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Background: Bleeding complications are recognized as relatively infrequent
manifestations of antiphospholipid syndrome (APS), and the safety of
antithrombotic therapy during pregnancy is of concern. This study aims to
assess the risk factors and possible associations between bleeding
complications and adverse pregnancy outcomes (APOs) in patients with APS.

Methods: A retrospective cohort study was conducted at the Peking University
People’'s Hospital. The clinical and immunologic features, bleeding
complications, treatment, and pregnancy outcomes of patients with APS were
collected. Univariate and multivariate logistic regression analyses were applied to
assess the associations between APOs and bleeding complications.

Results: A total of 176 participants with obstetric APS were included in the analysis.
There were 66 (37.50%) patients with APS with hemorrhage complications and 86
(48.86%) patients with APS with APOs. Mucocutaneous hemorrhage was associated
with APOs including fetal death after 12 weeks [odds ratio (OR) = 10.73, 95%
confidence interval (Cl): 1.61-71.74, p = 0.014], preterm delivery prior to 34 weeks
(OR = 8.30, 95% Cl: 2.31-29.84, p = 0.001), and small for gestational age (OR = 4.17,
95% Cl: 1.22-14.21, p=0.023) in univariate logistic regression analyses. It also
independently associated with preterm delivery prior to 34 weeks (OR = 40.29,
95% Cl: 1.45-1121.32, p = 0.030) in multivariate logistic regression analyses. Receiver
operating characteristic (ROC) analysis evaluating the accuracy of these factors for
preterm delivery prior to 34 weeks showed that the area under ROC curve was 0.871.

Conclusion: The study shows that mucocutaneous hemorrhage may be an
indication of the occurrence of APOs in obstetric patients with APS.
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Introduction

Antiphospholipid syndrome (APS) is an autoimmune disease
characterized by recurrent miscarriage and/or thrombosis and the
presence of high titers of antiphospholipid antibodies (aPLs) (1-4).
The aPLs include anticardiolipin antibodies (aCLs), anti-f2
glycoprotein I antibodies (aP2-GPIs), and lupus anticoagulant
(LA). It has been reported that women with APS are at increased
risk of adverse pregnancy outcomes (APOs), including
preeclampsia, pregnancy loss, preterm delivery, and perinatal
mortality (1, 5, 6). Whether different clinical manifestations and
immune indicators are associated with an increased risk of APOs is
still controversial. Several clinical studies have revealed risk factors
for APOs, including multiple previous pregnancy losses (7),
previous thrombosis (8, 9), high titers of aPLs (9-12), and large
number of autoantibodies (8, 9, 13, 14). Patients with triple aPL
positivity and prior thrombosis were found to be at highest risk for
obstetric complications (15).

Women who fulfill the Sydney criteria and have had no
previous thrombotic events are identified as patients with
obstetric APS (OAPS) (16). Thrombosis and inflammation are
involved in the pathophysiological changes of OAPS. aPLs lead to
placental dysfunction by reducing the proliferation and invasion of
extravillous trophoblasts and by triggering inflammation at the
maternal-fetal interface, which eventually leads to APOs (4). The
associated inflammatory responses, especially complement
activation, recruitment and stimulation of neutrophils (17),
overexpression of tissue factor in monocytes (18), and
dysregulation of the angiogenic factors required for normal
placental development (18), are the major causes of placental
insufficiency, fetal loss, and growth restriction. The management
of APS has been controversial, and anticoagulant therapy is most
commonly used treatment (4). Considering the effect of thrombotic
and inflammatory factors in the pathophysiology of OAPS, low-
molecular weight heparin (LMWH) and low-dose acetylsalicylic
acid (LDASA) are commonly recommended for the management of
patients with APS during pregnancy (19), and the specific treatment
in clinical practice needs to be determined according to the
maternal and fetal conditions. It has been shown that heparin
prevents pregnancy complications in patients with OAPS mainly by
blocking complement activation rather than just functioning in
anticoagulation (17). However, the application of antithrombotic
therapy may increase the risk of bleeding, leading to the occurrence
of bleeding complications, such as mucocutaneous hemorrhage,
vaginal bleeding, subchorionic hemorrhage, and postpartum
hemorrhage. In addition, capillaritis, microthrombosis,
antiprothrombin antibodies, and thrombocytopenia may also
increase the risk of bleeding in patients (20).

Although studies have evaluated the risk factors for APOs, there
are few cases of bleeding complications in patients with OAPS
reported. Therefore, the aim of this study is to assess the association
between bleeding complications and APOs in patients with OAPS
and to determine whether different antithrombotic therapies
increase the risk of bleeding.
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Methods
Patients

Data for the retrospective cohort study were collected at the
Peking University People’s Hospital. Data from all patients with
OAPS were retrospectively reviewed between January 2015 and
June 2021. All patients fulfilled the Sydney classification criteria of
APS (1). The inclusion criteria were 1) live fetus diagnosed by
ultrasonic examination at 6 weeks, 2) diagnosis of primary APS
before or during pregnancy, and 3) complete clinical and follow-up
data. The exclusion criteria were 1) voluntary interruption of
pregnancy and 2) missing clinical data or follow-up data. This
study was conducted in accordance with the Declaration of Helsinki
and was approved by the ethics committee of the Peking University
People’s Hospital (2019PHB252). All patients signed written
informed consents before participating in this study.

The following data were collected: 1) demographic and
gestational characteristics: age, age of disease onset, primipara,
APS diagnosis before pregnancy, gestational week, previous
abortion history, use of assisted reproduction techniques, and
history of cesarean section; 2) clinical features: history of
thrombosis and thrombocytopenia; serology data, namely,
antinuclear antibody (ANA), hypocomplementemia, high titers of
aP2-GPIs or aCLs, double aPL positivity, and triple aPL positivity;
treatment, namely, prednisone (Pred), hydroxychloroquine (HCQ),
LMWH, LDASA, intravenous immunoglobulin (IVIG), and
LMWH + LDASA; bleeding complications, namely, vaginal
bleeding, subchorionic hemorrhage, mucocutaneous hemorrhage,
and postpartum hemorrhage; abnormal umbilical blood flow, and
abnormal middle cerebral artery blood flow; 3) APOs of patients
with APS: fetal death after 12 weeks of gestation, preterm delivery
prior to 34 weeks, preeclampsia, placental insufficiency, small for
gestational age (SGA), fetal death, preterm delivery prior to 37
weeks, and fetal distress (21).

Bleeding complications

The symptoms and signs of the patients all were taken from the
medical record. Vaginal bleeding refers to the outflow of blood from
the uterus during pregnancy. Subchorionic hemorrhage was defined as
dark areas of liquid that can be seen around the chorion in the uterine
cavity during ultrasound examination. Mucocutaneous hemorrhage
comprised petechiae (diameter of no more than 2 mm), purpura
(diameter between 3 and 5 mm), ecchymosis (subcutaneous flaky
hemorrhage with a diameter > 5 mm), subcutaneous and deep tissue
hematoma (massive subcutaneous hemorrhage and ecchymosis with
obvious bulging and swelling of the skin or joint cavity), blood blisters
(dark black or purplish red blister-like hemorrhages of different sizes,
which are mostly seen in the mouth and tongue), epistaxis, and gingival
bleeding. Postpartum hemorrhage in China is defined as loss of more
than 500 ml of blood within 24 h after delivery. Postpartum
hemorrhage was measured using visual inspection, the area method,
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the weighing method, the shock index method, and
hemoglobin determination.

Adverse pregnancy outcomes

The signs of placental insufficiency comprise Oligohydramnios,
fetal growth restriction, the absence of diastolic flow in the umbilical
artery, and an abnormal fetal heart rate (22-24). Patients were
monitored for these signs during antenatal examination. Preterm
delivery was defined as spontaneous delivery and doctor’s assessment
of the need to terminate pregnancy because of gestational hypertension,
preeclampsia, placental insufficiency, and SGA children (birth weight <
5th percentile) (25). Patients with preterm delivery prior to 34 weeks
were classified as an overall group. Preeclampsia was defined as the
presence of elevated blood pressure with positive urine protein or the
absence of urine protein, thrombocytopenia, impaired liver and kidney
function, pulmonary edema, and new central nervous system
abnormalities or visual impairment after 20 weeks. SGA was defined
as a child born with birth weight below the fifth percentile for a
population with the same gestational age and sex.

Statistical analysis

Quantitative variables were expressed as the mean * standard
deviation (SD) or the median and the interquartile range (IQR)
depending on their distribution, and qualitative variables were
expressed as frequencies and percentages. The normality of the
distribution was checked by graphical inspection and the Shapiro-
Wilk test. The significance of the qualitative variables was assessed
using the chi-square test and Fisher’s exact test, and that of
quantitative variables was assessed using the Mann-Whitney U-
test. The significance of associations between bleeding
complications and APOs in patients with APS was first evaluated
by univariate logistic analysis. The p-values and odds ratios (ORs)
with confidence intervals (CIs) were calculated. Variables with
p < 0.05 in univariate logistic analysis were analyzed by
multivariate logistic regression analyses. Receiver operating
characteristic (ROC) curve and area under the ROC curve (AUC)
analyses were used to establish the diagnostic accuracy and the
optimal cutoff values. Hierarchical analysis was used to investigate
the associations between antithrombotic therapies and APOs in
different bleeding complications. The statistical significance level
was set at 0.05 for all testing procedures. All analyses were performed
with the statistical software R version 3.4.3 (http://www.R-
project.org, The R Foundation) and EmpowerStats (http://
www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA).

Results
Characteristics of patients

A total of 176 patients with OAPS were analyzed in the cohort.
The average age was 33.20 years, and the average age of disease
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onset was 31.23 years + 3.66. The average week of gestation was
37.11 weeks *+ 4.06. The incidence of primipara was 73.86%, and
72.73% of patients were diagnosed with APS before pregnancy. In
addition to the 174 pure OAPS cases (98.86%), there were two
obstetric + thrombotic APS cases (1.14%) and no pure thrombotic
APS cases. ANA positivity was noted in 39 (26.35%) cases, and
triple aPL positivity was noted in 16 (9.14%) of cases. Regarding
treatment, LMWH (87.41%), HCQ (72.73%), and LDASA (69.32%)
were the most commonly used therapeutic agents, whereas Pred
(31.25%) was used less frequently. Among the 176 patients with
OAPS, 86 (48.86%) patients had APOs, among which placental
insufficiency (35.80%) and preterm delivery prior to 37 weeks
(21.02%) were the most common, followed by SGA (16.48%) and
fetal distress (15.91%), and the least common were fetal death after
12 weeks of gestation (2.84%) and fetal death (2.27%). Sixty-six
(37.50%) patients had bleeding complications. Vaginal bleeding
(20.45%) and subchorionic hemorrhage (11.36%) were the most
common complications. Mucocutaneous hemorrhage and
postpartum hemorrhage were noted in 12 (6.82%) patients
(Table 1). The patients in the mucocutaneous hemorrhage group
had lower rates of APS diagnosis before pregnancy (41.67% vs.
75.00%, p = 0.012) and use of assisted reproduction techniques
(0.00% vs. 25.00%, p = 0.048) compared with patients in control
group (Supplementary Table 1). Patients had a higher rate of
mucocutaneous hemorrhage in non-antithrombotic treatment
group (60.00% vs. 1.91%, p < 0.001) (Supplementary Table 2).

Univariate logistic regression analyses of
the association of bleeding complications
with APOs

Mucocutaneous hemorrhage was associated with APOs
including fetal death after 12 weeks (OR = 10.73, 95% CI: 1.61-
71.74, p =0.014), preterm delivery prior to 34 weeks (OR = 8.30,
95% CI: 2.31-29.84, p=0.001), SGA (OR = 4.17, 95% CIL: 1.22-
14.21, p=0.023), and preterm delivery prior to 37 weeks
(OR = 4.29, 95% CI: 1.30-14.20, p=0.017) in univariate logistic
regression analyses. However, vaginal bleeding, subchorionic
hemorrhage, and postpartum hemorrhage were not associated
with APOs (p > 0.05) (Table 2).

Multivariate logistic regression analysis of
the association of mucocutaneous
hemorrhage with APOs

Mucocutaneous hemorrhage was significantly associated with
fetal death after 12 weeks (OR = 37.77, 95% CI: 2.60-548.47,
p = 0.008), preterm delivery prior to 34 weeks (OR = 18.25, 95%
CI: 3.66-90.98, p = 0.001), and preterm delivery prior to 37 weeks
(OR = 6.25, 95% CI: 1.62-24.09, p = 0.009) in model 1 adjusted for
demographic confounders (Table 3). In the second model, which
was adjusted for demographic and laboratory confounders,
mucocutaneous hemorrhage was associated with preterm delivery
prior to 34 weeks (OR = 35.30, 95% CI: 2.03-614.10, p = 0.015).
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TABLE 1 Clinical and gestational characteristics of patients with APS. TABLE 1 Continued

Number of patients Number of patients

(Total n = 176) (Total n = 176)

Age, years 33.20 + 3.68 Vaginal bleeding, n (%) 36 (20.45%)
Age of disease onset, years 31.23 + 3.66 Subchorionic hemorrhage, n (%) 20 (11.36%)
Primipara, n (%) 130 (73.86%) Mucocutaneous hemorrhage, n (%) 12 (6.82%)
Diagnosed APS before pregnancy, n (%) 128 (72.73%) Postpartum hemorrhage, ml 343.14 + 259.03
Pure obstetrical APS cases, n (%) 174 (98.86%) Postpartum hemorrhage, n (%) 12 (6.82%)
Pure thrombotic APS cases, n (%) 0 (0.00%) Abnormal umbilical blood flow, n (%) 6 (3.41%)
Venous, n (%) 0 (0.00%) Abnormal middle cerebral artery blood flow, n (%) 3 (1.70%)
Arterial, n (%) 0 (0.00%) APS, antiphospholipid syndrome; Pred, prednisone; HCQ, hydroxychloroquine; LMWH,
low-molecular weight heparin; LDASA, low-dose acetylsalicylic acid; IVIG, intravenous
Obstetrical + thrombotic APS cases, n (%) 2 (1.14%) immunoglobulin; ANA, antinuclear antibody; aB2-GPIs, anti-B2 glycoprotein I antibodies;
aCLs, anticardiolipin antibodies; aPLs, antiphospholipid antibodies; APOs, adverse pregnancy
Thrombosis, n (%) 3 (1.70%) outcomes; SGA, small for gestational age.
Thrombocytopenia, n (%) 35 (19.89%)
Serology After adjusting for the treatment method (ie., LDASA, LMWH,
o HCQ, and Pred), mucocutaneous hemorrhage was still an
ANA positivity, n (%) 39 (26.35%) . . . -
independent risk factor for preterm delivery prior to 34 weeks
Hypocomplementemia, n (%) 24 (15.00%) (OR = 54.99, 95% CI: 2.04-1480.57, p = 0.0132). IVIG is applied in
High titers of ap2-GPIs/aCLs, n (%) 55 (31.43%) some severely ill patients. Five (83.33%) of the six patients had
) o APOs (Supplementary Table 3). They did not have catastrophic
Triple aPL positivity, n (%) 16 (9.14%) . .
APS. After adjustment for IVIG (model IV), we still found
Double aPL positivity, n (%) 40 (22.86%)

mucocutaneous hemorrhage as an indicator of preterm delivery
Treatment 174 (98.86%) prior to 34 weeks (OR =40.29, 95% CI: 1.45-1121.32, p = 0.030). To
further evaluate the accuracy of these factors for prediction of

Pred, mg/day 0.00 (0.00-5.00)
preterm delivery prior to 34 weeks, ROC analysis was conducted.
Pred, n (%) 55 (31.25%) The AUC was 0.871 (Figure 1). In hierarchical analysis,
HCQ, mg/day 400.00 (0.00-400.00) mucocutaneous hemorrhage was associated with preterm delivery
; — 0 . _ —_
HCQ, n (%) 128 (7273%) prior to 34 weeks (OR = 13.56, 95% CI: 1.70-107.82, p =0.01) and
with fetal death after 20 weeks (OR = 43.33, 95% CI: 2.16-869.33,
LMWH, 1U/day 4100.00 (4000.00-5000.00) p =0.014) in patients with LMWH (Supplementary Table 4).
LMWH, n (%) 138 (78.41%)
LDASA, mg/day 75.00 (0.00-85.00) .
Risk factors of hemorrhage
LDASA, n (%) 122 (69.32%)
LMWH + LDASA, n (%) 98 (55.68%) When investigating the risk factors of hemorrhage, we observed
e _ o . B _
IVIG, n (%) 6 (341%) that ANA positivity (OR = 3.78, 95% CI: 1.08-13.20, p =0.04),
persistent a2-GPIs/aCL positivity (OR = 13.11, 95% CI: 2.77-
APOs, n (%) 86 (48.86%) 62.16, p = 0.0012), triple aPL positivity (OR = 6.29, 95% CI: 1.65-
Fetal death after 12 weeks of gestation, n (%) 5 (2.84%) 23.94, p = 0.0070), and double aPL positivity (OR = 3.91, 95%
Preterm delivery prior to 34 weeks, n (%) 18 (1023%) CL: 1.18-12.91, p = 0.0253) were associated with mucocutaneous
hemorrhage (Supplementary Table 5).
Preeclampsia, n (%) 23 (13.07%)
Placental insufficiency, n (%) 63 (35.80%)
SGA, n (%) 29 (16.48%) DISCUSSIOI’I
Fetal death, n (%) 4 (2.27%)
Preterm delivery prior to 37 weeks, n (%) 37 (21.02%) In this retrospective study, we found that mucocutaneous
: hemorrhage was associated with APOs in patients with OAPS,
Fetal distress, n (%) 28 (1:91%) whereas other bleeding events including vaginal bleeding,
Bleeding complications 66 (37.50%) subchorionic hemorrhage, and postpartum hemorrhage were not.

(Continued) 10 addition, after adjusting for confounding factors such as
demographics, laboratory indexes, and treatment, mucocutaneous
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TABLE 2 Univariate logistic regression analyses of the bleeding complications associated with APOs in patients with APS.

Bleeding

complications ing

Vaginal bleed-

Mucocutaneous
hemorrhage

Subchorionic
hemorrhage

Postpartum
hemorrhage

1.19 (0.64, 2.18)
p=0.586

0.69 (0.33, 1.46)

APOs
p=0334

7.03 (0.7, 64.32)
p =0.084

2.69 (0.43, 16.72)

Fetal death > 12 weeks
p=0.289

2.1 (0.80, 5.58)
p=0132

3.39 (0.89, 12.97)
p=0074

1.53 (0.47, 5.01)
p=0485

2.00 (0.21, 18.84)
p=0544

10.73 (1.61, 71.74)
p=0014

4.85 (0.47, 50.54)
p=0.186

0.46 (0.10, 2.08)
p=0311

Preterm delivery prior to 34 1.38 (0.52, 3.69)
weeks p=0.522

1.66 (0.4, 6.32)
p=0.458

830 (2.31, 29.84)
p =0.001

355 (0.86, 14.63)
p=0079

042 (0.15, 1.19)
p=0102

0.15 (0.02, 1.18)

Preeclampsia
p=0071

0.94 (0.49, 1.77)
p=03839

0.63 (0.28, 1.41)

Placental Insufficiency p=0263

0.71 (0.30, 1.67)
p=0433

0.40 (0.11, 1.40)

A
5G p=0151

1.36 (0.65, 2.83) 0.70 (0.27, 1.84)

Preterm delivery < 37 weeks

0.32 (0.04, 2.52)
p=0279

1.36 (0.28, 6.65)
p=0703

238 (0.59, 9.55)
p=0220

1.94 (0.76, 4.96)
p=0.165

1.88 (058, 6.09)
p=0294

1.33 (0.40, 4.37)
p = 0.640

0.88 (0.24, 3.23)
p=0.850

4.17 (1.22, 14.21)
p=0023

1.84 (0.47, 7.27)
p=0384
4.29 (1.30, 14.20)

2.26 (0.83, 6.16) 1.31 (0.34, 5.12)

p=0418 p=0473 p=0.110 p=0017 p=0694
. 0.50 (0.20, 1.26) 0.26 (0.06, 1.14) 1.38 (0.42, 4.47) 1.06 (0.22, 5.13) NA
Fetal distress
p=0.142 p=0074 p =059 p=0941

5.19 (0.53, 50.97)
p=0.157

4.06 (0.55, 29.86)

Fetal death
p=0.168

2.68 (0.27, 27.12)
p=0.402

4.88 (0.47, 50.86)
p=0.185

4.85(0.47, 50.54)
p=0.186

APS, antiphospholipid syndrome; APOs, adverse pregnancy outcomes; SGA, small for gestational age; NA, not applicable.

hemorrhage was still found to independently influence the risk of
preterm delivery prior to 34 weeks.

Considering that different antithrombotic therapies may affect
the relationship between bleeding complications and APOs, we
performed a hierarchical analysis and found that mucocutaneous
hemorrhage was a significant predictor of preterm delivery prior to
34 weeks in the LMWH group. However, other treatments such as
LDASA and LDASA combined with LMWH and other bleeding
events were not found to be significantly associated with APOs. A
previous study also showed no association between vaginal bleeding
and preterm birth prior to 34 weeks (26). LDASA combined with
LMWH is the main treatment for patients with OAPS, but whether

these patients benefit from it has not been conclusively demonstrated.
Most researchers assume that the combination of LDASA and
prophylactic LMWH is safe because it is not associated with an
increased risk of bleeding complications (24). However, some studies
have shown that LMWH treatment does not significantly improve
pregnancy outcomes for patients with OAPS (27). Although we
found a significant association of mucocutaneous hemorrhage with
APOs in the LMWH group in our study, the number of patients with
mucocutaneous bleeding in this study was small, and the sample size
of each treatment group became smaller after hierarchical analysis;
therefore, a larger sample size is needed to demonstrate whether
LMWH needs to be applied with caution in patients with OAPS.

TABLE 3 Multivariate logistic regression analyses of the association of mucocutaneous hemorrhage with APOs in patients with APS.

Exposure Model | Model lI
3.29 (0.83, 12.97 3.96 (0.54, 29.08
SGA ( ) ( )
p =0.089 p=0176
77 (2.60, 548.4
Fetal death > 12 weeks 3777 (260, 54847) NA

Preterm delivery < 34 weeks

p=0.008

18.25 (3.66, 90.98)
p <0.001

35.30 (2.03, 614.10)
p=0015

Model Il

1.90 (0.21, 16.90)
p =0.566

NA

54.99 (2.04, 1480.57)
p=0017

Model IV

3.69 (0.45, 30.42)
p=0226

NA

4029 (145, 1121.32)
p=0.030

Preterm delivery < 37 weeks

6.25 (1.62, 24.09)
p =0.009

6.37 (0.93, 43.83)
p =0.060

5.35 (0.60, 47.41)
p =0.060

Adjust I model adjusted for age, use of assisted reproduction techniques, APS before pregnancy, and previous abortion history.

6.10 (0.72, 51.42)
p=0.096

Adjust I model adjusted for age, use of assisted reproduction techniques, APS before pregnancy, previous abortion history, thrombocytopenia, ANA positivity, and high titers of ap2-GPIs/aCLs.
Adjust III model adjusted for age, use of assisted reproduction techniques, APS before pregnancy, previous abortion history, thrombocytopenia, ANA positivity, high titers of aB2-GPIs/aCLs,
LDASA, LMWH, HCQ, and Pred.

Adjust IV model adjusted for age, use of assisted reproduction techniques, APS before pregnancy, previous abortion history, thrombocytopenia, ANA positivity, high titers of aB2-GPIs/aCLs,
LDASA, LMWH, HCQ, Pred, and IVIG.

APS, antiphospholipid syndrome; APOs, adverse pregnancy outcomes; SGA, small for gestational age; ANA, antinuclear antibody; aB2-GPIs, anti-B2 glycoprotein I antibodies; aCLs,
anticardiolipin antibodies; LDASA, low-dose acetylsalicylic acid; LMWH, low-molecular weight heparin; HCQ, hydroxychloroquine; Pred, prednisone; IVIG, intravenous immunoglobulin; NA,
not applicable.
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FIGURE 1

ROC curve of preterm delivery prior to 34 weeks. The area under
the ROC curve (AUC) = 0.871. The associated factors used to draw
the ROC were age, use of assisted reproduction techniques, APS
before pregnancy, previous abortion history, thrombocytopenia,
ANA positivity, high titer of af2-GPI/aCL, LDASA, LMWH, HCQ, Pred,
and IVIG

We also found an increased risk of mucocutaneous hemorrhage
in ANA-positive and triple aPL-positive patients, but not an
increased risk of other bleeding events such as vaginal bleeding,
subchorionic hemorrhage, or postpartum hemorrhage. Numerous
studies have demonstrated an increased risk of APOs in triple aPL-
positive patients, but it is not clear whether ANA positivity is
associated with APOs (8, 9, 13-15). Some studies have found that
ANA may negatively affect pregnancy outcomes, and the
mechanism may be the deposition of ANA immune complexes in
placental tissue, which activates the complement cascade and leads
to tissue damage (28, 29). This may suggest a potential association
between mucocutaneous hemorrhage and APOs in ANA-positive
and triple aPL-positive patients with OAPS.

Few studies have reported the association between bleeding
complications and APOs in patients with OAPS. This study reveals
the risk factors and associations between mucocutaneous
hemorrhage and APOs in patients with OAPS. When bleeding
complications are observed in patients with OAPS, especially
mucocutaneous hemorrhage, it is necessary to be aware of the
occurrence of APOs. In addition, the choice of antithrombotic
therapy for patients with OAPS with mucocutaneous hemorrhage
may need to be emphasized.

Our study has several limitations. The retrospective design
limits our ability to make definite conclusions about the
association between APOs and bleeding complications. In
addition, we used hierarchical analysis to determine the
association of treatment with bleeding complications and APOs,
but information may have been missing because of the small sample
size in some hierarchies, and it could not determine whether the risk
of APOs in the other treatment groups was increased due to the use
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of medications. Therefore, a larger sample size is needed to verify
the conclusions of this study. Because of the lack of a control group
and the usage of antithrombotic therapy, it is difficult to judge
whether mucocutaneous hemorrhage is the cause of the APOs or
just an outcome of active antithrombotic therapy.

Conclusion

The study shows that mucocutaneous hemorrhage during
pregnancy may be an indication of APOs in patients with OAPS.
Whether LMWH should be used with caution in patients with
OAPS with mucocutaneous hemorrhage and how to choose
antithrombotic treatments for these patients need to be
investigated on a larger sample of patients.

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.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Peking University People’s
Hospital (2019PHB252). The patients/participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

Author contributions

YL, JJ, YY, and CL conceived of and designed the project. LH
and YY collected and input the clinical and laboratory data. JJ
completed the statistical analyses. J] and YL conducted the
calculations shown in the tables and figure. YL, JJ, YY, and CL
wrote the manuscript. All authors provided critical feedback and
helped design the research, perform analysis, and revise the
manuscript. All authors contributed to the article and approved
the submitted version.

Funding

This work was supported in part by the China International
Medical Foundation (No. Z-2018-40-2101), the National Natural
Science Foundation of China (Nos. 81871281 and 32200734), and
Peking University People’s Hospital Scientific Research
Development Funds (RDY2021-03 and RDY2021-10).

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1145146
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Luo et al.

Acknowledgments

We would like to thank all the patients who participated in this
study. We also thank Xingchen Li, Ph.D., of Peking University
People’s Hospital for helping with the statistical analysis and with
revising the manuscript.

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.

References

1. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al.
International consensus statement on an update of the classification criteria for definite
antiphospholipid syndrome (APS). ] Thromb Haemost (2006) 4:295-306. doi: 10.1111/
j.1538-7836.2006.01753.x

2. Mekinian A, Alijotas-Reig J, Carrat F, Costedoat-Chalumeau N, Ruffatti A,
Lazzaroni MG, et al. Refractory obstetrical antiphospholipid syndrome: Features,
treatment and outcome in a European multicenter retrospective study. Autoimmun
Rev (2017) 16(7):730-4. doi: 10.1016/j.autrev.2017.05.006

3. Garcia D, Erkan D. Diagnosis and management of the antiphospholipid
syndrome. N Engl ] Med (2018) 378(21):2010-21. doi: 10.1056/NEJMral705454

4. Schreiber K, Sciascia S, de Groot PG, Devreese K, Jacobsen S, Ruiz-Irastorza G,
et al. Antiphospholipid syndrome. Nat Rev Dis Primers. (2018) 4:18005. doi: 10.1038/
nrdp.2018.5

5. Ruiz-Irastorza G, Crowther M, Branch W, Khamashta MA. Antiphospholipid s
yndrome. Lancet (2010) 376:1498-509. doi: 10.1016/S0140-6736(10)60709-X

6. Yang J, Liang M. Risk factors for pregnancy morbidity in women with
antiphospholipid syndrome. ] Reprod Immunol (2021) 145:103315. doi: 10.1016/
jjri.2021.103315

7. Jeremic K, Stefanovic A, Dotlic ], Stojnic J, Kadija S, Vilendecic Z, et al. Neonatal
outcome in pregnant patients with antiphospholipid syndrome. J Perinat Med (2015)
43:761-8. doi: 10.1515/jpm-2014-0118

8. Ruffatti A, Tonello M, Cavazzana A, Bagatella P, Pengo V. Laboratory
classification categories and pregnancy outcome in patients with primary
antiphospholipid syndrome prescribed antithrombotic therapy. Thromb Res (2009)
123:482-7. doi: 10.1016/j.thromres.2008.03.012

9. Ruffatti A, Calligaro A, Hoxha A, Trevisanuto D, Ruffatti AT, Gervasi MT, et al.
Laboratory and clinical features of pregnant women with antiphospholipid syndrome and
neonatal outcome. Arthritis Care Res (Hoboken). (2010) 62:302-7. doi: 10.1002/acr.20098

10. Simchen MJ, Dulitzki M, Rofe G, Shani H, Langevitz P, Schiff E, et al. High
positive antibody titers and adverse pregnancy outcome in women with
antiphospholipid syndrome. Acta Obstet Gynecol Scand (2011) 90:1428-33. doi:
10.1111/j.1600-0412.2011.01236.x

11. Reece EA, Garofalo ], Zheng XZ, Assimakopoulos E. Pregnancy outcome.
influence of antiphospholipid antibody titer, prior pregnancy losses and treatment. J
Reprod Med (1997) 42:49-55.

12. Sailer T, Zoghlami C, Kurz C, Rumpold H, Quehenberger P, Panzer S, et al.
Anti- beta2- glycoprotein I antibodies are associated with pregnancy loss in women
with the lupus anticoagulant. Thromb Haemost. (2006) 95:796-801. doi: 10.1160/
THO06-01-0044

13. Latino JO, Udry S, Aranda FM, Perés Wingeyer SDA, Fernandez Romero DS, de
Larrafiaga GF. Pregnancy failure in patients with obstetric antiphospholipid syndrome
with conventional treatment: The influence of a triple positive antibody profile. Lupus
(2017) 1:961203317692432. doi: 10.1177/0961203317692432

14. Saccone G, Berghella V, Maruotti GM, Ghi T, Rizzo G, Simonazzi G, et al. The
PREGNANTS (PREGNancy in women with ANTiphospholipid syndrome) working
group. antiphospholipid antibody profile based obstetric outcomes of primary
antiphospholipid syndrome: The PREGNANTS study. Am ] Obstet Gynecol. (2017)
216:525.e1-525.e12. doi: 10.1016/j.2jog.2017.01.026

15. Walter IJ, Klein Haneveld MJ, Lely AT, Bloemenkamp KWM, Limper M,
Kooiman J. Pregnancy outcome predictors in antiphospholipid syndrome: A

Frontiers in Immunology

10.3389/fimmu.2023.1145146

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.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1145146/
full#supplementary-material

systematic review and meta-analysis. Autoimmun Rev (2021) 20(10):102901. doi:
10.1016/j.autrev.2021.102901

16. Esteve-Valverde E, Ferrer-Oliveras R, Alijotas-Reig J. Obstetric
antiphospholipid syndrome. Rev Clin Esp (2016) 216:135-45. doi: 10.1016/
j.rce.2015.09.003

17. Girardi G, Berman J, Redecha P, Spruce L, Thurman JM, Kraus D, et al.
Complement C5a receptors and neutrophils mediate fetal injury in the
antiphospholipid syndrome [published correction appears in J clin invest. J Clin
Invest. (2003) 112(11):1644-54. doi: 10.1172/JCI200318817

18. Berman J, Girardi G, Salmon JE. TNF-alpha is a critical effector and a target for
therapy in antiphospholipid antibody-induced pregnancy loss. J Immunol (2005) 174
(1):485-90. doi: 10.4049/jimmunol.174.1.485

19. Rottenstreich A, Amsalem H, Kleinstern G, Kalish Y. Outcomes of threatened
abortions after anticoagulation treatment to prevent recurrent pregnancy loss. Reprod
BioMed Online. (2017) 35(4):461-7. doi: 10.1016/j.rbmo.2017.06.018

20. Pazzola G, Zuily S, Erkan D. The challenge of bleeding in antiphospholipid
antibody-positive patients. Curr Rheumatol Rep (2015) 17(2):7. doi: 10.1007/s11926-
014-0481-0

21. Yelnik CM, Laskin CA, Porter TF, Branch DW, Buyon JP, Guerra MM, et al.
Lupus anticoagulant is the main predictor of adverse pregnancy outcomes in aPL-
positive patients: validation of PROMISSE study results. Lupus Sci Med (2016) 3(1):
€000131. doi: 10.1136/lupus-2015-000131

22. Mohan R, Baumann D, Alejandro EU. Fetal undernutrition, placental
insufficiency, and pancreatic B-cell development programming in utero. Am J Physiol
Regul Integr Comp Physiol (2018) 315(5):R867-78. doi: 10.1152/ajpregu.00072.2018

23. Bruin C, Damhuis S, Gordijn S, Ganzevoort W. Evaluation and management of
suspected fetal growth restriction. Obstet Gynecol Clin North Am (2021) 48(2):371-85.
doi: 10.1016/j.0g¢.2021.02.007

24. Yelnik CM, Lambert M, Drumez E. Bleeding complications and antithrombotic
treatment in 264 pregnancies in antiphospholipid syndrome. Lupus (2018) 27
(10):1679-86. doi: 10.1177/0961203318787032

25. Lockshin MD, Kim M, Laskin CA, Guerra M, Branch DW, Merrill J, et al.
Prediction of adverse pregnancy outcome by the presence of lupus anticoagulant, but
not anticardiolipin antibody, in patients with antiphospholipid antibodies. Arthritis
Rheum (2012) 64(7):2311-8. doi: 10.1002/art.34402

26. Yeung SW, Tam WH, Cheung RY. The risk of preterm delivery prior to 34
weeks in women presenting with antepartum haemorrhage of unknown origin. Aust N
Z J Obstet Gynaecol. (2012) 52(2):167-72. doi: 10.1111/§.1479-828X.2011.01401.x

27. Alijotas-Reig J, Esteve-Valverde E, Ferrer-Oliveras R, Saez-Comet L, Lefkou E,
Mekinian A, et al. Bleeding and antithrombotic therapy during pregnancy in women
with poor aPL-related obstetric outcomes: A survey of 1075 cases from EUROAPS
registryx. Eur ] Anaesthesiol. (2021) 38(9):916-22. doi: 10.1097/EJA.
0000000000001484

28. Sun S, Li C, Kou X, Chen C, Guo F, Zhao A. Association of prednisone and
antinuclear antibodies with pregnancy outcomes in women with unexplained recurrent
pregnancy loss. Int ] Gynaecol Obstet. (2021) 154(3):492-9. doi: 10.1002/ijgo.13556

29. Veglia M, D'Ippolito S, Marana R, Di Nicuolo F, Castellani R, Bruno V, et al.
Human IgG antinuclear antibodies induce pregnancy loss in mice by increasing
immune complex deposition in placental tissue: in vivo study. Am ] Reprod Immunol
(2015) 74:542-52. doi: 10.1111/aji.12429

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1145146/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1145146/full#supplementary-material
https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://doi.org/10.1016/j.autrev.2017.05.006
https://doi.org/10.1056/NEJMra1705454
https://doi.org/10.1038/nrdp.2018.5
https://doi.org/10.1038/nrdp.2018.5
https://doi.org/10.1016/S0140-6736(10)60709-X
https://doi.org/10.1016/j.jri.2021.103315
https://doi.org/10.1016/j.jri.2021.103315
https://doi.org/10.1515/jpm-2014-0118
https://doi.org/10.1016/j.thromres.2008.03.012
https://doi.org/10.1002/acr.20098
https://doi.org/10.1111/j.1600-0412.2011.01236.x
https://doi.org/10.1160/TH06-01-0044
https://doi.org/10.1160/TH06-01-0044
https://doi.org/10.1177/0961203317692432
https://doi.org/10.1016/j.ajog.2017.01.026
https://doi.org/10.1016/j.autrev.2021.102901
https://doi.org/10.1016/j.rce.2015.09.003
https://doi.org/10.1016/j.rce.2015.09.003
https://doi.org/10.1172/JCI200318817
https://doi.org/10.4049/jimmunol.174.1.485
https://doi.org/10.1016/j.rbmo.2017.06.018
https://doi.org/10.1007/s11926-014-0481-0
https://doi.org/10.1007/s11926-014-0481-0
https://doi.org/10.1136/lupus-2015-000131
https://doi.org/10.1152/ajpregu.00072.2018
https://doi.org/10.1016/j.ogc.2021.02.007
https://doi.org/10.1177/0961203318787032
https://doi.org/10.1002/art.34402
https://doi.org/10.1111/j.1479-828X.2011.01401.x
https://doi.org/10.1097/EJA.0000000000001484
https://doi.org/10.1097/EJA.0000000000001484
https://doi.org/10.1002/ijgo.13556
https://doi.org/10.1111/aji.12429
https://doi.org/10.3389/fimmu.2023.1145146
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Hemorrhage complications in obstetric antiphospholipid syndrome: Risk factors and association with adverse pregnancy outcomes
	Introduction
	Methods
	Patients
	Bleeding complications
	Adverse pregnancy outcomes
	Statistical analysis

	Results
	Characteristics of patients
	Univariate logistic regression analyses of the association of bleeding complications with APOs
	Multivariate logistic regression analysis of the association of mucocutaneous hemorrhage with APOs
	Risk factors of hemorrhage

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


