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Patterns of pregnancy loss among women living
with and without HIV in Brazil, 2008−2018

Lanbo Yang, BA; Mary Catherine Cambou, MD; Eddy R. Segura, MD, MPH; Marineide Gonçalves De Melo, MD, PhD;
Breno Riegel Santos, MD; Ivana Rosângela Dos Santos Varella, MD, PhD; Karin Nielsen-Saines, MD, MPH
BACKGROUND: Pregnancy loss is poorly understood, but infection may be a risk factor. Few studies have evaluated pregnancy loss among
women living with HIV in the era of potent combination antiretroviral therapy.
OBJECTIVE: We hypothesize that maternal HIV and syphilis infection lead to increased risk of pregnancy loss, including both miscarriage and
stillbirth. This study aimed to assess trends and possible predictors of spontaneous miscarriage and stillbirth among women living with HIV in a
cohort of nearly 56,000 deliveries at a major referral institution in a city with the highest prevalence of HIV in Brazil.
STUDY DESIGN: Data from hospital records for women delivering from January 1, 2008 to December 31, 2018 were reviewed. Rates of
stillbirth, miscarriage, and any pregnancy loss were compared using the Pearson chi-square test. Predictors of pregnancy loss were evaluated by
robust univariate log-linear Poisson regression using a generalized estimating equations approach.
RESULTS: A total of 55,844 pregnancies were included in the analysis, with 54,308 pregnancies from 43,502 women without HIV and 1536
pregnancies from 1186 women living with HIV (seroprevalence of maternal HIV: 2.7%). Overall, 1130 stillbirths (2.0%) and 6558 miscarriages
(11.7%) occurred. Any pregnancy loss was similar in both groups (13.8% in women without and 14.1% in women with HIV; P=.733). Stillbirth
was higher among women living with HIV (3.4%) than among women without HIV (2.0%; P<.001), but there was no difference in overall miscar-
riage rates (10.7% in women with vs. 11.8% in women without HIV; P=.188). Women living with HIV had higher miscarriage rates between 12
and 20 weeks than women without HIV (34.8% vs 23.7%; P=.001), likely because of syphilis coinfection. Stillbirth rates were higher for women
living with HIV from 2008 to 2014; however, a steady plateau was reached from 2014 to 2018, mirroring stillbirth rates in women without HIV.
Maternal HIV infection did not increase the risk of miscarriage (relative risk, 0.90; 95% confidence interval, 0.77−1.05) or any pregnancy loss
(relative risk, 1.00; 95% confidence interval, 0.88−1.15), but was associated with stillbirth (relative risk, 1.65; 95% confidence interval, 1.23
−2.21). Maternal syphilis was associated with any pregnancy loss (relative risk, 1.24; 95% confidence interval, 1.11−1.38) and stillbirth (relative
risk, 3.39; 95% confidence interval, 2.77−4.14), but not miscarriage (relative risk, 0.91; 95% confidence interval, 0.80−1.04).
CONCLUSION: In the era of combination antiretroviral therapy, there was no difference in miscarriage rates between women with and with-
out HIV. HIV was associated with stillbirth risk but improved over time. Maternal syphilis was significantly associated with any pregnancy loss and
stillbirth in all women. Syphilis is likely the main driver of pregnancy loss in women living with HIV in Brazil.
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Introduction
Pregnancy loss, including stillbirth and
spontaneous miscarriage, is poorly
understood and multifactorial in
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Why was this study conducted?
Pregnancy loss is poorly understood in women living with HIV (WLH). Syphilis
infection, common in WLH and a risk factor for pregnancy loss, may be a poten-
tial driver of fetal demise in this population.

Key findings
Miscarriage rates did not differ between women with and without HIV, but
WLH had higher late miscarriage and stillbirth rates. Over half of WLH with
syphilis miscarried between 12 and 20 weeks.

What does this add to what is known?
Infection and inflammation are key drivers of fetal loss. Despite universal, free,
available, and effective antiretroviral therapy in Brazil, syphilis was a key driver
of pregnancy loss in WLH, which may require prompt identification and treat-
ment to prevent adverse pregnancy outcomes.

FIGURE 1
Cohort selection

Yang. Pregnancy loss and HIV in Brazil. Am J Obstet Gynecol Glob Rep 2022.
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conception to 20 weeks of gestation.
Stillbirth is defined as fetal death at ≥20
weeks of gestation.3 Infection may trig-
ger chronic endometritis and altered
immune infiltration into the endome-
trium, possibly leading to pregnancy
loss.4,5 HIV and syphilis are common
infections in pregnancy. Although
maternal HIV and syphilis infection are
known to increase adverse pregnancy
outcomes such as preterm birth and low
birthweight, few studies have evaluated
the risk of pregnancy loss in women liv-
ing with HIV (WLH) and women coin-
fected with HIV and syphilis.
Brazil is a country at the forefront of

HIV care. As mandated by law since
1996, combination antiretroviral therapy
(cART) is free of charge to individuals
with HIV, including pregnant women.
Porto Alegre, a metropolitan city in
southern Brazil, is the epicenter of an
ongoing HIV epidemic in pregnancy,6

with an HIV seroprevalence of 20.2 per
1000 births, which is 7 times the national
average.6,7 Women are particularly sus-
ceptible to HIV acquisition during preg-
nancy and prone to having undiagnosed,
unsuppressed viremia at delivery.8−11

HIV subtype C, uniquely predominant in
southern Brazil, is particularly adapted to
HIV mother-to-child transmission.12,13

We hypothesize that the risk of preg-
nancy loss, both miscarriage and still-
birth, is higher among WLH compared
with women without HIV (WWOH);
this risk is further elevated among WLH
coinfected with syphilis. Using deliveries
2 AJOG Global Reports November 2022
from nearly 56,000 women, we evaluated
rates of spontaneous miscarriage, still-
birth, and any pregnancy loss, and pre-
dictors of pregnancy loss among WLH
and WWOH at a major HIV-referral,
tertiary-level public hospital in Porto
Alegre.

Materials and Methods
Data source
We conducted a retrospective cohort
study using institutional hospital
records for all women who delivered
from January 1, 2008 to December 31,
2018 at Hospital Nossa Senhora da
Conceiç~ao, a tertiary-level hospital and
referral institution for HIV care in
Porto Alegre. Data regularly extracted
from medical records for government
epidemiologic surveillance purposes
included sociodemographic factors (eg,
age, race and ethnicity, geographic
region of residence), obstetrical infor-
mation (eg, gravidity, twin gestation,
gestational age), syphilis coinfection
during pregnancy, and type of preg-
nancy loss, including miscarriage and
stillbirth. All women who delivered at
this institution during the study period
were tested for HIV by rapid antigen-
antibody tests (Unified Health System
[SUS], Brasília, Brazil).14 Positive results
were confirmed by HIV antibody
enzyme-linked immunosorbent assays
or immunoblot for HIV-1 antigens
(p24, gp41, gp120, gp160) and HIV-2
antigen gp36. All women who delivered
at our institution were universally
screened for maternal syphilis infection
during the study period using a reverse
sequence algorithm, beginning with a
rapid treponemal antibody test. If reac-
tive, reflex testing was conducted with
a nontreponemal Venereal Disease
Research Laboratory (VDRL) test fol-
lowed by measurement of nontrepone-
mal antibody titers (all certified by the
Brazilian SUS). A confirmed positive
diagnosis was made with both a positive
rapid treponemal antibody test and
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a nontreponemal VDRL test. We
excluded women who: (1) were not
tested for HIV; or (2) had home vaginal
births (Figure 1). This study was
approved by the Institutional Review
Board of Hospital Nossa Senhora
da Conceiç~ao in Porto Alegre (Protocol
#14.124). Because this was a secondary
analysis of deidentified data, written
informed consent was waived.
Covariates and outcome definitions
The primary outcome of the study was
any pregnancy loss, and secondary out-
comes were miscarriage and stillbirth.
In this study, miscarriage is defined as
any pregnancy loss before 20 weeks of
gestation, and stillbirth is defined as any
pregnancy loss at ≥20 weeks of gesta-
tion. Recurrent miscarriage is defined as
any pregnancy belonging to a woman
with a history of ≥1 previous miscar-
riage. HIV and syphilis infections were
categorized as binary variables (positive,
negative) in the analysis. In an ancillary
analysis of recurrent miscarriage, mis-
carriage was the primary outcome. Age
was defined as: <18, 18 to 24, 25 to 34,
and ≥35 years. Geographic region was
defined as urban, greater metropolitan
region, and rural region or outskirts
according to the Porto Alegre City
Council. Previous cesarean delivery
(CD) was classified as any women hav-
ing a previous CD between 2008 and
2018. Previous pregnancy loss was clas-
sified as any previous pregnancy loss
(either stillbirth or miscarriage) between
2008 and 2018; CDs and pregnancy
losses before 2008 were not recorded in
our database. Race or ethnicity was cat-
egorized according to hospital records
as White, Black, multiracial (mixed
Black/White/Native or Indigenous),
Asian, and Native or Indigenous. Our
analysis of race should be interpreted
within an antiracist framework, with
the understanding of race as a social
construct and not a biologic
marker,15,16 and awareness of the Bra-
zilian context in which maternal mor-
bidity and mortality among cisgender
Black women are disproportionately
high.17−19
Statistical analysis
Pearson chi-square tests were used to
calculate differences in distribution of
categorical variables between subpopu-
lation groups (ie, WLH and WWOH),
including stillbirth, miscarriage and any
pregnancy loss, sociodemographic char-
acteristics, and obstetrical factors.
Median ages with interquartile ranges
of WLH and WWOH were calculated
using the Mann−Whitney U test. Pre-
dictors of any pregnancy loss were eval-
uated with a robust univariate log-linear
Poisson regression model using a gener-
alized estimating equations (GEE)
approach, with HIV diagnosis as the
main regressor. Given that the same
women had multiple gestations within
the final dataset used for analysis, GEE
was appropriate to account for lack of
independence (correlations between
observations within a subject).20 Uni-
variate analysis was conducted for each
variable, and the categorical outcome,
relative risks (RR) with 95% confidence
intervals (CIs), and P values were calcu-
lated using a 2-sided a<.05. Analyses
were conducted in Stata, Version 17.0
(StataCorp LLC, College Station, TX).

Results
A total of 55,844 pregnancies were
included: 54,308 pregnancies from
43,502 WWOH and 1536 pregnancies
from 1186 WLH (seroprevalence:
2.7%); 145 pregnancies were excluded
because they were not tested for HIV or
had home vaginal births (Figure 1).
Table 1 shows the sociodemographic
and obstetrical characteristics of WLH
and WWOH. WLH were older than
WWOH; >68% of WLH were aged
≥25 years, whereas approximately half
of WWOH were in this age group.
Regarding race, 41.2% of WLH were
non-White, and 27.1% of WWOH were
non-White. WLH had almost 4 times
the maternal syphilis coinfection fre-
quency (12.4%) relative to that of
WWOH (3.3%; P<.001) and were more
frequently multiparous (82.9%) com-
pared with WWOH (63.9%).

Overall, 1130 stillbirths (2.0%) and
6558 miscarriages (11.7%) occurred.
Although the stillbirth rate was higher
among WLH (3.4%) than among
WWOH (2.0%; P<.001), there was no
difference in overall miscarriage rates
(10.7% in WLH vs 11.8% in WWOH;
P=.188). Any pregnancy loss, either
stillbirth or miscarriage, did not differ
between WLH and WWOH (14.1% in
WLH vs 13.8% in WWOH; P=.733).
Trends of stillbirth and miscarriage are
shown in Figure 2, A and B. For still-
birth, rates were higher for WLH in the
early years of the analysis (2008−2014),
reaching a steady plateau below 4%
from 2014 to 2018, which mirrored the
rate of stillbirths among WWOH.
Among 52 stillbirths in WLH, 28
women (53.8%) did not have any data
inputted regarding cART use, 18
(34.6%) did not use any cART, and only
6 (11.5%) were registered as initiating
cART during pregnancy. Information
on cART use was missing or negative
for 89% of women with stillbirths,
underscoring the absence of consistent
HIV treatment in populations with this
outcome. Most WLH who miscarried
were found to be HIV-infected at the
time of admission for miscarriage and
had no history of cART use. For these
women, cART initiation occurred after
pregnancy. Therefore, cART use data
were not available in the hospital data-
base nor in the national surveillance
registry of records for all WLH in Brazil.
Of note, 14 WLH (26.9%) in the group
of 52 WLH with stillbirths were coin-
fected with syphilis, which is more than
twice the rate of syphilis coinfection in
the overall cohort of WLH regardless of
stillbirth status (12.4%).
For miscarriage, trends among WLH

and WWOH were similar during the
entire study period. Over time, miscar-
riages declined slightly more among
WLH, from 19.3% to 10.4%, as opposed
to the decline from 14.5% to 7.2%
among WWOH. Miscarriages were
more frequent in WLH at or beyond 12
to 20 weeks of gestation (34.8%) as
compared with WWOH (23.7%;
P=.001). WLH coinfected with syphilis
had an extraordinarily high percentage
of miscarriage at ≥12 weeks of gestation
(10/19; 52.6%) relative to that of WLH
without syphilis coinfection (46/144;
32.0%; P=.080). In both groups of
WLH, the frequency of late miscarriages
November 2022 AJOG Global Reports 3
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TABLE 1
Sociodemographic and obstetrical characteristics of pregnancies from
women living with HIV and women without HIV, 2008−2018 (n=55,844)
Characteristics WLH (n=1536) WWOH (n=54,308) P value

Median age at delivery
(interquartile range)

28 (23−33)
n (%)

25 (21−31)
n (%)

<.001a,b

Age at delivery (n=55,837) <.001b,c

<18 52 (3.4) 4738 (8.7)

18−24 432 (28.1) 20,116 (37.1)

25−34 785 (51.1) 21,713 (40.0)

>35 267 (17.4) 7734 (14.2)

Geographic region .017b

Urban 1041 (67.8) 35,526 (65.4)

Greater metropolitan region 440 (28.7) 16,037 (29.5)

Rural/outskirts 55 (3.6) 2745 (5.1)

Race/ethnicity (n=55,825) <.001b

White 900 (58.6) 39,536 (72.8)

Black 421 (27.4) 9066 (16.7)

Multiracial 212 (13.8) 5658 (10.4)

Asian 0 (0.0) 20 (0.0)

Native/Indigenous 3 (0.2) 9 (0.0)

Gravida <.001b

Primigravid 262 (17.1) 19,594 (36.1)

Multigravid 1274 (82.9) 34,714 (63.9)

Fetal sex (n=48,736) .159

Male 717 (53.1) 24,246 (51.2)

Female 633 (46.9) 23,140 (48.8)

Twin gestation (n=48,765) 50 (3.7) 1886 (4.0) .604

Previous cesarean delivery 138 (37.7) 2918 (33.5) .098

Pregnancy loss

Any 216 (14.1) 7472 (13.8) .733

Stillbirth 52 (3.4) 1078 (2.0) <.001b

Miscarriage 164 (10.7) 6394 (11.8) .188

Previous pregnancy loss (n=11,254) 93 (20.8) 2287 (21.2) .856

Syphilis during pregnancy (n=55,777) 191 (12.4) 1814 (3.3) <.001b

WLH, women living with HIV; WWOH, women without HIV.
a Compared using the Mann−Whitney U test; b Statistically significant with P<0.05; c Compared using the Pearson chi-square
test.
Yang. Pregnancy loss and HIV in Brazil. Am J Obstet Gynecol Glob Rep 2022.
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was extraordinarily high relative to that
of WWOH with and without syphilis
during the same gestational period
(36.9% and 23.3%, respectively;
P≤.001). When examining maternal
syphilis regardless of HIV status, the
rate of late miscarriage was 38.3% in all
4 AJOG Global Reports November 2022
women with syphilis vs 23.5% in all
women without syphilis (P<.001).
When examining maternal HIV regard-
less of syphilis status, the late miscar-
riage rate was significantly higher
among WLH (34.8%) than among
WWOH (23.7%; P=.001).
Among 55,844 women in our cohort,
HIV infection did not increase the risk
of any pregnancy loss nor miscarriage,
as seen in Table 2. However, HIV was
associated with stillbirth. Maternal
syphilis was associated with any preg-
nancy loss and stillbirth in all women
but not associated with overall miscar-
riage rate. There was an association
between HIV and miscarriage, and
between syphilis and miscarriage when
only the period of late miscarriage was
considered (12−20 weeks of gestation).
In the HIV-stratified analysis com-

paring WLH and WWOH (Table 3),
age <25 years was protective against
any pregnancy loss (miscarriage+still-
birth) for both WLH and WWOH,
whereas advanced maternal age (≥35
years) was associated with increased
risk of pregnancy loss for both groups
of women (Table 3). Among WWOH,
age <18 years was also protective
against pregnancy loss. Among WLH,
coinfection with syphilis did not pose a
greater risk for any pregnancy loss;
however, maternal syphilis among
WWOH was associated with any fetal
loss. Fetal sex was not associated with
pregnancy loss in either WLH or
WWOH (Table 3). Multigravidity was
associated with pregnancy loss in
WWOH but not in WLH. Previous CD
was protective against pregnancy loss
for both WLH and WWOH. History of
pregnancy loss was a strong predictor of
fetal loss for both WLH and WWOH.
In an ancillary analysis with miscarriage
as the outcome, the risk of recurrent
miscarriage was higher among WLH
(RR, 4.23; 95% CI, 2.69−6.64; P<.001)
than among WWOH (RR, 2.96; 95%
CI, 2.65−3.30; P<.001).

Comment
Principal findings
In nearly 56,000 pregnancies followed
over 11 years in a city with the highest
HIV prevalence in Brazil, the overall
pregnancy loss rate did not differ
between WLH and WWOH. WLH had
a higher stillbirth rate, particularly in
the early years of analysis (2008−2012).
Both maternal HIV and syphilis were
independently associated with increased
risk of stillbirth, but not with

http://www.ajog.org


TABLE 2
Predictors of any pregnancy loss, miscarriage, and stillbirth related to
HIV or syphilis infection during pregnancy (n=55,844)
Predictors RR (95% CI)a P value
Maternal HIV

Any pregnancy loss 1.00 (0.88−1.15) .966

Miscarriage 0.90 (0.77−1.05) .167

Stillbirth 1.65 (1.23−2.21) .001b

Maternal syphilis

Any pregnancy loss 1.24 (1.11−1.38) <.001b

Miscarriage 0.91 (0.80−1.04) .178

Stillbirth 3.39 (2.77−4.14) <.001b

CI, confidence interval; RR, relative risk.
a RR and 95% CI were calculated with robust log-linear Poisson regression using a generalized estimating equations approach;
b Statistically significant with P<0.05
Yang. Pregnancy loss and HIV in Brazil. Am J Obstet Gynecol Glob Rep 2022.

FIGURE 2
Trends in miscarriages and stillbirth among WLH and WWOH, 2008−2018 (n=55,844)

A, Stillbirth rates. B,Miscarriage rates.WLH, women living with HIV;WWOH, women without HIV. Yang. Pregnancy loss and HIV in Brazil. Am J Obstet Gynecol Glob Rep 2022.
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spontaneous miscarriage. Late miscar-
riages were more prevalent in WLH,
particularly those coinfected with
syphilis.
Strengths and limitations
The most notable strength of our
study was the robust sample size
with nearly 56,000 deliveries across
an 11-year period; >1500 deliveries
occurred in WLH. Another strength
was our study period which coincided
with the implementation of integrase
strand inhibitors for pregnant women
in public health systems in Brazil.
One study limitation was that in
WLH, we could not evaluate viral
load at the moment of fetal loss
because these events were often what
November 2022 AJOG Global Reports 5
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TABLE 3
Predictors of any pregnancy loss among women living with HIV and
women without HIV (n=55,844)
Predictors WLH (n=1536) WWOH (n=54,308)

RR (95% CI)a P value RR (95% CI) P value

Age at delivery (n=55,837)

<18 0.73 (0.32−1.68) .461 0.91 (0.83−0.99) .032b

18−24 0.60 (0.41−0.87) .006b 0.90 (0.85−0.95) <.001b

25−34 Reference Reference

>35 1.40 (1.02−1.90) .035b 1.62 (1.53−1.72) <.001b

Geographic region

Urban Reference Reference

Greater metropolitan region 0.86 (0.63−1.18) .338 1.04 (0.99−1.09) .103

Rural/outskirts 1.17 (0.62−2.21) .621 0.87 (0.78−0.97) .016

Race/ethnicity (n=55,825)

White Reference Reference

Black 1.05 (0.77−1.41) .775 0.99 (0.93−1.05) .642

Multiracial 0.93 (0.61−1.40) .723 0.89 (0.82−0.96) .003b

Syphilis during pregnancy (n=55,777) 1.37 (0.95−1.98) .088 1.29 (1.17−1.43) <.001b

Gravida

Primigravid Reference Reference

Multigravid 1.31 (0.90−1.90) .157 1.22 (1.17−1.28) <.001b

Fetal sex (n=48,736)

Male 0.66 (0.32−1.36) .261 1.06 (0.89−1.25) .516

Female Reference Reference

Twin gestation (n=48,765) 1.80 (0.47−6.95) .392 2.20 (1.56−3.11) <.001b

Previous cesarean delivery 0.39 (0.18−0.82) .013b 0.73 (0.64−0.83) <.001b

Previous pregnancy loss (n=11,254) 2.55 (1.64−3.97) <.001b 2.62 (2.39−2.87) <.001b

CI, confidence interval; RR, relative risk; WLH, women living with HIV; WWOH, women without HIV.
a RR and 95% CI were calculated with robust log-linear Poisson regression using a generalized estimating equations approach;
b Statistically significant with P<0.05.
Yang. Pregnancy loss and HIV in Brazil. Am J Obstet Gynecol Glob Rep 2022.
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brought these women to the hospital,
triggering subsequent HIV diagnosis,
with virus loads not routinely mea-
sured. Thus, we were unable to
explore associations between virus
load and pregnancy loss. Given that
most women were not treated at the
time of fetal demise, likely the vast
majority had detectable HIV viremia.
Among women with stillbirths, only
11% were confirmed to be using
cART. Similarly, HIV treatment
information was not available for
most women who miscarried, often
because they had not yet been
6 AJOG Global Reports November 2022
identified as having HIV beforehand.
For this reason, we were unable to
explore associations between cART
use and pregnancy loss.

Risk factors and pregnancy loss
among women living with HIV and
women without HIV
Our study confirms established risk fac-
tors for pregnancy loss in the general
population. Although the etiology of
spontaneous miscarriage is often
unknown, it is thought that chromo-
somal abnormalities and genetic factors
account for 50% to 60% of recurrent
miscarriages, with the rest attributed to
systemic disease including endocrine,
infectious, autoimmune, and hemato-
logic factors.2 In our study, advanced
maternal age (≥35 years)21−23 and pre-
vious pregnancy loss were predictors of
pregnancy loss, consistent with the
existing literature.24,25 Very young age
<15 years was previously reported to be
associated with pregnancy loss.26 Our
finding that younger WWOH were pro-
tected from pregnancy loss likely
reflects that most women in our youn-
gest age cohort were aged >15 but
<18 years. The relationship between
previous CD and pregnancy loss is
unclear: some studies have reported
increased risk,27,28 whereas others did
not find statistical significance.29−31

The finding that previous CD was pro-
tective against pregnancy loss may have
been influenced by a far greater number
of miscarriages than that of stillbirths.
Male fetal sex has previously been
reported to be associated with approxi-
mately 10% higher risk of stillbirth32;
however, this finding was not replicated
in our cohort. Twin gestation and mul-
tigravida status were more frequently
associated with pregnancy loss in the
general population; such associations
were previously noted.33−35

In women with HIV, pregnancy loss
is a known adverse outcome associated
with unsuppressed viremia; viral load
may be a key determinant of this risk in
a dose-dependent manner.36−39 A study
in the United States found that viral
load during pregnancy, as measured
cross-sectionally by plasma HIV RNA
levels, predicted loss of pregnancy better
than longitudinal and cumulative viral
load over a lifetime.40 Although the eti-
ology of pregnancy loss in WLH is mul-
tifactorial, altered immune activation
and chronic inflammation induced by
HIV infection are thought to play a role
by disrupting maintenance of the
decidua and contributing to placental
dysfunction.41−44 At our institution,
testing guidelines implement rapid test-
ing for HIV and syphilis on admission
for pregnancy loss. In this way, many
women are diagnosed with HIV at the
time of miscarriage or stillbirth, thus
not having a history of cART use, most
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likely representing a vulnerable popula-
tion with high viral loads. However, in a
recent study that evaluated miscarriage
and stillbirth in women with HIV on
cART, risk of fetal loss remained signifi-
cantly elevated (7.1%) compared with
WWOH (2.3%; P=.002) despite con-
trolled viremia.45 This finding warrants
further investigation into the interplay
of infection and other maternal factors
contributing to fetal demise and sug-
gests that insult to the fetus cannot be
explained by infection alone.
Syphilis during pregnancy predis-

poses to stillbirth.46 We found a 3.4-
fold higher risk of stillbirth and 1.24-
fold risk of any pregnancy loss in the
presence of syphilis. Although we did
not observe an association between any
pregnancy loss and syphilis in women
with HIV, the association between
syphilis and fetal loss was observed in
the general population. An association
between HIV and stillbirth was also
noted. When pregnancy loss was strati-
fied into specific gestational periods, the
frequency of late miscarriage in women
with syphilis and HIV was 53%,
whereas women with HIV alone also
had high rates of late miscarriage
(32%). The association between preg-
nancy loss, HIV, and syphilis in our
study may not have been apparent
because late pregnancy loss (late mis-
carriage and stillbirth) was also frequent
in women with HIV without syphilis.
Potentially, women with HIV did not
present to care as frequently with early
pregnancy loss, which could also
explain the current findings. Two recent
large cohort studies in Brazil, including
one analyzing this same obstetrical
cohort, suggested that maternal syphilis
is undertreated in women with low
syphilis titers, that penicillin treatment
might not be frequently optimized for
treatment of syphilis in pregnancy, and
that partner treatment is often
lacking.47,48 With 4-fold higher rates of
syphilis in women with HIV in our
cohort, untreated syphilis is likely the
main driver of pregnancy loss among
WLH. We did note, however, high fre-
quencies of late pregnancy loss in
women with HIV without syphilis. HIV
mother-to-child transmission, when
occurring before the third trimester of
pregnancy, is often associated with
pregnancy loss,36 whereas untreated
pregnant women with HIV have higher
rates of miscarriage and stillbirth.49 In
this way, lack of early cART (which
would prevent HIV mother-to-child
transmission) may also increase the
chances of pregnancy loss in women
with HIV. Nevertheless, other known
factors that contribute to fetal demise
should be explored, such as preeclamp-
sia, placental abruption, gestational
diabetes mellitus, growth restriction,
chromosomal abnormalities, and other
congenital infections including toxo-
plasmosis or cytomegalovirus.

Clinical and research implications
In the general obstetrical population,
most miscarriages and early pregnancy
losses are thought to occur in the first
trimester: it is estimated that 50% of all
gestations are lost in early stages
because of implantation failure or bio-
chemical loss before 5 weeks of gesta-
tion. An additional 9% to 20% are
miscarried during 5 to 12 weeks of ges-
tation, with the incidence of early preg-
nancy loss after 12 weeks dropping to
1%.5,50 We found that WLH had higher
rates of miscarriage after 12 weeks, sug-
gesting that the mechanisms underlying
miscarriage lay outside of the window
of expected human reproduction and
are more likely because of extrinsic fac-
tors such as coinfections.

Integrase strand inhibitors, most
notably dolutegravir and raltegravir, are
particularly useful in achieving rapid
viral load reduction during preg-
nancy.51−53 We speculate that their
widespread adoption may have
improved stillbirth rates among WLH
over time. We noted a steady fall in still-
birth rates from 2015 to 2018 among
WLH, which may be owing to better
cART. However, this decline in fetal
loss was also observed in WWOH and
could reflect better obstetrical care,
unrelated to HIV status. The stillbirth
rate was still significantly higher in
WLH; this may be attributable to social
and structural determinants of health
such as homelessness and substance
abuse. Multiple studies have shown that
maternal illicit drug use including
cocaine, methamphetamine, tobacco,
and alcohol may lead to placental
abruption and stillbirth.54−57 Our study
suggests that improvement and access
to prenatal care with identification of
comorbidities, coinfection, and linkage
to treatment are paramount for preven-
tion of fetal demise in WLH.
Conclusions
In a setting of universal, free cART,
rates of any pregnancy loss over 11 years
were similar between women with and
without HIV. Late miscarriages and
stillbirth, however, were more fre-
quently observed in women with HIV,
who also had a 4-fold risk of syphilis.
Over time, the risk of stillbirth equalized
between WLH and WWOH, likely
because of more potent cART.
Although syphilis may explain the
higher rates of stillbirth in WLH, other
factors such as coinfections and lack of
previous HIV diagnosis and prompt
cART initiation may contribute to late
fetal demise. &
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