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Abstract

Objective: Our objective was to assess the safety, efficacy, and pregnancy outcomes of Tenofovir 

Disoproxil Fumarate (TDF) compared to Tenofovir Alafenamide (TAF) use in pregnant women 

with HIV (PWLHIV).

Methods: This retrospective cohort study of all women who received prenatal care at a single 

academic center between January 1st 2015 and June 30th, 2020 compared outcomes in PWLHIV 

using TDF compared to TAF. The primary outcome was weight-gain during pregnancy. Secondary 

outcomes included CD4 count, viral-load, gestational age at delivery, fetal and neonatal outcomes. 

Outcomes were analyzed using standard statistical tests. Multivariable linear-regression analysis 

models accounting for potential confounders were created for primary and secondary outcomes, 

with beta coefficients (β) and associated 95% confidence intervals as the primary measure of 

effect. Statistical analysis was done with STATA 16.

Results: There were 66 women in the TDF group and 34 women in the TAF group. In the overall 

cohort, the median (interquartile range, IQR) gestational age at delivery for PWLHIV on TDF and 

TAF were 38.6 (IQR 37.5–39.4) and 38.1 (31.1–39.1) weeks respectively; and most women (85%) 

were Black/African American. Compared to PWLHIV on a TDF regimen, women on TAF, on 

average, gained over 3 kg more weight in the 3rd trimester of pregnancy (β=3.20, 95% CI 1.64, 

7.97; p=0.03). Women in the TAF arm were also more likely to have higher median CD4-count 

(470 cells/mm3 versus 669 cells/mm3, p=0.035) in the third trimester compared to women on TDF. 

There were no cases of neonatal/infant HIV or death.
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Conclusion: Although TAF use was associated with more weight gain compared to TDF, both 

regimens appear safe and effective during pregnancy. PWLHIV should be counseled about the 

potential for weight gain with TAF based regimens during pregnancy.
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Introduction

HIV infection in pregnancy continues to be of significant clinical and public health 

importance [1,2]. The current statistics published by the World Health Organization (WHO) 

demonstrate that 38 million people are living with HIV in 2019, and 1.1 million (85%) 

pregnant women living with HIV received antiretroviral therapy (ARVs) during pregnancy 

and postpartum [1]. Additionally, 53% of children living with HIV in 2019 are on lifelong 

ARVs [1]. Expectedly, remarkable progress has been made in preventing mother-to-child 

transmission of HIV during pregnancy and lactation, and management of pregnant women 

living with HIV has evolved significantly in the last three decades [3,4].

Since the report of the first therapy for HIV in pregnant women living with HIV in 

1994, significant improvements in highly active antiretroviral therapy (HAART) have 

revolutionized the management of HIV during pregnancy for maternal health and prevention 

of perinatal transmission [2]. These include the use of combination therapy with several 

newer ARVs, including integrase inhibitors and nucleoside reverse transcriptase inhibitors 

(NRTIs) [5,6]. While tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF), 

two commonly used NRTI backbone in combination ARV, have similar efficacy, resistance 

profiles, and mechanisms of action (both prodrugs of tenofovir); they differ in their potency 

and adverse effect profiles [2,4]. Compared with TDF, TAF rapidly enters peripheral blood 

mononuclear cells (PBMCs) and other lymphoid tissues following ingestion, resulting 

in approximately 90% decreased plasma tenofovir (TFV) concentrations [2,7,8]. This 

pharmacokinetic (PK) characteristic increases the potency and antiviral activity of TAF, 

and decreases the potential for adverse effects from TAF compared to TDF [2]. From a 

pharmacodynamic (PD) perspective, TAF’s median TFV concentrations exceeds its 90% 

effective concentration (EC90) 1–2 hours after a single dose, whereas TDF does not exceed 

this threshold until after approximately 3 days of daily dosing [9]. These pharmacokinetic 

pharmacodynamic (PKPD) characteristics of TAF may be advantageous in pregnancy in 

order to cause a rapid decline in HIV viral load to prevent perinatal transmission. Despite 

these advantages, not many centers use TAF during pregnancy for prevention of perinatal 

transmission [2]. The clinical impact of these differences between TDF and TAF has not 

been fully studied during pregnancy.

While TDF and TAF have been studied extensively in non-pregnant populations from a 

pharmaco-epidemiologic perspective [10–17] there are limited studies of TAF use during 

pregnancy [18,19] despite the increasing use of TAF fixed dose combination ARVs 

during pregnancy for treatment of maternal HIV infection and for prevention of perinatal 
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transmission. To date, TDF data in pregnancy has been reassuring, as the Promoting 

Maternal Infant Survival Everywhere (PROMISE) randomized clinical trial did not identify 

associations between high TDF exposure, as measured by maternal tenofovir diphosphate 

(TFV-DP) concentrations in dried blood swabs, and adverse maternal, fetal, and neonatal 

outcomes [20]. Although TAF use in non-pregnant adults has been associated with weight 

gain and metabolic syndrome [21,22], only one study has evaluated the maternal and 

fetal outcomes in pregnant and postpartum women living with HIV on TAF compared to 

TDF [23]. Data from TAF and TDF pharmacoepidemiologic pregnancy studies are critical 

because the effectiveness of ARV therapy has to be considered alongside the potential for 

maternal adverse effects and the risk for congenital anomalies in fetuses of pregnant women 

living with HIV.

Therefore, the objective of this study was to assess the safety, efficacy, maternal and fetal 

outcomes of Tenofovir Disoproxil Fumarate (TDF) and Tenofovir Alafenamide (TAF) use in 

pregnant women living with HIV (PWLHIV).

Materials and Methods

This was a retrospective cohort study of all cases of pregnant women living with HIV at 

the Johns Hopkins Hospital HIV in pregnancy (HALO) clinic between January 1st, 2015 

and June 30th, 2020 (5 and half year period). The cohort included pregnant women living 

with HIV aged 18 to 48 years of age, at ≥ 6 0/7 weeks of gestation and their HIV-exposed 

neonates. Pregnant women met criteria for inclusion if they used a TDF based regimen 

[TDF, emtricitabine (Truvada); TDF, emtricitabine, efavirenz (Atripla); TDF, emtricitabine, 

rilpivirine (Complera); TDF, emtricitabine, elvitegravir, cobicistat (Stribild)]; or a TAF based 

regimen [TAF, emtricitabine (Descovy); TAF, emtricitabine, rilpivirine (Odefsey); TAF, 

emtricitabine, elvitegravir, cobicistat (Genvoya); TAF, emtricitabine, darunavir, cobicistat 

(Symtuza); TAF, emtricitabine, dolutegravir; and TAF, emtricitabine, bictegravir (Biktarvy)] 

during pregnancy. Women were described as ARV naïve (initiators) if they started taking 

these ARVs (TDF or TAF) for the first time during pregnancy, or ARV experienced if they 

had previously been on a TDF or TAF regimen before pregnancy and continued it during 

pregnancy.

Demographic data, medical history, laboratory testing of mother and infant pairs were 

collected via chart review and recorded on a standardized form. Data extracted included 

maternal age, parity, ethnicity, gestational age at enrollment, gestational age at delivery, 

maternal weight in the first, second and third trimesters of pregnancy, viral load in the 

first, second and third trimesters of pregnancy, CD4 counts in the first, second and 

third trimesters of pregnancy, history of alcohol, cocaine, tobacco or heroin use prior to 

pregnancy, methadone use during pregnancy, hypertension during pregnancy, gestational 

diabetes mellitus, preterm delivery, Hepatitis B and/or Hepatitis C co-infection during 

pregnancy, and mode of delivery. Fetal and neonatal outcomes included intrauterine fetal 

death, the presence of fetal anomalies, birth weight, low birth weight (birth weight <2500 

grams), and neonatal death. The exposure of interest was TDF or TAF use, and the primary 

outcome was maternal weight gain during pregnancy. The secondary outcomes included all 
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other maternal and fetal outcomes. Institutional Review Board (IRB) approval was obtained 

prior to the study.

Statistical analysis

The first step in our analysis was exploratory data analysis. We used diagrammatic 

methods (frequency distributions) to check our data for missing variables, check 

assumptions, identify outliers and influential observations, determine relationships among 

the explanatory variables, and assess the direction and approximate size of relationships 

between explanatory and outcome variables. Descriptive analyses were then performed to 

describe the study sample. We compared sociodemographic and clinical characteristics, and 

determined their frequency between the exposure groups (TDF versus TAF). Categorical 

variables were reported as proportions, and continuous measures were reported as medians 

as described in Tables 1 and 2. Differences between groups were assessed with Fisher’s 

exact tests and Chi-square test for categorical variables (where applicable), and Mann 

Whitney U test for continuous variables.

Linear regression models were used to estimate beta coefficients (β) with their associated 

95% confidence intervals, accounting for potential confounders – Table 3. β regression 

coefficients indicate how much a dependent variable changes per unit variation of the 

independent variable, taking into account the other independent variables in the model. For 

categorical variables (e.g., TDF vs TAF use (TDF=0, TAF=1); nulliparity vs multiparity 

(nulliparity=0, multiparity=1); no diabetes vs diabetes (no diabetes=0, diabetes=1); and no 

hypertension versus hypertension (no hypertension=0, hypertension=1), the β coefficient 

represents the effect of moving from the “reference category” (coded as 0) to another 

category (coded as 1). We assessed model fit and parsimony using Akaike’s Information 

Criteria (AIC). All statistical analyses were conducted in Stata, version 15.1 (StataCorp, 

College Station, TX; 2019).

Results

Table 1 show characteristics of the study population, stratified by NRTI backbone (TDF 

versus TAF). A total of 100 women were studied (66 women on a TDF based fixed dose 

combination, and 34 women on a TAF based combination). Pregnant women living with 

HIV on a TDF regimen were older than those in the TAF arm (median age of 32 years (IQR 

29–36) in the TDF group and 29 years (IQR 25–32) in the TAF group; p value= 0.045). 

There was no significant difference in parity between the two groups; (p=0.246). Gestational 

age at enrollment (median 14.2 weeks (IQR 11.3–19.6) in the TDF group versus 12.4 weeks 

(IQR 9.6–16.0) in the TAF group; p=0.264) and gestational age at delivery (median 38.6 

weeks (IQR 37.5–39.4) in the TDF arm versus 38.1 weeks (IQR 37.1–39.1) in the TAF arm; 

p=0.203) were similar. The majority of participants were Black or African American (54/66 

(82 %) in the TDF group and 31/34 (91%) in the TAF group; (p= 0.115).

Maternal weight in the first and second trimesters of pregnancy were similar between 

women on TDF compared to those on TAF (median 81.1 kg (IQR 66.7–98.4) in the TDF 

arm versus 81.1 kg (IQR 68.1–101.2) in the TAF arm in the first trimester; p=0.931; and 

81.6 kg (IQR 70–99.3) in the TDF arm versus 81.2 kg (IQR 69.7–103.8) in the TAF arm 
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in the second trimester; p=0.967). Women in the TAF arm were more likely to weigh 

more in the third trimester compared to women on TDF (87.1 kg (IQR 77.2–100.8) in 

the TDF arm versus 92.1 kg (IQR 79.8–108.9) in the TAF arm; p=0.042). Compared to 

women on TDF, women on a TAF based regimen had a greater weight gain during the 

third trimester of pregnancy (3.75kg (IQR 1.2–5.7) on TDF versus 4.3kg (IQR 2.7–13.6) on 

TAF; p=0.036). Rates of viral suppression between the two groups were not significantly 

different; 48/66 (73%) of women on TDF versus 25/34 (74%) of women on TAF had viral 

loads <20 copies/mL (p=0.964) in the first trimester; 54/66 (82%) of women on TDF versus 

28/34 (82%) of women on TAF had viral loads <20 copies/mL (p=0.854) in the second 

trimester, and 55/66 (84%) of women on TDF versus 29/34 (86%) of women on TAF had 

viral loads <20 copies/mL (p=0.791) in the third trimester of pregnancy. Women on TAF 

were more likely than those on a TDF regimen to have a higher CD4 count (median 470 

cells/mm3 (IQR 355–594) versus 669 cells/mm3 (514–750); p=0.035) in the third trimester 

of pregnancy.

There were no significant differences between women on TDF and those on TAF with 

respect to alcohol, cocaine, heroin, methadone, and tobacco use, hypertension in pregnancy, 

preterm delivery, hepatitis B and C infections, and mode of delivery. Four women in the 

TDF arm (6%) were delivered by Cesarean for viral loads >1,000 copies/mL, while none 

was delivered in the TAF arm solely for a high viral load indication, however this was 

not statistically significant (p=0.083). All women in this study reported >90% medication 

adherence.

Table 2 shows the fetal and neonatal characteristics in this study population stratified 

by NRTI backbone (TDF versus TAF). There were no statistically significant differences 

between women taking TDF versus TAF with respect to birth weight (median neonatal 

weight of 3230 grams (IQR 2480–3520) in the TDF arm versus 3150 grams (IQR 2580–

3495) in the TAF arm; p=0.260), intrauterine fetal death, fetal anatomic abnormalities, low 

birth weight, or neonatal death. None of the infants of the mothers on TDF or TAF were 

HIV infected. 5/66 fetuses (8%) in the TDF arm and 3/34 fetuses (9%) in the TAF arm had 

a diagnosis of some fetal anatomic anomalies during pregnancy and postpartum, including 

mild urinary tract dilatation (two fetuses), unilateral postaxial polydactyly (two fetuses), 

fetal dangling choroid (one fetus), left supernumerary nipple (one fetus), urachal cyst (one 

fetus), and right talipes equinovarus (one fetus).

Table 3 shows the univariable and multivariable linear regression analysis of the associations 

between TDF and TAF use and a number of covariates. In the univariable analysis using 

logistic regression, pregnant women living with HIV on a TAF regimen, on average, gained 

4.5 kg more weight during the 3rd trimester of pregnancy compared to those on TDF 

(β=4.50, 95% CI 1.46, 9.14; p=0.04)). In the multivariable linear regression model, pregnant 

women living with HIV on a TAF regimen, on average, gained 3.2 kg more weight during 

the 3rd trimester of pregnancy compared to those on TDF (β=3.20, 95% CI 1.64, 7.97; 

p=0.03), and remained statistically significant as described in Table 3. The remainder of the 

maternal covariates were not statistically significant.
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Discussion

We found that pregnant women living with HIV and on a TAF regimen, on average, gained 

3.2 kg more weight during the 3rd trimester of pregnancy compared to those on TDF. There 

were no cases of perinatal transmission of HIV or neonatal death in this cohort.

The increased serum progesterone concentrations, as well as other physiologic changes 

during pregnancy, lead to increased maternal weight, especially in the third trimester of 

pregnancy [24–26]. The physiologic weight gain during pregnancy is usually within the 

recommendations set by the Institute of Medicine (IOM) during pregnancy for optimal 

maternal and fetal outcomes [27], because weight gain in excess of those recommended by 

the IOM can be associated with adverse maternal and neonatal outcomes [28,29]. In this 

study, we reported that pregnant women living with HIV on a TAF regimen, on average, 

gained 3.2 kg more weight during the 3rd trimester of pregnancy compared to those on TDF. 

The association between TAF-based regimens and weight gain (when compared to TDF), 

has been demonstrated in several randomized clinical trials, including the ADVANCE [21] 

and AMBER [22] randomized controlled trial in non-pregnant adults, and the VESTED 

trial [30] in pregnant women. These clinical trials demonstrate significant differences in 

weight gain when comparing TAF based regimens to other ARVs. Data from the ADVANCE 

trial demonstrated that weight gain in non-pregnant women using a TAF based regimen 

was approximately 3 kg greater than the weight gain in men (6 kg weight gain in men 

versus 9 kg weight gain in women) [19]. While the explanation for TAF-associated weight 

gain in non-pregnant adults stem from several risk factors like a ‘return to health’ effect in 

those with weight loss due to HIV and its complications, low pretreatment CD4 cell count, 

high viral load, Black race, genetic differences in metabolism of ARVs and their effects 

on weight gain, female sex [31], and differences in baseline weight [32]; the causes of TAF-

associated weight gain during pregnancy are unknown. Similarly, the clinical consequences 

and mechanisms that induce these differences in weight between TDF and TAF users during 

pregnancy remain unknown. Although there is evidence from the DISCOVER randomized 

clinical trial [9] that TDF may have inhibitory effects on weight gain, which might explain 

some of the weight differences observed when TDF and TAF based regimens are compared 

[9], pregnant women were excluded from the DISCOVER randomized clinical trial, so 

it is difficult to extrapolate these findings to pregnant women. Understanding the clinical 

consequences of TAF-induced weight gain, and how it is modified during pregnancy by 

covariates like maternal age, gestational age, parity, race and other maternal and fetal factors 

are critical research questions, especially in women with class III obesity (body mass index 

of ≥ 40 kg/m2).

Results of this study demonstrated that fetal anatomic anomalies were present in 5 fetuses 

(8%) of women on a TDF based regimen and 3 (9%) of patients on TAF based regimen. 

These fetal anomalies are minor, with no clinical significance, and unlikely related to TAF 

or TDF use during pregnancy because there were no specific organ malformation patterns 

identified. Therefore, a clear causal association between use of TAF or TDF and fetal 

anomalies cannot be established. TDF exposure during pregnancy has been associated with 

reduced neonatal whole-body bone mineral density, decreased mean length-for-age Z-scores, 

and lower head circumference-for-age Z scores at one year of age in children enrolled in the 
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Surveillance Monitoring for ART Toxicities (SMARTT) cohort study [33], but these findings 

were of uncertain significance. While there is a dose-response relationship between most 

drugs and the risk of adverse effects and congenital anomalies [34–37], TAF results in lower 

systemic concentrations of TFV, and produces higher intracellular concentrations of TFV-DP 

than TDF. It remains uncertain if higher intracellular TFV-DP concentrations would increase 

the risk of congenital anomalies and adverse pregnancy outcomes. The HIV Antiretroviral 

Pregnancy Registry (APR), a project established in 1989 to monitor prenatal ARV exposures 

and detect potential increases in the risk of teratogenicity, keeps record of fetal anomalies 

resulting from all ARVs used in pregnant women [38]. Although ARV information from the 

APR continues to increase, there remains a paucity of data on TAF use during pregnancy. 

In the IMPAACT P1026s TAF 25 mg and 10 mg boosted with cobicistat study arms [18], 

congenital anomalies considered possibly related to study drugs involved a small number of 

women receiving TAF based regimens, so it was difficult to conclude that these congenital 

anomalies were related to TAF or other ARVs in the fixed dose combinations, or if they were 

incidental findings. In addition, the number of cases related to TAF reported in the APR at 

this time is insufficient to draw any reasonable conclusions on the association between TAF 

and any congenital anomalies. As more data become available, additional information on 

possible adverse effects and risk of teratogenicity will be gathered [39,40].

One of the limitations of this study is the inability to distinguish weight gain attributable 

to dolutegravir (DTG) versus TAF when drug combinations of DTG/TAF are used in 

pregnant women. In the ADVANCE and VESTED trial data that randomized participants 

to TAF/DTG (arm 1), TDF/DTG (arm 2), and TDF/Efavirenz (arm 3), there was increased 

weight in participants randomized to the TAF/DTG and TDF/DTG arms. However, because 

women randomized to the TAF/DTG arm had the highest weight gain, it is plausible that 

both TAF and DTG contributed to the increased weight, but it is unknown to what extent 

TAF and/or DTG increased maternal weight. Another potential limitation of this study is the 

relatively small sample size to enable analysis by sub-groups. With an increased sample size, 

it may have been possible to show statistically significant differences in serum creatinine 

concentrations between women who used TDF compared to TAF during pregnancy.

Strengths of this study include the relatively high number of pregnant women living with 

HIV managed at this single center—greater than what is seen in many institutions in 

the United States. Furthermore, while TAF is gradually increasingly being used in the 

management of pregnant women living with HIV in most institutions within and outside the 

US, its routine use during pregnancy for care of pregnant women living with HIV at this 

institution enabled us to complete this study. Additionally, given that TAF use in this study 

was part of routine obstetric care (and outside of a research protocol), the results may be 

more generalizable to more obstetric practices.

In summary, we found that although TAF use was associated with more weight gain 

compared to TDF, both regimens appear safe and effective during pregnancy. Pregnant 

women living with HIV should be counseled about the potential for weight gain with TAF 

based regimens during pregnancy, especially in the third trimester, as well as behavior 

modifications to mitigate weight gain with TAF based regimens.
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