
DISSERTATION SUBMITTED FOR THE MASTER’S DEGREE IN 

MEDICAL BIOCHEMISTRY 
 

 

TITLE 

 
 

SERUM IRON AND TOTAL IRON BINDING CAPACITY IN 

HYPERTENSIVE PATIENTS AND CONTROL SUBJECTS 

 
 

SUBMITTED 

BY 

SUDHAKAR SINGH 

 2023 

 
DEPARTMENT OF BIOCHEMISTRY 

INTEGRAL INSTITUTE OF MEDICAL SCIENCES AND 

RESEARCH 

FACULTY OF HEALTH & MEDICAL SCIENCES  

 INTEGRAL UNIVERSITY 

 LUCKNOW-226026, U.P 



INTEGRAL INSTITUTE OF MEDICAL SCIENCES AND 

RESEARCH INTEGRAL UNIVERSITY, LUCKNOW 

 

 

TITLE 

SERUM IRON AND TOTAL IRON BINDING CAPACITY IN HYPERTENSIVE 

PATIENTS AND CONTROL SUBJECTS 

A 

DISSERTATION 

SUBMITTED 

In partial fulfillment of the requirement for the award of degree of 

Master of Science 

In 

Medical Biochemistry 

By 

SUDHAKAR SINGH 

Enrollment No: 2000101980 

 

 

 
GUIDE CO-GUIDE 

 

 
Dr. Priyanka Thapa Manger Dr. R. K. Khare 

Assistant Professor Professor & HOD 

Department of Biochemistry Department of General Medicine 

IIMS& R, Integral University  IIMS& R, Integral University 

Lucknow (U.P.) Lucknow (U.P.)  

 

 

DEPARTMENT OF BIOCHEMISTRY 

INTEGRAL INSTITUTE OF MEDICAL SCIENCES AND RESEARCH 



DEPARTMENT OF BIOCHEMISTRY 

Integral Institute of Medical Sciences 

& Research 

Dashauli, Kursi Road, Lucknow-226026 

 

CERTIFICATE 

 

This is to certify that Mr. Sudhakar Singh student of M.Sc. Medical Biochemistry, 

Integral University has completed his dissertation titled “Serum Iron and Total Iron 

Binding Capacity in Hypertensive Patients and Control Subjects” successfully. He has 

completed this work from the Department of Biochemistry, Integral Institute of Medical 

Sciences and Research, Integral University under my supervision. The dissertation was a 

compulsory part of his M.Sc. Degree. 

 

I wish him good luck and a bright future. 

 

 

 
 

 

 

 

 

 

 

Guide 

 

 

Dr. Priyanka Thapa Manger 

Assistant Professor 

Department of Biochemistry 

IIMS& R, Integral University 

L u c k n o w  (U.P.) 

 

 



DEPARTMENT OF BIOCHEMISTRY 

Integral Institute of Medical Sciences 

& Research 

Dashauli, Kursi Road, Lucknow-226026 
 

 

 

CERTIFICATE 

This is to certify that Mr. Sudhakar Singh student of M.Sc. Medical Biochemistry, 

Integral University has completed his dissertation titled “Serum Iron and Total Iron 

Binding Capacity in Hypertensive Patients and Control Subjects” successfully. He has 

completed this work from the Department of Biochemistry, Integral Institute of Medical 

Sciences and Research, Integral University under the guidance of Dr. Priyanka Thapa Manger. 

The dissertation was a compulsory part of his M.Sc. Degree. 

 

I wish him good luck and a bright future. 

 

 

 

 

 

 

 

 
 

 

 

Dr. Roshan Alam  

Professor & Head 

Department of Biochemistry  

 IIMS& R, Integral University 

Lucknow (U.P.)  



DEPARTMENT OF GENERAL MEDICINE 

Integral Institute of Medical Sciences 

& Research 

Dashauli, Kursi Road, Lucknow-226026 

 

CERTIFICATE 

This is to certify that Mr. Sudhakar Singh, student of M.Sc. Medical Biochemistry, 

Integral University has completed his dissertation titled “Serum Iron and Total Iron 

Binding Capacity in Hypertensive Patients and Control Subjects” successfully under my co- 

supervision. The dissertation was a compulsory part of his M.Sc. Degree. 

 

I wish him good luck and a bright future. 

 

 

 

 

 

 

 

 

 

 
Co-Guide 

 
 

Dr. R. K. Khare 

Professor & HOD 

Department of General Medicine 

IIMS& R, Integral University 

Lucknow (U.P.)  



DEPARTMENT OF BIOCHEMISTRY 

Integral Institute of Medical Sciences 

& Research 

Dashauli, Kursi Road, Lucknow-226026 
 
 

 

 

COPYRIGHT 

Declaration by the Candidate 

I hereby declare that Integral Institute of Medical Sciences & Research, Integral 

University, Lucknow shall have the right to preserve, use, and disseminate this 

dissertation in print/ electronic format for academic/ research purposes. 

I will publish the research paper related to my dissertation only with the consent of 

my guide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Date:  Sudhakar Singh 

 
Place: 



ACKNOWLEDGEMENT  

 
First and foremost, I would like to express my gratitude and appreciation to 

a higher power for the strength, patience, and confidence bestowed upon me, 

which enabled me to successfully complete my research work. 

I am extremely grateful thanks to Hon’ble Chancellor, Integral University, Prof. 

S.W. Akhtar for his encouragement and motivation. I am extremely grateful thanks 

to Hon’ble Pro-Chancellor, Integral University, Dr. Syed Nadeem Akhtar for his 

encouragement and motivation. I am also thankful to Hon’ble Vice Chancellor, 

Integral University, Prof. Javed Musarrat for providing all necessary facilities 

that made it possible to complete this work in a timely manner. 

I place on record, my sincere thank you to Mr. Syed Fauzan Akhtar, Executive 

Director (IIMSR, IIAHSR & IINSR) and Dean, IIMSR, Prof. Abha Chandra, for 

her support and encouragement.  

I consider myself incredibly fortunate to have this opportunity to share my 

heartfelt words of gratitude for the individuals whose guidance, inspiration, 

motivation, and unwavering support made this project possible. Very firstly and 

most respectfully I wish to express my deep and sincere gratitude to my guide Dr. 

Priyanka Thapa Manger, Assistant Professor, Department of Biochemistry. I am 

also thankful to my respected Head of Department, Dr. Roshan Alam, 

Department of Biochemistry for guiding and helping me in all the ways to make it 

a success. 

I am extremely grateful to pay my deep sense of gratitude and indebtedness 

to my co-supervisor, Dr. R. K. Khare, Professor, Department of General Medicine 

IIMSR for his unfailing support, valuable suggestions & for providing all 

necessary facilities that made it possible to complete this work in timely manner. 

I am highly obliged to Dr. Saba Khan, Associate Professor, and Dr. 

Mustufa Khan, Head of the Basic Medical Sciences, for his valuable guidance, 

which has promoted my efforts in this dissertation work. 

 

 



I am highly thankful to Dr. Ausaf Ahmad, Statistician cum Associate 

Professor of Community Medicine, for his keen interest, valuable guidance & 

statistical analysis in the proposed dissertation work. 

My cordial and sincere thanks to all my non-teaching staff for giving me 

valuable academic suggestions, encouragement and reliable help during my 

academic course I would also like to thanks my lab members who have played an 

important role in my project. 

I would also pay my special thanks and appreciation to all my friends and 

colleagues especially Ramashish Kushwaha, Poornima Dubey, Arnold Ratemo 

Muluhya, Smita Singh, Shanti Gupta and Ankita Verma who were always there 

to help me in any kind of situation, help around all the year and with their wishes 

for providing me moral support and timely help, whenever I was able to overcome 

every barrier that stood in my achievement of my thesis work. 

This page will never complete without returns to my mother Mrs. Sunaina 

Devi, whose intellectual boosting, motivation, spiritual support and care led me to 

translate this task into success, my father Mr. Upendra Kumar Singh whose 

ultimate guidance helped me to complete this work.  My loving brother Vibhaker 

Singh for his untiring help in collection of study material and motivational support 

Finally, I would like to have blessing and best wishes of all of you so that I 

could prove the potential knowledge acquired through this university and the 

dissertation worthy in my life. 

 

 

 

 

 

 

 

(Sudhakar Singh) 



LIST OF ABBREVIATIONS 
 

 

 

 

WHO - World health organization 

WHF - World Health Federation 

JNC - Joint National Organization 

TIBC - Total Iron Binding Capacity 

CVD - Cardiovascular disease 

AHA - American Heart Association 

BHS - British Hypertension Society 

ACC - American College of Cardiology 

OPD - Outpatient department 

FNB - Food and Nutrition Board 

   



CONTENTS 
 

 

 

S. No. Particulars Page NO. 

1. INTRODUCTION 1-5 

2. REVIEW OF LITERATURE 6-23 

3. AIM & OBJECTIVES 24 

4. MATERIALS AND METHODS 25-31 

5. OBSERVATIONS AND RESULTS 32-36 

6. DISCUSSION 37-38 

7. SUMMARY AND CONCLUSION 39-41 

8. REFERENCES 42-52 

9. ANNEXURES  

 

a) Proforma 

b) Consent Form 

c) Institutional Ethics Committee Certificate 

d) Plagiarism Check Certificate 

 



 

 

 

 

 

 

 

 

 

 
 

 

 

 

INTRODUCTION 



1 

 

A long-term medical condition called hypertension is characterized by persistently elevated 

arterial blood pressure readings compared to the range that is considered normal. According to the 

American Heart Association (AHA) and the American College of Cardiology (ACC), hypertension 

is defined as having a diastolic blood pressure of 80 mmHg or more and/or a systolic blood 

pressure of 130 mmHg or more (Whelton et al., 2022). These values indicate the threshold for 

diagnosing hypertension in adults. It's crucial to remember that the precise diagnostic standards 

and therapeutic goals may change depending on a number of factors, including age, presence of 

other medical conditions, and individual risk factors. Stroke, heart attack, and other problems are 

all caused by coronary artery disease, with hypertension being a major risk factor and commonly 

managed through lifestyle modifications and medication (Iqbal AM et al., 2022). 

The condition of hypertension also referred to as higher or raised blood pressure, is 

characterized by persistently increased artery pressure (World Health Organization, 2013). 

Hypertension, often referred as "silent killer," is a condition that typically does not present 

noticeable warning signs or symptoms. Even when blood pressure levels are significantly elevated, 

many individuals may not experience any noticeable signs of the condition. However, in some 

cases, a few people may encounter certain symptoms such as dull headaches, vomiting, dizziness, 

or more frequent nosebleeds. It is crucial to understand that these signs are not unique to 

hypertension and can be brought on by a variety of different conditions. That is why hypertension 

is often undiagnosed until it is measured during routine medical check-ups (Joint National 

Commission 8, (2018)). 

These symptoms often manifest when blood pressure levels have escalated to a severe or 

life-threatening stage. It is significant to emphasize that primary or essential hypertension affects 

around 90% of individuals with high blood pressure. Unknown causes of increased blood pressure 

are referred to as primary hypertension. And about 10% of those with high blood pressure also 

have secondary hypertension, which is brought on by an underlying illness or medication. 
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Determining the base cause of secondary hypertension is crucial for appropriate management. 

Regular blood pressure monitoring and early intervention are vital for both primary and secondary 

hypertensions to prevent complications and ensure optimal health (Saseen et al., 2014). 

According to the World Heart Federation (WHF) report in 2015, hypertension is indeed considered 

the most significant cause of premature death globally. The report estimated that around 970 

million individuals worldwide were living with high blood pressure at that time. Furthermore, it is 

projected that the prevalence of hypertension will continue to rise, with an increasing number of 

affected individuals by 2025 (Kearney PM et al., 2005). 

Regarding the distribution of hypertension based on gender and age, the overall occurrence 

is generally similar between males and females. However, there are some variations observed with 

increasing age. Typically, around the age of 45 years, high blood pressure becomes more common 

in both men and women. However, compared to men in the same age group, women tend to have 

a greater risk of hypertension when they approach the age of 60 and the elderly (Saseen et al., 

2014). 

On a worldwide scale, hypertension is regarded as the main risk factor for fatalities and disability. 

In 2016, it was responsible for causing more than 10.5 million deaths worldwide (Lancet et al., 

2017).  

By 2025, hypertension is predicted to be present in 29.2% of people worldwide, up from 

26.4% in 2000 (Kearney et al., 2005). Indeed, reduced worldwide disease burden and death from 

cardiovascular disease can be achieved by the detection and treatment of hypertension (Zhu Y et 

al., 2019). 

According to (Lawes et al., 2008, Ong et al., 2007, Burt et al., 1995) reports, High blood 

pressure affects about 1 billion people globally, including 50 million Americans, indicating the 

need for some form of treatment. Even when it is within the ideal range, high blood pressure 

continues to be the greatest risk factor for death worldwide. Every year, uncontrolled hypertension 
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is thought to be the cause of 7.6 million fatalities. These statistics emphasize the urgent 

requirement for effective measures to diagnose, manage, and control hypertension to mitigate its 

significant impact on public health and reduce the associated mortality rate (Lawes et al., 2008). 

As the demands and acceptance towards life continue to increase, hypertension is becoming a 

more prevalent health concern than other significant medical and public health issues. In many 

developed countries, individuals of higher age generally exhibit higher blood pressure levels (John 

et al., 2011). In populations over 60, hypertension is prevalent at high rates (60-80%). 

Around the age of 50 to 55, both naturally hypertensive and untreated hypertension 

individuals frequently experience a decrease in diastolic blood pressure and rise in systolic blood 

pressure. Because of this, elderly hypertension patients have higher systolic and pulse pressures, 

which are important indicators of how they will fare (Azizi et al., 2003). 

In a global analysis of hypertension burden, in 2005, it was identified that 20.6% of Indian 

men and 20.9% of Indian women had hypertension. These rates are expected to rise to 22.9% for 

Indian men and 23.6% for Indian women by 2025. It is important to note that hypertension is 

prevalent among patients with congestive heart failure, with up to 75% of hospitalized heart failure 

patients having hypertension as a contributing factor (Adams et al., 2005). Systolic blood pressure 

was reduced in the majority of effective heart failure trials to 110 to 130 mm Hg (Atkins et al., 

2011). 

In India, a significant proportion of deaths, with 57% attributed to stroke and 24% to coronary 

artery disease, are directly linked to hypertension. This highlights the strong association between 

hypertension and these cardiovascular conditions, emphasizing the critical role of hypertension as 

a risk factor in causing adverse health outcomes (Gupta R et al., 2004). 

It is estimated that a large percentage, roughly 46%, of persons with hypertension are 

uninformed about their medical condition. The problem of hypertension is rapidly increasing due 

to drastic changes in diet and lifestyle, emphasizing the need for effective preventive measures. 
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There are two forms of hypertension, Primary (essential hypertension) that are responsible for 

90% of instances, & hypertension accounts for 10% of cases due to other identified diseases (Porth 

C.M., Saladin K.S, 2017). 

Based on evidence from various studies, including the research conducted by Packer et al. in 

(2002), it has been suggested that achieving a systolic blood pressure of <120mm Hg may be 

beneficial for certain patients. Consequently, the current recommendations for blood pressure 

targets in heart failure include aiming for a target of <120/80mmHg (Atkins et al.,2011). 

Cardiovascular disease (CVD) and blood pressure are directly and clearly associated with 

each other in individuals of all genders, ages, races, ethnic groups, and countries, despite the 

existence of additional cardiovascular disease risk factors (Perkovic, V., et al., 2007). 

Research-based on observations has demonstrated a progressive and linear increase in 

death from cardiovascular disease as soon as systolic and diastolic blood pressure exceed 

115mmHg and 75mmHg, respectively (Mills et al., 2020). For every 20mm Hg systolic or 10mm 

Hg diastolic elevation of blood pressure in people aged 40 to 89, the mortality from ischemic heart 

disease and stroke doubles in every age group (Lenfant et al., 2003). 

Iron is an essential component for nearly every living organism, playing a crucial part in 

multiple metabolic activities such as oxygen transfer, erythropoiesis (red blood cell creation), the 

synthesis of DNA, and electron flow (Abbaspour N et al., 2014). The body stores iron as the non-

soluble protein ferritin, which is found inside cells. Transferrin facilitates the movement of ferritin, 

which is mostly found in the bone marrow, spleen, and liver, throughout the body. (Wood RJ et 

al., 2005). 

Ferritin is present in all cells of the body, serving as a reserve of iron. While most ferritin is 

intracellular, small amounts are also secreted into the serum, where it contributes to the formation 

of essential proteins such as hemoglobin, myoglobin, and transferrin (Sahana et al., 2020). 

According to the recommendations of the Food and Nutrition Board (FNB), for individuals 

 



5 

 

aged 19 to 50, an adequate daily intake of iron is 8 milligrams for males and 18 milligrams for 

women. The higher recommended intake for women and during pregnancy, which is 27 mg, is due 

to factors such as blood loss through menstruation and a woman's need for iron increases during 

pregnancy to sustain the fetus's rapid growth and the greater blood flow that is needed. Similarly, 

while breastfeeding, the recommended intake is 9 mg to support the nutritional needs of both the 

mother and the breastfeeding infant (Russell, R. et al 2001). 

In the human body, iron is typically present in complex forms that are associated with 

proteins called hemoproteins. These haemoprotein include heme compounds such as hemoglobin 

and myoglobin, as well as nonheme compounds like transferrin and ferritin. Transferrin, a 

glycoprotein, is produced in the liver. In the plasma, the concentration of transferrin is 

approximately 300 mg/dL, which is adequate to transport around 300 micrograms of iron per 

deciliter of plasma (Rodwell et al., 2015). 

Normal Reference Values of Serum Iron - Males = 60 - 160 µg/ dl, Females = 35 - 145µg/dl. 

In a longitudinal study, it was observed that a high iron load, indicated by elevated ferritin 

levels, was accompanied by a decrease in Total Iron Binding Capacity (TIBC). Interestingly, the 

occurrence of hypertension was found to be favorably correlated with ferritin (iron) and TIBC 

levels despite their negative connection. It indicates that the pathophysiology of hypertension may 

be influenced by iron status, as indicated by ferritin and TIBC. To further understand the 

underlying mechanisms and the connection between iron levels, metabolism of iron, and the onset 

of hypertension, more research is nonetheless required. (Kim MK et al., 2012). 

Normal Reference Values of TIBC = 250 – 400 µg/dl. 
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An arterial blood pressure value of >140/90 mmHg is considered hypertension according 

to the British Hypertension Society. 

A medical disorder called hypertension sometimes referred to as high blood pressure or HTN is 

defined by unusually elevated arterial levels of blood pressure. The Joint National Committee 7 

(JNC7) describes normal blood pressure as having a systolic pressure of less than 120 mmHg and 

a diastolic pressure of less than 80 mmHg. A systolic blood pressure of at least 140 mmHg 

and/or diastolic blood pressure of at least 90 mmHg indicate hypertension (Chobanian A. et al., 

2003). This disorder can harm several organs over time and greatly raise the risk of morbidity and 

fatality. Cardiovascular disease, neurologic disease (which includes strokes), and kidney disorders 

are all directly related to hypertension. The long-term effects of hypertension can be detrimental 

to overall health and well-being. It is important to manage hypertension through appropriate 

interventions, including lifestyle modifications and medications, to mitigate the associated risks 

and prevent complications (Obeagu, Emmanuel, 2020). 

The Joint National Commission 7 states that there is widespread consensus regarding 

hypertension as a qualitative rather than a quantitative disorder. In other words, it is characterized 

by elevated blood pressure levels rather than specific qualitative abnormalities. In the present 

scenario, one of the most prevalent diseases in primary care is hypertension. (Achala et al., 2014). 

Nearly one-third of all fatalities worldwide, or 17 million per year, are caused by coronary 

artery disease. Worldwide, hypertension is responsible for 9.4 million fatalities per year. 

According to the World Health Organization (2013), hypertension is primarily accountable for 

51% of mortality from a stroke and 45% of deaths from heart disease. The ninety-five percent 

confidence interval for the incidence of hypertension in 2017 was between 44.6% to 51.94%, with 

an average of 48.2%. 58.1% of men and 44.5% of women are affected (Joint National commission 

8, (2018)). Population increase, aging, and behavioral risk factors like a poor diet, inactivity, being 

overweight, alcohol excessively, and stress are all associated with hypertension. (World health 

organization, 2013). 
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Many people who are impacted by hypertension and its harmful health effects also face 

additional risk factors. Complications are more likely to occur in people with high blood pressure 

if they have certain risk factors including cardiovascular disease, stroke, being obese, diabetes, 

elevated cholesterol levels, and using tobacco products. (World health organization, 2013). 

As people get older, the prevalence of hypertension rises to a level where over fifty percent 

of those between the ages of 60 and 69 and around three-quarters of those over the age of 70 are 

affected. With advancing years, hypertension's incidence and prevalence both rise with age. Those 

who are 55 years of age and elderly with normal blood pressure have a 90% lifetime probability 

of getting hypertension (Lionakis et al., 2012). 

According to multiple studies, 70% of those who experience a cardiac event for the first time and 

80% of those who experience their first stroke both have high blood pressure. (Joint National 

commission 8, (2018)). 

CRITERIA FOR HYPERTENSION 

According to the 8th report of Joint National Committee (JNC), guidelines for the diagnosis of 

hypertension in individuals aged 18 years and above is defined as below-(Chobanian et al., 2021). 

Table-1 Guidelines for diagnosis of hypertension as per JNC 8 

DIAGNOSIS CATEGORIES 
 SYSTOLIC 

(mmHg) 

  DIASTOLIC 

  (mmHg) 

Normal <120                   and       < 80 

Pre- Hypertension 120-139               and/or     80-89 

First stage hypertension 140-159               and/or     90-99 

Second stage hypertension ≥160                 and/or      ≥100 
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CLASSIFICATION OF HYPERTENSION 

Classification based on causes (Joint National commission 8,(2018)) 

1. Primary hypertension 

 Also referred to as Essential Hypertension 

 Unidentified causes 

 It can't be cured, but with the right treatment, such as a healthy lifestyle and proper medication, 

the consequences can be managed. 

 90% of individual that have high blood pressure suffers from primary hypertension (Saseen 

and MacLaughin, 2014). 

2. Secondary hypertension 

 Kidney impairment is most important cause of secondary hypertension. 

 Secondary hypertension can be controlled by managing underlying medical issues, such as 

kidney disease, tumors of the adrenal glands, and consumption of alcohol. 

 Secondary hypertension, in contrast to primary hypertension, has a tendency to manifest 

abruptly and frequently leads to elevated blood pressure levels. 

 10% of people with high blood pressure also have secondary hypertension. (Saseen and 

MacLaughin, 2014). 

CLASSIFICATION BASED ON AGE 

Table-2 Classification of hypertension according to age (Iqbal et al., 2019) 

AGE 
BLOOD PRESSURE (SYSTOLIC/ 

DIASTOLIC) 

<60 years old <140/90 mmHg 

>60 years old <150/90mmHg 
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ADDITIONAL TYPES OF HYPERTENSION 

Other classification of hypertension according to (Joint National commission 7, (2004)) 

 Masked hypertension  

 It is a reflection of white-coat hypertension. (Pickering et al., 2011). 

 Normal blood pressure of less than 140/90 mmHg combined with an increased daytime blood 

pressure of more than 135/85 mmHg is referred to be "masked hypertension." (Pickering et al., 

2011). 

 Lifestyle factors can contribute to this phenomenon, such as the consumption of alcohol, 

tobacco, caffeine, and the level of physical activity outside of the clinic or office (Pickering et 

al., 2011). 

 White coat hypertension  

 Blood pressure readings taken in a medical context might not always show an increased 

reading. Blood pressure readings taken in different settings, including the workplace, didn't 

indicate an increase. (Pickering et al., 2011).  

 White coat hypertension or isolated office hypertension is the term used when this occurrence 

appears in subjects who do not use medication. (Pickering et al., 2011). 

 It occurs more frequently in elderly men and women. (Pickering et al., 2011). 

 Pseudo hypertension 

 With growing age, the peripheral muscular arteries can undergo significant changes, including 

advanced arteriosclerosis and calcification. This can result in increased rigidity of the arteries, 

requiring the cuff pressure to be higher in order to effectively compress them during blood 

pressure measurement. Consequently, this can lead to falsely high blood pressure readings 

(Pickering et al., 2011). 
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 Clinical detection of this condition can be challenging, and as a result, patients with white coat 

hypertension or isolated office hypertension may be susceptible to receiving high 

antihypertensive medicine dosages (Nurdini et al., 2020). 

 Approximately 2.5% of people aged 65 or older are thought to be at risk for pseudo-

hypertension. (Anzal et al., 1996). 

 Resistant hypertension 

 True resistant hypertension is quite rare. (Atkins et al., 2011). 

 Orthostatic hypertension 

 This condition is defined as a decline in the diastolic and systolic blood pressure of a minimum 

of 10 and 20 mmHg, respectively, within three minutes of standing up. (Naschitz et al., 2007). 

 Usually, symptoms are not seen in orthostatic hypertension, but some time few symptoms 

might be accompanied like cognitive impairment, faintness, feeling lightheaded, and vision 

blurring (Jordan et al., 2020). 

 Among these patients, significant changes in blood pressure occur, leading to episodes of 

fainting or syncope due to profound hypotension upon standing, and they may experience 

severe hypertension when in a supine position (Ogedegbe et al., 2011). 

 Supine hypertension in these individuals can lead to serious complications, including the 

development of left ventricular hypertrophy and an increased risk of stroke (Palma et al., 2020) 
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CAUSES OF HYPERTENSION 

According to (Joint National commission 8, (2008)) the causes of hypertension is- 

Table-3 Identifiable causes of hypertension. 

KNOWN CAUSES OF HYPERTENSION 

Chronic kidney disease 

An aortic coarctation 

Cushing's syndrome 

Obstruction of the urinary tract 

Pheochromocytoma 

Disorders of the thyroid and parathyroid 

 

 Primary hypertension  

Unknown causes 

 

 Secondary hypertension 

Table-4 Secondary causes of hypertension  

SECONDARY CAUSES OF HYPERTENSION 

Kidney disease 

Congenital blood vessel disorders 

Adrenal gland tumors 

Alcohol 

Thyroid disease  

Non-steroidal, anti-inflammatory drugs (e.g. ibuprofen, naproxen) 
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ACTORS ASSOCIATED WITH THE DEVELOPMENT OF ELEVATED 

BLOOD PRESSURE AND ITS RISK FACTORS 

 

Figure-1 Factors associated with the development of increased blood pressure (World health 

organization, 2013). 

 

COMPLICATIONS OF HYPERTENSION 

 Cardiovascular Diseases 

 Cardiovascular disorders that include, heart attacks, coronary artery disease, heart failure, and 

stroke all have hypertension as a vital risk factor. Elevated blood pressure can damage blood 

vessels, leading to the formation of plaque, restricted blood flow, and increased strain on the 

heart (Biswas, S., Dastidar, 2003).  

 Coronary artery disease (CAD), according to the Centres for Disease Control and Prevention 

(CDC), is the most common form of cardiovascular disease and occurs when there is a build-

up of coronary artery plaque in the vessels that carry blood to the heart muscle. Hypertension 

is a major risk factor for the development and progression of coronary artery disease. Over 

time, the plaque can narrow the arteries, reducing blood flow and increasing the risk of a heart 

attack (Shahjehan RD et al., 2023). 
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 A heart attack, medically referred to as a myocardial infarction, happens when there is a sudden 

interruption of blood supply to a specific part of the heart muscle. Hypertension increases the 

strain on the arteries and can contribute to the development of plaques and the risk of a heart 

attack. Hypertensive individuals are at a higher risk of experiencing heart attacks (Biswas, S., 

Dastidar, 2003) 

 Stroke 

 Hypertension is a leading cause of stroke. Across the body, high blood pressure affects blood 

vessels, including those in the brain. Weakened or narrowed blood vessels in the brain can 

rupture or become blocked, depriving the brain of oxygen and nutrients. This can result in an 

ischemic stroke (caused by a blockage) or a haemorrhagic stroke (caused by bleeding) (Xiao 

Z. et al., 2020) 

 Similary to coronary events, there exists a logarithmic relationship between systolic as well as 

diastolic blood pressure and the occurrence of stroke (Wong et al., 2002). 

 Approximately 60% of individuals who experience strokes have a previous history of 

hypertension, and among those who have hypertension, 78% of people have not been able to 

adequately regulate their blood pressure. (Droste et al., 2003). 

 Blood pressure and various types of stroke interact in relatively different ways. (Pickering et 

al., 2011). 

 The term "lacunar infarcts" refers to a large component of cerebral infarcts, which arise from 

lesions in small arteries that penetrate the deeper layers of the cerebral cortex, and 

approximately 70% of individuals who experience these types of infarcts have a history of 

hypertension (Fisher et al., 1979). 

 Although only 50% of individuals with infarcts of the big cranial and extracranial arteries have 

hypertension, it is still the most significant risk factor. Infarcts of these arteries are more closely 

associated with atherosclerosis (Cole et al., 2017). 
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 After a stroke, blood pressure tends to increase quickly, and it is believed that this reaction 

helps to sustain brain perfusion in the infarct's penumbra zone (Droste et al., 2003). 

 Younger patients having hypertension of systolic and diastolic and patients over 60 with 

isolated systolic hypertension have shown that treating hypertension reduces stroke risks by 

35% to 44%. (Goldstein et al., 2006)  

 In the treatment of hypertension, β-blockers are thought to be slightly less effective compared 

to other medication classes at preventing stroke. (Lindholm et al., 2005). 

 There is some evidence suggesting that angiotensin-receptor blockers may be more effective 

in the treatment of hypertension (Abraham et al., 2015). 

 Heart failure 

 A significant factor of heart failure is blood pressure (Pickering et al., 2011). 

 The risk of hypertension is twice as high in hypertensive males compared to normotensive 

males, and three times as high in hypertensive females. A history of past hypertension is also 

linked to 90% of new instances of cardiac failure (Mills et al., 2020). 

 Systolic blood pressure is more strongly linked to this risk than diastolic blood pressure (Haider 

et al., 2003). 

 In elderly people, treating hypertension reduces the risk of heart failure by about 50%. 

(Lionakis et al 2012). 

 Up to 74% of heart failure cases in people with hypertension are thought to be caused by 

diastolic heart failure (Vasan et al., 1995). 

 Patients diagnosed with diastolic heart failure exhibit increased arterial stiffness, particularly 

in the aorta, which can lead to amplified wave reflection from the periphery. This, in turn, 

contributes to elevated central aortic systolic pressure and decreased diastolic pressure 

(Hundley et al., 2001). 
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 Chronic kidney disease 

 Uncontrolled hypertension can significantly increase the risk of renal (kidney) complications 

(Pugh et al., 2019). 

 This is significant for two reasons: firstly, chronic kidney disease is a significant outcome of 

hypertension, and secondly, it is causally related to a substantially increased risk for heart 

disease (Ogedegbe & Pickering, 2011). 

 In numerous research, it has been demonstrated that there is a significant association between 

blood pressure & the risk of getting end-stage renal disease (ESRD) (Hsu et al., 2005). 

 In obesity 

 It is thought that increased renal sympathetic nervous system activity plays a significant role 

in the process behind obesity-related hypertension (Lohmeier et al., 2013). 

 With increasing weight, renal sodium resorption increases, leading to impaired pressure 

natriuresis and the development of excessive blood pressure, which is partially attributed to 

the activity of the renal sympathetic nervous system (John et al., 2011). 

 Several studies have indicated that the combined blockade of alpha and beta-adrenergic 

receptors effectively reduces hypertension linked with obesity (Jiang et al., 2016). 

 The sympathetic nervous system is more active in the kidneys and other tissues in obese people, 

as seen by higher tissue catecholamine overflow and other measurements (Hall et al., 2003). 

 In diabetes 

 Patients with hypertension are more likely to have diabetes, and having both ailments together 

greatly raises the risk of both diseases' consequences. (Atkins et al., 2011). 

 Blood pressure readings of >140/90 mmHg are seen in more than half of diabetics (Khangura 

et al., 2000). 
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 More than 35% of people with hypertension also have diabetes, and 75% of people with 

diabetes are either taking medication or have a blood pressure that is above the ideal range of 

130/80mmHg (Aronow et al., 2018). 

 Diabetes is the main risk factor for end-stage renal disease (ESRD). An increased risk of getting 

ESRD is closely associated with raised blood pressure, and The onset of kidney disease is 

slowed by reducing blood pressure (Atkins et al., 2011). 

 Thus, most antihypertensive agents are now recommended for use in individuals with diabetes 

who do not have neuropathy and albuminuria (Khangura et al., 2000). 

 In eye problems 

 Hypertension can affect the blood vessels in the eyes, leading to conditions such as 

hypertensive retinopathy, which can cause vision impairment or even vision loss. 

Figure-2 The main complications induced by hypertension (polygenic substrate): LVH—left 

ventricular hypertrophy; CHD—coronary heart disease; HF—heart failure. (Luca et al.,2021) 
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SYMPTOMS OF HYPERTENSION 

Table-5 Symptoms of hypertension (Joint National commission 8, (2018)) 

SYMPTOMS OF HYPERTENSION 

o Dull headache 

o Chest Pain 

o Shortness of breath 

o Dizzy sleep 

 

o Nosebleed 

 

o Vomiting 

 

PATHOPHYSIOLOGY OF HYPERTENSION 

The body demands iron for a number of physiological functions, including the production 

of blood & the transportation of oxygen. Iron overload disorders, such as hereditary 

hemochromatosis, has been linked to a higher risk of hypertension. However, further research is 

needed to determine exactly how excess ferritin causes hypertension (Abbaspour et al., 2014) 

One proposed mechanism is that iron overload can lead to dysfunction in endothelial cells, 

oxidative stress & inflammation, which can impair the normal functioning of blood vessels and 

contribute to the development of hypertension. Additionally, iron may affect the renin-angiotensin-

aldosterone system (RAAS), a hormonal pathway involved in blood pressure regulation, although 

the specific interactions are not fully understood (Abbaspour et al., 2014). 

The pathophysiology of hypertension involves two main factors: hormonal mechanisms 

like as the RASS (renin-angiotensin-aldosterone system) and disturbances in electrolyte balance 

(including sodium, potassium, and chloride). Natriuretic hormones can lead to elevated sodium 

concentrations in cells, resulting in increased blood pressure. In order to regulate arterial blood 

pressure, the RASS is essential (Fountain JH et al., 2023). 
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Angiotensin II & aldosterone are two hormones involved in the RAAS (renin-angiotensin-

aldosterone system). Angiotensin II causes vasoconstriction, increases the release of 

vasoconstrictive chemicals, and stimulates aldosterone production. The vasoconstriction leads to 

increased peripheral resistance and elevated blood pressure. The hormone aldosterone, which is 

generated by the adrenal glands, makes it easier for the kidneys to reabsorb water and sodium, 

increasing the volume of blood and, as a result, high blood pressure (Oparil S. et al., 2018). 

IRON AND TIBC 

In living things, iron is essential for several metabolic activities including transport of 

oxygen, erythropoiesis, synthesis of DNA, and transportation of electrons. It is a protein found 

inside cells that are kept in the body as ferritin. They are typically found in the bone marrow, liver, 

and spleen and are stored in an insoluble form. Transferrin transports them throughout the body 

(MacCord J. Iron et al., 1998). 

All body cells contain ferritin, which serves as a reservoir of iron in the body and is secreted in 

minute quantities into the serum for the production of hemoglobin, myoglobin, & transferrin 

(Sahana et al., 2020). 

According to the FNB (Food and Nutrition Board) recommendations, daily recommended 

iron intake through food for adults aged 19-50 years is 18 milligrams for females, 8 milligrams for 

males, 27 milligrams for pregnant women, & 9 milligrams for breastfeeding females. The more 

advised dosages for women and during pregnancy are attributed to factors such as menstrual blood 

loss and the increased blood circulation required for the fetus's rapid development (Russell, R. et 

al 2001). 

The majority of the iron in the human body is found in intricate forms that are attached to 

proteins (hemoproteins) as heme compounds (hemoglobin or myoglobin) or nonheme compounds 

(ferritin, transferring, & ferritin). Glycoprotein called transferrin is primarily synthesized in the 

hepatic system. By binding to iron and assisting its distribution throughout the entire body, it plays 
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a crucial role in iron transportation and homeostasis. The concentration of transferrin in the plasma 

is approximately 300 mg/dL (Ems T et al., 2023). 

Iron is an essential mineral involved in various physiological processes, including the 

synthesis of red blood cells and oxygen transport. However, excessive iron can lead to oxidative 

stress and tissue damage. Iron metabolism is tightly regulated by the body to maintain a balance 

between iron absorption, storage, and utilization (Abbaspour et al., 2014). 

Many people believe that iron's chemical characteristics account for its biological 

significance. The oxidative forms of iron are ferrous (Fe+2) and ferric (Fe+3). (Ana, et al., 2015). 

The oxidation of ferrous (Fe+2) to ferric (Fe+3) produces necessary insoluble ferric hydroxide 

Fe(OH)3 and contributes to the production of harmful oxygen radicals, which in turn cause 

peroxidative damage to essential structures of cells (Halliwell B et al., 1990). 

In epidemiological and clinical research to assess bodily iron storage, the levels of serum ferritin 

(SF), hemoglobin, soluble transferrin receptor (sTFR), & transferrin are the most frequently used 

biological indicators (Zhu Y et al., 2019). 

The primary carriers of blood iron are transferrin (Tf) or ferritin. The monomeric glycoprotein 

known as transferring is synthesized in the hepatic system and is composed of a polypeptide chain 

of amino acids that is divided into two homologous domains, the N- and C-terminal, each of which 

has a Fe+3 linking region.  

There are three main primary function of transferring - (Ana et al., 2015). 

1. Solubilization of Fe+3. 

2. By binding to the free ions, high-affinity iron binding helps in preventing the production of 

free radicals. 

3. Iron is delivered to cells through its interaction with membrane receptors, facilitating its supply 

and utilization by the cells., i.e. transferring receptors (Tfrs). 
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Numerous Studies have shown that changes in TIBC & levels of iron in the blood have 

negative effects. The generation of reactive oxygen compounds, which leads to inflammation as 

well as oxidative stress and has negative effects on the functioning of mitochondria & results in 

hypertension, which may be influenced by iron overload (Ames BN et al., 2005). 

The kidney's peritubular cells naturally produce the protein known as erythropoietin (EPO), a 

glycoprotein hormone that is essential for promoting the generation of erythrocytes. The 

absorption and utilization of iron or ferritin are directly correlated with erythropoietin, which may 

enhance the effects of oxidative stress and exacerbate hypertension (Rancourt ME et al., 2010).  

There are a number of possible explanations for the connection between concentrations of 

ferritin and hypertension. One of them involves atherosclerotic formation (Kim MK. et al., 2012). 

The combination of LDL (low-density lipoprotein) and isoprostane oxidation, which act as 

indicators for oxidative stress, can cause endothelial damage from excessive amounts of iron, 

which can lead to the development and progression of atherosclerosis. Following is the 

atherosclerosis process, which could raise the possibility of hypertension (Luqman et al., 2022) 

When infarction and reperfusion, superoxide radicals (·O2
-) & H2O2 (hydrogen peroxide) 

are produced (Horwitz LD et al., 1994). These types of compounds are weak oxidizers without 

iron that inbuilt scavenger enzymes inactivate (Floyd RA et al., 1983). Iron, through Fenton 

reaction, produce hydroxyl radical (·OH) from (H2O2) and (·O2
-) and it is highly toxic to tissue. 

And No reliable endogenous protections exist to stop this incredibly reactive chemical. Iron 

chelation reduces the generation of ·OH (hydroxyl radical) and protects cardiac cells from H2O2 

damage. (Byler RM et al., 1994). 
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Interconnections of oxidative stress, hypertension 

inflammation, and atherosclerosis 

 

  Hypertension 

NO inactivation,    NAD(P)H Oxidase 

AA oxidation,    Activation/Upregulation 

CV remodeling      Oxidative stress 

 

ROS Production  NF-kB activation 

Antioxidant depletion    Cytokine generation 

Inflammation 

 

   

Atherosclerosis & Cardiovascular disease 

Figure- 3 (CVD- cardiovascular disease, AA- arachidonic acid; CV- cardiovascular; NF-κB-

Nuclear factor-κB; NAD(P)H- Reduced nicotinamide adenine dinucleotide phosphate; ROS-

Reactive oxygen species, NO-Nitric oxide) (Vaziri, N. (2008). 

 

Iron binding capacity (IBC) is of two types, one is Total iron-binding capacity (TIBC) 

& second one is UIBC (unsaturated iron-binding capacity). Transferrin, a type of protein 

responsible for iron transport, is produced in greater quantities in the blood when iron reserves are 

reduced. Since transferrin is normally only saturable with iron to one-third of its volume, the 

remaining transferrin in serum has an additional 67% binding capacity. As more iron is required, 

this enables its binding & transport. This is the ability to bind iron unsaturatedly. TIBC contain 

serum iron and UIBC (Faruqi et al., 2022). Most patients with iron shortage are likely to have 

higher total iron binding capacity (TIBC) readings. Consequently, it is reasonable to infer that a 

shortage of iron may be intimately linked to the onset of hypertension (Ruiter G. et al., 2011). 
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TIBC is an indirect measure of transferrin levels, which are inversely related to serum iron 

levels. When iron levels are low, transferrin production increases, leading to higher TIBC levels. 

Conversely, when iron levels are high, transferrin production decreases, resulting in lower TIBC 

levels (Faruqi A et al., 2022). 

Iron deficiency anemia, which can be associated with low serum iron levels, may also affect 

TIBC. In iron deficiency, TIBC levels tend to increase as the body tries to compensate for the low 

iron levels by producing more transferrin (Faruqi A et al., 2022). Similarly, in conditions  

of iron overload, such as hereditary hemochromatosis or chronic transfusion therapy, TIBC levels 

may be lower due to decreased transferrin production (Kotze et al., 2009). 

The occurrence of hypertension had a positive association with both ferritin and TIBC 

(total iron binding capacity), both of which are indicators of excessive iron overload (Kim MK et 

al., 2012). The ability of transferrin, a protein made in the liver, to bind and transport iron 

throughout the body, is referred to as iron binding capacity. 

Total Iron-Binding Capacity (TIBC) of serum is a measurement of how much iron can be 

transported in the bloodstream by transferrin. TIBC reflects the body's ability to transport and bind 

iron. In hypertension, there may be some associations between TIBC levels and blood pressure, 

although the relationship is not fully understood. 

IRON AND TIBC IN HYPERTENSION 

In hypertension, there can be associations between serum iron levels and blood pressure, 

but the relationship is complex and not fully understood. Here are a few key points regarding serum 

iron in hypertension: - 

Iron overload can lead to increased oxidative stress, endothelial dysfunction, and inflammation, 

which may contribute to the development of hypertension and cardiovascular diseases (Yan et al., 

2022). 
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The occurrence of hypertension is influenced by a rise in oxidative stress caused due to too much 

iron (Kim MK et al., 2012). Reactive oxygen species (ROS), which are made up of free radicals 

of oxygen and other chemical components, are what cause oxidative stress in the body (Maiese et 

al., 2008). which may turn less reactive free radicals such as superoxide radicals, H2O2, hydroxyl, 

singlet oxygen (·O2
-), NO, & peroxynitrite into more reactive free radicals. Also Iron, through 

Fenton reaction, produce hydroxyl radical (·OH) from H2O2 and (·O2
-) and it is highly toxic to 

tissue (Luqman et al., 2022). 

Inflammation plays a role in both hypertension and iron metabolism. Chronic low-grade 

inflammation can affect iron homeostasis and contribute to endothelial dysfunction and vascular 

remodeling, leading to increased blood pressure. CRP (C-reactive protein) & interleukin-6 (IL-6) 

are examples of inflammatory indicators that have been linked with alterations in iron metabolism 

and hypertension (Ansar et al., 2016). 

Iron deficiency, is characterized by decreased oxygen-carrying capacity, which can result 

in increased cardiac output and peripheral vascular resistance, potentially contributing to elevated 

blood pressure (Hegde et al., 2006). Because the body produces more transferrin to make up for 

the low iron levels when there is an iron deficit, TIBC levels frequently rise (Faruqi A et al., 2022). 

After studying different articles, several studies have found significant association and few 

studies have found no significant association with Iron and (TIBC) Total iron binding capacity in 

hypertensive patients in different populations. As a result, it is still unclear what mechanism 

underlies the link between iron and TIBC in hypertension. Thus, the current study is conducted to 

assess their relationship with hypertension. 
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AIM 

The aim of the present study was to evaluate and analyze levels of serum iron and total iron 

binding capacity (TIBC) in diagnosed cases of hypertensive patients and apparently healthy 

controls. 

OBJECTIVES 

1. To estimate serum iron level in patients of hypertensive and apparently healthy controls. 

2. To estimate total iron binding capacity level in patients of hypertensive and apparently 

healthy controls. 

3. To correlate serum iron level and TIBC (total iron binding capacity) level between 

hypertensive patients and apparently healthy controls. 
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RESEARCH QUESTION 

Is there any change in the levels of serum Iron and Total Iron Binding Capacity (TIBC) in 

diagnosed cases of hypertension as compared to apparently healthy controls? 

STATISTICAL HYPOTHESIS 

Null hypothesis ( Ho): There is no significant change in the levels of serum Iron and Total Iron 

Binding Capacity (TIBC) in diagnosed patients of hypertension and compared to apparently 

healthy controls. 

Alternate hypothesis (H1): There is a significant change in the levels of serum Iron and Total Iron 

Binding Capacity (TIBC) in diagnosed patients of hypertension and compared to apparently healthy 

controls. 

METHODOLOGY 

Study Design: - Prospective 

Type of study: - Case-control study 

SUBJECTS SELECTION 

Selection of Controls 

1. Apparently healthy individuals. 

2. Subjects within the age of 30 to 60 years. 

3. Subjects who have agreed to sign the consent form. 

Selection of Cases 

 

Inclusion criteria 

1. Diagnosed cases of hypertensive patients. 

2. Subjects within the age of 30 to 60 years.  

3. Patients who have agreed to sign the consent form. 
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Exclusion criteria 

1. Pregnant and lactating females. 

2. History of Malabsorption of iron. 

3. History of any chronic illness. 

4. History of Iron deficiency anemia.
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SAMPLE SIZE 
 

The formula for determining the sample - 
 

 

 

 

 

 

 
Reference: Charan J Biswas, 2013 

N = sample size 

(r+1)/r = ratio of case to control 

σ = standard deviation (taken from previous studies) 

 Zβ = represent the desired power 

Zα/2 = represent the desired level of statistical significance (Zα/2=1.96) 

d (Difference) = effect size (the difference in means of study group and comparison group taken 

from the previous studies) 

Then, 

For 80% power, Zβ = (0.84) 

For 0.05 significance level, Zα/2=1.96 

r = 1 (equal to number of case and control)  

σ = 14.95 

d = 7.7 (Muhammed, Z. H., & Al-Hakeim, 2011). 

 
 2 (14.95)2 (.84+1.96)2 

(7.7)2 

Therefore, N = 59.10 ≈ 60 

The study will include 30 cases and 30 controls. 

N = 

N 
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PLACE OF STUDY 

Department of Biochemistry, Integral Institute of Medical Science and Research, Lucknow. 

COLLABORATING DEPARTMENT 

Department of General Medicine, OPD at IIMS&R, Lucknow. 

ENROLLMENT OF PARTICIPANTS 

Cases were enrolled from the hypertensive attending the Integral Hospital. 

SELECTION OF CASES 

Subjects in the age group of 30 to 60 years with diagnosed hypertension attending general 

medicine OPD at IIMS&R, Lucknow were selected based on the exclusion / inclusion criteria. 

SELECTION OF CONTROLS 

Apparently healthy subjects in the age group of 30 to 60 years were selected. 

SAMPLING METHOD  

Non-probability, Purposive sampling. 

COLLECTION OF SAMPLES 

3 ml of venous blood was collected from the subjects under aseptic conditions in a plain vial. The 

blood sample was allowed to clot at room temperature for 15 minutes. The sample was then 

centrifuged at 1000 rpm for 10 minutes to separate the serum (Henry J. B., 1979). 1 ml serum was 

used for the determination of Iron and Total Iron Binding Capacity (TIBC). 

STORAGE OF SAMPLES 

The serum samples for the determination of iron and total iron binding capacity (TIBC) were 

stored at -20°C until         testing in Central Clinical Laboratory, Department of Biochemistry, IIMS&R, 

Lucknow (U.P.) 
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LABORATORY INVESTIGATIONS 

1. Estimation of serum Iron and TIBC by Ferrozine method using Erba chem 7 semi 

auto analyzer 

Principle 

Iron, bound to transferrin is released in an acidic medium and the ferric ions are reduced to 

ferrous ions. The Fe (II) ions react with the Ferrozine to form a violet-colored complex. The 

intensity of the complex formed is directly proportional to the amount of iron present in the sample. 

 For TIBC, the serum is treated with an excess of Fe (II) to saturate the iron binding sites of 

transferrin. The excess iron (II) is absorbed and precipitated and the iron content in the supernatant 

is measured to give the TIBC. 

Fe (III)      Fe (II) 
 

 
 Fe (II) + Ferrozine     Violet Colored Complex. 

Normal Reference Values 

 Serum Iron  

   Males = 60 - 160 µg/dl 

Females = 35 - 145µg/dl 

TIBC = 250 – 400 µg/dl 

Procedure 

Wavelength/filter: 570nm (Hg578nm)/Yellow 

Temperature: Room temperature (RT) 

Light path: 1cm 

 

 

 

 

Acidic medium 
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Iron Assay:  

Pipette into clean dry test tubes labelled as Blank (B), Standard (S), Sample Blank (SB) and 

Test (T); 

 

          

  Addition Sequence B S SB T 

  (ml) (ml) (ml) (ml) 

Iron Buffer Reagent(L1) 1 1 1.05 1 

Distilled water 0.2 - - - 

Iron Standard (S) - 0.2 - - 

Sample - - 0.2 0.2 

Iron color Reagents(L2) 0.05 0.05 - 0.05 

 

Mix well and incubate at R.T. for 5min, measure the absorbance of the blank (abs B), Standard (abs 

S), Sample blank (abs SB) and test sample (abs T) against Distilled water. 

TIBC Assay: 

Pipette into a clean dry test tube. 

Serum 0.5 ml 

TIBC Saturating Reagent (L1) 1.0 ml 

 

Mix well and allow standing R.T for 10 minutes and adding. 

TIBC Precipitating Reagent (L2) ≈ 50 mg 

 

Mix well and allow to stand at room temperature for 10 min. centrifuge at 2500 – 3000 rpm for 10 

min. to obtain a clear supernatant. As per the iron assay, ascertain the supernatant's iron content. 

(Siedel, J., et. al. 1984). 
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ETHICS REVIEW 

Permission from the Institutional Ethics Committee was taken (IEC/IIMS&R/2023/66).  

DATA COLLECTION 

Details from the subjects were obtained using data collection proforma after taking written consent. 

STATISTICAL ANALYSIS PLAN 

Statistical analysis was performed using SPSS software (version 16), Graph Pad (Prism 6.0) and 

Microsoft – Excel (version 2016). All the data were expressed as mean ± standard deviation. An 

unpaired t-test was performed to compare the study parameters between cases and controls. Karl 

Pearson’s correlation analysis was employed to determine the relationship between variables. p-

value <0.05 was considered statistically significant. 
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IRON 

The difference in the level of iron between cases and controls was statistically significant (p-

value= 0.023) (Table-6 & figure-4). 

Table-6 Mean and standard deviation of the study groups. 
 

SERUM IRON 

(µg/dl) 

Groups N Mean 

Standard 

Deviation 

(SD) 

p-value Significance 

Controls 30 140.46 ± 49.98 

 0.023 

  

Statistically 

Significant 
  

Cases 30 173.44 ± 59.00 

N= Number of controls or cases, p-value ˂0.05 is considered statistically significant. 

 

 

 

Figure-4 Comparison of Serum Iron in controls and cases. 
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TOTAL IRON BINDING CAPACITY 

The difference in the level of iron binding capacity between cases and controls was statistically 

significant (p-value= 0.0422) (Table-7 & figure-5). 

Table-7 Mean and standard deviation of the study groups. 

TOTAL IRON BINDING CAPACITY (TIBC) 

(µg/dl) 

Groups N Mean 

Standard 

Deviation 

(SD) 

p-value Significance 

Controls 30 295.39 ± 41.96 

0.0422 

  

Statistically 

Significant 
  

Cases 30 225.31 ± 179.94 

N= Number of controls or cases, p-value ˂0.05 is considered statistically significant. 

 

 

 

Figure-5 Comparison of TIBC in controls and cases. 
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KARL PEARSON’S CORRELATION OF COEFFICIENT BETWEEN IRON 

AND TIBC IN CASES OF HYPERTENSION 

There was significant association between Serum Iron and TIBC in cases of hypertension (p-value 

= 0.041).  

Table-8 Karl Pearson’s correlation coefficient between Serum Iron and TIBC. 

Correlations 

  
IRON 

(µg/dl) 

TIBC 

(µg/dl) 

IRON 

(µg/dl) 
  

Pearson Correlation 1 -.566** 

Sig. (2-tailed)   0.041 

N 30 30 

TIBC 

(µg/dl) 

  

Pearson Correlation -.566** 1 

Sig. (2-tailed) 0.041   

N 30 30 

 

N= Number of cases, **. Correlation is significant at the 0.05 level (2-tailed) 
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Figure-6 Serum iron and TIBC are correlated, as shown in the scatter diagram. 
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RESULTS 

 As compared to controls the activity of Serum iron was statistically significant in cases (p = 

0.023) (Table-6 and Figure-4). 

 As compared to controls the concentration of TIBC (Total iron binding capacity) was 

statistically significant in cases (p = 0.0422) (Table-7 and Figure-5). 

 There was an association between TIBC and serum iron (p = 0.041) among cases. 
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A chronic medical condition called hypertension, sometimes known as high blood pressure, 

is characterized by consistently excessive levels of arterial blood pressure (Chobanian A. et al., 

2003). High blood pressure is a significant, independent risk factor for the development of 

heart disease. 

In this investigation, we found that hypertension people' serum iron activity was 

considerably higher when compared to normotensive individuals (p-value = 0.023). Our 

investigation showed, there was increased iron and decreased TIBC levels compared with patients 

suffering from hypertension and normal individuals without any chronic illness. 

This result is consistent with Kim MK et al.'s (2012) study that the emergence of 

hypertension was positively correlated with increased iron & decreased TIBC. 

Also Lee DH et al., (2010) revealed that ferritin levels were positively correlated with the 

prevalence of high blood pressure in their cross-sectional investigation conducted in Korea. 

Also, Kiechl S, Willeit Tuomainen, (2007) according to their research, cardiovascular disease 

(CAD) and body iron levels are positively associated. 

In my present study, some cases show that there are increased TIBC levels and decreased 

iron levels are also found in patients with hypertension. 

Ruiter G et al., (2011) found in some cases that there is increased TIBC value and decreased iron 

levels in patients with hypertension may also show a positive correlation. 

Elevated body iron levels can lead to stress from oxidation that may transform less reactive 

free radicals into more reactive forms such as hydroxyl radicals (·OH), hydroxide radicals (OH), 

& (O2
•−) superoxide anions, which may contribute to the development of hypertension and 

cardiovascular diseases (Galan P et al., 2010).  The formation of reactive oxygen species, which 

enhances oxidative stress and inflammation and may lead to an increase in arterial blood pressure, 

may be influenced by both excess iron and inadequate iron levels (Yan et al., 2022). 
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Sempos CT et al., (2004) observed no evidence of a link between stored iron & high blood 

pressure. 

Additionally, no significant correlation between iron reserves and heart disease was observed by 

Rauramaa R et al., (2010). 

Our investigation showed that it was a statistically significant inverse association between iron & 

TIBC. 

Hence, I found in my study that there was elevated iron levels and decreased TIBC levels 

but in some cases, there was also increased TIBC and decreased iron status have been found. So it 

is not clearly understood the mechanism of iron and TIBC in cases of hypertension. Though, this 

study will require more investigations using a bigger sample size to correlate the iron and TIBC in 

cases of hypertensive patients. 
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SUMMARY 

The current study's objective was to compare the total iron binding capacity (TIBC) and 

serum iron levels in patients with hypertension & apparently healthy controls. 

The estimated parameters were: 

 Serum Iron 

 Serum TIBC 

The following observations were obtained during the study: 

 In comparison to controls, the level of serum iron was considerably increased in cases (p = 

0.023) (Table-6 and Figure-4). 

 In comparison to controls, the level of TIBC was considerably increased in cases (p = 0.0422) 

(Table-7 and Figure-5).  

 There was an association between TIBC and serum iron (p = 0.041) among cases. 
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CONCLUSION 
 

The current investigation found that serum iron level was significantly higher in 

hypertension cases compared to controls, whereas serum Total iron binding capacity was shown 

to be significantly lower in cases compared to controls. According to several research, serum iron 

level and Total iron binding capacity are linked to an increased risk of hypertension. 

 Thus, elevated blood pressure is indicated by increased serum Iron and decreased 

Total Iron Binding Capacity, Therefore, it is crucial to investigate the unique roles of serum iron 

and total iron binding capacity in the pathophysiology of hypertension. The relationship between 

serum iron and TIBC in hypertension condition requires further investigation and analysis with 

larger sample size. 
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