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Abstract

Objective: To describe first-trimester maternal, biochemical, biophysical, and ultrasound
characteristics in women with recurrent pregnancy loss (RPL) compared to women without RPL.
Methods: Retrospective cohort study analyzing data from 4440 pregnant women, including 142
women with previous RPL. Maternal and pregnancy characteristics, first-trimester biochemical
markers, biophysical assessments, early-onset preeclampsia (EOPE) risk and perinatal outcomes
were compared. Results: Women with RPL were older (37.8 vs. 34.0 years, p <0.001), had higher rates
of antiphospholipid syndrome (4.9% vs. 0.9%, p<0.001), other thrombophilias (5.6% vs. 0.8%, p <
0.001) and thyroid disorders (14% vs. 7.5%, p=0.010) than women without RPL. Uterine artery
pulsatility index (UtA-PI) values, pregnancy-associated plasma protein-A (PAPP-A) levels, mean
arterial pressure and final risk for EOPE were comparable between groups. However, RPL group had
higher rates of very-high risk for PE (10.6 vs 5.1, p=0.011). Likewise, second-trimester UtA-PI was
higher in this group (1.10 vs. 1.01, p=0.045). Aspirin and low molecular weight heparin prophylaxis
were more frequent in women with RPL (23.8% vs. 9.6%, p < 0.001; 14.7% vs. 0.1%, p<0.001).
Regarding perinatal outcomes, we found a higher incidence of second trimester intrauterine demise
in the RPL group (6.4% vs. 1.4%, p=0.011), with no other differences observed in other outcomes.
Conclusions: Women with RPL exhibit distinct maternal characteristics and worse pregnancy
outcomes, although first-trimester markers do not seem to significantly differ from findings in
women without RPL. These findings underscore the importance of tailored screening and
intervention protocols to improve perinatal outcomes in this high-risk population.

Keywords: recurrent pregnancy loss; first trimester; maternal characteristics; biochemical markers;
uterine artery pulsatility index; preeclampsia; screening

1. Introduction

Spontaneous miscarriage, which occurs in about 15-20% of clinically recognized pregnancies,
represents the most prevalent complication during early pregnancy [1]. Recurrent pregnancy loss
(RPL) is defined as the loss of two or more consecutive pregnancies before the fetus reaches
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viability [2]. RPL affects approximately 3-5% of couples attempting to conceive, and its incidences is
particularly high in the first trimester of pregnancy [3,4], posing significant emotional and physical
challenges to affected women. While associated etiologies are multifactorial, including gynecological,
anatomical, genetical, hormonal, immunological, and environmental factors, many cases remain
unexplained despite comprehensive evaluations [5]. This highlights the complexity of miscarriage
diagnosis and pregnancy management of women with previous RPL.

Maternal characteristics of women with RPL have been extensively described. Previous studies
have identified advanced maternal age, thrombophilia, and autoimmune disorders as significant risk
factors for RPL [6]. Women with RPL are also at an increased risk of adverse obstetric outcomes, such
as preeclampsia (PE), preterm birth (PTB), and intrauterine growth restriction (IUGR). Recent
research has shown that women with a history of RPL are 2-3 times more likely to develop gestational
hypertension or preeclampsia, and exhibit a 60% increased risk of PTB, compared to the general
obstetric population [7-9]. The pooled odds ratios of these complications seem to progressively
increase with increasing number of miscarriages, indicating a dose-response pattern and supporting
the presence of a biological gradient [8]. Furthermore, the odds for IUGR are 2 times higher in these
women [10], underscoring the potential long-term impact of RPL on maternal and fetal health.

Despite maternal characteristics, obstetric outcomes and long-term health outcomes of women
with RPL have been previously described, limited data exist on first-trimester characteristics between
women with and without RPL. Miscarriage and placental dysfunctional disorders share, to some
extent, the same pathophysiology. Thus, a history of RPL might be associated with an increased risk
of PE and placental insufficiency disorders. As the pyramid of care in obstetrics has shifted an
improved stratification of risk in first-trimester, understanding these differences is essential for
optimizing pregnancy management and maternal and fetal outcomes in women with previous RPL.
This study aims to describe the first-trimester maternal, biochemical, biophysical, and ultrasound
characteristics of women with RPL compared to women without a history of RPL.

2. Material and Methods

This was a prospective observational cohort study including women with a singleton pregnancy
who performed ultrasound follow-ups in the Prenatal Diagnosis Unit of Hospital de la Santa Creu i
Sant Pau, between January 2020, and December 2022. Women with a singleton pregnancy and a fetus
with a crown-rump length (CRL) ranging from 45 to 84 mm were invited to participate. Women were
withdrawn from the study in case of fetal chromosomal or genetic abnormality, or in case of major
fetal anomaly diagnosed during pregnancy or at birth. This study is an unplanned subanalysis from
a larger research study aimed to determine the effectiveness of a sequential screening strategy for PE
in the first trimester. This study was approved by the Ethics Committee of the Institutional Review
Board at Hospital de la Santa Creu i Sant Pau and was registered with ClinicalTrials.gov, number
NCT04767438.

2.1. Maternal and Pregnancy Characteristics

Baseline maternal characteristics were documented, including age, ethnicity, body mass index
(BMI), smoking status, and medical history (diabetes, hypertension, kidney disease, autoimmune and
thyroid disorders, and inherited or acquired thrombophilia - antiphospholipid syndrome (APS)-).
Women with two or more pregnancy losses of a clinically confirmed pregnancy, whether consecutive
or not, were classified as women with previous RPL. Additionally, the following pregnancy-related
information was recorded: type of conception, parity, use of aspirin or low-molecular-weight heparin
(LMWH) during pregnancy, gestational age (GA) at the time of the first-trimester blood analysis, and
GA at the time of first and second trimester ultrasounds.
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2.2. First-Trimester Variables

First-trimester variables included biochemical and biophysical variables. Among biochemical
variables, pregnancy-associated plasma protein-A (PAPP-A) and placental growth factor (P1GF) were
assessed. Serum levels of PIGF and PAPP-A were measured using fully automated
electrochemiluminescence immunoassays on a Cobas e 601 analyzer (Roche Diagnostics). Multiples
of the median (MoM) values for first-trimester UtA-PI, PAPP-A, and PIGF were derived from locally
established medians, employing a multivariate Gaussian distribution model validated in our
population [11]. However, PIGF analysis was not included in the final analysis since results were only
available for 10 women in the RPL group.

Biophysical variables included mean arterial pressure (MAP) and uterine artery pulsatility index
(UtA-PI). Systolic (SBP) and diastolic blood pressure (DBP) were measured on the day of the first
ultrasound using a calibrated Tensoval Duo Control device (Hartmann AG, Heidenheim, Germany).
Blood pressure was recorded once after a brief resting period, with the woman seated, as in our
standard clinical practice. MAP was calculated using the formula: MAP = (SBP +2 x DBP) / 3. UtA-PI
was assessed transabdominally during the first and second trimesters using a standardized
methodology [12].

2.3. Obstetric Outcomes

First-trimester early-onset PE screening was estimated using a previously described multivariate
method including maternal factors, biochemical and biophysical variables [13]. In a first stage of
screening, 3 risk groups were defined: if risk is > 1/50 women are identified as very high-risk and
aspirin prophylaxis is recommended; if risk is between 1/51 and 1/500 women are defined as
intermediate risk and require a second stage of evaluation, and if risk is <1/501 women are identified
as low risk. In a second stage, PIGF is determined in the intermediate risk group, finally stratifying
women as low or high risk. Results of this screening were recorded for analysis. Perinatal outcomes
including second trimester pregnancy loss (below 28 weeks), stillbirth (above 28 weeks), PE,
birthweight, gestational age at delivery and mode of delivery, were also documented.

All maternal and pregnancy characteristics, biochemical and biophysical variables, screening
results, and perinatal outcomes were extracted from clinical records. Data were analyzed using
descriptive statistics. Continuous variables were expressed as mean (standard deviation) or median
(interquartile range) and compared using t-tests or Mann-Whitney U tests, where appropriate.
Categorical variables were expressed as frequencies (%) and analyzed using chi-square or Fisher’s
exact tests. A p-value < 0.05 was considered statistically significant.

3. Results

A total of 4476 women were included in the study. Of those, 36 were withdrawn due to exclusion
criteria, leaving a final study population of 4440 women, with 142 of them having a history of RPL
(3.2%).

Women with RPL were significantly older (37.8 + 4.6 vs. 33.9 + 5.2 years, p < 0.001) and had a
higher prevalence of antiphospholipid syndrome (4.9% vs. 0.9%, p < 0.001), other thrombophilias
(5.6% vs. 0.8%, p < 0.001), thyroid disorders (14.1% vs. 7.5%, p = 0.009), and use of assisted
reproductive technologies (16.2% vs. 9.9%, p = 0.022), including egg donation. In this study, the rate
of nulliparity was higher in women without history of RPL (43% vs. 56.7%, p = 0.001). Among
obstetric outcomes in previous pregnancies, the rates of previous PTB, PE, IUGR and gestational
diabetes were higher in the RPL group, although only differences for gestational diabetes were
statistically significant (1.7% vs. 4.2%, p = 0.042). These results are summarized in Table 1.
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Table 1. Maternal and pregnancy characteristics in women with and without recurrent pregnancy loss.
Maternal and pregnancy No recurrent pregnancy loss | Recurrent pregnancy loss P
characteristics n=4298 n=142
Age (years) 33.9 (5.2) 37.8 (4.6) <0.001
BMI (Kg/m?) 24.2 (4.7) 24.5 (4.6) 0.366
Smoking habit 344 (8) 9 (6.3) 0.635
Ethnic origin
White 3091 (71.9) 109 (76.8)
Latin-American 786 (18.3) 18 (12.7)
Black 67 (1.6) 4 (2.8)
Asian 107 (2.5) 2(14) 0.396
South-Asian 150 (3.5) 5(2.5)
North-African 97 (2.3) 4(2.8)
Medical history
Chronic hypertension 58 (1.3) 1(0.7) >0.999
Diabetes mellitus 43 (1) 1(0.7) >0.999
Renal disease 16 (0.4) 1(0.7) 0.425
Autoimmune disease 18 (0.4) 2(1.4) 0.133
Antiphospholipid <0.001
PROSPHOTP 37 (0.9) 7 (4.9)
syndrome
Other thrombophilia 34 (0.8) 8 (5.6) <0.001
Thyroid disorders 323 (7.5) 20 (14.1) 0.009
Assisted reproductive 0.022
. 425 (9.9) 23 (16.2)
technologies
Egg donation 161 (3.7) 12 (8.5) 0.012
Obstetric history
Nulliparous 2435 (56.7) 61 (43) 0.001
Parous with previous 0.173
106 (2.5) 6(4.2)
PE
Parous with previous 0.065
63 (1.5) 5(3.5)
SGA
Parous with previous 0.042
74 (1.7) 6(4.2)
GMD
Parous with previous 0.360
83 (1.9) 4(2.8)
PTB

Data are expressed as mean (SD) or n (%). BMI: Body mass index; PE: preeclampsia; SGA: small-for-gestational

age; GDM: gestational diabetes mellitus; PTB: preterm birth.

Table 2 depicts the results regarding the comparison of first-trimester variables and PE risk

assessments between groups. There were no significant differences in biochemical markers such as
PAPP-A (1.10 vs. 1.04 MoM, p = 0.691). No differences were found in the first-trimester biophysical
variables included in the study. There were no statistical differences in the final high-risk rate for
early-onset PE, although this rate was higher in the RPL group (13.4% vs 9.5%, p = 0.146). However,
the rate of women with a very high-risk of PE (>1/50) was significantly higher in the RPL group (10.6%

vs 5.1%, p=0.011). Regarding second trimester UtA-PL results showed a significantly higher UtA-PI
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in women with RPL (1.10 vs. 1.01, p = 0.045). Women with RPL were more likely to receive aspirin
(23.9% vs. 9.5%, p <0.001) and LMWH (14.8% vs. 0.1%, p < 0.001) prophylaxis during pregnancy.

Table 2. Comparison of pregnancy characteristics between women with and without recurrent pregnancy loss.

No recurrent pregnancy loss | Recurrent pregnancy loss P
Pregnancy characteristics
n=4298 n=142
Biochemical markers
GA at blood 0.402
10.8 (1.1) 10.7 (1.0)
test
PAPP-A 0.691
1.04 (0.73-1.50) 1.10 (0.73-1.53)
(MoM)
MAP (MoM) 1.03 (0.9-1.0) 1.03 (0.9-1.1) 0.809
First trimester ultrasound
GA at ultrasound 12.8 (0.6) 12.8 (0.5) 0.321
UtA-PI 1.64 (0.4) 1.66 (0.5) 0.516
UtA-PI (MoM) 1.04 (0.87-1.23) 1.06 (0.86-1.28) 0.696
Second trimester ultrasound
GA at ultrasound 20.8 (0.7) 20.7 (0.6) 0.184
UtA-PI 1.01 (0.3) 1.10 (0.4) 0.045
UtA-PI > 95t centile 170(4.2) 8 (6.3) 0.257
Screening for early-onset PE
Very high-risk 220 (5.1) 15 (10.6) 0.011
Final high-risk 409 (9.5) 19 (13.4) 0.146
Prophylactic treatments
Aspirin 410 (9.5) 34 (23.9) <0.001
LMWH 3(0.1) 21 (14.8) <0.001

Data are expressed as mean (SD), n (%) or median (IQR). MoM: multiples of the median; GA: gestational age;
PAPP-A: pregnancy-associated plasma protein-A; MAP: mean arterial pression; UtA-PI: uterine artery
pulsatility index; PE: preeclampsia; LMWH: Low molecular weight heparin.

Perinatal results were available for 3902 participants (87.9%). Pregnancy outcomes were similar
between groups, with no significant differences in birth weight, overall PE rates (4.8% vs. 4.5%, p =
0.824), or cesarean delivery rates (28% vs. 24.8%, p = 0.449). However, women with RPL had a
significantly higher rate of second trimester intrauterine fetal demise (6.4% vs. 1.4%, p=0.001). Among
those cases, mean GA at demise was 17.3 (3.1) weeks. There were 11 cases of severe IUGR before 22
weeks. Only 4 of the cases ending in second trimester pregnancy loss had a first-trimester high-risk
result at the PE screening. Prophylactic aspirin had been prescribed in 5 cases, with one patient also
taking LMWH. Finally, women with RPL delivered one week earlier than women without a history
of RPL, although this difference did not reach statistical significance. There results are presented in
Table 3.

Table 3. Comparison of perinatal outcomes in women with and without recurrent pregnancy loss.

No recurrent pregnancy loss | Recurrent pregnancy loss p
Pregnancy outcome
n=3777 n=125
Second trimester miscarriage 53 (1.4) 8 (6.4) 0.001
Stillbirth 10 (0.3) 0(0) >0.999

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Fetal sex

Male 1950 (51.9) 69 (56.6)

Female 1806 (48.1) 53 (43.4) 0357
Birth weight (grams) 3248 (543) 3271 (551) 0.641
Overall PE 168 (4.5) 6(4.8) 0.824

Early-onset PE 16 (0.4) 0(0) >0.999

Preterm PE 35 (0.9) 1(0.8) >0.999

Term PE 134 (3.5) 5(4) 0.804
GA at birth 39.2(3.2) 38.2 (6.0) 0.069
Cesarean delivery 925 (24.8) 33 (28) 0.449

Data are expressed as mean (SD) or n (%). PE: preeclampsia; GA: gestational age.

4. Discussion

This study results highlight significant differences in maternal characteristics and pregnancy
outcomes between women with and without RPL. Despite no significant differences were found in
the first-trimester biochemical and biophysical variables analyzed, women with RPL exhibit higher
rates of very-high risk of early-onset PE and higher rates of second trimester uterine demise,
underscoring the need for tailored obstetric care in this population.

Our study confirmed several associations between maternal factors and RPL. For instance,
women with RPL had a more advanced maternal age and a higher prevalence of thrombophilia and
thyroid disorders. This is consistent with previous literature and underscores advanced maternal age
as a significant risk factor for both miscarriage and poor obstetric outcomes [14,15]. Age-related
decline in oocyte quality and increased aneuploidy rates likely contribute to these outcomes [16].
However, even after excluding pregnancies with confirmed chromosomal or genetic abnormalities,
the rate of intrauterine demise remained higher in women with previous RPL. This finding suggests
that other factors may play a critical role in the pathophysiology of pregnancy loss in women with
RPL beyond the first trimester, highlighting the need for a structured and comprehensive evaluation
in this population.

We found a strong association of APS and other thrombophilia with RPL, which also aligns with
previous evidence [17]. APS is one of the most well-documented causes of RPL, with multiple studies
confirming its role in pregnancy loss through placental vascular dysfunction [18]. Consistently with
these findings, the use of aspirin and LMWH prophylaxis was significantly higher in the RPL group.
These therapies have been shown to improve live birth rates in APS women, by preventing
antiphospholipid antibodies from binding to the trophoblast, preventing complement activation,
promoting trophoblastic invasiveness and mitigating placental thrombotic events [19]. However,
treatment rates with aspirin or LMWH in our study were higher than expected and cannot be
attributed to maternal risk factors or preeclampsia screening alone. This corroborates a widespread
use of prophylaxis treatments in women with RPL in clinical practice. However, while these
interventions are widely recommended, their efficacy in improving outcomes in women with
unexplained RPL is highly controversial and remains a topic of ongoing research [20,21].

Similarly, we found a higher prevalence of thyroid disorders in the RPL cohort. This reinforces
the importance of thyroid function screening in this population. Subclinical hypothyroidism and
thyroid autoimmunity are recognized contributors to miscarriage, likely due to impaired endometrial
receptivity [22,23]. Our findings highlight the necessity of optimizing thyroid function
preconceptionally and during early pregnancy to improve outcomes.

Regarding the first-trimester variables included in PE screening, our results showed comparable
levels of PAPP-A between groups. This contrasts with some prior studies suggesting these markers
as potential predictors of adverse pregnancy outcomes [24,25]. No further differences were neither
observed in UAt-PI and, consequently, final rates of high-risk for PE were comparable between
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groups. However, RPL is not a maternal factor included in any of the multivariate systems that have
been proposed to screen for PE. In our study, women with prior RPL had significantly higher rates
of very-high risk of PE and higher UtA-PIin the second trimester. This suggests that this population
should be considered at a higher risk for adverse outcomes regardless of first-trimester results. The
clinical usefulness of additional biomarkers regarding endometrial receptivity, inflammation,
placental function and maternal immune response should be investigated [25].

The association between RPL and subsequent adverse pregnancy outcomes is a subject of
ongoing research and debate. Some studies have identified a significant correlation between RPL and
increased risks of complications such as pre-eclampsia, preterm birth, and small-for-gestational-age
infants [26]. Conversely, other research has suggested that, many women with a history of RPL can
experience successful pregnancies without significant complications [27,28]. These conflicting
findings indicate that, while there is evidence supporting an increased risk of adverse outcomes in
women with RPL, the magnitude of this risk may vary depending on individual circumstances and
obstetric care.

The higher rate of intrauterine fetal demise in women with RPL found in our study is
particularly concerning. This indicates that pregnancy risk in women with RPL extends beyond the
first trimester. This underscores the need for advanced monitoring and tailored care throughout
pregnancy in this population. Increased antenatal surveillance including serial assessments of
placental function, fetal growth and well-being may be beneficial in mitigating these risks. Likewise,
understanding the underlying cause of miscarriage may lead to early interventions and improved
outcomes.

This study’s strengths include its prospective design and the use of multivariate screening for
identifying high-risk pregnancies, ensuring robust and clinically relevant findings. Another
significant strength is the comprehensive assessment of maternal, biochemical, biophysical, and
ultrasound parameters in the first-trimester. To the best of our knowledge, this is the first time that
first-trimester characteristics of women with previous RPL are assessed. However, several limitations
must also be acknowledged. First, the heterogeneity of the RPL group, encompassing various
etiologies and treatment regimens, complicates direct comparisons and necessitates cautious
interpretation of results. Additionally, the relatively small sample size of the RPL group limits the
generalizability of findings. Finally, despite a higher rate of intrauterine demise in the RPL groups,
no other differences in maternal or neonatal outcomes were observed. That could be secondary to the
higher proportion of parous women in the RPL group or to the widespread use of prophylactic
treatment. Prospective studies aiming to clarify this are necessary.

In conclusion, our study contributes to the growing body of evidence on RPL by characterizing
the first trimester clinical profile of these women. Our findings support that women with previous
RPL exhibit distinct maternal characteristics and are also at higher risk for intrauterine demise,
despite no significant differences were found in first-trimester markers currently used in clinical
practice. This underscores the need for intensified surveillance and tailored management strategies
for this high-risk population until delivery, not until first trimester viability. Multidisciplinary care
involving maternal-fetal medicine specialists, hematologists, immunologists and reproductive
endocrinologists is essential to optimize outcomes.
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