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Abstract

OBJECTIVE: To compare the incidence of hypertensive disorders of pregnancy among women
living with human immunodeficiency virus (HIV) on combination antiretroviral therapy (ART) to
women without HIV, and to evaluate the association of hypertensive disorders of pregnancy with
ART regimens or timing of ART initiation.

METHODS: We conducted a retrospective cohort study among two overlapping pregnancy
cohorts using preexisting databases at a single tertiary care hospital: all pregnant women who
delivered during years 2016-2018 (cohort 1) and all women living with HIV who delivered during
years 2011-2018 (cohort 2). The primary outcome for both cohorts was any hypertensive disorder
of pregnancy; gestational hypertension and preeclampsia were also examined separately. The
primary exposure variables were HIV status for cohort 1 and ART regimen (integrase strand
transfer inhibitor—containing, protease inhibitor—containing, or non-nucleoside reverse
transcriptase inhibitor—containing) for cohort 2. For estimation of risk ratios (RRs), we used a
modified Poisson regression with robust error variances. Multivariate models among the women
living with HIV in cohort 2 were tested for a statistical interaction between ART regimen and
timing of initiation.

RESULTS: In cohort 1, among 80 women living with HIV compared with 3,464 women without
HIV, there was no difference in the risk of hypertensive disorders of pregnancy (29% in women
living with HIV vs 30% in women without HIV, adjusted RR 0.9, 95% CI 0.6-1.3). In cohort 2,
among 265 women living with HIV, integrase strand transfer inhibitor—containing regimens were
associated with an increased risk for any hypertensive disorder of pregnancy (25% among
integrase strand transfer inhibitor vs 10% among protease inhibitor, adjusted RR 2.8, 95% CI 1.5-
5.1) and gestational hypertension (20% among integrase strand transfer inhibitor vs 8% among
protease inhibitor, adjusted RR 2.8, 95% CI 1.3-5.9) compared with protease inhibitor—containing
regimens. Timing of ART initiation was not associated with hypertensive disorders of pregnancy,
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nor did it significantly alter the associations between ART regimen and hypertensive disorders of
pregnancy outcomes.

CONCLUSION: Overall the risk of hypertensive disorders of pregnancy was similar among
women living with HIV on ART and women without HIV. With greater integrase strand transfer
inhibitor use, the greater frequency of hypertensive disorders of pregnancy with these regimens
compared with protease inhibitor—containing regimens warrants future evaluation using cohorts
with greater sample size.

Since the introduction of combination antiretroviral therapy (ART) in the early 1990s, the
incidence of perinatal transmission of human immunodeficiency virus (HIV) has decreased
by more than 90% and risk of perinatal transmission with ART use is less than 1%.1 The
known benefits of ART during pregnancy far outweigh short-term risks. However, gaps
remain in our understanding of the effects of maternal ART use on other maternal and
perinatal outcomes and how specific ART regimens may influence these outcomes.

Hypertensive disorders of pregnancy encompass a spectrum of diseases including gestational
hypertension, preeclampsia (including preeclampsia superimposed on chronic hypertension),
eclampsia, and hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome.
Hypertensive disorders of pregnancy are common complications of pregnancy with a
reported population prevalence ranging from 5 to 8%.2 Hypertensive disorders of pregnancy
are a leading cause of maternal morbidity and mortality,3 and their presence increases risk of
placental abruption, preterm delivery, and infant death.

The mechanism of hypertensive disorders of pregnancy is likely multifactorial, but there is
increasing evidence that immunologic mechanisms may contribute to its development.
Human immunodeficiency virus causes a myriad of alterations to the immune system.
Pregnant women living with HIV may have a dampened immunologic response reducing the
risk for hypertensive disorders of pregnancy development, as suggested by some reports of
decreased hypertensive disorders of pregnancy among women living with HIV.4-8
Alternatively, women treated with ART may have increased risk of hypertensive disorders of
pregnancy compared with untreated women living with HIV or women without HIV.45.7-10
One potential mechanism for a possible increased risk of hypertensive disorders of
pregnancy with ART is the immune reconstitution inflammatory syndrome,! a
hyperinflammatory state associated with ART initiation. This theory suggests timing of ART
initiation or the regimen-dependent efficiency of viral decay may influence hypertensive
disorders of pregnancy development. Integrase strand transfer inhibitors are the newest class
of antiretrovirals and are reportedly associated with faster immune reconstitution and viral
suppression.12:13 Few studies evaluate the association of contemporary ART regimen use
with hypertensive disorders of pregnancy.

The objectives of our study were to examine: 1) whether pregnant women living with HIV
taking contemporary ART regimens are at increased risk of developing hypertensive
disorders of pregnancy compared with women without HIV and 2) whether, among women
living with HIV, ART regimen or timing of ART initiation are associated with development
of hypertensive disorders of pregnancy.
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We conducted a retrospective cohort study using preexisting data from two cohorts of
women who delivered at Grady Memorial Hospital, a large tertiary care hospital. The
institutional review board at Emory University and the Grady Research Oversight
Committee provided ethical approval for this study.

For the comparison of pregnancies among women living with HIV to those among women
without HIV, we included all pregnant women who delivered at Grady Memorial Hospital
under the care of Emory physicians from July 1, 2016—June 30, 2018. Deliveries were
identified using the Emory Medical Care Foundation database and cross-referenced with an
ongoing record of all deliveries on the labor and delivery unit. For the analysis, we excluded
pregnancies delivered before 20 weeks of gestation, multifetal pregnancies, and pregnancies
among women living with HIV not treated with contemporary ART regimen (Fig. 1). We
defined ART as a backbone of two nucleoside reverse transcriptase inhibitors plus at least
one non-nucleoside reverse transcriptase inhibitor, protease inhibitor, or integrase strand
transfer inhibitor. For the small percentage (3%) of women having multiple delivery dates
within the 2-year period, we selected the last pregnancy for analysis.

We manually reviewed medical charts and directly entered variables of interest into a
database using REDCap software on a secure server at Emory University.1* All researchers
were trained in abstraction and used a codebook to ensure consistent methodology.

For the analysis of ART regimens on hypertensive disorders of pregnancy outcomes, the
study population consisted of women living with HIV who delivered at Grady Memorial
Hospital from January 1, 2011, through June 30, 2018. These data are maintained and
updated regularly within an HIV perinatal database.!® In this database, sociodemographic
and clinical data were collected from entry into antenatal care through the postpartum period
via standardized extraction from the electronic medical record. The same women living with
HIV in cohort 1 are included in cohort 2 unless they met exclusion criteria for cohort 2.
Pregnancies without a known delivery date, delivered before 20 weeks of gestation, or that
were multifetal were excluded (Fig. 2). Additionally, we excluded eight pregnancies in
which ART regimen was unspecified. For women with multiple delivery dates during the
study period (19%), only the last delivery was included to maintain consistency across both
cohorts.

The primary exposure variables of interest were HIV status for cohort 1 and ART regimen
and timing of ART initiation for cohort 2. Regimens of ART were categorized into integrase
strand transfer inhibitor—containing, protease inhibitor—containing, and non-nucleoside
reverse transcriptase inhibitor—containing. Because of faster viral suppression and immune
reconstitution often observed with integrase strand transfer inhibitor-containing ART,12:13
women who were on regimens containing a combination of integrase strand transfer
inhibitor, protease inhibitor, or non-nucleoside reverse transcriptase inhibitor were
categorized using the following hierarchy: integrase strand transfer inhibitor>protease
inhibitor>non-nucleoside reverse transcriptase inhibitor. Timing of ART initiation was
categorized as before pregnancy or during pregnancy based on start date of latest ART
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regimen. Women who changed regimens during pregnancy were categorized by the regimen
most proximate to delivery, unless taken for less than 28 days, in which her prior regimen
was considered the exposure.10

The primary outcome was diagnosis of any new-onset hypertensive disorders of pregnancy,
which included gestational hypertension and preeclampsia. Preeclampsia included diagnoses
of preeclampsia, eclampsia, and HELLP syndrome. Additionally, gestational hypertension
and preeclampsia were evaluated as separate outcomes. All diagnoses were based on the
clinical diagnoses abstracted from the medical charts.

Covariates evaluated as potential confounders included limited risk factors for development
or detection of hypertensive disorders of pregnancy: age, race, and tobacco or illicit drug use
during pregnancy.16 HIV-related covariates, including viral load and CD4 count most
proximate to delivery, are presented but not included in multivariate models owing to the
effect of ART on these outcomes.

Descriptive statistics were calculated for variables of interest across levels of the main
predictor variables (HIV status and ART regimen classification). P-values comparing
categorical variables were derived using the XZ test or Fisher exact test. Medians were
compared using the Wilcoxon test across HIV status and the Kruskal Wallis test across the
three categories of ART regimens. Statistical significance was assessed at the 0.05 level.

To estimate unadjusted and adjusted risk ratios (RRs) for outcomes, we used a modified
Poisson approach that uses robust error variances to validly estimate 95% Cls.1” To attempt
to control for potential confounding, we used a priori knowledge based on the literature of
predictors for development or detection of the outcomes and of factors associated with the
exposure (HIV status or ART regimen) in the source population along with causal (directed
acyclic) diagram theory. For cohort 1, all initial models included HIV status, age, race,
tobacco and illicit drug use during pregnancy. For cohort 2, all initial models included ART
regimen classification, age, race, illicit drug use during pregnancy and timing of ART
initiation. The model was also tested for a statistical interaction between ART regimen and
timing of ART initiation.

We ran several analyses to test the sensitivity of the study findings to covariate adjustment,
cohort selection, and statistical model. First, we ran regression models with a more inclusive
list of risk factors for development or detection of hypertensive disorders of pregnancy: age,
race, tobacco and illicit drug use plus parity, number of prenatal visits at Grady Memorial
Hospital, preterm delivery, history of hypertensive disorders of pregnancy, and chronic
diseases (chronic hypertension, diabetes, and obesity [defined as body mass index (BMI,
calculated as weight in kilograms divided by height in meters squared) 30 or higher or, if
BMI was unknown, by chart-abstracted data on history of obesity before pregnancy]). We
also evaluated a version of the latter models restricted to covariates with adjusted £<0.2 or
that, when removed, changed the exposure-outcome RR by more than 5%. Given the
difficulty of defining obesity in pregnancy and that women often entered prenatal care late in
pregnancy, we also assessed these models with an alternate definition of BMI, based on
trimester cutoffs for those without BMI in the first trimester: 35 or higher in the second
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trimester and 40 or higher in the third trimester. To assess the sensitivity of study findings to
cohort selection, we reran the analyses among alternate cohort sets: 1) all deliveries
(including multiple delivery dates on a given woman) during the study period using general
estimating equations with an assumed exchangeable correlation between repeat pregnancies;
2) a cohort restricted to term (37 weeks of gestation or greater) deliveries; and 3) for cohort
1, we used propensity score matching to match women without HIV to women living with
HIV 1:1 based on age, race, tobacco use, alcohol use, illicit drug use, history of hypertensive
disorders of pregnancy, gestational age at entry, and gestational age at delivery. To verify
consistency of results across modeling approaches, we reran models where convergence was
possible using standard log-binomial models. Statistical analyses were performed using SAS
University Edition 9.4.

A total of 80 women living with HIV and 3,464 women without HIV were eligible for
inclusion in cohort 1 (Table 1). Women living with HIV in cohort 1 were older and more
likely to be non-Hispanic black, to have used tobacco or alcohol during pregnancy, to have
entered prenatal care earlier, and to have had more prenatal visits than women without HIV.
The two groups were otherwise similar with regard to other characteristics (Table 1).

Hypertensive disorders of pregnancy occurred in about a quarter of pregnancies, both among
women living with and without HIV, with the majority of cases gestational hypertension
(Table 1). Preeclampsia did not differ by HIV status. Neither overall hypertensive disorders
of pregnancy nor individual outcomes of gestational hypertension or preeclampsia differed
by HIV status in unadjusted and adjusted analysis (Table 2). Findings remained consistent in
sensitivity analyses and with propensity score matching.

A total of 265 women living with HIV were eligible for inclusion in cohort 2. The types of
ART regimens used by pregnant women living with HIV at Grady Memorial Hospital
changed over time, with a reduction in protease inhibitor—containing regimens and an
increase in integrase strand transfer inhibitor—containing regimens (Fig. 3).

Of the 265 women living with HIV, 91 were on an integrase strand transfer inhibitor—
containing regimen, 145 were on a protease inhibitor—containing regimen, and 29 were on a
non-nucleoside reverse transcriptase inhibitor—containing regimen (Table 3). 19 women
(7%) switched regimens during pregnancy. Those in the non-nucleoside reverse transcriptase
inhibitor group were significantly older, less likely to initiate ART during pregnancy, and
more likely to have CD4 greater than 500 cells/mm3 and viral load less than 200 copies/mL
than women on the other regimens. Otherwise, women in all three regimen groups were
similar (Table 3).

Women on integrase strand transfer inhibitor—containing regimens had higher risk for
hypertensive disorders of pregnancy and gestational hypertension compared with women on
protease inhibitor—containing regimens in both unadjusted and adjusted analysis
(hypertensive disorders of pregnancy 25% vs 10%, adjusted RR 2.8, 95% CI 1.5-5.1;
gestational hypertension 20% vs 8%, adjusted RR 2.8, 95% CI 1.3-5.9) (Table 4). Although
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the point estimates comparing integrase strand transfer inhibitor with protease inhibitor
regimens for preeclampsia were similar to those for gestational hypertension, the differences
were not statistically significant for preeclampsia (9% vs 4%, adjusted RR 2.6, 95% CI 0.9-
7.3). Comparing non-nucleoside reverse transcriptase inhibitor—containing to protease
inhibitor—containing regimens, there was a significant difference in the risk of hypertensive
disorders of pregnancy and gestational hypertension in adjusted analysis but no significant
difference from protease inhibitor—containing regimens in unadjusted or adjusted analysis
for preeclampsia (Table 4). These primary associations did not change in sensitivity analyses
for different definitions and analytic methods.

To assess the effect of timing of ART initiation on the study outcomes, three women with an
unknown date of ART onset were excluded. Antiretroviral therapy was initiated before
pregnancy for 117 (45%) and during pregnancy for 145 (55%) women. Of women initiating
ART before pregnancy, 29.1% were on integrase strand transfer inhibitor—containing, 49%
on protease inhibitor—containing, and 22% on non-nucleoside reverse transcriptase
inhibitor—containing regimens; for women initiating ART during pregnancy, 39% were on
integrase strand transfer inhibitor—containing, 59% on protease inhibitor—containing, and 2%
on non-nucleoside reverse transcriptase inhibitor—containing regimens. Those who started
ART during pregnancy were significantly younger, used illicit drugs during pregnancy,
presented later in pregnancy, and were less likely to be virologically suppressed (Table 3).
Otherwise, women who started ART before and during pregnancy were similar (Table 3).

Timing of ART initiation was not significantly associated with any hypertensive disorder of
pregnancy, gestational hypertension, or preeclampsia (Table 4). Furthermore, there was no
statistical interaction between timing of initiation and ART regimen for hypertensive
disorders of pregnancy or gestational hypertension.

DISCUSSION

Using data from a large, public hospital in the United States, we found women living with
HIV using ART and women without HIV have similar risk for developing new-onset
hypertensive disorders of pregnancy. However, our findings suggest that among pregnant
women living with HIV, the use of integrase strand transfer inhibitor—containing regimens is
increasing and may be associated with increased risk for hypertensive disorders of
pregnancy, specifically gestational hypertension, compared with protease inhibitor—
containing regimens. The timing of ART initiation was not associated with development of
hypertensive disorders of pregnancy.

Evidence for an effect of ART on hypertensive disorders of pregnancy development is
mixed. Several studies suggest women living with HIV taking ART may be at similar or
increased risk of hypertensive disorders of pregnancy compared with women without
HIV418.19 and at an increased risk compared with untreated women living with HIV.7:8 In
agreement with previous studies, our results found similar risk for any hypertensive disorder
of pregnancy among women living with HIV on ART compared with women without HIV,
which is in contrast to other studies that found an increased risk. Inconsistencies in the
literature between HIV status and hypertensive disorders of pregnancy risk may reflect
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clinical heterogeneity in the spectrum of hypertensive disorders of pregnancy and differences
in the predominant classes of ART regimens across time and cohorts.

Among women living with HIV, our findings suggest that those on integrase strand transfer
inhibitors have almost three times higher risk of hypertensive disorders of pregnancy than
those on a protease inhibitor—containing regimen. Compared with other regimens, integrase
strand transfer inhibitors lead to a more rapid viral decay? and correspondingly increased
CD4 counts and CD4 T-cell hyperactivation.13 Several studies implicate these immune-
mediated mechanisms in development of hypertensive disorders of pregnancy.29-21 In
contrast, protease inhibitors and non-nucleoside reverse transcriptase inhibitors may not
fully restore the normal inflammatory state. Because we do not compare integrase strand
transfer inhibitor use with use of no method, our findings of increased hypertensive
disorders of pregnancy among integrase strand transfer inhibitors users compared with
protease inhibitor users can either implicate elevated risk among integrase strand transfer
inhibitor users or may alternatively suggest that protease inhibitors are associated with a low
risk of hypertensive disorders of pregnancy compared with other regimens. Protease
inhibitor regimens can also have more side effects, especially during pregnancy, resulting in
less tolerability, lower adherence, and slower viral suppression.22 With so few women in our
cohort on non-nucleoside reverse transcriptase inhibitor—containing regimens, we are
hesitant to draw firm conclusions about the statistically significant increased risk for
developing hypertensive disorders of pregnancy on this therapy.

In this study, timing of ART initiation was not significantly associated with hypertensive
disorders of pregnancy outcomes, nor did it change the observed associations between ART
classification and hypertensive disorders of pregnancy outcomes. Two other studies
examined the effect of ART initiation in relation to pregnancy on preeclampsia risk. In a
study of more than 1,500 pregnant women living with HIV in Latin American and Caribbean
countries, there were twofold increased odds of preeclampsia in women taking ART at
conception compared with those not taking ART at conception.” Another study of 472
pregnant women living with HIV in Spain found preeclampsia to be associated with the use
of ART before pregnancy compared with those not using ART before pregnancy or using
ART suboptimally.8 These studies suggest that a mechanism for development of
hypertensive disorders of pregnancy by ART may begin before conception; however, these
studies did not directly compare initiation before with during pregnancy, nor did they
include integrase strand transfer inhibitor—containing regimens. Although we did not find an
interaction between timing of ART initiation and regimen, our analysis may be
underpowered. Our cohort also showed many characteristic differences between those who
initiated ART before pregnancy and those who initiated ART after, making meaningful
comparison difficult. Larger studies are needed to further examine this factor.

Our study has some notable limitations. The absolute number of deliveries to women living
with HIV in this report is relatively small and likely limits our power to detect important
differences. Because women in our cohorts are able to support pregnancy, they may
represent a healthier group of women living with HIV. However, this potentially healthier
population of women living with HIV is nonetheless important, especially as contemporary
ART regimens allow for the management of HIV as a chronic disease. Related, we do not
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have direct information on regimen compliance and instead used indirect measures of CD4
and viral load. Additionally, we attempted to account for the competing risk of those who
delivered early without time to develop hypertensive disorders of pregnancy and those who
delivered early for hypertensive disorders of pregnancy indication by limiting to term
deliveries and found no change in outcome. However, this sensitivity analysis does not fully
remove the influence of competing risk and is an important limitation in our cohort. A key
covariate missing from our analysis is nadir CD4 count. People who start therapy when their
CD4 count is high have generally less inflammation and immune activation than those who
are severely immunocompromised at initiation. This is evident in lab testing and also in the
rates of cardiovascular disease and various other inflammation-associated morbidities. It is
possible that women enrolled in the earlier years of the cohort had lower nadir CD4 and
were also more likely to be prescribed protease inhibitors, thus accounting for a difference in
preeclampsia incidence.

Although chart abstraction was completed systematically, reliance on medical record
documentation during patient care limits ability to examine all covariates of interest. The
change in use of different ART regimen classes over the study period was consistent with
shifts in treatment guidelines toward recommendation of integrase strand transfer inhibitor
use in nonpregnant adults and in prenatal guidelines toward continuation of suppressive
prepregnancy regimens. We also cannot exclude the possibility that, in conjunction with the
steep increase in integrase strand transfer inhibitor use, recognition of hypertensive disorders
of pregnancy may have changed over the 7 years of observation. These changes may
influence the study findings; however, owing to the rare occurrence of study outcomes, we
could not separate out effects of ART regimen and time.

In summary, among women living with HIV on modern ART regimens, we observed an
increased risk of hypertensive disorders of pregnancy, specifically gestational hypertension,
among those on integrase strand transfer inhibitor—containing regimens compared with
protease inhibitor—containing regimens. Duplication of this finding in other cohorts would
indicate a need for more careful screening for hypertensive disorders of pregnancy in women
on integrase strand transfer inhibitors and may warrant implementation of risk-reducing
strategies.
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service at Grady Memorial Hospital from July 1, 2016 to June 30, 2018. HIV, human

immunodeficiency virus.
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Deliveries without specified
antiretroviral therapy regimen: 8

Fig. 2.

Pregnancies eligible and included in cohort 2: all pregnant women living with human
immunodeficiency virus (HIV) who delivered at Grady Memorial Hospital from January 1,

2011-June 30, 2018.
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Fig. 3.
Distribution of antiretroviral therapy regimen from 2011 to 2018 among women living with

human immunodeficiency virus who delivered at Grady Memorial Hospital.
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Table 2.

Cohort 1: Unadjusted and Adjusted Risk Ratios for Hypertensive Disorders of Pregnancy Outcomes
Comparing Pregnancies in Antiretroviral Therapy—-Exposed Pregnant Women Living With Human
Immunodeficiency Virus With Those in Pregnancies in Women Without Human Immunodeficiency Virus

Outcome RR (95% Cl) Adjusted RR (95% Cl)
HDP* 1.0 (0.7-1.4) 0.9 (0.6-1.3)
Gestational hypertension 1.2 (0.8-1.8) 1.0 (0.7-1.6)
Preeclampsia 0.6 (0.3-1.2) 0.5(0.3-1.2)

RR, risk ratio; HDP, hypertensive disorders of pregnancy.
All models adjusted for age, race, and tobacco and illicit drug use.

One hundred nineteen (3%) observations had missing data for a covariate and are excluded from the analysis.

*
Gestational hypertension, preeclampsia, eclampsia or hemolysis, elevated liver enzymes, and low platelets syndrome.

Obstet Gynecol. Author manuscript; available in PMC 2020 December 01.
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