



Assessment of Serum Iron and Ferritin Levels in Type 2 Diabetes Mellitus Patients: A Case-Control Study in Bangladesh

ABSTRACT
Background: Iron profile is an essential index for maintaining good health. Altered iron metabolism is associated with several diseases, including diabetes mellitus. Excessive iron accumulation in the body can lead to oxidative damage, affecting cellular structures and contributing to various complications. Given the rising incidence of Type 2 Diabetes Mellitus (T2DM) in Bangladesh, studying iron profiles in diabetic patients is crucial to understanding the underlying mechanisms of the disease and its complications.
Aim of the study: This study aimed to evaluate the iron profile in T2DM patients in a tertiary care center in Bangladesh and compare it with healthy, age- and gender-matched controls, assessing the link between altered iron metabolism and T2DM progression.
Materials and Methods: A total of 100 subjects were included in this study, with 50 diagnosed T2DM patients and 50 healthy controls. Anthropometric parameters such as body mass index (BMI), waist/hip circumference ratio, and blood pressure were measured. Blood samples were collected for biochemical analysis, including serum iron, total iron-binding capacity (TIBC), unsaturated iron-binding capacity (UIBC), plasma glucose, and HbA1c, all measured using a semi-automated analyzer. Serum ferritin was estimated using a chemiluminescence method, and transferrin saturation was calculated using the formula: serum iron (μg/dl) × 100 / TIBC (μg/dl).
Results: The study found that anthropometric parameters such as weight, BMI, waist circumference, hip circumference, waist-to-hip ratio, and blood pressure were significantly higher (p<0.001) in T2DM patients compared to healthy controls. Biochemical parameters showed that plasma fasting glucose, HbA1c, serum iron, transferrin saturation, and serum ferritin were significantly higher (p<0.001), while UIBC was significantly lower (p<0.001) in T2DM patients. TIBC and hemoglobin levels were significantly lower (p<0.05) in T2DM patients compared to controls.
Conclusion: Elevated serum iron and ferritin levels are key risk factors for T2DM progression and complications. Iron overload may contribute to diabetes pathogenesis. With the increasing prevalence of diabetes in Bangladesh, regulating iron levels is crucial to reduce complications and improve outcomes.
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INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from defects in insulin secretion, insulin action, or both1,2. It leads to disturbances in carbohydrate, fat, and protein metabolism, affecting multiple organ systems. Diabetes mellitus can be classified into two primary types: Type 1 diabetes, which is an autoimmune disease leading to pancreatic beta-cell destruction, and Type 2 diabetes mellitus (T2DM), which is primarily characterized by insulin resistance and progressive beta-cell dysfunction3.
The prevalence of diabetes is rising globally, and South Asia, including Bangladesh, has emerged as one of the regions with the highest rates of diabetes. According to the International Diabetes Federation (IDF), the prevalence of diabetes in South Asia has been steadily increasing, with approximately 8.4 million adults affected in Bangladesh in 2019. This number is expected to rise significantly, reaching over 12 million by 20454. The increasing burden of diabetes poses a significant public health challenge for the region, highlighting the need for targeted prevention and management strategies.
Patients with T2DM are at increased risk of developing a range of complications, including microvascular complications such as neuropathy, nephropathy, and retinopathy, as well as macrovascular complications like atherosclerosis, stroke, and coronary artery disease5. Furthermore, diabetes can also lead to other systemic issues, including diabetic cardiomyopathy and non-alcoholic fatty liver disease (NAFLD). These complications result from a combination of factors, including chronic hyperglycemia, inflammation, and oxidative stress. The underlying oxidative stress in T2DM is exacerbated by the accumulation of reactive oxygen species (ROS) and free radicals, which can damage cellular structures such as proteins, lipids, and DNA6.
One of the key contributors to oxidative stress in diabetes is iron. Iron, although essential for numerous cellular functions, can act as a potent catalyst for oxidative reactions, especially in the form of free or unbound iron. When iron is in excess, it participates in the Fenton reaction, producing harmful hydroxyl radicals that can damage tissues and exacerbate diabetic complications7,8. Excess iron can lead to lipid-protein oxidation and cause structural damage to red blood cell membranes, resulting in impaired cell function and contributing to the overall burden of oxidative stress in diabetic individuals9.
Iron metabolism has gained increasing attention in the pathogenesis of T2DM. Altered iron homeostasis, characterized by either iron overload or iron deficiency, has been implicated in the development and progression of insulin resistance, which is a hallmark of T2DM10,11. Research has demonstrated that increased iron levels may contribute to the development of diabetes by impairing insulin signaling pathways and promoting inflammatory responses. Conversely, iron deficiency has been shown to negatively affect glucose metabolism and insulin sensitivity12,13. These findings suggest that maintaining proper iron balance is crucial for optimal metabolic function and the prevention of diabetes and its complications.
In Bangladesh, where the burden of diabetes is rising rapidly, understanding the relationship between iron metabolism and the development of diabetes-related complications is critical. While numerous studies have explored the role of iron metabolism in diabetes in Western populations, there is a lack of extensive research on this topic in the Bangladeshi context. Identifying the role of iron dysregulation in T2DM may offer new insights into the pathophysiology of the disease, as well as potential therapeutic targets for managing and preventing its complications. Furthermore, exploring the iron profile in diabetic patients from a Bangladeshi tertiary care center may provide region-specific data that can guide public health strategies aimed at reducing the impact of diabetes.

Aim of the Study
The primary aim of this study is to evaluate and compare the iron profile in Type 2 Diabetes Mellitus (T2DM) patients and healthy, age- and gender-matched controls at a tertiary care center in Bangladesh. The study will analyze anthropometric parameters (BMI, waist circumference) and biochemical markers, including serum ferritin, transferrin saturation, and total iron-binding capacity, to explore the potential link between altered iron metabolism and T2DM progression.






MATERIALS AND METHODS

Study Settings and Design
This case-control study was carried out in the Department of Biochemistry at Stemz Health Care (BD) Limited. The study included a total of 100 participants, divided into two groups: 50 patients previously diagnosed with T2DM and 50 healthy individuals serving as age- and gender-matched controls. The selection of participants was done through purposive sampling. Each diabetic participant was matched with a control subject based on similar demographic characteristics to minimize confounding variables and ensure comparability between the groups.
Detailed clinical histories of all participants were recorded using a structured study proforma designed specifically for this research. Information gathered included demographic data, medical history, duration of diabetes (in the case group), lifestyle factors, and any relevant comorbidities. Participants were thoroughly informed about the purpose and procedures of the study, and written consent was obtained from all individuals before any data collection or sample analysis was performed.

Inclusion Criteria:
Participants included in the case group were individuals previously diagnosed with Type 2 Diabetes Mellitus. The diagnosis was based on established clinical guidelines, with fasting blood glucose levels equal to or greater than 126 mg/dL or glycated hemoglobin (HbA1c) values of 6.5% or higher. Control participants were healthy individuals without any history of diabetes or other major systemic illnesses.

Exclusion Criteria:
Several exclusion criteria were applied to ensure data accuracy and eliminate potential confounding factors. Individuals were excluded if they were taking medications known to influence iron metabolism, such as iron supplements or certain types of chelation therapy. Additionally, participants with a history of recent or past blood transfusions, those diagnosed with hemoglobinopathies or known genetic disorders related to iron overload (e.g., hemochromatosis), and pregnant women were excluded from both groups.

Anthropometric Parameter Measurements

Body Mass Index (BMI) was calculated by dividing body weight (Kg) measured using a digital scale (nearest to 0.1 kg) by the square of height (meters), measured using a stadiometer (nearest 0.1 cm). The waist-to-hip ratio (WHR) was calculated by dividing the waist circumference (measured at the midpoint between the lower border of the rib cage and the iliac crest) by the hip circumference (measured at the maximum circumference over the buttocks). Blood pressure was measured by averaging two readings taken using a sphygmomanometer.

Sample Collection and Preparation

Fasting blood samples (5 mL) were withdrawn from the antecubital vein. Blood samples were collected in plain vacutainers, fluoride vacutainers, and EDTA vacutainers. The plain vacutainers were incubated at 37°C for 30 minutes, and after clot formation, the serum was separated by centrifugation at 3000 rpm for 10–20 minutes. The serum was then collected in clean, dry test tubes for biochemical analysis.

Analysis of Samples

Serum Iron, Total Iron-Binding Capacity (TIBC), and Unsaturated Iron-Binding Capacity (UIBC) were estimated using a semi-automated chemistry analyzer via the Ferrozine method. Plasma Glucose was measured using standard methods, while Glycated Hemoglobin (HbA1c) was determined by boronate affinity chromatography using a NycoCard reader. The percentage transferrin saturation was calculated using the formula: serum iron (μg/dL) × 100 / TIBC (μg/dL)13.

Statistical Analysis

Data were documented in Microsoft Excel 2010 and analyzed using SPSS version 25. Z-tests were performed to compare the anthropometric and biochemical parameters between the T2DM and control groups. Graphs were plotted using GraphPad Prism version 7.






RESULTS

Out of 100 subjects 50 diagnosed cases of Type 2 Diabetes Mellitus (T2DM) and 50 age- and gender-matched healthy control subjects. This table 1 compares various anthropometric measurements, including weight, BMI, waist and hip circumference, waist-to-hip ratio, and blood pressure between T2DM patients and healthy controls. T2DM patients showed significantly higher values in all parameters, except height, compared to the healthy control group, with the differences being highly significant (p<0.001).

Table 1: Anthropometric parameters of T2DM patients and healthy control subjects
	Groups
	Weight (Kg)
	BMI (Kg/m²)
	Waist (cm)
	Hip (cm)
	Waist/Hip Ratio
	Systolic BP (mmHg)
	Diastolic BP (mmHg)

	Healthy Control Subjects (n=50)
	Mean: 54.8
	Mean: 23.39
	Mean: 75.92
	Mean: 95.78
	Mean: 0.79
	Mean: 142.58
	Mean: 79.86

	Diabetic Subjects (n=50)
	Mean: 63.92
	Mean: 27.22
	Mean: 82.30
	Mean: 99.62
	Mean: 0.83
	Mean: 120.58
	Mean: 90.86


*Extremely significant at p<0.001;  **NS- Non-significant

This table 2 compares key biochemical parameters, such as fasting blood glucose (FBS), HbA1c, serum iron, transferrin saturation, serum ferritin, TIBC, UIBC, and hemoglobin levels between T2DM patients and healthy controls. T2DM patients exhibited significantly higher values for FBS, HbA1c, serum iron, ferritin, and transferrin saturation, while TIBC and hemoglobin levels were significantly lower compared to healthy controls. The differences were statistically significant (p<0.001).



Table 2: Glycemic and Iron profile parameters of T2DM patients and healthy control subjects
	Groups
	FBS (mg/dL)
	HbA1c (%)
	Iron (μg/dL)
	TIBC (μg/dL)
	UIBC (μg/dL)
	% Saturation
	Ferritin (ng/mL)
	Hemoglobin (g/dL)

	Healthy Control Subjects (n=50)
	Mean: 87.18
	Mean: 4.57
	Mean: 111.84
	Mean: 326.18
	Mean: 214.34
	Mean: 35.7
	Mean: 190.94
	Mean: 12.7

	Diabetic Subjects (n=50)
	Mean: 212.1
	Mean: 9.24
	Mean: 134.66
	Mean: 300.16
	Mean: 165.5
	Mean: 42.08
	Mean: 400.24
	Mean: 12.13


*Statistically significant at p<0.05; ** Statistically extremely significant at p<0.001

The anthropometric parameters, including weight, BMI, waist circumference, hip circumference, waist-to-hip ratio, systolic and diastolic blood pressure, were statistically significantly (p<0.001) higher in Type 2 Diabetes Mellitus (T2DM) patients compared to healthy control subjects, as shown in Table 3.
Table 3: Showing the Comparative changes in anthropometric parameters of T2DM patients and healthy control subjects
	Groups
	Weight (Kg)
	Height (m)
	BMI (Kg/m²)
	Waist (cm)
	Hip (cm)
	Waist/Hip Ratio
	Systolic BP (mmHg)
	Diastolic BP (mmHg)

	Healthy Control Subjects (n=50)
	Min: 49
	Min: 1.45
	Min: 20.17
	Min: 70.10
	Min: 87.74
	Min: 0.69
	Min: 134
	Min: 75

	
	Max: 62
	Max: 1.65
	Max: 24.67
	Max: 79.50
	Max: 105.80
	Max: 0.89
	Max: 149
	Max: 85

	
	Mean: 54.8
	Mean: 1.53
	Mean: 23.39
	Mean: 75.92
	Mean: 95.78
	Mean: 0.79
	Mean: 142.58
	Mean: 79.86

	
	±SD: 3.37
	±SD: 0.05
	±SD: 1.05
	±SD: 2.29
	±SD: 4.06
	±SD: 0.04
	±SD: 3.75
	±SD: 2.78

	Diabetic Subjects (n=50)
	Min: 55
	Min: 1.46
	Min: 21.34
	Min: 76.66
	Min: 91.10
	Min: 0.75
	Min: 112
	Min: 86

	
	Max: 74
	Max: 1.65
	Max: 32.37
	Max: 89.49
	Max: 105.00
	Max: 0.94
	Max: 127
	Max: 96

	
	Mean: 63.92
	Mean: 1.54
	Mean: 27.22
	Mean: 82.30
	Mean: 99.62
	Mean: 0.83
	Mean: 120.58
	Mean: 90.86

	
	±SD: 5.00***
	±SD: 0.05NS
	±SD: 2.96***
	±SD: 3.82***
	±SD: 3.40***
	±SD: 0.04***
	±SD: 3.75***
	±SD: 2.58***


Statistical Significance: *** Extremely significant at p<0.001; NS Non-significant

The biochemical parameters, including fasting plasma glucose, HbA1c, serum iron, percentage transferrin saturation, and serum ferritin, were statistically significantly (p<0.001) higher, while the unsaturated iron-binding capacity (UIBC) was significantly (p<0.001) lower in T2DM patients compared to healthy controls. The total iron-binding capacity (TIBC) and hemoglobin levels were significantly (p<0.05) lower in T2DM patients compared to the control group, as shown in Table 4.


Table 4: Showing the Comparative changes in glycemic parameters and iron profile parameters of T2DM patients and healthy control subjects
	Groups
	FBS (mg/dL)
	HbA1c (%)
	Iron (μg/dL)
	TIBC (μg/dL)
	UIBC (μg/dL)
	% Saturation
	Ferritin (ng/mL)
	Hemoglobin (g/dL)

	Healthy Control Subjects (n=50)
	Min: 78
	Min: 4.2
	Min: 79.4
	Min: 267
	Min: 127.2
	Min: 20.75
	Min: 92
	Min: 10.9

	
	Max: 98
	Max: 4.9
	Max: 148.4
	Max: 401.5
	Max: 303.2
	Max: 52.48
	Max: 287
	Max: 14.9

	
	Mean: 87.18
	Mean: 4.57
	Mean: 111.84
	Mean: 326.18
	Mean: 214.34
	Mean: 35.7
	Mean: 190.94
	Mean: 12.7

	
	±SD: 12.13
	±SD: 0.21
	±SD: 21.45
	±SD: 46.52
	±SD: 65.29
	±SD: 10.91
	±SD: 55.64
	±SD: 1.04

	Diabetic Subjects (n=50)
	Min: 138
	Min: 7.0
	Min: 57.8
	Min: 133.8
	Min: 41
	Min: 18.87
	Min: 268
	Min: 9.1

	
	Max: 315
	Max: 13.4
	Max: 274.0
	Max: 447.1
	Max: 305.1
	Max: 78.31
	Max: 560
	Max: 14.5

	
	Mean: 212.1
	Mean: 9.24
	Mean: 134.66
	Mean: 300.16
	Mean: 165.5
	Mean: 42.08
	Mean: 400.24
	Mean: 12.13

	
	±SD: 48.92***
	±SD: 1.65***
	±SD: 42.06***
	±SD: 79.0*
	±SD: 70.57***
	±SD: 15.39***
	±SD: 64.28***
	±SD: 1.54*


Statistical Significance: *Statistically significant at p<0.05; *** Statistically extremely significant at p<0.001

DISCUSSION
In this study, we observed that anthropometric parameters such as body weight, BMI, waist circumference, hip circumference, waist-to-hip ratio, as well as systolic and diastolic blood pressure, were significantly higher in Type 2 Diabetes Mellitus (T2DM) patients compared to healthy, age- and gender-matched control subjects. This finding is consistent with previous studies, which have also reported elevated body weight and blood pressure in T2DM patients due to the metabolic disturbances associated with diabetes. Similar results have been observed in other South Asian populations, including Bangladesh, where the prevalence of T2DM is rising sharply, leading to increased obesity and hypertension rates in diabetic individuals14-18.
Regarding the iron profile, our study found that fasting blood glucose (FBG), HbA1c, serum iron, transferrin saturation, and serum ferritin were significantly increased in T2DM patients compared to the control group, while TIBC, UIBC, and hemoglobin levels were significantly decreased. These findings align with several studies that indicate an altered iron metabolism in T2DM patients, where iron overload and altered iron binding capacity are frequently observed19-23. In the context of Bangladesh, where the diabetes burden is steadily increasing, this association may reflect a crucial metabolic disturbance that contributes to disease progression. A similar relationship has been documented in other studies across different populations, suggesting that abnormal iron metabolism is a contributing factor to the development and exacerbation of diabetes.
There is a well-established bidirectional relationship between iron metabolism and T2DM. Dysregulated glucose metabolism impacts iron homeostasis, and vice versa. Elevated free iron levels are known to induce oxidative stress, generating reactive oxygen species (ROS) that can exacerbate inflammation and damage cellular structures. This oxidative stress, in turn, may contribute to the development of insulin resistance, a key pathophysiological feature of T2DM24-25. A study by Huang et al. (2015) demonstrated a negative association between serum ferritin and insulin sensitivity, further suggesting that excess body iron may be linked to reduced insulin action26. In line with this, Monteiro et al. (2016) found a strong association between increased ferritin levels and insulin resistance in prediabetic individuals in Brazil, supporting the hypothesis that iron overload may play a role in the pathogenesis of T2DM27.
Obesity, a known risk factor for T2DM, has also been shown to impact iron metabolism. The accumulation of fat cells in T2DM leads to the release of inflammatory cytokines that contribute to insulin resistance28. Our findings, which show elevated serum ferritin levels in T2DM patients, are consistent with studies reporting iron overload in individuals with Type 2 diabetes29-32. The free radicals produced via the Haber-Weiss and Fenton reactions initiate oxidative damage to cellular membranes, proteins, and DNA, further promoting the development of insulin resistance33,34. Additionally, the process of non-enzymatic glycation, where free iron contributes to the formation of advanced glycation end products (AGEs), is known to increase oxidative stress and impair insulin action. The increased synthesis of ferritin observed in this study likely reflects the body’s attempt to mitigate the harmful effects of free iron35.

CONCLUSION
In conclusion, the evaluation of iron profile in Type 2 Diabetes Mellitus (T2DM) patients in Bangladesh can provide valuable insights into the metabolic disturbances associated with the disease and its complications. Elevated iron levels and serum ferritin concentrations appear to be significant risk factors for the progression of T2DM and may contribute to various diabetic complications. Given the rising prevalence of diabetes in Bangladesh, it is crucial to address iron overload as part of comprehensive diabetes management. Strategies aimed at regulating iron metabolism, such as reducing excess iron, could potentially help mitigate the harmful effects of oxidative stress, improve glycemic control, and prevent long-term complications in T2DM patients.
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