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Abstract

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with a highly variable clinical
presentation. It is characterized by the presence of autoantibodies that attack the body’s own tissues, leading
to inflammation and potential organ damage. The global prevalence is approximately 1 in 1,000 individuals,
with a striking female predominance (10:1 ratio). The disease course is typically marked by periods of flare
and remission. Genetic predisposition, combined with environmental exposures, plays a central role in the
pathogenesis of SLE. Clinical manifestations range from common symptoms like fatigue, joint pain, and skin
rashes, to more severe complications including nephritis, neurological involvement, and haematological
abnormalities. Diagnosis relies on a combination of clinical assessment and laboratory investigations, most
notably the presence of anti-nuclear antibodies (ANA), observed in over 90% of cases. Treatment strategies
aim to control acute flares, reduce the frequency of relapses, and manage chronic symptoms. Mild cases are
often treated with hydroxychloroquine and NSAIDs, while corticosteroids and immunosuppressive agents are
reserved for severe organ involvement. Newer therapies, such as anti-CD20 monoclonal antibodies, are
emerging for treatment-resistant cases. Despite therapeutic advances, SLE continues to contribute
significantly to morbidity and mortality, with ongoing efforts focusing on improving patient outcomes and
quality of life.
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Introduction and Background

Systemic lupus erythematosus (SLE) is a complex, relapsing-remitting autoimmune disorder that can impact
virtually any organ system. It predominantly affects women, especially during their reproductive years, with
a female-to-male ratio close to 9:1. While the precise etiology remains unclear, a combination of genetic
susceptibility and environmental triggers is thought to initiate the autoimmune process. This process involves
dysregulated immune responses, particularly by B cells, and abnormal cytokine activity, which collectively
contribute to tissue damage.

A hallmark feature of SLE is the production of autoantibodies directed against nuclear and cytoplasmic

components. These include anti-dsDNA and anti-Smith (Sm) antibodies, which are highly specific for SLE.
Other autoantibodies such as anti-Ro, anti-La, anti-Scl-70, and antiphospholipid antibodies are also frequently
detected, reflecting the overlap between SLE and other autoimmune conditions.

The disease exhibits a wide clinical spectrum. Mild presentations may include cutaneous manifestations and
arthralgia, whereas severe forms can lead to renal failure, pulmonary hypertension, and cardiac complications.
The European League Against Rheumatism (EULAR) and American College of Rheumatology (ACR) have
developed classification criteria to assist in diagnosis, although clinical judgment remains crucial due to the
heterogeneity of symptoms.
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Epidemiology and Environmental Influences

SLE prevalence and incidence vary globally and are influenced by genetic, environmental, and socioeconomic
factors. It is more common in individuals of African, Asian, and Hispanic descent. Environmental exposures,
such as viral infections, ultraviolet light, certain medications, and chemicals, have been implicated as potential
triggers. While their role is not fully understood, these exposures may disrupt immune tolerance, leading to
autoantibody production and inflammation.

Some studies suggest that infections during early life may predispose individuals to SLE by promoting
immune dysregulation. Additionally, lifestyle factors like smoking and dietary habits can influence disease
susceptibility. The interaction between genetic predisposition and environmental factors is intricate and
continues to be a focus of ongoing research.

A historical perspective reveals that SLE was first clinically recognized in the 19th century. In 1851, Cazenave
introduced the term lupus erythematosus, and by 1872, Kaposi had differentiated between discoid and
systemic forms, emphasizing the potential for systemic involvement and fatal outcomes.

Methodology and Aim

In this review, we analyse studies published over the past three decades to construct a Bayesian hierarchical
linear mixed model, providing global, regional, and national estimates of SLE incidence and prevalence. This
model allows for estimations even in regions lacking comprehensive epidemiological data. Our goal is to
enhance data accessibility for clinicians and researchers and to support health systems in improving patient
care, survival outcomes, and quality of life for individuals affected by SLE.

Diagnosis

Diagnosing SLE is challenging due to its heterogeneous presentation and similarity to other conditions. No
single test is definitive; instead, diagnosis is based on a combination of clinical findings and laboratory results.
Key investigations include:

e Complete blood count (CBC): May reveal anaemia, leukopenia, or thrombocytopenia.

o Erythrocyte sedimentation rate (ESR): Elevated in systemic inflammation.

e Kidney and liver function tests: Evaluate organ involvement.

o Urinalysis: Detects proteinuria and active sediment indicating renal involvement.

o Antinuclear antibody (ANA) test: A positive result is common in SLE, although not exclusive to it.
o Autoantibody testing: Anti-dsDNA and anti-Sm antibodies are highly specific for SLE.

o Complement levels (C3, C4): Decreased levels may indicate active disease.

Imaging, such as chest X-rays and echocardiography, and tissue biopsies (kidney, skin) are used when organ
involvement is suspected.

Classification criteria like those from ACR (1997), SLICC, and recent EULAR/ACR guidelines help
standardize the diagnostic approach but are not intended to replace clinical judgment.

Clinical Features and Symptoms

SLE presents with a wide array of symptoms that vary in severity and frequency. Common symptoms include:
o Fatigue: A persistent and debilitating symptom.
o Joint pain: Especially in the hands and feet, without permanent joint damage.

o Skin rashes: Most notably the "butterfly rash" across the cheeks and nose.
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o Photosensitivity: Can exacerbate skin lesions.

e Oral ulcers, hair loss, and lymphadenopathy.
e Cardiopulmonary symptoms: Pleuritic chest pain, pericarditis.
o Neuropsychiatric symptoms: Depression, anxiety, headaches, and seizures.

Other features include Raynaud’s phenomenon, hypertension, anaemia, and recurrent fevers. The disease
course is unpredictable, and symptoms may shift or intensify over time.

While not all patients experience severe disease, even mild symptoms can significantly impair daily
functioning and mental health. Regular monitoring and a tailored, multidisciplinary treatment approach are
essential for managing this multifaceted disease.

The systemic lupus erythematosus has following manifestations:

I)Musculoskeletal Manifestation
2) Dermatological Manifestation
3)Renal Manifestation

4) Neuropsychiatric Manifestation
5) Pulmonary Manifestation
6)Gastrointestinal Manifestation
7) Cardiac Manifestation

8) Vascular Manifestation
9)Ocular Manifestation

10) Obstetric Manifestation

11) Endocrine Manifestation

12) Hematologic Manifestation

1. Musculoskeletal Manifestations

Musculoskeletal involvement is among the most prevalent clinical features of systemic lupus erythematosus
(SLE). Joint pain frequently prompts initial medical consultation, often preceding the formal diagnosis. The
small joints of the hands and wrists are commonly affected, though involvement may occur in any joint. Key
features include arthralgia, arthritis, osteonecrosis (bone tissue death from insufficient blood supply), and
myopathy. Studies report that up to 95% of patients with SLE experience arthralgia or arthritis at some stage.

SLE-related arthritis tends to be migratory, often non-deforming, and typically affects joints asymmetrically.
Unlike rheumatoid arthritis, the pain may not correlate directly with swelling, and morning stiffness is usually
brief. Anti-cyclic citrullinated peptide (anti-CCP) antibodies are found in approximately 8% of patients, and
may complicate differential diagnosis. Glucocorticoid therapy, while effective in controlling inflammation,
often contributes to osteoporosis and raises fracture risk. Myositis may also develop and is best confirmed
through muscle biopsy.

2. Dermatological Manifestations

Cutaneous signs are not only common in SLE but were central to its initial characterization. These skin
manifestations contribute significantly to diagnostic criteria. The hallmark features include:

e Malar rash: An erythematous rash across the cheeks and nasal bridge, often lasting several days to
weeks, and occasionally associated with discomfort or pruritus.

o Photosensitivity: Many patients report exacerbation of symptoms following sun exposure.

e Discoid rash: Characterized by well-demarcated, plaque-like lesions, often with follicular plugging
and scarring, typically in sun-exposed regions.
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e Alopecia: Though nonspecific, hair loss is frequently observed during disease flares.

Discoid lesions may appear independently (discoid lupus) or as part of systemic disease.
3. Renal Manifestations

Renal involvement, though clinically evident in only about half of SLE patients, is histologically detectable
in nearly all cases. The kidneys are among the most frequently affected organs, and renal complications
significantly contribute to morbidity and mortality.

Lupus nephritis often manifests within the first few years after diagnosis. It may be asymptomatic initially but
frequently presents with haematuria or proteinuria on urinalysis. Clinical features of renal involvement include
hypertension, oedema, nephrotic syndrome, and in severe cases, acute or chronic renal failure. These are
largely driven by immune complex deposition within the glomeruli.

Renal biopsy remains the gold standard for classifying lupus nephritis and guiding treatment decisions,
particularly when urinalysis or serum creatinine levels suggest renal dysfunction.

4. Neuropsychiatric Manifestations

Neurological and psychiatric symptoms occur in a substantial proportion of SLE patients—estimates range
from 25% to 75% —and may affect any part of the nervous system. Elevated levels of anti-phospholipid (APL)
antibodies have been correlated with neurological involvement, often preceding symptom onset.

Clinical manifestations include seizures, status epilepticus, cognitive impairment, aseptic meningitis, optic
neuropathy, myelopathy, and rare but serious conditions such as transverse myelitis. Neuropsychiatric
assessments reveal cognitive deficits in 21-67% of patients, though the underlying cause—whether disease-
related, medication-induced, or psychiatric—remains debated.

Other complications such as stroke, transient ischemic attacks (TIAs), migraines, and peripheral or cranial
neuropathies are also observed. Transverse myelitis, in particular, is considered a rheumatologic emergency
requiring urgent evaluation and intervention.

5. Pulmonary Manifestations

Pulmonary involvement in SLE can present acutely or evolve insidiously, encompassing a broad range of
complications. Serositis involving the pleura is the most frequent manifestation and may present with pleuritic
chest pain and/or pleural effusions.

Dyspnoea in SLE can stem from several causes, including pulmonary embolism, lupus pneumonitis,
interstitial lung disease, or serositis. Pulmonary vascular complications such as diffuse alveolar haemorrhage,
pulmonary hypertension, and thromboembolic events are significant concerns. While pulmonary hypertension
without underlying lung disease is rare, it can lead to symptoms like shortness of breath or right heart failure.
Hemoptysis may indicate diffuse alveolar haemorrhage, a rare but potentially fatal complication often
associated with lupus flares.

6. Gastrointestinal Manifestations

Oral ulcerations are a classic feature of SLE and are included in diagnostic criteria. Gastrointestinal symptoms
in SLE patients often arise either from the disease itself or as side effects of immunosuppressive therapy.

Abdominal pain may result from active inflammation involving the peritoneum, pancreas, or mesenteric
vasculature. Other common symptoms include nausea, dyspepsia, and anorexia. Though the liver is not
traditionally considered a primary target organ in SLE, mild hepatic involvement may occur, typically
presenting as elevated liver enzymes during disease flares.
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"Lupus hepatitis," distinguished from autoimmune (lupoid) hepatitis by serological markers, may feature anti-
ribosomal P and anti-dsDNA antibodies, in contrast to the anti-smooth muscle and LKM antibodies seen in
lupoid hepatitis.

7. Hematologic Manifestations

Hematological abnormalities are frequently encountered in SLE and may serve as diagnostic clues.
Cytopenias—including leukopenia, lymphopenia, anaemia, and thrombocytopenia—are common.
Leukopenia, especially lymphopenia, can elevate the risk of infection, particularly when coupled with low
complement levels.

Anaemia in SLE may be multifactorial and occasionally overlooked, especially in menstruating women.
Haemolytic anaemia, although less common, is another potential complication. Thrombocytopenia ranges
from mild to severe and may be associated with thrombotic thrombocytopenic purpura (TTP) or
antiphospholipid syndrome (APS). The erythrocyte sedimentation rate (ESR) is frequently elevated during
active disease and may assist in monitoring disease activity.
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Fig. Most common Symptoms of SLE
Causes of Systemic Lupus Erythematosus (SLE)

Systemic lupus erythematosus (SLE) is a complex autoimmune disorder in which the immune system
mistakenly attacks healthy tissues and organs. Although the exact etiology remains elusive, SLE is widely
believed to arise from a multifaceted interplay of genetic predisposition and environmental exposures, with
hormonal and immunological components further influencing disease expression.

Environmental and Medication-Related Triggers

Several environmental factors are known to contribute to the development or exacerbation of lupus in
genetically susceptible individuals:

o Ultraviolet (UV) Radiation: Sun exposure is a well-established trigger, particularly in causing
cutaneous lupus flares and, in some cases, systemic activity.

o Infections: Certain viral or bacterial infections have been hypothesized to initiate autoimmunity or
provoke disease flares in predisposed individuals.
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e Medications: Drug-induced lupus erythematosus is a recognized entity, typically resolving upon
discontinuation of the causative agent. More than 100 drugs have been implicated, including
hydralazine, procainamide, and anti-tumor necrosis factor (anti-TNF) agents like infliximab and
etanercept. In rare cases, symptoms may persist even after the offending drug is withdrawn.

Epidemiological and Demographic Factors

SLE disproportionately affects women, with a striking female-to-male ratio of approximately 9:1. The disease
most commonly manifests in women of reproductive age. Incidence rates vary by region, ranging from 0.3 to
31.5 cases per 100,000 person-years. Prevalence has increased over recent decades, likely reflecting
heightened recognition and diagnosis of milder disease forms. Current global estimates suggest a prevalence
of 50-100 cases per 100,000 adults.

Ethnicity plays a significant role in disease expression and severity. Individuals of African, Asian, or Latin
American ancestry often experience a more severe disease course compared to Caucasian populations. In
Western cohorts, many patients initially present with mild symptoms, but over time, the disease can evolve to
moderate or severe forms, affecting quality of life significantly.

Genetic and Familial Predisposition

SLE is known to follow a polygenic inheritance pattern, with strong evidence of familial clustering. First-
degree relatives of affected individuals have a markedly higher risk of developing the disease. For example,
one population-based study in Taiwan found that the relative risk was 315.9 times higher for twins, 23.7 for
siblings, and significantly elevated for other close relatives. Interestingly, even spouses of SLE patients—who
share environment but not genetics—demonstrated an increased risk (4.4 times), highlighting the potential
role of shared environmental or epigenetic factors.

Twin studies further underscore the genetic contribution to lupus. Monozygotic twins show concordance rates
ranging from 14% to 57%, whereas dizygotic twins demonstrate significantly lower rates (3% to 10%),
indicating that genetic susceptibility alone is not sufficient to cause the disease.

Genetic and Epigenetic Contributions

Genome-wide association studies (GWAS) have identified over 60 genetic loci associated with increased
susceptibility to SLE. These include genes involved in immune regulation, apoptosis, and clearance of cellular
debris. However, incomplete concordance in monozygotic twins suggests that epigenetic factors—heritable
changes in gene expression not encoded in DNA sequence—also contribute meaningfully to disease
development.

Key epigenetic mechanisms implicated in lupus pathogenesis include:
o DNA methylation: Aberrant methylation patterns can lead to dysregulated gene expression.

e MicroRNA regulation: Non-coding RNAs play a role in post-transcriptional regulation of immune
responses.

o Histone modifications: Alterations in histone proteins can affect chromatin structure and gene
transcription.

SLE also frequently co-occurs with other autoimmune conditions, reinforcing the notion of shared genetic and
pathogenic pathways among autoimmune diseases.
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Etiology and Pathogenesis of SLE

Systemic lupus erythematosus (SLE) arises from a complex interplay of genetic predisposition and
environmental factors, rather than any single causative agent. Individuals with a genetic susceptibility may
develop SLE following exposure to specific environmental triggers such as ultraviolet (UV) radiation, certain
medications, and viral infections. Among these, sunlight is particularly well-documented as a common trigger
for disease flares, especially in the form of skin involvement.

Viral infections, particularly Epstein-Barr virus (EBV), are also implicated in the pathogenesis of SLE,
especially among juveniles. Chronic EBV infection may contribute to elevated interferon-alpha levels, a
hallmark of SLE. Notably, autoantibodies can often be detected years before the onset of clinical symptoms,
further supporting the idea of a prolonged, multifactorial disease development process.

Drug-induced lupus, often triggered by medications such as hydralazine and procainamide (especially in
individuals with slow acetylator status), typically presents with milder symptoms and tends to resolve upon
discontinuation of the offending agent. Importantly, most individuals with drug-induced lupus do not go on to
develop full-blown SLE.

The clinical diversity of SLE reflects its complex pathogenesis. While genetic factors are significant—evident
from higher concordance rates in monozygotic twins—environmental influences remain critical. Genome-
wide association studies have identified multiple genetic loci linked to SLE, but incomplete concordance in
identical twins underscores the importance of non-genetic factors. Epigenetic modifications, including DNA
methylation, microRNA expression, and histone changes, are increasingly recognized as contributing to
disease development.

Immunologically, SLE is characterized by a loss of tolerance to self-antigens, resulting in the production of
pathogenic autoantibodies against nuclear components such as DNA, nucleosomes, and histones. These
autoantibodies can form immune complexes that deposit in various tissues, leading to inflammation and organ
damage. This persistent autoantibody production is driven by dysfunctional immune regulation involving both
B and T lymphocytes and abnormal clearance of apoptotic cells.

Treatment Approaches

Treatment strategies for lupus are individualized based on symptom severity and organ involvement.
Management decisions are made collaboratively between patient and clinician to balance therapeutic benefits
against potential adverse effects. Commonly used treatments include:

e Non-steroidal anti-inflammatory drugs (NSAIDs): Useful for relieving pain, swelling, and fever,
though long-term use can lead to gastrointestinal, renal, and cardiovascular complications.

e Antimalarials: Hydroxychloroquine is widely used to control lupus flares and has a favorable safety
profile, although retinal toxicity remains a rare concern, necessitating regular eye monitoring.

o Corticosteroids: Effective for acute inflammation, especially in severe organ involvement, but
associated with a wide range of adverse effects with long-term or high-dose use.

o Immunosuppressants: Agents such as azathioprine, methotrexate, mycophenolate mofetil, and
cyclosporine are used for moderate-to-severe disease and carry risks including infection, liver toxicity,
and reproductive issues.

o Biologic agents: Newer therapies such as belimumab and rituximab are options for refractory cases,
although side effects and cost may limit their widespread use.

e Voclosporin: Approved for lupus nephritis, this calcineurin inhibitor has shown efficacy but is not yet
widely accessible in many regions, including India.
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Challenges in Diagnosis and Management in India

SLE remains a diagnostic and therapeutic challenge in India due to its clinical complexity, limited awareness,
and healthcare disparities. The estimated prevalence is relatively low—around 3.2 per 100,000—but this
figure likely underrepresents the true burden, particularly given India’s youthful demographic and high
population.

The diagnostic landscape has improved significantly over the past two decades with better access to advanced
testing equipment. Nevertheless, delays in diagnosis—ranging from 10 to 24 months—remain a serious issue.
These delays are often attributed to gender-based healthcare disparities, poor disease recognition at the
primary care level, and inadequate referral systems. Women, especially younger individuals, face systemic
barriers to timely care, including societal norms and limited financial autonomy.

COPCORD studies have shown that autoimmune diseases, including SLE, are just as prevalent in rural areas
as in urban settings, underscoring the need for enhanced awareness and diagnostic capabilities across all
regions.

Management Challenges and Infection Burden

Although new therapies are emerging, their availability in India remains limited. Biologics such as belimumab
and anifrolumab have shown promise internationally but are not widely used domestically due to low demand
and high costs. Mycophenolate mofetil has demonstrated effectiveness in lupus nephritis and neuropsychiatric
lupus, yet affordability continues to limit its use. Encouragingly, its inclusion in public hospital formularies
and the availability of generics are gradually improving access.

Infections represent the leading cause of in-hospital mortality for Indian SLE patients. Studies indicate that
over 50% of such deaths are due to infections, primarily caused by gram-negative bacteria and tuberculosis
(TB). Notably, the incidence of TB in SLE patients is significantly higher than in the general population, with
extrapulmonary TB being particularly prevalent and disabling.

The high infection burden is consistent across different regions of India and poses a major threat to SLE
patients, many of whom are immunocompromised due to their disease or its treatment. Approximately one in
six patients experience a serious infection within the first year of diagnosis.

Conclusion

Infections continue to pose a major threat to individuals with SLE in India, often complicating an already
challenging disease course. The elevated risk of TB, particularly in extrapulmonary forms, adds a layer of
complexity to disease management. Delayed diagnosis, limited access to specialized care, and low availability
of advanced therapies further worsen outcomes. Addressing these issues through improved awareness,
stronger referral systems, and expanded access to essential medications will be crucial in reducing SLE-related
morbidity and mortality in India.
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