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Abstract: The condition of obesity is a persistent ailment characterized by the atypical or excessive buildup of 

adipose tissue, resulting in compromised well-being and an elevated likelihood of morbidity and chronic health issues. 

The global incidence of individuals with obesity and overweight conditions has been on the rise for numerous decades. 

The goal of the study is to identify the relationship between body mass index (BMI), insulin, transferrin, iron, and lipid 

profile in obese males. Ninety males were recruited into the study; forty participants were assigned to the obese group 

were have BMI>30 kg/m
2
, twenty to overweight group were have BMI between 25-30 kg/m

2
, and another thirty to the 

control group were have slow BMI<25 kg/m
2
. The serum Transferrin, serum fasting insulin, serum iron, lipid profile and 

fasting glucose was evaluated in each of studied groups. The Obese group showed significant increase of the serum 

insulin concentration compared with the control group (16.77±7.68 vs. 11.7 ±2.79, p <0.001). As well as in transferrin 

and lipid profile significant change was detected. No prominent differences were detected in the three groups in iron and 

glucose concentration. Investigation of serum transferrin can be participated in future as iron deficiency marker in obese 

subject in conjugation with serum iron and serum ferritin. 

Keywords: Obesity, Transferrin, Insulin resistance, Iron deficiency. 

 

INTRODUCTION 
The growing prevalence of obesity is a persistent worldwide health crisis, particularly in low- and middle- 

income nations [1]. According to a recent projection by the World Obesity Federation (WOF), it is anticipated that the 

global prevalence of obesity will reach one billion individuals by 2030. This includes an estimated one in seven men [2]. 

 

The prevalence of obesity and iron deficiency is a significant public health concern with a global impact 

affecting a substantial proportion of the world's population [3]. Although numerous chronic diseases, including 

cardiovascular diseases, diabetes, and specific cancers, are primarily caused by being overweight or obese, iron 

deficiency or hypoferremia is the most widespread micronutrient deficiency worldwide [4]. 

 

Iron is a vital micronutrient present in various dietary sources, predominantly in red meats. As per previous 

research [5], the optimal physical and cognitive development of the human body necessitates the intake of a crucial 

nutrient. The iron content in the adult human body ranges from two to four grams, with the majority being stored in 

haemoglobin, while the rest (30-40%) is present in iron-binding proteins like ferritin and transferrin [6]. The utilization 

of iron primarily occurs within the bone marrow, where it is involved in the synthesis of heme, a component of 

hemoglobin. This process, known as erythropoiesis, is responsible for the production of red blood cells [7]. Transferrin, 

the iron-binding glycoprotein, plays a pivotal role in the regulation of iron transport within the body. Transferrin is 

known to deliver iron to cells through the endosomal cycle by binding to its universal receptor TFR1 [8]. The 

aforementioned function plays a crucial role not just in erythropoiesis, but also in muscle as well as B- and T- 

lymphocytes. This has been emphasized by the presence of coupled immunodeficiency with only mild anaemia in 
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individuals with a TFR1 homozygous mutation. The role of TFR1 extends beyond its function as an iron importer, as it is 

crucial for maintaining epithelial homeostasis in the gut. While TFR1 is not necessary for fundamental iron uptake in 

hepatocytes, it is essential in the process of iron loading to finely regulate the increase of hepcidin [9]. The condition of 

being obese is positively correlated with an increased risk of developing insulin resistance. Several inflammatory markers 

have been associated with a higher risk of insulin resistance in individuals who are obese. There are multiple contributing 

factors that are known to elicit insulin resistance, including but not limited to oxidative stress, endoplasmic reticulum 

stress, genetic predisposition, hypoxia, and lipodystrophy. These factors have been associated with the development of 

various pathological conditions [10, 11] Individuals diagnosed with type 2 diabetes mellitus and insulin resistance often 

exhibit indications of impaired metabolic function, as well as the accumulation and localization of lipids within the 

skeletal muscle and bloodstream [12]. Elevated levels of free fatty acids in the plasma have been observed to impede 

insulin-mediated glucose metabolism. Conversely, a decrease in plasma lipid levels has been found to augment insulin 

function in adipocytes, liver and skeletal muscle cells. The inclusion of plasma fatty acids has been observed to decrease 

the activation of insulin on the insulin receptor substrate-1 (IRS-1) linked phosphoinositide-3-kinase (PI-3K) pathway in 

skeletal muscle. There is evidence to suggest that the presence of lipids in conjunction with insulin resistance is 

associated with abnormalities in the translocation of glucose transporter 4 (GLUT4) [13]. The disorder state in question 

involves the participation of various colorful adipokines, such as adiponectin, hepcidin, TNF-α, resistin, and Inter Leukin. 

Hence, elevation in adiponectin levels results in improved insulin sensitivity, whereas resistin demonstrates adverse 

insulin effects. In vitro experiments have revealed that resistin has the ability to induce insulin resistance by inhibiting 

glucose transport. Moreover, in vivo studies have demonstrated that resistin can elevate hepatic glucose production and 

fasting blood glucose levels [13]. In a recent study, it was found that trelagliptin succinate has the potential to decrease 

insulin resistance in fat cells by reducing the content of resistance buried by them [14]. 

 

The objective of this investigation was to evaluate and contrast the impact of insulin on Transferrin and iron 

levels in males of varying weight categories, including obese, overweight, and normal weight individuals. Our hypothesis 

posited that there would be an increase in Transferrin levels in individuals with obesity as compared to those who are 

overweight or within a healthy weight range. Moreover, the present investigation is anticipated to contribute to the body 

of scientific literature that proposes the utilization of Transferrin as a biological indicator in the identification of iron 

deficiency among males who are obese. 

 

PATIENTS AND METHODS  
Subjects: A cross-sectional study was conducted from the beginning of November 2022 until the end of May 2023 

among 60 overweight and obese healthy male (mean age 39 ± 16.1 years ;) For the comparison, a total of 30 apparently 

healthy control subjects (mean age 38.1±15.4 years ;) without a personal history of any metabolic abnormalities were 

recruited to the study. The controls were taken from the same geographic areas as the patients. All individuals were 

randomly recruited from Kirkuk Governorates. Specifically, we recruited Participant into three category according to 

BMI obese BMI> 30 kg/m
2 
(n=40), overweight BMI 25-30 kg/m

2
 (n=20) and control BMI<25 kg/m

2 
(n=30). 

 

In this study, all participants were performed anthropometric and biophysical tests. The anthropometric and 

biophysical tests were carried out at the in laboratory and outside the laboratory building, respectively. Height and weight 

were measured for participants by trained nurses. Weight and height were measured in kilogram (kg) and centimeter (cm) 

respectively. Body weight was measured by a balance scale to the nearest half-kilogram with the individuals in light 

clothing and without shoes. The body mass index (BMI) was taken from the ratio of the body mass (kilograms) formula 

divided by body height (meters) squared. Waist circumference was measured in centimeters (cm) at the end of normal 

expiration half way between the lowest rib and the iliac crest with the investigator standing at the side to ensure that the 

measuring tape is horizontal across the back and the front of the participant. After anthropometric measurements, after 

that for all participants’ 5-mL samples of venous blood were collected from the forearm vein.  

 

The blood samples were centrifuged at 4000 g for 10 min. Serum plasma was analyzed using ELISA analyzer, 

Genotik USA with sandwich Elisa method for the determination of serum insulin. For analyses, Biolabo diagnostic kits 

used for determination of serum Transferrin, iron and lipid profile levels.  

 

Compliance with ethical standards: Before the initiation of the study, all participants received an explanation of 

the procedure and the risks that would later be faced in their participation, and they provided informed consent to 

participate in this study. The study was approved by the ethics committee of the Director of health Kirkuk, and all 

procedures were in accordance with the Declaration of Helsinki. 

 

Statistical Analysis 

Computerized statistical analysis was performed using SPSS statistic program v29 and Prism Graphpad v9. 

Comparison was carried out using one way ANOVA T-Test probability (P value). The P value < 0.05 was considered 
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statistically significant and P value > 0.05 considered non-significant statistically. Correlation coefficient used to find the 

correlation between studied markers by using Pearson correlation. 

 

RESULTS 
The anthropometric and biophysical characteristics of participant from all of the groups are shown in Table 1. 

Significant differences were found among three groups regarding anthropometric and biophysical variables.  

 

Table 1: Biophysical and anthropometric variables among all groups 

Variable Control n=30 

Mean ±SD 

Overweight n=20 

Mean ±SD 

P-value Obese n=40 

 Mean ±SD 

P-value 

Age (years) 38.1±15.4 37.5± 14.55 0.8909 39 ± 16.1 0.8143 

Systolic blood pressure 125 ± 8.8 135 ± 10.5 0.0007* 140 ± 11.7 <0.0001* 

Diastolic blood pressure 75 ± 9.1 85 ± 11.4 0.0012* 90 ± 11.6 <0.0001* 

Body Mass Index (kg/m2) 23.37±1.53 27.22±0.61 < 0.001* 32.29±4.1 < 0.001* 

Waist Circumference (cm) 83.99±7.77 90.32±7.24 0.0056* 99.12±10.45 < 0.001* 

SD is the standard deviation. *One-way ANOVA. Statistically significant differences between Obese, overweight 

and control (p < 0.05).  

 

Chemical Tests: As shown in table 2, Figure 1, and Figure 2. ANOVA showed significant increased level of Transferrin 

in obese group when compared to control group (2.67 g/l±0.37 vs. 2.29 g/l ±025 p<0.001), indicating transferrin level 

increase in obesity. However, ANOVA revealed no significant for iron level and glucose level in obese group (p = 0.068, 

p=0.94, respectively) and (p=0.99, p=0.93) in overweight group. Significant differences were detected in insulin level in 

obese and overweight group when compared to control group (16.77±7.68, 14.98±4.78 vs. 11.7 ±2.79 and p= 0.003, p= 

<0.001, respectively). 

 

Table 2: Biochemical variables among all groups 

Variable Control 

(n=30) 

Overweight 

(n=20) 

P-value Obese 

(n=40) 

P-value 

Fasting glucose (m\dl) 102.1±8.15 101.9±9.22 0.9360 102.3±13.4 0.9426 

Fasting insulin (µu\ml) 11.7 ±2.79 14.98± 4.78 0.0036* 16.77±7.68 <0.001* 

Serum Iron (ug\dl) 122.9 ± 28.2  124.3 ±35.8 0.9969 157.6 ±92.5 0.0681 

Serum transferrin (g\l) 2.29±0.25 2.50 ± 0.22 0.007* 2.67 ± 0.37 <0.001* 

SD is the standard deviation. *One-way ANOVA. Statistically significant differences between Obese, overweight 

and control (p < 0.05).  

 

Lipid Profile: As shown in table 3 there are significant increase in cholesterol, triglyceride, LDL and VLDL level in 

obese group when compared to normal group while significant lower level of HDL present in obese males in comparison 

with controls. 

 

Table 3: Lipid profile biochemical variable among all groups 

Variable Control n=30 

Mean ±SD 

Overweight n=20 

Mean ±SD 

P-value Obese n=40 

Mean ±SD 

P-value 

Total Cholestrol 178.5 ± 19  196.8 ±21.9 0.002* 207.1 ± 32.4 <0.001* 

triglyceride 119.8 ±31.4 130.9 ± 42.8 0.2953 175.6 ± 85.1  0.001* 

HDL 40.3 ±1.97 37 ± 4.05 0.004* 36 ± 5.69 0.002* 

LDL 114.2 ±17 133.6 ± 17.9 0.003* 135.9 ± 20.6 <0.001* 

VLDL 23.9±6.29 26.1±8.5 0.2982 35.1±17 0.001* 

SD is the standard deviation. *One-way ANOVA. Statistically significant differences between Obese, overweight 

and control (p < 0.05). 

 

Pearson Correlation: As shown in table 4 and figure 2, correlation coefficient (r) reveals. Significant positive 

association between insulin and transferrin in obese groups (r =0.51, p = 0.006). However, a significant negative 

correlation between insulin and Iron found in obese group ( r= -0.36, p <0.02). Specifically, ferritin level decrease in 

increase of insulin level (Figure 3).  
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Table 4: Pearson Correlation Results between Insulin and Transferrin, and Iron in obese group 

Combination R 95.00% CI n P 

Insulin – Transferrin  0.51 [.24-.71] 40 .0.006* 

Insulin - iron  -0.36 [-.6_ -.05] 40 0.02 

R=correlation coefficient, CI= confidence intervals, n= number. * Significant at p<0.05  

 

 
Figure 1: Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of 

mean differences between the groups for Glucose (left) and Insulin (Right). ** Highly Significant at (p<0.001), NS (non-

significant) 

 

 
Figure 2: Bar plot of mean values with 95% CI error bars accompanied by Estimation plot with 95% Confidence intervals of 

mean differences between the groups for Iron (left) and transferrin (Right). *****Highly Significant at (p<0.0001), NS (non-

significant) 
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Figure 3: Scatter plot depicting the correlation between Insulin and each of Hepcidin, Ferritin, transferrin and Iron. 

Regression line was added to ease the interpretation (obese group) 

 

DISCUSSION 
Male obesity has become a global health issue, Research on the pathophysiological mechanisms behind obesity 

and their impact on iron metabolism disorders and the emergence of iron deficiency anemia was sparked by the discovery 

of the endocrine activity of adipose tissue and adipokines [15]. The main findings of this study are: (1) There were no 

prominent differences were detected in all three groups to Iron level (2) compared to control group, obesity significantly 

increased insulin concentration; (3) there were significant increase level of Transferrin in obese males when compared to 

normal weight males. (4) Strong negative association found between iron and insulin in obese. (5) Significant positive 

association found between transferrin and insulin in obese group. 

 

This study is consistent with other previous studies [16-20] which also found that BMI is positively correlated 

with serum transferrin level. The results of this study suggest that there is growing evidence for the association between 

obesity and iron insufficiency this explained clearly by finding of McClain et al., [21] study on adipose tissue transferrin 

expression which demonstrated The observed inverse regulation of transferrin receptor mRNA levels with Transferrin in 

adipocytes implies that adipocyte Transferrin expression may have significant implications for adipocyte iron 

homeostasis. 

 

We realize that there are still some limitations in this study. Firstly, we did not pay attention to the other obesity 

linked hormones like (leptin and adeponectin), which may have been the factors that could differentiate the results. 

Secondly, the lack of several inflammatory marker, such as c-reactive protein (CRP), interleukin-6 (IL-6). These marker 

are needed to explain the unanswered phenomena in this study[22], moreover, children should be studied carefully in the 

same manner[23], the effect of the type of diet [24, 25] need to be followed to exclude the effects of lifestyle changes on 

the level of transferrin.  

 

CONCLUSION 
We demonstrated that obese males are more efficient in developing iron deficiency compared with normal 

weight males. There were no prominent differences detected in all three groups to iron and glucose level. Obesity had 

crucial effect on insulin concentration. Transferrin can be used as biological marker for iron deficiency in obesity. 
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