
Vol.:(0123456789)

Clinical and Experimental Medicine           (2025) 25:78  
https://doi.org/10.1007/s10238-025-01607-0

RESEARCH

Antiphospholipid syndrome in patients with fetal death: a prospective 
longitudinal cohort study

Anxia Xie1,3 · Ziwei Jin4 · Changping Li2,5 · Chengxiong Li6 · Gang Luo7 · Xuecheng Zhang8 · Shengyan Jian9 · 
Deqin Li6 · Youbang Xie10 · Ling Xie4 · Xiaoxing Wei1,2 

Received: 11 January 2025 / Accepted: 20 February 2025 
© The Author(s) 2025

Abstract
To investigate the causes of fetal death, focusing on maternal antiphospholipid syndrome diagnosis, and to follow the patients 
for changes in antiphospholipid antibodies, subsequent pregnancy outcomes, and thrombotic events. This is a prospective 
longitudinal cohort study that recruited patients who were hospitalized for fetal death at ≥ 10 weeks of gestation from three 
tertiary hospitals in China. Antiphospholipid syndrome was diagnosed according to the 2006 Sydney classification criteria. In 
total, 159 patients were recruited to the study; 3 were excluded and 144 of whom tested for aPLs. Among these, 126 (87.5%) 
were available for diagnostic analysis of antiphospholipid syndrome, 13 (10.3%) of which carried a diagnosis of antiphos-
pholipid syndrome. Meanwhile, 136 of 156 patients had fetal samples for which copy number variation sequencing was 
completed, and 12 (8.8%) of which carried a diagnosis of fetal chromosomal abnormalities. During later follow-up, among 
the 13 patients with antiphospholipid syndrome, seven were persistently positive serostatus of antiphospholipid antibodies, 
four exhibited fluctuation, and one had negative conversion; four patients with subsequent pregnancies received guideline-
based therapy and had term livebirths. None of the participants experienced thrombotic events. Maternal antiphospholipid 
syndrome was found to be one of the important causes of fetal death, contributing 10.3% of cases of fetal death at ≥ 10 weeks 
of gestation, slight ahead of fetal chromosomal abnormalities. Follow-up indicated that the serostatus of antiphospholipid 
antibodies may fluctuate significantly in some patients with antiphospholipid syndrome.
Clinical trial registration:
As this study was an observational study, we did not register it as a clinical trial.
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Introduction

Fetal death has devastating effects on families. These 
effects are exacerbated by the uncertainty surrounding the 
cause of death and recurrent risk for future pregnancies 
[1]. Identifying the cause of fetal death is essential for 
managing future pregnancies [2]. Previous studies 
reported that fetal chromosomal abnormalities (FCA) was 
an important cause of fetal death [3, 4]. However, those 
studies did not comprehensively investigate other causes 
of fetal death [5].

Antiphospholipid syndrome (APS) is an autoimmune 
disorder that can cause fetal death. According to the 2006 
Sydney classification criteria, one of the features of APS 
is one or more unexplained fetal deaths at ≥ 10 gestational 
weeks (GW)[6] However, few studies have specifically 
focused on APS in patients with fetal death at ≥ 10 GW. 
Because of the different diagnostic terminologies for 
disease classification, most studies on APS and pregnancy 
loss do not discriminate between embryonic loss before 
the 10th GW and fetal loss after the 10th GW, and most 
studies on the causes of fetal death have focused on 
stillbirths after the 20th GW. Moreover, the epidemiology 
of APS remains understudied [7] and the proportion of 
APS-related fetal deaths in patients with fetal death is 
unknown.

APS is characterized by recurrent thrombosis and 
pregnancy morbidity, which can result in life-threatening 
emergencies and serious pregnancy complications, 
such as pulmonary embolism, myocardial infarction, 
and preeclampsia[8, 9]. Identifying APS early, these 
serious events can be effectively prevented by taking 
anticoagulants chronically and using low-dose aspirin 
(LDA) combined with low molecular weight heparin 
(LMWH) during pregnancy[10]. However, APS can 
be easily delayed or missed in patients with fetal death 
owing to the clinical non-specific presentation of APS, 
the numerous etiologies of fetal death and absence of 
confirmatory aPLs testing.

Hence, we conducted this etiological investigation 
targeting a population experiencing fetal death after the 
10th GW, with an emphasis on maternal APS, while 
following patients for changes in aPLs, subsequent 
pregnancy outcomes, and thrombotic events.

Methods

Study design and patient population

This was a prospective longitudinal cohort study that 
investigated the causes of fetal death. The study was 
conducted at three tertiary hospitals in Xining, a city in 
Northwest China. The study was approved by the Medical 
Science Research Ethics Committee of Qinghai University 
School of Medicine (2021–017). Written informed consent 
was obtained from each participant in accordance with the 
Declaration of Helsinki.

Pregnant patients at ≥ 10 GW who were hospitalized 
for absence of a fetal heartbeat on ultrasonography were 
recruited and numbered in chronological order. GW was 
calculated based on the last menstrual period and first-
trimester ultrasound reports (crown-rump length). Cases in 
which fetal death occurred before the 10th GW, after the 
40th GW, or during labor were excluded.

Etiological investigative procedure for fetal death

Professional obstetricians collected detailed clinical 
histories and relevant information. The approximate GW 
of occurrence of fetal death and the period of intrauterine 
retention of dead fetus were extrapolated based on the fetal 
size measured by ultrasound at admission and the records 
from prenatal visits. Routine clinical laboratory tests were 
conducted (including complete blood tests, liver and renal 
function tests, coagulation parameters, urinalysis, hepatitis 
B and C, HIV, syphilis serology, neisseria gonorrhoeae 
and chlamydia trachomatis DNA load). After termination 
of the pregnancy, gross fetal observation and placental 
histopathology were performed following clinical 
procedures. Fetal chromosomes were analyzed using copy 
number variation sequencing (CNV‐Seq). Placental samples 
were stored at -80 °C for further investigations if needed. 
After discharge, the patients’ progress was tracked and 
further reviews were recommended as needed.

Testing methods for antiphospholipid antibodies

Initial testing for aPLs

Initial testing for aPLs was performed at local laboratories 
following respective practices during their hospitalization, 
including testing for lupus anticoagulant (LA), 
anticardiolipin antibody (aCL) and anti-β 2 glycoprotein 1 
(aβ2GP1) (IgG and IgM).
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Retesting for aPLs

Patients who were positive in the initial testing were retested 
for aPLs. To control for differences among detection 
methods used from the different laboratories, the patients 
were recommended that the aPL retesting were at the 
Laboratory Center of Qinghai Provincial People’s Hospital 
after 12 weeks. LA was detected using diluted Russel’s 
viper venom time (Siemens; Marburg, Germany). The 
screening test was considered positive if the clotting time 
exceeded 44 s; the LA ratio (screen/confirm) above 1.2 was 
regarded as positive (based on the reference value provided 
by the manufacturer). aCL and aβ2GP1 were detected using 
enzyme-linked immunosorbent assay (EUROIMMUN 
Medizinische Labordiagnostika AG, Lübeck, Germany). IgG 
and/or IgM isotypes of aCL in serum with titers > 40 IU/mL 
were considered as medium or high titer positive, and IgG 
and/or IgM isotypes of aβ2GP1 in serum with titers > 20 
RU/mL were established as > the 99th percentile in titer 
(provided by the manufacturers). Additionally, antinuclear 
antibodies spectrum (ANAs) was tested to identify overlap 
with other autoimmune conditions. Patients who were 
negative in the initial testing were advised to retest aPLs at 
local hospital before the next pregnancies.

Diagnosis and follow‑up of patients

Post-discharge management was not limited by the study 
protocol. After a comprehensive assessment by obstetricians, 
the results for the investigative etiologies communicated to 
the patient as a reference for their subsequent management. 
The patients were followed up for at least 3 months via 
outpatient visits, telephone, and the WeChat App. Diagnosis 
of APS was confirmed by rheumatologists according to 
the 2006 Sydney criteria after completion of the retesting 
for aPLs. The classification criteria for APS of domain in 
fetal death are summarized in Supplemental Table 1. The 
variations for CNV-Seq at > 5 Mb were defined as FCA 
and considered to have caused the fetal death, which did 
not include those chromosomal deletions or duplications 
at < 5 Mb.

In patients willing to continue, the follow-up period 
was extended to three years to obtain information on the 
changes in aPL titer, subsequent pregnancy outcomes, and 
thrombotic events. Negative conversion of aPLs was defined 
as two consecutive negative results for at least 12 months. 
The pregnancy outcomes included livebirth at ≥ 34 weeks, 
livebirth < 34  weeks, fetal death at ≥ 10  weeks and 
miscarriage at < 10 weeks but did not include biochemical 
pregnancy. The thrombotic events included deep venous 
thrombosis, pulmonary embolism, stroke and myocardial 
infarction in which there is any clinical evidence but it is not 
obligatory for histological confirmation. Participants were 

considered lost to follow-up if study staff were unable to 
contact them after at least three attempts within six months. 
Those lost to follow-up were censored from the time of last 
follow-up.

Statistical analysis

The current cohort of patients was recruited from July 1, 
2021 to August 15, 2024. The cutoff date for follow-up 
was November 30, 2024. Demographics of the patients 
are summarized with descriptive statistics. Mean and 
standard deviation were used for normally distributed 
data and median and range for non-normally distributed 
data. The results are summarized as absolute numbers 
and percentages. Chi-squared test was used to compare 
proportions between APS subgroup and FCA subgroup, 
p < 0.05 was considered statistically significant. The 
diagnostic performance of each type of aPLs was assessed 
by receiver operating characteristic (ROC) curves. The area 
under the curve (AUC) indicates the performance of the 
type of aPLs. Statistical Package for Social Science software 
(version 25) was used for statistical analysis.

Results

Study population

A total of 159 patients were enrolled, of whom 3 (1.9%) 
were excluded because the fetal death was extrapolated to 
be < 10 GW. Of 156 patients in the current cohort, 49 were 
primigravida; of the remaining 107, 63 had experienced 
one or more prior pregnancy losses. None of the patients 
had experienced a thrombotic event before enrollment. The 
details for each patient are listed in Supplemental Table 2.

Results of the etiological investigation

Of the total cohort, 144 patients had completed the initial 
testing for aPL, 60 (41.7%) of which tested positive or 
weakly positive. Forty-two (70%) of the 60 positive 
or weakly positive had the repeat testing for aPL after 
12 weeks. LA values were missing in 12 (8.3%) of the 144 
initial testing for aPL due to LA testing not being performed. 
The missing LA were imputed using a mean plus random 
noise imputation. Eighteen patients were excluded due to a 
lack of confirmation for aPL, and 126 were included in the 
final diagnostic analysis of APS.

According to the 2006 Sydney classification criteria, 13 
(10.3%) were diagnosed with APS. Two patients diagnosed 
with APS had an overlap with other autoimmune conditions 
(one had rheumatoid arthritis and the other had Sjögren's 
syndrome). Figure 1 presents the diagnostic flowchart for 
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APS. Meanwhile, 136 fetal samples had completed CNV-
Seq analysis, 12 (8.8%) of which carried FCA, presented 
in Supplemental Table 2, column 10. Table 1 presents the 
baseline characteristics for the total population and the two 
subgroups. Of those non-APS patients, 47 patients were 

categorized as other-cause fetal deaths, in addition to the 12 
FCA. The remaining 84 had unexplained fetal deaths.

Fig. 1   Diagnostic flowchart for APS. APS, antiphospholipid syndrome, GW, gestational weeks; aPLs, antiphospholipid antibodies; CNVs, copy 
number variations; NGS, next generation sequencing; ANAs, antinuclear antibodies
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Statistical analysis

Chi square test showed that although the 10.3% of the 
proportion of maternal APS was higher than the 8.8% 
of FCA, there was no statistical difference (χ2 = 0.04, 
p = 0.84). Next, diagnostic performance of each type 
of aPLs was analyzed retrospectively. Thirty non-APS 
patients with quantitative ELISA results were chosen as 
the controls to evaluate the diagnostic performance for 
each type of aPLs ( see Supplementary Table 3). ROC 
curve analysis revealed that aβ2GP-1 IgM exhibited 
high diagnostic performance for the diagnosis of APS in 
patients experienced fetal death (AUC, 0.918 [95% CI, 
0.789–1.000]). The other types of aPls showed relatively 
low diagnostic performance for APS (AUC, 0.5–0.7) (see 
Supplementary Fig. 1).

Follow‑up results

Of the 156 patients, 16 (10.3%) were lost to follow-up 
within 3 months due to the unavailability by contact, and 
9 (5.8%) were lost to extended follow-up after 3 months 
due to the unwillingness of participants. The median 
follow-up duration was 17 months with a minimum of 
3 months and a maximum of 36 months. Of the 13 patients 
with APS, seven were persistently positive for aPLs with 
one developing aβ2GP-1 from alone IgM to both IgM 
and IgG; four had fluctuating aPL status; one patient who 
was positive for at least 12 months had conversion to 
negative aPLs, and one was lost to extended follow-up. 
Four APS patients with subsequent pregnancy received 
therapy according to guidelines and had term livebirths. 
Details on the 13 APS patients are listed in Table 2. The 
gestational stage or clinical interventions when aPLs were 
retested are presented in column 8 and 9 of Table 2. Of the 
131 patients without APS, in the next pregnancies, 28 had 
livebirths at ≥ 34 weeks and 8 miscarried at < 10 GW (see 
column 12 of Supplementary Table 2). None of the 156 
patients experienced thrombotic events.

Evaluation using the 2023 ACR/EULAR criteria

When the American College of Rheumatology and European 
League Against Rheumatism (ACR/EULAR) criteria [11] 
were used in our cohort, none of the patients fully met the 
classification conditions for APS. Of the 13 patients meeting 
the 2006 Sydney criteria, eight patients did not meet the 
score neither in clinical nor laboratory domain based on the 
new criteria; for the remaining five patients, three did not 
meet the clinical score and two did not meet the laboratory 
score. Supplemental Table 4 lists the detailed evaluation 
using the 2023 ACR/EULAR criteria in 13 patients with 
APS. The classification criteria for fetal death in the 2023 
ACR/EULAR criteria are summarized in Supplemental 
Table 5.

Discussion

In this cohort, we included 156 patients with fetal death 
at ≥ 10 GW. Twelve patients did not complete initial aPL 
testing, and 18 patients did not complete repeat aPL testing 
due to loss to follow-up or distance constraints. One hundred 
and twenty-six patients were therefore included in the 
diagnostic analysis of APS. Maternal APS was diagnosed 
per the 2006 Sydney classification criteria in 10.3% 
(13/126) of the cohort. Similar proportion was noted in a 
case–control study that had positive tests for aPLs (aCL 
or aβ2GPI) in 9.6% of stillbirths [12]. However, that study 
included patients without LA testing and did not include 
those who were fetal death at 10–20 GW. In out cohort, 
the proportion of APS was slightly higher than the 8.8% 
(12/136) of FCA although the difference was not statistically 
significant. The diagnosis of FCA did not include those 
chromosomal deletion or duplication at < 5 Mb because 
there is no convincing evidence that those microdeletion / 
microduplication are associated with fetal death although 
the variants classified as pathogenic according to American 
College of Medical Genetics (ACMG) criteria.

Table 1   Baseline characteristics for the total population and the two subgroups

Age are given as mean (range); other data are given as absolute numbers (percentages)
GW-O; gestational week for occurrence of the fetal death, APS; antiphospholipid syndrome

Age (years) Approximate GW-O Previous pregnancy losses

10–15
weeks

16–19 weeks 20–33 weeks 34–40 weeks 1 time 2 times  ≥ 3 times

The total number of patients 
N = 156

29.5 (17–45) 62 (40.4%) 23 (14.1%) 51 (32.7%) 20 (12.8%) 48 (30.8%) 10 (6.4%) 5 (3.2%)

The maternal APS N = 13 27.5 (20–37) 5 (38.5%) 3 (23.0%) 5 (38.5%) 0 (0%) 4 (30.7%) 1 (7.7%) 0 (0%)
The fetal chromosomal 

abnormalities N = 12
33.7 (21–45) 8 (66.7%) 0 (0%) 3 (25%) 1 (8.3%) 2 (16.7%) 2 (16.7%) 0 (0%)
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aPLs are the crucial diagnostic marker of APS. In our 
study, aβ2GP-1 IgM exhibited high diagnostic performance 
for the diagnosis of APS in patients experienced fetal death 
(AUC, 0.918 [95% CI, 0.79–1.00]). This result is consistent 
with the result that isolated aPLs IgM positivity is associated 
with pregnancy morbidity[13]. One study has reported that 
aβ2GP-1 isotypes are associated with the lowest live birth 
rate and highest incidence of stillbirth, compared with the 
presence of aCL or LA alone[14]. Thus, aPL testing should 
be emphasized more and the positive aβ2GP-1 IgM should 
be given attention in women who experienced fetal death.

During follow-up, of 13 patients with APS, seven were 
persistently positive for aPLs, four exhibited fluctuation, 
and one had negative conversion. Some scholars have 
reported that the rate of aPL positivity decreases during 
follow-up in primary APS, estimating that seroconversion 
occurs in between 8.9 and 59% of patients over time, 
and hydroxychloroquine has been identified as the most 
effective pharmacological agent to reduce aPL titers [15]. 
Another study found that aPL titers decreased modestly 
during pregnancy among patients who were positive 
[16]. We could not conduct an analysis based on GW or 
interventions due to the small number of patients in these 
subgroups. But from real-world individual observations, 
we noticed that the fluctuations of aPLs (solid-phase 
assays) were independent of the gestational stage and 
clinical interventions (Table  2, column 8 and 9). The 
factors contributing to the fluctuation of aPLs were 
unknown. Notably, clinicians need to further monitor 
individuals who were suspicious for APS but have only 
one time negative aPL result.

Four patients with subsequent pregnancies received 
therapy according to guidelines and delivered at term. 
None of the enrolled patients experienced a thrombotic 
event. A retrospective study found that aPLs at low titers 
and fulfilling the 2006 Sydney criteria were associated 
with pregnancy morbidity and that treatment by LDA plus 
LMWH appeared to improve outcomes [17]. Furthermore, 
there is evidence that isolated IgM was rare in thrombotic 
APS, but more frequent in obstetric APS [13]. Our results, 
with a preponderance of positive aβ2GP-1 IgM and relatively 
infrequent positive LA, supported these conclusions.

Our study was initiated in 2021. In 2023, new 
classification criteria for APS, the ACR/EULAR criteria 
were published. When the ACR/EULAR criteria were used 
in our cohort, none of the patients fully met the classification 
conditions for APS. An international study reported that 
the percentage of obstetric APS dropped from 26.9% per 
Sydney criteria to 3.2% per ACR/EULAR criteria [18]. This 
observation coupled with our results indicate that the new 
criteria may have an extremely low sensitivity to obstetric 
APS. The ACR/EULAR criteria assign a low weight to 
fetal death in the absence of preeclampsia and/or placental 

insufficiency [19]. In our cohort, half of APS patients 
were observed before 20 weeks of gestation. Experience 
holds that preeclampsia and placental insufficiency cannot 
manifest before 20 weeks of pregnancy [5]. Clearly, although 
the new 2023 ACR/EULAR classification criteria for APS 
were established, they should not be adhere dogmatically in 
patients experienced fetal death.

The strengths of our study include the prospective 
design, relatively comprehensive etiological investigation, 
longitudinal follow-up data for aPL serostatus changes 
over time and pregnancy outcomes post-diagnosis, which 
can guide clinical expectations and inform future research. 
In this study, the GW was carefully assessed to be close 
to the time of occurrence of fetal death rather than that of 
recognition. Our findings from real clinical settings have 
provided insight into APS diagnosis and management 
in cases of fetal death, which can be useful for clinicians 
treating similar cases.

Our study has several limitations. First, it was the absence 
of a control cohort with viable pregnancies for comparison, 
which prevented us from establishing a stronger association 
between aPLs and fetal death. Second, LA detection in 
our study did not use two tests with different assaying 
principles, which may have decreased the sensitivity of 
LA, contributing to the inconsistency between our current 
finding and a previous report that LA is the best predictor 
of adverse pregnancy outcomes [20]. Additionally, the 
generalizability of our results may be limited due to the 
relatively homogeneous study population and a relatively 
small sample size.

In conclusion, maternal APS was found to be one of the 
important causes of fetal death, contributing 10.3% of cases 
of fetal death at ≥ 10 weeks of gestation, slight ahead of fetal 
chromosomal abnormalities. Follow-up indicated that the 
aPL serostatus may fluctuate significantly in some patients 
with APS.
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