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Preface

Systemic lupus erythematosus (SLE) is the most prevalent form of lupus, affecting

7 out of 10 individuals diagnosed with the condition. This is what people typically refer
to when they mention “lupus”. The exact cause of SLE remains unknown to experts.
However, many scientists believe that it develops due to a combination of internal and
external factors.

SLE is a chronic autoimmune disease that decisively impacts multiple systems in the
body and follows a relapsing and remitting course. Its prevalence is significantly higher
in women of childbearing age, with a striking female-to-male ratio of approximately 9:1.
Environmental and genetic factors unequivocally interact to trigger immune responses,
leading to the excessive production of pathogenic autoantibodies by B cells and severe
cytokine dysregulation. This ultimately causes significant tissue and organ damage.

A defining characteristic of SLE is the presence of antibodies against nuclear and
cytoplasmic antigens, underscoring its complexity and specialty.

The management and long-term complications of lupus have significantly improved
over the past two decades; however, many critical questions about the disease remain
unanswered. This underscores the urgent need for ongoing research. Effective man-
agement of lupus demands exceptional compliance and commitment from patients.
Poor adherence to medication, inadequate monitoring, and failure to reassess disease
activity typically result in poor outcomes, frequent relapses, and resistance cases.
Patients must be thoroughly counseled about the disease’s pathology, signs, and symp-
toms, the necessity of regular monitoring, and medication adherence. Additionally,
preventive measures such as lifestyle changes, dietary modifications, and regular
exercise must be emphasized to effectively control weight, manage lipid levels, and
prevent cardiovascular complications.

Until now, all therapies for lupus have been generalized and non-specific, primarily
involving broad immunosuppression. This approach makes it difficult to pinpoint the
exact causes of the disease. Identifying these causes could lead to potential cures that
do not carry the side effects associated with current treatments.

The book Lupus — Diagnostics and Developments provides a comprehensive overview
of systemic lupus erythematosus (SLE) and explores various diagnostic methods. It
also examines some of the latest techniques that may be essential for studying clinical
and biological parameters. Furthermore, the book discusses placental malperfusion in
mothers with SLE, a common complication, to offer insights into ongoing research

in this area.

The task of editing this book would not have been completed without the invaluable
support of Dr. Ghada F. Yousif and other colleagues at the College of Medicine. I also



extend my special thanks to my family for their unwavering support throughout
this journey. Additionally, I am grateful to Ms. Iva Horvat, the process manager at
IntechOpen, for her guidance from start to finish. Above all, I thank Almighty for
giving me the strength to complete this book project.

Dr. Rizwan Ahmad

College of Medicine,

Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia
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Chapter1

Introductory Chapter: Systemic
Lupus Erythematosus — Basics
and Developments

Mohammad Yusuf Hasan and Rizwan Ahmad

1. Introduction

Autoimmune diseases present an opportunity to understand the body’s immune
system better. In these conditions, the immune system mistakenly attacks its tissues,
offering insights into the intricate workings of the immune system. This occurrence
provides an avenue for further exploration into the adaptive immune system’ recog-
nition of self-antigens as foreign, potentially leading to advancements in treatment
and management. Genetic predisposition and environmental factors offer promising
areas for research and understanding the development of autoimmune diseases.
Furthermore, investigating the triggers, including infections and ecological factors,
holds the potential for identifying preventive measures and innovative treatment
approaches. Systemic lupus erythematosus (SLE), a type of lupus characterized by
inflammation, serves as a focal point for delving into the complexities of autoim-
munity. In this chapter, we will delve into the basics of autoimmunity, explore the
mechanisms behind lupus, and discuss recent updates in its understanding and
management [1].

2. Understanding autoimmunity

The immune system is like a sophisticated puzzle of cells, tissues, and organs. Our
bodies depend on it to shield us from harmful substances such as viruses, bacteria,
and toxins. It achieves this by identifying and eliminating these invaders while
protecting our cells and tissues.

Autoimmunity is a condition in which the immune system tragically loses its
ability to distinguish between self and non-self-antigens, harming the body’s tissues.
While the exact cause of this disruption is not completely understood, it is thought
to result from a combination of genetic predisposition, environmental factors, and
immune system dysregulation [2].

3. Systemic lupus erythematosus

Systemic lupus erythematosus (SLE), commonly known as lupus, is an intricate
autoimmune disease that can impact multiple organs and systems in the body [3].
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It is identified by periods of exacerbation and remission, with symptoms varying
from mild to severe. The defining feature of SLE is the production of autoantibod-
ies targeting various self-antigens, including DNA, RNA, and cell nuclear proteins.
Autoantibodies form immune complexes that deposit in tissues, leading to inflamma-
tion and tissue damage [4].

Despite the complexity, ongoing efforts to comprehend SLE’s pathogenesis and
root causes are in progress. The biomarkers available for clinical use are currently
limited, primarily encompassing anti-dsDNA antibodies, complement molecules,
and white blood cell counts [5]. Distinguishing SLE from other conditions with simi-
lar presentations, such as rheumatoid arthritis (RA) and myositis, presents a chal-
lenge due to the array of symptoms. However, early detection and timely intervention
can mitigate SLE relapses, reduce hospitalization rates, and minimize chronic organ
damage [6]. Therefore, it is imperative to identify dependable biomarkers and
unravel underlying molecular mechanisms to enhance SLE diagnosis and facilitate
effective treatment.

The latest research breakthroughs have yielded crucial insights into the pathogene-
sis of SLE, paving the way for the creation of cutting-edge diagnostic and therapeutic
approaches. Some recent updates include:

3.1 Genetic studies

Genome-wide association studies (GWAS) have uncovered numerous genetic
variants associated with SLE susceptibility, shedding light on the genetic basis of the
disease. SLE develops when individuals with genetic predisposition encounter specific
environmental triggers, such as infectious agents, producing antinuclear antibodies
(ANA). Following the emergence of ANA, there is a variable interval before immune
material accumulates in tissue without concurrent inflammatory reactions [7].

SLE involves a complex interplay of multiple genes. Through a combination of
genome-wide association studies (GWAS) and targeted gene investigations, over 40
robust genetic links to SLE have been identified. These genes regulate the expression
of proteins crucial in various disease pathways, including apoptosis, clearance of
apoptotic substances or immune complexes, innate and adaptive immunity functions,
and the synthesis of cytokines, chemokines, and adhesion molecules [8].

3.2 Immunological mechanisms

Advances in the field of immunology have uncovered intricate pathways associ-
ated with the dysregulation of the immune system in SLE, shedding light on the roles
of cytokines, B cells, and T cells. Extensive research has delved into the dysregulated
immune response characteristic of SLE, encompassing both innate and adaptive
immunity. Substantial progress has been made in elucidating the cellular and molec-
ular underpinnings of SLE pathogenesis. B lymphocytes are instrumental in the
adaptive immune response of SLE, contributing to the generation of autoantibodies,
presentation of autoantigens, and activation of autoreactive T cells [9]. Additionally,
T lymphocytes play a crucial role through co-stimulatory signals and cytokine secre-
tion from specific T cell subsets. The involvement of innate immune responses in
SLE pathogenesis, particularly the discovery of Toll-like receptors (TLRs) on plas-
macytoid dendritic cells (pDCs) capable of being triggered by immune complexes,
leading to IFN-a production and formation of neutrophil extracellular traps (NETs),
has garnered attention [10]. These dysfunctions coexist and synergize, illustrating

2



Introductory Chapter: Systemic Lupus Erythematosus — Basics and Developments
DOI: http://dx.doi.org/10.5772/intechopen.1005664

the interconnectedness of these factors and the locations of pertinent therapeutic
targets. Understanding the immune pathophysiology of SLE has spurred the devel-
opment of novel biologic agents aimed at selectively targeting aberrant immune
processes, thereby mitigating the adverse effects associated with conventional
broad-spectrum immunosuppressive therapies [11].

3.3 Biomarkers

Researchers have made significant progress in identifying biomarkers that have the
potential to revolutionize the diagnosis, prognosis, and monitoring of SLE, paving
the way for personalized management approaches. The complex and diverse nature
of SLE has presented challenges in diagnosis, management, and research. However,
ongoing investigations into various biomarker techniques, including DNA, messenger
RNA, microRNA, antibody microarrays, flow cytometry, and proteomic markers,
offer promising avenues for improvement. While current biomarker studies primar-
ily focus on peripheral blood and urine samples, exploring other accessible tissues
holds great potential. Although there is still a need for further research and rigorous
multicenter validation studies, the growing pool of potential biomarkers for SLE is a
positive step forward [12].

Identifying robust immunological markers is crucial for gaining deeper insights
into disease progression in SLE patients, encompassing non-organ-specific and
organ-specific biomarkers. It is essential to recognize that individual biomarkers may
not possess the required sensitivity and specificity for SLE diagnosis, making the
integration of multiple markers through mathematical models a promising approach
for comprehensive SLE assessment. Moreover, leveraging advanced computational
techniques to analyze extensive datasets will be instrumental in uncovering novel
biomarkers for SLE [13].

3.4 Therapeutic developments

Investigating targeted therapies, such as biologics and small molecule inhibitors,
provides promising results in controlling disease activity while minimizing side
effects compared to traditional immunosuppressive agents. The updated recom-
mendations from the European League Against Rheumatism (EULAR) for managing
SLE emphasize hydroxychloroquine, glucocorticoids, immunosuppressive drugs,
and biologics, offering a more comprehensive approach to treatment. Although the
management of SLE has yet to make significant progress in replacing traditional
therapies, recent guidelines from EULAR highlight the objective of achieving remis-
sion or low disease activity through treatment. The extension of the “treat-to-target”
approach to SLE treatment strategies shows a promising shift in managing the
condition. Regular updates from EULAR and the American College of Rheumatology
(ACR) ensure that treatment strategies for SLE remain at the forefront of medical
advancements [13, 14].

When considering pharmacotherapy using conventional disease-modifying
drugs (csDMARDs), it is advisable to utilize hydroxychloroquine (HCQ) for all
patients at a dosage not exceeding 5 mg/kg of body weight to minimize the risk of
retinal complications. HCQ has a well-established long-term safety profile and has
been proven to reduce disease flares and cardiovascular events [15-17]. Its afford-
ability makes it suitable even in low-income regions, highlighting its continued
importance in SLE treatment alongside innovative medications. For long-term
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management, it is recommended to gradually reduce glucocorticoid doses to less
than 7.5 mg/day prednisone equivalent and, if feasible, discontinue them due to
the adverse effects associated with long-term or high-dose use. These effects may
include osteoporosis, exacerbation of diabetes and hypertension, and increased
susceptibility to infections [18].

In some instances, steroid-sparing agents, such as azathioprine, methotrexate,
mycophenolate mofetil, and cyclophosphamide (CYC), have the potential to allow
for the discontinuation of steroids. However, their usage is constrained by side effects
and toxicity. Mycophenolate, which has shown greater efficacy than azathioprine,
is not recommended during pregnancy due to its potential to cause congenital
disabilities. Despite its effectiveness in treating severe organ-related issues, such
as central nervous system involvement and lupus nephritis (LN), CYC is linked to
significant side effects, including an increased risk of cancer. Therefore, there is an
apparent demand for new therapies for patients who do not respond well to conven-
tional immunosuppressants or for those who require safer treatment options during
pregnancy [19-21].

While reducing steroid usage is essential, steroids remain a crucial part of the
treatment. Additionally, traditional immunosuppressive therapies continue to be
essential. Therefore, considering innovative or biological drugs is advised only when
conventional treatment fails to adequately manage the disease [21].

4, Conclusion

Systemic lupus erythematosus is a multifaceted autoimmune condition with a
wide range of clinical symptoms, significantly affecting the quality of life for those
it afflicts. Despite significant strides in comprehending its underlying mechanisms
and creating innovative treatment approaches, further investigation is necessary
to understand its intricacies completely. With continuous progress in the field,
there is optimism for enhanced outcomes and improved management of SLE in the
times ahead.
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Chapter?2

Immunological Biomarkers as an
Etffective Means for Diagnosing
Systemic Lupus Erythematosus

(SLE)

Rizwan Ahmad

Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease that relentlessly
attacks the body’s tissues, leading to widespread inflammation and consequential
tissue damage in various organs, including the joints, skin, brain, lungs, kidneys,
and blood vessels. While there is no known cure for this disease, it can be managed
effectively through medical interventions and lifestyle modifications. It is imperative
to note that SLE can significantly impact an individual’s quality of life, both in the
short and long term. Diagnosing and assessing pathophysiological processes in SLE
using clinical and physiological assessments alone is often inadequate. Immunological
biomarkers show promise in enhancing SLE diagnosis, assessment, and management.
Early detection of SLE is crucial for effective treatment. Thus, biomarkers, particu-
larly immunological biomarkers, have emerged as a potential solution to improve the
diagnosis and assessment of SLE’s pathophysiological processes. The ultimate aim
is to improve disease control. This chapter comprehensively reviews immunological
biomarkers for SLE diagnosis and pathophysiological aspects.

Keywords: systemic lupus erythematosus, biomarkers, antinuclear antibodies,
anti-double-stranded DNA antibodies, pathophysiology

1. Introduction

The clinical presentations of systemic lupus erythematosus (SLE) exhibit significant
diversity, with individuals showcasing varying symptoms over time. This diversity
poses a considerable challenge in diagnosing and monitoring disease activity [1].
Presently, the primary immunological markers for diagnosing SLE include anti-double-
stranded DNA (anti-dsDNA) antibodies, antinuclear antibodies, and anti-Smith (anti-
SM) antibodies [2]. However, their sensitivity and specificity need to be improved,
leaving room for enhanced diagnostic accuracy. Therefore, it is crucial to investigate the
characteristic genes linked to the development and advancement of SLE [3].

Biomarkers, also known as biological markers, are not just tools for diagnosis, but
they play a crucial role in various aspects of disease management. They are measurable
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characteristics that objectively evaluate and indicate normal biological processes,
pathogenic processes, or responses to a therapeutic intervention. They are of different
types, including prognostic, diagnostic, predictive, pharmacodynamic, and surrogate
biomarkers. Prognostic biomarkers help identify individuals at risk of developing

a disease or those likely to experience a flare. Diagnostic biomarkers confirm the
presence or subtype of a disease. Predictive biomarkers use baseline characteristics to
predict therapeutic responses. Pharmacodynamic biomarkers help determine optimal
therapeutic doses. Finally, surrogate biomarkers replace a clinical endpoint [4-6].

In recent years, technologies such as next-generation sequencing and mass spectrom-
etry have shown promising results in identifying new biomarkers for assessing disease
activity and diagnosing SLE. Various prediction methods for SLE have also emerged with
the advancement of bioinformatics. Early diagnosis of SLE is crucial for effective treat-
ment. Therefore, immunological biomarkers have become a promising tool for early SLE
diagnosis and assessment of its pathophysiological processes, to improve disease control.

2. Antinuclear antibodies (ANA)

ANA, autoantibodies directed against nuclear antigens, including double-stranded
DNA (dsDNA), histones, and nucleosomes, are highly sensitive but less specific
markers for SLE. Their presence in other autoimmune diseases and infections can lead
to false positives. However, ANA testing remains a crucial step in the initial evaluation
of suspected SLE cases, underscoring its importance in the diagnostic process [7].

The detection of antinuclear antibodies (ANA) through indirect immunofluorescence
(ITF) on HEp-2 cells has long been recognized as a crucial immunological marker in
serum for identifying patients with systemic lupus erythematosus (SLE) and for evaluat-
ing their suitability for SLE diagnosis [8-10]. The ANA test is incorporated into the crite-
ria of ACR-1997, SLICC-2012, and EULAR/ACR-2019 [11, 12]. According to the EULAR/
ACR-2019 criteria, a minimum ITF-ANA titer of 1:80 is required for diagnosing SLE
[12]. If ANA is positive, additional testing for antigen-specific ANAs like dsDNA, SSA
(Ro60), Sjégren’s syndrome antigen B, Sm, and ribonuclear protein is recommended.
While ANA’ presence is not exclusive to SLE, it strongly suggests it and serves various
purposes such as screening, classification, diagnosis, prognosis, and staging [8, 13]. ANA
tests exhibit high sensitivity (90 to 95%) in SLE patients but relatively low specificity,
occurring in 5-20% of healthy individuals, particularly in the elderly [14]. The sensitiv-
ity of ANA tests may aid in early SLE detection [15]. However, a negative ANA test does
not rule out SLE, with studies indicating ANA negativity in a small percentage of SLE
patients, even up to 30% in clinical trials for new therapies [13, 16]. Discrepancies in
ANA results in SLE may stem from variations in IIF-ANA assays, differences in antigen
properties, effects of HEp-2 cells on nuclear antigens, laboratory protocols, or interpre-
tation thresholds [9, 17]. Thus, establishing a standardized ANA test with consistent
specificity, detection methods, and laboratory procedures is imperative for the future.

3. Anti-dsDNA antibodies

Anti-dsDNA antibodies are particularly associated with SLE and disease activ-
ity, especially lupus nephritis. Detecting these antibodies using techniques such as
enzyme-linked immunosorbent assay (ELISA) or immunofluorescence assays can
assist in diagnosing and monitoring SLE.

10



Immunological Biomarkers as an Effective Means for Diagnosing Systemic Lupus Erythematosus...
DOI: http://dx.doi.org/10.5772/intechopen.1008772

The presence of these antibodies is a critical diagnostic feature and is included in
the ACR, SLICC, and the 2019 EULAR/ACR classification criteria for SLE [18, 19].
They can be found in up to 70% of SLE patients and have a 96% specificity for SLE.
These antibodies typically appear early in the development of SLE and may even pre-
cede its official diagnosis, especially in patients with lupus nephritis (LN). However,
their diagnostic sensitivity ranges from 52 to 70% due to their transient nature,
variability in laboratory assays used for detection, and the specific isotypes targeted
[20]. The main methods for detecting anti-dsDNA antibodies are enzyme-linked
immunosorbent assay (ELISA) and immunofluorescence using Crithidia luciliae as a
substrate. The Farr radioimmunoassay (RIA) technique has become less common in
laboratories due to its use of radiolabeled reagents [20].

4. Complement proteins

Complement proteins, such as C3 and C4, are crucial in the immune response and
are often depleted in patients with active SLE due to complement activation and con-
sumption. Low levels of C3 and C4 complement proteins are linked to disease activity
and can aid in diagnosing SLE when combined with other serological tests.

Immune complexes can activate complement [21]. Serum levels of C3 and C4 are
commonly used to assess the presence of biologically active immune complexes [22]
and to monitor disease activity. Reduced serum levels of C3 or C4 are considered
immunological markers in the SLICC-2012 classification criteria for SLE. According
to the immunological criteria, decreased levels of both C3 and C4 carry more weight
than having low levels of either C3 or C4 alone in the EULAR/ACR-2019 classifica-
tion criteria for SLE [23]. Patients with low levels of both C3 and C4 are more likely
to be diagnosed with SLE than those with low levels of C3 or C4 alone. Patients with
either low C3 or low C4 along with a positive ANA test have a specificity of 94.3% for
an SLE diagnosis, whereas patients with concurrently low C3 and C4 levels alongside
a positive ANA have a specificity of 97.6% for an SLE diagnosis [24]. Furthermore,
decreased levels of C3 and C4 can precede a clinically evident flare and are positively
correlated with SLE disease activity [25], especially in cases of SLE complicated by
renal or hematologic flares [26]. However, due to the limited specificity of C3 and
C4 in SLE diagnosis, their reliability as biomarkers can be limited when used alone,
especially in certain patients [27].

5.B cell and T cell biomarkers

The activation and differentiation of abnormal B and T cells are crucial to SLE
development. Biomarkers such as CD19 + CD20+ B cells, CD4+ T cells, and regulatory
T cells (Tregs) have been linked to SLE pathogenesis and may be potential targets for
treatment. In the pathogenesis of SLE, similar to other autoimmune conditions, the
breakdown of tolerance in both T and B cells is fundamental. Recent studies on the
immunopathogenesis of SLE suggest that specific individuals have a genetic predis-
position to losing tolerance to self-antigens, leading to abnormal T cells and excessive
production of autoantibodies. This ultimately results in tissue and organ damage
caused by autoreactive B lymphocytes [28, 29]. T cells from SLE patients show various
abnormalities in terms of their characteristics and numbers, contributing to the
development of SLE and providing potentially valuable biomarkers [30].
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Key T cell subsets implicated in SLE include T-helper cell type 1 (Th1), T-helper
cell type 2 (Th2), Th17 cells, follicular T cells (Tfh), and T-regulatory (Treg) cells. T
cells from individuals with SLE exhibit increased resistance to apoptosis induction
by thymic stromal cells [31]. The T-cell receptor (TCR) complex on T lymphocyte
surfaces consists of the TCR, CD3, and the zeta chain. Functionally, T cells are
categorized into T helper cells (CD4+) and cytotoxic T lymphocytes (CD8+). T
lymphocyte activation is characterized by the expression of various antigens, includ-
ing HLA-DR. The activation and differentiation of abnormal B and T cells are crucial
to SLE development. Biomarkers such as CD19 + CD20+ B cells, CD4+ T cells, and
regulatory T cells (Tregs) have been linked to SLE pathogenesis and may be potential
targets for treatment [32].

6. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP)

While oligoclonal and monoclonal gammopathies can occur in SLE patients, they
are not the norm or directly attributed to SLE. On the other hand, polyclonal hyper-
gammaglobulinemia is common in SLE, which aligns with the nature of an autoan-
tibody-mediated disease [33]. Hypergammaglobulinemia reflects heightened B and
plasma cell activity, indicating autoimmunity rather than inflammation. Although
IL-6 stimulates B cells, most pro-inflammatory cytokines tend to limit rather than
enhance polyclonal antibody production. Therefore, we must look at other abundant
proteins to indicate inflammatory disease. Fibrinogen, typically elevated during
inflammation as part of the acute phase response, shows only mild increases in SLE
compared to other inflammatory disorders [34].

Furthermore, unlike in different conditions, fibrinogen levels do not seem to
correlate with IL-6 in lupus inflammation [35]. Conversely, low fibrinogen levels
may occasionally occur due to intravascular activation of the coagulation cascade but
would not significantly raise the ESR. Therefore, fibrinogen likely does not substan-
tially contribute to the increased ESR in active SLE.

The level of plasma albumin has an opposite effect on the erythrocyte sedimenta-
tion rate (ESR) compared to fibrinogen. Adequate levels of albumin tend to lower the
ESR, while reduced albumin production raises it. In SLE patients, plasma albumin
levels are notably reduced compared to healthy individuals, especially in those with
active SLE compared to inactive disease. Inflammation can directly impede albumin
production in the liver as part of the acute phase response. Additionally, reduced
appetite, influenced by elevated TNF levels, may play a significant role. Both mecha-
nisms may be pertinent in active SLE. However, the primary factor in reducing serum
albumin is likely renal albumin loss through damaged glomeruli, as suggested by the
stronger association in patients with lupus nephritis [22]. The impact of diminished
albumin on the ESR thus represents an initial inflammatory component.

CRP is the standard indicator of inflammation, but in SLE patients, it tends to
function more as an indicator of severe infections. CRP levels are directly influenced
by IL-6 [36], with increased IL-6 levels observed in active SLE [37, 38]. Consequently,
CRP levels often deviate from the normal range in active SLE [39]. Elevated CRP lev-
els are typically observed in patients experiencing active serositis arthritis or myositis.
In most other scenarios, CRP levels remain below 60 mg/L or 6 mg/dL during active
SLE [40]. Levels exceeding this threshold are more indicative of severe infections.
CRP values reaching 150 mg/L or 15 mg/dL strongly suggest the presence of infec-
tions, while levels of 20 mg/L (2 mg/dL) CRP or lower indicate a lower likelihood of
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infection [41]. This distinction holds clinical significance as severe infections signifi-
cantly contribute to mortality among SLE patients [42-44].

7. Cytokines and chemokines

When considering SLE activity, it is essential to consider various cytokines beyond
the standard markers. These encompass type I interferons, particularly IFNa and
IL-6, IL-10, IL-15, IL-18, BAFF/BLyS, and TNF [45-47]. IFNa is primarily produced
by plasmacytoid dendritic cells (pDC) [48], while monocytes and macrophages
largely synthesize the other mentioned cytokines. Notably, T cell cytokines like IFNy,
which act more locally, are typically not measurable in significant quantities. Among
the elevated cytokines in SLE, IL-10, IL-15, and BAFF/BLyS mainly serve an immu-
noregulatory rather than inflammatory function [48].

Chemokines in serum or plasma, much like cytokines, can be conveniently mea-
sured using ELISA technology. While chemokines are generally produced in response
to cytokines and serve as more indirect markers of the inflammatory process, there
is evidence linking them to disease activity. CCL2/MCP-1, CXCCL10/IP-10, and
CCL19 are recognized as interferon-inducible genes, leading to the development of a
composite score to estimate interferon activity associated with SLE disease activity,
similar to the interferon signature mentioned earlier. Previous studies have found
elevated levels of CCL2 and CXCL10 in active SLE, suggesting that these chemokines
may provide insight into the influence of interferons in SLE. Additionally, CCL-11,
CXCL13, and CXCL16 have been associated with disease activity, while serum IL-8,
CCL17, CXCL16, and CX3CL1 have been linked to active lupus nephritis [48].

8. Clinical significance of immunological biomarkers
8.1 Early diagnosis and disease monitoring

Immunological biomarkers are essential for early SLE diagnosis, enabling prompt
treatment initiation and improved disease management. Monitoring changes in bio-
marker levels over time can help evaluate disease activity, predict flares, and inform
treatment decisions [49].

8.2 Predicting disease manifestations

Specific immunological biomarkers, such as anti-dsDNA antibodies and com-
plement proteins, are linked to particular disease manifestations in SLE, such as
lupus nephritis and neuropsychiatric symptoms. Understanding these connections
can assist clinicians in predicting disease outcomes and implementing suitable
interventions [49].

8.3 Personalized medicine

Identifying specific immunological biomarker profiles in individual patients can
facilitate personalized treatment strategies in SLE. Customizing treatment based on
biomarker profiles may enhance treatment response rates, reduce adverse effects, and
optimize long-term outcomes [50].
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8.4 Prognostic indicators

Immunological biomarkers aid in diagnosis and disease monitoring and serve as
prognostic indicators for SLE outcomes. Elevated levels of specific biomarkers, such
as anti-dsDNA antibodies and pro-inflammatory cytokines, have increased disease
severity, organ damage, and mortality [50].

9. Challenges and future directions

The field of immunological biomarkers has seen significant advancements, yet
there are still challenges in their practical use for SLE diagnosis and management.
These challenges present opportunities for improvement, including the standardiza-
tion of assays, addressing variations in biomarker expression, and conducting further
validation studies to ensure reliability and reproducibility.

Moving forward, research efforts can focus on identifying and developing novel
biomarkers with enhanced sensitivity and specificity for SLE. Understanding the
mechanisms underlying biomarker dysregulation and leveraging this knowledge
to develop targeted therapies based on biomarker profiles is crucial. Additionally,
integrating multi-omics approaches, such as genomics, transcriptomics, and pro-
teomics, holds promise in providing a more comprehensive understanding of SLE and
uncovering new biomarkers and therapeutic targets.

10. Conclusion

Immunological biomarkers have revolutionized Systemic Lupus Erythematosus
(SLE) diagnosis and management. These biomarkers provide crucial information
about the disease’s underlying causes and help predict the progression and severity of
the condition. Furthermore, they are pivotal in tailoring treatment strategies to suit
individual patients, leading to more personalized and effective care. By harnessing the
latest immunology and molecular biology breakthroughs, we are continually advanc-
ing our knowledge of SLE and developing cutting-edge biomarkers and targeted
therapies to improve patient outcomes.
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Abstract

Systemic lupus erythematosus (SLE), being an autoimmune disease with multisys-
tem manifestations, poses significant challenges for women of reproductive age since
infertility and increased risk of fetus loss reduce reproductive capacity. Furthermore,
SLE seems to be associated with higher cancer probabilities of vulvar and vaginal can-
cers, as well as non-Hodgkin lymphoma (NHL) and lung cancer. Conversely, evidence
suggests that ovarian and uterine cancers may exhibit a protective association with
SLE. Through a review of current literature, we aim to elucidate the gynecological and
obstetric manifestations and risks of SLE while proposing preventive and therapeutic
strategies for this vulnerable patient population. Regarding cancer prevention, it is
imperative to encourage SLE patients to undergo regular cancer screenings, consider
human papilloma virus (HPV) vaccination, and adopt lifestyle modifications to miti-
gate known cancer risk factors such as smoking and obesity. During pregnancy, suc-
cessful management entails meticulous planning and tailored medication strategies to
minimize risks for both mother and fetus and mitigate the heightened risk of disease
flare-ups typically associated with pregnancy. This comprehensive approach seeks to
lessen the impact of cancer on SLE patients and enhance overall health outcomes. In
general, we investigate the impact of SLE on the reproductive health of patients and
the significant risk of malignant diseases later in woman’s life.

Keywords: systemic lupus, antiphospholipid syndrome, gynecological cancers,
infertility, obstetrics complications of SLE

1. Introduction

Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease that
most commonly affects young women of reproductive age. Even though SLE does
not directly affect fertility, the prescribed medications may induce ovarian failure or
exhibit teratogenic effects. In the past, women diagnosed with SLE were counseled
against pregnancy due to concerns about potential complications for both the mother
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and the fetus. As time and therefore science progress, successful disease management
offers the possibility of more favorable perinatal outcomes. Nevertheless, the young
woman with SLE who wishes to become a mother faces several potential complica-
tions impacting both herself and the fetus. A severe flare-up of the disease can pose

a potential risk to the mother’s life, compounded by the fact that the administered
drugs carry teratogenic and embryotoxic properties. Effective management involves
early planning and ongoing vigilance in handling potential complications, as well

as the careful administration and assessment of medications throughout the vari-

ous stages of pregnancy. Additionally, some cases subsume additional risks such as
renal failure and possible coexistence of antiphospholipid (aPL), anti-Ro, or anti-La
antibodies. Furthermore, SLE and its treatment, notably, heighten the risk of gyneco-
logical malignancies, establishing the condition as a lifelong concern for women upon
receiving the diagnosis.

2. SLE and fertility

While there is a consensus that patients with SLE generally exhibit fertility
capacity similar to that of the general population, the onset of SLE diagnosis often
correlates with a reduction in pregnancy rates. This decline in birth rate varies across
different ethnic groups, with patients of Caucasian descent tending to have fewer
offspring compared to similarly aged women. Infertility reported in SLE patients
may arise from autoimmune mechanisms associated directly with the disease or asa
side effect of treatment. Primary ovarian failure (POF) is a commonly encountered
manifestation in patients with lupus, usually presenting as amenorrhea. Amenorrhea
episodes have been associated with the presence of anti-corpus luteum antibodies
and elevated follicular stimulating hormone (FSH) levels, suggesting an autoim-
mune, SLE-related dysfunction [1]. Menstrual disturbances are more likely to
present in patients with high disease activity, as demonstrated by the systemic lupus
erythematosus disease activity index score (SLEDAIS5 8), than in those with lower
disease activity levels. Interestingly, in this group of patients, there was no evidence
of an association with hormonal disturbances, such as in the hypothalamic-pituitary
axis, that could explain such a menstrual disturbance. Similarly, female patients
with juvenile SLE have been reported to suffer from amenorrhea during periods of
high disease activity. These patients have normal or even low FSH levels, in contrast
to those with POF in whom FSH levels are elevated, raising the possibility that the
cause of the menstrual disorder is due to the effects of the disease on the reproductive
organs rather than a disorder of hypothalamic-pituitary axis Hashimoto’s thyroiditis
can be associated with SLE and can also cause menstrual disturbances, albeit through
endocrine disruption [1].

Endometriosis leads to infertility through the development of adhesions that
obstruct the fallopian tubes or impair follicular development, even in non-SLE
patients. Several reports have identified immunological abnormalities in infertile
patients with endometriosis, including both cell-mediated and humoral autoim-
munity, indicating a potential association between autoantibodies and cell-mediated
immune dysfunction in lupus-related infertility [2]. However, current data support-
ing the correlation between SLE and endometriosis remains controversial.

Given that some infections may contribute to infertility in the general population
and the fact that SLE and/or immunosuppressive therapy may increase susceptibility
to infections in exposed individuals, it is plausible that patients with SLE may exhibit
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an elevated risk of infertility due to infection [3]. Emerging evidence indicates the
vulnerability of young women with SLE, particularly those with a higher SLEDAI
DAS, to sexually transmitted infections. Although cytomegalovirus (CMV) and
Epstein-Barr virus (EBV) infections are more common in lupus patients and have
been implicated in infertility, specific evidence linking these infections to infertility
in lupus patients is currently lacking. Another major cause of infertility affecting
the general population, Chlamydia trachomatis, is still being researched regarding
its impact on fertility in SLE patients. It is imperative to identify patients with SLE
who may be prone to sexually transmitted infections and refer them for appropriate
testing and treatment.

Cyclophosphamide (CYC) induced POF is associated with sustained high FSH
levels. CYC, a well-known gonadotoxic agent, may lead to POF by depleting healthy
oocytes. Its toxicity is associated with two independent risk factors: the cumulative
dose of CYC and the age at which the drug is administered. Boumpas et al. showed
that increasing age and dose of CYC are significant risk factors for POF, with a
number of other studies supporting the same hypothesis [4-9]. Patients who receive
cyclophosphamide at a younger age are more likely to maintain normal menstruation
and fertility.

3. Pre-pregnancy counseling

As previously stated, a woman’s fertility is not directly affected by SLE, since the
ovaries are rarely impacted by the disease. Typically, it arises as a consequence of
administered treatment, such as cyclophosphamide. The total administered dose of
cyclophosphamide as well as the age of the administration, particularly in women
over 35, have been proven to affect the risk of ovarian failure. Caution is warranted
when administering follicular hormones, aiming at infertility treatment, due to the
heightened risk of disease flare-ups and thrombosis in patients with antiphospholipid
antibodies.

It is well advised that therapeutic approach to SLE begins before pregnancy, ensur-
ing optimal health status at the onset of it. While the disease per se is not a contraindi-
cation for pregnancy, its potential complications, such as kidney failure or pulmonary
hypertension should be taken into consideration. To minimize the risk of disease
flare-ups during pregnancy, it is recommended that the disease remain inactive for at
least 6 months prior to conception.

Administered medications must be deemed safe for pregnancy. These include
prednisolone, azathioprine, cyclosporin A, and hydroxychloroquine, the latter of
which has gained prominence recently and is considered a gold standard that may be
administered throughout pregnancy.

In contrast, methotrexate and cyclophosphamide are teratogenic drugs, and their
use should be discontinued at least 3 months before conception. Azathioprine is a
recommended alternative. Classic non-steroidal anti-inflammatories (e.g., ibuprofen
and diclofenac) are generally safe during pregnancy; however, they should be avoided
after the 34th week of pregnancy due to the potential risk of premature closure of the
fallopian tube. Newer non-steroidal anti-inflammatories such as cyclooxygenase-2
inhibitors should be avoided since their safety is compromised. Paracetamol and
codeine analgesics are preferred analgesics and are often given in SLE. First-line treat-
ment drugs in renal disease such as angiotensin converting enzyme (ACE) inhibitors
and angiotensin I receptor antagonists are contraindicated and should not be used
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since they are linked to renal dysfunction. Thus, antihypertensive treatment in the
context of SLE should include drugs safe for pregnancy, such as methyldopa-labitalol
and nifedipine, the administration of which should begin before conception or in
the initial stages of pregnancy. Assessment of pregnant SLE patients should start
promptly and be monitored by a multidisciplinary team including an obstetrician-
gynecologist, sonographer, rheumatologist, and midwife.

The frequency of visits depends on the individual’s disease condition, but as a
general recommendation, monthly visits are advised until the 28th week, followed by
biweekly visits until week 36, and then weekly visits thereafter. Additionally, regular
monitoring of fetal development is essential for all women, while Doppler assessment
of the femoral arteries between the 20th and 24th week serves as a valuable indicator
for predicting potential preeclampsia and intrauterine growth restriction (IUGR).
Monitoring blood flow in the umbilical artery is also beneficial in cases of fetal IUGR.

It is important to note that the recording of fetal movements and cardiotocography
remain reliable methods for monitoring fetal well-being. During pregnancy, levels
of C3 and C4 fragments may elevate significantly compared to normal levels, while
exacerbation of the disease with complement activation may occur even when C3
and C4 levels remain within normal ranges. In such cases, C3 and C4 levels can be
low even in the absence of a disease flare-up. Conversely, if C3 and C4 levels increase
by more than 25%, it likely indicates active disease. Thrombocytopenia, another
indicator of disease activity, may also be observed in other situations connected to
pregnancy, such as heparin therapy, preeclampsia, HELLP syndrome, and antiphos-
pholipid syndrome. Consequently, monthly testing of complement and ds-DNA
antibody levels is crucial, as well as a complete biochemical and hematological screen-
ing in conjunction with a urine test.

SLE often exhibits flare-ups during pregnancy and delivery, although they are
mostly mild, and manifestations are limited to the skin. Exacerbation of the disease
is associated with increased prematurity, while the nephritis observed appears to
be an independent factor in fetal mortality. The treatment administered in cases
of exanthema depends on the severity of the damage and the organs affected. In
cases of arthritis, treatment options include non steroidal anti inflammatory drugs
(NSAIDs), low doses of prednisolone (up to 10 mg/day) or hydroxychloroquine.
Serositis usually responds to low doses of prednisolone. Other manifestations, such
as renal damage, neuropsychiatric comorbidity, or other serious conditions, includ-
ing cutaneous vasculitis, require more aggressive treatment. In these cases, higher
doses of prednisolone are administered. However, the toxicity of steroids in preg-
nancy should not be neglected. For such reason, it is advisable to avoid high doses of
steroids over prolonged periods. Early initiation of azathioprine is an ideal solution
as it is well tolerated and has been utilized in many pregnant women with autoim-
mune conditions or transplanted organs. Some authors advocate for the intravenous
administration of methylprednisolone; however, close monitoring of blood pres-
sure and glucose levels is necessary in these instances. In general, women with SLE,
uncomplicated by hypertension or irreversible renal damage prior to conception,
experience a mild disease course during pregnancy. Moreover, pregnancy typically
does not exacerbate renal disease. Instead, potentially pre-existing nephritis in lupus
patients is an important risk factor for pregnant women. This group of women is at
an elevated risk of miscarriage. An active disease 6 months before pregnancy is also
an important prognostic indicator, while significant pre-existing non-reversible renal
damage is associated with poor perinatal outcome [10]. When serum creatinine levels
exceed 140 pmol/l, the likelihood of miscarriage rises to 50%, and when they surpass
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Normal Preeclampsia Lupus Nephritis
Blood pressure Normal High Normal-high
Platelets Normal Low-normal Low-normal
Complement Normal Normal-low Low
Anti-ds-DNA Normal-stable Normal-stable Increasing-high
Uric Acid Normal High Normal
Creatinine Normal Normal-elevated Normal-elevated
Hematuria Absent Possible Present
Active urine sediment No No Yes
Other SLE manifestations No No Yes
Steroid response No No Yes

Table1.
Differential diagnosis of increasing proteinuria in pregnant women with SLE.

400 pmol/l, the percentage increases to 80%. Women with nephrotic syndrome
require low-dose aspirin due to the increased risk of thrombosis, which should be
administered through all stages of pregnancy, regardless of the potential existence
of antiphospholipid antibodies. Women with pre-existing kidney disease should
undergo at least monthly a 24-hour urine collection test, to assess factors such as
creatinine clearance and proteinuria. Additionally, blood screening should be con-
ducted to measure plasma creatinine levels, ds-DNA antibodies, and complement C3
and C4 levels. If proteinuria is detected during the urinalysis, the sample will undergo
microscopic examination, in order to ascertain the presence of erythrocytes, which
constitute evidence of active kidney disease. The differential diagnosis between SLE
and normal pregnancy changes, as well as between active renal disease of SLE and
preeclampsia, presents a frequent challenge for clinicians.

Sometimes, these conditions may coexist, and clinical laboratory monitoring may be
avaluable asset on a case-by-case basis (refer to Table 1). Lupus nephritis is character-
ized by increased ds-DNA antibodies, decreased complement levels, clinical manifesta-
tions of organ involvement, and distinctive sediment in urine samples. In contrast,
preeclampsia is characterized by increased levels of uric acid and liver enzymes, as well
as non-specific sediment urine sample. Nevertheless, the distinction between lupus
nephritis and preeclampsia is not always possible. In such cases, empirical treatment and
monitoring of response are recommended, with kidney biopsy possibly required to guide
therapeutic management. Corticosteroids are the treatment of choice.

4. Antiphospholipid syndrome

About 30-40% of women with SLE develop antiphospholipid antibodies, while a
percentage of them have or are about to develop antiphospholipid syndrome (APS).
The diagnosis of APS typically requires a history of thrombosis or recurrent preg-
nancy complications associated with antiphospholipid antibodies [11]. While APS
is commonly observed in conjunction with SLE, it can also manifest as a primary
condition or coexist with other connective tissue disorders. In particular, APS mani-
festations during pregnancy include recurrent miscarriages, IUGR, oligogamnio,
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preeclampsia, HELLP, placental abruption, and fetal death [12]. Obstetric history is
an important aid in predicting future possible obstetric complications in the context
of the disease. Approximately 50% of women with moderate to quite elevated levels
of anticardiolipin IgG antibody (aCL) experience pregnancy loss, particularly those
with a history of one fetal death. Conversely, slightly positive IgG aCL, as well as
positive IgM or IgA antibodies, seem to be less associated with complications dur-
ing pregnancy [12]. Placental infarctions are frequently observed; however, in some
cases, placental damage may not be the sole cause of fetal distress. Aborted fetuses
typically exhibit normal characteristics, although they may also test positive for aCL
antibodies. However, neonatal complications do not appear to be directly attributed
to these antibodies.

Few options exist concerning the treatment of pregnant women with antiphos-
pholipid syndrome. Anticoagulant treatment is recommended as opposed to cortico-
steroids, which were previously more applicable in these cases [12]. Contemporary
therapeutic approaches advocate for the use of aspirin, heparin, or a combination
of both (Table 2). Two prospective studies reported that the administration of
heparin combined with low-dose aspirin is more effective compared to aspirin alone
in achieving live births in women with antiphospholipid syndrome and recurrent
first-trimester miscarriages [13, 14]. These results were dismissed in another similar
study [15]. In another study that involved women with positive antiphospholipid anti-
bodies and regular miscarriages but a negative history of thrombosis or SLE, similar
results (~80%) in live neonate births were observed after administration of either
low-dose aspirin or placebo [16]. In conclusion, while the fact that ideal treatment for

Clinical picture

Recommended treatment

aPL positive women without
a history of thrombosis or
pregnancy loss risk

Low-dose aspirin (however, its efficacy has not been proven) due to minor
toxicity.

Women with APS and Low-dose aspirin. Recent studies suggest the addition of heparin, although
previous first-trimester the benefit beyond the 13th week. is not clear.

pregnancy loss

Women with APS and Low-dose aspirin before conception with the addition of heparin

previous first or second-
trimester pregnancy loss,
IUGR, or placental abruption

subcutaneous (sbc) (dalteparin 5000 IU or enoxaparin 40 mg daily) after
conception and throughout pregnancy.

Women with APS and
previous venous thrombosis

These women are usually treated with anticoagulation per os. Since warfarin
is contraindicated in the first trimester, a change should be made to aspirin
plus heparin sbc (dalteparin 5000 IU or enoxaparin 40 mg daily). Doses will
be doubled on the 16th to 20th week.

In some cases anti-Xa levels measurement may be needed.

‘Women with APS and arterial
thrombosis (especially with

If women develop neurological symptoms, the prophylactic dose of heparin
sbc (dalteparin 5000 IU or enoxaparin 40 mg daily) should be increased in

stroke) full anticoagulation. If the symptoms persist, re-introduce warfarin in the
second trimester with a target INR of 2.5. Close monitoring is required in
terms of anticoagulation to avoid fetal bleeding.

Women with APS and Treatment with ivimmunoglobulin or even a low dose of prednisone

recurrent miscarriage despite
proper anticoagulation

with aspirin, heparin, or azathioprine. These approaches are currently
experimental.

Table 2.
Recommended treatment in pregnant women with antiphospholipid syndrome (APS).
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women with one or more pregnancy losses (second to third trimester) and a negative
history of thrombosis remains controversial, most experts recommend the combina-
tion of heparin with low-dose aspirin [12].

Intravenous immunoglobulin (IVIG), in combination with heparin and low-dose
aspirin, has also been given to women with a relevant obstetric history or pregnancy
losses despite the use of heparin. However, a related study reported that additional
administration of IVIG did not offer extra benefits compared to aspirin alone or
heparin [17]. Warfarin should be administered cautiously in women with antiphos-
pholipid syndrome and a history of thrombosis. If pregnancy is desired, the risk of
fetal harm should be taken into account, especially between weeks 6 and 12 of preg-
nancy. These women should be switched to subcutaneous heparin as early as possible
instead of warfarin. Some experts recommend this conversion before conception,
while others advise it at the start of pregnancy. Heparin should be continued through-
out pregnancy until warfarin can be resumed. Both medications are considered safe
during breastfeeding.

4.1 Neonatal SLE

Neonatal SLE is associated with maternal anti-Ro and anti-La antibodies. It can
appear in newborns of mothers with these antibodies, regardless of whether the
mother exhibits clinical manifestations. The most common complication observed
is congenital heart block at a rate of 2%, with a recurrence rate of 16% in subsequent
pregnancies. Neonatal SLE has a mortality rate of 24%, and approximately 50%
of surviving infants will require a pacemaker within the first year of life. Once
detected, the block can no longer be reversed; however, in some cases, a second-
degree block has been converted to first-degree after administering dexamethasone.
In cases of hydrops fetalis development, dexamethasone, salbutamol, or digoxin may
be administered, taking into account the possible maternal risks. To prevent another
fetal heart block in women with a history, some researchers recommend IVIG
administration between the 12th and 24th week of gestation. Neonatal SLE presents
similarly to adult-onset SLE, often following exposure to the sun or UV radiation
within the first 2 weeks of life. It typically resolves within 6 months. Topical ste-
roids can be used as treatment. Other rarer manifestations of neonatal SLE include
abnormal liver function tests and thrombocytopenia, which typically regress after
the first year.

5. SLE and gynecological cancers

Several significant rheumatic disorders are linked to an elevated likelihood of
developing different types of cancers [18]. There has been a growing interest in
investigating connections between autoimmune disorders, such as SLE, and the risk
of cancer, while there are a number of studies that have explored the potential risks
associated with SLE. Current data suggests a slight (10-15%) increase in overall
cancer risk in individuals with SLE compared to the general population [19].

A large multisite cohort study by Bernatsky et al., involving 30 centers and 16,409
patients who were observed for 121,283 person-years, found a standardized incidence
ratio (SIR) of 1.14 (95% confidence interval (CI): 1.05-1.23) in the overall incidence
of malignancy. The most noticeable increased risk was observed in hematologic
cancers (SIR: 3.02, 95%, CI: 2.48-3.63), particularly non-Hodgkin lymphoma (NHL)
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(SIR: 4.39, 95% CI: 3.46-5.49). Other cancers suggested to have an increased risk were
lung (SIR:1.30, 95% CI: 1.04-1.60) and hepatobiliary cancers (SIR: 1.87, 95% CI:
0.97-3.27) [20]. Similar results have been reported in two more studies with a large
number of patients. The first cohort involved 30,478 SLE patients who were observed
for 157.969 person-years and found an increased overall cancer risk (SIR: 1.14, 95%
CI: 1.07-1.20) [21]. The second study which followed 11,763 SLE patients between
1996 and 2007, also found an increased risk of cancer (SIR: 1.76 95% CI: 1.74-1.79)
[22]. Conversely, individuals with SLE may have a reduced risk for certain cancers,
such as breast, prostate, and other cancers [19, 20].

Due to SLE being primarily a disease affecting women, there is a special interest
in the occurrence of cancers in the female genital tract. These malignancies include
cancers of the vulva, cervical, ovarian, and endometrial cancers. As far as the inci-
dence of gynecological malignancies for people with SLE is concerned, existing data
seems controversial [23].

With current data remaining inconclusive, several studies seem to have found a
negative correlation between ovarian cancer and SLE [23-25]. It should be taken into
account that ovarian cancer in SLE patients is rare and may compromise the valid-
ity of any results. In a study of 5715 hospitalized SLE patients, the SIR for ovarian
cancer was 0.48 (95% CI, 0.19-0.99) [26]. On the other hand, one report suggested
an increase of ovarian cancer in patients with cutaneous lupus erythematosus
(two- to fourfold increased only in cutaneous lupus and not SLE) [27], and within
the first 3 years of the diagnosis of SLE [28]. Finally, Song et al. in a meta-analysis
of 24 studies found that 11 studies failed to display any vital association between
SLE and ovarian cancer (pooled SIR: 0.92, 95% CI: 0.74-1.33, P: 0.309, 1 2 = 14.2%)
[29]. The cause of this low incidence of ovarian cancer among SLE patients remains
unclear. Individuals with SLE have a smaller risk for various hormone-sensitive
cancers (such as breast and endometrial cancer). This could suggest a link between
SLE and an altered metabolism of estrogen and/or other hormones [30]. An unproven
hypothesis is that SLE patients tend to have a higher age at menarche and a lower age
at menopause compared to the general population, resulting in a generally reduced
exposure to endogenous estrogens [23]. Furthermore, it has been suggested that the
observed low rates of ovarian cancers in SLE patients may be linked to certain lupus
autoantibodies [31].

Several studies have suggested that SLE may have a protective effect on the risk of
endometrial cancer [23, 25]. Bernatsky's international, multisite prospective, cohort
study showed that SLE patients have a decreased risk of endometrial cancer SIR:
0.44, 95% (CI: 0.23-0.77) [20]. In addition, a meta-analysis of five large SLE cohorts
involving 47,325 SLE patients being observed for a total of 282,553 person-years
strongly reported an SIR of 0.7195%(CI: 0.55-0.91) [25]. This seems to contradict
Song’s meta-analysis of six studies that did not manage to show any correlation
between endometrial cancer and SLE (pooled SIR =0.70, 95% CI = 0.46-1.07,

P =0.035,12 =58.3%) [32]. Similar to ovarian cancer, the precise biological mecha-
nism through which SLE might reduce the risk of endometrial cancer remains unclear.
There are several possible theories. It has been shown that patients with SLE exhibit
higher levels of sex hormone-binding globulin (SHBG). This leads to decreased levels
of bioavailable estrogen, potentially lowering the risk of endometrial cancer and
other hormone-sensitive cancers. Furthermore, circulating autoantibodies that target
host DNA, a characteristic of SLE, such as 3E10, seem to be harmful to tumors and
cancer cells with defective homologous recombination repair, similar to some ovarian
and endometrial cancers [32].
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Interestingly, a strong correlation between SLE and increased risk for vulvar,
vaginal and anal cancers has been found [23]. Bernatsky’s cohort study identified
anotable increase in the risk of vulvar (SIR: 3.78; 95% CI: 1.52-7.78) and vaginal
carcinoma (SIR: 3.80; 95% CI: 0.46-13.74) [20]. Similarly, Song, in his meta-analysis,
found eight studies that revealed an increased risk of vagina/vulva cancers (pooled
SIR: 3.48, 95% CI: 2.69-4.50, P: 0.813,12: 0.0%) [29]. However, it is important to
always consider the low absolute number of these rare malignancies when interpret-
ing the results.

Reports regarding the incidence of cervical cancer in patients with SLE are con-
flicting [20, 21, 23, 29]. Cervical dysplasia, the precursor to cervical cancer, has been
shown to be more prevalent in individuals with SLE compared to the general popula-
tion (OR: 8.66; 95% CI: 3.75-20.00) [33, 34]. While the majority of low-grade cervical
intraepithelial neoplasia (CIN) lesions tend to regress spontaneously, most high-grade
cervical dysplasia, specifically CIN 2 or 3, does not. Persistent human papillomavi-
rus (HPV) infection, a significant risk factor for cervical cancer, is associated with
various factors including HPV genotype, older age, coexisting infections, immuno-
suppression, and inflammation [35]. Despite the large number of studies that have
found an elevated risk of cervical dysplasia in patients with SLE, it remains unclear
whether there is an increased risk of actual invasive cervical cancer. For example, a
study of Swedish registers that matched 4976 patients with SLE with 29,703 other
women found that there was an increased risk of CIN 1 (HR: 2.33; 95% CI: 1.58-3.44),
CIN 2-3 (HR: 1.95; 95% CI: 1.43-2.65) and any CIN (HR: 2.12; 95% CI: 1.65-2.71),
but not an increase in invasive cervical cancer (HR: 1.64; 95%CI: 0.54-5.02) [36].

In this study, all invasive cervical cancers were observed in patients treated with
immunosuppressives. There are other studies in agreement with the same correlation
between CIN and invasive cervical cancer [19, 21, 23]. In contrast, there are papers
that support the increase not only in CIN but also in invasive cervical cancer [37, 38].
For instance, Song et al. in their meta-analysis found a 50% increased risk of cervical
cancer. In 11 studies that SLE was related to increased risk of cervix cancers (pooled
SIR: 1.56, 95% CI: 1.29-1.88, P: 0.404, 12 = 4.1%) [29].

Bias in the studies presented or included in the meta-analysis, whether prospec-
tive or retrospective, the small number of patients with invasive cancer, problems
in reporting, discrepancies in screening, short follow-up times, the severity of the
autoimmune disease, coexisting factors, and other methodological differences may
explain the aforementioned differences.

In the case of cervical, vulvar, and vaginal cancers, there is a strong association
with HPV infection. Cervical cancer is the most common HPV-related disease [39].
There is evidence of an increased rate of HPV infection among women with SLE and
infections with high-risk aggressive variants at a high viral load [40, 41]. A Korean
study with 134 SLE patients showed that SLE itself was an independent risk factor
for high-risk HPV infection, with SLE patients having greater prevalence of high-risk
HPV infection (24.6% vs. 7.9%, P < 0.001, OR: 3.8, 95% CI: 2.5-5.7) and of abnormal
cervical cytology results (16.4 vs. 2.8%, P < 0.001, OR: 4.4, 95% CI 2.5-7.8) compared
with controls [42]. Innate autoimmune defects and/or immunosuppression may
result in the inability of the immune system to clear the virus. Poor HPV clearance
may result in the development of CIN [23, 43]. For patients with SLE, it is not known
whether this could be attributed to baseline defective immunity to HPV or secondary
to medication exposure.

A growing interest in immunosuppressive therapy as a potential factor contrib-
uting to increased cancer risk in patients with autoimmune diseases has also been
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observed. There have been several attempts to answer the question of whether
iatrogenic immunosuppression increases cancer risk in patients with SLE, presenting
mixed results. There are studies suggesting that the risk of high-grade cervical dys-
plasia of cervical cancer is the same for patients with SLE irrespective of the use of
systemic immunosuppressants [38, 40]. One study found a higher incidence of cervi-
cal cancer, even in women with SLE who have never used immunosuppressants [37].
However, in this study, the relatively low frequency of exposure to immunosup-
pressants, combined with the rare occurrence of cancer within the cohort, make the
interpretation of the actual impact difficult. Interestingly, other studies showed the
exact opposite results. One study suggested that long-term use of immunosuppres-
sion doubled the prevalence of low-grade and high-grade intraepithelial lesions [43].
There are studies that even suggest the dose-dependent correlation between the
immunosuppressive drug and the likelihood of the patient developing cancer

[44, 45].

It is essential to acknowledge the potential presence of confounding factors. There
may be other factors related to treatment, severity of the disease and indications of
treatment that might explain some associations. One of the difficulties in interpreting
these results lies in the fact that patients with SLE receiving potent immunosuppres-
sive therapies, especially cyclophosphamide, probably have higher disease activity.
Even though there are a few small studies denying the relation between disease sever-
ity and risk for CIN in patients with SLE, there is not enough evidence to suggest that
a higher disease burden is related to a lower or higher risk of cancer [46].

A notable study in Denmark found that individuals with autoimmune disorders
did not show an increased risk of developing cervical cancer. Furthermore, the study
indicated that the utilization of immunosuppressants generally did not correlate with
heightened risk, with the exception of azathioprine use [47].

Moreover, there are papers that suggest that despite treatment with immunosup-
pressive therapies like cyclophosphamide, methotrexate, azathioprine, and mycophe-
nolate mofetil, these patients may be at higher risk of developing cervical neoplasia,
while those treated with antimalarials are not [36, 48]. In addition to this, there are
indications that antimalarial drugs such as hydroxychloroquine may play a protective
role against cancer in patients diagnosed with SLE [48]. However, at present, there is
not sufficient evidence to support that claim. The same applies to the use of aspirin
and non-steroidal anti-inflammatory drugs, which have been linked with a decreased
risk of some cancers but not in patients with SLE [49].

Screening for cancers is important in the entire population. Generally, there are
no well-established guidelines for ovarian, uterine, and vulvar cancers, but there are
for cervical cancer. Due to the suggestion of increased CIN and cervical cancer risk,
cervical cancer screening is particularly important for patients with SLE. Screening
for cervical cancer might help in screening the rarer vulvar and vaginal cancers that
have a higher incidence in patients with SLE, especially given the fact that women are
not very familiar with and informed about other HPV-related cancers [50].

It could be suggested that since patients with SLE have regular follow-ups for their
autoimmune disease, they might get more screening testing for cancer. On the other
hand, due to both the nature of SLE and the fact that SLE patients seek care from
specialists who are experts on autoimmune diseases and not cancer, screening for
other diseases might be overlooked. There are studies showing similar participation
of women with SLE and controls in screening programs for cervical cancer [47, 51]. A
prospective study revealed that the proportion of younger women with SLE attending
a screening visit was lower, but the difference was relatively small [36]. Nevertheless,
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other studies have suggested that women with SLE are less likely to undergo the
recommended screening for cervical cancer compared to the general population (33%
versus 56%) [52]. About half of the SLE patients are not up to date in their screening
schedule [53]. Only 9 of 27 patients with SLE aged less than 30 years old had a cytol-
ogy test in the previous 12 months (33%, 95% CI: 19-52). Race and education level
appear to be related to the screening rate. Women with more severe disease (based

on SLE/ACR damage index scores) were the least likely to have undergone cervical
screening.

SLE specialists should encourage all their patients, especially those with a history
of dysplasia, not to overlook their cancer screening appointments.

There are no original research studies comparing cancer screening strategies for
patients with SLE. Tessier-Cloutier et al. published a systematic review on cancer
screening specifically for patients with SLE [54]. Among the 79 original research
papers, 25 gave screening recommendations, of which 14 proposed additional cancer
screening, while 11 advocated adherence to the general population screening pro-
grams. Some articles suggested annual screening for cervical cancer and testing for
HPV in patients who had received cyclophosphamide in the past.

A recent publication regarding guidelines for cervical cancer screening in immu-
nosuppressed women without HIV infection proposed that due to the elevated risk of
cervical intraepithelial neoplasia (CIN), women with systemic lupus erythematosus
(SLE) should adhere to the same screening protocols as women with HIV, irrespective
of whether they are receiving immunosuppressant treatments or not [55].

Their recommendations include:

* Cytology before the age of 30 years old.

¢ Co-testing after the age of 30 years old. Cytology could be acceptable. In case of
using only cytology, it should be performed annually. If three consecutive cytol-
ogy results are normal, cytology could be performed every 3 years.

* When using co-testing, there should be a baseline co-test of HPV with cytology.
If the HPV is negative and the cytology normal, co-testing could be performed
every 3 years.

o If the patient had immunosuppressant therapy before the age of 21 years old,
screening should begin within 1 year of the first sexual encounter.

* Screening should be continued throughout lifetime.

* Screening could discontinue based on shared discussion regarding quality and
duration of life rather than age.

The European League Against Rheumatism (EULAR) recommends that women
with SLE should undergo screening for malignancies as the general population (level
of agreement D) and that women who are heavily immunosuppressed should be
monitored with vigilance (level of agreement B) with the suggested timing for cytol-
ogy examination to be once a year [56].

Vaccines are one of the most effective tools to prevent infectious diseases. In
the last two decades, three non-live protein subunit vaccines for HPV have been
approved [57]. The bivalent (bHPV - aimed against serotypes 16 and 18), the
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quadrivalent (qQHPV — against serotypes 6, 11, 16, and 18), and most recently, the
9-valent (9vHPV - against serotypes 6, 11, 16, 18, 31, 33,45, 52, and 58).

Admittedly, there are several concerns about vaccination in immunocompromised
patients. Some of these concerns include the potential risk of exacerbation of the
underlying disease, the possibility that a live-attenuated vaccine may induce an overt
infection, and that the vaccine will not be effective and immunogenic since it cannot
induce both adequate antibody levels and the memory to achieve short term and long-
term protection [58].

Overall, immunosuppressive drugs typically do not appear to impair the effective-
ness of vaccines [59, 60]. However, rituximab, an anti-CD-20 antibody, stands as an
exception as it can impact immune responses to vaccines. It is advised that vaccination
should take place at least 6 months after rituximab administration [58].

Even though the immune response generated from a vaccine against HPV may
be lower in patients with SLE compared to the general population, studies suggest
that it is safe and effective in individuals with autoimmune diseases, including SLE
[59, 61].

A case-control study of 50 patients with SLE between the ages of 18 and 35 years
old who were vaccinated with the quadrivalent HPV vaccine found that the serocon-
version rates of antibodies to HPV serotypes 6, 11, 16, and 18 at 7 and 12 months were
similar between the SLE patients and the control group [62]. Specifically, at month 7,
the seroconversion rates of anti-HPV types 6, 11, 16, and 18 in patients with SLE and
controls were 74%, 76%, 92%, 76% and 96%, 95%, 98%, and 93%, respectively. At
month 12, the seroconversion rates in patients with SLE and controls were 82%, 89%,
95%, 76%, 98%, 98%, 98%, and 80%), respectively. Apart from antibody titers for
type HPV-6, both at 7 and 12 months being lower in SLE patients, the other antibody
titers did not statistically differ. Patients did have a lower specific immune response
when compared to the control group, but most of them produced protective antibody
levels. A considerable number of patients were receiving immunosuppressive medica-
tions. No significant differences in the seroconversion rates were observed between
patients receiving treatment and those who were not. No significant difference was
reported between patients who were on various medications, except for those who
were taking mycophenolate mofetil. The most common adverse event was erythema
and pain at the injection site that subsided spontaneously after 1-2 days. Crucially,
no difference was observed in disease flares nor significant changes in the titers of
serologic autoimmune markers [62].

The researchers examined the same patients 5 years later and found out that
immunogenicity of the vaccine was retained in most of them. The levels of antibody
titers to HPV-6 and 16 were significantly lower in patients than controls, and there
were 7 (21%) SLE patients with seroreversion in at least 1 anti-HPV antibody. The
latter had significantly more disease flares and needed higher doses of immunosup-
pressive medications [63]. Repeating HPV vaccinations for those patients could be
considered, but there is no evidence about the safety and efficacy of this practice.

Certain case reports and case series have expressed concern regarding the use of
HPV vaccines, as they identified a potential association with the onset of autoim-
mune diseases [64]. Although, population-based studies consistently demonstrate
that HPV vaccines are not linked to an increased incidence of new-onset autoimmune
diseases [65].

EULAR recommends that all patients with SLE should be vaccinated against HPV
according to the recommendations for the general population (strength of recom-
mendation C) [60]. The US Centers for Disease Control and Prevention (CDC)
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recommends the vaccine for any immunocompromised patients up to age of 26 years
old [66].

In general, cancer is an important cause of morbidity and mortality for SLE
patients. Patients with SLE have an increased risk of cancers, especially NHL and lung
cancer. As far as gynecological cancers are concerned, there is an increased risk for
cancers of the vulva and the vagina, whereas there seems to be a protective correla-
tion for ovarian and uterine cancers. Even though there are conflicting reports about
cervical cancer, there is a definite connection between SLE, HPV infections, and CIN.
Both family doctors and specialists should encourage their patients to follow cancer
screening programs, undergo vaccination where it is appropriate, and try to minimize
other known cancer risk factors (such as smoking and obesity).

6. Conclusion

With advancements in the diagnosis and treatment of patients with SLE, the
prognosis has improved during the last few years. Thus, successful pregnancy
outcomes are now more attainable than ever before. However, significant morbid-
ity still exists for both the mother and her fetus. Early counseling prior to concep-
tion, vigilant and continuous monitoring of the patient, and collaboration among
specialists are essential for achieving the best perinatal outcomes. In general,
pregnancies complicated by SLE carry a higher risk of spontaneous abortions, pre-
eclampsia, IUGR, fetal death, and preterm birth. The magnitude of risk depends
on the presence or absence of complications lupus nephritis, hypertension,
antiphospholipid antibodies and pericarditis. Women with SLE usually require
treatment that may complicate the pregnancy. Therefore, having the appropriate
therapeutic approach before and after pregnancy is crucial for achieving optimal
perinatal outcomes. Up to date, corticosteroids have been used extensively and
safely during pregnancy. Corticosteroids have been extensively and safely used
during pregnancy. Additionally, hydroxychloroquine and azathioprine have dem-
onstrated efficacy with no observed increased risk of congenital anomalies, unlike
methotrexate and cyclophosphamide, which are contraindicated in pregnancy
(Table 3). Antithrombotic drugs also improve the perinatal outcomes in cases of

Pregnancy can alter the activity of SLE and increase the risk of thrombotic episodes.

SLE and antiphospholipid syndrome increase the possibility of miscarriage, intrauterine delayed develop-
ment, and premature birth.

Pregnancy should be planned at least 6 months after the last exacerbation of the disease.

Hydroxychloroquine should not be discontinued at the beginning of pregnancy since a flare-up may be
triggered.

SLE should be carefully regulated throughout pregnancy. Corticosteroids are the drugs of choice.

Congenital heart diseases are closely associated with the presence of anti-Ro/anti-La antibodies in the
mother.

Aspirin and heparin are the drugs of choice in the prevention of miscarriage in antiphospholipid syndrome.

Regular obstetric and medical monitoring by experienced staff throughout the pregnancy increases the
probability of a successful pregnancy outcome.

Table 3.
Practical issues.
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antiphospholipid syndrome. Finally, a rare condition of fetal heart block has been
associated with the presence of anti-Ro and anti-La antibodies in the mother.

Later in the womans life, SLE patients have an increased risk for gynecological
cancers, especially cervical cancer. The immune suppression related to the regimens
that the patient receives or even the immune dysregulation that SLE heralds ren-
ders the patient a predisposition for any type of malignancy. Cyclophosphamide is
well known to be related to bladder cancer and other cancers as well. Vigilance and
meticulous GYn examination is warranted for SLE patients.
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease, mainly affecting
women of childbearing age. Both macro- and microvascular involvements in SLE
contribute to increased morbi-mortality associated with this disease. Microvascular
involvement in SLE is found throughout the body. Multiple research methods linked
to microvascular involvement were developed over time, nailfold capillaroscopy
(NFC) being the most used both in the clinic and in research. In recent years, NFC
has been used more and more in SLE patients. The aim of this chapter is to review
the main capillaroscopic abnormalities that reflect the microvascular damage in SLE
patients. Normal capillaries are significantly fewer than in healthy subjects, and capil-
laroscopic abnormalities are identified in almost 40-50% of SLE patients, consisting
of tortuosity, hemorrhages, and modified morphology. On the other hand, the NFC
score is higher than in healthy subjects. Some correlations are identified between
capillaroscopic abnormalities and clinical and biological parameters. Disease activity
is correlated with NFC score, and, on the other hand, with the abnormal capillaries
morphology and hemmorhages. Raynaud’s phenomenon is associated with dilated
capillaries, while lupus nephritis with meandering capillaries. Further research is
warranted in order to have a better understanding of microcirculation in SLE.

Keywords: microvascular involvement, nailfold capillaroscopy, systemic lupus
erythematosus, capillaroscopic abnormalities, systemic lupus erythematosus
complication

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease of unclear
etiology, characterized by autoantibodies and immune circulation complexes
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production, generating the complement system activation, systemic inflammation,
and protean clinical manifestations. Its symptoms can vary from mild to severe,
potentially fatal manifestations [1]. This disease is considered as the prototype
of autoimmune disease, which mainly affects the young women of childbearing
years [2]. The pathogenesis of systemic lupus erythematosus (SLE) involves multiple
humoral and cellular dysregulation [3]. Genetic susceptibility, environmental factors,
or hormones lead to the appearance of the autoimmune response (preclinical period,
characterized by the appearance of autoantibodies). Later, these autoantibodies and
immune circulation complexes activated the complement system, generating inflam-
matory mediators and subsequent damage to different organs and systems (clinical
period). SLE has an undulating evolution, with exacerbations and remissions. Over
time, the accumulation of comorbidities related to irreversible destructive injuries
is observed, due either to the disease itself or to the therapies used, generating high
morbidity and mortality [4]. Antinuclear antibodies are the most characteristic of this
disease, found in at least 95% of these patients [5].

The latest classification criterion for SLE was developed in 2019 by the European
League Against Rheumatism (EULAR) in collaboration with the American College
of Rheumatology (ACR). The aforementioned criterion must include at least one
instance of antinuclear antibodies (ANA) being positive, representing a mandatory
inclusion condition. Additionally, there are additive weighted criteria that have been
separated into seven different groups, including clinical groups comprised of consti-
tutional, hematologic, neuropsychiatric, mucocutaneous, serosal, musculoskeletal,
and renal status, followed by three immunologic groups that include antiphospholipid
antibodies, complement proteins, and SLE-specific antibodies. A total personal score
of ten or above is indicative of the patient having a diagnosis of SLE [6].

2. Vascular involvement in SLE: micro- and macrovascular

Vascular involvement is considered the most serious feature of SLE, representing
an important cause of morbidity and mortality in these patients. All types of blood
vessels can be affected in the form of vasculopathy (non-inflammatory vascular
lesions) or vasculitis (inflammatory vascular lesions with leukocytic infiltration and
fibrinoid necrosis of the vascular walls). At the levels of large- and medium-sized
arteries were described as atherosclerosis, thrombosis secondary to antiphospholipid
syndrome, and vasculitis of visceral, coronary, and cerebral vessels. Microvascular
involvement appeared in the form of cutaneous vasculitis, livedo reticularis, lupus
nephritis, pulmonary and intestinal vasculitis, and pulmonary hypertension [7, 8].

3. Methods of microcirculation investigation in SLE patients

By using laser Doppler monitoring, color Doppler ultrasound, plethysmography,
thermography, and nailfold capillaroscopy, microcirculation was assessed in SLE
patients [3].

Nailfold capillaroscopy (NFC) is a noninvasive, repeatable method that is
widely used in rheumatology, but not only [9]. Before the procedure, the patients
were refrained from smoking and ingesting caffeine-containing drinks for at least
5 hours. The fingernail cuticles have not been removed for at least 1 month. The
patients stayed for a minimum of 20 minutes in a room with a constant temperature
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of 22-25°C, with the hands positioned at the heart level. Nailfold capillaroscopy was
performed on the second to fifth fingers, using a drop of immersion oil placed on the
nailfold [10].

Standardization of nailfold capillaroscopic results distinguishes three patterns:
normal pattern (hairpin shaped with a normal distribution) (Figure 1), non-specific
pattern (tortuosity, crossing, meandering, and dilated capillaries) (Figure 2),
scleroderma-like pattern (giant capillaries, microhemorrhages, avascularity, and
neoangiogenesis) (Figure 3). Lower capillary density is defined by the reduction of
capillary number below 7 capillaries per linear mm, counted at the distal row) [11].

Figure 1.
NFC (x50): SLE: Normal pattern (personal collection).

Figure 2.
NFC (x200): SLE: Non-specific pattern (personal collection,).
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Figure 3.
NFC (x200): SLE: Scleroderma-like pattern (personal collection,).

4. Microvascular involvement in SLE: nailfold capillaroscopy findings and
correlation with clinical and biological parameters

SLE inflammatory mediators cause the damage of vascular endothelial cells, gen-
erating destruction and neovascularization. Over time, it was tried to find a unique
model of microcirculation in SLE patients using NFC [12].

NFC findings are used for early diagnosis and prognosis of SLE. Until now,
no unique model of nailfold capillaroscopic in SLE has been described. But
Kabasakal et al. and Lambova and Muller-Ladner observed more frequent changes
in SLE patients, such as tortuous capillaries and increased capillary diameter and
length [13, 14]. Non-specific alterations were mainly described as capillaries with
increased tortuosity and abnormal shapes, in addition to microhemorrhages [9]. A
‘scleroderma-like’ capillaroscopic pattern has been rarely observed (2-15%) in these
patients [15, 16].

Five models of nailfold capillaroscopy were more frequently described in SLE
patients. In 1986, Granier et al. described a pattern of tortuous and meandering capil-
laries with increased capillary loop length and prominent subpapillary plexus, expos-
ing an increase in capillary loop length [17]. The probable SLE model was identified
by McGill et al. as definite capillary enlargement without avascular areas [18]. In 2013,
Lambova et al. defined an “SLE-type pattern” consisting of elongated capillaries,
increased tortuosity, dilated capillaries, and a prominent subpapillary plexus [14].
The presence of capillary loops, the variability of capillary loop length, morphologic
changes of venular plex visibility, and sludging of blood within said capillaries have
also been identified by a number of other researchers as characteristic of SLE [19].
Subsequent, Barbulescu et al. described a pattern with elongated capillaries with
increased tortuosity, dilated capillaries, and a prominent subpapillary plexus [20].

In a study regarding patients with SLE by means of NFC 56, Shirani and Barahimi
described an increased prevalence of the following capillaroscopic modifications:
microvascular structure, decreased vascular density, enlarged capillary loops, micro-
hemorrhages, as well as neoangiogenesis, amounting to 37.5, 78.6, 32.1, 16.1, and
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25.0%, respectively. The authors identified a positive correlation between the dura-
tion of the disease and the presence of microhemorrhages (p = 0.043) [21].

The mean of capillaries density was significantly lower in SLE patients, compared to
healthy controls [13, 14, 22], whereas in studies published by Caspary et al. [23], Studer
etal. [24], Facina et al. [25], and Dancour et al. [26], no significant difference was found.

The capillary loop width was significantly higher in SLE patients compared to
healthy controls in Ohtsuka study [27], whereas in two other studies, this difference
was not significant [24, 28].

4.1 Cutaneous involvement in SLE

The skin is frequently affected in SLE, reaching up to 85-90%. Clinical manifesta-
tions include Raynaud’s phenomenon, livedo reticularis, and cutaneous vasculitis [4].
The prevalence of Raynaud phenomenon (RP) in SLE is about 10-45%, having a

more benign course, without tissue necrosis [14]. Endothelial dysfunction, abnormal
adrenergic receptor reactivity, and inadequate release of neuropeptides or vasoactive
mediators represent the main factors of RP. Due to its repetitive vasospasm, it leads to
digital microinfarctions and ulcers or even gangrene of the distal portions of digits [29].

Secondary RP showed dilated and elongated capillaries, increased tortuosity, and
prominent subpapillary plexus, but in some cases, the patients with secondary RP
showed a scleroderma-like pattern [14].

Patients with SLE concomitantly presenting with RP have been found to be prone to
the development of pulmonary arterial hypertension (PAH): by comparison, patients
with SLE who did have PAH exhibited RP in 81% of the cases, while patients with
SLE who did not associate PAH exhibited RP in only 56% of cases. After performing a
univariate analysis, it was found that patients in which RP was present had a threefold
increase in the risk of developing PAH. This finding supports the usage of this variable
as arelevant indicator for the identification of this subpopulation of patients [16].

Caspary et al. performed a quantitative analysis of nailfold capillary morphol-
ogy in 29 SLE patients with Raynaud phenomenon (RP), 29 RP-negative patients
with SLE with the same duration of the disease, and 29 healthy controls. Tortuosity,
meandering, and bushy capillaries were significantly increased in both groups of SLE
patients without the influence of RP. Capillary density was lower, and the mean diam-
eters of the capillary loops were higher in patients, especially when RP was present
(p < 0.0005). SLE patients with the Raynaud phenomenon presented high capillary
enlargement, correlated with the frequency of attacks [23].

In the study published by Zhao T et al. which was done on 85 SLE patients, RP was
identified in 31.7% of patients. Nailfold capillaroscopy identified a normal pattern in
15.3% of patients, a non-specific pattern in 75.3% of patients, and scleroderma pattern
in 9.4% of the studied lot. Capillaries dilatation was described in 81.5% of SLE patients
with RP but only in 14% among the SLE patients without RP (p < 0.005) [12].

The most frequent NFC findings in the SLE and RP patients were enlarged capil-
laries and microhemorrhages [30]. In their study, Shenavandeh S and Habibi S.
identified that minor NFC changes were present in 30.6% of patients and major
changes in 63.9% of cases. Active skin involvement was associated with the disturbed
distribution of capillaries (p < 0.004) [31].

Pavlov-Dolijanovic et al. studied 79 patients with SLE, of which 44 presented with
RP, while 35 patients did not. The authors found significantly more frequent central
nervous systemic involvement, as well as peripheral neuropathy, in patients with
SLE and RP, while secondary Sjégren’s syndrome was more common in patients with
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SLE without RP. Nailfold capillaroscopy showed enlarged capillaries, avascular areas,
capillary hemorrhages, and granular blood flow to be significantly more frequent in
patients with SLE and RP compared to those without RP. A scleroderma-like pattern
was more frequently identified in patients with RP [32].

Livedo reticularis is found in about 14-48% of SLE patients. It is produced by the
dermal arterioles spasm and swelling of cutaneous venules [15].

Cutaneous vasculitis is observed in 19-28% of patients with SLE, being a leukocy-
toclastic vasculitis with immune complex deposition in the small vessels of the dermis
and/or subcutaneous tissue [8].

All these patients presented NFC non-specific or scleroderma-like patterns [8].

4.2 Pulmonary involvement in SLE (interstitial lung disease; PAH)

In their study, Pallis et al. measured capillary density in 24 patients with systemic
lupus erythematosus. The results of the study underlined the close correlation
between nailfold capillary density and pulmonary gas transfer in patients with SLE.
It was further hypothesized that nailfold capillary density might represent a feasible
indicator of alveolar capillary density due to the fact that in patients with SLE, poor
gas transfer may be dependent on alveolar capillary loss [22].

PAH, a potentially severe condition related to autoimmune rheumatic diseases,
represents about 30% of all PAH cases in the adult population [33]. The prevalence of
PAH associated with SLE patients varies from 0.5 to 14% according to the diagnosis
methodology used [34, 35]. However, PAH development in SLE patients is associated
with high morbidity and mortality [33, 36].

Development of PAH associated with SLE includes the following conditions: livedo
reticularis, cutaneous vasculitis, Raynaud’s phenomenon, serositis, and serologic
abnormalities (anti-ribonucleoprotein, anti-cardiolipin antibodies, and high levels of
serum endothelin-1 levels) [37, 38].

There is an increasing body of evidence linking NFC abnormalities with the
presence and severity of PAH, underlining the role microcirculation might have in the
development and pathogenesis of PAH [33, 39, 40].

In their study performed on 65 SLE patients (21 patients with SLE-PAH and 44
patients with SLE without PAH), Donnarumma et al. described the presence of
scleroderma capillaroscopic pattern in 56.3% SLE-PAH versus 15.9% SLE without
PAH patients (p = 0.002). Univariate analysis showed that the presence of Raynaud’s
phenomenon and scleroderma-like pattern were associated with PAH. On the other
hand, by using multivariate analysis, the authors showed that a scleroderma capil-
laroscopic pattern was the sole variable associated with a significantly higher risk of
PAH [33].

4.3 Lupus nephritis

In patients with lupus nephritis, Shenavandeh and Habibi did not identify any cor-
relation between the capillary abnormalities and the presence of renal involvement
(p > 0.05), except for the elongated capillary loops (p < 0.03) [31].

On the other hand, Ragab et al. identified a statistically significant positive cor-
relation (p < 0.05) between the presence of meandering capillaries and 24 h urinary
proteins. The explanation for this could be represented by the same vascular pathol-
ogy affecting blood vessels in the kidney and nailfold region [41]. Kabasakal et al.
showed that the renal vascular lesions are related to the SLE severity [13]. All studies
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showed that capillaroscopic abnormalities are present in LN. The existing differences
in the reported results are due to the different selection of the studied SLE patients
with LN, either based only on the renal histopathological examination or based on the
urine and blood examinations.

4.4 Serology and SLE activity

NFC abnormalities have been detected in up to 36% of patients with SLE, with
described correlations with autoantibodies anti-U1 ribonucleoprotein (UIRNP) [42].

In regards to autoantibody profiles and their correlation to the number of capillaries
present in NFC, RNP positivity has been found to influence the severity of NFC findings
in patients with SLE, showing a significant decrease in capillary numbers [14].

While significant differences were observed in regard to NFC patterns in patients
with low disease activity when compared to those with high disease activity, the same
did not apply to differences between anti-double stranded deoxyribonucleic acid,
anti-Smith antibodies, and low complements [12]. The same results were reported
by other studies. Kuryliszyn-Moskal A et al. evaluated the NFC changes in relation
to the main serum endothelial cell activation markers and the disease activity of SLE
in 80 patients. When NFC was performed, 33 patients with SLE showed a normal
capillaroscopic pattern or mild changes (41.25%), while 47 patients with SLE pre-
sented moderate or severe abnormalities (58.75%). An NFC score of above 1 was more
frequently associated with the presence of internal organ involvement. Between SLE
patients with NFC score of above 1 and the control group, significant differences were
found in the serum concentrations of endothelial cell activation markers. Moreover,

a significant positive correlation was encountered between the severity of the NFC
score and the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) [43].
Ciotkiewicz et al. identified a positive correlation between capillaroscopic score and
disease activity (r = 0.339, p < 0.01) [44]. Kuryliszyn-Moskal et al. and Zhao et al.
showed that the prevalence of microhemorrhage was higher in active SLE patients
than in inactive cases [12, 45]. In their study, Shenavandeh and Habibi identified that
minor NFC changes were present in 30.6% of patients and major changes in 63.9%

of cases. Active SLE with higher activity was associated with severe NFC changes.
Patients with active SLE have been found to have a higher incidence of microhemor-
rhages. In SLE patients with active skin involvement, the disturbed distribution pat-
tern was more frequent, while subtle changes were less frequently observed compared
to patients without active skin involvement [31].

Nasser et al. on 53 SLE patients, showed a significant correlation between NFC
score and disease activity, expressed as SLEDAI (p = 0.021). The authors demon-
strated that high levels of interferon I and interleukin 17A are found in active SLE. On
the other hand, these mediators are involved in vascular injury, assessed by means of
NFC [46].

It is known that SLE patients are prone to develop premature, accelerated, and
extensive atherosclerosis. Farouk et al. showed that the lower density, longer, wider,
and disorganized capillaries and tortuous and meandering capillaries were associated
with the presence of atherosclerosis [47].

Data accumulated to date showed that there are statistically significant differences
regarding the NFC abnormalities between SLE patients and healthy controls. SLE is
an inflammatory autoimmune disease in which the mediators of autoimmunity and
inflammation contribute to endothelial damage, with consequent vascular changes.
Most studies have shown that the NFC scores correlate with the disease activity.
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5. Conclusion

Data accumulated to date showed that there are statistically significant differences
regarding the NFC abnormalities between SLE patients and healthy controls. SLE is
an inflammatory autoimmune disease in which the mediators of autoimmunity and
inflammation contribute to endothelial damage with consequent vascular changes.
These vascular changes are highlighted by means of NFC. Indeed, there is no specific
capillaroscopic pattern in SLE patients, but most studies have shown that the NFC
scores correlate with the disease activity.

Studies on capillaroscopic aspects of SLE patients included a small number of
people. Despite a small number of studied SLE patients, it was possible to conclude
that the changed capillaroscopic pattern correlated with the presence of other vas-
cular involvement at the level of different organs. Therefore, the presence of NFC
changes in SLE patients requires the assessment of other organ damage in them
(nephritis and pulmonary hypertension).

Due to the variable capillaroscopic repertoire found in SLE patients, multiple
further multicenter studies are needed in order to clarify the NFC aspects and the
correlation between them and clinical and laboratory parameters.
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Abstract

Sodium-glucose cotransporter 2 inhibitors (SGLT-2i) have revolutionized the
treatment of diabetic nephropathy. Their application was expanded to include other
disorders, such as cardiovascular disease. Lupus nephritis is a significant complication
of systemic lupus. Within the first 3 years of the disease, one-third of patients develop
lupus nephritis. It is recognized as a leading cause of morbidity and mortality. Lupus
nephritis therapy has improved with the use of corticosteroids, immunosuppressants
such cyclophosphamide, mycophenolate mofetil, calcineurin inhibitors, and rituximab
over the years. However, existing medications do not address all needs in the manage-
ment of Lupus nephritis (LN) and are not always effective. According to new research,
SGLT-2i may have potential for treating lupus nephritis due to their pleiotropic effects
(anti-inflammatory, immunological, and hemodynamic implications). Recent trials
using SGLT-2i in animals and humans have yielded encouraging outcomes in lupus
nephritis. This review will explore the role of SGLT-2i in the management of lupus
nephritis in addition to immunosuppressive medication.

Keywords: SGTL2 inhibitors, lupus, lupus nephritis, treatment, proteinuria

1. Introduction

Systemic lupus erythematosus (SLE) is a prototype of systemic autoimmune
disease with alternating periods of remission and flares [1]. Approximately 33-50%
of SLE patients develop organ involvement within 5 years of diagnosis [2]. The
incidence and prevalence of SLE and LN differ based on the specific population
under investigation and the diagnostic criteria employed to identify SLE and LN
[2, 3]. Lupus nephritis (LN) is one of SLE’s most common and severe complications
[3]. Glomerulonephritis is the most prevalent type of LN. LN can progress to end-
stage renal disease [3]. LN was linked to higher rates of illness and death, while SLE
patients who did not develop LN had favorable overall outcomes in terms of survival
[3]. Our understanding of the genetic and pathogenetic bases for LN has significantly
advanced in recent decades [3, 4]. It is crucial to consider key risk factors to effec-
tively assess and address progressive kidney disease. These include clinical parameters
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(proteinuria, glomerular filtration rate, complement levels, anti-dsDNA titer, and
presence of antiphospholipid antibodies), kidney biopsy classification, and adher-
ence to therapy [4].

Current treatments do not meet all needs in the management of LN and are not
uniformly effective; they also carry significant risks and side effects, underscoring
the need for novel therapeutic approaches [4]. While glucocorticoids and immu-
nosuppressive agents such cyclophosphamide, mycophenolate mofetil, calcineurin
inhibitors, and B-cell depletion therapy, remain the standard of care for LN, non-
immunosuppressive therapies, such as renin-angiotensin-aldosterone system inhibi-
tors, have always been part of the therapeutic arsenal of LN.

The concept of clinical response lacks unanimity, and there is an urgent need for
uniform protocols to establish therapy response. A comprehensive response is typi-
cally achieved when the spot urinary protein-to-creatinine ratio is below 500 mg/g,
the serum creatinine level reverts to the previous baseline or becomes normal, and
there are less than five red blood cells per high-power field and no red blood cell casts
in the urinary sediment. A partial response is achieved when the amount of protein
in the urine decreases by more than 50% to a level that is below the threshold for
kidney damage. This is indicated by a spot urinary protein-to-creatinine ratio of less
than 3 g/g. Additionally, the serum creatinine level should be 15-25% higher or lower
than the initial level. The number of red blood cells per high-power field should be
less than 50% of the initial count, and there should be no red blood cell casts in the
urine sediment [3]. Despite, all the advancements in the LN treatment, LN remains
a substantial cause of morbidity and death among patients with SLE, and achieving
clinical remission is not always possible.

Cardiovascular complications are also common and a leading cause of death in
patients with SLE and LN. Patients with LN have multiple risk factors for cardiovas-
cular complications, such as diabetes, dyslipidemia, and vascular inflammation [5].

Emerging evidence suggests that sodium-glucose cotransporter 2 inhibitors
(SGLT-2i), a class of drugs primarily used to manage type 2 diabetes (T2D) and heart
failure, may hold promise for treating lupus nephritis. These agents block reabsorp-
tion of glucose in the kidneys, leading to increased urinary glucose excretion and
improved glycemic control [6]. Beyond their effects on blood sugar, SGLT2 inhibitors
have demonstrated anti-inflammatory, antioxidant, and renoprotective properties
that may be beneficial in autoimmune kidney diseases such as LN [7]. The unique
renal and cardiac protective effects of SGLT2is in patients with chronic kidney disease
(CKD) offer an attractive opportunity for SLE/LN management.

2. Sodium-glucose cotransporter 2

Sodium-glucose cotransporter 2 (SGTL2) belongs to a large family of membrane
proteins located in the intestinal tract and proximal tubule, and is responsible for
the transport of glucose, amino acids, vitamins, and some ions across the membrane
of the epithelial intestine and proximal tubule in the kidneys. SGLT1 is predomi-
nantly found in the gastrointestinal tract, while SGLT?2 is a renal protein, primarily
expressed in the proximal tubule and accounts for 80-90% of glucose reabsorp-
tion, with the remaining 10-20% reabsorbed by SGLT1 [8]. SGLT-2 proteins have
the physiological function of reabsorbing filtered glucose from the tubular lumen.
Upon the discovery of the SGLT proteins, scientists found that phlorizin, an SGLT
inhibitor, had been extensively researched for more than 150 years. However, it was
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only in recent decades that scientists uncovered its precise mechanism of action [7].
Phlorizin is derived from the root bark of the apple tree. In 1933, a limited number
of individuals had a brief trial of the substance, during which scientists observed its
ability to raise glucose levels in urine, decrease blood glucose levels, and inhibit the
reabsorption of glucose. Its effect extended beyond the kidney. Due to its ability to
impede glucose absorption in the intestine, limited oral absorption, and interference
with glucose transport zones, it was considered inappropriate for human usage [7].
However, research on phlorizin played a crucial role in comprehending the function-
ing of sodium-glucose transporters, and scientists hypothesized that it might interfere
with the activity of SGLTs. In 1995, researchers discovered that phlorizin effectively
blocked the activity of both SGLT1 and SGLT?2 [7]. Phlorizin’s negative effects can
be attributed to the presence of SGLT1 in several tissues and its crucial function in
glucose absorption in the intestine. As scientists gained additional knowledge about
phlorizin and SGLTs, they became intrigued by the potential of employing phlorizin
as a basis for developing a diabetes treatment. Subsequent research efforts in the fol-
lowing decades were dedicated to enhancing the efficacy, selectivity, and duration of
action of phlorizin derivatives targeted at SGLT2. This study led to the identification
and evaluation of enhanced SGLT?2 inhibitors [7].

Currently, four classes of SGLT-2i exist (canagliflozin, dapagliflozin, empa-
gliflozin, and ertugliflozin), which reduce the reabsorption of filtered glucose,
decrease the renal threshold for glucose, and promote urinary glucose excretion [9].

3. The revolution of SGLT-2i

Canagliflozin was the first SGLT-2 inhibitor approved on March 29, 2013, to
be used in adult patients with type 2 diabetes to enhance blood glucose control in
addition to diet and exercise [7]. These insulin-independent antihyperglycemic
medications are now known to be pleiotropic agents with significant metabolic,
cardiovascular, and renal benefits [9].

In addition to lowering glycated hemoglobin (HbAlc), fasting and postprandial
plasma glucose levels, body weight, and blood pressure, SGLT?2 inhibitors reduce the
risk of a range of cardiovascular and renal outcomes, without increasing the risk of
hypoglycemia [7].

Large clinical trials in patients with T2D with established cardiovascular disease or
cardiovascular risk factors, heart failure, and CKD have shown that SGLT?2 inhibitors
confer cardiovascular and kidney protection [8]. In May of 2023, the FDA expanded
the indication of dapagliflozin to include heart failure across the entire spectrum of
left ventricular ejection fraction. This includes heart failure with mildly reduced ejec-
tion fraction (HFmrEF) and preserved ejection fraction (HFpEF) [8].

Four cardiovascular outcome trials showed that SGLT-2is has important effects on
slowing the decline rate of the estimated glomerular filtration rate and decreasing albu-
minuria, in addition to a significant reduction in cardiovascular events. The nephro-
protective efficacy of SGLT2is was extended to non-diabetic chronic kidney diseases
such as IgA nephropathy [10]. Nephropathy reduces renal workload, thereby reducing
intraglomerular pressure and regulating blood pressure [9, 10]. This has solved the
management difficulties in patients with CKD and congestive heart failure [10].

SGLT?2is are also used in Off-label indications such as the management of obesity in
combination with glucagon-like peptide-1 receptor agonists and nonalcoholic fatty liver
disease (NAFLD), as adjunctive therapy in patients with type 2 diabetes and NAFLD [7, 8].
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In addition to its pleiotropic effects, SGLT-2is has been reported to be able to block
lipopolysaccharide-induced and NOD-like receptor family pyrin domain containing 3
(NLRP3)-mediated inflammatory responses and regulate macrophage polarization via
interplay with mammalian target of rapamycin (mTOR) and AMP-activated protein
kinase pathways [10, 11]; hence, the promising effect of SGLT-2is to reducing inflam-
mation, modulate endothelial dysfunction, and decelerate atherosclerosis, which are
all impaired in the pathophysiology of SLE. Some recent studies with a small effective
have found an antiproteinuric effect of empagliflozin in patients with LN [11].

4. Mechanistic effects of SGTL-2i
4.1 Renal effects

The effects of SGTL-2i on glomerular hemodynamic pathways have been analyzed
in numerous studies, either in experimental models or in patients. SGLT2 inhibitors
have demonstrated a reduction in hyperfiltration by inhibiting sodium reabsorption
in the proximal tubule and have also shown an afferent renal arterial vasoconstriction
and vasodilation of the renal efferent arteriole, similar to how angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers work [8], in addition to a
decrease in intraglomerular pressure by restoring distal sodium delivery and therefore
normalizing tubuloglomerular feedback [8, 12, 13].

Under hyperglycemic conditions, increased SGLT2 expression increases sodium and
glucose reabsorption, which increases ATP-dependent tubular workload and oxygen
consumption, both of which can result in hypoxia. As SGLT-2i reduces tubular workload,
oxygen consumption, and hypoxia by reducing glucose and sodium reabsorption, they
may also reduce the risk of acute kidney injury events and proximal biomarkers of acute
kidney injury, such as kidney injury molecule-1 [8]. Interestingly, clinical studies have
confirmed that EPO expression increases following SGLT2 inhibition [14, 15]. Therefore,
it was not surprising to see that the risk of anemia, which was an independent predictor
of renal and cardiovascular outcomes, and the start of anemia treatment were signifi-
cantly reduced with canagliflozin in a sizable multi-national kidney outcome trial [16].

4.2 Effects on blood pressure

The systolic and diastolic blood pressures were reduced by approximately 4 and
2 mmHg, respectively, by SGLT-2i. It is likely that SGLT-2i lowers blood pressure
through different contributing variables [8]. Increased natriuresis and osmotic
diuresis in conjunction with decreases in extracellular volume and plasma volume are
believed to be responsible for SGLT-2i’s ability to control blood pressure, and accord-
ing to human clinical trials, SGLT-2i has a positive impact on blood pressure variabil-
ity, endothelial function, and arterial stiffness 8, 13, 17]. These results suggest that
sympathoinhibition may be a modulator of the beneficial effects of SGLT-2i on the
kidneys and perhaps the cardiovascular system [8].

4.3 Effects in non-diabetic patients

In patients with CKD, the DAPA-CKD trial demonstrated a decreased risk of
kidney failure, hospitalization for heart failure or death from cardiovascular causes,
and all-cause mortality, with statistically significant effects in reducing the risk of
kidney failure both in the subgroup of patients with and without type 2 diabetes [17].
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Furthermore, the EMPEROR-Reduced and DAPA-HF trials showed that SGLT-2i low-
ered the risk of heart failure hospitalizations or cardiovascular death and slowed the
progression of kidney function decline in patients with heart failure. They reduced
the ejection fraction, both with and without type 2 diabetes [18, 19]. These three
clinical trials showed that SGLT-2i has positive effects in patients with type 2 diabetes.
If used in clinical practice, it can revolutionize the management of a wide spectrum of
high-risk CKD patients [8].

4.4 Immunological effects

Unexpectedly, SGLT?2i therapy also has immunological effects that go beyond
metabolic effects. Through the induction of regulatory T-cell production, they have a
significant effect on the development of germinal centers and creation of autoreactive
plasma cells in the spleen [17].

It appears that SGLT-2i inhibits both podocyte and macrophage mTOR activation
[18, 19]. The significance of mTOR blocking in patients with SLE is highlighted by the
well-established roles that mTOR plays in proinflammatory lineage formation [20],
podocyte and endothelial cell dysfunction [21], and adaptive immune system activa-
tion [22]. In addition to their protective effects on the kidneys and heart, SGLT-2i may
function as an adjuvant immunomodulatory therapy for SLE, partly through mTOR
inhibition [10].

Higher ketone body concentrations decrease monocyte production of interleukin-
1b and inhibit the Nod-like receptor pyrin domain-containing protein 3 (NLRP3)
inflammasome [23, 24]. These inflammatory mediators are significant inflammatory
pathways that may have a major impact on the onset and course of renal disease
[25]. Some clinical trials with SGLT-2i in patients with type 2 diabetes have revealed
important effects on inflammatory mediators, including decreases in urine IL-6 and
MCP-1, as well as serum tumor necrosis factor receptor 1 and IL-6 [8, 17].

Finally, SGLT2is can inhibit apoptosis and the production of reactive oxygen species
and attenuates glomerular atrophy, kidney fibrosis, and kidney dysfunction [18, 19].

5. Proof of concept

A study conducted in 2023 confirmed the renoprotective effect of SGLT2 inhibi-
tors in lupus mice, underscoring the role of non-immunosuppressive treatment in
improving renal function in classic autoimmune kidney diseases, such as LN [20]. The
levels of mouse anti-dsDNA IgG-specific antibodies, serum creatinine, and protein-
uria markedly decreased. From a histological perspective, glomerular and tubuloint-
erstitial damage was reduced by empagliflozin administration [20].

An observational international cohort study found that the use of SGLT2i in the
management of glomerular/systemic autoimmune diseases with proteinuria was
associated with a significant reduction in proteinuria, irrespective of the underlying
disease [21]. An SGLT2i (empagliflozin) add-on to sustained immunosuppressive
treatment showed a promising reduction in proteinuria (~50% reduction within
8 weeks) in a small case series of five active individuals with LN [10].

Another small study (n = 9) showed significantly reduced proteinuria in patients
with lupus nephritis [20].

In a recent cohort study of a total of 31,790 patients, the propensity matched 1775
matched pairs of SGLT2i users and nonusers (N = 3550), the patients had a mean
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age of 57 years, with 85% of them being women. This study showed that SGLT2i use
was associated with a significantly lower risk of incident lupus nephritis (AHR, 0.55;
95% CI, 0.40-0.77), dialysis (AHR, 0.55; 95% CI, 0.40-0.77), kidney transplant
(AHR, 0.14; 95% CI, 0.03-0.62), heart failure (AHR, 0.65; 95% CI, 0.53-0.78), and
all-cause mortality (AHR, 0.35; 95% CI, 0.26-0.47) than SGLT2i non-use in patients
with SLE and type 2 diabetes [22]. Since individuals with systemic lupus face a
greater risk of developing cardiovascular illness as a result of systemic inflammation,
it seems that SGLT2i could potentially provide the additional advantage of decreas-
ing the risk of heart failure in this particular group of patients [22]. The use of SGLT2
inhibitors in systemic lupus erythematosus provides both kidney-protective and
heart-protective advantages.

Considering this evidence, SGLT2i have been recommended as a treatment
adjuvant for LN in the recent KDIGO recommendations for LN management
published in 2024 [23].

6. Overrated expectations?

In a trial, 38 patients with LN were treated with dapagliflozin add-on therapy,
and the safety profile as a primary endpoint was acceptable; however, the secondary
endpoints revealed no improvement in SLE Disease Activity Index scores or proteinuria
(among 17 patients with LN) [10]. The authors proposed two major explanations. First,
<50% of the patients with LN were on renin-angiotensin-aldosterone system inhibitors,
which has been postulated to be required for SGLT2is to enhance their action. Another
possible reason might be attributed to the fact that the participants had a relatively long
LN duration and were resistant to several immunosuppressants in the past [10].

7. Concerns of using SGTL2i in LN
7.1 Increased risk for infections in lupus

Urinary tract infections are a typical side effect of SGLT2is because they increase
glucose availability in the urinary tract [22]. Urinary tract infections are a concern
for SLE patients because they are prone to various infections. Nonetheless, only one
patient (2.63%) experienced urinary tract infections in a trial, which was not higher
than that in non-SLE large-scale clinical trials [10].

As SGLT-2 inhibitors also increase the risk of genital mycotic infections, both male
and female patients with a history of these illnesses should be closely monitored [23].

Therefore, patients undergoing SGLT-2i therapy should be closely monitored
for clinical features of urinary tract infections, such as dysuria, urinary frequency,
urgency, and suprapubic discomfort. If present, urinalysis should be performed to
rule out infections [24].

7.2 Vascular problems

Before initiating canagliflozin and ertugliflozin, patients should be screened for
risk factors for lower limb amputations, such as peripheral vascular disease, history
of amputations, and neuropathy, especially in patients with SLE, and should be
routinely monitored for infections or ulcer formations of the lower extremities, as
non-traumatic lower limb amputations have been reported [25].
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7.3 Osteoporosis

SGLT2 inhibitors are associated with increased incidence of bone fractures.
Increased fracture risk has been observed with canagliflozin, occurring 12 weeks after
treatment initiation [26]. Potential mechanisms for fracture include volume contrac-
tion leading to dizziness and falls, and possible effects on calcium, phosphate, and
vitamin D homeostasis, leading to a reduction in bone mineral density [27]. This risk
can increase in patients with SLE treated with corticosteroids.
8. Conclusion

Currently, there is little data supporting the use of iSGLT-2 in lupus nephritis;
the studies were small observational series and case studies with positive effects on
renal and cardiovascular protection. Further randomized experiments are required to
confirm these encouraging results. On SGTL-2i, this specific patient group should be
regularly monitored for osteoporosis and the risk of genital and urinary infections.
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Chapter 6

Placental Malperfusion in Maternal
Diseases

Rosete Nogueira and Filipe Soares Nogueira

Abstract

Pregnancy loss occurs throughout gestation and can be divided into specific
mechanisms, the frequency of which varies by trimester. Placental pathologies are
associated with obstetric syndromes or scenarios across the second and third trimes-
ter resulting from multiple maternal diseases often related to poor placental perfu-
sion. Chronic placental hypoxia based on mechanism could be preuterine (related to
hypoxemia), uterine (due to injury of the uterine vessels), and postuterine (due to
fetoplacentar vascular compromise). Complex vascular fetomaternal processes result
in common and combined placentar pathological features that are timing-dependent.
Immediate life-saving procedures or long-term care related, among others, to hypoxic
encephalopathy can be improved by anticipating preventive measures that encompass
the currently designated adult-onset diseases of placental origin.

Keywords: placental malperfusion, hypertensive disorders in pregnancy, lupus
erythematosus, lupus anticoagulant, antiphospholipid antibodies, thrombophilia,
diabetes mellitus, gestational diabetes

1. Introduction and general consideration

Placental pathologies are associated with obstetric syndromes or scenarios related
to multiple maternal diseases, frequently resulting in placental abnormalities, malp-
erfusion, and loss of functional capacity [1-3].

Tightly controlled interactions between the immune, endocrine, and metabolic
systems during pregnancy are necessary in order to establish proper placentation,
nurture, and immune homeostasis [4]. Disbalance in these interactions is considered
to be a base of many pregnancy-associated disorders including hypertensive disorders
namely preeclampsia and HELLP (Hemolysis, Elevated Liver enzymes, Low Platelet)
syndrome [4].

Placental pathologies are often combined into multiple and complex lesions,
resulting in different maternal-fetal morbidity and mortality associated across com-
plex timing-dependent processes linked to immediate procedures or long-term care
related to others with hypoxic encephalopathy [3]. Successful pregnancies require
an even balance of coagulation and fibrinolysis in order to secure stabilization of the
basal plate as well as adequate placental perfusion.
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The development of thrombotic disorders is a major threat to young women dur-
ing pregnancy. It is one of the main causes of pregnancy-related disorders, which may
also result in harm to the conceptus.

Preventive measures for what is currently designated as adult-onset diseases of
placental origin must be part of clinical guidance standards in primary health care
[4]. Although not covered in their entirety in this chapter, serve to alert us to their
relationship with childhood and adult diseases and consequently make us reflect on
ways of preventing them.

Therefore, promoting studies that anticipate the assessment of the functional
capacity of the placenta in real-time, similar to what happens with fetal assess-
ment, is essential to prevent the critical reduction of the placental exchange
membrane. Despite the limitations of the fetal:placental weight ratio, recent stud-
ies approach placental volume may be more promising in evaluating placental
function/dysfunction [1-6].

2. Hypertensive disorders in pregnancy
2.1 Gestational and chronic hypertension and preeclampsia
2.1.1 Definition

Hypertensive disorder in pregnancy is defined as a blood pressure of 140/90 or
more over two readings at least 4 hours apart and is categorized as pre-pregnancy
hypertension or chronic hypertension; gestational hypertension or new-onset hyper-
tension during pregnancy without features of preeclampsia; preeclampsia/eclampsia
defined as new-onset hypertension during pregnancy with proteinuria or other speci-
fied clinical features; HELLP syndrome (Hemolytic anemia, Elevated Liver enzymes,
Low Platelet) is considered a preeclampsia with severe features [4, 6, 7]. Chronic
hypertension may be associated with superimposed preeclampsia, and this is often
further classified as early or late onset with the dividing gestational age (GA) being
34 weeks, the first being associated with a poorer prognosis [8].

2.1.2 Demography

Chronic hypertension is rising in prevalence due to an increase in maternal age
during pregnancy and the obesity epidemic. Hypertension during pregnancy (gesta-
tional hypertension) is common, occurring in approximately 10% of pregnancy [9],
and chronic hypertension complicates about 5% of pregnancies [7, 9, 10] and is higher
in multiparous and in previous pregnancies complicated by preeclampsia [7]. The
rate of preeclampsia is reported at about 2 to 7%, being higher between Hispanic and
African-American women [11]. The prevalence of gestational hypertension ranges
from 6 to 17% [7]. HELLP syndrome incidence varies from 0,5 to 7,6 per 1000 deliver-
ies and between 8 and 24% of cases with severe preeclampsia/eclampsia [7]. HELLP
syndrome occurs in a circulatory inflammatory milieu that might in turn participate
in a complex interplay involving an innate and adaptive immune understudied field
[4]. A disbalanced response may lead to prolonged immunoactivation and tissue dam-
age that implies a risk of serious morbidity and mortality to both the mother and the
fetus during pregnancy [4, 7].
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2.1.3 Etiology

Hypertension causes vary and differ according to specific hypertensive diagno-
ses. Chronic hypertension is associated with genetic and epigenetic factors, race,
age, body mass index (BMI), dietary factors, and adrenergic ténus. Gestational
hypertension and preeclampsia share many risk factors and epidemiologic associa-
tions. However, there are some significant differences in their biomarker profiles,
risk factors, and outcomes that suggest they may relate to distinct pathogens [12,
13]. Although many aspects of pathophysiology related to the valency of vascular
conversion have been well-described, namely in preeclampsia, the specific etiology
remains elusive. Due to the abnormal vascular adaptations, placental hypoxia, chronic
ischemia-reperfusion injury, and increased oxidative stress develop [14-16]. Placental
hypoxia leads to the release of bioactive and vasoactive factors into the maternal
circulation as a truncated form of the vascular endothelial growth factor (VEGF)
receptor that retains the ligand binding such as soluble Fms-like tyrosine kinase
(sFLT-1) and soluble endoglin (sENG) acting as antiangiogenic factors bind to neu-
tralize and decrease circulating concentrations of the proangiogenic factors (VEGF)
and placental growth factor (PIGF), leading to generalized endothelial damage and
antiangiogenic state (characteristic of preeclampsia). Also, immune dysregulation or
maladaptation and abnormal proinflammatory states in early placentogenesis have
been suggested to be a causative feature leading to secondary trophoblast dysfunction
[4, 16], justifying the same HELLP occurrence [4]. Other factors involved are related
to nulliparity, changes of paternity, long interpregnancy intervals, and ova and sperm
donor-conceived pregnancies [17, 18].

2.1.4 Risk factors

Maternal factors playing an increased risk of pregnancy hypertensive disorders
are antiphospholipid antibody syndrome; previous preeclampsia (increasing the risk
of recurrence in parallel with the severity of the previous manifestation); chronic
hypertension; pregestational diabetes; woman born small for gestational age; his-
tory of any form of hypertension previous pregnancies; and certain complications in
previous pregnancies (e.g., fetal growth restriction (FGR), abruption, and stillbirth)
are more likely to have circulatory disorders namely preeclampsia [19]. Paternal
factors play a role as well, with men who have fathered a preeclampsia pregnancy
more likely to father another pregnancy complicated with precalmpsia with the same
or new partner. Also, placental features impose an increased risk of hypertension in
pregnancy, like hydrops (especially trisomy 13 and triploidy), molar gestations, and
multiple gestations, and are higher with higher order multiple births [19]. Other risk
factors include unexplained FGR, urinary tract, and periodontal infections [19].

2.1.5 Pathology
2.1.5.1 Gross placental findings

Placentas complicated with maternal hypertensive disorders share gross patho-
logic features that correlate with the chronicity and severity of the hypertension.

Maternal vascular malperfusion (MVM) complicate placentas are often small for
gestational age by weight (less than 10th percentile). The umbilical cord may be thin
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(less than 0,8 cm at term) [1, 2]. Other commonly present features include infarcts
(hypertensive-type) and features of chronic or acute abruption (infarction hema-
tomas/rounded intraplacental hematomas with (or not) detachment of the placenta
from its decidual seat) [1, 2]. Increased perivillous/intervillous fibrin may be grossly
identified but not to the point of massive perivillous fibrin deposition/maternal

floor infarct [1, 2]. Increased villous stromal or intervillous calcifications are often
associated with other features of MVM [1, 2]. The HELLP syndrome can share some
pathophysiological traits with preeclampsia (attributed to deficient spiral artery
remodeling and shallow trophoblast invasion) [20]. Early onset hypertensive placen-
tas are more likely to show hypoplasia with placental weights less than 10th percentile,
thin umbilical cords [20]. Curiously, some authors found that HELLP syndrome
placentas were heavier and had fewer infarcts and retroplacental hematomas (RPH)
than preeclampsia [20]. Abruption is more related to preeclampsia, and pathologi-
cally, this results in an RPH (Figure1).

2.1.5.2 Microscopic findings

The most characteristic microscopic MVM associate lesions are distal villous
hypoplasia or accelerated villous maturation [1, 2] infarcts, usual and hypertensive
type, infarction hematoma/rounded intraplacental hematoma [1, 2] distal villous

Figure 1.

Placenta with multiple gross features of maternal vascular malperfusion (MVM). (A), increased fibrin /
fibrinoid in basal plate (top) and multiple old infarcts (bottom) in the cut section of the placenta from a woman
with chronic hypertension. (B), maternal surface without sigificative lesions (top) and several intramural
hematomas more seen in the cut section of a placenta from a woman with severe preeclampsia.

66



Placental Malperfusion in Maternal Diseases
DOI: http://dx.doi.org/10.5772/intechopen.1006689

Figure 2.

Plfcenml several microscopic features of maternal vascular malperfusion (MVM). (A), Intermediate-age
hypertensive infarct with colapse villi and loss of the intervillous space (top), increased basal and perivillous
fibrin associated with a palcental infarct (bottom) and decidual vasculopathy (arrow) from a woman with
chronic hypertension. (B), low-power view of 32-week preeclamptic placenta with accelevated villous maturation,
increase syncytial knots, hypertensive type infarct and distal villous hypoplasia. (C), old-age infarct usual type,
(top) and fresh abruptio with early infarction of villous tissue, the clot below is elevating the decidua basalis
(bottom,), from a woman with severe preeclampsia.

hypoplasia (DVH) and/or accelerated villous maturation (AVM), abruption, intra-
villous hemorrhage, RPH with associated infarct, decidual hemorrhage, placental
parenchymal compression; increased perivillous fibrin; decidual arteriopathy with
or without acute atherosis, thrombus, untransformed decidual (basal plate) vessels;
increased trophoblast fibrinoid islands; villous agglutination; increased syncytial
trophoblastic knots; trophoblastic giant cells in the decidual basal, decidual laminar
necrosis, diffuse decidual leukocytoclastic necrosis (Figure 2).

The diagnosis of these disorders including placental hypertension cannot be based
on the placental findings alone, and clinical correlation is necessary because some
fetal growth restriction placentas without clinical hypertension have features of MVM
including decidual arteriopathy.

3. Lupus erythematosus
3.1 Definition

Lupus erythematosus (LE) is a chronic autoimmune disease, characterized by
widespread inflammation with tissue damage across various organs systems [21].
During pregnancy, women often experience flares or exacerbation of symptoms,
which may lead to several maternal and fetal health complications. The most common
form is systemic lupus erythematosus (SLE), which affects multiple organ systems.

3.2 Demography

Lupus affects people of all ages, but it is most diagnosed in women of childbearing
age, particularly between 15 and 55 years old [22]. Women are affected approximately
nine times more often than men. The prevalence of lupus varies by ethnicity; it is
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more common in people of African, Hispanic, Asian, and Native American descent
than in Caucasians [23].

3.3 Etiology

The exact cause of LE is unknown, but it is believed to be a disease that results of a
combination of genetic, hormonal, environmental, and immunological factors. Some
specific etiological factors include a family history of lupus or other autoimmune
diseases that can increase the risk; exposure to certain factors such as sunlight, infec-
tions, and certain medications can trigger lupus; hormones since it is more prevalent
in women, particularly those of childbearing age, hormonal factors are thought to
play a role. The disease is accompanied by a variety of circulating antibodies, the best
known of which is the antinuclear antibody (ANA).

3.4 Risk factors

Pregnancy itself does not constitute a risk to patients with SLE, and essen-
tially, placentas and fetus are normal. However, fetal survival is reduced due to an
increased number of abortions, maternal renal insufficiency, and preeclampsia,
which is more frequently seen in patients with SLE [24-26]. Some antibodies of
patients with SLE are transferred to the fetus, causing fetal growth restriction
(FGR), congenital heart block, thrombocytopenia, leukopenia, hemolytic anemia,
skin lesions, discoid lupus, and a variety of other conditions, including the LE
phenomenon which disappear within 2-5 months after delivery. The constellation
of congenital heart block with fetal hydrops and skin lesions is considered part of
neonatal lupus syndrome. Several risk factors are associated with the development of
LE such as gender (women are at a higher risk than men), and it is mostly diagnosed
between ages 15 and 55; ethnicity. Family history, namely the presence of a rela-
tive with lupus or another autoimmune disease, increases risk; infections (viruses,
bacteria, and protozoa) can trigger lupus or cause a flare-up. Several infections were
revealed to cause immune dysfunction by molecular mimicry, epitope spreading,
and bystander activation, and in contrast, certain pathogens were revealed to protect
from immune dysregulation. Medications such as procainamide, hydralazine, and
quinidine have been linked to drug-induced lupus.

3.5 Pathology
3.5.1 Gross placental findings

Although placentas may appear normal upon macroscopic examination, more
often, they show changes virtually indistinguishable from lesions caused by pre-
eclampsia, with the particularity that SLE changes typically occur in the second
trimester. These findings include reduced size and weight, infarcts, thrombosis,
necrosis, and retroplacental hematomas (see Figure 1).

3.5.2 Microscopic features

The placenta from an SLE-affected pregnancy most typically reveals altera-
tions classifiable as maternal vascular malperfusion (MVM). These include villous
changes such as atrophy, fibrosis, increased syncytial knots, and X-cell proliferation.
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Inflammation, by chronic villitis with the presence of an intervillous lymphocytic
and plasmocytic infiltrate, and decidual vasculopathy marked by the thickening

and hyalinization of the walls of decidual blood vessels, frequently accompanied

by fibrinoid necrosis. Furthermore, infarctions, areas of coagulative necrosis, and
thrombotic lesions can also be present (see Figure 2). With that in mind, the presence
of decidual vasculopathy and infarcts in the second trimester, whether in association
with preeclampsia, or not, suggests the possibility of undiagnosed SLE.

4. Antiphospholipid syndrome and lupus anticoagulant
4.1 Definition

Antiphospholipid syndrome (APS) and Lupus anticoagulant are autoimmune
disorders the first defined by the occurrence of venous and/or arterial thromboses
and/or recurrent pregnancy morbidity in the presence of persistent positivity for
antiphospholipid antibodies (aPL) [27]. Primary antiphospholipid syndrome is
characterized by thrombosis and autoantibodies directed against phospholipids
or associated proteins, but the genetic etiology of PAPS remains unknown [28].
Characterized by circulating autoantibodies best known for increased risk of multiple
thromboses. Lupus anticoagulant (LA) is the most observed of several antiphospho-
lipid antibodies. In pregnancy, antiphospholipid syndrome is referred to as obstetrical
APS (OAPS), and it is associated with several complications such as preeclampsia,
recurrent miscarriage, premature birth, and even fetal death [13, 26]. While the
presence of these antibodies can be indicative of APS, their exact role and the factors
contributing to it development are complex and multifaceted.

4.2 Demography

Female predominance, with a female/male ratio of 5/1. This predominance
is even more pronounced in patients with systemic lupus erythematosus (SLE),
where the female/male ratio increases to 7/1. In contrast, primary antiphospho-
lipid syndrome (PAPS) exhibits a lower female/male ratio of 3.5/1 [28]. Between
2000 and 2015, 33 incident cases of APS were identified by the Sydney criteria in a
cohort where the average age of the study population was 54.2 years, and 97% were
Caucasian [29].

4.3 Etiology

APS is an autoimmune disease associated with systemic autoantibodies such as
IgA isotypes, anticardiolipin antibodies (aCL), lupus anticoagulant (LA), and anti-
p2-glycoprotein antibodies (anti-f2GPI) [29]. Genetics likely play a crucial role in
increasing a person’ risk of developing APS, although the specific genes involved are
not yet fully understood. Guffroy et al. results provide evidence of genetic heteroge-
neity in PAPS, even in a homogeneous series of triple patients [30].

4.4 Risk factors

It is believed that genetic predisposition, combined with environmental and
lifestyle factors, can significantly influence the likelihood of developing APS.
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Understanding the interplay between genetics, lifestyle factors, and the presence of
antiphospholipid antibodies is essential for managing and mitigating the risk of APS.
While more research is needed to pinpoint the specific genetic factors involved [30],
current knowledge highlights the importance of addressing modifiable risk factors
such as smoking, hypertension, obesity, and the use of estrogen-containing medica-
tions. For individuals with antiphospholipid antibodies, being aware of these risk
factors and taking proactive steps to manage them can significantly reduce the likeli-
hood of developing blood clots and the associated complications of APS. It is possible
for individuals to produce antibodies that attack phospholipids without developing
blood clots or experiencing the clinical manifestations of APS. This indicates that the
mere presence of antiphospholipid antibodies is not sufficient to cause the syndrome.
Several other contributing factors are necessary to trigger the pathological processes
leading to blood clot formation. For individuals with antiphospholipid antibod-

ies, smoking, hypertension, obesity, and estrogen-containing medications further
increase the likelihood of clot development by contributing to vascular injury, inflam-
mation, increased blood viscosity, and reduced fibrinolytic activity, adding additional
stress to the cardiovascular system promoting clot formation. For individuals with
antiphospholipid antibodies, the presence of another autoimmune condition like
lupus heightens the risk of thrombosis due to the compounded effects of inflamma-
tion and immune dysregulation. Also, women with histories of repeated abortion and
premature births often possess circulating lupus anticoagulant (LA) antibodies that
may indirectly be responsible for increased fetal wastage. LA positivity was found

in 6% of pregnancy morbidity cases, 10% of deep vein thrombosis cases, 11% of
myocardial infarction cases, and 14% of stroke cases [31, 32]. However, the literature
is heterogeneous regarding the types of AL tests, definitions of positivity, and clinical
manifestations [33].

4.5 Pathology
4.5.1 Gross placental findings

Gross placental findings reflect the hypercoagulable (thrombosis) state associated
with APS. The main feature in these cases is that previous conditions are normally
associated with large and numerous areas of infarction and necrosis (see Figure 1)
due to interrupted blood flow, hemorrhage, and fibrotic tissue related to chronic
vascular compromise.

4.5.2 Microscopic features

Are related to hypoxic and ischemic injury or high-speed blood flow that
damages the placenta. This results in decreased or interrupted maternal blood
flow to the placenta and a lack of nutrients for the fetus. Parenchymal lesions
are associated with decidual vasculopathy characterized by thickened, fibrotic,
and sometimes necrotic decidual vessels with fibrinoid deposits (see Figure 2A),
villous changes related to villous trophoblastic damage and syncytial knots (see
Figure 2B), indicating stress and hypoxia. Sometimes, vasculitis (inflammation
of blood vessels), widespread thrombi within both maternal and fetal placental
vessels, and chronic inflammation is present, particularly in the intervillous space
and chorionic villi. Decreased number and size of blood vessels in the chorionic
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villi (villi reduced vascularity), leading to impaired nutrient and oxygen exchange,
and infarctions (coagulative necrosis) within the placental parenchyma are other
types of lesions.

5. Thrombophilia
5.1 Definition

Thrombophilia, also called hypercoagulability or prothrombotic condition,
usually reflects a certain imbalance that occurs either in the coagulation cascade or
in the anticoagulation/fibrinolytic system, platelets, and the vessel wall (Virchow’s
Triad). Usually categorized as inherited or acquired, it can lead to both venous and
arterial clots. Thrombotic complications are associated with multiorgan failure
(such as deep vein thrombosis (DVT), pulmonary embolism, and stroke). Inherited
thrombophilia have an impact on human reproduction and increased mortality
including fetal death. These emphasize the importance of diagnosing and initiat-
ing thromboprophylaxis. So, studies on the genetic profiles of proteins involved in
thrombophilia and thrombotic events are of great importance, both in treating and
in preventing deaths [34].

5.2 Demography

Thrombophilia affect individuals worldwide, but their prevalence can vary based
on the type and population. Due to the multitude and complexity of inherited throm-
bophilia, the true prevalence is unknown, and current data may be providing an
underestimate [35, 36]. Comparison among different epidemiologic studies becomes
difficult due to variations in study design and inclusion criteria [35, 36].

Clinical diagnosis is based on medical history, physical examination, laboratory
data, and imaging. Genetic testing is useful for confirming diagnosis, differential
diagnosis, recurrence risk evaluation, and asymptomatic diagnosis in families with
a known mutation. Differential diagnosis should consider the above conditions and
secondary causes of thrombosis.

The prevalence of common inherited thrombophilia is variable among both
healthy patients and patients with recurrent thrombosis. According to epidemio-
logic and modeling studies obtained from certain sources, the prevalence of inher-
ited thrombophilia was estimated to be between 0.01 and 7% in Caucasians [35,
36]. In certain studies, the incidence of incident and recurrent venous thrombosis
in inherited disorders is approximately 150-840 and 3500-10,500 per 100,000
individuals, respectively [36]. It may be a misdisorder, with an incident rate of 1 in
100,000 children, 1in 1000 adults, and 1 in 100 elderly people worldwide each year
[34-36].

5.3 Etiology
Thrombophilia may develop in patients irrespective of their age groups. Although
acquired thrombophlias are more commonly observed among elderly patients who

are more than 60 years old, inherited thrombophilia are more common in young
patients between 40 and 55 years old [34, 35]. Inherited thrombophilia has autosomal
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dominant, autosomal recessive, or X-linked inheritance. This is related to deficien-
cies of natural anticoagulants (antithrombin, protein C, and protein S), increased
homocysteine values, and changes in fibrinogen and coagulation factors. One impor-
tant thing to note is that hereditary thrombophilia increases the risk of miscarriage.
Acquired thrombophilia occurs as a result of secondary diseases, such as autoimmune
disorders, trauma, or malignancy. The etiology of the most common inherited form is
related to several mutations and factor Leiden deficiency mutations, leading to resis-
tance to activate protein C [34]. Prothrombin G20210A mutation results in increased
levels of prothrombin [34]. Protein C and Protein S deficiency increases clotting risk,
and antithrombin III deficiency leads to an increased risk of thrombosis [34]. The
more common acquired thrombophilia is antiphospholipid syndrome (APS), which
is characterized by the presence of antiphospholipid antibodies that increase clotting
risk [34]. Other conditions such as hyperhomocysteinemia, can damage blood vessel
linings and increase clot risk [34]. Also certain cancers, prolonged immobility, and
the use of hormone replacement therapy or oral contraceptives can increase thrombo-
sis risk.

5.4 Risk factors

Several factors can increase the risk of developing thrombophilia such as genetics
related to a family history of thrombophilia or increasing blood clots; race, the factor
V Leiden G1691A and prothrombin G20210A mutations usually affect Caucasian
individuals; age and gender, certain groups observed an increased risk of thrombosis
in younger females and older males, while others found similar frequencies in both
[35]. Pregnancy due to hormonal changes; surgery or trauma, prolonged immobility
related to bed rest or long flights and lifestyle factors (smoking), obesity, and contra-
ceptives or hormone replacement therapy are hypercoagulability and prothrombotic
conditions that promote clot formation [34-36].

5.5 Pathology
5.5.1 Gross placental findings

In pregnancies affected by thrombophilia, the placenta may show several gross
abnormalities like infarctions associated with areas of dead tissue due to lack of
blood supply; Retroplacental (or intramural) hematomas corresponding a blood clot
behind (or inside) the placenta and excessive fibrin deposition (a protein involved in
clotting) on the placental surface are frequent (see Figure 1); like as a small or poorly
developed placenta due to compromised blood flow.

5.5.2 Microscopic features

Microscopic features are characterized by thrombi in fetal vessels; decidual
vasculopathy; infarcts hypertensive or usual type at different stages; increased fibrin
deposition characterized by dense eosinophilic (pink-staining) material in paren-
chyma; fibrin thrombi in maternal space; and abnormalities of the chorionic villi
(tiny finger-like projections that facilitate nutrient gas exchange). Understanding
these features is crucial for diagnosing and managing thrombophilia, especially in
the context of pregnancy, where the adverse risks to both mother and fetus can be
significant.
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6. Diabetes mellitus and gestational
6.1 Definition

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by high
blood glucose levels (hyperglycemia) due to defects in insulin secretion, insulin
action, or both. The two main types are type 1 DM (T1D) and type 2 DM (T2D).

The former is an autoimmune condition where the body’s immune system attacks
insulin-producing beta cells in the pancreas. Type 2 DM is characterized by insulin
resistance and relative insulin deficiency often associated with obesity. Gestational
diabetes mellitus (GDM) is a common pregnancy complication, and hyperglycemia in
pregnancy (HIP) is described as the most common metabolic abnormality in preg-
nant women. It is spontaneous hyperglycemia, not clearly type 1 or type 2, developing
during pregnancy, typically resolves after delivery but increases the risk of developing
type 2 DM later in life [37]. In 2014, the World Health Organization (WHO) defined
HIP as diabetes first detected at any time during pregnancy, along with pre-existing
diabetes, and is further sub-classified as diabetes in pregnancy (DIP) and gestational
diabetes mellitus (GDM) [38, 39].

6.2 Demography

According to the most recent (2019), International Diabetes Federation (IDF)
showed a slight reduction in the overall HIP prevalence to 15.8%, with GDM at 12.8%
and DIP at 2.6%, made up of hyperglycemia first detected in pregnancy and pre-
existing diabetes both respectively at 1.3% [39].

GDM affects approximately 14% of pregnancies worldwide, representing approxi-
mately 18 million births annually [38]. However, recent factors such as differences in
screening approaches and changes in diagnostic criteria have confounded the preva-
lence rates [38].

6.3 Risk factors

The risk factors for diabetes in pregnancy depend on the type of diabetes: Type 1
diabetes often occurs in children or young adults, but it can start at any age. Diabetes
during pregnancy is more common in women who have a family member with T2D.
Overweight women and women who have had GD before and twins or other multiples
are more likely to have T2D and GD.

6.4 Pathology
6.4.1 Gross placental findings

Placentas from GDM pregnancy are bigger and heavier than placentas from
normal pregnancies [40]. T1D and GDM have increased placental weight and volume
of parenchymal (villi, fetal vessels and maternal space) tissue.

6.4.2 Microscopic features

Microscopic features are characterized by increased frequency of immature villi
(delayed villous maturation), villous edema, and hyperplasia; increased number of
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capillaries (redundant capillary connections) in terminal villi, chorangiosis; a sig-
nificant increase of vascular lesions associated with fibrinoid necrosis, and ischemia,
defined by increased maturation, band Tenney-Parker changes or microscopic/mac-
roscopic infarcts, increase fibrin thrombi, and thickening of the basement membrane
in the placentas, and increased incidence of nucleated fetal red blood cells in women
with GDM and pregestational diabetes [40].

7. Conclusions

Maternal vascular malperfusion is the diagnosis given to placentas with gross
and microscopic evidence of ischemia based on abnormal maternal perfusion. Itisa
composite diagnosis requiring more than one feature of placental ischemia, each one
of which has a differential diagnosis.

The placentas of such pregnancies show similar changes associated with increased
incidence of thrombosis, including intervillous thrombi, intervillous fibrinoid depo-
sition, abruption, and fetal thrombotic vasculopathy. The most common sequelae of
MVM is fetal growth restriction. Other sequelae include preterm delivery and intra-
uterine fetal demise.

At the pathological examination, the presence of infarcts and abruption and the
percentage of placental tissue involved should be noted. The location of the infarcts
(central versus peripheral) and stage (early versus late) of the lesions should also be
recorded. Representative sections of the lesions should be taken along with routine
sections. Extra sections to evaluate decidual vessels are also advised.

If there is no history of hypertensive disease, preeclampsia, or other systemic
disease associated with these findings, a workup for the disorders noted above must
be suggested in the pathological placental report.

Both mothers and surviving infants in pregnancies complicated by MVM in the
placenta are at risk for developing cardiovascular disease. The treatment of MVM is to
treat the cause, if possible. Modulation of risk for recurrence includes optimization of
maternal health with a focus on cardiovascular status, glucose tolerance, attention to
pre-pregnancy body mass index (BMI), associated pregnancy weight gain, and renal
function.
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Edited by Rizwan Ahmad

Systemic lupus erythematosus (SLE) is a complex autoimmune condition characterized
by various interacting susceptibility factors. Significant progress has been made in
understanding the mechanisms that underlie its pathogenesis, as well as in identifying
diagnostic markers. This advancement has led to the development of targeted therapies
and alternative treatment options. The future management of SLE lies in molecular and
personalized medicine, aiming to create high-quality treatments tailored to individual
patients. This book on lupus offers a comprehensive analysis of the current status
and future prospects of SLE diagnostics, along with recent developments in the field.
Continued research and clinical studies are essential for discovering new diagnostic
options and transforming the treatment approach for SLE. With sustained efforts
and advancements in medical science, we can enhance the quality of life and improve
survival rates for patients with this challenging condition.
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