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ABSTRACT 
Introduction: Alcoholic liver disease (ALD) is a leading cause of chronic liver morbidity in India, driven by metabolic 

dysfunction and systemic inflammation. Chronic alcohol intake suppresses hepatic hepcidin, causing unregulated iron 

absorption and oxidative stress while C-reactive protein (CRP) serves as a critical marker of systemic inflammation. 

Objectives: To estimate and compare iron indices and C-reactive protein levels in individuals with and without ALD and 

to determine their relationship with disease severity. Materials and Methods: An analytical cross-sectional study was 

conducted in the Department of Biochemistry in collaboration with Department of Medicine and Multi-Disciplinary 

Research Unit (MRU), Regional Institute of Medical Sciences (RIMS), Imphal, Manipur from February 2024 to February 

2026. It included 60 diagnosed cases of ALD and 60 individuals without ALD. Serum iron indices (iron, ferritin, total iron 

binding capacity, transferrin saturation), CRP, LFT, KFT, PT-INR were assessed. Data were analysed using Student’s t test 

and Spearman’s correlation. Results: The mean age of the study participants was 51.3 years with 96.7% males. Serum iron, 

ferritin, transferrin saturation and CRP were significantly higher among the ALD patients, while TIBC was significantly 

lower in the cases compared to controls. Serum iron, transferrin saturation and ferritin demonstrated a very strong positive 

correlation with ALD severity (Child-Pugh score), whereas TIBC showed a negative correlation among the cases. CRP also 

exhibited a significant positive correlation with Child-Pugh scores. Conclusion: Coexisting iron overload and systemic 

inflammation, evidenced by elevated ferritin and CRP, synergistically accelerate hepatic fibrosis and cirrhosis. Combined 

assessment of iron indices and CRP provides a robust framework for improving diagnostic accuracy and risk stratification 

in ALD. 
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INTRODUCTION 
Alcoholic liver disease (ALD) represents one of the 

leading causes of chronic liver morbidity like liver 

fibrosis, cirrhosis and mortality worldwide.1,2 In 2024, 

ALD remains a growing public health concern in India, 

driven by the steady rise in alcohol consumption and it 

continues to rank among the leading contributors to the 

global burden of alcohol-related liver disease. There is a 

substantial increase in per capita alcohol consumption 

between 2000-2019, in Southeast Asia region.3 The global 

burden of ALD has steadily increased over the past two 

decades, with an estimated 3 million annual deaths 

attributable to harmful alcohol use.4 Also, the mortality 

from liver disease in India accounts for 3.17% of total 

deaths.5 The spectrum of ALD ranges from simple 

steatosis to alcoholic steatohepatitis, progressive fibrosis 

and hepatocellular carcinoma (HCC).6 Notably, 5-15% of 

patients progress to cirrhosis even after alcohol 

abstinence, suggesting that persistent oxidative stress and 

inflammation are critical drivers of the disease.7,8  

Among the numerous biochemical alterations in ALD, 

disturbances in iron metabolism and systemic 
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inflammatory activation have emerged as important 

contributors to disease progression. Iron is considered  a 

risk factor in the progression of many liver diseases.9,10 

Iron absorption from the gastrointestinal tract is increased 

due to the suppressive effects of alcohol on hepcidin, the 

master regulatory hormone of iron balance.11 Hepcidin, 

produced by hepatocytes, normally inhibits ferroportin-

mediated iron export, and reduced hepcidin levels in 

alcoholics, thus promote iron accumulation in the liver.12 

Furthermore, alcoholics often have coexisting increased 

intestinal permeability and impaired transferrin synthesis, 

all of which contribute to dysregulated iron indices.13 This 

accumulation of iron reflected by the elevated ferritin 

works synergistically with alcohol to amplify oxidative 

stress-creating a “second hit” that activates hepatic 

stellate cells and accelerates the transition to fibrosis.14  

C-reactive protein (CRP) is a widely used inflammatory 

marker and an important biomarker in various liver 

diseases. The hepatocytes are the primary site of C-

Reactive protein (CRP) synthesis.15 CRP is a significant 

acute-phase plasma protein that rises sharply and quickly 

in response to infection or tissue damage. It serves as a 

vital biomarker for the accompanying systemic 

inflammatory burden. Because CRP production by the 

hepatocytes remains relatively stable even as other liver 

functions decline, it is considered to be a reliable marker 

for assessing inflammatory burden in late-stage ALD.16  

While iron indices and inflammatory markers are 

independently linked to liver injury, there is limited data 

on their combined significance within the Indian 

demographic, particularly in Northeast region. This study 

evaluates the relationship between serum iron parameters 

and CRP to determine their collective efficacy in 

predicting ALD severity and improving clinical outcomes 

at a tertiary care center in Manipur. 

 

MATERIALS AND METHODS 
The study was conducted in the Department of 

Biochemistry, in collaboration with the Department of 

Medicine and Multi-Disciplinary Research Unit (MRU) 

of Regional Institute of Medical Sciences (RIMS), Imphal 

from February 2024 to February 2026.  

 

ETHICS APPROVAL 
The study protocol was approved by the Research Ethics 

Board, Regional Institute of Medical Sciences (RIMS), 

Imphal, India (Ref. No.: 

A/REB/Prop(FP)211/138/17/2023). The study was 

conducted in accordance with the ethical principles of the 

Declaration of Helsinki. 

 

INFORMED CONSENT 
Written informed consent was obtained from all study 

participants prior to enrolment in the study. 

 

Inclusion Criteria 
Individuals who were 18 years and above, diagnosed 

cases of Alcoholic Liver Disease (ALD) and age and sex 

matched individuals without ALD which was confirmed 

by history and LFT report. 

 

Exclusion Criteria  

Viral hepatitis B and C, Autoimmune hepatitis, 

Hepatocellular carcinoma (HCC), Haemochromatosis, GI 

bleeding within past 3 months, On iron supplements, 

T2DM, CKD, Ischaemic Heart Disease and existing 

active infection at any site eg. Peritonitis, UTI, pneumonia 

were excluded from the study.  

 

Eligible participants with ALD were recruited 

consecutively from the General Medicine OPD/Wards of 

RIMS, Imphal. When one ALD case was recruited, one 

eligible participant without ALD (confirmed by history 

and LFT report) were also recruited conveniently from the 

OPD attendees in General Medicine department. After 

acquiring the informed consent, the blood sample of 5ml 

was drawn from the individuals included in the study. The 

sample was centrifuged at 3000 rpm and store at -20̊ C. 

Serum Iron was measured Colorimetrically using a 

Colorimetric Assay Kit (Cat.No:E-BC-K139-S, 

Elabscience). Serum ferritin, transferrin and C-Reactive 

protein (CRP) was estimated by ELISA using the 

following kits from Elabscience: Human FE(Ferritin) 

Sandwich ELISA Kit (Catalog No: E-EL-H0168), Human 

TF(Transferrin) Sandwich ELISA Kit (Catalog No: E-

EL-H6028) and Human CRP Sandwich ELISA Kit 

(Catalog No: E-EL-H0043). Total Iron Binding Capacity 

(TIBC) was calculated using the formula: TIBC=Serum 

Transferrin x 1.389. Transferrin saturation was 

subsequently calculated by using the formula:  

Transferrin saturation (%) = Serum iron/TIBC x 100.  

 

Statistical Analysis 
The collected data was analysed using IBM SPSS version 

26.0 for Windows. Categorical variables like gender are 

presented as frequency and percentages. Continuous 

variables like age, serum iron indices and C-reactive 

protein level are summarized as mean and standard 

deviation or median and interquartile range, depending on 

the type of distribution. Inferential statistics like Student’s 

t test and Spearman’s correlation was used to represent the 

data. A p value of <0.05 was considered statistically 

significant.  

 

RESULTS 
A total of 120 participants (60 patients with ALD and 60 

healthy controls) were included in the study. The mean 

age of the study participants was 51.3 ± 10.1 years. The 

mean age of the patients with ALD was 51.4 ± 10.5 years, 

compared to 51.2 ± 9.7 years for the healthy controls 
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(p=0.921). Both groups consisted of 58 males (96.7%) 

and 2 females (3.3%). 

The mean alcohol intake among the patients with ALD 

was 214.8 ± 73.5 gm/day. The median alcohol intake 

among these patients was 200 (180-265) gm/day, with a 

minimum of 90 gm/day and a maximum of 375 gm/day. 

Around 35.0% of the patients with ALD had a history of 

alcohol consumption exceeding 10 years.  

 

Table 1. Distribution of study participants by liver function between the groups (N=120) 

Liver parameters Group p value 

Alcoholic liver disease 

(n=60) 

Mean (SD) 

Healthy controls 

(n=60) 

Mean (SD) 

Total bilirubin (mg/dl) 8.4 (7.0) 0.7 (0.3) <0.001 

Direct bilirubin (mg/dl) 4.5 (4.4) 0.16 (0.05) <0.001 

Total protein (g/dl) 6.2 (0.7) 7.4 (0.5) <0.001 

Albumin (g/dl) 2.5 (0.7) 4.2 (0.3) <0.001 

Globulin (g/dl) 3.6 (0.3) 3.2 (0.4) <0.001 

AST (IU) 113.7 (89.2) 29.8 (7.8) <0.001 

ALT (IU) 51.0 (36.9) 34.7 (10.4) 0.001 

ALP (IU) 115.2 (54.7) 76.5 (17.3) <0.001 

GGT (IU) 220.5 (185.1) 31.2 (9.9) <0.001 

 

Table 1 shows the liver function levels between the patients with alcoholic liver disease and healthy controls. It can be noted 

that the mean total and direct bilirubin was significantly higher among the patients with ALD compared to the controls 

(p<0.001). Total proteins and albumin were significantly lower among the patients with ALD (p<0.001); whereas globulin 

was significantly higher among the patients with ALD (p<0.001). Liver enzymes (AST, ALT, ALP and GGT), were 

significantly higher among the patients with ALD (p<0.001). 

 

Table 2. Comparison of renal function parameters, serum electrolytes, clotting factors and blood count between the 

groups (N=120) 

Parameters Group p value 

Alcoholic liver disease 

(n=60) 

Mean (SD) 

Healthy controls (n=60) 

Mean (SD) 

Serum urea (mg/dl) 59.2 (36.2) 27.2 (9.2) <0.001 

Serum creatinine (mg/dl) 1.3 (0.5) 0.9 (0.2) <0.001 

Serum sodium (mEq/L) 135.3 (4.2) 139.1 (3.9) <0.001 

 Serum potassium (mEq/L) 3.8 (0.6) 4.3 (0.5) <0.001 
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Serum chloride (mEq/L) 100.1 (4.0) 100.9 (3.5) 0.231 

Prothrombin time (seconds) 19.7 (2.7) 12.3 (1.1) <0.001 

INR 1.8 (0.4) 1.0 (0.09) <0.001 

Platelet count (103/cu.mm) 170.8 (44.7) 301.5 (66.9) <0.001 

 

Table 2 shows that the mean serum urea (59.2 mg/dl vs 27.2 mg/dl) and serum creatinine (1.3 mg/dl vs 0.9 mg/dl) were 

significantly higher among the participants with ALD when compared to the healthy controls (p<0.001) while the mean 

serum sodium and potassium were significantly lower among the participants with ALD when compared to the healthy 

controls (p<0.001). However, there was no significant difference in mean chloride between the groups (p=0.231). The mean 

prothrombin time and INR were significantly higher among the patients with ALD when compared to the healthy controls 

in our study (p<0.001). Mean platelet count was significantly lower among the patients with ALD when compared to the 

healthy controls in our study (p<0.001).  

 

Table 3. Distribution of the ALD patients according to Child-Pugh score (N=60) 

Child-Pugh score Frequency (n) Percentage 

Class A (5-6 points) 13 21.7 

Class B (7-9 points) 9 15.0 

Class C (10-15 points) 38 63.3 

 

Table 3 shows the severity of alcoholic liver disease using Child-Pugh score. It can be seen that Class A (well compensated 

disease), B (moderately severe disease with functional compromise) and C (decompensated cirrhosis) was observed among 

21.7%, 15.0% and 63.3% patients, respectively.  

 

Table 4. Comparison of serum iron indices and C-Reactive protein between the groups (N=120) 

Parameters Groups  p value 

Alcoholic liver 

disease (n=60) 

Mean (SD) 

Healthy controls 

(n=60) 

Mean (SD) 

Serum Iron (μg/dl) 274.8 (75.8) 99.2 (26.2) <0.001 

Serum Ferritin (ng/ml) 415.4 (132.6) 154.2 (45.5) <0.001 

TIBC (ng/ml) 259.3 (93.3) 364.0 (53.3) <0.001 

Transferrin saturation (%) 128.5 (67.6) 28.0 (9.3) <0.001 

CRP (ng/ml) 4218.3 (2327.1) 335.1 (189.0) <0.001 

 

Table 4 shows that the mean serum iron, serum ferritin, transferrin saturation and CRP level was significantly higher among 

patients with alcoholic liver disease compared to the healthy controls (<0.001); whereas TIBC was significantly lower in 

patients with alcoholic liver disease (<0.001). 
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Table 5. Correlation of serum iron indices and C-Reactive Protein with severity (Child Pugh score) of alcoholic liver 

disease (N=60) 

Serum iron indices Correlation co-efficient 

(r) 

p value 

Serum iron (μg/dl) 0.920 <0.001 

Serum ferritin (ng/ml) 0.865 <0.001 

Total iron binding capacity (μg/dl) -0.872 <0.001 

Transferrin saturation (%) 0.900 <0.001 

C-Reactive Protein (ng/ml) 0.860 <0.001 

  

Table 5 shows that there was a very strong positive correlation for the serum iron, transferrin saturation, serum ferritin and 

C-reactive protein with the severity of ALD as measured by Child Pugh score and it was found to be statistically significant 

(p<0.001). With regards to total iron binding capacity with the severity of ALD (Child Pugh score), there was a very strong 

negative correlation and it was found to be statistically significant (p<0.001). 

 

DISCUSSION 
ALD remains a major cause of chronic liver morbidity 

and mortality worldwide and continues to contribute 

substantially to cirrhosis, decompensation and liver-

related deaths in India. Progressive hepatic injury due to 

sustained alcohol exposure is driven not only by direct 

hepatotoxicity, but also by oxidative stress, immune 

dysregulation, gut-derived endotoxemia and systemic 

inflammation. Chronic alcohol intake can alter hepcidin 

regulation and intestinal iron absorption, leading to 

increased circulating iron and hepatic iron deposition. 

Iron excess may amplify hepatocellular injury through 

free radical generation and lipid peroxidation, thereby 

accelerating fibrosis progression and worsening clinical 

outcomes.  

The mean age of the study participants in our study was 

51.3 years with almost all being males. The mean age and 

marked male predominance are consistent with typical 

clinical ALD cohorts, reflecting higher prevalence of 

heavy alcohol use among men and later presentation after 

years of exposure. From an epidemiologic perspective, 

comparability on age/sex is important because iron 

indices and CRP can vary with age, sex and comorbid 

inflammatory conditions.17  

In this study, the mean amount of alcohol intake among 

the patients with ALD was 214.8 ± 73.5 gm/day and 

35.0% of the patients with ALD had more than 10 years 

of alcohol consumption. These findings were consistent 

with the established thresholds indicating that 

consumption exceeding 80 g/day for over a decade 

substantially increases the risk of cirrhosis.18 The type of 

alcohol consumed and the proportion of alcohol in those 

drinks can both be used to explain the rise in alcohol 

consumption in Manipur. Local alcoholic beverages with 

a high alcohol level are traditionally produced and 

consumed in the state. Traditional brews have such a high 

alcohol content that only a small portion can provide a 

large amount of alcohol. This adds to the number of grams 

of alcohol consumed, especially when people drink more 

than one serving.19,20  

One of the important findings in our study is that there is 

significant higher bilirubin (total/direct), AST, ALT, ALP, 

GGT and globulin in ALD patients, with lower total 

protein and albumin, which is a classic biochemical 

constellation in alcohol-associated liver injury. In ALD, 

AST typically exceeds ALT (often AST/ALT >2) due to 

vitamin B6 deficiency reducing ALT activity and 

mitochondrial injury increasing AST release. GGT 

(±ALP) rises with chronic alcohol use and a 

cholestatic/mixed pattern from ductular reaction/cirrhotic 

changes. Albumin and total protein fall due to reduced 

hepatic synthesis and inflammation, while globulins 

increase from immune activation.21,22 Consistent with our 

findings, studies by Jangam M et al23, Chand A et al24 and 

Mamatha BV et al25 demonstrated that patients with ALD 

exhibit significantly elevated levels of liver enzymes, 

bilirubin and prothrombin time, alongside markedly 

reduced albumin and total protein levels. 

The urea and creatinine levels among ALD patients was 

significantly higher which suggests a higher burden of 

renal dysfunction, which is common in decompensated 

cirrhosis. The renal dysfunction in ALD could reflect pre-

renal azotemia or acute kidney injury from infection, 

bleeding, nephrotoxic exposure or Hepatorenal 

syndrome.26,27 Studies by Jangam M et al23 and Chand A 

et al24, also had supported this evidence. Patients with 
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ALD also have significantly reduced serum sodium and 

potassium levels due to factors like dilutional 

hyponatremia, malnutrition and diuretic use. These 

electrolytes deficiencies serve ascritical markers of severe 

liver decompensation and are strongly linked to increased 

mortality and complications, including encephalopathy 

and ascites and arrhythmias.28,29  

The mean prothrombin time and INR were significantly 

higher among the patients with ALD; whereas, platelet 

count was significantly lower among the patients with 

ALD which is consistent with the findings of Chand A et 

al24. Higher prothrombin time and INR in ALD reflects 

reduced hepatic synthesis of clotting factors and overall 

synthetic dysfunction. Hence, INR is a key component in 

both Child–Pugh and MELD, making it a validated 

marker of advanced disease.26,30 Reduced platelet count is 

commonly due to portal hypertension related 

hypersplenism, reduced hepatic thrombopoietin 

production, bone marrow suppression from alcohol 

toxicity and consumptive processes. Consistent with our 

findings Das SK et al31 also documented similar 

alterations in PT, INR and platelet count. 

Regarding iron indices, ALD patients exhibited 

significantly higher mean serum iron, transferrin 

saturation and ferritin, but significantly lower TIBC. This 

aligns with established pathophysiology showing that 

alcohol disrupts iron homeostasis and chronic liver 

disease impairs transferrin synthesis. Physiologically, iron 

suppresses hepcidin expression, increasing intestinal iron 

absorption and macrophage iron release via ferroportin. 

The resulting elevated circulating iron contributes to 

hepatic iron loading, which synergises with alcohol to 

exacerbate oxidative stress and liver injury.32,33 

concurrently, elevated ferritin reflects both increased iron 

stores and its role as an acute phase reactant. In ALD it 

rises due to hepatic necrosis, systemic inflammation and 

reduced clearance.34 Conversely, low TIBC reflect 

impaired hepatic synthesis and a negative acute-phase 

response. This dual pattern of high ferritin and low TIBC 

is wll documented in cirrhosis capturing both 

compromised liver function and active inflammation.35 In 

many studies elevated serum iron, ferritin and transferrin 

saturation have been consistently reported in ALD 

patients compared to controls with ferritin highlighted as 

a key marker for monitoring hepatic injury.23,24,36 Even 

when serum iron levels fluctuate, markedly reduced 

transferrin or TIBC alongside elevated ferritin remain 

consistent signatures of advanced disease and systemic 

inflammation.37  

There was a strong correlation between altered iron 

indices and Child–Pugh severity score: serum iron, 

transferrin saturation and ferritin correlated positively, 

while TIBC correlated negatively. This aligns with prior 

research demonstrating that serum iron and ferritin rise 

progressively with advancing liver dysfunction, with 

ferritin serving as an independent predictor of 

severity.38,39,40This relationship reflects worsening hepatic 

function and inflammation. Advanced cirrhosis impairs 

the hepatic synthesis of transferrin, driving down TIBC as 

severity scores rise. Simultaneously, accelerating 

hepatocyte necrosis and systemic inflammation stimulate 

the release of ferritin a key acute-phase reactant resulting 

in marked hyperferritinemia in severe disease.41,42 

Lastly, CRP levels were significantly higher in ALD 

patients than in controls and correlated strongly with 

Child–Pugh severity. Advanced ALD particularly 

decompensated cirrhosis and severe alcoholic hepatitis 

triggers systemic inflammation driven by altered gut 

permeability, endotoxemia, bacterial translocation and 

cytokine activation. As a hepatic acute-phase protein 

induced by IL-6, elevated CRP directly reflects this 

inflammatory state.Our findings align with extensive 

literature: significantly elevated CRP levels in ALD 

cohorts are well-documented, with levels peaking in 

Child–Pugh Class C patients.23,24 Furthermore, prior 

studies corroborate that CRP correlates significantly with 

disease severity scores like MELD, acute alcoholic 

hepatitis severity and iron indices such as ferritin.43,44,45 

 

LIMITATIONS 
Our study has few limitations. First, its cross-sectional 

design prevents establishing causality between exposure 

(iron indices/CRP) and outcome (severity). Second a high 

proportion of severe cases (Child-Pugh C) introduces 

selection bias, limiting generalizability to early-stage of 

ALD. Finally, hepcidin levels were not measured, which 

could have clarified the link between alcohol intake and 

iron overload. 

   

CONCLUSION 
The present study evaluated the clinical and biochemical 

profile of patients with ALD compared to healthy 

controls. There were significant impairments in hepatic, 

renal and haematological functions among ALD patients, 

with a high prevalence of advanced disease severity and 

clinical complications. ALD patients exhibited 

significantly elevated CRP and iron indices, which 

demonstrated a strong correlation with Child-Pugh score. 

Based on these findings, we suggest that iron indices and 

CRP can serve as effective adjunct markers for assessing 

ALD severity. However, longitudinal studies 

incorporating oxidative stress markers and hepcidin are 

needed to further validate our findings. 
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