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Abstract. Inflammation is a complex physiological response that protects 

tissues from infection and injury. It involves coordinated vascular, cellular, and 

biochemical processes. This article reviews the full spectrum of inflammation’s 

pathophysiology: from its triggers (infectious, traumatic, autoimmune, etc.) and 

classic clinical features, through molecular and cellular mechanisms (acute and 

chronic phases), to clinical implications (diseases, diagnostics, therapies) and 

current research directions. We cover etiology (causes), pathogenesis 

(mechanisms), clinical relevance, laboratory markers, treatment strategies, 

epidemiological statistics, and recent advances, maintaining an in-depth and 

structured approach for a graduate-level audience. 
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Introduction. Inflammation (Latin inflammatio, “to set on fire”) is the body’s 

fundamental defensive response of vascularized tissues to harmful stimuli. It is 

meant to eliminate pathogens or damaged cells and initiate healing. Inflammation is 

classically characterized by the five cardinal signs: heat (calor), redness (rubor), 

swelling (tumor), pain (dolor), and loss of function (functio laesa). These result from 

local vasodilation and increased blood flow (causing warmth and redness), increased 

vascular permeability and plasma exudation (causing edema and swelling), and 

release of chemical mediators that stimulate nerve endings (causing pain and 

functional impairment). Inflammation is further categorized by duration (Figure). 
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Acute inflammation has rapid onset and lasts days, with prominent fluid exudation 

and neutrophil influx. If resolution fails, inflammation may persist and transition to 

chronic inflammation (weeks to years), characterized by mononuclear cells 

(macrophages, lymphocytes, plasma cells), tissue destruction, and attempts at repair. 

Subacute inflammation is an intermediate phase (typically 2–6 weeks) between 

acute and chronic. 

Etiology. Inflammatory reactions are initiated by specific inducers or 

causes. These can be broadly classified as follows: 

 Exogenous factors: External agents such as pathogens and foreign substances 

can trigger inflammation. Infectious microorganisms (bacteria, viruses, fungi, 

parasites) carry pathogen-associated molecular patterns (PAMPs) that are 

recognized by host sensors. Many pathogens also release virulence factors 

(e.g., bacterial exotoxins, helminth enzymes) that further provoke 

inflammation. Non-infectious exogenous triggers include allergens, toxins, 

irritants, and inert foreign bodies (e.g. splinters, silica, asbestos). 

 Endogenous factors: Internal signals from damaged or stressed tissues also 

induce inflammation. For example, necrotic or ischemic cells release damage-

associated molecular patterns (DAMPs) that alert the immune system. 

Physical injuries such as trauma, burns, frostbite, or radiation, and chemical 

injuries (e.g. acid exposure, crystal deposits like gouty urate, hyperglycemia) 

generate inflammatory responses. Metabolic byproducts (oxidized 

lipoproteins, advanced glycation end-products) can likewise act as 

endogenous inducers. 

 Autoimmune and chronic triggers: Sometimes inflammation arises from the 

immune system mistakenly targeting self-tissues (autoimmunity), as in 

rheumatoid arthritis or lupus. In other cases, failure to eliminate an acute insult 

leads to persistence (e.g. tuberculosis bacilli resisting clearance) or recurrence 

of inflammation. Chronic low-level exposure to irritants or systemic 
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imbalances (obesity-induced adipokines, persistent viral infection) can also 

sustain inflammation. 

Each of these etiologies activates inflammatory pathways that, if unchecked, can 

become self-perpetuating. Understanding the specific causes helps guide targeted 

interventions (e.g. antibiotics for infection, corticosteroids for autoimmune disease). 

Pathogenesis. Inflammation unfolds through well-orchestrated vascular, 

cellular, and molecular events. Initially, tissue injury or infection is detected by 

resident sentinel cells (macrophages, dendritic cells, mast cells) via pattern-

recognition receptors. These cells release mediators (cytokines such as IL-1, TNF; 

chemokines; histamine; kinins; arachidonic acid metabolites) that act on local 

vasculature. 

The early vascular phase involves rapid vasodilation and increased 

permeability of post-capillary venules. Histamine and nitric oxide cause arteriolar 

dilation (accounting for redness and warmth), while bradykinin and leukotrienes 

increase endothelial gaps, allowing plasma proteins and fluid to leak into tissues 

(edema). Endothelial cells also upregulate adhesion molecules. 

The cellular phase begins with circulating leukocytes (mainly neutrophils in 

acute inflammation) responding to chemotactic gradients. Leukocytes first 

marginate, roll, and adhere to activated endothelium, then transmigrate (diapedesis) 

into the interstitium. They are guided by chemokines (e.g. IL-8) toward the focus of 

injury. Once at the site, neutrophils and later monocytes (which differentiate into 

macrophages) phagocytose pathogens or debris and release destructive enzymes and 

reactive oxygen species to digest them. 

The figure above schematically depicts inflammatory effector cells: 

endothelial cells (Panel A) become “sticky” and leaky, permitting neutrophils (Panel 

B) and monocytes/macrophages (Panel C) to enter tissues. In addition to 

phagocytosis, activated leukocytes secrete potent mediators (e.g. proteases, free 

radicals, prostaglandins, cytokines) that amplify vascular responses and recruit more 
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cells. While these processes help eradicate the cause, they also risk collateral tissue 

damage if uncontrolled. 

If the inciting agent persists or regulation fails, chronic inflammation ensues. 

The continued presence of antigen or irritant causes a shift in cell types: neutrophils 

wane, and macrophages, lymphocytes, and plasma cells become predominant. 

Macrophages release cytokines (TNF-α, IL-1) and growth factors that perpetuate 

inflammation, while T-lymphocytes sustain the response via antigen-specific 

mechanisms. Chronic inflammation is often associated with tissue injury (necrosis) 

and attempts at repair (fibrosis, angiogenesis, or granuloma formation). For 

example, granulomatous inflammation forms nodules of activated macrophages 

(epithelioid cells) surrounded by lymphocytes, seen in tuberculosis or sarcoidosis. 

Overall, the goal of the inflammatory response is to remove harmful stimuli and 

restore homeostasis. Molecular checks (anti-inflammatory cytokines, resolution 

mediators) are normally activated to terminate inflammation. Failure of resolution 

or regulatory imbalance leads to pathology. 

Clinical Relevance. Understanding inflammation is crucial in medicine 

because it underlies a vast array of diseases. Chronic inflammatory processes are 

implicated in most major illnesses today. For instance, atherosclerosis – the buildup 

of plaques in arteries – is now recognized as an inflammatory disease of the vessel 

wall. Persistent arterial inflammation promotes plaque growth and instability, 

leading to heart attacks and strokes. Similarly, autoimmune diseases such as 

rheumatoid arthritis and inflammatory bowel disease arise from dysregulated 

inflammation directed against self-tissues. Allergic conditions (asthma, eczema) 

involve inflammatory mediators (histamine, eosinophils), and even metabolic 

disorders like type 2 diabetes have an inflammatory component (insulin resistance 

is worsened by adipose-derived cytokines). 

Epidemiologically, chronic inflammatory diseases account for the majority of 

morbidity and mortality worldwide. The World Health Organization notes that 
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roughly 60% of global deaths (about 3 out of 5) are due to chronic conditions with 

an inflammatory basis (e.g. cardiovascular disease, cancer, chronic lung disease, 

obesity-related disorders). In clinical practice, inflammation is a double-edged 

sword: beneficial in containing infection and healing wounds, but potentially 

harmful if unchecked. For example, acute inflammation in sepsis can escalate to a 

cytokine storm and multiorgan failure if not controlled. Conversely, insufficient 

inflammation can impair pathogen clearance. Clinicians therefore routinely assess 

inflammatory status (e.g. fever, swelling, laboratory markers) to diagnose, monitor 

disease activity, and guide therapy. 

Laboratory Diagnostics. Inflammation can be measured indirectly by several 

laboratory tests, which are useful for diagnosis and monitoring of disease. Common 

assays include: 

 Acute-phase reactants: Serum C-reactive protein (CRP) and erythrocyte 

sedimentation rate (ESR) are classic markers. CRP, synthesized by the liver 

under IL-6 stimulation, rises rapidly (within hours) in acute inflammation. 

ESR measures how fast red blood cells settle in a tube; it increases in 

inflammation due to elevated fibrinogen and immunoglobulins. Both CRP and 

ESR rise in many inflammatory states, though CRP is more sensitive to rapid 

changes. Other acute-phase proteins like fibrinogen and serum amyloid A are 

also elevated. In chronic settings, high-sensitivity CRP (hsCRP) and 

fibrinogen are particularly informative. 

 White blood cell (WBC) count: Complete blood count often shows 

leukocytosis in acute inflammation. Neutrophils typically predominate in 

bacterial infections. In contrast, chronic inflammation is characterized by 

mononuclear cell predominance: tissue macrophages, lymphocytes, and 

plasma cells dominate the infiltrate. A high neutrophil count (with a left shift) 

suggests active acute inflammation or infection; marked lymphocytosis may 

indicate chronic or viral inflammatory processes. 
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 Specific biomarkers: Procalcitonin (PCT) is another acute-phase marker, 

especially in bacterial sepsis. In some conditions, other markers are measured 

(e.g., rheumatoid factor or anti-CCP in suspected rheumatoid arthritis, anti-

nuclear antibodies in lupus). Cytokine levels (IL-6, TNF-α) can be assessed 

in research settings. Novel biomarkers (e.g. calprotectin, fibrin degradation 

products) are under investigation. Imaging studies (MRI, PET scans) can also 

detect inflammatory activity in organs (e.g. synovial membrane in arthritis, 

vascular inflammation in vasculitis). 

In summary, an elevated CRP/ESR with clinical signs of inflammation strongly 

suggests an inflammatory process. Serial measurements help track disease course or 

treatment response. 

Treatment. Therapeutic strategies aim to remove the injurious stimulus and 

control the inflammatory response to prevent tissue damage. Key approaches 

include: 

 Anti-inflammatory medications: 

 Nonsteroidal Anti-Inflammatory Drugs (NSAIDs): These drugs (e.g. 

ibuprofen, naproxen, diclofenac) inhibit cyclooxygenase (COX) enzymes, 

blocking prostaglandin and thromboxane synthesis. By reducing 

prostaglandin-mediated vasodilation and pain signaling, NSAIDs relieve the 

cardinal signs of inflammation. Selective COX-2 inhibitors (e.g. celecoxib) 

spare the COX-1 gastric mucosal protection, reducing GI side effects. 

 Glucocorticoids: Steroid hormones like prednisone or dexamethasone have 

potent anti-inflammatory and immunosuppressive actions. They act via 

genomic and non-genomic mechanisms to repress multiple inflammatory 

genes (e.g. cytokines, adhesion molecules) and inhibit immune cell activity. 

Glucocorticoids are used for many acute and chronic inflammatory conditions 

(asthma exacerbations, autoimmune flares, transplant rejection). 
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 Other agents: In specific scenarios, drugs like colchicine (for gout or 

pericarditis) interfere with leukocyte microtubules, and biologic small 

molecules (e.g. JAK inhibitors) block intracellular cytokine signaling. 

 Disease-modifying therapies: For chronic inflammatory diseases (e.g. 

rheumatoid arthritis, inflammatory bowel disease), disease-modifying 

antirheumatic drugs (DMARDs) such as methotrexate, azathioprine or 

sulfasalazine are used. These agents act on the immune response itself (e.g. 

by inhibiting lymphocyte proliferation) to reduce inflammation and prevent 

tissue destruction. 

 Biologic cytokine inhibitors: Targeted biologic therapies have transformed 

the treatment of autoimmune/inflammatory diseases. Monoclonal antibodies 

or receptor antagonists against TNF-α, IL-1, IL-6, or IL-17 can effectively 

suppress pathogenic inflammation. For example, anti-TNF agents (infliximab, 

adalimumab) and IL-6 receptor blockers are widely used in rheumatoid 

arthritis and other conditions. Clinical use of biologics has dramatically 

improved outcomes for patients with refractory inflammatory arthritis and 

other immune-mediated diseases. 

 Supportive and lifestyle measures: In acute injury, rest, ice, compression, and 

elevation (RICE) can limit inflammation. Adequate hydration and nutritional 

support aid recovery. For chronic inflammation, non-pharmacologic measures 

are crucial: smoking cessation, weight loss, a balanced diet rich in anti-

inflammatory foods (fruits, vegetables, omega-3 fats) and regular exercise 

have been shown to decrease systemic inflammation. For instance, even 

modest weight loss can significantly improve inflammatory arthritis and 

metabolic markers. Good sleep and stress management also help reduce 

chronic inflammatory burden. 
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Treatment must be tailored to the cause and severity: infections require 

antimicrobials, immune disorders need immunosuppression, while symptomatic 

anti-inflammatories and general care support tissue healing and restore balance. 

Statistics. Inflammation-driven diseases are extremely prevalent. Notable 

statistics include: 

 Global mortality: Approximately 60% of worldwide deaths (three in five 

people) are due to chronic diseases with an inflammatory component 

(cardiovascular disease, stroke, cancer, chronic lung disease, diabetes). 

 Diabetes: In the US, about 30.3 million people (9.4% of the population) had 

diabetes in 2015. Diabetes is linked to chronic vascular inflammation. 

 Cardiovascular disease: CVD accounts for roughly 31% of global deaths. In 

the US, ~800,000 deaths per year (1 of 3 deaths) are due to heart disease and 

stroke. Atherosclerosis (an inflammatory process) underlies these numbers. 

 Arthritis: Around 350 million people worldwide suffer from arthritis and 

related joint diseases; in the US this is ~20% of the population (over 43 

million). Rheumatoid arthritis alone affects about 2.1 million Americans. 

 Allergies and asthma: Allergic conditions affect tens of millions. For example, 

over 24 million people in the US have asthma, and allergic rhinitis (“hay 

fever”) affects ~8% of adults. These are inflammatory disorders of the airways 

and immune system. 

 Chronic respiratory disease: COPD (primarily smoking-related lung 

inflammation) affects ~15.7 million Americans (~6.4% of the population) and 

is a leading cause of death. 

These figures underscore that inflammation is not only a basic defense mechanism 

but also a major public health issue when dysregulated. 

Current Research. Inflammation remains an active field of research, with 

new insights informing therapy. One major focus is cardioimmunology: targeting 

inflammation to treat cardiovascular disease. Recent trials have shown that anti-
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inflammatory drugs can reduce cardiac events. For instance, the CANTOS trial 

demonstrated that canakinumab (an IL-1β antibody) and the LoDoCo/Colchicine 

trials showed that colchicine improve outcomes in atherosclerosis, confirming that 

the NLRP3 inflammasome/IL-1β pathway is central to plaque inflammation. 

Colchicine has now been approved for secondary prevention in coronary artery 

disease. Ongoing studies are repurposing drugs (e.g. anti-cytokine agents) and 

developing novel compounds to modulate inflammation in heart failure, 

myocarditis, and other conditions. 

Another burgeoning area is the regulation of innate immune sensing. Research 

on inflammasomes (like NLRP3) and toll-like receptors is uncovering how sterile 

(non-infectious) triggers perpetuate inflammation. There is also great interest in 

resolution mediators (lipoxins, resolvins) that actively terminate inflammation; 

analogs of these are being explored as therapies. The gut microbiome has emerged 

as a key modulator of systemic inflammation, leading to trials of probiotics and 

dietary interventions to treat inflammatory diseases. Additionally, advances in 

genomics and computational biology (including AI-driven drug discovery) are 

enabling identification of new targets and personalized anti-inflammatory therapies. 

In oncology, targeting tumor-associated inflammation and cytokines is being 

investigated to improve cancer treatment. 

Overall, current research is shifting from non-specific suppression toward 

precise immunomodulation. The goal is to inhibit pathological inflammation while 

preserving host defense. As one review summarizes, systemic inflammation is 

increasingly recognized as a major driver of disease, and the “expanding landscape 

of cardioimmunology” exemplifies the exciting developments in understanding and 

targeting inflammation. 

Conclusion. Inflammation is a vital physiological process that becomes 

pathogenic when in excess or misdirected. It involves an intricate network of cells 

and mediators working to protect the body, but if unbalanced it underlies many 
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diseases. In this article we have covered the pathophysiology of inflammation in 

detail: its causes (infection, injury, autoimmunity, etc.), its mechanisms (vascular 

changes, leukocyte recruitment, mediator cascades), and its clinical implications. 

We also reviewed how inflammation is diagnosed (clinical signs and laboratory 

markers), managed (anti-inflammatory drugs, biologics, lifestyle), and quantified 

(disease prevalence). Finally, we highlighted emerging research, such as targeting 

the NLRP3–IL-1β pathway in atherosclerosis and modulation by the microbiome. 

An in-depth understanding of inflammation guides effective treatment and new 

therapeutic strategies, aiming always to restore homeostasis with minimal collateral 

damage. 
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