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Background: Antiretroviral therapy (ART) initiation before pregnancy was reported 
to have an increased risk of adverse pregnancy outcomes (APOs) than ART 
initiation during pregnancy. However, the risks of APOs associated with different 
ART regimens initiated before or during pregnancy remain unknown.

Methods: Pregnant women living with HIV (PWLHIV) from Hubei Province, China, 
were retrospectively enrolled between January 1, 2004, and December 31, 2021. 
The trends of ART initiation time and application of different ART regimens 
were evaluated over time, separately. Using no ART exposure before and during 
pregnancy as control, the risks of APOs associated with protease inhibitor (PI) 
based regimens and non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
based regimens initiated before pregnancy were analyzed; and the risks of APOs 
associated with PI-based regimens, NNRTIs based regimens and zidovudine 
(AZT) monotherapy initiated during pregnancy were analyzed. APOs, including 
low birthweight (LBW), stillbirth, preterm birth (PTB) and early miscarriage, were 
reviewed.

Results: Among 781 PWLHIV including 1,010 pregnancies, 522 pregnancies (51.7%) 
were exposed to ART before or during pregnancy. Of them, the proportion of ART 
initiation before pregnancy per year increased from around 20% in the early period 
to more than 60% after 2019. Efavirenz (EFV)-nucleoside reverse transcriptase 
inhibitors (NRTIs) (32.2%), LPV/r-NRTIs (31.2%), and nevirapine (NVP)-NRTIs (27.4%) 
were the most commonly used regimens, and the proportion of LPV/r-NRTIs 
used per year has increased to around 50.0% in recent years. LPV/r-NRTIs was 
associated with higher risks of LBW whether initiated before pregnancy [adjusted 
OR (aOR) = 2.59, 95%CI 1.04–6.45, p  = 0.041] or during pregnancy (aOR = 2.19, 
95%CI 1.03–4.67, p  = 0.041), compared with no exposure to ART before and 
during pregnancy. However, no matter initiated before or during pregnancy, LPV/
r-NRTIs had no significantly increased risks of stillbirth, PTB and early miscarriage, 
and EFV /NVP-NRTIs and AZT monotherapy had no significantly increased risks 
of LBW, stillbirth, PTB and early miscarriage when compared with no exposure to 
ART before and during pregnancy.
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Conclusion: Our data suggests that LPV/r-NRTIs has been widely used among 
PWLHIV in recent years. However, the potential risk of LBW should be continuously 
monitored among PWLHIV whether LPV/r-NRTIs is initiated before or during 
pregnancy.
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Introduction

About 37.7 million people were reported to be living with human 
immunodeficiency virus (HIV) globally in 2020, and among them, 
19.3 million were women of childbearing age (1). Facing the increasing 
proportion of HIV infection among pregnant women, antiretroviral 
therapy (ART) has effectively improved maternal health and prevented 
mother-to-child transmission (2, 3). However, ART-related risk of 
adverse pregnancy outcomes (APOs) has been deeply concerned in 
recent years.

Currently, the World Health Organization (WHO) 
recommends dolutegravir (DTG) combined with nucleoside 
reverse transcriptase inhibitors (NRTIs) as the first-line regimen, 
efavirenz (EFV) combined with NRTIs as the alternative first-line 
regimen, and protease inhibitor (PI) based ART including 
lopinavir/ritonavir (LPV/r) as an alternative regimen for pregnant 
women living with HIV (PWLHIV) (4). In China, LPV/r combined 
with NRTIs is recommended as the first-line regimen for PWLHIV 
(5). PI-based ART, especially LPV/r and non-nucleoside reverse 
transcriptase inhibitor (NNRTI), including EFV or nevirapine 
(NVP) based ART may be associated with the increased risks of 
APOs among PWLHIV, although research results remain 
controversial in different studies (6–9).

PWLHIV with ART initiation before pregnancy were reported to 
have higher risks of APOs, including preterm birth (PTB), small for 
gestational age (SGA) and low birth weight (LBW) than those with 
ART initiation during pregnancy (10–13). Further evidence showed 
that ART initiation before conception had an negative effect on the 
placental histopathology and pregnancy outcomes than ART initiation 
during pregnancy (14). Given that more evidence indicated that ART 
initiation before or during pregnancy affected pregnancy outcomes, it 
is necessary to evaluate the risks of APOs for different ART regimens 
initiated before and during pregnancy. However, very few studies have 
focused on assessing these outcomes in China. Our previous study 
found that ART exposure in the first trimester was a risk factor of 
APOs (15), but the differences in risk by different ART regimens and 
APO outcomes were not further analyzed.

As PI, especially LPV/r, and NNRTI-based regimens are widely 
used among PWLHIV in China, understanding the risk of different 
APO associated with PI-based ART and NNRTIs based ART initiated 
before and during pregnancy is vital for informing prevention of 
mother-to-child transmission programming. A meta-analysis revealed 
that maternal HIV infection naive to ART was associated with an 
increased risk of APOs, including PTB, SGA, LBW and stillbirth, in 
comparison to HIV-negative women (16). Here we  extended our 
previous study (15) by analyzing the risk of different APO associated 

with PI-based ART and NNRTIs based ART initiated before and 
during pregnancy, in comparison to no ART exposure before and 
during pregnancy.

Methods

Study population

All pregnant women with confirmed HIV infection during the 
antenatal care period were retrospectively recruited from Center 
for Disease Control and Prevention (CDC) at all levels in Hubei 
Province, China, between January 1, 2004, and December 31, 
2021. All those PWLHIV were managed and followed by the CDC 
and maternal and child health care hospitals in different districts. 
For women who had more than one pregnancy during the study 
period, each pregnancy was treated as a separate event. All 
pregnancies were followed up to 18 months postpartum. For 
pregnancies which were terminated, the follow-up was ended. For 
analyzing APOs risks for different ART regimens, pregnancies 
without ART exposure before and during pregnancy were 
considered as controls. Exclusion criteria for the APOs risk 
analyses of different ART regimens were as follows: (1) 
pregnancies with unknown pregnancy outcomes due to voluntary 
termination or ectopic pregnancy; (2) pregnancies lost to 
follow-up; (3) ART regimen was switched or stopped during 
pregnancy; (4) pregnancies exposed to other ART regimens; (5) 
pregnancies exposed to unknown ART regimens or unknown ART 
initiation time.

Data collection

Study data between 2004 and 2021 were retrospectively collected 
from medical records of the CDC and maternal and child health care 
hospitals in different districts. The following data were extracted: 
maternal age at conception, gravidity, year of pregnancy, hepatitis B 
virus (HBV) infection status (confirmed by HBsAg test), hepatitis C 
virus (HCV) infection status (confirmed by HCV RNA test), date of 
HIV diagnosis, smoking during pregnancy, alcohol use during 
pregnancy, mode of HIV transmission, maternal CD4+ T 
lymphocyte count (CD4 count) at delivery, the timing of ART 
initiation (before or during pregnancy), ART regimens use before 
and during pregnancy, adverse pregnancy outcomes including  
low birthweight (LBW), stillbirth, preterm birth (PTB) and 
early miscarriage.
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Definition and grouping

The first, second, and third trimesters were defined as less than 
14 weeks of gestation, 14 weeks to the end of 27 weeks of gestation, and 
28 weeks of gestation to delivery, respectively. The total APOs included 
early miscarriage (noninduced pregnancy loss at <12 weeks of 
gestation), stillbirth (fetal death at ≥20 weeks of gestation), PTB 
(gestational age < 37 completed weeks at delivery), and LBW (birth 
weight < 2,500 g at delivery) (17, 18).

The APOs risks of different ART initiated before pregnancy 
and APOs risks of different ART initiated during pregnancy were 
analyzed, separately. For APOs risks analyses of different ART 
initiated before pregnancy, since no PWLHIV had been exposed 
to AZT monotherapy before pregnancy in our study, the groups of 
ART exposure were divided as follows: (1) PI-NRTIs; (2) NNRTI-
NRTIs; (3) no ART exposure before and during pregnancy. For 
APOs risks analyses of different ART initiated during pregnancy, 
the groups of ART exposure were divided: (1) PI-NRTIs; (2) 
NNRTI-NRTIs; (3) no ART exposure before and during pregnancy; 
(4) AZT monotherapy.

Statistical analysis

SPSS 21.0 and Graphpad Prism 5.0 were used for data statistics 
and plotting. Continuous variables were denoted as medians with the 
25th to 75th interquartile range (IQR). Categorical variables were 
denoted as counts (%). Maternal age, gravidity, HBV or HCV 
co-infection, the HIV transmission mode, the timing of HIV 
diagnosis, CD4 count at delivery, smoking and alcohol intake, and 
year of pregnancy were included in the univariate Poisson regression 
analysis of the risk of APOs. Variables with p  < 0.1  in the above 
univariate Poisson regression analysis were considered confounding 
variables to adjust the multivariate Poisson regression analysis of the 
total APO and different APO risks associated with different 
ART. Pregnancies without ART exposure before and during 
pregnancy were considered as a reference. p < 0.05 was considered 
statistically significant.

Results

Participants’ characteristics

Overall, 781 PWLHIV including 1,010 pregnancies, were 
recruited from Hubei Province, China, between January 1, 2004, and 
December 31, 2021. Of them, 488 exposed no ART, 522 (51.9%) 
pregnancies were exposed to ART before pregnancy or during 
pregnancy. The percentage of ART initiated before pregnancy 
(173/522, 33.1%) was higher than ART initiated during pregnancy at 
first (128/522, 24.5%), second (123/522, 23.5%) and third (98/522, 
18.7%) trimester. From 2004 to 2021, LPV/r was the only PI used, and 
EFV and NVP were the only NNRTI used. EFV-NRTIs (168/522, 
32.2%), LPV/r-NRTIs (163/522, 31.2%) and NVP-NRTIs (143/522, 
27.4%) were the most commonly used ART regimens.

Of 488 pregnancies with no ART exposure, 8 were lost to 
follow-up, and 233 voluntarily terminated their pregnancies. 
Therefore, 247 pregnancies with no ART exposure included in the 

analysis of APOs risks associated with different ART regimens. Of 
522 pregnancies exposed to ART before pregnancy or during 
pregnancy, 8 changed ART regimens, one stopped ART, 6 used 
other ART regimens, one use unknown ART regimen, 3 were lost 
to follow-up, 26 terminated pregnancies due to ectopic pregnancy, 
and 90 voluntarily terminated their pregnancies. Finally 387 
pregnancies (107 exposed to ART before pregnancy, 280 exposed 
to ART during pregnancy) included in the analysis of APOs risks 
associated with different ART regimens. For APOs risks analyses 
of different ART regimens initiated before pregnancy, 44 
pregnancies were exposed to LPV/r-NRTIs, and 63 were exposed 
to NNRTI (EFV or NVP, EFV/NVP)-NRTIs. For APOs risks 
analyses of different ART regimens initiated during pregnancy, 84 
were exposed to LPV/r-NRTIs, 167 were exposed to EFV/
NVP-NRTIs, and 29 were exposed to AZT monotherapy. 247 
pregnancies were unexposed to ART before and during pregnancy 
(study controls). The flowchart of the study population enrolled 
was shown in Figure  1. The characteristics and proportions of 
pregnancies exposed to different ART regimens before pregnancy 
and pregnancies exposed to different ART regimens during 
pregnancy were shown in Table 1. Among 247 pregnancies with no 
ART exposure, 34 (13.7%) infants with HIV infetion were 
observed. Among 167 pregnancies with EFV/NVP-NRTIs 
initiation during pregnancy, one (0.6%) infant with HIV infection 
was found.

Trends of ART use over time

Of the 522 pregnancies with ART initiation before or during 
pregnancy, the timing of ART initiation varied over time (shown in 
Figure 2A). In 2004, none was on ART before and during pregnancy. 
From 2005, the proportion of ART initiated before pregnancy per year 
increased from around 20% in the early period to >60% after 2019. 
The trend of ART initiated in the third trimester per year declined 
over time, from around 50% in the early period to less than 10% after 
2018. Of the 522 pregnancies receiving ART, different ART regimens 
used over time were analyzed. As shown in Figure 2B, LPV/r-NRTIs 
and EFV-NRTIs were the most frequently used regimens after 2011. 
The proportion of LPV/r-NRTIs use per year increased from <10% in 
the early period to around 50.0%, while the proportion of NVP-NRTIs 
use declined from >40% in the early period to around 10% in recent 
years. The proportion of EFV-NRTIs use per year remained stable at 
more than 30%.

APOs risks associated with different ART 
regimens initiated before pregnancy

As shown in Table 2, LPV/r-NRTIs initiation before pregnancy 
was associated with a significantly increased risk of LBW (adjusted OR 
(aOR) = 2.59, 95%CI 1.04–6.45, p  = 0.041) but with no significant 
increased risks of total APOs, stillbirth, PTB and early miscarriage 
compared with no ART exposure before and during pregnancy., Also, 
there was no significant increase in the risks of total APOs, LBW, 
stillbirth, PTB, and early miscarriage associated with EFV/
NVP-NRTIs initiated before pregnancy compared with no ART 
exposure before and during pregnancy.
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APOs risks of different ART regimens 
initiated during pregnancy

As shown in Table 2, LPV/r-NRTIs initiation during pregnancy 
was associated with a significantly increased risk of LBW (aOR = 2.19, 
95%CI 1.03–4.67, p = 0.041) compared with no ART exposure before 
and during pregnancy. No significant increase in risks of total APOs, 
stillbirth, PTB and early miscarriage were found to be associated with 
LPV/r-NRTIs initiated during pregnancy. Similarly, no significantly 
increased risks of total APOs, LBW, stillbirth, PTB and early 
miscarriage were found to be associated with EFV/NVP-NRTIs and 
AZT monotherapy initiated during pregnancy.

Discussion

Global concerns about the increasing APOs among PWLHIV has 
been rising in recent years. Previous studies found that PWLHIV 
exposed to ART before conception were significantly more likely to 
have APOs than all other PWLHIV or those exposed to ART post-
conception (10, 19). Hence, further understanding the APOs risks 
associated with different ART regimens initiated before and initiated 
during pregnancy is relevant for ART regimens selection and 
development of APO monitoring strategies for PWLHIV. This study 

supplements the limited data on the risks of various APO associated 
with LPV/r-based and NNRTI-based regimens according to ART 
initiation time.

In our study, the proportion of ART initiation before pregnancy 
increased per year, rising to more than 60% after 2019. This 
observation was in line with the findings of other studies in the US, 
Botswana, and France (20, 21). Since 2015, the WHO has 
recommended early ART initiation in HIV-positive women regardless 
of CD4 count (22). Therefore, the use of ART before pregnancy has 
rapidly increased since most women living with HIV are of 
childbearing potential (1). Consistent with the results of other studies 
in Europe (6, 23), we  observed that LPV/r-based regimens and 
NNRTI, especially EFV-based regimens, were the commonly used 
ART regimen among PWLHIV. The proportion of LPV/r use has been 
increasing in recent years, per our study findings. This finding is 
expected and can be attributed to the recommendation of an experts 
consensus in China that LPV/r combined with NRTIs as the first-line 
regimen and EFV or DTG or NVP combined with NRTIs are the 
alternative regimens for PWLHIV (5).

The Promoting Maternal and Infant Survival Everywhere 
(PROMISE) large-scale multisite randomized open-label trial 
suggested that both LPV/r-AZT-lamivudine (3TC) and LPV/r-
tenofovir disoproxil fumarate (TDF)-emtricitabine (FTC) significantly 
increased the incidence of LBW than AZT monotherapy (24). Our 

FIGURE 1

Flowchart of pregnancies included in the APOs analysis of different ART regimens. ART, antiretroviral therapy; PI, protease inhibitor; LPV/r, lopinavir/
ritonavir; NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; EFV, efavirenz; NVP, nevirapine; AZT, 
zidovudine; APOs, adverse pregnancy outcomes.
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study further showed that LPV/r-NRTIs initiation before pregnancy 
and LPV/r-NRTIs initiation during pregnancy were related to a 
significantly higher risk of LBW, compared with no ART exposure 
before and during pregnancy. Similarly, findings from a meta-analysis 
on the association between adverse perinatal outcomes and antenatal 
ART regimens showed that antenatal LPV/r-NRTIs use had the 
highest risk of LBW (8). Increased risk of LBW caused by LPV/r may 
be related to increased estradiol levels (25). One study found that 
HIV-positive women exposed to LPV/r-based regimens were likely to 
have an increased estradiol level than HIV-positive women without 
ART exposure (26). Moreover, studies on mouse models revealed that 
maternal high estradiol levels might contribute to the increased risk 
of LBW (27, 28). And, decreased progesterone levels caused by PI use 
may also contribute to LBW (29). Therefore, the increased risk of LBW 

should be  monitored in HIV-positive pregnant women on ART 
whether LPV/r is initiated before conception or during pregnancy. 
Since LPV/r is still recommended as the first-line treatment for 
PWLHIV in China (5).

In the guidelines from the United States, United Kingdom and 
Europe, atazanavir/ritonavir (ATV/r) and darunavir/ritonavir 
(DRV/r), but not LPV/r, have been recommended to be the preferred 
PIs for PWLHIV since the concern that LPV/r may be associated with 
increased risk of PTB (30–32). In our study, PTB incidence was higher 
among pregnancies with LPV/r-NRTIs initiation either before 
pregnancy or during pregnancy than in those without ART exposure 
before and during pregnancy. However, further multivariate analysis 
revealed no significant increased risk of PTB associated with LPV/r-
NRTIs initiated before and during pregnancy. PI, especially LPV/r 

TABLE 1 Characteristics of pregnancies exposed to different ART regimens before pregnancy or during pregnancy.

No ART 
(n = 247)

ART initiation before 
pregnancy

ART initiation during pregnancy

LPV/r-NRTIs 
(n = 44)

EFV/NVP-
NRTIs (n = 63)

LPV/r-NRTIs 
(n = 84)

EFV/NVP-
NRTIs (n = 167)

AZT monotherapy 
(n = 29)

Maternal age [years, n (%)]

<25 80 (32.4) 6 (13.6) 9 (14.3) 24 (28.6) 38 (22.7) 18 (62.1)

25–35 140 (56.7) 33 (75.0) 42 (66.7) 53 (63.1) 109 (65.3) 10 (34.5)

≥35 27 (10.9) 5 (11.4) 12 (19.0) 7 (8.3) 20 (12.0) 1 (3.3)

Year of pregnancy, n (%)

2004–2008 95 (38.5) 0 (0.0) 2 (3.2) 0 (0.0) 17 (10.2) 11 (37.9)

2009–2011 60 (24.3) 1 (2.3) 7 (11.1) 5 (5.9) 36 (21.6) 17 (58.6)

2012–2015 53 (21.4) 6 (13.6) 9 (14.3) 25 (29.7) 61 (36.5) 1 (3.4)

2016–2021 39 (15.8) 37 (84.1) 45 (71.4) 54 (64.3) 53 (31.7) 0 (0.0)

HBV or HCV co-infection, 

n (%)

15 (6.1) 4 (9.1) 3 (4.7) 10 (11.9) 12 (7.2) 1 (3.4)

Sexual transmission of 

HIV§, n (%)

226 (91.5) 43 (97.7) 53 (84.1) 81 (96.4) 158 (94.6) 24 (82.7)

HIV diagnosis before 

pregnancy, n (%)

22 (8.9) 44 (100.0) 63 (100.0) 34 (40.5) 73 (43.7) 5 (17.2)

CD4 count at delivery 

[cells/ul, median (IQR)]

325 (198–465) 580 (500–689) 500 (384–652) 489 (369–605) 396 (294–506) 481 (360–568)

Maternal CD4 count at delivery [cells/ul, n (%)]

<250 85 (34.4) 1 (2.3) 3 (4.7) 7 (8.3) 21 (12.6) 0 (0.0)

250–500 100 (40.5) 9 (20.4) 22 (34.9) 40 (47.6) 96 (57.5) 15 (51.7)

≥500 51 (20.6) 31 (70.5) 30 (47.6) 36 (42.8) 47 (28.1) 14 (48.3)

Missing 11 (4.5) 3 (6.8) 8 (12.7) 1 (1.2) 3 (1.8) 0 (0.0)

Smoking during pregnancy, 

n (%)

20 (8.1) 3 (6.8) 3 (4.7) 6 (7.1) 11 (6.6) 0 (0.0)

Alcohol intake during 

pregnancy, n (%)

13 (5.3) 3 (6.8) 4 (6.3) 5 (5.9) 9 (5.4) 0 (0.0)

Gravidity, n (%)

1 235 (95.1) 4 (9.1) 4 (6.3) 81 (96.4) 153 (91.6) 26 (89.7)

≥2 12 (4.9) 40 (90.9) 59 (93.7) 3 (3.6) 14 (8.4) 3 (10.3)

Infant HIV infection, n (%) 34 (13.7) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0)

§Refers to mode of maternal HIV infection. ART, antiretroviral therapy; LPV/r, lopinavir/ritonavir; NRTI, nucleoside reverse transcriptase inhibitor; EFV, efavirenz; NVP, nevirapine; HBV, 
hepatitis B virus; HCV, hepatitis C virus; CD4 count, CD4 T lymphocyte count; AZT, zidovudine.
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based regimens, have been reported to be associated with an increased 
risk of PTB in comparison to AZT monotherapy (8, 24) or NNRTIs 
based regimens (7) or non-PI based regimens (33), although the 
related data still remains controversial (6, 34–36). A multi-center 
observational study across eight European countries found an 
increased risk of PTB among PWLHIV with LPV/r-based regimens 
initiation before pregnancy but no increased risk of PTB associated 
with LPV/r-based regimens initiated during pregnancy (23). Their 
study findings suggest that the timing of LPV/r initiation may affect 
the risk of PTB. Moreover, PWLHIV receiving booster PIs were more 
likely to have PTB than those receiving unboosted PIs (37, 38). 
Variations in sample size, heterogeneity of the control group, timing 

of LPV/r initiation, and booster LPV/r use may have contributed to 
the contradicting results in reported by relevant research studies.

Our study assessed the risks of APOs associated with 
EFV-based and NVP-based combination regimens, namely 
NNRTI-based regimens. We  found that NNRTI (EFV/NVP)-
NRTIs initiation either before pregnancy or during pregnancy was 
not associated with a significant increase risks of LBW, PTB, or 
stillbirth compared with no exposure to ART. A large retrospective 
observational study in Botswana revealed that EFV-TDF-FTC 
initiated before pregnancy had the lowest risk of adverse birth 
outcomes, including stillbirth, PTB, SGA, and neonatal death, than 
LPV/r combined with NRTIs (7). A systematic review have 

FIGURE 2

Trends of ART use over time. (A) Timing of ART initiation among 522 pregnancies over time. (B) ART regimens used among 522 pregnancies over time. 
AZT, zidovudine; NRTI, nucleoside reverse transcriptase inhibitor; EFV, efavirenz; LPV/r, lopinavir/ritonavir; NVP, nevirapine.

TABLE 2 Multivariable analysis of APOs risks associated with different ART regimens initiated before pregnancy or during pregnancy.

No ART 
(n = 247)

ART initiation before 
pregnancy

ART initiation during pregnancy

LPV/r-NRTIs 
(n = 44)

EFV/NVP-
NRTIs (n = 63)

LPV/r-NRTIs 
(n = 84)

EFV/NVP-NRTIs 
(n = 167)

AZT monotherapy 
(n = 29)

Total APOs, n 20 9 13 16 22 1

adjusted OR (95%CI) 1 [Ref] 6.13 (0.70–53.24) 5.69 (0.61–52.44) 1.47 (0.77–2.83) 1.09 (0.64–1.85) 0.55 (0.07–4.40)

p value 0.100 0.125 0.241 0.759 0.575

LBW, n 13 6 5 12 15 0

adjusted OR (95%CI) 1 [Ref] 2.59 (1.04–6.45) 1.58 (0.59–4.23) 2.19 (1.03–4.67) 1.38 (0.69–2.74) –

p value 0.041 0.360 0.041 0.357 –

Stillbirth, n 4 1 3 1 4 0

adjusted OR (95%CI) 1 [Ref] 1.40 (0.16–12.26) 2.94 (0.67–12.80) 0.73 (0.08–6.48) 1.48 (0.37–5.83) –

p value 0.759 0.151 0.782 0.576 –

PTB, n 6 3 4 8 4 1

adjusted OR (95%CI) 1 [Ref] 2.52 (0.84–7.54) 1.92 (0.76–4.86) 2.37 (0.86–6.54) 0.59 (0.20–1.72) 1.28 (0.13–12.56)

p value 0.098 0.165 0.095 0.339 0.830

Early miscarriage, n 2 1 4 2 3 0

adjusted OR (95%CI) 1 [Ref] 0.70 (0.02–26.02) 1.62 (0.10–27.37) 1.87 (0.18–19.16) 1.18 (0.20–6.95) –

p value 0.850 0.736 0.595 0.855 –

APOs, adverse pregnancy outcomes; ART, antiretroviral therapy; LPV/r, lopinavir/ritonavir; NRTI, nucleoside reverse transcriptase inhibitor; EFV, efavirenz; NVP, nevirapine; AZT, 
zidovudine; OR, odds ratio; LBW, low birthweight; PTB, preterm birth.
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summarized the risks of PTB associated with different ART 
regimens, finding that EFV-based regimens exhibited null effects 
or were protective against PTB when compared with all other 
regimens (39). Compared to HIV-negative women, HIV-positive 
women receiving EFV-TDF-3TC had a similar risk of PTB, LBW, 
and SGA (40). All these findings suggest that EFV-NRTIs may 
be relatively safe among PWLHIV. Currently inconsistent data on 
the comparison of APOs risks between EFV-based regimens and 
NVP-based regimens have been reported. Data from previous 
studies revealed that EFV-based regimens initiation preconception 
and post-conception was not associated with any significant 
differences in the risks of stillbirth, LBW, miscarriage, PTB, and 
SGA from NVP-based ART (41, 42). However, there were also 
studies showing that NVP-based regimens had increased risks of 
PTB and LBW than EFV-based regimens (39). More research is 
needed in the future to confirm this observation since our study 
finding was limited by sample size of EFV/NVP-NRTIs 
regimen users.

We also found no significant increase in the risks of LBW, PTB, or 
stillbirth associated with AZT monotherapy initiated during 
pregnancy compared to no ART exposure before and during 
pregnancy. On the contrary, a meta-analysis including 409,781 
pregnant women indicated that PWLHIV with AZT monotherapy 
were associated with a decreased risk of PTB and LBW, compared with 
ART-naive PWLHIV (8). We also found no significant increase in the 
risk of early miscarriage associated with LPV/r-NRTIs and EFV/
NVP-NRTIs initiated before pregnancy or initiated during pregnancy 
compared to no ART exposure before and during pregnancy. Few 
studies have reported on the risks of miscarriage associated with ART 
use. A prospective study involving 2,113 pregnant women in 
sub-Saharan Africa found no evidence of an association between ART 
use in PWLHIV and pregnancy loss. However, the risk of pregnancy 
loss associated with the timing of ART initiation and different ART 
regimens was not analyzed (43). Therefore, more research studies 
exploring the association between early miscarriage risk and different 
ART regimens among PWLHIV are needed.

Some limitations exist in our study. First, the sample size for the 
APOs analysis was limited and may not be representative of the larger 
population. However, we still found a significant increase in the risk 
of LBW associated with LPV/r-NRTIS initiated before pregnancy and 
LPV/r-NRTIS initiated during pregnancy. This preliminary finding 
could inform ART treatment monitoring in pregnant women and spur 
further research on subject. Second, some PWLHIV terminated 
pregnancy voluntarily and were not included in the APO analysis, 
which may have led to some bias in the study results. Therefore, our 
finding should be  interpreted with caution. Third, consistent with 
previous studies (7, 34, 44), we  did not take HIV viral load as a 
variable in the analysis of APOs risks. Due to the limited availability 
of HIV viral load tests in the early stages, data on HIV viral load in 
most pregnant women are missing. More large sample, prospective 
studies are needed to explore the APOs risks associated with different 
ART regimens according to the timing of ART initiation in the future.

Conclusion

Our study showed that LPV/r-NRTIs have been widely used 
among PWLHIV in recent years. Whether LPV/r-NRTIs were 

initiated before pregnancy or during pregnancy, the risk of 
LBW increased in pregnant women who used this regimens. 
Therefore, continued monitoring of LBW risks is necessary among 
PWLHIV who initiated LPV/r-based regimens before and 
during pregnancy.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed and 
approved by the institutional ethics committee of Zhongnan 
Hospital of Wuhan University (20210035). The patients/
participants provided their written informed consent to participate 
in this study.

Author contributions

KL and ML conceived and designed this investigation. YT, SW, 
YY, SZ, LF, WG, and MW collected the original data. YT and SW 
analyzed the data. YT and KL contributed to the writing of the paper. 
All authors contributed to the article and approved the 
submitted version.

Funding

This work was supported by Medical Science and Technology 
Innovation Platform Support Project of Zhongnan Hospital, 
Wuhan University (PTXM2020008), Science and Technology 
Innovation Cultivation Fund of Zhongnan Hospital, Wuhan 
University (cxpy2017043). Medical Science Advancement 
Program (Basic Medical Sciences) of Wuhan University 
(TFJC2018004).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

https://doi.org/10.3389/fmed.2023.1158962
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Tan et al. 10.3389/fmed.2023.1158962

Frontiers in Medicine 08 frontiersin.org

References
 1. UNAIDS. Global AIDS Update. (2021). Available at: https://www.unaids.org/sites/

default/files/media_asset/2021-global-aids-update_en.pdf (Accessed July 14, 2021).

 2. Bailey H, Zash R, Rasi V, Thorne C. HIV treatment in pregnancy. Lancet HIV. 
(2018) 5:e457–67. doi: 10.1016/S2352-3018(18)30059-6

 3. Selph SS, Bougatsos C, Dana T, Grusing S, Chou R. Screening for HIV infection in 
pregnant women: updated evidence report and systematic review for the US preventive 
services task force. JAMA. (2019) 321:2349–60. doi: 10.1001/jama.2019.2593

 4. World Health Organization. Consolidated Guidelines on HIV Prevention, Testing, 
Treatment, Service Delivery and Monitoring: Recommendations for a Public Health 
Approach. Geneva: World Health Organization (2021).

 5. Sun L, Wang A, Zhang F, Wu H, Zhao H, Wang H, et al. Expert consensus on the 
whole process management of PWLHIV. Chin J AIDS STD. (2020) 26:335–8. doi: 
10.13419/j.cnki.aids.2020.03.31

 6. Moseholm E, Katzenstein TL, Pedersen G, Johansen IS, Wienecke LS, Storgaard M, 
et al. Use of antiretroviral therapy in pregnancy and association with birth outcome 
among women living with HIV in Denmark: a nationwide, population-based cohort 
study. HIV Med. (2022) 23:1007–18. doi: 10.1111/hiv.13304

 7. Zash R, Jacobson DL, Diseko M, Mayondi G, Mmalane M, Essex M, et al. 
Comparative safety of antiretroviral treatment regimens in pregnancy. JAMA Pediatr. 
(2017) 171:e172222. doi: 10.1001/jamapediatrics.2017.2222

 8. Tshivuila-Matala C, Honeyman S, Nesbitt C, Kirtley S, Kennedy SH, Hemelaar J. 
Adverse perinatal outcomes associated with antiretroviral therapy regimens: systematic 
review and network meta-analysis. AIDS. (2020) 34:1643–56. doi: 10.1097/
QAD.0000000000002593

 9. Portwood C, Murray C, Sexton H, Kumarendran M, Brandon Z, Johnson B, et al. 
Adverse perinatal outcomes associated with HAART and monotherapy. AIDS. (2022) 
36:1409–27. doi: 10.1097/QAD.0000000000003248

 10. Uthman OA, Nachega JB, Anderson J, Kanters S, Mills EJ, Renaud F, et al. Timing 
of initiation of antiretroviral therapy and adverse pregnancy outcomes: a systematic 
review and meta-analysis. Lancet HIV. (2017) 4:e21–30. doi: 10.1016/S2352-3018 
(16)30195-3

 11. Sexton H, Kumarendran M, Brandon Z, Shi C, Kirtley S, Hemelaar J. Adverse 
perinatal outcomes associated with timing of initiation of antiretroviral therapy: 
systematic review and meta-analysis. HIV Med. (2023) 24:111–29. doi: 10.1111/
hiv.13326

 12. Stoner MCD, Cole SR, Price J, Winston J, Stringer JSA. Timing of initiation of 
antiretroviral therapy and risk of preterm birth in studies of HIV-infected pregnant 
women: the role of selection bias. Epidemiology. (2018) 29:224–9. doi: 10.1097/
EDE.0000000000000772

 13. Snijdewind IJM, Smit C, Godfried MH, Bakker R, Nellen JFJB, Jaddoe VWV, et al. 
Preconception use of cART by PWLHIV increases the risk of infants being born small 
for gestational age. PLoS One. (2018) 13:e191389. doi: 10.1371/journal.pone.0191389

 14. Ikumi NM, Malaba TR, Pillay K, Cohen MC, Madlala HP, Matjila M, et al. 
Differential impact of antiretroviral therapy initiated before or during pregnancy on 
placenta pathology in HIV-positive women. AIDS. (2021) 35:717–26. doi: 10.1097/
QAD.0000000000002824

 15. Wu M, Yan Y, Zou S, Wu S, Feng L, Liu Y, et al. Adverse pregnancy outcomes 
among pregnant women living with HIV in Hubei province, China: prevalence and risk 
factors. AIDS Care. (2022) 35:351–8. doi: 10.1080/09540121.2022.2039358

 16. Wedi CO, Kirtley S, Hopewell S, Corrigan R, Kennedy SH, Hemelaar J. Perinatal 
outcomes associated with maternal HIV infection: a systematic review and meta-
analysis. Lancet HIV. (2016) 3:e33–48. doi: 10.1016/S2352-3018(15)00207-6

 17. Tukei VJ, Hoffman HJ, Greenberg L, Thabelo R, Nchephe M, Mots’oane T, et al. 
Adverse pregnancy outcomes among HIV-positive women in the era of universal 
antiretroviral therapy remain elevated compared with HIV-negative women. Pediatr 
Infect Dis J. (2021) 40:821–6. doi: 10.1097/INF.0000000000003174

 18. Jiang W, Ronen K, Osborn L, Drake AL, Unger JA, Matemo D, et al. Predictors of 
adverse pregnancy outcomes among Kenyan women with HIV on antiretroviral 
treatment in pregnancy. AIDS. (2022) 36:1007–19. doi: 10.1097/QAD.0000000000003215

 19. Chen JY, Ribaudo HJ, Souda S, Parekh N, Ogwu A, Lockman S, et al. Highly active 
antiretroviral therapy and adverse birth outcomes among HIV-infected women in 
Botswana. J Infect Dis. (2012) 206:1695–705. doi: 10.1093/infdis/jis553

 20. Zash RM, Williams PL, Sibiude J, Lyall H, Kakkar F. Surveillance monitoring for 
safety of in utero antiretroviral therapy exposures: current strategies and challenges. 
Expert Opin Drug Saf. (2016) 15:1501–13. doi: 10.1080/14740338.2016.1226281

 21. Mandelbrot L, Tubiana R, Le Chenadec J, Dollfus C, Faye A, Pannier E, et al. No 
perinatal HIV-1 transmission from women with effective antiretroviral therapy starting 
before conception. Clin Infect Dis. (2015) 61:1715–25. doi: 10.1093/cid/civ578

 22. World Health Organization. Guideline on When to Start Antiretroviral Therapy and 
on Pre-Exposure Prophylaxis for HIV. Geneva: World Health Organization (2015).

 23. Favarato G, Townsend CL, Bailey H, Peters H, Tookey PA, Taylor GP, et al. 
Protease inhibitors and preterm delivery: another piece in the puzzle. AIDS. (2018) 
32:243–52. doi: 10.1097/QAD.0000000000001694

 24. Fowler MG, Qin M, Fiscus SA, Currier JS, Flynn PM, Chipato T, et al. Benefits and 
risks of antiretroviral therapy for perinatal HIV prevention. N Engl J Med. (2016) 
375:1726–37. doi: 10.1056/NEJMoa1511691

 25. Dunk CE, Serghides L. Protease inhibitor-based antiretroviral therapy in 
pregnancy: effects on hormones, placenta, and decidua. Lancet HIV. (2022) 9:e120–9. 
doi: 10.1016/S2352-3018(21)00249-6

 26. McDonald CR, Conroy AL, Gamble JL, Papp E, Hawkes M, Olwoch P, et al. 
Estradiol levels are altered in human immunodeficiency virus-infected pregnant women 
randomized to Efavirenz-versus Lopinavir/ritonavir-based antiretroviral therapy. Clin 
Infect Dis. (2018) 66:428–36. doi: 10.1093/cid/cix772

 27. Jin M, Lv PP, Yu TT, Shen JM, Feng C, Huang HF. IGFBP1 involved in the 
decreased birth weight due to fetal high estrogen exposure in mice. Biol Reprod. (2016) 
95:96. doi: 10.1095/biolreprod.116.141242

 28. Meng Y, Lv PP, Ding GL, Yu TT, Liu Y, Shen Y, et al. High maternal serum estradiol 
levels induce dyslipidemia in human newborns via a hepatic HMGCR estrogen response 
element. Sci Rep. (2015) 5:10086. doi: 10.1038/srep10086

 29. Papp E, Mohammadi H, Loutfy MR, Yudin MH, Murphy KE, Walmsley SL, et al. 
HIV protease inhibitor use during pregnancy is associated with decreased progesterone 
levels, suggesting a potential mechanism contributing to fetal growth restriction. J Infect 
Dis. (2015) 211:10–8. doi: 10.1093/infdis/jiu393

 30. Panel on Treatment of Pregnant Women with HIV Infection and Prevention of 
Perinatal Transmission. Recommendations for the use of antiretroviral drugs in pregnant 
women with HIV infection and interventions to reduce perinatal HIV transmission in the 
United State [EB/OL]. Available at: https://clinicalinfo.hiv.gov/sites/default/files/guidelines/
documents/Perinatal_GL.pdf. (Accessed December 30, 2021).

 31. Ryom L, De Miguel R, Cotter AG, Podlekareva D, Beguelin C, Waalewijn H, et al. 
Major revision version 11.0 of the European AIDS Clinical Society Guidelines 2021[J]. 
HIV Med. (2022) 23:849–858. doi: 10.1111/hiv.13268

 32. Gilleece DY, Tariq DS, Bamford DA, Bhagani DS, Byrne DL, Clarke DE, et al. 
British HIV Association guidelines for the management of HIV in pregnancy and 
postpartum 2018[J]. HIV Med. (2019). 20:s2–s85. doi: 10.1111/hiv.12720

 33. Mesfin YM, Kibret KT, Taye A. Is protease inhibitors based antiretroviral therapy 
during pregnancy associated with an increased risk of preterm birth? Systematic review 
and a meta-analysis. Reprod Health. (2016) 13:30. doi: 10.1186/s12978-016-0149-5

 34. European Pregnancy and Paediatric HIV Cohort Collaboration (EPPICC) Study 
Group. Nucleoside reverse transcriptase inhibitor backbones and pregnancy outcomes. 
AIDS. (2019) 33:295–304. doi: 10.1097/QAD.0000000000002039

 35. Cowdell I, Beck K, Portwood C, Sexton H, Kumarendran M, Brandon Z, et al. 
Adverse perinatal outcomes associated with protease inhibitor-based antiretroviral 
therapy in pregnant women living with HIV: a systematic review and meta-analysis. 
EClinicalMedicine. (2022) 46:101368. doi: 10.1016/j.eclinm.2022.101368

 36. Floridia M, Dalzero S, Giacomet V, Tamburrini E, Masuelli G, Savasi V, et al. 
Pregnancy and neonatal outcomes in women with HIV-1 exposed to integrase 
inhibitors, protease inhibitors and non- nucleoside reverse transcriptase inhibitors: an 
observational study. Infection. (2020) 48:249–58. doi: 10.1007/s15010-019-01384-5

 37. Kakkar F, Boucoiran I, Lamarre V, Ducruet T, Amre D, Soudeyns H, et al. Risk 
factors for preterm birth in a Canadian cohort of HIV-positive women: role of ritonavir 
boosting? J Int AIDS Soc. (2015) 18:19933. doi: 10.7448/IAS.18.1.19933

 38. Sibiude J, Warszawski J, Tubiana R, Dollfus C, Faye A, Rouzioux C, et al. Premature 
delivery in HIV-infected women starting protease inhibitor therapy during pregnancy: 
role of the ritonavir boost? Clin Infect Dis. (2012) 54:1348–60. doi: 10.1093/cid/cis198

 39. Saleska JL, Turner AN, Maierhofer C, Clark J, Kwiek JJ. Use of antiretroviral 
therapy during pregnancy and adverse birth outcomes among women living with 
HIV-1 in low- and middle-income countries: a systematic review. J Acquir Immune Defic 
Syndr. (2018) 79:1–9. doi: 10.1097/QAI.0000000000001770

 40. Dadabhai S, Gadama L, Chamanga R, Kawalazira R, Katumbi C, Makanani B, et al. 
Pregnancy outcomes in the era of universal antiretroviral treatment in sub-Saharan 
Africa (POISE study). J Acquir Immune Defic Syndr. (2019) 80:7–14. doi: 10.1097/
QAI.0000000000001875

 41. Chetty T, Thorne C, Coutsoudis A. Preterm delivery and small-for-gestation 
outcomes in HIV-infected pregnant women on antiretroviral therapy in rural 
South Africa: results from a cohort study, 2010-2015. PLoS One. (2018) 13:e192805. doi: 
10.1371/journal.pone.0192805

 42. Ekouevi DK, Coffie PA, Ouattara E, Moh R, Amani-Bosse C, Messou E, et al. 
Pregnancy outcomes in women exposed to efavirenz and nevirapine: an appraisal of the 
IeDEA West Africa and ANRS databases, Abidjan, Côte d'Ivoire. J Acquir Immune Defic 
Syndr. (2011) 56:183–7. doi: 10.1097/QAI.0b013e3181ff04e6

 43. Mugo C, Nduati R, Osoro E, Nyawanda BO, Mirieri H, Hunsperger E, et al. 
Comparable pregnancy outcomes for HIV-uninfected and HIV-infected women on 
antiretroviral treatment in Kenya. J Infect Dis. (2022) 226:678–86. doi: 10.1093/infdis/jiac128

 44. Fennell C, Seage GR, Zash R, Phiri K, Diseko M, Mayondi G, et al. Adverse birth 
outcomes in Botswana among women with vertically or horizontally acquired human 
immunodeficiency virus. J Pediatric Infect Dis Soc. (2021) 10:252–8. doi: 10.1093/jpids/
piaa051

https://doi.org/10.3389/fmed.2023.1158962
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.unaids.org/sites/default/files/media_asset/2021-global-aids-update_en.pdf
https://www.unaids.org/sites/default/files/media_asset/2021-global-aids-update_en.pdf
https://doi.org/10.1016/S2352-3018(18)30059-6
https://doi.org/10.1001/jama.2019.2593
https://doi.org/10.13419/j.cnki.aids.2020.03.31
https://doi.org/10.1111/hiv.13304
https://doi.org/10.1001/jamapediatrics.2017.2222
https://doi.org/10.1097/QAD.0000000000002593
https://doi.org/10.1097/QAD.0000000000002593
https://doi.org/10.1097/QAD.0000000000003248
https://doi.org/10.1016/S2352-3018(16)30195-3
https://doi.org/10.1016/S2352-3018(16)30195-3
https://doi.org/10.1111/hiv.13326
https://doi.org/10.1111/hiv.13326
https://doi.org/10.1097/EDE.0000000000000772
https://doi.org/10.1097/EDE.0000000000000772
https://doi.org/10.1371/journal.pone.0191389
https://doi.org/10.1097/QAD.0000000000002824
https://doi.org/10.1097/QAD.0000000000002824
https://doi.org/10.1080/09540121.2022.2039358
https://doi.org/10.1016/S2352-3018(15)00207-6
https://doi.org/10.1097/INF.0000000000003174
https://doi.org/10.1097/QAD.0000000000003215
https://doi.org/10.1093/infdis/jis553
https://doi.org/10.1080/14740338.2016.1226281
https://doi.org/10.1093/cid/civ578
https://doi.org/10.1097/QAD.0000000000001694
https://doi.org/10.1056/NEJMoa1511691
https://doi.org/10.1016/S2352-3018(21)00249-6
https://doi.org/10.1093/cid/cix772
https://doi.org/10.1095/biolreprod.116.141242
https://doi.org/10.1038/srep10086
https://doi.org/10.1093/infdis/jiu393
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/Perinatal_GL.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/Perinatal_GL.pdf
https://doi.org/10.1111/hiv.13268
https://doi.org/10.1111/hiv.12720
https://doi.org/10.1186/s12978-016-0149-5
https://doi.org/10.1097/QAD.0000000000002039
https://doi.org/10.1016/j.eclinm.2022.101368
https://doi.org/10.1007/s15010-019-01384-5
https://doi.org/10.7448/IAS.18.1.19933
https://doi.org/10.1093/cid/cis198
https://doi.org/10.1097/QAI.0000000000001770
https://doi.org/10.1097/QAI.0000000000001875
https://doi.org/10.1097/QAI.0000000000001875
https://doi.org/10.1371/journal.pone.0192805
https://doi.org/10.1097/QAI.0b013e3181ff04e6
https://doi.org/10.1093/infdis/jiac128
https://doi.org/10.1093/jpids/piaa051
https://doi.org/10.1093/jpids/piaa051

	Adverse pregnancy outcomes associated with antiretroviral therapy initiated before pregnancy and during pregnancy: a retrospective study in Hubei province, China
	Introduction
	Methods
	Study population
	Data collection
	Definition and grouping
	Statistical analysis

	Results
	Participants’ characteristics
	Trends of ART use over time
	APOs risks associated with different ART regimens initiated before pregnancy
	APOs risks of different ART regimens initiated during pregnancy

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

