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Objective: Recurrent spontaneous abortion (RSA) presents a significant

challenge in the field of reproductive medicine, as effective treatments remain

limited despite extensive research efforts. A comprehensive understanding of

current RSA clinical trials is essential for enhancing trial design and identifying

existing research gaps. The aim of this study is to characterize RSA related clinical

trials registered on Clinical Trials.gov.

Methods: A thorough search was conducted to identify and review clinical trials

focusing on RSA that were registered on Clinical Trials.gov up to March2, 2024.

Results: A total of 138 trials were identified in the analysis, with 72 (52.17%)

classified as intervention trials and 66 (47.83%) as observational trials.

Approximately half of the studies (67,48.55%) had an enrollment of 100

participants or fewer. The majority of trials included only female participants.

Asia hosted the highest number of clinical trials (46,33.33%), followed by Europe

(36,26.09%), Africa (29,21.01%), America (13,9.42%). The majority of trials

(61,44.20%) focused on individuals with unexplained recurrent spontaneous

abortion (URSA). The predominant intervention types examined in the reviewed

studies were drug interventions (49,62.82%), with a notable rise in behavioral

intervention trials.

Conclusion: Our research findings suggest that existing research efforts in the

realm of RSA are inadequate for the progression of prevention and treatment

strategies. The majority of clinical trials have primarily targeted individuals with

URSA, with a particular emphasis on drug interventions, notably anticoagulants.
KEYWORDS

clinical trials, recurrent spontaneous abortion, recurrent pregnancy loss, recurrent
miscarriage, habitual abortion
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1 Introduction

Recurrent spontaneous abortion (RSA), also referred to as

recurrent pregnancy loss (RPL), is a significant concern within

women’s reproductive health. This condition is linked to both

subsequent obstetric complications and enduring health issues,

such as cardiovascular disease and mental health implications (1).It

is estimated that RSA impacts approximately 1% to 5% of couples

attempting to conceive (2). The etiology of RSA is complex and has

obvious heterogeneity (3). Numerous risk factors have been identified

in association with RSA, including chromosomal abnormalities,

infections, endocrinopathies, uterine anomalies, antiphospholipid

syndrome (APS), inherited thrombophilia and lifestyle factors (4).

Additionally, factors such as improper decidualization (5), and the

presence of autoantibodies have also been implicated in RSA (6).

Nevertheless, approximately 40-50% of RSA cases are classified as

URSA, where the cause of miscarriage remains unknown (7).

Furthermore, the lack of consensus regarding the definition of

RSA, specifically whether it should be characterized by two or

more versus three or more pregnancy losses, complicates the

prevention and management of this condition (8).

Various therapeutic interventions have been utilized in the

management of RSA in recent decades (9–14). Key treatments are

widely recognized to encompass progesterone supplementation,

levothyroxine for individuals with hypothyroidism and RSA, and the

concurrent administration of heparin and aspirin for patients diagnosed

with APS (15). It is important to note that anticoagulant therapy is

generally not advised for women with hereditary thrombophilia and

RSA (16), except when necessary for the prevention of venous

thromboembolism (VTE). However, the existing evidence is

inconclusive regarding the efficacy of certain immunomodulatory

agents, such as intravenous immunoglobulin (IVIG), intralipid, and

granulocyte colony-stimulating factor (G-CSF), in the treatment of

URSA. While some studies have reported an improvement in live

birth rates (LBR) among patients with URSA following the

administration of immunomodulatory agents, others have failed to

demonstrate a significant difference (17, 18).Therefore, further high-

quality clinical research is imperative to enhance clinical practice and

inform strategies for the treatment and prevention of RSA (15).

Clinical studies are the cornerstone of evidence-based medicine,

with quality and scope being crucial. The establishment of the

ClinicalTrials.gov database was designed to improve transparency

and reduce publication bias, ensuring the integrity of study

outcomes (19).Currently,ClinicalTrials.gov serves as the largest

and most thorough repository of data on active and completed

clinical research worldwide (20, 21), featuring registration details

for roughly 500,000 studies conducted in more than 200 nations.

This registry encompasses a wide array of research pertaining to

pharmaceuticals, therapeutic interventions, medical devices, and

behavioral strategies, providing comprehensive trial data including

objectives, eligibility criteria, design, status, locations, and outcomes

(22).The extensive information available on ClinicalTrials.gov offers

a distinctive opportunity to comprehend the landscape of clinical

trials for specific disease groups or indications.

RSA poses a considerable challenge within the field of

reproductive medicine (23). Despite extensive efforts to elucidate
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its underlying etiologies, effective treatment options remain limited

(24). RSA is attracting increasing scholarly attention. A recent

Lancet Series published in 2021 critically assessed the existing

evidence on miscarriage (15, 25, 26), and an increasing number

of clinical studies have been undertaken to investigate the scientific

basis of RSA. Consequently, a comprehensive understanding of the

current characteristics of RSA clinical trials is essential for

improving trial design and identifying neglected areas of research.

Prior research has investigated the attributes of clinical trials

listed in the Clinical Trials.gov database across various medical

conditions (27–31).However, there is no study focusing on the

landscape of RSA clinical trials. The aim of this study is to

characterize the various aspects of these trials, such as study

design, enrollment, location, and study population in order to

provide valuable insights for policy makers, the medical research

community and pharmaceutical companies.
2 Materials and methods

As of March 2,2024, a total of 485,171 clinical trials were

registered on Clinical Trials.gov. A search was conducted on the

Clinical Trials.gov website in March 2024 using the keywords

recurrent pregnancy loss, recurrent miscarriage, recurrent

abortion, and habitual abortion. Subsequently, the four arms of

the identified trials were combined and any duplicates were

eliminated. A manual assessment of the study conditions and

titles of these trials was carried out to exclude those not relevant

to RSA. Ultimately, a total of 138 clinical trials met the inclusion

criteria for this study, as depicted in Figure 1.

The data collected for analysis included the study title, study

type, number of sites, enrollment, funder type, status, start date,

locations, condition, trial phases, design, participant gender, and

intervention type. A manual review was conducted for study

population and number of miscarriages. Study population was

defined as individuals eligible for participation in a study. The

study was deemed exempt from institutional review board oversight

as it solely utilized publicly accessible data devoid of personal

identifiers or involvement of human subjects.
3 Statistical analysis

Descriptive analyses indicate that categorical variables were

represented using both numerical counts and percentages. Data

processing and analysis were conducted using Microsoft Office Excel.
4 Results

4.1 Basic characteristics of registered
RSA trials

A total of 138 clinical studies were identified as being related to

RSA, consisting of 72 interventional studies (52.17%) and 66

observational studies(47.83%). The majority of trials began in 2010
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or later (121,87.68%). The progression of the number of trials over

time is illustrated in Figure 2. The majority of trials were conducted at

single-center facilities (108,78.26%). Of the 138 studies, nearly half

had a planned or actual enrollment of 100 patients or fewer

(67,48.55%), while only 15 (10.87%) studies enrolled more than

500 patients. The majority of studies included in the analysis were

funded by sources categorized as “other” (130,94.20%), with a small

percentage funded by industry (6, 4.35%) and NIH/US Federal

funding (2,1.45%). Among the 138 studies related to RSA, 60

(43.48%) were completed, 35 (25.36%) had an unknown status, and

15 (10.87%) were actively recruiting participants. The majority of
Frontiers in Endocrinology 03
trials included only female participants (130,94.20%). Table 1

provides an overview of basic clinical trial characteristics.
4.2 Geographical distribution and
transnational collaborative trials

Among the clinical trials examined, 14 did not specify their

respective regions. The remaining 124 trials were conducted

across various continents. Figure 3 illustrates the geographical

distribution and transnational collaborative relationships of these
FIGURE 1

Process of determining the included trials.
FIGURE 2

The number of clinical trials by year until Mar 2, 2024.
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trials. In this figure, each node represents an individual country,

with its color indicating the continent to which the country

belongs. The size of the node correlates with the number of

trials conducted by that country. Notably, Asia hosted the

highest number of clinical trials (46,33.33%), followed by

Europe (36,26.09%), Africa (29,21.01%), America (13,9.42%).

China hosted nearly one-fifth of all clinical trials (29,21.01%),

within three trials in Hong Kong and two in Taiwan. This was

followed by Egypt (28,20.29%), Denmark (8,5.80%), Turkey

(8,5.80%), and the United States (8,5.80%).
Frontiers in Endocrinology 04
The straight line symbolized the cooperative relationship

between countries, indicating that the nodes at both ends of the

line corresponded to two countries engaged in international clinical

trials. Conversely, nodes not connected to others by a straight line,

but instead linked by a curved line pointing to themselves, signified

that the country conducted only domestic, rather than

transnational, clinical trials. Consequently, European countries

demonstrated a transnational collaborative relationship in trials,

with the United Kingdom conducting trials with Spain, and Austria

collaborating with Poland and Germany.
4.3 Study population

Figure 4 illustrates the distribution of clinical trials based on the

study population. The majority of trials (61,44.20%) focused on

individuals with URSA. Additionally, a considerable proportion of

patients with RSA (47,34.06%) were included in trials without

specific categorization based on the underlying etiology. Other

prevalent study populations encompassed thrombophilia

(14,10.14%), thyroid disease (4,2.90%), immunological factors

(3,2.17%), male factors (2,1.45%), and insulin resistance

(2,1.45%). Out of the 138 studies related to RSA,75 (54.35%)

clinical trials involved women who experienced two or more

pregnancy losses, while 38 (27.54%) clinical trials included

women with three or more losses. Only 50 (36.23%) clinical trials

explicitly stated that the miscarriages were consecutive.
4.4 Characteristics of interventional studies

A total of 72 interventional studies were included in the

analysis, with their characteristics detailed in Table 2. The

majority of these studies (60,83.33%) utilized a parallel

assignment, while a smaller percentage (11,15.28%) employed a

single group assignment. Only one study utilized a factorial study

design. In terms of allocation strategy, the majority of studies (53,

73.61%) employed a randomized approach, while a smaller

percentage (10, 13.89%) used a non-randomized method.

Additionally, a further 9 studies (12.50%) did not provide

information on the allocation strategy. All interventional trials

included in the analysis reported information on masking, with

35 trials (48.61%) utilizing blinding techniques.

A total of 78 interventions were identified in various clinical

trials. These interventions were categorized as follows: drug

(49,62.82%), behavioral interventions (7,8.97%), procedures

(7,8.97%), genetic interventions (4,5.13%), devices (3,3.85%),

biological interventions (2,2.56%), dietary supplements (2,2.56%),

diagnostic interventions (1,1.28%), and other interventions

(3,3.85%). Figure 5 provides a comprehensive breakdown of each

intervention type. Within the drug category, anticoagulants were

utilized in 12 studies (24.49%), and immunotherapy was employed

in 21 studies (42.86%). Figure 6 presents a pie chart illustrating the

distribution of study drugs in registered interventional studies.
TABLE 1 Characteristics of RSA related trials registered on
Clinical Trials.gov.

Characteristic n=138, No. (%)

Study type

Interventional 72(52.17)

Observational 66(47.83)

No. of site

1 108 (78.26)

≥2 16 (11.59)

Not reported 14 (10.14)

Enrollment of patients

≤50 27 (19.57)

51-100 40 (28.98)

101-500 55(39.86)

>500 15 (10.87)

Not reported 1 (0.72)

Funding source

NIH/US Fed 2 (1.45)

Industry 6 (4.35)

Other 130 (94.20)

Recruitment status

Completed 60(43.48)

Active, not recruiting 5(3.62)

Not yet recruiting 13(9.42)

Recruiting 15(10.87)

Suspended 1(0.73)

Terminated 5(3.62)

Unknown status 35(25.36)

Withdrawn 4(2.90)

Gender of subjects

All 6(4.35)

Female 130(94.20)

Male 2(1.45)
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Notably, approximately one-third of these drug intervention trials

did not specify phase data, while slightly more than half were

classified as Phases 2-3 or 4 (51.39%). Figure 7 depicts the number

of trials conducted at each phase across various types of drug

interventions. Additionally, there is a notable increase in the

intervention types from 2010 to 2024, with a particular rise in

behavioral intervention trials. Figure 8 presents the annual number

of RSA clinical trials categorized by intervention type.
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5 Discussion

The objective of this study was to delineate the landscape of

registered RSA clinical trials on Clinical Trials.gov, with the

intention of establishing a foundation for the advancement of

disease prevention and treatment within the realm of RSA.

Our study revealed that RSA related clinical trials comprised a

mere 0.03% of all registered trials. The majority of these trials were
FIGURE 4

Number of clinical trials by study population.
FIGURE 3

Geographical distribution and transnational collaborative relationships of clinal trials. Each node represents a country, colored by continent. Node
size indicates the number of experiments, and lines show country cooperation.
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of a small scale and received funding primarily from sources other

than industry or NIH. The limited number of high-quality clinical

trials in this area may be attributed to the historically low priority

given to miscarriage (32).However, it is crucial to emphasize the

necessity for high-quality research in this domain, given the

association of RSA with enduring health issues, financial strains,

and psychological anguish (15, 25, 26, 32).
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The findings of previous meta-analyses did not indicate

significant geographical variations in the prevalence of RSA (33).

However, the distribution of RSA related clinical trials did not align

consistently with regional incidence rates of RSA. Our study

revealed that Asia conducted the highest number of registered

trials, with China and Egypt being the leading countries in terms

of trial quantity. Additionally, Turkey, the United States, and

Denmark each hosted eight clinical trials, placing them jointly in

the third position. This disparity in trial distribution may be

explained by societal and cultural factors that contribute to the

stigmatization, discrimination, and ostracism faced by childless

women, particularly in low-income regions (15). Furthermore,

there is a rising prevalence of RSA in both the United States (34)

and China (35). This escalating incidence of RSA in these nations

may have led to an increased emphasis on conducting clinical trials

in this area.

Men were significantly underrepresented in clinical trials

pertaining to RSA, with only 5.80% of such trials including male

participants. Despite the fact that half of the embryo’s genetic material

is contributed by the male partner, research has predominantly

focused on maternal factors such as gene mutations, endocrine

disorders, and uterine anatomical abnormalities. Recent studies have

suggested that male factors may also be influential in the occurrence of

RSA (36–40). One retrospective study has have reported that sperm

DNA fragmentation is markedly higher in men experiencing RSA

compared to fertile controls (41). However, A prospective cohort

study suggest that sperm DNA fragmentation does not appear to be

associated with RSA(NCT00447395) (42), highlighting the necessity

for further investigation in this domain (43).

Our analysis revealed that the URSA population has been the

focus of the majority of studies, as URSA accounts for nearly half of

all RSA cases (7).There is a notable concern regarding the inclusion of

women with a history of pregnancy losses in clinical trials, with 75

(54.35%) trials specifically enrolling women after two or more losses

and 38 (27.54%) trials enrolling women after three or more losses. A

significant portion of the studies (50,36.23%) reported that the

miscarriages were consecutive. Prioritizing the accurate diagnosis of

RSA is crucial in addressing the heightened data heterogeneity arising

from variations in study populations, which may be attributed to a

lack of consensus on the definition of RSA (44–47).For instance, the

Royal College of Obstetricians and Gynecologists (RCOG) defines

RSA as a minimum of three first-trimester miscarriages (43),while the

European Society of Human Reproduction and Embryology

(ESHRE) (3)and Chinese guidelines define it as at least two

miscarriages (48).Additionally, only the Chinese guidelines

incorporate consecutive miscarriages. Establishing a uniform

definition is crucial not only for standardizing protocols, but also

for promoting consistency in research and clinical practice (46).

The results of our study suggest that nearly half of clinical trials

focusing on RSA are interventional studies. Clinical trials has primarily

focused on drug interventions, particularly anticoagulants, which are

commonly utilized as a preventive measure for women with APS and

are increasingly administered to women with URSA (49).However,

ESHRE advise against the use of heparin for women with URSA

(3).This recommendation is supported by evidence from two multi-

center randomized trials, which found no significant benefit of heparin
TABLE 2 Characteristics of interventional studies.

Characteristic n=72, No. (%)

Interventional mode

Parallel 60(83.33)

Single group 11(15.28)

Factorial 1 (1.39)

Allocation

Randomized 53 (73.61)

Non-randomized 10 (13.89)

Not reported 9 (12.50)

Masking

Open 37 (51.39)

Single 9 (12.50)

Double 11(15.28)

Triple 3(4.17)

Quadruple 12(16.67)

Intervention type

Drug 49(62.82)

Procedure 7(8.97)

Biological 2(2.56)

Dietary-supplement 2(2.56)

Diagnostic 1(1.28)

Behavioral 7(8.97)

Device 3(3.85)

Genetic 4(5.13)

Other 3(3.85)

Phase

Early Phase 1 2(2.78)

Phase 1 3 (4.17)

Phase 1-2 3 (4.17)

Phase 2 10 (13.89)

Phase 2-3 4 (5.56)

Phase 3 11 (15.28)

Phase 4 12 (16.67)

Not reported 27 (37.50)
Percentages may not sum to 100% as rounding.
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compared to placebo or multivitamin supplementation(NCT00740545,

NCT00400387) (50, 51).Additionally, several trials have investigated

the efficacy of newmedications, such as IVIG, intralipid, and G-CSF, in

addressing the clinical needs for URSA treatment. A high-quality
Frontiers in Endocrinology 07
randomized controlled trial (RCT) identified that IVIG

administration significantly enhances LBR in women experiencing

four or more unexplained pregnancy losses (NCT02184741) (52).

Based on these findings, ESHRE conditionally recommends the early
FIGURE 5

Distribution of clinical trials by intervention type. These included the following interventions. Drug49. Procedure 7(hysteroscope 2,IVF/ICSI 2.
lymphocyte immunotherapy 1 acupuncture 1,medical evacuation1). Each specific intervention of behavioral genetic device based, biological,
diagnostic, dietary supplement, and other interventions, underwent evaluation in an individual trial.
FIGURE 6

Pie chart showing study drug distribution of registered interventional studies. Other drugs include Sildenafil 4, antibiotics and vaginal probiotics 1,
insert vaginal tablet isosorbide mononitrate 1, GB-0998 land NT100 1.
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administration of repeated high-dose IVIG therapy in pregnant women

with URSA (3). However, the efficacy of G-CSF remains inconclusive,

as evidenced by conflicting outcomes from two clinical trials involving

women with URSA. In one RCT, G-CSF was associated with an

improved LBR compared with placebo(NCT00772122) (53).

Conversely, in a larger RCT, G-CSF did not demonstrate any benefit

(NCT02156063) (54).Given the high quality of the latter trial, ESHRE

considers its findings to supersede earlier reports and does not

recommend the use of G-CSF in patients with URSA (3). In

addition, ESHRE does not recommend intralipid therapy for URSA

due to insufficient evidence (3).
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While clinical studies on RSA drugs constitute the majority of

intervention research, novel treatment approaches, particularly

behavioral interventions, are continually being developed. At

present, seven pertinent studies are registered on ClinicalTrials.gov,

with three having reached completion (NCT02989220,

NCT04361747, NCT03023137), however, their findings have yet to

be disclosed. Notably, some research has indicated a correlation

between stress, obesity, and RSA (25, 55–60).Both ESHRE and

RCOG advocate for additional research to advance psychological

support and lifestyle modifications for RSA women and their

partners (3, 43).
FIGURE 7

The number of trials in each phase in various drug intervention types.
FIGURE 8

Annual number of RSA clinical trials by intervention type until March 2, 2024.
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Our study has some limitations. Firstly, it should be noted that

Clinical Trials.gov does not encompass all clinical trials related to

RSA conducted globally, as a portion of trials are registered in

alternative databases such as the Chinese clinical trial registry or

European union clinical trial Registry. Although we considered

incorporating additional registries into our analysis, doing so could

potentially compromise the level of detail and accuracy afforded by

utilizing a single data source. The data fields across different

registries are not uniform, either in terms of their existence or

their coding, and the reporting standards of some international

registries may not be applicable to ClinicalTrials.gov (61). Secondly,

certain trials may have omitted crucial elements or keywords during

registration. Lastly, misclassification may potentially result in

erroneous conclusions being drawn from the data.
6 Conclusion

This research offers a comprehensive overview of global clinical

trials related to RSA. Our results indicate that the research activity

of RSA is inadequate for the progression of prevention and

treatment strategies. There is a pressing need for high-quality

research and further investigation into the roles of psychological

support and male factors in RSA.
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.
Author contributions

XZ: Conceptualization, Data curation, Investigation, Writing –

original draft, Writing – review & editing. FL: Writing – review &
Frontiers in Endocrinology 09
editing, Funding acquisition, Project administration, Supervision.

WC: Writing – review & editing, Conceptualization, Data curation,

Formal analysis, Investigation. CZ: Supervision, Validation, Writing

– review & editing. YD: Writing – review & editing. TW: Writing –

review & editing, Supervision, Validation. SX: Supervision, Writing

– review & editing. HD: Supervision, Writing – review & editing.

MT: Funding acquisition, Methodology, Writing – review & editing.

WG: Supervision, Writing – review & editing. EL: Funding

acquisition, Software, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by Sichuan Provincial Department of Science and

Technology (2023YFG0277), the Foundation of Chengdu Medical

Scientific Research project (2023004), Yingcai Scheme, Chengdu

Women’s and Children’s Central Hospital (YC2023010), Sichuan

maternal and child medical science and Technology innovation

project (FXYB06).
Conflict of interest

The research was conducted in the absence of any commercial

or financial relationships that could be construed as a potential

conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. McNestry C, Killeen SL, Crowley RK, McAuliffe FM. Pregnancy complications
and later life women’s health. Acta Obstetricia Gynecologica Scandinavica. (2023)
102:523–31. doi: 10.1111/aogs.v102.5

2. Genovese HG, McQueen DB. The prevalence of sporadic and recurrent
pregnancy loss. Fertility Sterility. (2023) 120:934–6. doi: 10.1016/j.fertnstert.
2023.08.954

3. European Society of Human Reproduction & Embryology (ESHRE). Guideline on
the management of recurrent pregnancy loss, update 2022. (2022). Available at: https://
www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss.

4. D’Ippolito S, Ticconi C, Tersigni C, Garofalo S, Martino C, Lanzone A, et al. The
pathogenic role of autoantibodies in recurrent pregnancy loss. Am J Reprod Immunol.
(2020) 83:e13200. doi: 10.1111/aji.13200

5. Ticconi C, Di Simone N, Campagnolo L, Fazleabas A. Clinical consequences of
defective decidualization. Tissue Cell. (2021) 72:101586. doi: 10.1016/j.tice.2021.101586

6. 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 J Reprod
Immunol. (2015) 74:542–52. doi: 10.1111/aji.12429
7. Yu N, Kwak-Kim J, Bao S. Unexplained recurrent pregnancy loss: Novel causes
and advanced treatment. J Reprod Immunol. (2023) 155:103785. doi: 10.1016/
j.jri.2022.103785

8. Sonia Giouleka ITEAea. Investigation and management of recurrent pregnancy
loss: A comprehensive review of guidelines. Obstet Gynecol Surv. (2023) 78:287–301.
doi: 10.1097/OGX.0000000000001133

9. Hamulyák EN, Scheres LJJ, Marijnen MC, Goddijn M, Middeldorp S. Aspirin or
heparin or both for improving pregnancy outcomes in women with persistent
antiphospholipid antibodies and recurrent pregnancy loss. Cochrane Database
Systematic Rev. (2020) 5:CD012852. doi: 10.1002/14651858.CD012852.pub2

10. Mu F, Huang J, Zeng X, Liu L, Wang F. Efficacy and safety of recombinant
human granulocyte colony-stimulating factor in patients with unexplained recurrent
spontaneous abortion: A systematic review and meta-analysis. J Reprod Immunol.
(2023) 156:103830. doi: 10.1016/j.jri.2023.103830

11. Shi Y, Tan D, Hao B, Zhang X, Geng W, Wang Y, et al. Efficacy of intravenous
immunoglobulin in the treatment of recurrent spontaneous abortion: A systematic
review and meta-analysis. Am J Reprod Immunol. (2022) 88:e13615. doi: 10.1111/
aji.13615
frontiersin.org

https://doi.org/10.1111/aogs.v102.5
https://doi.org/10.1016/j.fertnstert.2023.08.954
https://doi.org/10.1016/j.fertnstert.2023.08.954
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss
https://www.eshre.eu/Guidelines-and-Legal/Guidelines/Recurrent-pregnancy-loss
https://doi.org/10.1111/aji.13200
https://doi.org/10.1016/j.tice.2021.101586
https://doi.org/10.1111/aji.12429
https://doi.org/10.1016/j.jri.2022.103785
https://doi.org/10.1016/j.jri.2022.103785
https://doi.org/10.1097/OGX.0000000000001133
https://doi.org/10.1002/14651858.CD012852.pub2
https://doi.org/10.1016/j.jri.2023.103830
https://doi.org/10.1111/aji.13615
https://doi.org/10.1111/aji.13615
https://doi.org/10.3389/fendo.2024.1460968
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhou et al. 10.3389/fendo.2024.1460968
12. Canella PRBC, Barini R, Carvalho P, Razolli DS. Lipid emulsion therapy in
women with recurrent pregnancy loss and repeated implantation failure: The role of
abnormal natural killer cell activity. J Cell Mol Med. (2021) 25:2290–6. doi: 10.1111/
jcmm.16257

13. Ma N, Qin R, Qin W, Liao M, Zhao Y, Hang F, et al. Oral immunosuppressants
improve pregnancy outcomes in women with idiopathic recurrent miscarriage: A meta-
analysis. J Clin Pharm Ther. (2022) 47:870–8. doi: 10.1111/jcpt.13629

14. Devall AJ, Papadopoulou A, Podesek M, Haas DM, Price MJ, Coomarasamy A,
et al. Progestogens for preventing miscarriage: a network meta-analysis. Cochrane
Database Systematic Rev. (2021) 4:CD013792. doi: 10.1002/14651858.CD013792.pub2

15. Coomarasamy A, Dhillon-Smith RK, Papadopoulou A, Al-Memar M, Brewin J,
Abrahams VM, et al. Recurrent miscarriage: evidence to accelerate action. Lancet.
(2021) 397:1675–82. doi: 10.1016/S0140-6736(21)00681-4

16. Quenby S, Booth K, Hiller L, Coomarasamy A, de Jong PG, Hamulyák EN, et al.
Heparin for women with recurrent miscarriage and inherited thrombophilia (ALIFE2):
an international open-label, randomized controlled trial. Lancet. (2023) 402:54–61.
doi: 10.1016/s0140-6736(23)00693-1

17. Hou Z, Jiang F, Yang J, Liu Y, Zha H, Yang X, et al. What is the impact of
granulocyte colony-stimulating factor (G-CSF) in subcutaneous injection or
intrauterine infusion and during both the fresh and frozen embryo transfer cycles on
recurrent implantation failure: a systematic review and meta-analysis? Reprod Biol
Endocrinol. (2021) 19:125. doi: 10.37766/inplasy2021.7.0040

18. Würfel W. Treatment with granulocyte colony-stimulating factor in patients
with repetitive implantation failures and/or recurrent spontaneous abortions. J Reprod
Immunol. (2015) 108:123–35. doi: 10.1016/j.jri.2015.01.010

19. Stergiopoulos S, Getz KA, Blazynski C. Evaluating the completeness of
clinicalTrials.gov. Ther Innov Regul Sci. (2019) 53:307–17. doi: 10.1177/2168479018782885

20. Califf RM, Zarin DA, Kramer JM, Sherman RE, Aberle LH, Tasneem A.
Characteristics of clinical trials registered in ClinicalTrials.gov, 2007-2010. Jama.
(2012) 307:1838–47. doi: 10.1001/jama.2012.3424

21. Gu W, Xu Y, Chen X, Jiang H. Characteristics of clinical trials for non-small cell
lung cancer therapeutic vaccines registered on ClinicalTrials.gov. Front Immunol.
(2022) 13:936667. doi: 10.3389/fimmu.2022.936667

22. Zarin DA, Ide NC, Tse T, Harlan WR, West JC, Lindberg DA. Issues in the
registration of clinical trials. Jama. (2007) 297:2112–20. doi: 10.1001/jama.297.19.2112

23. Ali A, Elfituri A, Doumouchtsis SK, Zini ME, Jan H, Ganapathy R, et al.
Managing couples with recurrent miscarriage: A narrative review and practice
recommendations. Int J Gynecol Obstet. (2024) 164:499–503. doi: 10.1002/ijgo.v164.2

24. Tsonis O, Balogun S, Adjei JO, Mogekwu O, Iliodromiti S. Management of
recurrent miscarriages: an overview of current evidence. Curr Opin Obstet Gynecol.
(2021) 33:370–7. doi: 10.1097/GCO.0000000000000735

25. Coomarasamy A, Gallos ID, Papadopoulou A, Dhillon-Smith RK, Al-Memar M,
Brewin J, et al. Sporadic miscarriage: evidence to provide effective care. Lancet. (2021)
397:1668–74. doi: 10.1016/S0140-6736(21)00683-8

26. Quenby S, Gallos ID, Dhillon-Smith RK, Podesek M, Stephenson MD, Fisher J,
et al. Miscarriage matters: the epidemiological, physical, psychological, and economic
costs of early pregnancy loss. Lancet. (2021) 397:1658–67. doi: 10.1016/S0140-6736(21)
00682-6

27. Vuyyuru SK, Ma C, Sharma T, Nguyen TM, Bessissow T, Narula N, et al.
Characteristics of interventional trials for patients living with intestinal stoma
registered in clinicalTrials.gov with a focus on inflammatory bowel disease.
Inflammatory Bowel Dis. (2023) 9:2037–45. doi: 10.1093/ibd/izad293

28. Shaffer A, Sheikh O, Prasad A. Cardiogenic shock: A systematic review of clinical
trials registered with clinicalTrials.gov. J invasive Cardiol. (2020) 32:E86–96.
doi: 10.25270/jic/19.00405

29. Alorfi NM, Alshehri FS. Usage of glucagon-like peptide-1 for obesity in children;
updated review of clinicaltrials.gov. J Multidiscip Healthcare. (2023) 16:2179–87.
doi: 10.2147/JMDH.S419245

30. Hu H, Wang X, Huang P. Result reporting and early discontinuation of sepsis
trials registered on ClinicalTrials.gov. J Evidence-Based Med. (2023) 16:186–93.
doi: 10.1111/jebm.12543

31. Schmaling KB, Kaplan RM. Depression trial results: A cross-sectional study of
ClinicalTrials.gov. J Psychiatr Res. (2023) 2023:461–6:161. doi: 10.1016/j.jpsychires.2023.04.004

32. The L. Miscarriage: worldwide reform of care is needed. Lancet. (2021) 397:1597.
doi: 10.1016/S0140-6736(21)00954-5

33. Goddijn M, van Wely M, Quenby S, Kirk E, Limpens J, Kolte AM, et al.
Recurrent pregnancy loss: diagnostic workup after two or three pregnancy losses? A
systematic review of the literature and meta-analysis. Hum Reprod Update. (2020)
26:356–67. doi: 10.1093/humupd/dmz048

34. Rossen LM, Ahrens KA, Branum AM. Trends in risk of pregnancy loss among
US women, 1990–2011. Pediatr Perinatal Epidemiol. (2017) 32:19–29. doi: 10.1111/
ppe.12417

35. Li X-L, Du D-F, Chen S-J, Zheng S-H, Lee AC, Chen Q. Trends in ectopic
pregnancy, hydatidiform mole and miscarriage in the largest obstetrics and gynecology
hospital in China from 2003 to 2013. Reprod Health. (2016) 13:58. doi: 10.1186/s12978-
016-0181-5
Frontiers in Endocrinology 10
36. Cannarella R, Crafa A, Condorelli RA, Mongioì LM, La Vignera S, Calogero AE.
Relevance of sperm imprinted gene methylation on assisted reproductive technique
outcomes and pregnancy loss: a systematic review. Syst Biol Reprod Med. (2021)
67:251–9. doi: 10.1080/19396368.2021.1909667

37. du Fossé NA, van der Hoorn M-LP, de Koning R, Mulders AGMGJ, van Lith
JMM, le Cessie S, et al. Toward more accurate prediction of future pregnancy outcome
in couples with unexplained recurrent pregnancy loss: taking both partners into
account. Fertility Sterility. (2022) 117:144–52. doi: 10.1016/j.fertnstert.2021.08.037
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