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Abstract 

Introduction: Chronic inflammation drives pathologies such as prediabetes, type 2 diabetes, colorectal cancer (CRC), severe community-

acquired pneumonia (CAP), and liver cirrhosis, yet biomarkers like high-sensitivity C-reactive protein (hsCRP) or interleukin-6 (IL-6) may 

lack specificity for oxidative-inflammatory depth. We hypothesize that the Glutathione-CRP Inflammatory (GCI) Index, combining hsCRP 

with the reduced to oxidized glutathione (GSH/GSSG) ratio, could improve diagnostic and prognostic precision. 

Methods: Archival datasets from prediabetes (n=63), type 2 diabetes (n=50), CRC (n=80), CAP (n=267), and liver cirrhosis (n=75) were 

analyzed. GCI was calculated as (hsCRP/10 mg/L) + (GSSG/(GSH+GSSG)), normalized to 0–100 using clinical ranges (hsCRP 0–10 

mg/L, GSSG/(GSH+GSSG) 0–0.1), and evaluated via logistic regression, receiver operating characteristic (ROC) analysis (hypothesizing 

0.05–0.15 AUC improvement), LASSO regularization, and Cox proportional hazards models, adjusting for age, BMI, smoking, and 

medications. 

Results: GCI scores might differentiate inflammation types, with values potentially reaching 82 in CRC, 85 in CAP non-survivors, and 80 

in Child-Pugh B-C cirrhosis, suggesting associations with tumor progression, mortality, or hepatic decompensation. In diabetes, scores 

could decline from 72 to 58 post-GSH supplementation, indicating therapeutic response. GCI may outperform hsCRP (AUC 0.841 vs. 

0.780 in CAP) and volatile IL-6, driven by NF-κB-mediated hsCRP elevation and ROS-induced GSH depletion disrupting Nrf2 antioxidant 

defenses. 

Conclusion: The GCI Index could enhance chronic disease assessment, pending prospective validation for integration into clinical panels 

alongside hsCRP or HbA1c. 
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1..Introduction

Systemic inflammation underpins a wide array of chronic 

diseases, including type 2 diabetes, autoimmune 

disorders, and cancers, driving significant global 

morbidity through persistent cellular and tissue damage 
1
. 

C-reactive protein (CRP), an acute-phase reactant 

produced in the liver in response to interleukin-6 (IL-6) 

signaling, effectively captures systemic immune 

activation but lacks the ability to reflect underlying 

cellular oxidative stress or distinguish transient acute 

inflammatory responses from sustained chronic states that 

exacerbate disease progression 
2
. Conversely, the 

glutathione (GSH) to oxidized glutathione (GSSG) ratio 

serves as a critical measure of intracellular redox 

homeostasis, indicating the cell’s capacity to counteract 

damage induced by reactive oxygen species (ROS), a 

hallmark of chronic inflammation 
3
.  
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At the molecular level, these processes are intricately 

linked: ROS accumulation activates the nuclear factor 

kappa-B (NF-κB) pathway, which drives transcription of 

proinflammatory cytokines such as TNF-α and IL-6, 

elevating CRP levels and perpetuating a self-reinforcing 

inflammatory cycle 
4
. Simultaneously, ROS disrupts the 

nuclear factor erythroid 2-related factor 2 (Nrf2) pathway, 

which regulates antioxidant gene expression, including 

glutathione peroxidase and superoxide dismutase, to 

restore GSH/GSSG balance and mitigate oxidative stress
5
. 

This interplay where Nrf2 activation counters NF-κB-

driven inflammation by enhancing heme oxygenase-1 

(HO-1) and neutralizing ROS represents a mechanistic 

synergy not yet fully leveraged in clinical diagnostics 
6
. 

Current biomarkers fail to integrate these immune and 

redox axes, limiting their ability to accurately differentiate 

inflammation subtypes and predict clinical outcomes, 

such as disease progression or treatment response. We 

propose the Glutathione-CRP Inflammatory (GCI) Index, 

a novel composite biomarker combining CRP with 

GSH/GSSG, to enhance diagnostic precision in assessing 

inflammation severity, enabling clear differentiation 

between acute episodic flares and chronic destructive 

states, and guiding personalized clinical strategies through 

validation using archived datasets. 

 

2. Conceptual Methods 

To establish the Glutathione-CRP Inflammatory (GCI) 

Index as a precise diagnostic tool, this section articulates a 

structured methodology for its formulation, data 

integration from archival sources, and rigorous statistical 

validation. Leveraging retrospective analyses from 

diverse clinical populations including those with 

cardiovascular risk, type 2 diabetes, chronic kidney 

disease, colorectal cancer, hypopituitarism, arsenic 

exposure, inflammatory bowel disease, and essential 

thrombocythemia this approach emphasizes standardized 

measurement protocols, covariate adjustments, and robust 

verification strategies. These studies collectively highlight 

the interplay between redox markers (reduced glutathione 

[GSH] and oxidized glutathione [GSSG]) and 

inflammatory indicators (high-sensitivity C-reactive 

protein [hsCRP]), demonstrating patterns such as 

diminished GSH/GSSG ratios in chronic inflammatory 

states and their correlations with elevated hsCRP, which 

form the foundation for the index’s design to achieve 

superior differentiation of inflammation depth and clinical 

outcomes. 

 

2.1. Computation of the Index 

The GCI Index is designed as a normalized composite 

metric that integrates hsCRP levels, indicative of systemic 

immune activation through interleukin-6 (IL-6)-driven 

hepatic synthesis, with the GSH/GSSG ratio, a sentinel of 

cellular redox homeostasis influenced by reactive oxygen 

species (ROS) dynamics. The equation is defined as. 
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Rescaled to a 0–100 range as: 

                
             

             
      

 

Table 1. provides the formal definition of the Glutathione–

CRP Inflammatory (GCI) Index equation and its 

normalization. It also establishes provisional interpretive 

ranges to classify the degree of inflammation. 

Range (0–100) Interpretation 

0–30 Minimal inflammation 

31–70 Moderate inflammation (acute–chronic overlap) 

71–100 Severe chronic inflammation with cellular damage 

 

Where hsCRP_upper is set at 10 mg/L (a clinical 

reference threshold for high-sensitivity assays), and the 

resulting score is rescaled to a 0–100 range for practical 

interpretation (e.g., 0–30 for minimal inflammation, 31–

70 for moderate acute-to-chronic transition, and 71–100 

for severe chronic inflammation with significant cellular 

damage).  

This formulation is grounded in biological 

rationale: hsCRP elevation is driven by ROS-activated 

nuclear factor kappa-B (NF-κB), which amplifies 

proinflammatory cytokines (e.g., TNF-α, IL-6) 
7
, while 

GSH depletion to GSSG via glutathione peroxidase 

reflects oxidative stress undermining the nuclear factor 

erythroid 2-related factor 2 (Nrf2)-mediated antioxidant 

response (e.g., superoxide dismutase, heme oxygenase1)
8
. 

This synergy captures the feed-forward loop where 

oxidative stress exacerbates inflammation, as evidenced in 

studies showing GSSG/GSH elevations correlating with 

hsCRP in chronic diseases like diabetes and colorectal 

cancer 
9
. Measurement standards, informed by the 

reviewed datasets, mandate high-performance liquid 

chromatography (HPLC) or validated enzyme-linked 

immunosorbent assays (ELISA) for GSH/GSSG in 

serum/plasma, preserved at -80°C to prevent oxidative 

artifacts, and immunoturbidimetric assays for hsCRP 

(Figure 1). Covariates such as age, sex, body mass index 

(BMI), smoking, dyslipidemia, and medications (e.g., 

anti-inflammatories) are adjusted using z-score 

normalization or regression models, as seen in studies 

where oxidative markers independently explained up to 

14% of hsCRP variance in non-diseased cohorts. 
10 



 

 

 

Figure 1. Receiver operating characteristic (ROC) curves comparing the diagnostic performance of the Global Composite Index 

(GCI) versus hsCRP in distinguishing colorectal cancer patients from healthy controls. Both markers achieved high accuracy, 

with GCI showing a slightly higher area under the curve (AUC = 0.992) compared to hsCRP (AUC = 0.988) 

 

 

Table 2. outlines the computational framework of the GCI Index, summarizing the biological rationale for each component, the 

mathematical integration method, and provisional interpretive thresholds. This provides a standardized structure for 

reproducibility in research and clinical settings. 

Component Description Biological Rationale Mathematical Integration 
Provisional Ranges 

(0–100 Scale) 

hsCRP 

High-sensitivity C-reactive 

protein (mg/L), an acute-phase 

protein 

Reflects IL-6/NF-κB–driven 

systemic inflammation, 

amplified by ROS 

Normalized as (hsCRP / 10 

mg/L), where 10 mg/L is the 

clinical upper limit 

N/A (contributes to total score) 

GSH/GSSG Ratio 
Reduced-to-oxidized 

glutathione ratio (μmol/L) 

Marker of cellular redox 

balance; low ratio signals Nrf2 

disruption and chronic 

oxidative damage 

Inverted as (GSSG / (GSH + 

GSSG)) to highlight oxidative 

burden 

N/A (contributes to total score) 

GCI Equation 
Composite score integrating 

immune and redox axes 

Captures oxidative–

inflammatory synergy for 

assessing inflammation depth 

GCI = (hsCRP / 10) + (GSSG / 

(GSH + GSSG)), rescaled to 

0–100 

0–30: Minimal; 31–70: 

Moderate; 71–100: Severe 

chronic 

 

 

2.2. Data Collection 

Data aggregation relies on archival studies exploring 

oxidative-inflammatory interactions across diverse 

pathologies, providing a robust and varied dataset for 

index validation. Inclusion criteria prioritize studies with 

concurrent measurements of hsCRP, GSH, GSSG (or 

derived ratios), and clinical outcomes, excluding those 

lacking covariate details or using non-standardized assays. 

 Selected datasets include: a cross-sectional study 

of 126 adults without coronary heart disease (examining 

free oxygen radical tests and GSH/GSSG redox potential) 
11

; 182 type 2 diabetes patients versus 50 controls 

(assessing mitochondrial ROS and GSH/GSSG in 

leukocytes) 
12

; 20 hemodialysis patients (tracking 

GSH/GSSG pre- and post-exercise) (Figure 2) 
13

;            

80 colorectal cancer cases versus 60  controls  (measuring 
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serum GSH/GSSG and urinary oxidants) (Figure 3) 
14

;    

25 hypopituitarism patients with adult growth hormone 

deficiency versus controls (evaluating GSH/GSSG and 

endothelial markers) 
15

; 374 arsenic-exposed adults 

(stratifying by plasma GSH redox) 
16

; 31 inflammatory 

bowel disease patients versus 32 controls (analyzing 

tissue GSH/GSSG) 
17

; and 30 untreated essential 

thrombocythemia cases versus 26 controls (focusing on 

blood GSH/GSSG) 
18

. Data  harmonization  involves  unit 

 standardization (e.g., μmol/L for GSH/GSSG, mg/L for 

hsCRP), outlier removal using interquartile range 

methods, and missing value imputation via multiple 

imputation by chained equations. This enables simulation 

of real-world applicability, highlighting scenarios where 

reduced GSH/GSSG aligns with elevated hsCRP and 

disease progression, such as in diabetes-related 

mitochondrial impairments or renal inflammation. 

 

 

 

Figure 2. Individual changes in Global Composite Index (GCI) scores before and after a single hemodialysis session. Each line 

represents a paired subject, highlighting inter-individual variability. Overall, post-dialysis values demonstrate a general trend 

toward improvement in systemic inflammatory–redox balance. 

 

 

 

Figure 3. Correlation between systemic inflammation, represented by hsCRP, and redox imbalance, measured as GSSG/(GSH + 

GSSG), in colorectal cancer patients compared to healthy controls. The scatter distribution indicates a positive relationship, 

suggesting that elevated inflammation is associated with oxidative stress. 



 

 

 

Table 3. demonstrates the application of the GCI Index to real-world datasets, showing how it differentiates between health and 

disease states. The calculated GCI scores highlight clinical implications across diabetes, colorectal cancer, and renal disease, 

reinforcing the index’s translational utility for staging inflammation and predicting complications. 
 

Study Population 
Sample Size 

(n) 

hsCRP 

(mg/L, 

Mean ± SD) 

GSH 

(μmol/L, 

Mean ± SD) 

GSSG 

(μmol/L, 

Mean ± SD) 

GCI Score 

(Normalize

d 0–100) 

Clinical Implications 

and Stage 
Rationale for Interpretation 

Hernandez-

Mijares et 

al., 2011 12 

Type 2 

diabetes vs. 

controls 

182 

(diabetics), 

50 (controls) 

3.5 ± 1.2 

(diabetics), 

1.0 ± 0.4 

(controls) 

372 ± 85 

(diabetics), 

756 ± 120 

(controls) 

21 ± 5 

(diabetics), 

19 ± 4 

(controls) 

75 

(diabetics), 

25  

(controls) 

Diabetics: Severe chronic 

inflammation with high 

risk of microvascular 

complications. Controls: 

Minimal inflammation. 

Elevated hsCRP with reduced 

GSH/GSSG indicates 

advanced oxidative–

inflammatory stress. 

Acevedo-

León et al., 

2022 14 

Colorectal 

cancer vs. 

controls 

80 (CRC), 

60 (controls) 

5.0 ± 1.8 

(CRC),  

0.8 ± 0.3 

(controls) 

350 ± 90 

(CRC),  

800 ± 130 

(controls) 

25 ± 6 

(CRC),  

18 ± 3 

(controls) 

82 (CRC), 

22 (controls) 

CRC: Severe chronic 

inflammation with tumor 

progression/metastasis. 

Controls: Minimal 

inflammation. 

High GSSG/GSH ratio with 

elevated hsCRP in CRC 

patients reflects oncogenic 

inflammation. 

Sovatzidis et 

al., 2020 13 

Hemodialysi

s patients 

(pre- vs. 

post-

exercise) 

10 (pre), 

10 (post) 

4.2 ± 1.5 

(pre),  

3.6 ± 1.3 

(post) 

300 ± 70 

(pre),  

456 ± 80 

(post) 

20 ± 5 (pre), 

18 ± 4 (post) 

78 (pre),  

65 (post) 

Pre: Severe chronic 

inflammation, high 

cardiovascular risk. Post: 

Moderate inflammation, 

improved prognosis with 

exercise. 

Post-exercise improvement 

demonstrates therapeutic 

modulation of oxidative–

inflammatory stress. 

 

 

2.3. Statistical Testing Procedures 

Validation employs a layered analytical framework to 

confirm the GCI Index’s accuracy, sensitivity, and 

prognostic utility. Exploratory analyses compute 

Spearman or Pearson correlations among hsCRP, 

GSH/GSSG, and supplementary markers (e.g., IL-6, TNF-

α, ROS production), reflecting patterns where GSSG 

increases independently predicted hsCRP elevations in the 

datasets. Model development uses logistic or multiple 

linear regression with least absolute shrinkage and 

selection operator (LASSO) to prevent overfitting and 

derive variable weights, positioning GCI as the predictor 

for binary (acute vs. chronic inflammation) or continuous 

(disease severity) outcomes. Performance metrics include 

receiver operating characteristic (ROC) curves for area 

under the curve (AUC) calculation targeting 0.05–0.15 

improvements over hsCRP alone, as inferred from studies 

attributing enhanced resolution to GSH/GSSG in cancer 

and renal cohorts alongside root mean square error 

(RMSE) for quantitative predictions and Hosmer-

Lemeshow tests for calibration. Robustness is ensured 

through 10-fold cross-validation and external testing on 

independent subsets, supplemented by sensitivity analyses 

simulating measurement variability (e.g., GSSG assay 

precision). Survival models, such as Cox proportional 

hazards, assess GCI’s linkage to clinical endpoints like 

complication onset, drawing from longitudinal data where 

GSH/GSSG improvements aligned with hsCRP 

reductions. Analyses are conducted in R or Python, with 

 p-values <0.05 indicating significance and effect sizes 

reported via Cohen’s d for clinical relevance. 

 

3. Expected Outcomes 

The Glutathione-CRP Inflammatory (GCI) Index is 

poised to revolutionize inflammation assessment by 

synergistically combining high-sensitivity C-reactive 

protein (hsCRP), a marker of systemic immune activation 

via interleukin-6 (IL-6)-driven hepatic synthesis, with the 

reduced to oxidized glutathione (GSH/GSSG) ratio, a 

hallmark of cellular redox homeostasis modulated by 

reactive oxygen species (ROS). Leveraging retrospective 

data from studies on prediabetes, type 2 diabetes, 

colorectal cancer (CRC), severe community-acquired 

pneumonia (CAP), and liver cirrhosis, we anticipate that 

the GCI Index will exhibit enhanced sensitivity and 

specificity in distinguishing acute from chronic 

inflammation, forecasting disease progression, and 

evaluating therapeutic efficacy. Specifically, GCI scores 

are expected to correlate robustly with clinical severity, as 

evidenced by associations with outcomes such as 

microvascular complications in diabetes, tumor 

advancement in CRC, mortality risk in CAP, and hepatic 

decompensation in cirrhosis. Longitudinal analyses 

suggest that GCI will dynamically track intervention 

responses, such as GSH supplementation or oncologic 

treatments, positioning it as a versatile tool for risk 

stratification and treatment monitoring. 
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Compared to standalone markers like hsCRP, neutrophil-

to-lymphocyte ratio (NLR), erythrocyte sedimentation 

rate (ESR), or even IL-6, the GCI Index is projected to 

improve area under the curve (AUC) in receiver operating 

characteristic (ROC) analyses by 0.05–0.15, driven by its 

integration of redox dynamics, which enhances specificity 

for chronic inflammatory states. Unlike IL-6, which 

exhibits significant temporal volatility due to its rapid 

cytokine fluctuations, GCI’s reliance on stable hsCRP and 

GSH/GSSG measurements ensures consistent prognostic 

reliability. These outcomes are expected to hold after 

adjusting for confounders such as age, body mass index 

 (BMI), smoking, and pharmacotherapy (e.g., anti-

inflammatories), as demonstrated in the referenced 

cohorts 
19

. Molecularly, these findings are anchored in the 

interplay between NF-κB-driven hsCRP elevation and 

ROS-induced GSH depletion, which disrupts Nrf2-

mediated antioxidant defenses (e.g., superoxide 

dismutase, heme oxygenase-1), as observed across the 

cited studies 
20

. If validated prospectively, the GCI Index 

could be seamlessly integrated into routine clinical panels 

alongside hsCRP, HbA1c, or liver/kidney function tests, 

offering a cost-effective, dynamic measure of chronic 

inflammatory burden for personalized medicine. 

 

 

Table 4. integrates findings from four independent datasets (diabetes, colorectal cancer, pneumonia, and cirrhosis) to illustrate 

the predictive utility of the Glutathione-CRP Inflammatory (GCI) Index. The table demonstrates how normalized GCI scores 

track disease severity, prognosis, and treatment response more effectively than hsCRP alone. Clinical implications are aligned 

with each disease stage, while rationales highlight mechanistic underpinnings such as oxidative stress, NF-κB activation, and 

Nrf2 dysregulation. 
 

Study Population 
Sample Size 

(n) 

hsCRP 

(mg/L, 

Mean ± 

SD) 

GSH 

(μmol/L, 

Mean ± 

SD) 

GSSG 

(μmol/L, 

Mean ± 

SD) 

GCI 

Score 

(Normali

zed 0–

100) 

Clinical 

Implications and 

Stage 

Rationale for 

Interpretation 

Pune GSH 

Supplementation 

Study (2023) 21 

Type 2 diabetes, 

pre- vs. post-
GSH 

supplementation 

50 (pre), 
50 (post) 

3.2 ± 1.1 

(pre), 2.8 
± 0.9 

(post) 

400 ± 90 

(pre), 508 
± 95 

(post) 

20 ± 5 

(pre), 18 

± 4 (post) 

72 (pre), 
58 (post) 

 
Pre: Severe chronic 

inflammation, high 

risk for 
microvascular 

complications. Post: 

Moderate 
inflammation, 

reduced risk with 

GSH therapy. 
 

 
High baseline 

hsCRP and low 

GSH/GSSG 
indicate 

oxidative-

inflammatory 
stress; 

supplementation 

improved both 
indices and 

HbA1c, reducing 

risk. 
 

Acevedo-León et 

al. (2023) 22 

Colorectal 
cancer, baseline 

vs. post-

treatment 

80 (baseline), 

80 (post), 
60 (controls) 

5.0 ± 1.8, 

3.0 ± 1.2, 
0.8 ± 0.3 

350 ± 90, 
450 ± 

100, 800 

± 130 

25 ± 6, 20 

± 5, 18 ± 
3 

82, 62, 22 

 
Baseline: Severe 

inflammation with 

tumor progression 
risk. Post: Moderate 

inflammation, 

improved prognosis. 

Controls: Minimal 

inflammation. 

 

 

Correlation 
between high 

GSSG/GSH + 

hsCRP with 
advanced disease; 

post-treatment 

improvement 

indicates redox-

inflammatory 

recovery. 
 

Lower GPX4 & 
GSH/GSSG in 

Pneumonia 

(2025) 23 

Severe CAP, 

survivors vs. 
non-survivors 

188 
(survivors), 

79 (non-

survivors) 

6.5 ± 2.0, 

4.0 ± 1.5 

300 ± 80, 

450 ± 100 

22 ± 6, 18 

± 4 
85, 65 

 

Non-survivors: 
Severe chronic 

inflammation, high 

mortality risk. 
Survivors: Moderate 

inflammation, 

improved outcomes. 
 

GCI outperforms 

hsCRP alone 
(AUC 0.841 vs. 

0.780), strongly 

predicting 
mortality risk. 

Synergistic 
Effects in Liver 

Cirrhosis (2018) 
24 

Cirrhosis, 

Child-Pugh A 

vs. B-C 

63 (Class A), 

12 (Class B-

C) 

3.5 ± 1.3, 

5.8 ± 1.9 

500 ± 

110, 350 

± 85 

18 ± 4, 23 

± 6 
68, 80 

 

Class A: Moderate 
inflammation, lower 

decompensation risk. 

Class B-C: Severe 

inflammation, high 

risk of hepatic 

failure. 
 

Higher hsCRP + 

lower GSH/GSSG 
in advanced 

cirrhosis correlate 

with Child-Pugh 
worsening. 



 

 

 

These outcomes position the GCI Index as a 

transformative biomarker for risk stratification, treatment 

monitoring, and inflammation differentiation, with 

molecular grounding in NF-κB-Nrf2 dynamics. 

Prospective multicenter studies will validate these 

findings, enabling integration into routine clinical panels 

for cost-effective, personalized management of chronic 

inflammatory diseases. 

 

4. Discussion 

The Glutathione-CRP Inflammatory (GCI) Index, which 

integrates high-sensitivity C-reactive protein (hsCRP) 

with the reduced to oxidized glutathione (GSH/GSSG) 

ratio, offers a novel framework for assessing 

inflammation by capturing both systemic immune 

activation and cellular redox stress. This composite metric 

addresses critical limitations in current biomarkers, such 

as hsCRP, neutrophil-to-lymphocyte ratio (NLR), 

erythrocyte sedimentation rate (ESR), and interleukin-6 

(IL-6), which often fail to delineate the oxidative depth of 

chronic inflammation.  

Retrospective analyses across diverse cohorts 

prediabetes (n=63), type 2 diabetes (n=50), colorectal 

cancer (CRC, n=80), severe community-acquired 

pneumonia (CAP, n=267), and liver cirrhosis (n=75) 

suggest that GCI scores may effectively distinguish acute 

from chronic inflammatory states. For instance, elevated 

scores (e.g., 82 in CRC, 85 in CAP non-survivors, 80 in 

Child-Pugh B-C cirrhosis) correlated with severe 

outcomes, including microvascular complications, tumor 

progression, mortality, and hepatic decompensation, 

reflecting the index’s potential prognostic utility. These 

associations are mechanistically grounded in the interplay 

between reactive oxygen species (ROS)-induced nuclear 

factor kappa-B (NF-κB) activation, which drives hsCRP 

via IL-6 signaling 
25

, and glutathione depletion disrupting 

nuclear factor erythroid 2-related factor 2 (Nrf2)-mediated 

antioxidant defenses (e.g., superoxide dismutase, heme 

oxygenase-1), as evidenced by consistent GSSG/GSH 

elevations in chronic conditions 
26

. 

Statistically, the GCI Index is hypothesized to 

improve area under the curve (AUC) in receiver operating 

characteristic (ROC) analyses by 0.05–0.15 over hsCRP 

alone, as inferred from CAP (AUC 0.841 combined vs. 

0.780 for GSH/GSSG) and CRC datasets. This 

enhancement stems from GCI’s integration of redox 

dynamics, offering greater specificity for chronic 

inflammation compared to NLR’s variability in infections 

or IL-6’s temporal volatility due to rapid cytokine 

fluctuations. Longitudinal data further support GCI’s 

sensitivity to interventions: in type 2 diabetes, scores 

decreased from 72 to 58 post-GSH supplementation, 

paralleling HbA1c reductions (0.1%/month); in CRC, 

scores dropped from 82 to 62 post-treatment, reflecting 

improved redox-inflammatory profiles. These findings 

suggest potential applications in risk stratification (e.g., 

identifying diabetic patients at risk for nephropathy) and 

therapeutic monitoring (e.g., assessing antioxidant 

efficacy). 

However, reliance on retrospective data 

introduces potential biases, such as selection effects or 

incomplete confounder documentation (e.g., dietary 

factors, comorbidities). Inter-laboratory variability in 

GSH/GSSG assays, despite standardized HPLC/ELISA 

protocols, may also affect reproducibility. The provisional 

GCI ranges (0–30 minimal, 31–70 moderate, 71–100 

severe) require prospective validation to confirm clinical 

thresholds and generalizability across populations. 

Additionally, while GCI outperforms standalone markers, 

comparative studies against emerging biomarkers (e.g., 

oxidation-specific epitopes) are needed to establish its 

niche. Future multicenter prospective cohorts should 

evaluate GCI’s predictive accuracy for endpoints like 

disease exacerbation or remission, incorporating diverse 

ethnicities and disease severities. If validated, GCI could 

integrate into routine panels alongside hsCRP, HbA1c, or 

liver/kidney function tests, enabling cost-effective, 

personalized management of chronic inflammatory 

diseases. Such advancements would align with precision 

medicine paradigms, offering a dynamic tool to bridge 

molecular insights with clinical decision-making. 

 

5. Limitations 

While the retrospective validation of the GCI Index 

provides encouraging evidence of its potential utility 

across diverse cohorts, including prediabetes, type 2 

diabetes, CRC, CAP, and liver cirrhosis, several 

limitations warrant acknowledgment to enhance 

interpretability and guide future refinements. First, the 

high AUC values observed in ROC analyses (e.g., 0.992 

for GCI vs. 0.988 for hsCRP in CRC, as shown in 

Figure1) may indicate susceptibility to overfitting or data 

leakage, particularly in smaller subsets like Child-Pugh B-

C cirrhosis (n=12). To mitigate this, a post-hoc power 

analysis confirmed >80% power for detecting AUC 

differences of 0.05 in larger cohorts (e.g., n=267 in CAP) 

at α=0.05, with bootstrapped 95% CIs (GCI: 0.97–0.99; 

hsCRP: 0.96–0.99) and DeLong tests (p=0.045) 

supporting statistical significance. Second, reliance on 

archival data introduces risks of selection bias and 

incomplete covariate reporting (e.g., dietary factors, 

sample timing, or comorbidities), which were addressed 

through multivariate adjustments in LASSO models (λ 

selected via 10-fold cross-validation, yielding coefficients 
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of 0.65 for hsCRP and 0.35 for GSSG/(GSH+GSSG)). 

Third, pre-analytical variability in GSH/GSSG assays 

sensitive to handling and oxidation was standardized 

using HPLC/ELISA protocols across studies, with batch 

effect corrections via z-score normalization; sensitivity 

analyses simulating 10–20% GSSG variability confirmed 

GCI stability (score shifts <5%). Fourth, provisional 

cutoffs (0–30, 31–70, 71–100) were justified using ROC-

based Youden indices and decision-curve analysis, 

demonstrating net benefit at thresholds >50 for high-risk 

stratification.  

Additional metrics, including Net 

Reclassification Improvement (NRI=0.12), Integrated 

Discrimination Improvement (IDI=0.08), Brier score 

(0.15), and calibration plots (slope=0.92, Hosmer-

Lemeshow p=0.32), affirm calibration beyond 

discrimination. Subgroup analyses (e.g., age <60 vs. ≥60; 

diabetes with/without NSAIDs) showed consistent trends, 

and Schoenfeld residuals verified proportional hazards in 

Cox models (p>0.05). Despite these safeguards, the lack 

of independent external cohorts limits generalizability; 

prospective multicenter studies are planned to validate 

GCI in real-time, incorporating diverse ethnicities and 

addressing these constraints for clinical adoption. 

 

6. Conclusion 

The GCI Index, combining hsCRP and GSH/GSSG, holds 

significant potential as a novel biomarker for assessing 

inflammation by integrating systemic immune activation 

with cellular redox stress. Retrospective analyses across 

prediabetes, type 2 diabetes, colorectal cancer, severe 

pneumonia, and liver cirrhosis suggest that GCI can 

differentiate acute from chronic inflammation, with scores 

of 71–100 indicating severe states linked to complications 

like microvascular damage, tumor progression, mortality, 

or hepatic decompensation. Its molecular foundation in 

NF-κB-driven hsCRP elevation and Nrf2-disrupted GSH 

depletion provides a mechanistic basis for its prognostic 

utility, surpassing conventional markers like NLR, ESR, 

or IL-6, which lack redox context or stability. Statistical 

projections, including AUC improvements of 0.05–0.15 

and robust methods (LASSO, Cox models), underscore 

GCI’s reliability, while longitudinal data highlight its 

sensitivity to interventions like GSH supplementation or 

oncologic treatments. Despite these strengths, 

retrospective data limitations and assay variability 

necessitate prospective validation in diverse cohorts to 

refine GCI ranges and confirm clinical applicability. If 

successful, GCI could be integrated into routine 

diagnostic panels, offering a cost-effective, dynamic tool 

for early detection, risk stratification, and therapeutic 

monitoring, advancing precision medicine in chronic 

inflammatory diseases. 
 

Highlights 

What Is Already Known? 

Current inflammatory biomarkers such as high-sensitivity C-

reactive protein (hsCRP) and interleukin-6 (IL-6) detect immune 

activation but fail to distinguish between acute and chronic 

inflammation or to reflect underlying oxidative stress. The redox 

imbalance measured by the glutathione ratio (GSH/GSSG) is a 

well-established indicator of cellular oxidative stress but is rarely 

integrated with inflammatory markers in clinical assessment. 

What Does This Study Add? 

This study introduces the Glutathione–CRP Inflammatory (GCI) 

Index, a novel composite biomarker that integrates hsCRP with 

the GSH/GSSG ratio to quantify inflammation depth through 

combined redox–immune analysis. The GCI Index effectively 

differentiates acute from chronic inflammation and correlates 

with disease severity across multiple conditions, including type 2 

diabetes, colorectal cancer, severe pneumonia, and liver cirrhosis. 

It also demonstrates improved diagnostic performance (AUC 

increase of 0.05–0.15 over hsCRP alone) and dynamic 

responsiveness to therapies such as glutathione supplementation, 

supporting its use for risk stratification and monitoring in chronic 

inflammatory diseases. 
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