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Abstract: 
Introduction: Obesity, a rising epidemic, is a disorder characterized by an accumulation of excessive body fat, 
associated with a cluster of metabolic abnormalities like hyperglycemia, insulin resistance, dyslipidemia and 
hypertension collectively often referred to as metabolic syndrome. Ferritin, the storage form of iron, is essential 
for regulation of iron homeostasis and is widely used as a clinical biomarker to estimate body iron status. It is 
also an acute positive phase reactant protein that is elevated in inflammatory conditions. Thus, ferritin can serve 
as a marker of inflammation rather than iron deficiency in case of over-weight patients. 
Objectives: The objectives of the study are to find out whether there is any correlation between serum Ferritin, 
CRP, Lipid Parameters and the anthropometric data of the apparently healthy but over-weight patients. 
Materials and Methods: The study was conducted in the Department of Biochemistry and Medicine of KPC 
Medical College and Hospital.  Equal number (forty) in each group of apparently healthy normal weight, 
overweight and obese individuals were chosen for study Body mass index (BMI) was recorded as described in 
the Asia-Pacific classification. Standardized kits were used to assay all the serum parameters.  
Results: Significant positive correlation (R=0.999, p <0.01) was found between serum total cholesterol and 
BMI. Significant positive correlation (R=0.973, p <0.01) wasalso observed between serum ferritin and BMI. 
There was again a significant positive correlation (R=0.999, p <0.01) found between serum Triglyceride and 
BMI. (In all the cases of over-weight and obese individuals) 
Conclusion: This study indicates a positive correlation between serum ferritin with BMI and WHR in 
overweight and obese individuals, suggesting potential underlying inflammatory changes associated with 
obesity. However, the lack of correlation with CRP with BMI highlights the need for further research using 
more sensitive inflammatory markers. 
Keywords: CRP, Ferritin, Lipid. 
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Introduction

Obesity is a global health issue and a serious threat 
to human health. In 2014, 600 million adults and 42 
million children below 5 years of age were obese. 
[1, 2, 3] The American Medical Association has 
classified obesity as a “disease” in 2013. [1] 
Obesity leads to many complications. Metabolic 
syndrome being an important complication as well 
as comorbid entity with obesity. Obese individuals 
are predisposed to sub-clinical inflammation, 
further leading to iron deficiency anemia. [1, 4-8] 

The normal body mass index is (BMI) 18-22.9 
kg/m2. Anyone with BMI 23.0-24.9 kg/m2 is 
referred to as overweight and the term obesity is 
used when the BMI is above 25.0 kg/m2 (according 
to the Asia- Pacific classification) [9]. The WHR of 
0.85 or less in women and 0.90 or less in men is 
considered normal [10]. Iron is an important micro-
nutrient for human health, but excessive of iron 
exposure may be toxic to the cells, due to its 
involvement in pathological catalytic or oxidative 
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stress reactions.[9] Ferritin is a widely used marker 
to investigate iron deficiency anemia in clinical 
settings.[1]. Serum ferritin is an acute positive 
phase protein that is elevated in conditions such as 
inflammation or tissue damage. Some studies 
suggest a correlation between dyslipidemia and 
elevated serum ferritin levels. [9] C-reactive 
protein is a highly sensitive marker of 
inflammation. This acute phase reactant is 
produced in the liver. [11] There are very few 
studies on serum ferritin and obesity along with 
CRP and lipid parameters. Some studies were done 
in children while some in adolescent age group. 
[12] 

Aims & Objectives: The aim of the study is to 
investigate the relationship of serum Ferritin, C-
Reactive Protein (CRP), and lipid parameters with 
BMI and WHR in Obese and Over-weight 
individuals in comparison to apparently healthy 
individuals of normal body weight. 

The objectives include: 

1. To assay serum Ferritin, CRP, and lipid profile 
levels in over-weight, obese and healthy 
controls with normal body weight. 

2. To investigate the relationship between BMI & 
WHR with serum ferritin, CRP and lipid 
parameters in over-weight, obese and healthy 
controls with normal body weight. 

Background: Obesity, a rising epidemic from all 
over the world, is a disorder of body weight 
regulation systems characterized by an 
accumulation of excessive body fat. It is 
associated with a cluster of metabolic abnormalities 
like hyperglycemia, insulin resistance with 
compensatory hyper-insulinemia, dyslipidemia and 
hypertension collectively often referred to as 
metabolic syndrome. Obesity often shows 
alteration in lipid parameters; increase in total 
cholesterol, LDL cholesterol and triglyceride levels 
along with decrease in HDL cholesterol in plasma. 
[13,18] Adipose tissue was previously considered 
as a reservoir of fats but now it is known to play an 
active role in metabolism. In obesity, excess fats 
accumulated in adipose tissue stimulate the release 
of inflammatory cytokines like TNF- alpha, IL- 6 
etc. which in turn stimulate the production of acute 
phase proteins in the liver. Thus, obesity may be 
considered a state of low grade, chronic and 
systemic inflammation. A sensitive marker for 
systemic inflammation is C- reactive protein 
(CRP). Thus, level of CRP is expected to rise 
above clinically accepted normal (<6 mg/dl), but it 
varies from kit to kit. [13,14] Ferritin, the storage 
form of iron, is essential for regulation of iron 
homeostasis and is widely used as a clinical 
biomarker to estimate body iron status. It is also an 
acute positive phase reactant protein that is 
elevated in inflammatory conditions. Thus, ferritin 

can serve as a marker of inflammation rather than 
iron deficiency in case of obese patients. The 
normal range for ferritin in serum is 25-325 mg/l. 
[15,16,17,19] All over the world the researchers 
have studied the relation of a single acute phase 
reactant protein in overweight or obese patients, but 
majority of work has been done outside the 
country. Though dyslipidemia is a component of 
metabolic syndrome and strongly associated to 
obesity, but insignificant research has been done on 
the relation of the acute positive phase reactants 
with all the individual parameters of lipid profile 
both outside and inside our country. There has been 
no such research documentation in eastern part of 
India. Since it has been already reported that total 
cholesterol: HDL cholesterol ratio is associated to 
cardiovascular diseases like acute coronary 
syndrome (ACS) and cerebrovascular accidents 
(CVA) and protective effect of HDL-C on total and 
ischemic stroke risks, the association of all the lipid 
parameters or some of their ratios (20) with acute 
phase reactant proteins like ferritin and c-reactive 
protein (CRP) may help to identify the population 
who are having high risk of ACS or CVA.  

Methodology: 

Study Type: Observational descriptive study.  

Study Design: Cross-sectional.    

Study Area: The study will be conducted among 
apparently healthy but obese patients attending the 
Medicine Outpatient Department of KPC Medical 
College. 

Study Duration: 6 months, July 2024 till 
December 2024. 

Study population: The study subjects, adults (≥18 
to 80years) apparently healthy but obese, both male 
and female, attending Medicine OPD will be 
recruited for the study. Body mass index (BMI) 
will be recorded as per the Asia-Pacific 
classification: underweight (< 18.5 kg/m2), normal 
weight (18.5–22.9 kg/m2), overweight (23.0–24.9 
kg/m2), obesity class I (25.0–29.9 kg/m2), and 
obesity class II (≥ 30.0 kg/m2). [21] 

Sample size: 80 (40+40) apparently healthy but 
over-weight and obese individuals with BMI ≥ 23 
.0kg/m2 of age group 20-40 years, and 40 
apparently healthy individuals with BMI 18.0-22.9 
kg/m2   with age and sex matched. Since this was a 
pilot study, by direct enumeration method the 
sample size was calculated. 

Inclusion Criteria: All the study subjects were 
aged between 20-40 years. For cases, apparently 
healthy individuals with BMI 23.0-24.9 kg/m2 
(over-weight) and ≥25 kg/m2 (obese) were 
included. For controls, apparently healthy 
individuals with BMI 18.0-22.9 kg/m2 were 
included. 
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Exclusion Criteria: Individuals with co-
morbidities like Diabetes, Hypertension, cancer, 
autoimmune diseases and pregnant mothers were 
excluded from the study. Patients receiving 
treatment with drugs affecting iron status, H2 
blockers like Ranitidine, Levodopa, Levofloxacin 
and already suffering from lower levels of ferritin 
were also excluded. 

Methods of data collection: Data were collected 
by interviewing the patients and their relatives by 
pre-structured and pre-formatted information sheet 
to the willing subjects. Sampling was accomplished 
after taking informed consents and keeping their 
identity confidential followed by history taking and 

clinical examinations including height, weight etc. 
The BMI was calculated using the formula weight 
(kg)/height (meter)2. A weighing scale was used to 
measure the weight and a built-in stadiometer to 
measure the height. A morning 12 hour fasting 5ml 
venous blood sample with proper patient 
preparation was drawn and put in appropriate vials 
for determination of serum ferritin, CRP and lipid 
parameters. All tests were done by kit method in 
fully automated Biochemistry analyser or CLIA in 
the central laboratory or service laboratory in the 
department of  Biochemistry of KPC Medical 
College and Hospital. 

Methods of Assay of Biochemical Parameters:
 
Variables Methodology Reference Value Analyzer 
FERRITIN CLIA 22-322ng/ml in males 

10-291ng/ml in females 
Advia Centaur CP 
Siemens 

CRP Immuno turbidimetry kit 
method 

<6mg/dl Fully automated analyzer 
(Diasys 400) 

TC (Total cholesterol) Enzymatic (CHOD-PAP) 
kit method  

<200mg/dl Fully automated analyzer 
(Diasys 400) 

HDL – C (High density 
lipoprotein) 
  

Immuno FS homogenous 
method (Indirect 
precipitation method) 

>40mg/dl male 
>50mg/dl female 

Fully automated analyser 
(Diasys 400) 

TG (Triglyceride) Enzymatic GPO- 
Trinder’s kit method 

<150mg/dl Fully automated analyzer 
(Diasys 400) 

LDL  
(Low density lipoprotein) 

Calculated by Friedwald 
equation/Direct 
Estimation method 

<130mg/dl Calculated/Fully 
automated analyzer 
(Diasys 400) 

 
[Table/Fig-1]: Parameters like Ferritin, CRP and 
serum lipid profile with methods of estimation and 
reference ranges. CRP: C reactive protein; TC: 
Total cholesterol; HDL-C: High-density 
cholesterol; TG: Triglycerides; LDL-C: Low-
density cholesterol; CHOD-PAP: Cholesterol 
oxidase peroxidase single reagent; GPO: Glycerol 
phosphate oxidase; FS: Fluid stable. 

Statistical Analysis: All the data was analyzed by 
SPSS version 29.0 to compare the mean of 
different study variables. Whether the data were 

distributed in Gaussian curve was checked for 
using Kolmogorov-Smirnov Test. Mean 
comparison was done using ANOVA for Gaussian  
distribution and Kruskal-Wallis tests for non-
Gaussian distribution. Pearson and Spearman 
correlation test was used to find out an association 
between BMI and serum ferritin, CRP and lipid 
parameters. A p-value of <0.05 was considered 
significant. 

Results: The demographic and biochemical 
parameters of the study:

 
Parameters 
 

Cases Control 
(Mean ± SD) 
 

Mean comparison 
ANOVA/Kruskal-
Wallis test 

Over-weight 
(Mean ±SD) 

Obese 
(Mean ± SD) 

Age (Years) 33.1 ± 5.9 31.8 ± 5.1 32.3±5.5 p <0.001, f=20.96 
BMI (kg/m2) 23.8 ± 0.5 28.83±3.2 19.8±2.8 p <0.05, (f=166.77) 
WHR 0.87±0.12 0.99±0.23 0.81±0.69 p<0.05, (f=12.23) 
Gender (M/F) 22/18 21/19 25/15 p>0.05,  
Serum Ferritin (μg/L) 259.03±100.81 285.56±106.6 67.89 ± 8.8 p <0.05, (H =113.55) 
Serum CRP (mg/L) 18.5±12.42 17.13+10.89 5.8 ± 2.3  p 0.89, (H=0.226) 
Total Cholesterol (mg/dl) 201±43 323.18+109.4 138.3±30 p <0.01, (f = 63.655) 
HDL (mg/dl) 44.45±11.43 34.1±3.1 51.89±8.3 p <0.05, (H= 65.95) 
Triglyceride (mg/dl) 234.5±75 202.68+72.9 105.4±27.6 p <0.01, (f = 50.86) 
LDL (mg/dl) 120.12± 33.02 238.13±118.9 63.87±27.8 p <0.01, (f=90.14) 
VLDL (mg/dl) 40.91±15.18 40.59±14.18 12.75±5.57 p < 0.05, (H= 110.66) 
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N.B. H statistics for Kruskal-Wallis and f-ratio for 
ANOVA. 

[Table/Fig-2]: Description of clinical and 
biochemical parameters of cases and controls. 
BMI: Body Mass Index; WHR: Waist hip ratio; 
CRP: C reactive protein; TC: Total cholesterol; 
HDL-C: High-density cholesterol; TG: 
Triglycerides; LDL-C: Low-density cholesterol; K-
S: Kolmogorov Smirnov Test for normality 

(p>0.05 signifies normal distribution); p-value < 
0.05 is considered statistically significant.  

A strong positive correlation was found between 
Body Mass Index (BMI) and both Total 
Cholesterol (r = 0.94) and triglyceride levels (r = 
0.96) in overweight individuals. Conversely, a 
strong negative correlation was observed between 
BMI and HDL-C levels (r = -0.92, p < 0.001).

 

 
[Table/Fig-3]: Serum ferritin level is significantly low in controls (67.89 ± 8.8) than in over-weight (259.03 

± 100.81) and obese individuals (285.45 ± 106.6). 
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[Table/Fig-4]: The mean values of TC, TG and LDL-C is significantly high in obese and over-weight 

individuals than in normal healthy controls. In contrary mean values of HDL-C are significantly low in 
obese and over-weight individuals than in normal healthy controls. 

 
 
 

 
[Table/Fig-5]: Scatterplot showing correlation between BMI and serum ferritin levels among over-weight 

individuals. 
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[Table/Fig-6]: Scatterplot showing correlation between BMI and TC levels among obese individuals. 

 
[Table/Fig-7]: Scatterplot showing correlation between BMI and HDL-C levels among obese individuals. 
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[Table/Fig-8]: Scatterplot showing correlation between BMI and TG levels among obese individuals. 

 
[Table/Fig-9]: Scatterplot showing correlation between BMI and serum ferritin levels among obese 

individuals. 
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[Table/Fig-10]: Scatterplot showing correlation between WHR and TC levels among over-weight 

individuals. 

 
[Table/Fig-11]: Scatterplot showing correlation between WHR and HDL-C levels among over-weight 

individuals. 
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[Table/Fig-12]: Scatterplot showing correlation between WHR and TG levels among over-weight 

individuals. 

 
[Table/Fig-13]: Scatterplot showing correlation between WHR and serum ferritin levels among over-

weight individuals. 
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[Table/Fig-14]: Scatterplot showing correlation between WHR and TC levels among obese individuals. 

 
[Table/Fig-15]: Scatterplot showing correlation between WHR and HDL-C levels among obese 

individuals. 
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[Table/Fig-16]: Scatterplot showing correlation between WHR and TG levels among obese individuals. 

 
[Table/Fig-17]: Scatterplot showing correlation between WHR and serum ferritin levels among obese 

individuals. 
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Total Cholesterol, LDL, Triglyceride, and VLDL in 
both overweight and obese individuals, whereas 
HDL exhibited a negative correlation in both 
groups. Carrera A et al. conducted a study 
investigating the association between serum ferritin 
and dyslipidemia and the findings of the present 
study corroborates with their observations. [23] 
Furthermore, WHR was positively correlated with 
serum ferritin in both overweight and obese 
individuals. It also showed a positive association 
with lipid parameters, except for HDL, which 
displayed a negative correlation. WHR 
demonstrated a weak correlation with CRP in 
overweight individuals (r=0.30, p=0.95), while 
BMI showed no correlation with CRP. 

Conclusion 

Based on the findings of this study, it can be 
concluded that serum ferritin levels are positively 
correlated with BMI and WHR in overweight and 
obese individuals. Since serum ferritin is 
recognized as an inflammatory marker, these 
results suggest that obesity may be associated with 
underlying inflammatory processes. However, 
since no significant correlation was observed 
between CRP and BMI, further research using 
assay of more sensitive inflammatory markers is 
necessary to better understand the relationship 
between obesity and systemic inflammation. Future 
studies with larger sample sizes and advanced 
biochemical assessments will be essential to 
confirm these findings and explore potential 
clinical implications. 

Limitations: Studies with a larger sample are 
required to investigate a correlation between serum 
ferritin and BMI of Over-weight and Obese 
individuals. CRP values reflected no correlation, 
more studies can be done in this aspect. A study 
with a bigger sample size can be conducted to 
study the correlation between serum ferritin with 
BMI and WHR and to tally with BMI and WHR. 
Due to monetary constraint other markers of 
inflammation like procalcitonin, IL-6 etc could not 
be measured.  
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