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Inflammation in recurrent miscarriage
— a comprehensive perspective from uterine
microenvironment and immune cell imbalance
to therapeutic strategies
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ABSTRACT

Recurrent miscarriage, poses a significant challenge for many couples globally, the causes of which are not fully under-
stood. Recent studies have shown the intricate link between uterine inflammation and recurrent miscarriages. While
inflammation is essential during early pregnancy stages, especially in embryo implantation, an imbalance can lead
to miscarriage. Key inflammatory mediators and an imbalance in immune cells can significantly alter and contribute to
recurrent miscarriages. Lifestyle factors like smoking and obesity exacerbate inflammatory responses, increasing miscar-
riage risks. Understanding the interaction between the uterine environment, immune cell imbalances, and recurrent
miscarriages is essential for devising effective treatments. This paper presents the latest data on inflammation’s role in
recurrent miscarriage, emphasizing the significance of diagnosing chronic endometritis and immune imbalances, offer-

ing practical recommendations for treatment and diagnosis.

Keywords: endometrium; immune cells; recurrent miscarriage; inflammatory cytokines

Ginekologia Polska 2024; 95, 4: 266-275

INTRODUCTION

Recurrent miscarriage, which refers to experiencing two
or more consecutive pregnancy losses, is a big challenge for
many couples around the world [1].In recent years, there has
been a lot of attention on the complex relationship between
inflammation in the uterus and recurrent miscarriages [2].
Under typical physiological conditions, inflammation plays
a pivotal role during the early stages of pregnancy, especially
in embryo implantation [3]. However, when this inflamma-
tory balance is disrupted, particularly within the uterine
lining, key inflammatory mediators such as tumor necrosis
factor-alpha (TNF-a), interferon-gamma (IFN-y), and inter-
leukin-6 (IL-6) can change significantly in concentration and
potentially lead to recurrent miscarriages [4, 5]. Moreover,
lifestyle and environmental factors such as smoking and
obesity have been proven to increase inflammatory re-
sponses and raise the risk of miscarriage [6]. The imbalance
of immune cells during this process might also be a critical
component [7, 8]. Therefore, it is extremely important to fully
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understand how the uterine microenvironment interacts
with immune cell imbalances and recurrent miscarriages
in order to develop targeted therapeutic strategies that
can provide more effective treatments for affected couples.
This article explores the role of inflammation in recur-
rent miscarriage, with a focus on the uterine microenviron-
ment and immune cell imbalance. Chronic endometritis
(CE) can contribute to this imbalance, and antibiotic therapy
is considered the treatment of choice for CE. The article
emphasized the importance of accurate diagnosis of CE
and immune imbalance and provides clinicians with the
treatment and diagnosis of practical recommendations.

ENDOMETRIUM MICROENVIRONMENT
The endometrium underwent cyclical changes in prepa-
ration for pregnancy, creating a microenvironment that was
favorable for embryo implantation. A balanced inflamma-
tory response was essential for successful implantation.
However, prolonged or excessive inflammation could hinder

Prenatal Screening and Diagnosis Center, Nantong Municipal Maternal and Child Health Hospital, Nantong, 226010 Jiangsu, China

Phone: 15996583323
e-mail: wsdmn18@126.com

Received: 7.09.2023 Accepted: 1.01.2024 Early publication date: 25.01.2024

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles and
share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

266


https://orcid.org/0000-0002-6789-872X
https://orcid.org/0009-0004-7884-9474
https://orcid.org/0000-0001-6191-0444

Mengsi Lin et al,, Inflammation in recurrent miscarriage

normal embryo implantation and development. Chronic
endometritis, characterized by sustained inflammation,
had significant implications for a woman'’s reproductive
outcomes. Research indicated that chronic endometritis
exacerbated uterine fibrosis and negatively impacted repro-
ductive outcomes, especially in women with moderate to
severe intrauterine adhesions and those who experienced
recurrent early pregnancy loss [9]. Additionally, chronic
endometritis was frequently implicated in repeated implan-
tation failures, suggesting its pivotal role in miscarriages
[7,10-15]. Additionally, chronic endometritis was frequently
implicated in repeated implantation failures, suggesting its
pivotal role in miscarriages [16]. The endometrial microbi-
ome was crucial for the success or failure of embryo implan-
tation. Investigations revealed that these microorganisms
were not solely of vaginal origin but maintained a distinct
presence in the endometrium. Hormonal modulation might
have influenced these microbial populations within endo-
metrial epithelial cells. In the realm of assisted reproductive
technology, alterations in the microbial composition at the
embryo-endometrium interface could influence the success
of embryo implantation [17]. In particular, the disorder of
endometrial microbial community is lead to the potential
cause of the failure of the blastocyst implantation in pa-
tients with in vitro fertilization [18]. Moreover, dysregulation
of the endometrial microbiome has been linked to other
pregnancy pathologies, underscoring the importance of
microbiome balance for a successful pregnancy [19, 20].
Notably, after antibiotic treatment, the pregnancy outcomes
of these women with chronic endometritis showed signifi-
cant improvement [12, 21, 22]. These findings underscore
a definitive relationship between chronic endometritis and
miscarriage, and appropriate treatment might enhance the
reproductive outcomes for women.

The relationship between endometritis and miscar-
riage has been confirmed in multiple studies. Inflammation
plays a crucial role in normal implantation and pregnancy
processes [15]. However, when the inflammatory response
is excessive, it may lead to miscarriage. This excessive in-
flammation might be due to a deficiency in the number of
CD56brightCD16— natural killer (NK) cells in the endome-
trium or theirimpaired function [23]. These NK cells are the
primary regulators of inflammation levels at the placental
interface [24]. They can be stimulated by placental frag-
ments and apoptotic cells, leading to the production of
inflammatory cytokines. When there is an excessive number
of placental fragments and apoptotic cells, they might am-
plify the inflammatory response of NK cells to levels harmful
to the embryo.This amplified inflammatory response could
be a self-perpetuating process that eventually results in
amiscarriage. Therefore, there is a clear association between
endometrial inflammation and miscarriage, where NK cells

play a key role in regulating inflammation levels and main-
taining pregnancy stability.

INFLAMMATORY CYTOKINES

Inflammatory cytokines play a pivotal role during preg-
nancy. In a typical pregnancy process, certain inflammatory
cytokines aid in the implantation of the embryo and the
formation of the placenta. However, when the levels of
these factors become imbalanced, it can lead to adverse
pregnancy outcomes. Below is a detailed description of
the impact of other inflammatory cytokines on pregnancy.

The pro-inflammatory cytokines

The pro-inflammatory cytokines, such as TNF-q, IL-6,
and interleukin-1p (IL-1B), are produced during inflamma-
tory processes [25-27]. At normal levels, these factors aid in
embryo implantation. However, when their levels become
elevated, they can lead to embryo implantation failure,
placental dysfunction, and miscarriage. Tumor necrosis
factor-alpha has been associated with an increased risk
of recurrent miscarriage, especially in individuals with the
HLA-DR3 genotype, which is linked to high TNF-a produc-
tion [28]. Tumor necrosis factor-alpha can not only amplify
the inflammatory response, which may adversely affect
embryo implantation and growth, but also induce exces-
sive apoptosis of embryo and endometrial cells, leading to
embryo implantation failure or early abortion [29]. In addi-
tion, TNF-a may also interfere with the blood supply of the
endometrium, disrupt the type 1T helper cells (Th1)/type 2T
helper cells (Th2) balance of immune cells, and change
the endometrial environment, making it unfavorable for
embryo implantation [30, 31]. Research has shown that in
patients who have miscarried, there’s a significant increase
in the serum levels of TNF-q, IFN-y, interleukin-2 (IL-2), IL-17A,
and IL-17F2 [32]. Furthermore, some women at risk of mis-
carriage have been treated with TNF-a inhibitors. In these
patients, the human chorionic gonadotropin (hCG) trajec-
tory returned to a normal pattern within a week, and the
obstetric outcomes were encouraging [33]. Interleukins,
as a key group of inflammatory factors, have a significant
correlation with recurrent miscarriage. Studies have found
that, compared to women with recurrent miscarriages, the
cytokines of T-helper cells, especially IL-6, are significantly
reduced in these women [34]. This reduced expression pat-
tern is further confirmed in the IL-6 and IL-1a mRNA of the
secretory phase endometrium [35]. Moreover, the expres-
sion of interleukin-15 (IL-15) and leukemia inhibitory factor
in the endometrium of women with recurrent implantation
failure after in vitro fertilization (IVF) is related to the number
of uNK cells, suggesting their potential role in recurrent mis-
carriage [36]. Notably, compared to women with idiopathic
recurrent miscarriage, there are polymorphisms in the gene
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encoding for the Interleukin-1 receptor antagonist, provid-
ing new clues for the etiology of miscarriage [37]. Lastly,
the significant reduction of interleukin-25 (IL-25) and the
upregulation of IL-2 further emphasize the pivotal role of
interleukins in recurrent miscarriage [38]. These research
findings collectively reveal the central role of interleukins in
recurrent miscarriage, providing valuable insights for future
therapeutic strategies.

On the other hand, CD16- CD56bright NK cells within the
uterus appear to be the primary regulators of inflammation
levels at the placental interface, possessing a high capabil-
ity for cytokine secretion [39]. Specifically, the presence of
s-HLA-G in the serum can modulate the cytokine production
of uterine lymphocytes, thereby reducing the IFN-y pro-
duced by these lymphocytes [40]. The article also mentions
other factors related to inflammation and miscarriage. The
role of indoleamine 2,3-dioxygenase (IDO) in human preg-
nancies requires further elucidation. Indoleamine 2,3-dioxy-
genase might be associated with the function of placental
cells and macrophages, which might prevent a type IV in-
flammatory response against heterologous antigens on the
placenta by producing IDO, targeting T lymphocytes [41].
These inflammatory cytokines may play a pivotal role in
both normal and abnormal pregnancies, underscoring the
central role of inflammation in miscarriages [42].

The anti-inflammatory cytokines

Anti-inflammatory cytokines, especially IL-10 and TGF-,
play a pivotal role in maternal immune regulation, ensur-
ing harmonious coexistence between the mother and the
embryo. The establishment of this harmonious relationship
is partly attributed to the collaboration of regulatory T cells
with IL-10 or TGF-f, working together to enhance mater-
nal immune tolerance, thereby providing a safe growth
environment for the embryo [43-45]. This perspective is
corroborated by the dominant expression of IL-10 and
TGF-B in y&T cells in the human early pregnancy decidua,
suggesting their immunoregulatory potential in prevent-
ing excessive maternal immune responses to the embryo
[46, 47]. However, when this balance is disrupted, as seen
in patients with unexplained early recurrent miscarriages,
the function of regulatory T cells may be compromised,
leading to dysregulation of T helper cells producing inter-
leukin-17 [48]. Furthermore, polymorphisms of cytokine
genes associated with miscarriage, such as TNF-q, IFN-y,
TGF-B, IL-6, and IL-10, further highlight the central role
of anti-inflammatory cytokines in recurrent miscarriage
[49, 50]. Overall, there is a significant correlation between
anti-inflammatory cytokines and recurrent miscarriage,
and their abnormal expression or dysfunction may lead
to an excessive immune system attack on the embryo,
increasing the risk of miscarriage [51, 52].

Prostaglandins

Prostaglandins, such as prostaglandin E2 (PGE2), play
a pivotal role in normal pregnancies, aiding in embryo im-
plantation and uterine dilation [53, 54]. However, an imbal-
anceinits levels can lead to uterine contractions, potentially
triggering preterm birth. Studies have revealed that peri-
odontitis might lead to an abnormal increase in PGE2 levels,
which is associated with preterm birth and preeclampsia,
suggesting that animbalance in PGE2 levels might be linked
to adverse pregnancy outcomes [55]. Moreover, variations in
prostaglandin and hormone levels during embryo implanta-
tion, pregnancy, and lactation in women prone to miscar-
riages further validate the crucial role of prostaglandins
during pregnancy [56]. When considering the relationship
between inflammation and pregnancy, the role of PGE2 be-
comes particularly significant, especially in inflammation
responses related to pregnancy [53]. More critically, amniotic
cavity infections are associated with an increase in PGE2,
which might be linked to preterm birth. Lastly, infections by
Porphyromonas gingivalis mightimpact the levels of PGE2,
further hinting at its potential role in infection-induced
miscarriages [57]. In conclusion, prostaglandins, especially
PGE2, have a significant correlation with recurrent miscar-
riages, and animbalance in their levels might lead to adverse
pregnancy outcomes.

CHANGES IN IMMUNE CELLS
T cells

Immune cells such as macrophages, T cells, and natural
killer cells play a pivotal role during pregnancy. Their ac-
tivation status, quantity, and functional changes may be
associated with inflammation and the risk of miscarriage.
T cells can produce various cytokines, like leukemia inhibito-
ry factor (LIF) and Th2 cytokines [58]. These factors are crucial
in normal pregnancies, butin women with recurrent miscar-
riages, the production of these factors might be defective
[59]. Regulatory T cells (Tregs) are a specific type of T cell that
plays a key role in immune regulation. Studies have found
that the function of Tregs might be compromised in patients
with recurrent miscarriages, especially in their inhibitory
effect onT helper cells producing interleukin-17 [60]. In nor-
mal pregnancies, both the number and function of Tregs in-
crease, aiding the maternal immune system in accepting the
semi-allogeneic embryo [61]. Tregs prevent other immune
cells, like effector T cells, from attacking the embryo [62].
Abnormalities in Tregs in recurrent miscarriages, in some
women with recurrent miscarriages, the number and/or
function of Tregs might be compromised [63]. This suggests
that their immune system might not effectively suppress
the immune response against the embryo, increasing the
risk of miscarriage. Studies have found that the inhibitory
effect of Tregs on T helper cells producing interleukin-17 is
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compromised in patients with unexplained recurrent mis-
carriages [48]. Interleukin-17 is a pro-inflammatory cytokine,
and excessive interleukin-17 might lead to inflammatory
responses affecting embryo implantation and development
[64].T cells not only interact with otherT cells but also with
other types of immune cells, such as macrophages and
natural killer cells [65]. These interactions might influence
pregnancy outcomes.

Macrophages

Macrophages are a key immune cell population at the
maternal-fetal interface, playing a crucial role in the normal
implantation and development of the embryo [66]. How-
ever, studies have found that obesity, changes in body mass
index (BMI), activation of mediator of IRF3 activation (MITA),
and otherimmune responses might affect the function and
number of macrophages [67]. Specifically, abnormal activa-
tion and increased numbers of macrophages are associated
with recurrent miscarriages. For instance, an increase in
the number of macrophages in the endometrium during the
mid-luteal phase is associated with an increased risk of
miscarriage [68]. Additionally, the overexpression of FasL in
macrophages during spontaneous miscarriages might be
related to the apoptosis of placental cells [69]. In summary,
changes in the function and number of macrophages might
be key factors leading to recurrent miscarriages.

Natural killer cells

Natural killer cells within the uterus play a crucial role in
embryo implantation and the maintenance of pregnancy
[70-72]. However, there are evident alterations in the NK
cells within the uterus of patients with recurrent sponta-
neous miscarriages, and such abnormalities might exert
detrimental effects on the normal development of the fetus
[72, 73]. In fact, studies have unveiled a close association
between elevated levels of NK cells and IVF failures as well
as recurrent miscarriages, suggesting that an overactivity
or excessive number of NK cells might adversely impact the
embryo [23, 74]. Notably, pharmacological interventions,
such as the pre-pregnancy use of prednisolone, have been
demonstrated to effectively reduce the number of NK cells
within the uterus, offering a new strategy for the treat-
ment of recurrent miscarriages [75, 76]. Furthermore, the
increased number of NK cells in the uterus of women with
recurrent miscarriage may lead to an imbalance of the im-
mune response, which in turn affects the implantation and
growth of the embryo [77]. Thisimbalance may be due to the
womb NK cells and other immune cells, such as T cells and
macrophages, the interaction between is broken [78, 79].
Study also found that the NK cells in peripheral blood of
pregnant women during pregnancy can absorb microRNAs
associated with placenta, these microRNAs play A key role

in regulating gene expression [80]. Vascular endothelial
growth factor C contributes to immune tolerance and en-
hanced endothelial activity in human uterine NK cells at the
maternal-fetal interface [81]. Research has also found that
the recurrent spontaneous abortion women and in vitro
fertilization failure, NK cells on the expression of CD69 and
CD161 and CD94 increase [82]. According to a study, NK
cells mediate maternal recognition of the trophoblast cells
of the placenta through uterine NK cells, a key mechanism
ensuring the fetus isn't rejected by the maternal immune
system. Firstly, according to a study, NK cells mediate ma-
ternal recognition of the trophoblast cells of the placenta
through uterine NK cells, a key mechanism ensuring the
fetus isn't rejected by the maternal immune system. This
mechanism aids the mother in successfully accepting and
supporting a semi-allogeneic fetus, thereby avoiding poten-
tial immune rejection [83]. Secondly, a study in Endocrine
Reviews points out that the activity and number of NK cells
in early pregnancy are regulated by hormones, such as
progesterone and estrogens [83]. This hormonal regulation
might be related to the successful implantation and growth
of the embryo, as they can influence the function of NK cells,
providing a more favorable environment for the embryo.
More importantly, according to a study, uterine NK cells are
considered the primary source of angiogenic factors [84].
These growth factors are vital for the remodeling of spiral
arteries, ensuring the placenta receives adequate blood
supply, supporting embryo growth and development [85].
Furthermore, a study in the FASEB Journal emphasizes that
uterine NK cells are also considered key factors initiating the
remodeling of spiral arteries [86]. These cells promote
the dilation and maturation of spiral arteries by secreting
various growth factors and cytokines, ensuring the placenta
receives ample blood supply [87]. However, despite consid-
erable interestin the role of uterine NK cells during pregnan-
cy, a study in ScienceDirect suggests that their role during
pregnancy might be more complex than previously thought.
This implies that more research is needed to delve deeper
into the exact role of NK cells during pregnancy [86, 88].
In conclusion, the multifaceted roles of NK cells during preg-
nancy ensure the healthy development of the embryo and
the successful progression of pregnancy, as amply con-
firmed in numerous studies.

INFECTION
Some chronic or acute infections (such as certain bacte-
rial or viral infections) may lead to an inflammatory response
in the uterus, thereby increasing the risk of miscarriage.

Bacterial infection
Chronic endometritis is a long-standing inflammation of
the endometrium, which may be caused by various reasons,
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including bacterial infections. Studies have found that com-
mon bacteria and chlamydia are one of the main causes of
this inflammation [89, 90]. This inflammation may affect the
uterine environment, making it unfavorable for embryo
implantation and growth. In women with recurrent miscar-
riages, the presence of chronic endometritis can be reliably
detected through hysteroscopy [91]. Notably, after antibi-
otic treatment, the pregnancy outcomes of these women
significantly improved, further confirming the association
between bacterial infections and recurrent miscarriages
[92]. Additionally, bacterial vaginosis is a common vaginal
infection, mainly due to an imbalance of the normal vagi-
nal flora [93]. This imbalance may increase the growth of
other harmful bacteria, leading to inflammation. Research
has found that bacterial vaginosis is not only a risk factor
for preterm birth but also a strong risk factor for recurrent
miscarriage [94]. This may be because this infection alters
the uterine microenvironment, making it unfavorable for
embryo implantation and growth. Chlamydia trachomatis
is a common sexually transmitted bacterium that can cause
various reproductive system diseases [95]. Research has
found that Chlamydia trachomatis infection is associated
with miscarriage. This may be because the inflammatory
response caused by this bacterial infection is detrimen-
tal to embryo implantation and growth [96]. If Chlamydia
trachomatis infection is detected, appropriate treatment
should be administered to prevent recurrent miscarriag-
es. Bacterial or fungal infections may activate certain cells of
the immune system, such as macrophages and T cells [97].
This activation may initiate a series ofimmune events, such
as inflammatory responses, which may be detrimental to
embryo implantation and growth. This immune response
may be one of the reasons for miscarriage.

Viral infection

The relationship between recurrent miscarriage and
viral infection has been clearly confirmed in multiple stud-
ies. For example, some studies have pointed out that the
dysfunction of PR-SET7 in the placenta may be related to
various viral infection responses, suggesting that viral in-
fections may affect the health and growth of the embryo.
MITA, as a potential therapeutic target for viral infections
and virus-related diseases, its relationship with recurrent
miscarriage has also been focused on, implying that its
functional changes may increase the risk of miscarriage
[98]. Moreover, the activity of natural killer cells, especially
in the early response to viral infections, is believed to be
related to infertility and recurrent miscarriage. This further
emphasizes that viral infections may affect the maternal
immune response, thereby increasing the risk of miscar-
riage [99]. Viral infections during pregnancy can lead to
adverse outcomes. Specifically, BK virus and recent dengue

fever infections have been frequently mentioned in stud-
ies and are associated with poor pregnancy outcomes. For
instance, one study pointed out that BK virus infection
might have a negative impact on pregnancy outcomes,
potentially due to the virus directly invading embryonic
cells or affecting the maternal immune response [100].
Another study mentioned a correlation between recent
dengue fever infections and miscarriages, which might be
attributed to maternal inflammation or other physiological
changes caused by the virus [101]. These research findings
emphasize the significance of viral infections during preg-
nancy and their potential impacts on both embryonic and
maternal health. In addition, viral infection may activate
or suppress the maternal immune response, thereby ad-
versely affecting the embryo. Virus-infected cells and free
viral particles may have triggered an immune response
detrimental to embryo survival [102]. Furthermore, viral
infection may also cause maternal inflammation, which may
indirectly adversely affect the health and development of
the embryo [103]. In addition to viral infection, other factors
such as the presence of antithyroid antibodies may also
be associated with miscarriage, and these factors may act
in conjunction with viral infection to increase the risk of
miscarriage [104]. Overall, these studies collectively reveal
how viral infections are related to recurrent miscarriage
through various mechanisms, including affecting placental
function, activating the immune system, and altering the
uterine microenvironment [105].

AUTOIMMUNE DISEASES
AND RECURRENT MISCARRIAGES

Some autoimmune conditions, notably systemic lupus
erythematosus (SLE) and aantiphospholipid antibody syn-
drome, can intensify the body’s inflammatory response,
elevating the risk of recurrent miscarriages [106, 107].

The link between SLE and recurrent miscarriages has
been firmly established through extensive academic re-
search. Studies indicate that lupus anticoagulants, specific
antibodies associated with SLE, have a pronounced correla-
tion with recurrent miscarriages, especially among young-
er patients [108]. Furthermore, individuals with SLE face
heightened risks during pregnancy, including spontaneous
miscarriages, stillbirths, and fetal growth restrictions. This
may be attributed to the immune system’s aggressive re-
sponse to the embryo in SLE patients [109]. Encouragingly,
advancements in medical technology and refined disease
management over recent decades have led to a decline
in miscarriage rates among SLE patients [110]. Addition-
ally, antiphospholipid antibodies, another set of antibodies
linked to SLE, have associations not just with miscarriages
and thrombocytopenia, but potentially with cardiac abnor-
malities as well [111]. This body of evidence underscores the

270 www. journals.viamedica.pl/ginekologia_polska



Mengsi Lin et al,, Inflammation in recurrent miscarriage

significant relationship between SLE and recurrent miscar-
riages, particularly in cases with a positive antiphospholipid
antibody profile [112].

In the realm of research on recurrent miscarriages,
the relationship between antiphospholipid antibody syn-
drome and miscarriages has been a focal point [113]. While
some studies primarily address isolated miscarriages, they
also highlight that recurrent miscarriages can be influenced
by a myriad of factors, antiphospholipid antibodies being
a notable one [112]. This suggests that aberrant immune
responses might play a pivotal role in recurrent miscar-
riages. A specific study involving 50 women diagnosed
with antiphospholipid (APS) syndrome revealed that treat-
ments combined with heparin yielded more pronounced
outcomes compared to just using low-dose aspirin [114].
This finding underscores the significance of tailored treat-
ment approaches for antiphospholipid antibody syndrome.
A comprehensive systematic review corroborated the dis-
tinct relationship between antiphospholipid antibodies and
recurrent miscarriages, offering a range of effective thera-
peuticinterventions [115]. Importantly, research has shown
that pregnant women with untreated antiphospholipid
antibodies face an elevated risk of fetal loss, reinforcing the
direct connection between these antibodies and recurrent
miscarriages [116]. A holistic review delved into the multi-
faceted causes of recurrent miscarriages, emphasizing the
central role of antiphospholipid antibodies, while also shed-
ding light on other potential risk factors, such as genetic,
anatomical, and endocrine anomalies [117].In summary, the
collective findings from these studies present a compelling
narrative: antiphospholipid antibody syndrome has a pro-
nounced association with recurrent miscarriages, potentially
due to the immune system’s maladaptive response to the
embryo. The overarching theme is clear — autoimmune
disorders can significantly influence the likelihood of recur-
rent miscarriages. When the immune system inadvertently
targets its own tissues and organs, it can have detrimental re-
percussions on pregnancy. Specific autoimmune reactions,
especially antiphospholipid antibody syndrome, have been
identified as key contributors to recurrent miscarriages.

LIFESTYLE AND ENVIRONMENTAL FACTORS

Factors such as smoking, obesity, and certain environ-
mental pollutants are associated with increased inflamma-
tory responses and a heightened risk of miscarriage [118].
Lifestyle and environmental elements play a pivotal role
in the risk of recurrent miscarriages. According to a study,
maternal BMI, smoking habits, and the level of urbanization
can elevate oxidative stress in newborns, which is subse-
quently linked to miscarriage risks. Oxidative stress arises
when there’s an imbalance between free radicals and an-
tioxidants in the body, leading to cellular damage [119].

Furthermore, habits like smoking and alcohol consumption
have been proven to affect ovarian function and the qual-
ity of oocytes, thereby amplifying the risk of miscarriage
[120, 121]. Environmental pollutants, such as heavy metals
and organic pollutants, might elevate miscarriage risks by
intensifying inflammatory responses. Notably, air pollu-
tion, especially fine particulate matter (PM2.5) and ozone,
has been linked to various respiratory and cardiovascular
diseases [122]. These pollutants might elevate miscarriage
risks by inducing inflammatory responses and oxidative
stress. Additionally, the quality of male sperm can also be
influenced by environmental factors and lifestyle choices,
potentially increasing the risk of miscarriage [123]. These
factors might impact reproductive health and miscarriage
risks by amplifying oxidative stress and inflammatory re-
sponses [124].

TREATMENT STRATEGIES

For recurrent miscarriages related to inflammation,
some treatment strategies include the use of anti-inflamma-
tory drugs, immunomodulatory therapies, or anticoagulant
treatments. Recurrent miscarriage isa complex medical chal-
lenge with a myriad of underlying causes. In recent years,
researchers have begun to focus on the role of inflamma-
tion in this context. Non-steroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen or aspirin have been proven to
effectively mitigate inflammatory responses, potentially
reducing the risk of miscarriage, as indicate [125, 126]. Ad-
ditionally, immunoglobulin therapy has been shown to ef-
fectively modulate the maternal immune response, further
decreasing the risk of miscarriage [127, 128]. For the specific
condition of antiphospholipid antibody syndrome, the use
of heparin combined with low-dose aspirin as a treatment
strategy has been demonstrated to effectively reduce the
risk of miscarriage [129, 130]. Moreover, studies related to
complex regional pain syndrome have pointed out that
the induction of TNF-a and IL-18 might be associated with
recurrent miscarriages [131]. Oxidative stress in males, the
diagnosis of chronic endometritis, the genetics of recurrent
miscarriage, and diseases related to inflammation and co-
agulation are all linked to recurrent miscarriages [20, 132].
In conclusion, research on treatment strategies for recurrent
miscarriages associated with inflammation provides valu-
able therapeutic methods and directions. However, further
research is needed to refine and optimize these treatment
strategies.

DISCUSSION
The relationship between inflammation and recurrent
miscarriage has emerged as a focal point in the field of
reproductive medicine. Changes in the endometrial mi-
croenvironment, imbalances in immune cells, infections,
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and autoimmune diseases are all linked to inflammation,
which can potentially impact embryo implantation and
growth, leading to miscarriage. Specifically, an excessive
inflammatory response can disrupt the receptive nature
of the endometrial environment for embryo implantation.
Moreover, lifestyle and environmental factors might exacer-
bate inflammation, further increasing the risk of miscarriage.

However, our understanding of the specific mechanisms
by which inflammation leads to recurrent miscarriage re-
mains limited. Future research should delve deeper into
these mechanisms to provide more effective therapeutic
strategies for patients. Additionally, considering the in-
fluence of lifestyle and environmental factors, preventive
strategies are equally vital. By making lifestyle modifica-
tions, such as quitting smoking, limiting alcohol intake, and
avoiding exposure to harmful environmental factors, the risk
of recurrent miscarriage might be reduced.

Looking ahead, as our understanding deepens regard-
ing how the endometrial microenvironment and immune
cellsinteract with inflammation, we anticipate the develop-
ment of more effective treatments, assisting women at risk
of recurrent miscarriage in achieving successful pregnancies.
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