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ABSTRACT
Objective: To compare the preterm delivery rates between pregnant women receiving HAART
containing protease inhibitors (HAART-PIs) and zidovudine monotherapy (ZDVm) during

pregnancy.

Materials and Methods: A retrospective study was conducted in antiretroviral-naive HIV-infected
pregnant women who received antiretroviral drugs during pregnancy at least 4 weeks and
delivered in Maharaj Nakorn Chiang Mai Hospital, Chiang Mai, Thailand between January 2002
and December 2013. Preterm delivery rates were compared between HAART-Pls and ZDVm
groups.

Results: Of the 166 pregnant women who received antiretroviral drugs, 24 (14.5%) pregnant
women delivered before 37 completed weeks. The incidence of preterm delivery was higher in
the HAART-PIs group (82 cases) than in the ZDVm group (84 cases), but the difference was
not significant (18.3% vs. 10.7%, p = 0.17).

Conclusion: The almost twofold incidence of preterm delivery rate was observed in those pregnancy
women who received HAART-PIs; however, it was not significantly different from the rate among
those who received ZDVm.
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Introduction transmission to the newborn, the use of antiretroviral
To maximize maternal health and prevent HIV drug (ARV) in all HIV-infected pregnant women during
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pregnancy is recommended®. In a setting of universal
prenatal HIV testing and counseling, highly active
antiretroviral therapy (HAART), and elective cesarean
delivery and breastfeeding avoidance, the rate of HIV
mother-to-child transmission (MTCT) is less than 1%®.
HAART — or the antiretroviral drug combinations of
two nucleoside reverse transcriptase inhibitors (NRTIs)
— plus either a non-nucleoside reverse transcriptase
inhibitor (NNRTI) or a protease inhibitor (Pl), has been
shown to effectively reduce the risk of vertical
transmission by adequate viral suppression in pregnant
women®. HAART (mostly containing Pls) was widely
in use to prevent MTCT instead of zidovudine
monotherapy in the last decade. However, adverse
pregnancy outcomes associated with the use of these
drugs still need to be addressed and dealt with. Preterm
delivery is the complication of the highest concern,
although the mechanism remains unclear®. There
have been reports, by many studies, of increased rates
of prematurity, with odd ratios (OR) in the range of
1.6—2.6 in pregnancy receiving HAART containing Pls
compared with monotherapy or no therapy“®. However,
some studies, including the meta-analysis and the
systematic review, did not confirm this association®'.

This study aimed to compare the preterm delivery
rates between HIV-infected pregnant women receiving
HAART containing Pls and HIV-infected pregnant
women receiving zidovudine monotherapy during
pregnancy in a single center cohort of Thai pregnant
women with HIV infection.

Materials and Methods

A retrospective study was conducted at Maharaj
Nakorn Chiang Mai Hospital, Department of Obstetrics
and Gynecology, Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand, with the approval of
the Research Ethics Committee, using a database of
HIV-infected pregnant women who received antenatal
care at the hospital between January 2002 and
December 2013. The eligibility criteria included the
following: (1) naive HIV-infected pregnant women;
(2) received HAART containing Pls or zidovudine
monotherapy during pregnancy; and (3) at least 4 weeks
of drug exposure. The exclusion criteria included the
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following: (1) multiple pregnancies; (2) preterm delivery
indicated or caused by medical, surgical, or obstetric
complications; (3) fetal chromosomal abnormalities or
structural anomalies; and (4) failure of ARV drug
adherence. The sample size was calculated based on
the preterm delivery rate of 23.9% among pregnant
women receiving zidovudine monotherapy in a previous
study®. Eighty-three pregnant women were needed in
each treatment group for a 0.05 two-sided type 1 error
with 0.9 powers.

HAART containing Pls regimen (HAART-PIs) is
defined by at least three drug combinations of two
NRTIs (e.g., zidovudine, lamivudine, stavudine,
tenofovir, emtricitabine) plus one PI (e.g., lopinavir/
ritonavir, atazanavir, indinavir, darunavir). Zidovudine
monotherapy (ZDVm) is defined as using zidovudine in
a dose of 500—600 mg/day. Preterm delivery is defined
as a delivery that takes place before 37 weeks of
gestation. Gestational age is based on a certain last
menstrual period or early fetal biometry either by crown-
rump length in the first trimester or by biparietal diameter
in the second trimester.

The patient demographic data, obstetric and
medical history, antenatal complications, pre-pregnancy
body mass index (BMI), CD4 cell counts before drugs
exposure and before delivery, hemoglobin levels before
drugs exposure, gestational age at the beginning of
ARV drugs, HIV RNA viral load before delivery, route
of delivery, gestational age and birth weight at delivery,
APGAR score at 1-minute and 5-minute, and neonatal
status of HIV infection were obtained from the database
and the medical records.

Statistical analysis

All of the statistical analyses were performed
using SPSS 17.0 (SPSS Inc., Chicago, IL). The
demographic characteristics were described and
compared between the HAART-Pls and the ZDVm
groups using the independent samples t-test, the Mann-
Whitney U test, and the Chi-square test. The categorical
data were presented as frequencies (%), and the
continuous data were presented as mean and standard
deviation (SD) or median and interquartile range (IQR).
The preterm delivery rates were compared between the
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two groups using the Chi-square test or the Fisher’s
exact test. A multivariate logistic regression was used
to obtain the odds ratios (OR) and 95% confidence
intervals (CI) for potential risk factors that were identified
in the univariate analysis. A p < 0.05 was considered
statistically significant.

Results

During the twelve-year study period, 169 naive
HIV-infected pregnant women received HAART-PIs or
ZDVm during pregnancy. Two pregnant women were
excluded from the study because they had less than 4
weeks of drugs exposure. Medical history details
indicated that preterm delivery was induced in one
pregnant woman at 36 weeks of gestation due to the
diagnosis of severe preeclampsia, and she was also
excluded from the analysis. Of the remaining 166 cases,
82 cases (49.4%) received the HAART-PIs regimen and
84 cases (50.6%) received the ZDVm regimen. In the
HAART-PIs group, the antiretroviral drug combinations
were zidovudine plus lamivudine plus lopinavir/ritonavir
(74 cases), lamivudine plus stavudine plus lopinavir/
ritonavir (3 cases), lamivudine plus tenofovir plus
lopinavir/ritonavir (3 cases), lamivudine plus stavudine
plus atazanavir (1 case), and tenofovir plus emtricitabine
plus atazanavir (1 case).

As presented in Table 1, the baseline
characteristics of the study population were not
significantly different between the HAART-Pls group
and the ZDVm group, except for the gestational age at
the beginning of the ARV drugs, the duration of the drug
exposure, HIV RNA before delivery and gestational
diabetes. The medical complication found in the HAART-
Pls group was chronic hypertension (1 case). The
medical complications found in the ZDVm group were
asymptomatic prolapsed mitral valve post repair
(1 case) and asymptomatic hypothyroidism (1 case).
The obstetric complication found in both the HAART-Pls
group and the ZDVm group was IUGR (4 cases in each
group). Gestational diabetes was diagnosed in 12 cases
in the HAART-PIs group and in 2 cases in the ZDVm
group.

The hemoglobin levels and the anemia rate
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before the exposure to the drugs were similar in both
the groups. Maternal anemia is defined as a hemoglobin
level of less than 11.0 g/dL in the first or the third
trimester, or a hemoglobin level of less than 10.5 g/dL
in the second trimester. The HIV RNA viral load before
the drug exposure was not routinely evaluated, but the
HIV RNA viral load and the CD4+ cell counts after the
drug exposure or before the delivery were usually
performed at the same time. The average gestational
age of the investigation was 35.1 = 2.2 weeks of
gestation; however, some patients who delivered
prematurely did not take these blood tests. The HIV
RNA viral load of more than 1000 copies/mL was the
cut-off level that offered the choice for the pregnant
women to deliver by cesarean section. Those pregnant
women with HIV RNA viral load of less than 1000
copies/mL received counseling for spontaneous vaginal
delivery if they did not have any indication for cesarean
section. After birth, the HIV DNA PCR was tested in
the infant at 1 month and 4 months. An infant was
defined as HIV-infected upon testing positive for HIV
DNA PCRin both the tests. An infant who had negative
HIV DNA PCR in both the tests was also confirmed as
such by HIV antibody and HIV DNA PCR at 18 months.
The route of delivery and the other pregnancy outcomes
are demonstrated in Table 2.
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Table 1. Baseline Characteristics of HIV-infected Pregnant Women Receiving HAART-PIs or ZDVm Regimens.

Baseline characteristics Total HAART-Pls ZDVm P
(166 cases) (82 cases) (84 cases)

Maternal age (years, mean + SD) 28.0+5.2 28.5+5.9 275+4.4 0.19
Nulliparity (%) 36.1 35.4 36.9 0.84

e Previous abortion rate (n, %) 57 (34.3) 25 (30.5) 32 (38.1) 0.30

* Previous preterm delivery rate (n, %) 5 (3.0) 4 (4.9) 1(1.2) 0.21%
Hb pre-ARV exposure (g/dL, mean + SD) 11.0+1.2 11.2+1.2 10.9+1.1 0.14

* Pre-ARV exposure anemia rate (n, %) 65 (39.2) 29 (35.4) 36 (42.9) 0.32
CD4* cell count pre-ARV exposure 404.1£185.9 409.2+189.5 395.3+181.1 0.69
(cells/mm?, mean + SD)
CD4+cell count before delivery 4778+184.5 489.2+190.9  460.3+134.5 0.12
(cells/mm3, mean + SD)
HIV RNA before delivery 166.5 46.0 3668.5 < 0.001*
(copies/mL, median, and 25", 75" percentile) (40.0, 400.0) (40.0, 400.0) (400.0, 15466.0)
GA at the beginning of ARV 19.5 16.0 28.0 < 0.001*
(weeks, median, and 25", 75" percentile) (14.0,28.0) (14.0, 21.8) (27.0, 28.0)
Duration of ARV 18.0 20.1 11.0 < 0.001*
(weeks, median, and 25", 75™ percentile) (11.8,24.0) (14.5,24.0) (10.0, 12.0)
Pre-pregnancy BMI (kg/m2, mean + SD) 21.3+2.9 21.6+3.1 21.1x£2.8 0.31

e Underweight; BMI < 18.5 kg/m? (n, %)
e Overweight; BMI > 25.0 kg/m? (n, %)

Gestational diabetes (n, %) 14 (8.4) 12 (14.6) 2 (2.4) 0.005*
Medical complications (n, %) 3 (1.8) 1(1.2) 2 (2.4) 0.57
Obstetric complications (n, %) 8 (4.8) 4 (4.9) 4 (4.8) 1.00*

Note: Hb = hemoglobin; g/dL = gram per deciliter; cells/mm3 = cells per cubic millimeter; copies/mL = copies per milliliter;
GA = gestational age; ARV = antiretroviral drug; BMI = body mass index; SD = standard deviation.

*Mann-Whitney U Test.

#Fisher’s Exact Test.
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Table 2. Pregnancy Outcomes of HIV-infected Pregnant Women Receiving HAART-Pls or ZDVm Regimens.

Pregnancy outcomes Total HAART-PIs ZDVm P
(166 cases) (82 cases) (84 cases)
GA at delivery (weeks, mean + SD) 38.0+1.7 37.9+2.0 38.1+1.4 0.44
e Delivery at GA < 37 weeks (n, %) 24 (14.5) 15 (18.3) 9 (10.7) 0.17
e Delivery at GA < 34 weeks (n, %) 2(1.2) 2 (2.4) 0 (0) 0.24#
Birth weight (g, mean + SD) 2904.5+413.5 2826.3+4215 2,980.7+393.3 0.02
e Low birth weight (n, %) 23 (13.9) 14 (17.1) 9 (10.7) 0.24
Route of delivery
* ND (n, %) 89 (53.6) 54 (65.9) 35 (41.7) 0.002
e Elective CS (n, %) 42 (25.3) 12 (14.6) 30 (35.7) 0.002
e Emergency CS (n, %) 34 (20.5) 15 (18.3) 19 (22.6) 0.49
* VE, FE, BA (n, %) 1(0.6) 1(1.2) 0 (0) 0.49¢
APGAR score at 1-minute < 7 (n, %) 19 (11.4) 10 (12.2) 9 (10.7) 0.76
APGAR score at 5-minute < 7 (n, %) 0 (0) 0 (0) 0 (0) -
HIV-infected infant (n, %) 2 (1.3) 0 (0) 2(2.4) 0.50*

Note: GA = gestational age; g = gram; ND = normal delivery; CS = cesarean section; VE = vacuum extraction;
FE = forceps extraction; BA = breech assisted delivery; SD = standard deviation.

#Fisher’s Exact Test.

Discussion

A potent combination antiretroviral (ARV) regimen
is strongly recommended for all HIV-infected pregnant
women to reduce the risk of mother-to-child transmission
(MTCT)™. Two-NRTIs backbone plus NNRTI or PI
regimens have been demonstrated in clinical trials to
have higher rates of viral suppression and acceptable
side effects in the mother, the fetus, and the newborn.
PI regimens, that is, atazanavir with ritonavir boosting
(ATV/r) and lopinavir with ritonavir boosting (LPV/r), are
preferable for starting the course in the first trimester
due to potential fetal teratogenicity concern from the
NNRTI regimens, efavirenz (EFV)™. Although it is
generally safe and is now a standard care, the
association between these Pl regimens as part of
HAART in pregnant women and the risk of preterm
delivery is still controversial® ® >, The mechanisms
supporting the occurrence of preterm birth caused by
PI regimens are not well explained. One hypothesis is
that the interaction between ritonavir and adrenal
enzymes could induce spontaneous preterm birth
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through maternal and fetal adrenal axis”). Another
explanation is that the influence of these drugs on the
T-helper 1/T-helper 2 cytokine shift has been shown to
affect the duration of pregnancy in women with a history
of recurrent pregnancy losses™.

Numerous studies have investigated the
relationship between Pls use during pregnancy and
prematurity with conflicting results®'¥. Most of the
studies reported an increased risk of preterm delivery
upon using HAART with Pls in comparison with no
therapy or zidovudine monotherapy or HAART without
Pls®®. The incidence of preterm births in pregnant
women receiving HAART with PI regimens has been
found to be in the range of 14.7-36.6% and the adjusted
odd ratio to be in the range of 1.6-2.6“%. However,
evidences from a meta-analysis and a systematic review
study indicated that PI regimens were not significantly
associated with an increased risk of prematurity® .
Similarly, in our study, it was found that the use of
HAART with Pls during pregnancy was not associated
with a statistically significant increase in the risk of
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preterm delivery. However, the incidence of preterm
births in our population receiving Pl regimens was
18.3%, which was not very different from the findings
obtained in the previous studies® . Upon comparing
with the 10.7% incidence rate of preterm births in those
receiving zidovudine monotherapy, pregnant women
receiving HAART with Pls were found to have almost
twofold risk of prematurity and the rate was observed
to be quite higher than the 12% incidence of preterm
births in the general population in Thailand®. The
detection of this tendency may be helpful in counseling
those HIV-infected pregnant women who are treated
with Pls containing regimens for MTCT prevention.

The use of a variety of doses of the Pls regimen
in the different studies, especially LPV/r, may have
resulted in some inconsistencies in the data interpretation.
An increased dose of LPV/r, of 533/100 mg or 600/150
mg, twice daily has been suggested by some
investigators to increase maternal plasma concentrations
during the third trimester('® 29, Despite the fact that, in
one study®, these higher LPV/r doses were reported
to be related to prematurity, a systematic review did not
find any signs of this association when compared with
the standard LPV/r dose™. In the present study, most
pregnant women undergoing HAART with Pl regimens
received a fixed-standard dose of LPV/r 400/100 mg
twice daily in all the trimesters.

The important limitation of this study was the
small number of cases in both the groups as well as
the preterm index cases. This may have limited the
power to detect significant differences in some variables.
However, our findings present the pregnancy outcomes
of HIV-infected pregnant women who receive HAART
in this era, which is different from the zidovudine
monotherapy scenario in the last decade. Superior viral
suppression, absence of cases of HIV-infected infants
from vertical transmission, and lower cesarean delivery
rates were also demonstrated in the HAART with the
Pls group— all of which resulted in better maternal and
fetal health.

Conclusions

The preterm delivery rate in HIV-infected
pregnant women who received HAART with Pl regimens
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was not significantly different from those who received
zidovudine monotherapy. However, an increased
incidence of preterm delivery rate of 18.3% was found,
which was almost twofold higher than the rate among
those who received ZDVm. These pregnant women
should be counseled regarding the risks of preterm birth
in order that they gain access to close monitoring, early
detection, and proper management.
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