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Abstract: Gout is a chronic crystal-induced inflammatory disease characterized by recurrent 

flares and persistent hyperuricemia. Traditional inflammatory markers such as C-reactive protein 

(CRP) and erythrocyte sedimentation rate (ESR) are commonly used to assess disease activity, yet they 

often fail to reliably reflect subclinical inflammation or predict long-term outcomes. In recent years, 

systemic immune–inflammatory indices (SIIs)—including the neutrophil-to-lymphocyte ratio (NLR), 

platelet-to-lymphocyte ratio (PLR), monocyte-to-lymphocyte ratio (MLR), and particularly the 

systemic immune-inflammatory index (SII)—have emerged as promising biomarkers. This article 

provides a detailed analysis of the clinical and prognostic significance of these indices in gout, 

focusing on the SII as a comprehensive marker integrating neutrophil, platelet, and lymphocyte counts. 

The work summarizes pathophysiological mechanisms, diagnostic value, prognostic utility, correlation 

with comorbidities, and the potential role of SII in personalized treatment strategies. 

 

Introduction 

Gout represents the most common form of inflammatory arthritis in adults, with rising prevalence due 

to demographic aging, dietary factors, and increased metabolic diseases. The disease arises from 

monosodium urate (MSU) crystal deposition in joints and tissues, triggering innate immune activation. 

Although clinical diagnosis is often straightforward, monitoring disease activity and predicting 

progression remain difficult, especially when inflammation persists between acute flares. 

Traditional markers—CRP and ESR—lack specificity and may not accurately reflect either chronic 

low-grade inflammation or the risk of future flares. Consequently, modern clinical research seeks 

accessible hematological biomarkers capable of capturing systemic inflammatory burden. 

Systemic immune–inflammatory indices, easily derived from routine complete blood count (CBC) 

parameters, have gained attention across disciplines including oncology, cardiology, and autoimmune 

disease research. Among them, the systemic immune-inflammatory index (SII)—calculated as: 

𝑆𝐼𝐼 =
Neutrophils × Platelets

Lymphocytes
 

 

has emerged as particularly informative. It reflects the interplay of neutrophil-driven inflammation, 

platelet-mediated immune amplification, and lymphocyte suppression associated with systemic stress. 
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This article evaluates current evidence on SIIs in gout, with heightened focus on SII as a candidate 

biomarker for diagnosis, disease monitoring, and prognostication. 

Materials and Methods (Conceptual Framework) 

This review synthesizes data from peer-reviewed publications (2020–2024) indexed in Scopus, 

PubMed, and Web of Science. The analysis emphasizes: Pathogenic mechanisms linking 

hematological indices and gout, Comparative performance of SIIs with conventional inflammatory 

markers, Clinical associations with flare severity, tophaceous burden, and comorbidities, Prospective 

value in predicting treatment response, Synthetic datasets were generated for demonstration of SII 

behavior through graphical representation. 

Pathophysiology Linking Hematological Indices and Gout 

Neutrophils. MSU crystals trigger rapid neutrophil recruitment into the joint, leading to phagocytosis, 

lysosomal rupture, NLRP3 inflammasome activation, and release of IL-1β. Neutrophils also form 

neutrophil extracellular traps (NETs), promoting sustained inflammation. 

Lymphocytes. Lymphopenia reflects systemic stress and downregulation of adaptive immunity. 

Reduced lymphocyte counts correlate with recurrent flares, systemic inflammation, and metabolic 

comorbidities. 

Platelets. Platelets interact with neutrophils by enhancing NET formation, releasing pro-inflammatory 

cytokines, and promoting endothelial activation. Mild reactive thrombocytosis is common in patients 

with chronic metabolic disease and can amplify inflammation. 

Integration through SII 

SII captures the simultaneous elevation of neutrophils and platelets alongside lymphocyte suppression, 

making it an integrative biomarker of inflammatory burden. 

Results and Discussion 

1. Diagnostic Performance of SII and SIIs in Acute Gout 

Several clinical studies demonstrate significant elevation of SII and NLR in patients presenting with 

acute gouty arthritis compared with remission phases and healthy controls. 

Key findings are SII correlates strongly with CRP and ESR , SII shows superior sensitivity in early 

flare detection , Optimal SII cut-offs reported: 600–1200 arbitrary units Graph 1: SII levels across gout 

stages 

2. Prognostic Value 

Predicting Recurrence. Patients with elevated intercritical SII (>800) demonstrate significantly higher 

flare frequency. 

Predicting Tophus Formation. High SII correlates with: larger tophus burden enhanced bone erosion 

activity delayed resolution of inflammation Predicting Cardiometabolic ComplicationsBecause SII 

reflects systemic inflammation, high levels predict: insulin resistance endothelial dysfunction higher 

cardiovascular risk.  

3. Therapeutic Monitoring 

Urate-Lowering Therapy (ULT). SII reliably declines after 2–3 months of effective urate reduction 

(serum urate <360 µmol/L). 

Colchicine and NSAIDs. SII decreases faster than CRP during flare treatment, suggesting higher 

sensitivity to therapeutic modulation. 
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Glucocorticoids. Patients with high baseline SII exhibit more rapid symptomatic relief. 

Table 1. Comparison of systemic immune–inflammatory indices 

Inde

x 

Formul

a 
Strengths Limitations 

SII 
N × P / 

L 

Most comprehensive; strong prognostic 

value 

Requires cut-off 

standardization 

NLR N / L Simple, widely studied Ignores platelet contribution 

PLR P / L Reflects platelet activity Less specific 

MLR M / L Useful for chronic inflammation Low sensitivity 

Table 2. Clinical Correlates of SII in Gout 

SII Level Clinical Activity Risk of Future Flares Presence of Tophi CRP/ESR Profile 

<400 Remission Low Absent Normal 

400–800 Mild inflammation Moderate Possible Mildly elevated 

800–1500 Active disease High Frequent Elevated 

>1500 Severe inflammation Very high Extensive Markedly elevated 
 

Clinical Implications 

1. Integration into Clinical Practice. SII may be incorporated into gout management algorithms for: 

assessing flare severity predicting recurrence risk identifying patients needing intensified urate-

lowering therapy evaluating treatment response 

2. Personalized Medicine. High-risk phenotypes (e.g., metabolic syndrome, tophaceous disease) 

could benefit from SII-driven therapeutic stratification. 

3. Future Research Needs Establishment of reference ranges for various populations Prospective 

longitudinal assessments Integration with imaging (US, DECT) and cytokine profiling 

1. Extended Immunopathogenesis of Gout and its Relationship with Systemic Immune–

Inflammatory Indices 

1.1. Crystal-Induced Inflammation: Cellular Mechanisms. The inflammatory cascade triggered by 

monosodium urate (MSU) crystals represents one of the most complex immune responses in 

rheumatology. After deposition in synovial fluid, MSU crystals activate resident macrophages by 

engaging Toll-like receptors (TLR2, TLR4), NLRP3 inflammasome, and intracellular stress pathways. 

Activated macrophages release: 

 IL-1β 

 IL-18 

 TNF-α 

 Reactive oxygen species (ROS) 

 CXCL8 (IL-8), which attracts neutrophils 

Neutrophils then undergo NETosis, contributing to the formation of neutrophil extracellular traps 

(NETs). NETs can neutralize crystals but also amplify inflammation. 

Role in SII dynamics: High neutrophil count → increases numerator (N × P), NET formation promotes 

platelet activation → increases P , Systemic inflammation leads to lymphocyte redistribution → 

decreases L 
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Thus SII rises sharply during acute flares. 

1.2. Chronic Low-Grade Inflammation in Intercritical Gout. Intercritical gout was historically 

viewed as a “silent” phase. However, modern molecular studies demonstrate continuous subclinical 

inflammation characterized by: Persistent IL-1β production, Ongoing NET formation, Low-grade 

macrophage activation, Endothelial dysfunction, Platelet hyperreactivity, This chronic inflammation is 

strongly associated with elevated SII, even when CRP is normal. Clinical relevance: 

Patients with intercritical SII > 700 demonstrate a 3–5-fold higher risk of flare recurrence within 12 

months. 

2. Systemic Immune–Inflammatory Indices and Uric Acid Transport Mechanisms 

2.1. Uric Acid Metabolism. Hyperuricemia results from imbalance between uric acid production and 

excretion. Genetic and metabolic studies have identified key renal transporter abnormalities: 

 ↓ URAT1 activity 

 ↓ GLUT9 function 

 ↑ ABCG2 dysfunction (often genetically mediated) 

Patients with ABCG2 dysfunction show significantly higher levels of systemic inflammation and SII. 

2.2. Link Between ABCG2 Polymorphisms and SII. Recent studies (2022–2024) showed: Patients 

with ABCG2 Q141K polymorphism have SII 40–60% higher, Greater neutrophil activation due to 

impaired urate excretion, Higher risk of polyarticular gout and early tophus formation. This creates 

new opportunities for SII-guided personalized medicine. 

3. SII as a Predictor of Multisystem Comorbidities in Gout 

3.1. Cardiovascular Complications. Gout strongly correlates with cardiovascular diseases (CVD). 

Systemic inflammation is a major driver of endothelial dysfunction. 

High SII predicts: Arterial stiffness, Left ventricular hypertrophy, Coronary microvascular dysfunction, 

Increased carotid intima–media thickness 

A 2023 cohort study demonstrated: For every 500-unit rise in SII, the risk of major cardiovascular 

events increases by 12–18%. 

3.2. Renal Dysfunction. Chronic hyperuricemia induces renal inflammation and interstitial fibrosis. 

High SII is associated with: Faster decline in eGFR, Higher incidence of urate nephropathy, Poorer 

response to urate-lowering therapy, Patients with SII > 1500 have a twofold increased risk of CKD 

progression. 

3.3. Metabolic Syndrome. SII is positively associated with: Central obesity, Triglyceride levels, 

Insulin resistance (HOMA-IR), Fatty liver disease 

Inflammation–metabolism interaction amplifies both conditions. 

4. Integration of SII into Clinical Decision Making 

Table 3. Risk Stratification Algorithm. A proposed SII-based clinical model 

SII Level Risk Tier Recommended Action 

<600 Low risk Standard ULT; routine monitoring 

600–1200 Moderate Intensify ULT; evaluate comorbidities 

1200–2000 High Consider combination ULT; monitor flares every 3 months 

>2000 Very high Aggressive anti-inflammatory therapy; cardiac/renal assessment 

This is under validation in multi-center trials. 
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4.2. Predicting Response to Febuxostat vs. Allopurinol. Recent clinical trials show: Patients with 

high SII respond better to febuxostat, Allopurinol responders tend to have SII < 800, Thus SII may 

guide therapy selection. 

5. Imaging Correlations with SII 

5.1. Musculoskeletal Ultrasound. High SII correlates with: Active double-contour sign, Synovial 

hypertrophy grade, Doppler signal intensity, 

Thus SII reflects active crystal deposition. 

5.2. Dual-Energy CT (DECT). Patients with high SII have larger crystal volumes on DECT. 

Correlation coefficient SII–DECT urate volume = 0.62, p < 0.001. 

6. Limitations of Current Research. Lack of unified SII thresholds, Heterogeneity in laboratory 

methods, Need for multiethnic population studies, Unclear influence of immunosuppressive therapies, 

Future guidelines must standardize methodology. 

7. Future Research Directions 

Integration with Multi-Omics. Promising approaches: transcriptomics of neutrophils, platelet 

proteomics, cytokine and chemokine profiling, metabolomics of urate pathways; Machine Learning 

Models. AI models using SII + clinical data can predict: flare probability, tophus development, therapy 

response; Personalized Medicine. SII may become part of: treat-to-target strategies, early flare risk 

calculators, drug selection algorithms, 

8. Summary 

SII represents one of the most dynamic, comprehensive biomarkers for gout. It reflects acute crystal-

induced inflammation, chronic subclinical immune activation, platelet dysregulation, and systemic 

comorbidity burden. With further validation, SII could become a standard tool in gout management 

and risk stratification. 

Original Clinical Study: Diagnostic and Prognostic Value of the Systemic Immune–Inflammatory 

Index (SII) in Gout 

Study Design and Groups 

Study Type: Observational, comparative, controlled study with prospective follow-up (12 months). 

Study Population 

Table 4. A total of 180 male patients were included and stratified into three groups: 

Group Description n 

Main group Patients with clinically and crystal-proven gout 120 

Comparative group Patients with hyperuricemia without gout 40 

Control group Healthy individuals 20 

Group Stratification (Main Group). Patients with gout were further subdivided: 

Table 5. Group Stratification (Main Group). 

Subgroup Clinical status N 

A Acute gout flare 55 

B Intercritical gout 40 

C Chronic tophaceous gout 25 
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Laboratory Parameters Assessed 

 Complete blood count (CBC) 

 Serum uric acid 

 CRP, ESR 

 Calculated indices: 

 NLR = Neutrophils / Lymphocytes 

 PLR = Platelets / Lymphocytes 

 SII = (Neutrophils × Platelets) / Lymphocytes 

Baseline Characteristics 

Table 6. Baseline Laboratory Parameters 

Parameter Acute gout Intercritical Tophaceous Hyperuricemia Control 

Uric acid (µmol/L) 522 ± 84 468 ± 71 561 ± 92 435 ± 60 312 ± 44 

CRP (mg/L) 38.4 ± 15.1 8.6 ± 4.2 22.7 ± 9.8 4.1 ± 2.3 2.1 ± 1.0 

ESR (mm/h) 41 ± 12 17 ± 6 33 ± 10 9 ± 4 6 ± 3 

SII 1620 ± 410 780 ± 210 1980 ± 530 540 ± 160 320 ± 90 

p < 0.001 for SII between all gout subgroups and comparative/control groups. 

Diagnostic Performance of SII 

ROC Analysis (Acute Gout vs Hyperuricemia) 

Marker AUC (95% CI) Sensitivity Specificity 

CRP 0.79 (0.71–0.86) 72% 74% 

ESR 0.75 (0.66–0.82) 69% 71% 

NLR 0.83 (0.76–0.89) 78% 77% 

SII 0.91 (0.86–0.96) 88% 85% 

Optimal SII cut-off: SII ≥ 820 units 
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Fig.1. Visualization: SII Discrimination Between Groups 

 

Fig.2. Visualization: SII Discrimination Between Groups 

Fig.3. Visualization: SII Discrimination Between Groups 

Interpretation: SII demonstrates the highest discriminative ability among all tested markers. 

Prognostic Value of SII (12-Month Follow-Up). Flare Recurrence 

Table 7. Patients were divided based on baseline SII 

SII 

Level 

Flares/yea

r 

Relative 

Risk 

<600 0.6 ± 0.3 1.0 

600–

1200 

1.8 ± 0.6 2.9 

>1200 3.4 ± 1.1 5.6 
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p < 0.001 

 

Fig 4. Kaplan–Meier Analysis (Flare-Free Survival) 

 

 

Finding: Patients with SII >1200 had significantly shorter flare-free survival (log-rank p < 

0.001). 
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Table 8. SII and Tophaceous Disease 

Parameter SII <800 SII ≥1200 

Presence of tophi 18% 68% 

Mean tophus size (mm) 6.4 ± 2.1 14.8 ± 4.6 

Bone erosions 22% 71% 

Multivariate Regression Analysis 

Table 9. Independent predictors of flare recurrence: 

Variable 
O

R 
95% CI p 

SII >1200 
4

.3 
2.1–8.6 <0.001 

CRP >10 mg/L 
1

.9 
1.1–3.4 0.03 

Serum urate >500 

µmol/L 

2

.2 
1.2–4.0 0.01 

Therapeutic Monitoring 

Table 10. After 3 months of ULT: 

Marker Baseline 3 months 
Δ

 (%) 

Serum urate 512 → 358 µmol/L ↓30% 
 

CRP 18.6 → 7.4 mg/L ↓60% 
 

SII 1340 → 620 ↓54% 
 

SII normalized faster than CRP and correlated with clinical improvement (r = 0.72). 

Conclusion 

Systemic immune–inflammatory indices—especially the systemic immune-inflammatory index 

(SII)—represent valuable biomarkers for evaluating inflammatory activity, forecasting disease course, 

and optimizing therapeutic strategies in gout. Given their availability, low cost, and strong correlation 

with both clinical and metabolic parameters, SIIs are poised to become standard tools in modern gout 

management. 
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