76, 1.54]; RR=0.90 [0.66, 1.23], respectively; Table 3.3). For the outcomes of preterm birth, low birth 

weight, and any adverse outcome, TDF/FTC/ATV/r had consistently lower risks compared to the LPV/r-

based regimens; however, the 95% CIs for many of these associations included the null value of 1. 

Secondary analyses comparing TDF/FTC/any PI to ZDV/3TC/any PI found that TDF/FTC-based 

regimens were associated with lower risks for preterm birth (RR=0.81 [0.68, 0.98]) and any adverse 

outcome (RR=0.85 [0.73, 0.99], Tables 3.4-3.7). 
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Results of the subgroup analyses for the outcomes of preterm birth and low birth weight are presented in 

Figure 3.1 (for other outcomes, see Figures 3.4-3.7).  For all regimen comparisons, subgroup restriction to 

first singleton pregnancies and to women who did not switch regimens during pregnancy did not 

substantially shift estimates from crude or adjusted estimates in the overall population.  However, among 

those who initiated therapy before conception, unadjusted risks of preterm birth and low birth weight 

were elevated in the TDF/FTC/LPV/r group compared to both ZDV/3TC/LPV/r (preterm RR=1.30 [0.77, 

2.20]; low birth weight RR=1.79 [1.03, 3.14]) and TDF/FTC/ATV/r (preterm RR=1.71 [1.06, 2.75]; low 

birth weight RR=1.97 [1.23, 3.16]). 

 

We observed a higher risk of preterm birth and very preterm birth among women who initiated any of the 

three regimens before conception compared to women who initiated regimens in the second or third 

trimester (Figure 3.2). Risks of very low birth weight and severe adverse outcomes also were slightly 

higher among women initiating ART before pregnancy or in the first trimester. 

 

DISCUSSION 

In two large US-based multi-site cohorts of pregnant women with HIV and their infants, the use of 

TDF/FTC/LPV/r during pregnancy was not associated with increased risk of adverse infant birth 

outcomes when compared to ZDV/3TC/LPV/r or TDF/FTC/ATV/r.  In unadjusted subgroup analyses, we 

did observe increased risks of preterm birth, low birth weight, and a composite adverse outcome among 

women who initiated TDF/FTC/LPV/r before conception. Additional analyses comparing TDF/FTC/any 

PI to ZDV/3TC/any PI indicated slightly lower risks of preterm birth and any adverse outcome for the 

TDF/FTC-containing regimens. 

 

Consistent with the PROMISE trial, we did not observe differences in risks of preterm birth and low birth 

weight between TDF/FTC/LPV/r and ZDV/3TC/LPV/r. Contrary to PROMISE, we were unable to 

replicate an increased risk of very preterm and very low birth weight deliveries for TDF/FTC/LPV/r 
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compared to ZDV/3TC/LPV/r.  Given the small number of women who received TDF/FTC/LPV/r and 

the rarity of these outcomes in the sample, some comparisons involving this group were underpowered, 

and the upper bound of the 95% confidence intervals for the estimated RRs of very preterm birth, very 

low birth weight, and severe adverse outcomes included the values estimated in PROMISE.  Dosing of 

TDF/FTC/LPV/r may also have differed between PROMISE and SMARTT/P1025; to compensate for 

reduced plasma levels observed in pharmacokinetic studies,25–27 the PROMISE protocol specified 1.5 

times the normal dosing of LPV/r during the third trimester.  Because dosing information was not 

collected in SMARTT and P1025, it is unclear whether women received similar doses in this study. 

Another potential explanation for the lack of an association could be the relatively high rate of switching 

off TDF/FTC/LPV/r before delivery; however, subgroup analyses restricted to women who did not switch 

regimens did not alter our conclusions.  Because our study lacked randomization, residual confounding 

could explain the discrepancy in findings, yet, for most measured characteristics, there were limited 

differences between women taking each ART regimen. Due to limited sample sizes for some regimens, 

we were unable to emulate the PROMISE eligibility criterion of including only women with CD4 counts 

>350 cells/mm3 prior to regimen initiation. Finally, there are important differences in the care provided to 

pregnant women and their infants in the US compared to the low resource settings where PROMISE was 

conducted, and there may be underlying differences between the types of women in enrolled in each 

setting.  

 

TDF/FTC/LPV/r was rarely used by pregnant women living with HIV in either of the two large US-based 

cohort studies, and use of this regimen in other settings is also limited, as it is not among WHO’s 

recommended first line regimens.4 Concerns regarding the use of TDF/FTC/LPV/r during pregnancy still 

remain; further investigation is warranted to understand why women who initiated TDF/FTC/LPV/r 

before conception had higher risks for preterm birth, low birth weight, and any adverse outcomes 

compared to women who initiated ZDV/3TC/LPV/r or TDF/FTC/ATV/r before conception. 
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The use of ATV/r with TDF/FTC was associated with lower risk of adverse infant birth outcomes relative 

to the other regimens studied. However, our results must be interpreted alongside other safety findings 

related to TDF, FTC, and ATV/r use in pregnancy. Several studies have shown relationships between 

ATV and delayed language development28–30 and social emotional development.30 First trimester ATV 

use has also been linked with increased risk of skin and musculoskeletal malformations,16 and in utero 

TDF exposure may be linked to reduced infant bone mineral content.14  

 

Several studies have evaluated the association between timing of ART and infant birth outcomes,31–34 

with the majority reporting increased risks associated with preconception ART compared to initiation 

later in pregnancy.31–33  Our study adds to the limited number of studies reporting on risks of severe 

adverse infant birth outcomes including very preterm birth and very low birth weight by timing of 

regimen initiation. We observed higher risks of these outcomes among women who initiated ART before 

conception or in the first trimester compared to women who initiated regimens in the second or third 

trimester, suggesting that these women may require more careful monitoring. However, a more thorough 

investigation of this relationship is needed.  

 

This study has several important limitations.  First, because enrollment late in pregnancy and shortly after 

delivery was allowed in both P1025 and SMARTT, stillbirths and very preterm births may not be well 

captured.  While we do not expect under-ascertainment to be differential between regimens, presence of 

differential measurement could cause selection bias.  Second, there was limited information on some 

important predictors of preterm birth and low birth weight, including parity, previous preterm delivery, 

and hypertension. Because these variables could not be controlled for in analyses, estimates could be 

confounded if the distribution of these predictors varied by ART regimen.  Third, because of the rare 

occurrence of severe adverse outcomes in the sample, some comparisons, especially those involving 

TDF/FTC/LPV/r, had limited power to detect safety signals.  Finally, it is unclear how generalizable our 

finding are outside of the US; interactions between host genetics, pharmacokinetics of antiretroviral 
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drugs, and risks of specific outcomes have been reported, which may modify associations observed in 

different contexts.35–37 

 

In conclusion, we did not observe increased risk of adverse or severe adverse birth outcomes for infants 

with in utero exposure to TDF/FTC/LPV/r when compared to ZDV/3TC/LPV/r or TDF/FTC/ATV/r. 

However, given the results of the PROMISE trial, it may be advisable to limit the use of TDF/FTC/LPV/r 

during pregnancy, especially given its already infrequent use and the availability of a variety of safe ARV 

combinations.  Our findings additionally support the use of TDF/FTC-based regimens with other protease 

inhibitors during pregnancy, as they appear to carry similar or slightly less risk of preterm birth and low 

birth weight than ZDV/3TC-based regimens. 
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Table 3.1. Maternal characteristics1 by initial antiretroviral regimen during pregnancy 

 Initial regimen during pregnancy 
 TDF/FTC/LPV/r TDF/FTC/ATV/r ZDV/3TC/LPV/r 
 n = 128 n = 539 n = 954 
 n % n % n % 

Year of delivery           
   2002-2004 0 0.0 0 0.0 29 3.0 
   2005-2008 38 29.7 92 17.1 260 27.3 
   2009-2012 76 59.4 290 53.8 554 58.1 
   2012-2016 14 10.9 157 29.1 111 11.6 
Age           
   24 years or less 50 39.1 136 25.2 355 37.2 
   25 to 34 years 67 52.3 293 54.4 473 49.6 
   35 years or more 11 8.6 109 20.2 125 13.1 
   Missing 0 0.0 1 0.2 1 0.1 
Education           
   Less than high school 34 26.6 188 34.9 331 34.7 
   High school diploma 61 47.7 240 44.5 427 44.8 
   College or more 33 25.8 109 20.2 194 20.3 
   Missing 0 0.0 2 0.4 2 0.2 
Race/ethnicity           
   Non-Hispanic White 15 11.7 44 8.2 68 7.1 
   Non-Hispanic Black 81 63.3 365 67.7 611 64.0 
   Hispanic 30 23.4 120 22.3 258 27.0 
   Other 1 0.8 9 1.7 11 1.2 
   Missing 1 0.8 1 0.2 6 0.6 
First CD4 in pregnancy           
   Less than 250 cells/mm3 30 23.4 100 18.6 194 20.3 
   250 to 500 cells/mm3 47 36.7 205 38.0 381 39.9 
   More than 500 cells/mm3 47 36.7 225 41.7 365 38.3 
   Missing 4 3.1 9 1.7 14 1.5 
First viral RNA in pregnancy           
   Less than 400 copies/mL 61 47.7 277 51.4 281 29.5 
   400 to 10,000 copies/mL 33 25.8 137 25.4 361 37.8 
   More than 10,000 copies/mL 33 25.8 122 22.6 305 32.0 
   Missing 1 0.8 3 0.6 7 0.7 
Timing of HIV diagnosis           
   Before pregnancy 107 83.6 470 87.2 673 70.5 
   During pregnancy 21 16.4 69 12.8 278 29.1 
   Missing 0 0.0 0 0.0 3 0.3 
Timing of regimen initiation           
   Before pregnancy 58 45.3 265 49.2 111 11.6 
   Trimester 1 18 14.1 82 15.2 115 12.1 
   Trimester 2 or 3 52 40.6 192 35.6 728 76.3 
Alcohol use during pregnancy           
   Yes 25 19.5 92 17.1 182 19.1 
   No 91 71.1 432 80.1 705 73.9 
   Missing 12 9.4 15 2.8 67 7.0 
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Table 3.1 (continued). Maternal characteristics1 by initial antiretroviral regimen during pregnancy 

 Initial regimen during pregnancy 
 TDF/FTC/LPV/r TDF/FTC/ATV/r ZDV/3TC/LPV/r 
 n = 128 n = 539 n = 954 
 n % n % n % 
Tobacco use during pregnancy           
   Yes 30 23.4 105 19.5 182 19.1 
   No 77 60.2 387 71.8 628 65.8 
   Missing 21 16.4 47 8.7 144 15.1 
Illicit drug use during pregnancy           
   Yes 21 16.4 61 11.3 115 12.1 
   No 85 66.4 427 79.2 687 72.0 
   Missing 22 17.2 51 9.5 152 15.9 
Pregestational diabetes           
   Yes 1 0.8 10 1.9 12 1.3 
   No 126 98.4 527 97.8 939 98.4 
   Missing 1 0.8 2 0.4 3 0.3 
Hepatitis B or C during pregnancy           
   Yes 20 15.6 71 13.2 99 10.4 
   No 108 84.4 468 86.8 855 89.6 
Sexually transmitted infection2 
during pregnancy           
   Yes 36 28.1 208 38.6 373 39.1 
   No 78 60.9 297 55.1 513 53.8 
   Missing 14 10.9 34 6.3 68 7.1 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ATV/r, ritonavir-boosted atazanavir; 
ZDV, zidovudine; 3TC, lamivudine  
1 Mothers may not be unique.  Some women had multiple pregnancies under study observation. 
2Sexually transmitted infections include syphilis, gonorrhea, chlamydia, genital herpes, or “other” sexually transmitted infections noted in the 
medical chart.  
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Table 3.2. Risk of infant outcomes by initial antiretroviral regimen during pregnancy 

 Initial antiretroviral regimen during pregnancy 
 TDF/FTC/LPV/r TDF/FTC/ATV/r ZDV/3TC/LPV/r 

Outcome n Risk (%) 95% CI n Risk (%) 95% CI n Risk (%) 95% CI 
Preterm birth1 27 21.4 (14.3, 28.6) 86 16.1 (13.0, 19.2) 184 19.5 (16.9, 22.0) 
Very preterm birth2 5 4.0 (0.6, 7.4) 26 4.9 (3.0, 6.7) 44 4.7 (3.3, 6.0) 
Low birth weight3 30 23.8 (16.4, 31.2) 86 16.2 (13.0, 19.3) 175 18.8 (16.3, 21.3) 
Very low birth weight4 1 0.8 (0.0, 2.3) 10 1.9 (0.7, 3.0) 18 1.9 (1.0, 2.8) 
Adverse outcome5 36 28.1 (20.3, 35.9) 127 23.7 (20.1, 27.3) 256 27.2 (24.4, 30.1) 
Severe adverse 
outcome6 7 5.5 (1.5, 9.4) 28 5.2 (3.3, 7.1) 51 5.4 (4.0, 6.9) 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ATV/r, ritonavir-boosted atazanavir; 
ZDV, zidovudine; 3TC, lamivudine; CI, confidence interval 
1Preterm birth defined as <37 weeks gestational age 
2Very preterm birth defined as <34 weeks gestational age 
3Low birth weight defined as <2,500g 
4Very low birth weight defined as <1,500g  
5Adverse outcome defined as preterm birth, low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
6Severe adverse outcome defined as very preterm birth, very low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Table 3.3. Risk ratios for infant outcomes based on comparison of initial antiretroviral regimen during pregnancy 

 TDF/FTC/LPV/r vs ZDV/3TC/LPV/r TDF/FTC/ATV/r vs ZDV/3TC/LPV/r TDF/FTC/LPV/r vs TDF/FTC/ATV/r 
 Crude Adjusted1 Crude Adjusted1 Crude Adjusted1 

Outcome RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI RR 95% CI 
Preterm birth2 1.10 (0.77, 1.58) 0.95 (0.66, 1.39) 0.83 (0.65, 1.04) 0.76 (0.59, 0.99) 1.33 (0.91, 1.96) 1.23 (0.84, 1.82) 
Very preterm birth3 0.85 (0.19, 2.11)    1.04 (0.65, 1.68)    0.82 (0.32, 2.08)    
Low birth weight4 1.27 (0.90, 1.78) 1.08 (0.76, 1.54) 0.86 (0.68, 1.09) 0.83 (0.64, 1.09) 1.47 (1.02, 2.13) 1.40 (0.97, 2.03) 
Very low birth weight5 0.41 (0.06, 3.06)    0.97 (0.45, 2.10)    0.42 (0.05, 3.27)    
Adverse outcome6 1.03 (0.77, 1.39) 0.90 (0.66, 1.23) 0.87 (0.72, 1.05) 0.83 (0.67, 1.02) 1.18 (0.86, 1.62) 1.11 (0.81, 1.52) 
Severe adverse 
outcome7 1.01 (0.47, 2.17)      0.96 (0.61, 1.51)     1.04 (0.47, 2.34)     

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; ATV/r, ritonavir-boosted atazanavir; RR, risk ratio; CI, 
confidence interval 
1Log-binomial models adjusted for race/ethnicity, smoking, diabetes, sexually transmitted infection, and timing of antiretroviral therapy initiation 
2Preterm birth defined as <37 weeks gestational age 
3Very preterm birth defined as <34 weeks gestational age 
4Low birth weight defined as <2,500g 
5Very low birth weight defined as <1,500g  
6Adverse outcome defined as preterm birth, low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
7Severe adverse outcome defined as very preterm birth, very low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Figure 3.1. Subgroup analyses for comparison of initial antiretroviral regimen during pregnancy and risk of preterm birth1 and low birth weight2: 

Risk ratios and corresponding 95% confidence intervals 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; ATV/r, ritonavir-boosted atazanavir 
Note: “Adjusted” risk ratios obtained from log-binomial models adjusted for race/ethnicity, smoking, diabetes, sexually transmitted infection, and timing of antiretroviral therapy initiation 
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“Initiators” defined as women who initiated ART regimen during pregnancy 
“Continuers” defined as women who initiated ART prior to conception  
1Preterm birth defined as <37 weeks gestational age 
2Low birth weight defined as <2,500g  
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Figure 3.2. Risk of birth outcomes by timing of antiretroviral therapy initiation, with 95% confidence intervals  

 

Abbreviations: CI, confidence interval
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Figure 3.3. Flowchart of study pooling and inclusion criteria 

  	

Mother-infant pairs enrolled 
in the Dynamic SMARTT 

cohort 
(N = 2,389) 

Mother-infant pairs enrolled 
in the P1025 cohort 

(N = 3,146) 

Removal of duplicated co-
enrolled pregnancies 

(N = 4,646) 

First regimen in 
pregnancy: 

TDF/FTC/ATV/r 
(N = 539) 

Mother-infant pairs in the 
P1025 cohort with observed 

birth outcome  
(N = 3,071) 

Mother-infant pairs in the 
Dynamic SMARTT cohort 

with observed birth outcome 
(N = 2,304) 

First regimen in 
pregnancy: 

TDF/FTC/LPV/r 
(N = 128) 

First regimen in 
pregnancy: 

ZDV/3TC/LPV/r 
(N = 954) 

TDF/FTC/LPV/r 
subgroup analyses 

ART initiation in 
pregnancy (N = 70) 
ART initiation 
before conception  
(N = 58) 
First singleton 
pregnancy (N = 109) 
Did not switch ART 
regimen (N = 67 ) 

TDF/FTC/ATV/r 
subgroup analyses 

ART initiation in 
pregnancy (N = 274) 
ART initiation 
before conception  
(N = 265) 
First singleton 
pregnancy (N = 424) 
Did not switch ART 
regimen (N = 368) 

ZDV/3TC/LPV/r 
subgroup analyses 

ART initiation in 
pregnancy (N = 843) 
ART initiation 
before conception  
(N = 111) 
First singleton 
pregnancy (N = 819) 
Did not switch ART 
regimen (N = 614 ) 



 

 49 

Table 3.4. Maternal characteristics1 by initial antiretroviral regimen during pregnancy: TDF/FTC/Any PI 

versus ZDV/3TC/Any PI 

 Initial regimen during pregnancy 

 TDF/FTC/Any PI ZDV/3TC/Any PI 
 N = 960 N = 1,593 
 n % n % 

Year of delivery         
   2002-2004 0 0.0 138 8.7 
   2005-2008 178 18.5 610 38.3 
   2009-2012 514 53.5 693 43.5 
   2012-2016 268 27.9 152 9.5 
Age         
   24 years or less 254 26.5 592 37.2 
   25 to 34 years 533 55.5 785 49.3 
   35 years or more 170 17.7 214 13.4 
   Missing 3 0.3 2 0.1 
Education         
   Less than high school 313 32.6 570 35.8 
   High school diploma 434 45.2 690 43.3 
   College or more 209 21.8 327 20.5 
   Missing 4 0.4 6 0.4 
Race/ethnicity         
   Non-Hispanic White 81 8.4 113 7.1 
   Non-Hispanic Black 629 65.5 966 60.6 
   Hispanic 233 24.3 484 30.4 
   Other 15 1.6 19 1.2 
   Missing 2 0.2 11 0.7 
First CD4 in pregnancy         
   Less than 250 cells/mm3 187 19.5 293 18.4 
   250 to 500 cells/mm3 374 39.0 676 42.4 
   More than 500 cells/mm3 379 39.5 591 37.1 
   Missing 20 2.1 33 2.1 
First viral RNA in pregnancy         
   Less than 400 copies/mL 503 52.4 469 29.4 
   400 to 10,000 copies/mL 224 23.3 601 37.7 
   More than 10,000 copies/mL 223 23.2 500 31.4 
   Missing 10 1.0 23 1.4 
Timing of HIV diagnosis         
   Before pregnancy 834 86.9 1,112 69.8 
   During pregnancy 124 12.9 478 30.0 
   Missing 2 0.2 3 0.2 
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Table 3.4 (continued). Maternal characteristics1 by initial antiretroviral regimen during pregnancy: 

TDF/FTC/Any PI versus ZDV/3TC/Any PI 

 Initial regimen during pregnancy 
 TDF/FTC/Any PI ZDV/3TC/Any PI 
 N = 960 N = 1,593 
 n % n % 
Timing of regimen initiation         
   Before pregnancy 490 51.0 240 15.1 
   Trimester 1 135 14.1 177 11.1 
   Trimester 2 or 3 335 34.9 1,176 73.8 
Alcohol use during pregnancy         
   Yes 156 16.3 298 18.7 
   No 767 79.9 1,166 73.2 
   Missing 37 3.9 129 8.1 
Tobacco use during pregnancy         
   Yes 188 19.6 295 18.5 
   No 676 70.4 997 62.6 
   Missing 96 10.0 301 18.9 
Illicit drug use during pregnancy         
   Yes 115 12.0 191 12.0 
   No 741 77.2 1,079 67.7 
   Missing 104 10.8 323 20.3 
Pregestational diabetes         
   Yes 15 1.6 24 1.5 
   No 939 97.8 1,564 98.2 
   Missing 6 0.6 5 0.3 
Hepatitis B or C during 
pregnancy         
   Yes 135 14.1 153 9.6 
   No 825 85.9 1,440 90.4 
Sexually transmitted infection2 
during pregnancy         
   Yes 338 35.2 586 36.8 
   No 553 57.6 849 53.3 
   Missing 69 7.2 158 9.9 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; PI, protease inhibitor; ZDV, zidovudine; 3TC, lamivudine 
1Mothers may not be unique.  Some women had multiple pregnancies under study observation. 
2Sexually transmitted infections include syphilis, gonorrhea, chlamydia, genital herpes, or “other” sexually transmitted infections noted in the 
medical chart.  
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Table 3.5. Risk of infant outcomes by initial antiretroviral regimen during pregnancy: TDF/FTC/Any PI 

versus ZDV/3TC/Any PI 

 Initial antiretroviral regimen during pregnancy 

 TDF/FTC/Any PI ZDV/3TC/Any PI 

Outcome n Risk (%) 95% CI n Risk (%) 95% CI 

Preterm birth1 170 17.9 (15.4, 20.3) 311 19.7 (17.8, 21.7) 

Very preterm birth2 47 4.9 (3.6, 6.3) 67 4.3 (3.3, 5.3) 

Low birth weight3 167 17.7 (15.2, 20.1) 275 17.8 (15.9, 19.7) 

Very low birth weight4 17 1.8 (1.0, 2.6) 32 2.1 (1.4, 2.8) 

Adverse outcome5 237 24.9 (22.2, 27.7) 426 27.3 (25.1, 29.5) 

Severe adverse outome6 51 5.4 (3.9, 6.8) 83 5.3 (4.2, 6.5) 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; PI, protease inhibitor; ZDV, zidovudine; 3TC, lamivudine; CI, 
confidence interval 
1Preterm birth defined as <37 weeks gestational age 
2Very preterm birth defined as <34 weeks gestational age 
3Low birth weight defined as <2,500g 
4Very low birth weight defined as <1,500g  
5Adverse outcome defined as preterm birth, low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
6Serious adverse outcome defined as very preterm birth, very low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Table 3.6. Risk ratios for infant outcomes: TDF/FTC/Any PI versus ZDV/3TC/Any PI 

 Crude Adjusted1 

 RR 95% CI RR 95% CI 

Preterm birth2 0.90 (0.76, 1.07) 0.81 (0.68, 0.98) 

Very preterm birth3 1.16 (0.81, 1.67)     

Low birth weight4 0.86 (0.68, 1.09) 0.94 (0.78, 1.14) 

Very low birth weight5 0.87 (0.49, 1.56)     

Adverse outcome6 0.87 (0.72, 1.05) 0.85 (0.73, 0.99) 
Serious adverse 
outcome7 1.01 (0.72, 1.41)      

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; PI, protease inhibitor; ZDV, zidovudine; 3TC, lamivudine; RR, risk ratio; 
CI, confidence interval 
1Log-binomial models adjusted for race/ethnicity, smoking, diabetes, sexually transmitted infection, and timing of antiretroviral therapy initiation 
2Preterm birth defined as <37 weeks gestational age 
3Very preterm birth defined as <34 weeks gestational age 
4Low birth weight defined as <2,500g 
5Very low birth weight defined as <1,500g  
6Adverse outcome defined as preterm birth, low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
7Serious adverse outcome defined as very preterm birth, very low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Figure 3.4. Subgroup analyses for comparison of initial antiretroviral regimen during pregnancy and risk 

of any adverse outcome1: Risk ratios and corresponding 95% confidence intervals 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; 
ATV/r, ritonavir-boosted atazanavir 
Note: “Adjusted” risk ratios obtained from log-binomial models adjusted for race/ethnicity, smoking, diabetes, sexually transmitted infection, and 
timing of antiretroviral therapy initiation 
1Adverse outcome defined as preterm birth, low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Figure 3.5. Subgroup analyses for comparison of initial antiretroviral regimen during pregnancy and risk 

of very preterm birth1: Risk ratios and corresponding 95% confidence intervals 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; 
ATV/r, ritonavir-boosted atazanavir 
1Very preterm birth defined as <34 weeks gestational age 
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Figure 3.6. Subgroup analyses for comparison of initial antiretroviral regimen during pregnancy and risk 

of very low birth weight1: Risk ratios and corresponding 95% confidence intervals 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; 
ATV/r, ritonavir-boosted atazanavir 
1Very low birth weight defined as <1,500g  
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Figure 3.7. Subgroup analyses for comparison of initial antiretroviral regimen during pregnancy and risk 

of serious adverse outcome1: Risk ratios and corresponding 95% confidence intervals 

 

Abbreviations: TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; LPV/r, ritonavir-boosted lopinivir; ZDV, zidovudine; 3TC, lamivudine; 
ATV/r, ritonavir-boosted atazanavir 
1Serious adverse outcome defined as very preterm birth, very low birth weight, fetal loss, or neonatal mortality (within 14 days after delivery) 
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Chapter 4.  Zidovudine use in pregnancy and congenital malformations: A 

Bayesian analysis 

 
INTRODUCTION 

Use of antiretroviral drugs during pregnancy has dramatically reduced the risk of perinatal transmission of 

HIV to less than 1%.1,2  However, there are lingering concerns about the safety of specific antiretroviral 

agents when used during pregnancy,3 and careful evaluation of the risks associated with specific drugs are 

needed to inform treatment decisions. Zidovudine is one antiretroviral agent that has frequently been used 

to treat HIV during pregnancy, though it is no longer a component of the preferred first-line treatment, 

largely for programmatic reasons unrelated to safety.4  

 

Some epidemiological studies have found that zidovudine use, especially in the first trimester, is 

associated with modest elevations in the risk of overall malformations,5 cardiac malformations,6–8 and 

male genital malformations.9,10  However, a number of other studies have not replicated the increased 

risk.11–18  There are several potential explanations for these seemingly inconsistent results, including 

heterogeneity in study design, exposure definition and outcome measurement.  Further, because 

malformations are rare events, individual studies may lack the power to detect differences in risk, 

especially for specific malformation subgroups.   

 

To provide more robust estimates of the association between zidovudine and overall, cardiac, and male 

genital malformations, we used Bayesian methods, which allow us to formally incorporate existing 

knowledge about an association into an analysis of new data. We conducted a systematic review and 

meta-analysis to develop a prior distribution for the risk of defects associated with zidovudine, and 

incorporated data from the Medicaid Analytic eXtract (MAX) to provide the most updated evidence 

available on this safety concern. 
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METHODS 

Study population 

This study used data from the Medicaid Analytic eXtract (MAX), a collection of enrollment information 

and healthcare claims for Medicaid beneficiaries nationwide in the United States. We had access to claims 

for inpatient and outpatient diagnoses and procedures, as well as outpatient pharmacy dispensing, from 

2000-2010. An estimated 45% of all deliveries that occur in the United States are covered by Medicaid.19 

 

We identified a cohort of pregnancies in MAX where distinct mothers and infants could be matched.  

The creation of this cohort has previously been described in detail.20  Briefly, women between the ages of 

12 and 55 years old with a code indicating delivery were identified and linked to live-born infants based 

on shared family Case Numbers. We removed infants linked to more than one woman, as well as 

deliveries that were unreasonably close in time. The sample was restricted to women continuously 

enrolled in Medicaid, without supplementary private insurance or restricted benefits, for 3 months prior to 

estimated last menstrual period (LMP) through 30 days after delivery, and infants were required to be 

continuously enrolled for 90 days after delivery or until death, whichever occurred sooner. 

 

We included women who met any of our diagnostic criteria for HIV infection: (a) ³2 claims for an HIV 

diagnosis; (b) ³1 claim for HIV diagnosis and ³1 HIV-related procedure; or (c) ³1 claim for HIV 

diagnosis and ³2 dispensings of antiretroviral drugs. We further limited the sample to women who 

received some form of antiretroviral therapy (ART) during pregnancy, defined by at least one dispensing 

of an antiretroviral medication between LMP and delivery. We applied this restriction to produce a 

comparative safety study design with an active comparator group to produce results would be useful for 

clinical decision making and less susceptible to confounding by indication.21 
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Exposure and outcome definitions  

For infants who had no diagnosis or procedure codes that indicated prematurity, we estimated the date of 

LMP by subtracting 270 days from the delivery date.  For preterm deliveries, LMP was estimated by 

subtracting 245 days from the delivery date.  The first trimester was defined as the 90-day period after 

LMP, the second trimester as the period from 91 to 180 days after LMP, and the third trimester as the 

period from 181 days after LMP through delivery.   

 

A pregnancy was defined as having zidovudine exposure during the first trimester if at least one 

prescription for the drug was dispensed during the first trimester. The comparison group was comprised 

of pregnancies where the ART received did not include any dispensings of zidovudine during the first 

trimester.  

 

Infant malformations were identified in the 90-day post-delivery period. An organ system was said to 

have a malformation if there were two recorded diagnostic codes for an anomaly in the organ system, 

either from maternal or infant records, or one code and a recorded infant death within three months of 

delivery.  In this analysis, we focused on three outcomes: malformations from any organ system, cardiac 

malformations, and male genital malformations. A validation study found that cardiac malformations 

identified in MAX had a positive predictive value of 78%.22  

 

Confounding and adjustment 

We considered a variety of risk factors for malformations as potential confounders, including maternal 

demographic characteristics, markers of HIV disease severity, comorbid medical conditions (including 

the Obstetric Comorbidity Index23), obstetric characteristics, and prescription drugs dispensed (Table 4.2).  

Confounders were defined in the 3-month baseline period prior to LMP and the first trimester.   
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To adjust for confounding, propensity scores were used to match each exposed pregnancy to an 

unexposed pregnancy.  Propensity scores were calculated using a logistic regression model that estimated 

the probability of being dispensed zidovudine in the first trimester based on confounder values.  All 

variables listed in Table 4.2 were included in the propensity score. We performed 1:1 fixed-ratio 

matching using a greedy algorithm,24 based on the logit transformation of the propensity score. To 

minimize residual confounding, we used a caliper of 0.2 times the standard deviation of the logit 

transformation of the propensity score.25  

 

Development of a Bayesian prior 

Bayesian methods require specification of a prior probability distribution for each parameter included in 

the model. This prior can be conceptualized as a summary of beliefs about the true value of a variable 

before considering any new data.  In this way, Bayesian analyses allowed us to incorporate existing 

evidence about zidovudine exposure and risk of congenital malformations into our analysis using the 

MAX data. 

 

To develop our prior, we conducted a systematic review and meta-analysis for studies that examined the 

relationship between use of zidovudine in pregnancy and three outcomes: any congenital malformation, 

cardiac malformation, and male genital malformation.  We searched MEDLINE via PubMed, EMBASE, 

and Cochrane CENTRAL for abstracts with terms related to “zidovudine” and “pregnancy/congenital 

malformations.” The references cited in all included studies were reviewed to identify additional articles.  

 

Articles were included if they were written in English and reported adequate information to calculate an 

odds ratio (OR) for zidovudine exposure during pregnancy and one of the outcomes of interest (any, 

cardiac, and/or male genital malformation). We excluded conference abstracts, animal studies, basic 

science research, case reports, case series, and commentaries were excluded. When reports were 

published on the same cohort, we only included the most recent publication, to avoid duplication. In 
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secondary analyses, we further restricted the meta-analysis to studies that defined exposure to zidovudine 

in the first trimester, had a comparison group that received ART, and controlled for confounding. 

 

Two authors (KR, JS) screened the titles and abstracts of all identified articles according to the inclusion 

and exclusion criteria listed above. For articles passing the initial screen, the two authors independently 

performed full text review, finalized inclusion decisions, and extracted the relevant information using a 

standardized form.  All discrepancies were discussed and resolved consensus.   

 

A random-effects meta-analysis was performed using the DerSimonian and Laird method26 to summarize 

findings and construct a prior, and results were reported in Forest plots. The I2 metric was computed to 

quantify between-study heterogeneity, and Egger’s test was performed to identify publication bias. The 

meta-analysis was conducted using user-written packages in Stata.27,28 

 

Statistical analysis 

The risk of each outcome was summarized in the full and matched samples.  Within the matched sample, 

we used a Bayesian approach to build a logistic model for the risk of malformation by exposure to 

zidovudine in pregnancy.  Separate models were created for each malformation outcome. The prior 

distributions for the zidovudine-malformation relationships were set according to results of the meta-

analysis, and a non-informative prior was specified for the model intercept term.  Posterior estimates of 

the ORs and an accompanying 95% credible intervals were developed using Markov Chain Monte Carlo 

methods. Because malformations are a rare outcome, the estimated OR closely approximates a risk 

ratio.29,30 Bayesian analyses were performed in SAS, version 9.4 (SAS Institute, Cary, NC).  

 

RESULTS 

After removing duplicate references, the search strategy identified 4,673 unique citations, whose titles and 

abstracts were screened (Figure 4.1). After screening, 48 citations underwent a full-text review, and 
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results from 17 articles were included in the meta-analysis.6–11,13–18,31–35  For the outcome of any 

malformation, 14 articles contributed information on over 27,239 infants with an in utero zidovudine 

exposure and over 36,501 infants without zidovudine exposure.  Of these, 7 studies contributed 

information on cardiac malformations (n=8,956 zidovudine exposed, n=15,100 unexposed), and 5 

contributed information on male genital malformations (n=8,630 zidovudine exposed, n=4,643 

unexposed).  Study designs varied between articles: one study was a randomized controlled trial, while 

the remainder were observational cohorts; 14 defined exposure to zidovudine specifically in the first 

trimester; and 12 had control groups who received other ART (Table 4.1).   Nearly all studies were 

conducted in the United States or Europe. 

 

For the zidovudine exposure during pregnancy, results from the meta-analysis indicated slightly increased 

odds of any malformation and cardiac malformation (Figure 4.2). Odds of a male genital malformation 

more than doubled with zidovudine exposure during pregnancy (OR=2.57, 95% CI:1.26-5.24; Figure 

4.2).  Between-study heterogeneity was low to moderate for each of the malformation outcomes. I2, which 

represents the percentage of variance in meta-analysis that is attributable to between-study heterogeneity, 

ranged from 0 to 28 (any malformation: I2=0, 95% confidence interval [CI]=0-55; cardiac malformation: 

I2=28, 95% CI=0-69; male genital malformation: I2= 0, 95% CI: 0-79).  There was also some evidence of 

publication bias according to Egger’s test for small study effects, where a small p-value indicates 

asymmetry in the funnel plot36 (p=0.04 for any malformation; p=0.08 for cardiac malformation; p=0.26 

for male genital malformation).   

 

In the MAX cohort, 824 women were dispensed zidovudine in the first trimester and 1,998 were 

dispensed ART that did not include zidovudine in the first trimester.  Before matching, there were some 

small differences in baseline characteristics between the exposure groups; women with first trimester 

zidovudine exposures were slightly older, less likely to be black, had deliveries earlier in the study period, 

had more psychiatric diagnoses and antidepressant use, and were more likely to be dispensed an 
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antiretroviral medication in the 3 months prior to pregnancy (Table 4.2).  The 1:1 matching procedure 

resulted in a sample of 735 women each in the zidovudine and comparator groups.  In the matched 

sample, these differences between baseline characteristics decreased (Table 4.2). 

 

Prior to matching, women with a first trimester dispensing of zidovudine group had slightly elevated risk 

of any malformation (4.6% versus 4.0%), but these risks became similar after implementing the matching 

procedure (4.6% versus 4.9%) (Table 4.3). In both the full sample and the matched sample, women with 

first trimester zidovudine exposure and those without had similar risk of cardiac defects (1.5% versus 

1.5% in the full sample; 1.5% versus 1.6% in the matched sample). Among women with first trimester 

zidovudine exposure, there were no male genital malformations in either the full or matched samples.  

 

When comparing ART with first trimester zidovudine to ART without first trimester zidovudine, the 

Bayesian modeling procedure yielded OR estimates slightly above the null for any malformation 

(OR=1.11; 95% credible interval: 0.80-1.55) and cardiac malformation (OR=1.30; 95% credible interval: 

0.63-2.71).  Because there were no exposed cases of male genital malformations in either the full or 

matched cohorts, the Bayesian model did not converge for that outcome.		When the meta-analysis used to 

specify the prior distribution for the outcome of any malformation was restricted to studies with similar 

designs to what was implemented in the MAX cohort (i.e., classified zidovudine exposure during the first 

trimester, required that women in the comparison group received ART, and controlled for confounding), 

the OR estimate was very similar, though the credible interval became wider.  We were unable to conduct 

similar sensitivity analyses for the cardiac and male genital malformation outcomes because there were a 

prohibitively small number of studies that met the more restrictive criteria.   

 

DISCUSSION 

In a nationwide cohort of Medicaid-enrolled pregnant women with HIV from the years 2000 to 2010, we 

found that first trimester exposure to zidovudine was relatively common.  Our Bayesian analysis 
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incorporated novel information from Medicaid alongside a prior that captured the results of a systematic 

review and meta-analysis.  Compared to women with ART regimens that did not include zidovudine in 

the first trimester, those with first trimester exposure had a modest increase in the odds of any anomaly 

and cardiac anomaly, though the 95% credible intervals included the null value of 1. Results from the 

meta-analysis for the outcome of male genital malformation indicate a substantial increase in risk for 

infants with in utero zidovudine exposures, though estimates were imprecise due to the limited sample 

size and the rare nature of the outcome. 

 

The severity of the clinical impact of the specific malformations observed is unclear.  The cardiac 

malformations identified in this study, as well as studies included in the meta-analysis, were primarily 

ventricular septal defects which are often managed non-surgically.37 The 2015 study by Sibiude et al 

found that most identified cardiac malformations were minor and less than 10% required a surgical 

intervention.8  The male genital malformations identified in previous studies were predominantly 

hypospadias, which has a generally good prognosis.38 

 

Findings from this study must also be interpreted within the context of existing knowledge about the use 

of zidovudine and other antiretroviral drugs during pregnancy. In addition to potential teratogenicity, 

many considerations influence treatment decisions for pregnant women with HIV, including treatment 

availability, tolerability of side effects, interactions with other medications, drug resistance, and other 

maternal and infant safety signals.  

 

Our study has several limitations.  First, it is possible that some children were enrolled in multiple studies 

included in the meta-analysis, which would artificially increase the sample size and decrease the variance. 

However, we do not expect bias in our estimates because of the prospective nature of nearly all included 

studies makes it unlikely that repeated observations are differential with respect to exposure or outcome. 

Second, classification of exposure to zidovudine during the first trimester was based on an algorithm to 
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estimate LMP.  This may result in some non-differential misclassification of the exposure, which would 

bias estimates towards the null. Third, we were only able to follow infants for 3 months after delivery, 

limiting outcome sensitivity, and were not able to review medical records for cases of suspected 

malformations, limiting outcome specificity. However, a previous validation study showed good positive 

predictive value for claims-based definitions of cardiac malformations in MAX.22 We expect any outcome 

misclassification to be non-differential, and therefore biased towards the null. Fourth, the MAX dataset, 

along with all but one study included in the meta-analysis, is an observational cohort, and there is always 

some potential for residual confounding, though this should be limited by use of propensity score 

matching and an active comparator group. Fourth, because MAX and some studies in the meta-analysis 

are restricted to only include live births, there is a potential for selection bias if malformations due to first 

trimester zidovudine were so severe that pregnancies ended in miscarriage or stillbirth.  Finally, the data 

from MAX and most studies included in the meta-analysis were conducted in high-income countries in 

North America and Europe.  However, most women receiving ART during pregnancy are from low-

income countries, and it is unclear how our results may generalize to these settings. 

 

Our study also has multiple strengths.  Because exposure was measured through pharmacy dispensing 

records, our measurements will not be impacted by inconsistencies in recall or memory.  In addition, the 

active comparator design also makes our results clinically interpretable and minimizes the potential for 

bias due to confounding.  Finally, our posterior estimates summarize all currently available information, 

and are especially useful in this context because of rare nature of organ-specific malformations.   

 

In conclusion, these findings provide reassurance that for most types of congenital malformations, first 

trimester exposure to zidovudine results in minimal differences in risk compared to other treatment 

strategies.  The potential increase in male genital malformations appears small in absolute magnitude, but 

should continue to be monitored.  It will be increasingly important to conduct similar analyses to monitor 

adverse events associated with other antiretroviral agents used during pregnancy, especially more novel 
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agents with limited safety data.  Due to the Bayesian approach used, estimates from this study reflect the 

most updated available evidence on zidovudine and malformations that can be used as a resource for 

women with HIV, their healthcare providers, and policy makers to assess options for treatment of HIV 

during pregnancy to minimize risk of birth defects.   
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Figure 4.1. Flowchart of article inclusion in meta-analysis 
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Table 4.1. Description of studies included in meta-analyses 

Citation Cohort Geographic 
setting Years Exposure comparison Definition of 

malformations 

Number 
with 

zidovudine 
exposure 

Number in 
comparison 

group 

Malformation 
outcomes  

Sperling et al 1998 ACTG 076 France, USA 1991-1994 Zidovudine in Trimester 
2/3 versus placebo* Not reported 214 210 

Any malformation, 
cardiac 
malformation, male 
genital 
malformation 

Newschaffer et al 
2000 

New York 
Medicaid 

New York, 
USA 1993-1996 

Zidovudine in Trimester 
1 versus no zidovudine 
during pregnancy* 

ICD-9 coding; 
blinded clinician 
review 

Not 
reported Not reported 

Any malformation, 
cardiac 
malformation 

Watts et al 2007 WITS USA 1990-2004 
Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1 

MACDP 
guidelines & APR 
criteria 

621 1,289 
Any malformation, 
male genital 
malformation 

Townsend et al 
2009 NSHPC Ireland, UK 1990-2007 

Zidovudine during 
pregnancy versus no 
zidovudine during 
pregnancy 

Reported by 
treating physician /  
ICD?? 

6,711 792 Male genital 
malformation 

Brogly et al 2010 PACTG 
219/219C  USA  1993-2006 

Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1* 

MACDP 
guidelines & APR 
criteria; blinded 
clinican review 

605 1,428 
Any malformation, 
cardiac 
malformation 

Joao et al 2010 NISDI Perinatal 
Study 

Argentina, 
Brazil 2002-2007 

Zidovudine during 
pregnancy versus no 
zidovudine during 
pregnancy 

MACDP 
guidelines & APR 
criteria 

954 41 Any malformation 

Watts et al 2011 PACTG 316 
Brazil, 
Bahamas, 
Europe, USA 

1997-2000 
Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1 

MACDP 
guidelines & APR 
criteria; blinded 
clinican review 

517 897 
Any malformation, 
cardiac 
malformation 

Tariq et all 2011 NSHPC and ECS Europe 2000-2009 
Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1 

ICD-10 coding 1,077 1,477 Any malformation 
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Table 4.1 (continued). Description of studies included in meta-analyses 

Citation Cohort Geographic 
setting Years Exposure comparison Definition of 

malformations 

Number 
with 

zidovudine 
exposure 

Number in 
comparison 

group 

Malformation 
outcomes 

Knapp et al 2012 IMPAACT P1025 USA  2002-2007 
Zidovudine in Trimester 1 
versus no zidovudine 
during pregnancy 

MACDP guidelines; 
blinded clinician 
review 

356 187 Any malformation 

Floridia et al 
2013 

Italian National 
Programme on 
Surveillance on 
Antiretroviral 
Treatment in 
Pregnancy 

Italy 2001-2011 
Zidovudine in Trimester 1 
versus no ART in 
Trimester 1 

MACDP guidelines 
& APR criteria 358 561 

Any malformation, 
cardiac 
malformation, male 
genital 
malformation 

Prieto et al 2014 The Madrid 
Cohort  

Madrid, 
Spain 2000-2009 

Zidovudine Trimester 1 
versus no zidovudine 
during pregnancy* 

EUROCAT criteria 287 189 Any malformation 

Sibiude et al 
2014 

EPF ANRS 
CO1/CO11 France 1994-2010 

Zidovudine in Trimester 1 
versus no zidovudine 
during pregnancy 

ICD-10 coding 
according to 
EUROCAT criteria 

3,267 2152 Any malformation 

Phiri et al 2014 Tennessee 
Medicaid 

Tennessee, 
USA 1994-2009 

Zidovudine in Trimester 1 
versus no zidovudine in 
Trimester 1* 

ICD-9 coding & 
vital record data 
according to 
MACDP guidelines; 
blinded clinician 
review  

156 650 Any malformation 

Sibiude et al 
2015 

EPF ANRS 
CO1/CO11 France 1994-2010 

Zidovudine in Trimester 1 
versus no zidovudine in 
Trimester 1 

Previously identified 
cardiac defects 
reviewed by 
pediatric 
cardiologist 

3,262 9626 Cardiac 
malformation 
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Table 4.1 (continued). Description of studies included in meta-analyses 

Citation Cohort Geographic 
setting Years Exposure comparison Definition of 

malformations 

Number 
with 

zidovudine 
exposure 

Number in 
comparison 

group 

Malformation 
outcomes 

Williams et al 
2015 

PHACS 
SMARTT USA 1995-2012 

Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1 

MACDP 
guidelines & APR 
criteria; blinded 
clinican review 

726 1,791 
Any malformation, 
male genital 
malformation 

Vannappagari 
et al 2016 APR 

USA 
(majority), 65 
additional 
countries 

1989-2013 
Zidovudine in Trimester 
1 versus no zidovudine 
during pregnancy 

MACDP 
guidelines & APR 
criteria 

4,000 2,378 Cardiac 
malformation 

Antiretroviral 
Pregnancy 
Registry 
Steering 
Committee 
2016 

APR 

USA 
(majority), 65 
additional 
countries 

1989-2016 
Zidovudine in Trimester 
1 versus no zidovudine in 
Trimester 1 

MACDP 
guidelines & APR 
criteria 

4,128 12,833 Any malformation 
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Figure 4.2. Forest plot of meta-analysis results: odds ratios for zidovudine use in pregnancy and outcomes 

of any malformation, cardiac malformation, and male genital malformation 

Panel A 

 

Panel B 
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Figure 4.2 (continued). Forest plot of meta-analysis results: odds ratios for zidovudine use in pregnancy 

and outcomes of any malformation, cardiac malformation, and male genital malformation 

Panel C 

 

Abbreviations: APR, Antiretroviral Pregnancy Registry; OR, odds ratio; LCL, lower 95% confidence limit; UCL, upper 95% confidence limit 
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Table 4.2. Baseline characteristics for pregnant women living with HIV in Medicaid Analytic eXtract 

sample 

 Full cohort Matched cohort 

 

Treated with 
zidovudine in 
Trimester 1 
(N = 824)  

Treated without 
zidovudine in 
Trimester 1 
(N = 1,998) 

Treated with 
zidovudine in 
Trimester 1 
(N = 735)  

Treated without 
zidovudine in 
Trimester 1 
(N = 735) 

Categorical variables n % n % n % n % 
Age          
   12-18 years 29 3.5 122 6.1 28 3.8 26 3.5 
   19-25 years 289 35.1 813 40.7 261 35.5 267 36.3 
   26-35 years 390 47.3 841 42.1 343 46.7 357 48.6 
   36-55 years 116 14.1 222 11.1 103 14.0 85 11.6 
Race/ethnicity         
   White 125 15.2 251 12.6 111 15.1 113 15.4 
   Black/African American 527 64.0 1,465 73.3 481 65.4 483 65.7 
   Hispanic/Latino 45 5.5 54 2.7 32 4.4 30 4.1 
   Other/Unknown 127 15.4 228 11.4 111 15.1 109 14.8 
Year of delivery         
   2000-2003 171 20.8 366 18.3 148 20.1 135 18.4 
   2004-2006 352 42.7 717 35.9 313 42.6 312 42.4 
   2007-2010 301 36.5 915 45.8 274 37.3 288 39.2 
Multifetal gestation 169 20.5 298 14.9 136 18.5 129 17.6 
Baseline antiretroviral  
   dispensing 481 58.4 460 23.0 394 53.6 383 52.1 

Diarrhea 19 2.3 38 1.9 14 1.9 19 2.6 
Parasitic/fungal infection 42 5.1 97 4.9 39 5.3 38 5.2 
Hepatitis C 13 1.6 24 1.2 11 1.5 14 1.9 
Herpes simplex virus 14 1.7 41 2.1 13 1.8 12 1.6 
Sexually transmitted infection 54 6.6 163 8.2 51 6.9 51 6.9 
Overweight/obese 21 2.5 38 1.9 17 2.3 17 2.3 
Hypertension 42 5.1 98 4.9 35 4.8 41 5.6 
Diabetes 32 3.9 50 2.5 27 3.7 30 4.1 
Dyslipidemia 13 1.6 22 1.1 11 1.5 11 1.5 
Bipolar disorder 25 3.0 37 1.9 18 2.4 24 3.3 
Anxiety disorder 28 3.4 50 2.5 25 3.4 25 3.4 
Depression 111 13.5 162 8.1 93 12.7 86 11.7 
Other psychiatric disorder 42 5.1 69 3.5 36 4.9 32 4.4 
Alcohol abuse 28 3.4 34 1.7 22 3.0 20 2.7 
Tobacco use 29 3.5 66 3.3 25 3.4 28 3.8 
Illicit drug abuse 65 7.9 97 4.9 52 7.1 49 6.7 
Antidepressant dispensing 164 19.9 190 9.5 125 17.0 127 17.3 
Anticonvulsant dispensing 39 4.7 59 3.0 30 4.1 30 4.1 
Stimulant dispensing 11 1.3 14 0.7 <111 -- <111 -- 
Antibiotic dispensing 500 60.7 1,080 54.1 443 60.3 454 61.8 
Antihypertensive dispensing 54 6.6 110 5.5 46 6.3 50 6.8 
Insulin dispensing 20 2.4 25 1.3 15 2.0 15 2.0 
Antidiabetes medication  
   dispensing 18 2.2 21 1.1 15 2.0 13 1.8 
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Table 4.2 (continued). Baseline characteristics for pregnant women living with HIV in Medicaid Analytic 

eXtract sample 

 Full cohort Matched cohort 

 

Treated with 
zidovudine in 
Trimester 1 
(N = 824)  

Treated without 
zidovudine in 
Trimester 1 
(N = 1,998) 

Treated with 
zidovudine in 
Trimester 1 
(N = 735)  

Treated without 
zidovudine in 
Trimester 1 
(N = 735) 

Categorical variables n % n % n % n % 
NSAID dispensing 201 24.4 405 20.3 176 23.9 192 26.1 
Acetaminophen dispensing 219 26.6 486 24.3 194 26.4 200 27.2 
Benzodiazapine dispensing 34 4.1 50 2.5 28 3.8 32 4.4 
Opioid dispensing 192 23.3 423 21.2 173 23.5 175 23.8 
Progestins dispensing 14 1.7 28 1.4 12 1.6 12 1.6 
Corticosteroid dispensing 208 25.2 341 17.1 169 23.0 174 23.7 
Fluconazole dispensing 119 14.4 209 10.5 103 14.0 117 15.9 
ACE inhibitor dispensing 16 1.9 31 1.6 13 1.8 15 2.0 

Continuous variables Mean SD Mean SD Mean SD Mean SD 
Generic medications  
   (excluding ARVs) 7.34 6.64 5.09 5.00 6.85 6.08 7.09 5.71 

Distinct diagnoses 11.84 7.68 9.48 7.19 11.44 7.42 12.04 7.94 
Outpatient visits 8.36 7.75 6.48 7.64 8.16 7.45 8.60 9.66 
Emergency department visits  1.12 4.73 1.05 1.75 1.13 4.98 1.28 2.01 
Inpatient hospitalizations 0.13 0.43 0.13 0.55 0.13 0.44 0.12 0.39 
HIV-related procedures 0.02 0.15 0.02 0.13 0.03 0.16 0.02 0.16 
Obstetric Comorbidity Index 1.84 1.38 1.17 1.35 1.75 1.34 1.77 0.43 

 

1 Cell sizes of 10 or less have been suppressed in accordance with Centers for Medicare and Medicaid Services cell size suppression policy. 
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Table 4.3. Risk of malformations in MAX and results of Bayesian analysis 

 

Risk in original 
sample: treated 

with zidovudine in 
Trimester 1 

(N=823) 

Risk in original 
sample: treated 

without zidovudine 
in Trimester 1 

(N-1,998) 

Risk in matched 
sample: treated 

with zidovudine in 
Trimester 1 

(N=735) 

Risk in matched 
sample: treated 

without zidovudine 
in Trimester 1  

(N=735) 

Posterior estimates: 
Bayesian analysis 

results 

 n  % n % n  % n  % OR 95% credible 
interval 

Any malformation 38 4.6 79 4.0 34 4.6 36 4.9 1.11 0.80 1.55 
Cardiac malformation 12 1.5 29 1.5 11 1.5 12 1.6 1.30 0.63 2.71 
Male genital malformation 0 0.0 <111 -- 0 0.0 <111 -- N/A -- -- 

Abbreviations: OR, odds ratio 
1 Cell sizes of 10 or less have been suppressed in accordance with Centers for Medicare and Medicaid Services cell size suppression policy. 
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