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ABSTRACT

Background and objectives

The metabolic syndrome is a cluster of risk factors for cardiovascular

disease (CVD), including obesity, hypertension, elevated triglycerides and low

levels of HDL Cholesterol. Elevated serum ferritin levels have positive

correlation between elevated ferritin levels. The present study was aimed to know

the relationship between serum ferritin and metabolic syndrome and to evaluate

its relationship with individual component of metabolic syndrome.

Methodology

The present study was conducted in the Department of Medicine, KLES

Dr. Prabhakar Kore Hospital and Medical Research Centre, Belgaum during the

study period from January 2011 to December 2011. Based on NCEP ATP III

criteria, 100 cases with metabolic syndrome were enrolled. Serum ferritin was

measured on fasting blood samples using radio-immunoassay.

Results

In this study, male preponderance was noticed. The most common age

group was 51 to 60 years (30%) and overall, the mean age was 55.84 ± 15.04

years. The commonest component of metabolic syndrome was hypertension 88%.

Overall mean duration of hypertension was 9.68 ± 8.52 years and mean duration

of diabetes was 9.52 ± 9.52 years. In this study lipid abnormalities revealed raised

serum cholesterol, LDL, TG and low HDL among 61%, 15%, 86% and 81%

respectively. Results of the present study showed serum ferritin was elevated

significantly in individual components of metabolic syndrome (Hypertension,
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waist circumference, low HDL levels) though serum ferritin were elevated in

patients of FBS and Triglyceride abnormality, but it was of statistically

insignificant.

Conclusion and interpretation

Serum ferritin as a marker of metabolic syndrome was inconclusive but

was raised significantly in individual components of metabolic syndrome.

Keywords

Lipid abnormalities; Metabolic syndrome; Serum ferritin;



VII

CONTENTS

SL. NO. TOPIC PAGE NO.

1. INTRODUCTION 1

2. OBJECTIVES 4

3. REVIEW OF LITERATURE 5

4. METHODOLOGY 48

5. RESULTS 53

6. DISCUSSION 73

7. CONCLUSION 83

8. SUMMARY 84

9. BIBLIOGRAPHY 85

10. ANNEXURES

ANNEXURE I – CONSENT FORM 100

ANNEXURE II – PROFORMA 103

ANNEXURE III – MASTER CHART 105



VIII

LIST OF TABLES

TABLE NO. DESCRIPTION PAGE NO.

1 Age distribution 54

2 Sex distribution 55

3 Components of metabolic syndrome 56

4 Duration of hypertension 57

5 Duration of Type 2 diabetes 57

6 Body mass index 58

7 Waist Circumference 59

8 Blood pressure 60

9 Fasting blood sugar 61

10 Serum Cholesterol 62

11 Triglycerides 63

12 High density lipoprotein 64

13 Low density lipoprotein 65

14 Serum ferritin 66

15 Patients with individual components of
metabolic syndrome

67

16 Comparison of serum ferritin levels and
metabolic syndrome components

68

17 Comparison of other parameters with serum
ferritin in individual components of metabolic
syndrome

69

18 Comparison of mean serum ferritin levels with
metabolic syndrome components

70

19 Comparison of mean metabolic components
with mean serum ferritin

71

20 Complication - Hypertension 72

21 Complication - Diabetes mellitus 72



IX

LIST OF GRAPHS

GRAPH NO. DESCRIPTION PAGE NO.

1 Age distribution 54

2 Sex distribution 55

3 Components of metabolic syndrome 56

4 Body mass index 58

5 Waist Circumference 59

6 Blood pressure 60

7 Fasting blood sugar 61

8 Serum Cholesterol 62

9 Triglycerides 63

10 High density lipoprotein 64

11 Low density lipoprotein 65

12 Serum ferritin 66

13 Patients with individual components of
metabolic syndrome

67



Chapter 1

Introduction



Introduction

1

INTRODUCTION

The metabolic syndrome is a cluster of risk factors for cardiovascular

disease (CVD), including obesity, hypertension, elevated triglycerides and low

levels of HDL Cholesterol.

Metabolic syndrome is a burgeoning global problem. Approximately one

fourth of the adult European population is estimated to have metabolic syndrome,

with a similar prevalence in Latin America.1 MetS is also considered an emerging

epidemic in developing East Asian countries including China, Japan, and Korea.

The prevalence of metabolic syndrome may range from 8 to 13% in men and 2 to

18% in women depending on the population and definitions used.2-4 In Japan, the

Ministry of Health, Labor, and Welfare has instituted a screening and

interventional program.5 Metabolic syndrome has been recognized as a highly

prevalent problem in many other countries worldwide.6-11

The clinical manifestations of this syndrome may include hypertension,

hyperglycemia, hypertriglyceridemia, reduced high-density lipoprotein

cholesterol (HDL-C), and abdominal obesity.

Abundant data suggest that patients meeting these diagnostic criteria have

a greater risk of having significant clinical consequences, the two most prominent

and dreaded of which are the development of coronary heart disease12 and

diabetes mellitus (DM).13 It also increases risk of stroke, fatty liver disease, and

several cancers.14
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Initial laboratory studies in patients suspected of having metabolic

syndrome include standard biochemical parameters to assess for hyperglycemia,

renal dysfunction and lipid studies to assess for hypertriglyceridemia or low HDL

levels.

Obesity and insulin resistance are considered central to the

pathophysiology of this metabolic and cardiovascular syndrome.15,16

Several studies have observed a positive association between elevated

iron stores, measured by serum ferritin levels, and the prevalence of the

metabolic syndrome. Studies have also reported positive correlation of ferritin

levels with individual components of the metabolic syndrome, particularly serum

triglycerides and plasma glucose, as well as markers of insulin resistance.17,18

There is increasing evidence that moderately elevated body iron stores,

below levels commonly found in genetic hemochromatosis, may be associated

with adverse health outcomes. Elevated serum ferritin levels independently

predicted incident type 2 diabetes in prospective studies in apparently healthy

men and women.19,20 Several cross-sectional studies have previously examined

the association between iron stores and individual metabolic cardiovascular risk

factors, including hypertension,21 dyslipidemia,22,23 elevated fasting insulin and

blood glucose,24 and central adiposity.25 These studies have reported positive

correlation between elevated ferritin levels with hypertension,21 dyslipidemia,22,23

elevated fasting insulin and blood glucose,24 and central adiposity.25

Although the mechanisms for the potential effect of iron on the risk of

metabolic syndrome are unclear, it has been hypothesized that elevated iron
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stores may interfere with hepatic insulin extraction leading to peripheral

hyperinsulinemia.26,27 Others have suggested that iron may catalyze the formation

of hydroxyl radicals, which contribute to the development of insulin

resistance.28,29 The association between elevated iron stores and the metabolic

syndrome, however, has been less well explored.18

Even in the face of compelling evidence in favour of this theory, there are

very few studies done in this area especially in India. Hence, the present study

was undertaken to know the relationship between serum ferritin and metabolic

syndrome and to evaluate the relationship between serum ferritin and individual

component of metabolic syndrome.
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OBJECTIVES

The objectives of the present study were

1. To know the relationship between serum ferritin and metabolic syndrome.

2. To evaluate the relationship between serum ferritin and individual

component of metabolic syndrome.
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REVIEW OF LITERATURE

Most of the developing countries including India are undergoing an

epidemiological transition. Infectious and nutritional diseases are receding among

adults while non communicable diseases are becoming increasingly common, as

the cause of morbidity and mortality. Demographic projections indicate a major

increase in cardiovascular disease mortality in India due to increase in life

expectancy and change in the age structure of the growing population.30

Non-communicable or chronic diseases are diseases of long duration and

generally slow in progression such as heart disease, stroke, cancer, chronic

respiratory diseases, hypertension and diabetes. These diseases are now the

leading cause of mortality in the world, representing 63% of all deaths. Out of the

36 million people who died from chronic disease in 2008, nine million were

under 60 and ninety per cent of these premature deaths occurred in low- and

middle-income countries.31

The hallmark of management of Non-communicable diseases is Primary

and Secondary prevention. The essence of prevention lies in risk factor

identification and reduction. Metabolic syndrome has emerged as an important

constellation of risk factors that has been shown to effectively predict the

development of Type II Diabetes Mellitus and Cardiovascular Disease.12,13

The 'Metabolic Syndrome' is a widely prevalent and multi-factorial

disorder that presents in a distinct, albeit heterogenous phenotype.32
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Although obesity and insulin resistance are not synonymous with the

metabolic syndrome, they are integral features in this derangement of adipocyte

physiology and carbohydrate metabolism.32

Metabolic syndrome was initially observed in 1923 by Kyln, who

described the clustering of hypertension, hyperglycemia and gout as the

syndrome. Subsequently, several other metabolic abnormalities have been

associated with this syndrome, including obesity, microalbuminuria, and

abnormalities in fibrinolysis and coagulation.33

In 1988, Gerald Reaven reintroduced the concept of Syndrome X for the

clustering of cardiovascular risk factors like hypertension, glucose intolerance,

high triglycerides and low HDL concentration.15

The syndrome has been given several names, including the 'metabolic

syndrome', the 'insulin resistance syndrome', the 'plurimetabolic syndrome', and

the 'deadly quartet'.33

In 1998, WHO proposed a unifying definition for the syndrome and chose

to call it the 'metabolic syndrome' rather than the 'insulin resistance syndrome'.34

This name was chosen primarily because it was the cause of all the

components of the syndrome.

The Third Report of the National Cholesterol Education Program (NCEP)

Adult Treatment Panel (ATP III) included clinical diagnosis guidelines for the

Metabolic Syndrome. Compared with findings from earlier studies and WHO
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guidelines, the new ATP III defines criteria which can be measured in clinical

practice.32

The metabolic syndrome (MetS) is a multiplex risk factor that arises from

insulin resistance accompanying abnormal adipose deposition and function.35 It is

a risk factor for coronary heart disease (CHD), as well as diabetes, fatty liver and

several cancers. The clinical consequences of this syndrome may include

hypertension, hyperglycemia, hypertriglyceridemia, reduced high-density

lipoprotein cholesterol (HDL-C) and abdominal obesity.

Diagnosis

Under recent guidelines, revised in 2005 by the National Heart, Lung, and

Blood Institute (NHLBI) and the American Heart Association (AHA),36

metabolic syndrome is diagnosed when a patient has at least three of the

following five conditions:

1. Fasting glucose ≥ 100 mg/dL (or receiving drug therapy for

hyperglycemia)

2. Blood pressure ≥ 130/85 mm Hg (or receiving drug therapy for

hypertension)

3. Triglycerides ≥ 150 mg/dL (or receiving drug therapy for

hypertriglyceridemia)

4. HDL-C < 40 mg/dL in men or < 50 mg/dL in women (or receiving drug

therapy for reduced HDL-C)
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5. Waist circumference ≥ 102 cm (40 in) in men or ≥ 88 cm (35 in) in

women; if Asian American, ≥ 90 cm in men (35 in) or ≥ 80 cm in women

(32 in)

Other Definitions of Metabolic syndrome:34,37,38

WHO 1999634 EGIR 199937 NCEP ATP III
200138

Glucose intolerance, IGT
or diabetes and /or
insulin resistance

together with two or
more of the following

Insulin resistance
(Defined as
hyperinsulinemia –
Top 25% of fasting
insulin values among
the non diabetic
population) plus two
of the following

Three or more of the
following five risk

factors

Fasting plasma
glucose

≥ 140 / 90 mm Hg ≥ 6.1 mmol/L (110
mg/dL) but non
diabetic

≥ 5.6 mmol/L 100
mg/dL

Blood pressure
triglycerides

Raised plasma
triglycerides ≥ 1.7

mmol/L (150 mg/dL)
and / or

≥ 140/90 mm Hg or
treatment

≥ 130 /≥ 85 mm Hg
1.7 mmol/L (150

mg/dL)

HDL cholesterol Men < 0.9 mmol/L (39
mg/dL)

≥ 2.00 mmol/L (178
mg/dL0 or treatment
and/or < 1.0 mmol/L
(39 mg/dL) or
treatment

Men <1.03 mmol/L
(40 mg/dL) Women:
< 1,29 mmol/L (< 50

mg/dL)

Obesity Men WC ratio > 0.90

Women WC ratio > 0.85
And/or BMI > 30 Kg/m2

Men: WC ≥ 94 Cms

Women: WC ≥ 80
Cms

Men WC > 102 Cm

Women WC > 88
Cms

Microalbuminuria Urinary albumin
excretion rate ≥ 20
μg/min or
albuminacreatiine ratio ≥
30 mg/g

In 2005, the International Diabetes Federation (IDF) published its

definition of the metabolic syndrome in adults. The intention was to rationalize

the existing multiple definitions of the syndrome and to have a single, universally

accepted diagnostic tool that is easy to use in clinical practice and that does not

rely upon measurements only available in research settings.39
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IDF criteria for the diagnosis of metabolic syndrome39

According to the new IDF definition, for a person to be defined as having

the metabolic syndrome they must have:

 Central obesity (defined as waist circumference ≥ 94 cm for Europid men

and ≥ 80 cm for Europid women, with ethnicity specific values for other

groups)

Plus any two of the following four factors:

 Raised TG level: ≥ 150 mg/dL (1.7 mmol/L), or specific treatment for this

lipid abnormality

 Reduced HDL cholesterol: <40 mg/dL (1.03 mmol/L) in males and < 50

mg/dL (1.29 mmol/L) in females, or specific treatment for this lipid

abnormality

 Raised blood pressure: Systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg, or

treatment of previously diagnosed hypertension

 Raised fasting plasma glucose (FPG) ≥ 100 mg/dL (5.6 mmol/L), or

previously diagnosed type 2 diabetes

If FBS is above 5.6 mmol/L or 100 mg/dL, OGTT is strongly

recommended but is not necessary to define presence of the syndrome.
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Country /Ethnic group Waist circumference

Europids: In USA, the ATP III values (102
cm male; 88 cm female) are likely to
continue to be used for clinical purposes

Male ≥ 94 cms

Female ≥ 80 cms

South Asians: Based on Chinese, Malay
and Asian Indian population

Male ≥ 90 cms

Female ≥ 80 cms

Chinese Male ≥ 90 cms

Female ≥ 80 cms

Japanese Male ≥ 90 cms

Female ≥ 80 cms

Ethnic South and Central Americans Use South Asian recommendation
until more specific data are available

Sub Saharan Africans Use European data until more data
are available

Eastern Mediterranean and middle east
(Arab) populations

Use European data until more data
are available

Abundant data suggests, that patients meeting these diagnostic criteria

have a greater risk of having significant clinical consequences, the 2 most

prominent and dreaded of which are the development of diabetes mellitus (DM)

and coronary heart disease. In addition, pooled data from 37 studies involving

more than 170,000 patients have shown that metabolic syndrome doubles the risk

of coronary artery disease.1 It also increases risk of stroke, fatty liver disease,

diabetes12 and cancer.13

Epidemiology

Frequency

Metabolic syndrome is increasing in prevalence, paralleling an increasing

epidemic of obesity. In the United States, data from a 1999-2000 survey showed
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that the age-adjusted prevalence of metabolic syndrome among adults aged 20

years or older had risen from 27% (data from 1988-1994) to 32%.40

Metabolic syndrome is a burgeoning global problem. Approximately one

fourth of the adult European population is estimated to have metabolic syndrome,

with a similar prevalence in Latin America.36 It is also considered an emerging

epidemic in developing East Asian countries including China, Japan, and Korea,

the prevalence of metabolic syndrome may range from 8-13% in men and 2-18%

in women depending on the population and definitions used.2,3,4 Metabolic

syndrome has been recognized as a highly prevalent problem in many other

countries worldwide.6-10,41 In a recent study done on Indian urban population,

Metabolic syndrome was present in 31.6%; prevalence was 122 (22.9%) in men

and 223 (39.9%) in women.9

With the formulation of NCEP/ATP III guidelines, some uniformity and

standardization has occurred in the definition of metabolic syndrome and has

been very useful for epidemiological purposes. At present, metabolic syndrome is

an all or none diagnosis.42

The prevalence of the metabolic syndrome depends on age, ethnic

background, and gender. It rises linearly from 20 to 50 years and plateaus

thereafter. Looking at various studies around the world, which included

population samples, aged from 20 to 25 and upwards, the prevalence varies from

8% (India) to 24% (United States) in men and from 7% (France) to 46% (India)

in women.43 Two Indian studies, which differed in their definition of obesity: the

first44 used the obesity criteria suitable for Indians, while the second45 used the



Review of Literature

12

standard ATP III definition of obesity. Both studies used population based

samples within the age range but reported prevalence of 13% in Jaipur36 and 41%

in Chennai.44 Although, the prevalence of obesity in the two study groups was

quite similar (31% versus 33%), despite the different definitions used, far larger

differences were observed between the two studies for the prevalence of elevated

triglycerides (46% vs. 30%), hypertension (55% vs. 39%) and elevated fasting

plasma glucose (27% vs. 5%); indicating a far larger impact of these risk factors

than obesity alone.

Various Factors contributing to increasing prevalence of metabolic

syndrome have been identified:

1. Atherogenic dyslipidemia, Elevated Triglycerides, apolipoprotein B and

small low-density lipoprotein, low HDL.

2. Elevated plasma glucose.

3. Elevated blood pressure.

4. Pro-thrombotic state.

5. Pro-inflammatory state

Many studies46,47,48 have reported that low socio-economic status is

associated with a higher mortality rate due to cardiovascular disease. A low

education level links cardiovascular disease with risk factors such as smoking,

hypertension, impaired glucose tolerance, diabetes mellitus, physical inactivity

and overweight associated with other metabolic abnormalities.
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Age

The prevalence of metabolic syndrome increases with age, with about

40% of people older than 60 years meeting the criteria.40 The metabolic syndrome

affects 44% of the U.S. population older than age 50. A greater percentage of

women older than age 50 have the syndrome than men. The age dependency of

the syndrome's prevalence is seen in most populations around the world.

However, metabolic syndrome can no longer be considered a disease of

only adult populations. Alarmingly, metabolic syndrome and diabetes mellitus

are increasingly prevalent in the pediatric population, again in parallel with a rise

in obesity.49 In the United States, children are becoming obese at triple the rate

compared with the 1960s, making the study and treatment of this problem vital.

The epidemic of metabolic syndrome in children and adolescents is an

international phenomenon, which lead the International Diabetes Foundation to

publish an updated consensus statement to guide diagnosis and further study of

the condition.50,51

Aetiopathogenesis

Risk factors

Overweight/Obesity

Central adiposity is a key feature of the syndrome, reflecting the fact that

the syndrome's prevalence is driven by the strong relationship between waist

circumference and increasing adiposity. However, despite the importance of
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obesity, patients who are normal weight may also be insulin-resistant and have

the syndrome.

Sedentary Lifestyle

Many components of the metabolic syndrome are associated with a

sedentary lifestyle, including increased adipose tissue (predominantly central);

reduced HDL cholesterol; and a trend toward increased triglycerides, blood

pressure, and glucose intolerance in the genetically susceptible.

Diabetes Mellitus

DM is included in both the NCEP and International Diabetes Foundation

(IDF) definitions of the metabolic syndrome. It is estimated that the large

majority (~75%) of patients with type 2 diabetes or impaired glucose tolerance

(IGT) have the metabolic syndrome. The presence of the metabolic syndrome in

these populations relates to a higher prevalence of CVD compared to patients

with type 2 diabetes or IGT without the syndrome.

Coronary Heart Disease

The approximate prevalence of the metabolic syndrome in patients with

coronary heart disease (CHD) is 50%, with a prevalence of 37% in patients with

premature coronary artery disease.

Lipodystrophy

Lipodystrophic disorders in general are associated with the metabolic

syndrome. Both genetic (Berardinelli-Seip congenital lipodystrophy, Dunnigan
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familial partial lipodystrophy) and acquired (HIV-related lipodystrophy in

patients treated with highly active antiretroviral therapy) forms of lipodystrophy

may give rise to severe insulin resistance and many of the metabolic syndrome's

components.

Risk factors occur in isolation only 30% of the time, and clustering of

three or more factors occurs 17% of the time in both genders. Clustering of the

factors was related to baseline obesity and weight gain during adulthood.52

In Framingham and in other observational studies, the central core of

metabolic risk factors were found to be highly related, including triglycerides,

HDL-C, BMI, waist circumference, or fasting insulin levels, to insulin levels after

an oral glucose challenge test. In addition to a central metabolic syndrome core,

there has been a hypertension cluster with shared variance components that

included BMI, systolic pressure and diastolic pressure.52

Pathogenesis

Metabolic syndrome is a heterogeneous condition characterized by

visceral adiposity, dyslipidemia, hypertension, and insulin resistance. The

metabolic syndrome with its clustering of metabolic and atherosclerotic risk

factors is a strong determinant of type 2 diabetes and cardiovascular disease

(CVD). Obesity and insulin resistance are considered central to the

pathophysiology of this metabolic and cardiovascular syndrome.53
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Insulin resistance

The most accepted and unifying hypothesis to describe the

pathophysiology of the metabolic syndrome is insulin resistance, caused by an

incompletely understood defect in insulin action. The mechanisms underlying the

metabolic syndrome are not fully known; however resistance to insulin

stimulated glucose uptake seems to modify biochemical responses in a way that

predisposes to metabolic risk factors.43

An early major contributor to the development of insulin resistance is an

overabundance of circulating fatty acids which are derived predominantly from

adipose tissue triglyceride stores released by hormone-sensitive lipase. Fatty

acids are also derived through the lipolysis of triglyceride-rich lipoproteins in

tissues by lipoprotein lipase (LPL). Insulin mediates both antilipolysis and the

stimulation of LPL in adipose tissue. Thus, when insulin resistance develops,

increased lipolysis produces more fatty acids, which further decrease the

antilipolytic effect of insulin. Excessive fatty acids enhance substrate availability

and create insulin resistance by modifying downstream signaling. Fatty acids

impair insulin-mediated glucose uptake and accumulate as triglycerides in both

skeletal and cardiac muscle, whereas increased glucose production and

triglyceride accumulation are seen in liver.

Both adipose cell enlargement and infiltration of macrophages into

adipose tissue result in the release of proinflammatory cytokines and promote

insulin resistance. Insulin resistance appears to be the primary mediator of

metabolic syndrome.45 Insulin promotes glucose uptake in muscle, fat, and liver
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cells, and can influence lipolysis and production of glucose by hepatocytes.

Additional contributors to insulin resistance include abnormalities in insulin

secretion and insulin receptor signaling, impaired glucose disposal, and

proinflammatory cytokines. These abnormalities, in turn, may result from obesity

with related increases in free fatty acid levels and changes in insulin distribution

(insulin accumulates in fat).

The distribution of adipose tissue appears to affect its role in metabolic

syndrome. Fat that is visceral or intra-abdominal correlates with inflammation

whereas subcutaneous fat does not.55 Abdominal fat is known to produce

potentially harmful levels of cytokines, such as tumor necrosis factor,

adiponectin, leptin, resistin, and plasminogen activator inhibitor.56

Dyslipidemia

In general, FFA flux to the liver is associated with increased production of

apoB–containing, triglyceride-rich very low density lipoproteins (VLDLs). The

effect of insulin on this process is complex, but hypertriglyceridemia is an

excellent marker of the insulin-resistant condition.

The other major lipoprotein disturbance in the metabolic syndrome is a

reduction in HDL cholesterol. This reduction is a consequence of changes in

HDL composition and metabolism which results in an increased clearance of

HDL from the circulation.

In addition to HDL, LDLs are also modified in composition. With fasting

serum triglycerides >2.0 mM (~180 mg/dL), there is almost always a
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predominance of small dense LDLs. Small dense LDLs are thought to be more

atherogenic. They may be toxic to the endothelium and also have increased

susceptibility to oxidation and are selectively bound to scavenger receptors on

monocyte-derived macrophages.

Glucose Intolerance

The defects in insulin action lead to impaired suppression of glucose

production by the liver and kidney and reduced glucose uptake and metabolism in

insulin-sensitive tissues, i.e., muscle and adipose tissue. To compensate for

defects in insulin action, insulin secretion and/or clearance must be modified to

sustain euglycemia. Ultimately, this compensatory mechanism fails, usually

because of defects in insulin secretion, resulting in progress from IFG and/or IGT

to DM.

Hypertension

The relationship between insulin resistance and hypertension is well

established. In the setting of insulin resistance, the vasodilatory effect of insulin

is lost, but the renal effect on sodium reabsorption is preserved. Insulin also

increases the activity of the sympathetic nervous system, an effect that may also

be preserved in the setting of the insulin resistance. Finally, insulin resistance is

characterized by pathway-specific impairment in phosphatidylinositol 3-kinase

signaling which may cause an imbalance between the production of nitric oxide

and secretion of endothelin-1, leading to decreased blood flow.
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Role of Inflammation

Abundant in vitro and in vivo data implicate inflammation in

atherogenesis, leading to the current understanding of atherosclerosis as a chronic

inflammatory disease. Recent evidence demonstrates that a complex network of

cytokines orchestrates the underlying immunologic and inflammatory

processes.58

A central role has been attributed to the pro-inflammatory cytokines,

tumor necrosis factor a (TNF- α) and interleukin (IL)-6, supported by the fact that

both are produced in substantial amounts by human adipose tissue. TNF- α

impairs insulin-stimulated glucose uptake in a variety of cells and decreases

lipoprotein lipase activity. Both cytokines increase hepatic lipogensis and elicit a

systemic acute- phase response.43

Furthermore, various aspects of the acute-phase response, such as

fibrinogen and plasminogen activator inhibitor-1 levels, whole-blood viscosity,

and white blood cell count, have recently been found to correlate positively with

the metabolic syndrome. This is of particular interest because inflammation plays

an important role in the pathogenesis of atherothrombosis.43

Moreover, C-reactive protein (CRP), the classic and exquisitively

sensitive acute phase reactant, shows a strong independent association with the

risk of Coronary Heart Disease and other atherothrombotic events. CRP levels

have also been found to correlate with BMI and some features of the metabolic

syndrome.40
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Clinical Relevance

The clinical relevance of the metabolic syndrome is related to its role in

the development of cardiovascular disease. Two recent prospective population-

based studies confirmed that the metabolic syndrome identified a high-risk group

of persons who would have been missed by only consideration of the

conventional risk factors. The incidence of coronary disease along with carotid

atherosclerosis is higher in patients with metabolic syndrome along with higher

mortality from all such causes.43

Although for many obese patients the risk of developing metabolic

syndrome is quiet evident, but studies43 also show that the risk of having the

metabolic syndrome increases steeply even within the overweight or the

"preobese" range. Detecting these overweight individuals and the 6% of normal

weight individuals with the metabolic syndrome and implementing preventive

lifestyle interventions-diet education, physical activity, weight control, smoking

cessation, and related behavior modification- is of a high clinical priority.

Other Associated Conditions

In addition to the features specifically associated with metabolic

syndrome, insulin resistance is accompanied by other metabolic alterations

Nonalcoholic Fatty Liver Disease

Fatty liver is relatively common. However, in NASH, both triglyceride

accumulation and inflammation coexist.
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Hyperuricemia

Hyperuricemia reflects defects in insulin action on the renal tubular

reabsorption of uric acid, whereas the increase in asymmetric dimethylarginine,

an endogenous inhibitor of nitric oxide synthase, relates to endothelial

dysfunction. Microalbuminuria may also be caused by altered endothelial

pathophysiology in the insulin-resistant state.

Polycystic Ovary Syndrome

PCOS is highly associated with the metabolic syndrome, with a

prevalence between 40 and 50%. Women with PCOS are 2–4 times more likely

to have the metabolic syndrome compared to women without PCOS.

Obstructive Sleep Apnea

OSA is commonly associated with obesity, hypertension, increased

circulating cytokines, IGT, and insulin resistance.

Presentation

History

As with other diseases, careful history taking is important in metabolic

syndrome. Even though the condition is diagnosed based on physical and

laboratory features, it may be suspected if symptoms of any of the component

disorders are present, such as the increased hunger, thirst, or urination that may

accompany hyperglycemia. Patients reporting a history of hypertension,

dyslipidemia warrant screening for metabolic syndrome. Symptoms suggesting
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the rise of cardiovascular and other complications, such as chest pain or shortness

of breath, must be investigated carefully. As lifestyle changes can ameliorate the

condition, attention should be paid to the patient’s dietary habits and exercise

routines so that areas for improvement can be identified.

The social history is important for identifying additional risks, such as

tobacco use, which may exacerbate the increased cardiovascular complications

associated with metabolic syndrome. A family history should be obtained

because genetics may play an important role in metabolic syndrome. This feature

of the disease is under active investigation; however, currently no gene or group

of genes has been implicated consistently, suggesting that the environment exerts

substantial influence.59 Finally, a thorough review of systems may help identify

related problems, such as menstrual irregularities that can be seen in polycystic

ovarian syndrome.

Physical

The physical examination is crucial in patients with metabolic syndrome

as the findings of elevated blood pressure and abdominal obesity are 2 of the 5

diagnostic criteria. Measurement and documentation of waist circumference are

important routines when screening for metabolic syndrome. Additionally, the

examination may reveal findings reflective of the other criteria. For example,

patients with insulin resistance and hyperglycemia or diabetes mellitus may have

acanthosis nigricans, hirsutism, peripheral neuropathy, and retinopathy. Patients

with severe dyslipidemia may have xanthomas or xanthelasmas. The presence of

arterial bruits may portend a higher risk of cardiovascular complications.
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Laboratory Studies

Fasting lipids and glucose are needed to determine if the metabolic

syndrome is present. The measurement of additional biomarkers associated with

insulin resistance must be individualized. Such tests might include apo B, high-

sensitivity CRP, fibrinogen, uric acid, urinary microalbumin, and liver function

tests. A sleep study should be performed if symptoms of OSA are present. If

PCOS is suspected based on clinical features and anovulation, testosterone,

luteinizing hormone, and follicle-stimulating hormone should be measured.

The Metabolic Syndrome: Treatment

Lifestyle

Obesity is the driving force behind the metabolic syndrome. Thus, weight

reduction is the primary approach to the disorder. With weight reduction, the

improvement in insulin sensitivity is often accompanied by favorable

modifications in many components of the metabolic syndrome. In general,

recommendations for weight loss include a combination of caloric restriction,

increased physical activity, and behavior modification. The tendency for weight

regain after successful weight reduction underscores the need for long-lasting

behavioral changes.

Diet

Before prescribing a weight-loss diet, it is important to emphasize that it

takes a long time for a patient to achieve an expanded fat mass; thus, the

correction need not occur quickly. Diets restricted in carbohydrate typically
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provide a rapid initial weight loss. However, after one year, the amount of weight

reduction is usually unchanged. Thus, adherence to the diet is more important

than which diet is chosen. Diets restricted in saturated fats (<7% of calories),

trans fat (as few as possible), and cholesterol (<200 mg daily) should be applied

aggressively.

Physical Activity

Before a physical activity recommendation is provided to patients with

the metabolic syndrome, it is important to ensure that this increased activity does

not incur risk.For the inactive participant, gradual increases in physical activity

should be encouraged to enhance adherence and to avoid injury. Although

increases in physical activity can lead to modest weight reduction, 60–90 min of

daily activity is required to achieve this goal. Even if an overweight or obese

adult is unable to achieve this level of activity, they still derive a significant

health benefit from at least 30 min of moderate intensity daily activity.

Obesity

In some patients with the metabolic syndrome, treatment options need to

extend beyond lifestyle intervention. Weight-loss drugs come in two major

classes: appetite suppressants and absorption inhibitors. Appetite suppressants

approved by the Food and Drug Administration include phentermine (for short-

term use only, 3 months) and sibutramine. Orlistat inhibits fat absorption by

~30% and has been shown to reduce the incidence of type 2 diabetes, an effect

that was especially evident in patients with baseline IGT.
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Bariatric surgery is an option for patients with the metabolic syndrome

who have a body mass index (BMI) of >40 kg/m2 or >35 kg/m2 with

comorbidities.

Pharmacologic therapy:

Statins (HMG-CoA reductase inhibitors), which produce a 20–60%

lowering of LDL cholesterol, are generally the first choice for medication

intervention. Side effects are rare and include an increase in hepatic

transaminases and/or myopathy.

The cholesterol absorption inhibitor ezetimibe is well tolerated and should

be the second choice. Ezetimibe typically reduces LDL cholesterol by 15–20%.

The bile acid sequestrants cholestyramine and colestipol are more effective than

ezetimibe but must be used with caution in patients with the metabolic syndrome

because they often increase triglycerides. Side effects include gastrointestinal

symptoms (palatability, bloating, belching, constipation, anal irritation). Nicotinic

acid has modest LDL cholesterol–lowering capabilities (<20%). Fibrates are best

employed to lower LDL cholesterol when both LDL cholesterol and

nontriglycerides are elevated. Fenofibrate may be more effective than gemfibrozil

in this group.

Triglycerides

In general, the response of fasting triglycerides relates to the amount of

weight reduction achieved. A weight reduction of >10% is necessary to lower

fasting triglycerides.
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A fibrate (gemfibrozil or fenofibrate) is the drug of choice to lower

fasting triglycerides and typically achieve a 35–50% reduction. Although several

additional clinical trials have been performed, these have not shown clear

evidence that fibrates reduce CVD risk as a consequence of triglyceride lowering.

Other drugs that lower triglycerides include statins, nicotinic acid, and

high doses of omega-3 fatty acids.

HDL Cholesterol

Beyond weight reduction, there are very few lipid-modifying compounds

that increase HDL cholesterol. Statins, fibrates, and bile acid sequestrants have

modest effects (5–10%), and there is no effect on HDL cholesterol with ezetimibe

or omega-3 fatty acids. Nicotinic acid is the only currently available drug with

predictable HDL cholesterol-raising properties.

Blood Pressure

In patients with the metabolic syndrome without diabetes, the best choice

for the first antihypertensive should usually be an ACE inhibitor or an

angiotensin II receptor blocker, as these two classes of drugs appear to reduce the

incidence of new-onset type 2 diabetes. In all patients with hypertension, a

sodium-restricted diet enriched in fruits and vegetables and low-fat dairy

products should be advocated.
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Impaired Fasting Glucose

In patients with the metabolic syndrome and type 2 diabetes, aggressive

glycemic control may favorably modify fasting triglycerides and/or HDL

cholesterol. In those patients with IFG without a diagnosis of diabetes, a lifestyle

intervention that includes weight reduction, dietary fat restriction, and increased

physical activity has been shown to reduce the incidence of type 2 diabetes.

Metformin has also been shown to reduce the incidence of diabetes, although the

effect was less than that seen with lifestyle intervention.

Insulin Resistance

Several drug classes [biguanides, thiazolidinediones (TZDs)] increase

insulin sensitivity. Both metformin and TZDs enhance insulin action in the liver

and suppress endogenous glucose production. TZDs, but not metformin, also

improve insulin-mediated glucose uptake in muscle and adipose tissue. Benefits

of both drugs have also been seen in patients with NAFLD and PCOS, and they

have been shown to reduce markers of inflammation and small dense LDL. In

general, the beneficial effects of TZDs appear superior to those of metformin.

SERUM FERRITIN

Ferritin was discovered in 1937 by the French scientist Laufberger, who

isolated a new protein from horse spleen that contained up to 23% by dry weight

of iron. The appearance of ferritin in human serum was documented several years

thereafter. However, quantification of serum ferritin awaited the purification of
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ferritin and anti-ferritin antibodies and the development of sensitive

immunoassay techniques.60

In 1972, using an immunoradiometric assay, Addison et al.. convincingly

demonstrated that ferritin could be reliably detected in human serum.61 To

determine the relationship between serum ferritin level and total body iron stores,

the authors measured serum ferritin in a normal population, patients with iron

deficiency and individuals with iron overload. They demonstrated that serum

ferritin was elevated in patients with iron overload and decreased in patients with

iron deficiency diseases.60

In 1975 Jacobs and Worwood suggested that the assay of serum ferritin

might provide a “useful and convenient method of assessing the status of iron

storage.”.62 Serum ferritin continues to be measured to this day, although it is

now known that many additional factors, including inflammation, infection and

malignancy -- all of which may elevate serum ferritin -- complicate the

interpretation of this value (see below). What is most surprising is that despite

this long history of clinical use, fundamental aspects of the biology of serum

ferritin are still unclear. For example its tissue of origin, secretory pathway,

receptor interactions and cellular effects remain topics of active debate. In this

chapter, we will discuss recent studies on serum ferritin and its roles in iron

delivery, immunity, inflammation, angiogenesis, and cancer as well as its current

use as a clinical tool.60
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Basic biology

Ferritin is present in most tissues as a cytosolic protein, although a

mitochondrial form has recently been described and nuclear localization and

functions have been proposed. Ferritin plays an important role in the storage of

intracellular iron, and has been the subjective of extensive recent reviews. Ferritin

is a 24-subunit protein that is composed of two types of subunits, termed H and

L. H refers to the original isolation of isoforms of ferritin from human heart,

which are rich in the H subunit, or to its electrophoretic migration as the heavier

of the two subunits. L refers to ferritin isolated from human liver, which is rich in

a lighter subunit. The ratio of H to L subunits within the assembled ferritin

protein varies depending on tissue type and developmental stage. Genes encoding

the H and L subunits of human ferritin are located on chromosomes 11q and 19q

respectively. Both H and L ferritin also have multiple pseudogenes. Amino acid

sequence similarity between ferritin H and L subunits in mammals is about 50%;

sequence conservation between subunit types is even greater (among mammalian

H subunits, there is approximately 90% homology; among L subunits,

approximately 80% homology).60

Serum ferritin is relatively iron-poor. Based on its ability to bind

concanavilin A, serum ferritin is believed to be glycosylated. It is composed

primarily of the L subunit type, as measured by immunological cross reactivity

with anti-ferritin L antibodies. The source and detailed secretory pathway of

serum ferritin are not completely understood. Hepatocytes, macrophages and

Kupffer cells have been shown to secrete ferritin. Despite the absence of a

conventional secretary signal on ferritin L, it appears and serum ferritin L and
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tissue ferritin L are encoded by the same gene. Thus, ferritin L was secreted from

hepatocytes transfected with ferritin L cDNA via a classic secretory pathway.

Nevertheless, due to lack of a signal peptide sequence that mediates ferritin

secretion, the mechanisms of how ferritin enters the secretory pathway require

further characterization. Ferritin secretion into the medium of cultured cells is

increased by iron and the cytokines interleukin-1-β (IL-1) and tumor necrosis

factor-α (TNF-α). This enhanced secretion was blocked by co-treatment with

dichlorofuranosylbenzimidazole (DRB), a specific transcriptional inhibitor,

suggesting that these cytokines transcriptionally upregulate ferritin and its

secretion.60

In rare cases, hyperferritinemia arises from hereditary disorders that do

not cause iron overload. This includes mutations in the gene for tissue ferritin L,

and this has been used as evidence that serum ferritin is encoded by this gene. For

example, individuals with hyperferritinemia-cataract syndrome who have

mutations that increase production of tissue ferritin L also show increased levels

of serum ferritin. Recently a new missense mutation in the ferritin L coding

sequence was identified and shown to be associated with hyperferritinemia

without overall iron overload. The mutation, which mapped to the amino

terminus of the L ferritin subunit and did not cause clinical symptoms, was

proposed to cause hyperferritinemia by increasing ferritin secretion. Hereditary

hyperferritinemia also results from mutations in the ferroportin and ceruloplasmin

genes, as well as genes causing genetic hemochromatosis such as HAMP, HFE,

TFR2, and HJV. Although the extent of iron overload differs among these
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patients, in these cases, the increase in serum ferritin is secondary to an increase

in systemic iron.60

The decreased serum iron, increased macrophage iron, and decreased

dietary iron absorption of anemia of inflammation are explained by increases in

hepcidin expression induced by inflammatory cytokines; the increased serum

iron, depleted macrophage iron, and accelerated dietary iron absorption in

hereditary hemochromatosis result from aberrant regulation of hepcidin

expression from genetic defects.60

Extracellular ferritin in physiological and pathological processes60

Due to difficulties in isolating serum ferritin in quantity, few if any

experiments have directly assessed effects of exogenous administration of serum

ferritin. However, several investigators have studied the effects of exogenous

tissue ferritin on cells. It is uncertain whether this accurately models serum

ferritin, or whether it instead models paracrine effects of ferritin released from

adjacent cells. Despite this uncertainty, several interesting observations have been

made using tissue ferritin as a model, including the identification of ferritin

receptors and the discovery of proliferative and signaling responses to ferritin.

Iron delivery system

Studies have shown that extracellular ferritin can function as an iron

carrier to provide iron to cells. Compared to transferrin, which carries a

maximum of 2 iron atoms, a single ferritin molecule can sequester up to 4500

iron atoms, thus making it potentially a very effective iron delivery system.
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Serum ferritin, which is believed to be iron poor, carries much less iron than this,

but could nevertheless make a significant impact on iron delivery.

In a study63 studied ferritin release by Kupffer cells loaded with iron.

Their results showed that about 50% of the iron content of these cells was

released to the culture medium within 24 hours in the form of ferritin. When this

conditioned medium was used to culture isolated hepatocytes, released ferritin

was quickly taken up by the cells. The authors calculated that one hepatocyte

could accumulate over 160,000 iron molecules per minute via this efficient

mechanism. This study demonstrates that exogenous ferritin can function as a

highly efficient iron delivery mechanism.

Although erythroid cells take up iron primarily via the transferrin-

transferrin receptor pathway, it has also been shown that ferritin secreted by

macrophages can function as an iron source for erythroid precursor cells. Using a

two-phase culture protocol, the authors of this study showed that in the absence

of transferrin, monocyte-derived macrophages provided enough iron for the

proliferation of erythroid precursor cells. Although the exact pathway that

mediates ferritin uptake by erythroid cells has not been not characterized,

receptor-mediated endocytosis might be involved in this process. However, since

a primary defect in the development of TfR knockout mice is a failure of

erythropoiesis, it is likely that the transferrin-mediated pathway plays the primary

role in iron delivery to the developing erythrocyte.60

In order for extracellular ferritin to carry out a physiological role, a cell

surface receptor must be envisioned. Indeed, saturable binding of ferritin to a
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variety of different cell types has been observed for many years. Fargion et al.

identified a saturable binding site for ferritin on the surface of human

lymphocytes. Binding was specific to H ferritin, not L ferritin. Further studies

showed that most B cells and about 30% of CD+ and CD8+ T-lymphocytes

possessed this binding ability. The binding of ferritin to lymphocytes was shown

to decrease cell proliferation. Specific and saturable binding of ferritin has also

been observed in liver cells, brain oligodendrocytes, enterocytes, and erythroid

precursor cells. Studies using recombinant human ferritin indicated that at least

two different types of ferritin receptors are present on liver cells. The first type of

ferritin receptor had similar binding affinities for ferritin H and L, while the

second type of receptor showed a specific binding for H ferritin. When H ferritin

was added to the culture medium, cells expressing H receptors showed decreased

proliferation and colony formation. Interestingly, a specific H ferritin receptor is

also present on activated, but not quiescent, liver lipocytes. The activated

lipocytes can internalize ferritin via this receptor. As activated lipocytes are

responsible for increased collagen production and liver cirrhosis in many iron

overload diseases, the authors speculate that the H ferritin receptor on the surface

of activated lipocytes may mediate the transfer of iron from outside to lipocytes

and thus activate them.60

Binding of exogenous ferritin to cell surface receptors has also been

implicated as an important iron delivery pathway in the brain. Although the

transferrin-transferrin receptor pathway is the main iron import system in most

cells, TfR mRNA is not detectable in white matter tracts, even in rats that are fed

iron deficient diets. As iron is required for oligodendrocytes to produce myelin,
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and these cells contain more iron than any other cells in the central nervous

system, other iron uptake systems that are independent of transferrin must be

present.

A study64,65 identified an H ferritin receptor on the cell surface of

oligodendrocytes that could take up ferritin via receptor-mediated endocytosis.

Study proposed that iron delivered by ferritin is the major source of iron for

oligodendrocytes. Other study66 demonstrated binding of ferritin to other cell

types, although specificity for H- or L-ferritin was not explicitly examined.

Thus experiments using intestinal Caco-2 cells indicated that enterocytes

possess a ferritin receptor and absorb ferritin via a receptor-mediated. A ferritin

receptor is also present on placental membranes. Interestingly, in pregnant

women with mild or moderate iron deficiency, ferritin receptor binding sites are

much more abundant than in pregnant women with normal iron status.60

Although many studies67,68 have identified ferritin binding sites on cells,

the first cell surface receptor for ferritin to be cloned was mouse T cell

immunoglobulin-domain and mucin-domain 2 (TIM-2). TIM-2 is a

transmembrane protein expressed in liver, kidney, T cells and B cells.

There is no known human ortholog of TIM-2, although TIM-1 shares

sequence homology with TIM-2. TIM-2 has been shown to inhibit T cell

activation. TIM-2 was identified as a ferritin H receptor in a screen for TIM-2

ligands. The authors demonstrated that TIM-2 specifically bound ferritin H and

not ferritin L. The interaction between ferritin H and TIM-2 on the cell surface
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cause internalization of ferritin H into endosomes. This study is consistent with a

role for TIM-2 in delivering iron-containing ferritin into cells.60

A study69 demonstrated that TIM-2 is expressed on oligodendrocytes and

that its expression level is responsive to iron challenge, as iron repletion

decreased its expression while iron chelation increased its expression. Since there

is no detectable Tf-TfR pathway for iron delivery in oligodendrocytes, ferritin-

TIM2 was suggested to be the primary mechanism for iron uptake by these cells.

Recently a study70 identified another cell surface receptor for ferritin,

Scara5. Scara5 is a scavenger receptor that can bind various ligands. In contrast

to TIM-2, which is a ferritin H receptor, Scara5 preferentially binds ferritin L.

Scara5 plays an important role in kidney organogenesis, presumably by

delivering iron to cells. Identification of Scara5 grew out of the observation that

despite the embryonic lethality of a TfR1 knockout, some organogenesis still

occurs in early embryos. In addition, hypotransferrinemic mice that produce less

than 1% of serum transferrin of normal mice show normal organogenesis, and

patients with familial hypotransferrinemia also have normal organ development.

These studies led the authors to speculate that there must be other mechanisms

responsible for cellular iron uptake besides Tf-TfR. Using murine chimeric

embryos composed of unlabeled TfR1 wild type cells and TfR−/− cells tagged

with green fluorescent protein, they demonstrated two independent iron delivery

systems during kidney organogenesis. They showed that the ureteric bud takes up

iron via the classic TfR1 pathway, while capsular cells take up iron via a TfR1-

independent pathway, which was identified as a ferritin L receptor, Scara5. The
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authors further showed that iron-containing ferritin bound to Scara 5 and

underwent endocytosis, releasing iron into the cytoplasm. It will be interesting to

determine mechanisms that dictate cell type specificity for transferrin-dependent

and ferritin-dependent iron delivery, and to explore the role of Scara5 in the adult

animal.60

A human ferritin receptor was recently identified. Using expression

cloning, a study70 identified human TfR1 as a cell surface receptor for H ferritin.

No binding to L ferritin was observed. The binding of H ferritin to TfR1 was

independent of HFE and was only partially inhibited by diferric transferrin,

suggesting that binding sites for transferrin and ferritin on the receptor do not

entirely overlap. The binding of H ferritin to TfR1 induces H ferritin to enter

endosomes and lysosomes, and accounts for most of the binding of H ferritin to

the cell surface.

Mechanisms by which iron is released from ferritin for intracellular use

are currently being investigated. It has been suggested that iron may exit the

protein through gated pores. Using deferoxamine (DFO) as a iron chelator, a

study demonstrated that, lysosome-dependent ferritin degradation is required for

iron release.60

A study71 confirmed this result and described an additional route for iron

release following treatment with the more permeant iron chelators deferriprone

and desferasirox, which were found to induce ferritin degradation in the

proteasome and iron release from ferritin before its degradation. It will be
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interesting to identify pathways of iron trafficking following its release from

ferritin.

Signaling molecule

Very recently, a study72 proposed a new role for extracellular ferritin as a

pro-inflammatory signaling molecule in hepatic stellate cells. They observed that

cells treated with ferritin activated a pathway comprising PI3 kinase

phosphorylation, protein kinase C zeta activation and MAP kinase activation,

ultimately culminating in activation of NFκB. Activation of NFkB in turn

enhanced the expression of pro-inflammatory mediators, including interleukin 1

beta, iNOS and others. Interestingly, this function was independent of the iron

content of ferritin, suggesting that exogenous ferritin may subsume roles entirely

independent of its classic role as an iron binding protein.

Immunity

For many years, it has been known that patients with hematologic

malignancies, such as Hodgkin’s disease and acute leukemia, have impaired cell-

mediated immunity. These patients also exhibit elevated levels of serum ferritin.

This suggested a possible relation between serum ferritin and immunity. Early in

vitro studies indicated that ferritin modulates body immune function by inhibiting

lymphocyte function. When human lymphocytes were treated with splenic

ferritin, lymphocyte cell activation by phytohaemagglutinin (PHA) and

concanavalin A (Con A) was inhibited. Later in vivo studies also suggested that

ferritin inhibits immunity.60
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Chemokines are a family of proteins with chemotactic and activating

effects on various leukocyte lineages that play important roles in T helper cell

responses, hematopoiesis, hemostasis and angiogenesis. A study70 observed that

the chemokine CSCL12 induced binding of ferritin heavy chain to the CXC

chemokine receptor 4 (CXCR4) both in vitro and in vivo. Ferritin H

overexpression repressed CXCR4-mediated ERk1/2 activation, while ferritin H

knockdown enhanced ERK 1/2 activation.

The signaling pathways that mediate the anti-immune function of ferritin

H are not completely understood. However, the identification of TIM-2 as a

specific cell surface receptor for ferritin H makes it tempting to speculate that

there may be a link between the immune suppressive function of ferritin H and

TIM-2. TIM-2 is a member of the T cell immunoglobulin and mucin-domain

(TIM) gene family, which is involved in the regulation of immune responses. The

TIM gene family is found within the TAPR locus (T cell and airway phenotype

regulator) on mouse chromosome 11 and human chromosome 5. Genetic

variations in the TAPR locus are associated with various immune-related

diseases. A number of polymorphisms have been found in human TIM-1 and

TIM-3 and these polymorphisms are associated with asthma and other allergic

diseases. The mouse TIM gene family consists of eight members (TIM-1 to TIM-

8), in human, however, the TIM family seems to include only three members

(TIM-1, TIM-2 and TIM-4). There is no human orthologue of mouse TIM-2.

However, given to its close sequence homology, human TIM-1 may share the

same or at least some of the functions of murine TIM-2. In contrast to TIM-1,

which is expressed on Th1 cell surface and regulates Th1 immune responses,
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TIM-2 is mainly expressed in differentiated Th2 cells and negatively regulates

Th2 cell responses. Knockout TIM-2 mice were generated recently. TIM-2

deficient mice display increased inflammation and Th2 cytokine production in a

mouse atopic model. These results indicate that TIM-2 is a negative regulator of

Th2 immune responses. However, despite these suggestive relationships, whether

ferritin H plays its immunosuppression function via the activation of TIM-2

receptor has not been studied.60

Inflammation

Serum ferritin is widely recognized as an acute phase reactant and marker

of acute and chronic inflammation, and is nonspecifically elevated in a wide

range of inflammatory conditions, including chronic kidney disease, rheumatoid

arthritis and other autoimmune disorders, acute infection, and malignancy. The

elevated ferritin in these states reflects increased total body iron storage, but

paradoxically, these stores are sequestered and not available for hematopoiesis, a

process which contributes to the widely recognized anemia of inflammation. This

relative iron deficiency in inflammation and malignancy is presumed to have

developed as a defense mechanism to restrict serum iron from utilization by

pathogens and tumors. Still’s disease and hemophagocytic syndrome represent

two clinical entities in which serum ferritin elevations are particularly

remarkable.60

Angiogenesis

The search for binding partners of ferritin in human serum led to the

identification of high molecular weight kininogen (HK) as a ferritin interacting
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protein. HK is a 120 kDa abundant plasma protein which was initially described

as a co-factor in the intrinsic coagulation cascade. HK is cleaved by the serine

protease kallikrein to produce two independently active proteins: bradykinin

(BK) and two-chain high molecular weight kininogen (HKa). BK is a 9 amino

acid rapid acting peptide which induces NO release, pain and vasodilation. BK is

also a pro-angiogenic peptide. In contrast, the other byproduct of HK cleavage,

HKa, is anti-angiogenic.60

Angiogenesis, the process of creating new blood vessels from pre-existing

vessels, is a key step in multiple physiologic and pathologic processes ranging

from wound healing to the menstruation cycle to tumor growth and

metastasis.The process of angiogenesis is regulated by a balance of multiple pro

and anti-angiogenic factors. Interestingly, the two HK cleavage products have

opposing roles in angiogenesis: BK promotes vessel formation while HKa

inhibits this process. ferritin, through a direct interaction with both HK and HKa,

is a newly defined angiogenic regulator.60

Deletion mapping and solid phase binding assays revealed that ferritin

directly interacts with the light chain of HK with a Kd of 140 nM. Ferritin

decreases the cleavage of HK by kallikrein and by two inflammatory proteases,

neutrophil elastase and mast cell tryptase. Though decreasing the cleavage of HK,

ferritin decreases the production of BK and HKa, thus reducing the levels of both

of these angiogenic regulators.60

Additionally, ferritin directly binds HKa. In fact, ferritin has a 10-fold

higher affinity for HKa than HK. Ferritin binds within domain 5 of HKa. This
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domain is responsible for the anti-angiogenic properties of HKa and is exposed

when HK is cleaved to release BK and form HKa. Though binding to the anti-

angiogenic domain of HKa, ferritin antagonizes HKa’s effects, leading to

increased blood vessel growth. Indeed, in a mouse tumor model where HKa

reduces tumor blood vessel growth, the addition of ferritin counteracts the effects

of HKa, leading to significantly increased intratumor blood vessel density.60

As described below, serum ferritin levels rise significantly during

inflammation and certain malignancies times when angiogenesis, both

physiologic and pathologic, occurs. The pro-angiogenic activity of ferritin

exerted through its ability to bind HK/HKa may provide a rationale for this

increase: serum ferritin levels may rise in order to function as an angiogenic

modulator, working to increase new blood vessel growth. This may represent a

physiologic response in the setting of inflammation and wound healing, and may

also represent a pathologic response in the setting of tumor growth.60

Interaction between ferritin and other plasma proteins

In addition to HK, several other ferritin binding partners in serum and/or

plasma have been identified including apolipoprotein B, α-2-macroglobulin(α

2M), anti-ferritin autoantibody, and fibrinogen. By binding to apolipoprotein B,

ferritin posttranslationally inhibits its secretion. α2M is a large plasma protein that

can bind many ligands and remove them from blood circulation by α 2M receptor

mediated endocytosis. The identification of α 2M as a ferritin binding protein

indicated a potential pathway for cellular uptake and/or clearance of ferritin from

circulation. In addition, ferritin autoantibodies and a ferritin immune complex
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were identified in canine serum, which may contribute to the clearance of

circulating ferritin.60

Ferritin as a clinical tool

Ferritin is a valuable tool for the clinician, both for the evaluation of

common disease states, such as iron-deficiency anemia, and for evaluation of

hereditary and acquired iron-overload conditions, such as hereditary

hemochromatosis and chronic transfusion therapy. Serum ferritin is usually part

of panel of several blood tests routinely ordered to diagnose and manage these

conditions, and is arguably the single most useful marker in most populations,

though some caveats apply, as discussed below. Elevated serum ferritin levels

can also be a diagnostic clue to very rare but devastating autoimmune or

inflammatory disorders, such as hemophagocytic syndrome and Still's disease.60

Despite its clear utility as a clinical tool to assess body iron stores, much

of the biology of serum ferritin remains as elusive today as when it was first

discovered. For example, cellular mechanisms involved in the secretion of

ferritin, which does not contain a canonical leader sequence, remain unknown.

This will be important to unravel, particularly as it is becoming clear that

extracellular ferritin can subsume many functions unrelated to its classic role as

an intracellular iron storage protein. The delineation of precise relationships

between ferritin secretion and immunomodulation, iron delivery, and triggering

of signaling pathways all will require further investigation. The study of ferritin

isolated from the serum of normal, non-hemochromatotic individuals may shed

additional light on the biochemistry of this protein. Finally, identification of cell
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types responsible for the secretion of human ferritin, and further studies on the

cells and receptors targeted by ferritin action may bring us closer to an

understanding of this multifunctional protein.60

Recent literature on serum ferritin and metabolic syndrome

A cross-sectional study17 on 6,044 adults >20 years of age who

participated in the Third National Health and Nutrition Examination Survey from

Baltimore, USA examined the relationship among iron stores, the metabolic

syndrome, and insulin resistance. Metabolic syndrome was defined as the

presence of at least three of the following: elevated blood pressure, low HDL

cholesterol, elevated serum triglycerides, elevated plasma glucose, and abdominal

obesity. Insulin resistance was estimated using homeostasis model assessment

(for insulin resistance), fasting insulin, and triglyceride-to-HDL cholesterol ratio.

After excluding individuals with likely hemochromatosis, mean serum ferritin

values in premenopausal women, postmenopausal women, and men were 33.6,

93.4, and 139.9 microg/l, respectively. Metabolic syndrome was more common in

those with the highest compared with the lowest levels of serum ferritin in

premenopausal women (14.9 vs. 6.4%, P = 0.002), postmenopausal women (47.5

vs. 28.2%, P < 0.001), and men (27.3 vs. 13.8%, P < 0.001). Insulin resistance

also increased across quartiles of serum ferritin for men and postmenopausal

women and persisted after adjustment for age, race/ethnicity, C-reactive protein,

smoking, alcohol intake, and BMI. Study concluded that, elevated iron stores

were positively associated with the prevalence of the metabolic syndrome and

with insulin resistance.
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Another a cross-sectional study73 of 1,444 adults over age 40 and under

age 70 that lived in a rural area and participated in a survey conducted as part of

the Korean Rural Genomic Cohort Study (KRGCS) examined the relationship

between serum ferritin and the metabolic syndrome (MS). The MS was defined

as the presence of at least three of the followings: elevated blood pressure, low

high density lipoprotein cholesterol, elevated serum triglycerides, elevated

plasma glucose, or abdominal obesity. After adjustment for age, alcohol intake,

menopausal status, body mass index (BMI), high sensitivity C-reactive protein

(hs-CRP), and alanine aminotransferase (ALT), odds ratios (ORs) for the

prevalence of the MS by sex were calculated for quartiles of serum ferritin using

logistic regression analysis. The MS was more common in those persons with the

highest levels of serum ferritin, compared to persons with the lowest levels, in

men (37.1% vs. 22.4%, p=0.006) and women (58.8% vs. 34.8, p<0.001). In both

sexes, the greater the number of MS components presents, the greater the serum

ferritin levels. After adjustment for age, alcohol intake, and menopausal status,

the OR for metabolic syndrome, comparing the fourth quartile of ferritin with the

first quartile, was 2.21 (95% confidence interval; CI=1.26-3.87; p-trend=0.024)

in men and 2.10 (95% CI=1.40-3.17; p-trend=0.001) in women. However, after

further adjustment for BMI, hs-CRP, and ALT, the ORs were statistically

attenuated in both sexes. Study showed that, moderately elevated serum ferritin

levels were not independently associated with the prevalence of the MS after

adjusting for other risk factors. Further studies are needed to obtain evidence

concerning the association between serum ferritin levels and the MS.
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A cross-sectional study74 of 6311 adults older than 20 years who

participated in the 2008 Korean National Health and Nutrition Examination

Survey examined the association of serum ferritin levels with metabolic

syndrome (MS) and diabetes mellitus in a representative sample of the adult

South Korean population using data from the 2008 Korean National Health and

Nutrition Examination Survey. Metabolic syndrome was defined as the presence

of at least 3 of elevated blood pressure, low high-density lipoprotein cholesterol,

elevated serum triglycerides, elevated plasma glucose, and abdominal obesity. In

a representative sample of the adult Korean population, MS was more prevalent

in the highest quartile compared with the lowest quartile of serum ferritin

concentrations in women following adjustments for age, education, smoking,

alcohol intake, body mass index, aspartate aminotransferase, and alanine

aminotransferase. Diabetes mellitus was more prevalent in the highest quartile

compared with the lowest quartile of serum ferritin concentrations in

premenopausal women and men. The geometric means of fasting insulin and

insulin resistance determined using the homeostasis model assessment of insulin

resistance in the fourth serum ferritin quartiles of postmenopausal women and

men were significantly higher compared with those in the first quartile of the

respective groups. This study demonstrated that, elevated serum ferritin

concentrations are associated with an increased risk of MS and diabetes mellitus

in a representative sample of the adult South Korean population.

In a cross-sectional study,75 serum ferritin level and metabolic syndrome

and its components were measured from 18,581 men from January to December

in 2008 to investigate the relationship between serum ferritin level and metabolic



Review of Literature

46

syndrome and its components in healthy Korean men. The presence of metabolic

syndrome was determined according to the most recent consensus report of the

National Cholesterol Education Program's Third Adult Treatment Panel. Logistic

regression models were applied to examine the relationship between the serum

ferritin level and the metabolic syndrome and its components. After adjusting for

clinical covariates, the odds ratio and 95% confidence intervals of metabolic

syndrome with respect to Q2, Q3 and Q4 were 1.34 (1.14-1.57), 1.49 (1.24-1.70)

and 1.99 (1.70-2.33), respectively (p for trend < 0.001). The multivariable-

adjusted model also showed a significantly graded relationship between

individual components of metabolic syndrome and the quartile groups of serum

ferritin. In this study, elevated ferritin concentration was independently

associated with metabolic syndrome and its components among healthy Korean

men.

A study76 reported that, ferritin, a marker of total body iron stores, is

known to be associated with the risk of having metabolic syndrome and has been

demonstrated to increase after the onset of menopause. Postmenopause status is

an important determinant of metabolic syndrome.

A cross-sectional study76 aimed to perform a menopause status-specific

analysis of the association between ferritin levels and metabolic syndrome

included 3,082 participants (1,691 premenopausal women and 1,391

postmenopausal women), all of whom were enrolled in the Korean National

Health and Nutrition Examination Survey 2007. Premenopausal and

postmenopausal women with metabolic syndrome had higher ferritin levels than

did those without metabolic syndrome. After adjustments for age; body mass
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index; alcohol intake; smoking history; exercise; hormone therapy use;

hemoglobin, aspartate aminotransferase, and alanine aminotransferase levels; and

intake of energy and iron, multivariate logistic regression analysis revealed that

postmenopausal women with ferritin levels in the third tertile had an increased

risk of having metabolic syndrome (odds ratio, 1.62; 95% CI, 1.04-2.81)

compared with postmenopausal women with levels in the first quartile. No such

association was detected in premenopausal women. Study concluded that,

increased ferritin levels may be a determinant for metabolic syndrome in

postmenopausal women but not in premenopausal women.
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METHODOLOGY

The present study was conducted in the Department of Medicine, KLES

Dr. Prabhakar Kore Hospital and Medical Research Centre, Belgaum on patients

with metabolic syndrome during the period of January 2011 to December 2011.

Study design

The study design was one year cross sectional study.

Study period and duration

The present one year study was conducted during the period of January

2011 to December 2011.

Method of collection of data

Source of Data

Patients with metabolic syndrome admitted in the wards of Medicine

Department or attending the Medicine at KLES Dr. Prabhakar Kore Hospital and

Medical Research Centre, Belgaum were studied.

Sample size

A total of 100 patients with metabolic syndrome were selected for the

study.

Sampling procedure

The sample size was calculated based on the formula as mentioned below.
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n = 4 X p X q / d2

Where p = Prevalence (Prevalence of the disease which was

taken as 50% as no records were available regarding the

study).

q = 100 – p

d = Absolute error taken as 10%

n = 4 X 50 X 50 / 102

n = 100

Considering the above variable the sample size was calculated as 100

patients.

Selection criteria

Inclusion Criteria

 Patients with metabolic syndrome diagnosed as per National Cholesterol

Education Program Adult Treatment Panel III (2001) requires at least

three of the following:

o Central obesity: waist circumference ≥ 102 cm or 40 inches

(male), ≥ 88 cm or 36 inches (female)

o Dyslipidaemia: TG ≥ 1.695 mmol/L (150 mg/dL)

o Dyslipidaemia: HDL-C < 40 mg/dL (male), < 50 mg/dL (female)

o Blood pressure: ≥ 130/85 mm Hg

o Fasting plasma glucose: ≥ 6.1 mmol/L (110 mg/dL)
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Exclusion Criteria

 Anemic or who received treatment for anemia in last three months.

 Patients with hemolytic anemia.

 Patients who donated blood in last four months.

 Positive inflammatory markers (WBC>11,000/mm3 or WBC<3000/mm3).

Ethical clearance

Prior to the commencement, the study was approved by the Ethical and

Research Committee, Jawaharlal Nehru Medical College, Belgaum.

Informed Consent

All the patients fulfilling selection criteria were explained about the

purpose of study and a written informed consent was obtained to participate in

the study before enrollment (Annexure I).

Method of collection of data

Before the enrollment, demographic data such as age, sex, occupation,

history regarding hypertension, diabetes mellitus and complications,

cerebrovscular events viz, angina pain, myocardial infarction, ischemic disease

were recorded. A thorough physical examination such as anthropometry, vitals

and systemic examination was conducted. These findings were recorded on a

predesigned and pretested proforma (Annexure II).
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Procedure

A thorough clinical examination was conducted. Height and weight was

recorded and body mass index was calculated based on formula;

Weight (Kg)

Body Mass Index =

Height2 (m)

Body mass index in the range of less than 18.5 kg/m2 were considered as

underweight, 18.5 to 24.9 kg/m2 were considered as normal, 25.0 to 29.9 kg/m2

were considered as overweight and more than 30 kg/m2 were considered as

obese.77-79

The waist circumference was measured using a standard measuring tape

in Cms. Waist circumference of ≥ 102 cm or 40 inches (male), ≥ 88 cm or 36

inches (female) was considered as abnormal.

Investigations such as fasting blood sugar and lipid profile (total

cholesterol, triglycerides, HDL, LDL) levels were done and the findings were

recorded. Further these findings were interpreted according to NCEP ATP III

criteria.38

Estimation of serum ferritin levels

Serum ferritin was measured on fasting blood samples using radio-

immunoassay.80 The serum ferritin levels were interpreted as below;
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Males

 18 to 30 years – 18.7 to 323 ng/mL

 31 to 60 years – 16.4 to 294 ng/mL

Females

 Premenopaual – 6.9 to 282.5 ng/mL

 Post menopausal – 14.0 to 233 ng/mL

Statistical analysis

The data obtained was coded and entered into Microsoft Excel Worksheet

(Annexure III). The categorical data was expressed as rates, ratios and

proportions and comparison was done using chi-square test. The continuous data

was expressed as mean ± standard deviation (SD) and comparison was done by

student ‘t’ test. A probability value (‘p’ value) of less than or equal to 0.05 was

considered as statistically significant.
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RESULTS

The present study was conducted in the Department of Medicine, KLES

Dr. Prabhakar Kore Hospital and Medical Research Centre, Belgaum during the

study period from January 2011 to December 2011. Based on NCEP ATP III

criteria, hundred (100) cases were studied, and the findings obtained are tabulated

as below.

`
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Table 1. Age distribution

Age group (Years)
Patients (n=100)

Number Percentage

18 to 30 8 8.00

31 to 40 10 10.00

41 to 50 16 16.00

51 to 60 30 30.00

61 to 70 21 21.00

> 70 15 15.00

Total 100 100.00

Graph 1. Age distribution
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Patients age ranged from 18 to 70 years. Maximum number of cases were

in the age group of 51 to 60 (30%) and 21 cases were in the age group of 61 to

70(21%). Average age at presentation was 55.84 ± 15.04 years.

Inference: Majority of the patients were in 5th and 6th decade.
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Table 2. Sex distribution

Sex
Patients (n=100)

Number Percentage

Male 58 58.00

Female 42 42.00

Total 100 100.00

Graph 2. Sex distribution
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Out of 100 patients 58 (58%) were males and 42 patients (42%) were

females, accounting a ratio of male to female was 1.38:1.

Inference: Male preponderance was noticed.
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Table 3. Components of metabolic syndrome

Components
Patients (n=100)

Number Percentage

Hypertension 88 88.00

Triglycerides 86 86.00

HDL 81 81.00

Fasting blood sugar 79 79.00

Waist circumference 73 73.00

Graph 3. Components of metabolic
syndrome
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The commonest component of metabolic syndrome was hypertension

88%, followed by triglyceridemia 86%, low HDL 81%, fasting blood sugar

79%,waist circumference 73%.

Inference: Majority of the patients were having hypertension, triglyceridemia and

low HDL levels
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Table 4. Duration of hypertension

Duration (Years)
Patients (n=83)

Number Percentage

Upto 5 22 26.50

6 to 10 34 40.96

11 to 15 15 18.07

> 15 12 14.45

Total 83 100.00

34 (40.96%) patients had duration of hypertension between 6 to 10 years.

overall mean duration of hypertension was 9.68 ± 8.52 years.

Table 5. Duration of Type 2 diabetes

Duration (Years)
patients (n=60)

Number Percentage

Upto 5 13 21.67

6 to 10 30 50.00

11 to 15 9 15.00

> 15 8 13.33

Total 60 100.00

30 patients had duration of type 2 diabetes mellitus between 6 to 10

years.overall mean duration of diabetes was 9.52 ± 9.52 years.



Results

58

Individual components metabolic syndrome

Table 6. Body mass index

Body mass index (Kg/m2)
patients(n=100)

Number Percentage

18.5 - 24.99 19 19.00

25 - 29.99 72 72.00

> 30 9 9.00

Total 100 100.00

Graph 4. Body mass index
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Majority of patients with BMI between 25 to 29.99 Kg/m2 were observed

72% followed by 19% between 18.5 to 24.99 Kg/m2
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Table 7. Waist Circumference

Waist circumference
patients (n=100)

Number Percentage

Normal 27 27.00

Abnormal 73 73.00

Total 100 100.00

Graph 5. Waist Circumference
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Majority of the patients had waist circumference abnormality 73% and

was normal in 27%.
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Observations of individual metabolic components

Table 8. Blood pressure

Hypertension
patients (n=100)

Mean SD

Present (Presented with HTN) 83 83.00

Newly detected 5 5.00

Absent 12 12.00

Total 100 100

Graph 6. Blood pressure
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83% of the patients were known hypertensive, 5% were newly detected,

12% of the patients were with normal blood pressure.
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Table 9. Fasting blood sugar

Fasting blood sugar (mg/dL)
patients (n=100)

Number Percentage

Present (Presented with DM) 60 60.00

Newly detected 19 19.00

Absent 21 21.00

Total 100 100

Graph 7. Fasting blood sugar
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60% of the patients were known diabetic, 19% of patients were having

FBS abnormality, 21% had no FBS abnormality.
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Table 10. Serum Cholesterol

Serum cholesterol levels

(mg/dL)

patients (n=100)

Number Percentage

< 200 61 61.00

> 200 39 39.00

Total 100 100.00

Graph 8. Serum Cholesterol
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39% of patients had serum cholesterol levels > 200 mg/dl and 61% had

<200 mg/dl.
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Table 11. Triglycerides

Triglyceride levels

(mg/dL)

patients (n=100)

Number Percentage

< 150 14 14.00

≥ 150 86 86.00

Total 100 100.00

Graph 9. Triglycerides
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Majority of patients 86% had triglycerides equal or > 150 mg/dl, 14% had

<150 mg/dl.
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Table 12. High density lipoprotein

HDL Levels (mg/dL)
patients(n=100)

Number Percentage

Normal 19 19.00

Abnormal 81 81.00

Total 100 100.00

Graph 10. High density lipoprotein
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81% of the patients had HDL abnormality and in 19% it was normal.
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Table 13. Low density lipoprotein

Low density lipoprotein

(mg/dL)

Patients (n=100)

Number Percentage

< 100 85 85.00

> 100 15 15.00

Total 100 100.00

Graph 11. Low density lipoprotein
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In majority of patients 85% LDL was below 100mg/dl and in only 15% it

was >100 mg/dl.
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Table 14. Serum ferritin

Serum Ferritin levels

(ng/mL)

patients (n=100)

Number Percentage

Within normal limits 49 49.00

Elevated 43 43.00

Below normal 8 8.00

Total 100 100.00

Graph 12. Serum ferritin
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Serum ferritin was elevated in 43%, normal in 49% and below normal in

8%.
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Table 15. Patients with individual components of metabolic syndrome

No of Components
Patients (n=100)

Number Percentage%

3 25 25.00

4 43 43.00

5 32 32.00

Total 100 100.00

Graph 13. Patients with individual
components of metabolic syndrome
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In the present study 43% patients had metabolic syndrome with four

components and 32% had five components. However 25% of the patients were

noted with three components of metabolic syndrome.
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Table 16. Comparison of serum ferritin levels and metabolic syndrome

components

No of
Components

Serum ferritin levels
TotalNormal

limits Elevated
Below
normal

No % No % No % No %

3 9 36.00 14 56.00 2 8.00 25 100.00

4 20 46.51 20 46.51 3 6.98 43 100.00

5 20 62.50 9 28.13 3 9.38 32 100.00

x2=4.991 DF=4 p=0.288

Patients with 3 components of metabolic syndrome elevated serum ferritin

abnormality was seen in 14 (56%), in 9 (36%) it was within normal limits and in

only 2 (8%) it was below normal.

In patients with 4 components the elevated serum ferritin was seen in 20

(46.51%), normal in 20 (46.51%), and below normal in 3 (6.98%).

In patients of all 5components of metabolic syndrome elevated was seen

in 9(28.13%), normal in 20(62.5%) and below normal in 3 (9.38%).

Inference: It was observed that in 43 patients serum ferritin levels were elevated,

in 49 patients it was within normal limits and in 8 it was below normal.
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Table 17. Comparison of other parameters with serum ferritin in individual

components of metabolic syndrome

Components of metabolic
syndrome

Serum ferritin levels

TotalWithin
normal limits

Elevated
Below

normal

No. % No. % No. % No. %

Waist Normal 8 29.63 17 62.96 2 7.41 27 27.00

Circumference Abnormal 41 56.16 26 35.62 6 8.22 73 73.00

x2=6.276; DF=2; p=0.043 (significant)

Hypertension Normal 12 100.00 0 0.00 0 0.00 12 12.00

Abnormal 37 42.05 43 48.86 8 9.09 88 88.00

x2=14.192; DF=2; p=0.0008 (significant)

Fasting blood Normal 6 28.57 13 61.90 2 9.52 21 21.00

Sugar Abnormal 43 54.43 30 37.97 6 7.59 79 79.00

x2=4.550; DF=2; p=0.102

Triglycerides Normal 7 50.00 5 35.71 2 14.29 14 14.00

Abnormal 42 48.84 38 44.19 6 6.98 86 86.00

x2=1.008; DF=2; p=0.604

HDL Normal 5 26.32 13 68.42 1 5.26 19 19.00

Abnormal 44 54.32 30 37.04 7 8.64 81 81.00

x2=6.208; DF=2; p=0.045(significant)

Waist circumference: Patients with abnormal waist circumference 73 (73%)

serum ferritin was elevated in 26 (35.6) normal in 41 (56.16%) below normal in 6

(8.2%).

Hypertension: Patients with hypertension 88 (88%), Serum ferritin was elevated

in 43 (48.86%) normal in 37 (42.05%) below normal in 8 (9.0%).
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Fasting blood sugar: Patients with abnormal FBS 79 (79%), 30 (37.9%) had

elevated levels,43 (54.4%) had normal levels, 6 (7.59%) had below normal

levels.

Triglcerides: Out of 86 (86%) patients of triglyceridemia 38 (44.19%) had

elevated levels, 42 (48.8%) had normal levels, 6 (6.98%) had below normal.

Low HDL; In patients with HDL abnormalities 81(81%), 30 (37%) had elevated

level, 44 (54.3%) had normal levels, 7 (8.6%) had below normal levels.

Table 18. Comparison of mean serum ferritin levels with metabolic

syndrome components

No of

Components

Males (n=58) Females (n=42) Overall (n=100)

Mean SD Mean SD Mean SD

3 328.85 371.77 566.92 621.34 405.03 466.46

4 391.58 387.05 225.21 201.45 325.81 333.77

5 365.67 468.58 242.18 369.81 300.07 416.73

In patients with 3 components of metabolic syndrome, as well 4

components and in patients with all 5 components the mean serum ferritin levels

were elevated in both males/females.
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Table 19. Comparison of mean metabolic components with mean serum

ferritin

No of
Components

Mean serum ferritin levels (ng/mL)

normal limits
(n=49)

Elevated (n=43)
Below normal

(n=8)

Mean SD Mean SD Mean SD

WC (Cms) 96.67 6.84 97.39 8.12 93.62 5.95

SBP (mm Hg) 140.57 16.87 146 10.98 147.75 8.71

DBP (mm Hg) 87.87 8.14 92.04 6.64 91 5.75

FBS (mg/dL) 150.48 122.00 131.62 40.72 125.12 27.52

TGA (mg/dL) 189.79 95.69 186.14 35.41 168.37 48.28

HDL (mg/dL) 41.95 10.85 39.9 12.04 37.75 6.73

Mean Systolic blood pressure, diastolic blood pressure, FBS,

triglycerides, low HDL abnormality was seen in 43 patients with elevated mean

serum ferritin levels.
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Complication of individual component.

Table 20. Hypertension

Complications
Patients (n=100)

Number Percentage

Angina pain 9 9.00

Cerebrovascular events 4 4.00

Complication of hypertension presenting as angina was observed in 9

(9%) and CVA 4 (4%).

Table 21. Diabetes mellitus

Diabetic complications
Patients (n=100)

Number Percentage

Diabetic retinopathy 35 35.00

Diabetic nephropathy 2 2.00

Diabetic neuropathy 1 1.00

Complication of type 2 diabetes presenting as retinopathy 35 (35%),

nephropathy 2 (2%), peripheral neuropathy 1 (1%).

Inference: Majority of patients had retinopathy as a complication of diabetes

mellitus.
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DISCUSSION

In the present study of 100 patients with metabolic syndrome we observed

various abnormalities associated with different components were observed.

Patients with waist circumference (WC) abnormality 73 (73 %) as a

component of metabolic syndrome elevated serum ferritin abnormality was seen

in 26(35.62%), with significant p value 0.043.

Patient with hypertension 88 (88%), Serum ferritin was elevated in 43

(48.86%) with significant p value of 0.0008.

Patient with HDL abnormality 81 (81%), Serum ferritin was elevated in

30 (37.04%) with significant p value of 0.045.

In other components of metabolic syndrome that is FBS abnormality and

Triglyceridemia we did not find reflection of serum ferritin levels,The p value in

these both components was insignificant.

The most common age group in metabolic syndrome was 51 to 60 years

(30%) and overall, the mean age was 55.84 ± 15.04 years.

The Indian study81 it was observed, significantly higher rates of metabolic

syndrome in older age groups. The incidence of metabolic syndrome would

increase with increasing age 6.7% (in the age group of 20 -29 years) peaking to

65.6% (in the age group of 60-69 years)

In a study done in Australia, in 2005, the mean age for the cohort of

patients with metabolic syndrome was 57.1 (55.3–58.9)82



Discussion

74

In the present study, males out numbered females with male to female

ratio of 1.38:1,with male preponderance of 58%.

In a study82 done in Perth, (Australia) using four groups of subjects

according to the presence of the individual components of the metabolic

syndrome, 60.7% were males in the cohort of subjects with metabolic syndrome

as diagnosed by the NCEP-ATP III criteria.

This is in sharp contrast with one study81 done in Andhra Pradesh which

showed metabolic syndrome rates are significantly higher among females with

52.2% (n=307) than in males at 34.2% (n=202).

This difference could be because of number of males and females patients

studied (total of 509).

In the present study 83% of patients were known hypertensive, 5% were

newly detected, remaining 12% were with normal blood pressure. The mean SBP

was 143.48 ± 14.25 mm Hg and DBP was 89.92 ± 7.57 mm Hg.

In a study83 done in the University of Oslo, among patients with metabolic

syndrome, 40% had hypertension and 28% had previous cardiovascular disease

(composite of coronary heart disease, cerebrovascular disease and peripheral

vascular disease).

In the CURES-34 study84 done in Chennai, India, 430 subjects diagnosed

with metabolic syndrome by the ATPIII criteria had raised blood pressure, which

was seen in 31.2% (males, 35.3% and females, 27.6%)
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A study81 of metabolic syndrome in Asian Indians, all the individual

components of metabolic syndrome increased significantly with age, elevated

blood pressure (63.1%) was the commonest abnormality observed.

In our study 60% of patients were known type 2 diabetes mellitus, 19%

were newly detected. Out of 60% with known diabetes mellitus 50% had duration

of diabetes mellitus ranged between 6 to 10 years. Overall, the mean duration of

diabetes was 9.52 ± 9.52 years.

In a study83 done in the University of Oslo, among patients with metabolic

syndrome, 29% had diabetes, on the other hand, in a prevalence study of

metabolic syndrome and its components in urban India, Diabetes was found in

82.01% of patients.

In the CURES-34 study84 done in Chennai, India, of 430 subjects 18.3%

diagnosed with metabolic syndrome by the ATPIII criteria had DM in 14.7% of

individuals (males, 17.8% and females, 12.0%)

An Indian study81 the high prevalence of Diabetes and Hypertension, is

supported by the fact that Diabetes and Hypertension have been found to be more

widely prevalent in South Asians, thus, conferring a large and very real risk of

adverse cardiovascular events and other attending complications. The possible

explanations for this inordinately high prevalence can be attributed to a high

prevalence of obesity, insulin resistance and a body fat structure that favours the

development of metabolic syndrome, Diabetes and Hypertension.85,86
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In our study, 72% patients had BMI between 25 to 29.99 Kg/m2 and 19%

patients had more than 30 Kg/m2. Overall the mean BMI was 27.18 ± 2.49

Kg/m2.

In a study87 done in Norway, IL 18 was correlated with cardiovascular

events in metabolic syndrome patients, the mean BMI in patients with metabolic

syndrome was found to be 28.4 kg/m2 (26.6-30.6).

In the National health statistics report88 of 2009, 29.8% of subjects were

overweight and 65% of subjects were obese. In a study of urban Indian

population, they found 79.01% of subjects with a BMI of  > 24.9.

An Indian study81 showed Metabolic syndrome and cardiovascular risk in

Asian Indians/South Asians are also heightened by their relative increase in body

fat mass, truncal subcutaneous fat mass, intra-abdominal fat mass, and also in

ectopic fat deposition. Cardiovascular risk cluster also manifests at a lower level

of adiposity and abdominal obesity 9 kg/m. South Asians also seem to have a

peculiar body phenotype known as South Asian Phenotype, characterized by

increased waist circumference, increased waist hip ratio, excessive body fat mass.

In the present study the waist circumference was abnormal in 73% of

patients and 27% had normal waist circumference. The mean waist circumference

was 96.78 ± 7.33 cms.

Another study89 done in Taiwan according to the Third Report of the

National Cholesterol Education Program Adult Treatment Panel III criteria, waist

circumference abnormality was seen in 40% in 11411 adults.



Discussion

77

This sharp contrast in our study and study reported by thaiwan group may

be because of number of patients in study group.

Study done90 in china showed Waist circumference (WC) and body mass

index (BMI) were good markers for MetS, WC was a good marker for T2DM and

dyslipidemia, and BMI was a good marker for hypertension. The optimal BMI

cut-off value of MetS was 24 kg/m², and the optimal WC cut-offs were 86 cm

and 78 cm in men and women, respectively.

Regional body fat distribution has an important influence on metabolic

and cardiovascular risk factors. Increased abdominal (visceral) fat accumulation

is a risk factor for coronary artery disease (CAD), dyslipidemia, hypertension,

stroke, and type 2 diabetes.91

In our study lipid profile revealed raised serum cholesterol, Triglycerides,

and low levels of HDL in patients of metabolic syndrome constituting a

percentage of 39%86% and 81% respectively. LDL was elevated in  15%.

In a survey88 done by the US Department of Health and Human services,

Triglyceride levels and HDL levels were found to be abnormal in 31.4% and

24.7% respectively.

In another study91 done in New Delhi, India, the age-adjusted HDL levels

were found to be low in 64.91% of subjects.

In a study done on Asian-Indians (Chennai), abnormal TG and HDL

levels were seen in 76% and >90% of the study population. Asian Indians were

found not only to have low HDL, but also have a preponderance of small, dense,



Discussion

78

dysfunctional HDL particles that are associated with less efficient reverse

cholesterol transport and less protection against CAD.83 In a sub-study of the

Chennai rural epidemiology study, abnormal Triglycerides and HDL was found

in 25.2% and 63.5% of patients.84 However, in a study92 done only on urban south

Indian men, abnormal TG was seen in 45.2%, whereas abnormal HDL was seen

in 70.3% of subjects.

In our study various complications of metabolic syndrome observed were

angina pectoris 9 (9%), cerebrovascular accident 4 (4%).

A study93 showed that, the proportion of subjects with the Metabolic

Syndrome was very high (92.3%). At the baseline, 31.7% of subjects were coded

positive for CVD, which was more prevalent in subjects with the Metabolic

Syndrome (32.9 vs. 17.8%, p=0.005).

Metabolic syndrome is very common with ≈ 44% of the US population

over 50 years of age meeting the NCEP criteria. hose with metabolic syndrome

without diabetes had higher CHD prevalence (13.9%), and those with both

metabolic syndrome and diabetes had the highest prevalence of CHD (19.2%).94

A study95 in Finland showed coronary heart disease was more prevalent in

MS patients Of 48%compared to non MS patients of 18%.

In our study retinopathy was observed in 35% followed by nephropathy in

2 % and peripheral neuropathy 1%.
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A study95 done in Finland showed retinopathy was commonly associated

with MS 48% vs 41% in non MS patients, neuropathy in 16% of patients were as

6% was seen in non MS patients.

In the present study serum ferritin levels were normal among 49%

patients and elevated serum ferritin levels were noted among 43% patients. The

mean serum ferritin among males were 366.50±398.93 and in females it was

297.17±390.80 ng/mL.

In the present study, based on NCEP III criteria 43% of patients had four

components of metabolic syndrome, and 32% had five components. And 25% of

the patients were with three components of metabolic syndrome.

In patients with 3, 4 and all 5 components of metabolic syndrome in both

males and females mean serum ferritin levels were elevated. But p value was

insignificant in all these patients of metabolic syndrome.

Elevated serum ferritin levels were noted in 56% patients with three

components, 46.51% with four components and 28.13% patients with five

components. However, no statistically significant difference was observed

between elevated serum ferritin levels and metabolic syndrome components.

The correlation of lipid profile with serum ferritin showed, significantly

elevated serum ferritin levels in patients with abnormal waist circumference,

hypertension and high density lipoprotein whereas no statistically significant

difference was seen in patients with abnormal fasting blood sugar and

triglycerides.
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Patient with Waist circumference abnormality 73 (73 %) as a component

of metabolic syndrome elevated serum ferritin abnormality was seen in

26(35.6%), with significant p value 0.043.

Patients with hypertension 88(88%), Serum ferritin was elevated in 43

(48.8%) with significant p value of 0.0008.

Patients with HDL abnormality 81 (81%), serum ferritin was elevated in

30 (37.04%) with significant p value of 0.045.

In other components of metabolic syndrome that is FBS abnormality and

Triglyceride abnormality of serum ferritin levels did not show significant

reflection as far as statistical p value was concerned.

Serum ferritin is a widely used marker of iron status in epidemiological

studies96 and accurately reflects differences in body iron stores by age and sex.97

However, serum ferritin is an acute-phase reactant and may be artificially

elevated in the presence of inflammation.98 Several cross-sectional studies have

previously examined the association between iron stores and individual metabolic

cardiovascular risk factors, including hypertension,21 dyslipidemia,22,23 elevated

fasting insulin and blood glucose,24 and central adiposity .

It is unclear whether elevated iron stores may simply be another marker of

insulin resistance or whether elevated iron stores may contribute to the

pathogenesis of altered metabolic states. Iron is a transition metal capable of

causing oxidative tissue damage by catalyzing the formation of free radicals.29
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Iron overload may contribute to insulin resistance through mechanisms related to

both reduced extraction of insulin and impaired insulin secretion.99

In a US study17 mean reported moderately elevated iron levels were

associated with an increased prevalence of metabolic syndrome and marker of

insulin resistance. These associations were evident at moderately elevated iron

levels, high levels associated with hemochromatosis. Given the high prevalence

of elevated iron stores, especially in older ages, prospective studies are needed to

determine whether moderately elevated iron stores precede the development of

insulin resistance and contribute to the increased risk associated with it.

A cross-sectional study17 on 6,044 adults >20 years of age who

participated in the Third National Health and Nutrition Examination Survey from

Baltimore, USA examined the relationship among iron stores, the metabolic

syndrome, and insulin resistance. Study concluded that, elevated iron stores were

positively associated with the prevalence of the metabolic syndrome and with

insulin resistance.

Another a cross-sectional study73 of 1,444 adults over the age of 40 and

under the age of 70 years  lived in rural area showed that, moderately elevated

serum ferritin levels were not independently associated with the prevalence of the

MS after adjusting for other risk factors.

Another cross-sectional study74 of 6311 adults older than 20 years

demonstrated that, elevated serum ferritin concentrations are associated with an

increased risk of MS and diabetes mellitus in a representative sample of the adult

South Korean population.
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In a cross-sectional study,75 serum ferritin levels and metabolic syndrome

and its components studied in 18,581 men and it was observed that elevated

ferritin concentrations was, independently associated with metabolic syndrome

and its components among healthy Korean men.

We analysed the data both qualitatively and quantitatively to find out

correlation of elevated serum ferritin with individual component of metabolic

syndrome. We found significant correlation of serum ferritin levels with

hypertension, waist circumference and low HDL levels (significant p value for

hypertension 0.0008, waist circumference 0.043, low HDL levels 0.045).This

may not be a true reflection because of small sample size and other confounding

factors.

Studies with large sample size with proper adjustment of confounding

variables may reflect significance of elevated serum ferritin in patients of

metabolic syndrome or its individual components.
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CONCLUSION

Amongst the patient presenting with metabolic syndrome, serum ferritin

was elevated in hypertension (48.86%), waist circumference (35.62%), low HDL

levels (37.04%).

Metabolic syndrome was observed in elderly age groups than in younger

age groups.

In individual components of metabolic syndrome hypertension was

commonly seen followed by triglyceridemia and low HDL levels.

Serum ferritin as a marker of metabolic syndrome was inconclusive but

was raised significantly in individual components of metabolic syndrome.

To know significance of elevated serum ferritin levels in patients of

metabolic syndrome may be a large sample size with proper adjustment of

confounding variables may reflect importance of serum ferritin levels.
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SUMMARY

The present study was conducted to analyse the serum ferritin as a marker

of metabolic syndrome. This study was conducted on 100 patients age above 18

years admitted in medicine wards of KLES Dr. Prabhakar Kore Hospital and

Medical Research Centre, Belgaum during the period from January 2011 to

December 2011.

Results of the present study showed serum ferritin was elevated

significantly in individual components of metabolic syndrome (Hypertension,

waist circumference, low HDL levels) though serum ferritin were elevated in

patients of FBS and Triglyceride abnormality ,but it was of statistically

insignificant.
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ANNEXURE I – CONSENT FORM

STUDY OF SERUM FERRITIN IN METABOLIC SYNDROME AND

ITS COMPONENTS – A ONE YEAR CROSS SECTIONAL STUDY AT

KLE UNIVERSITY, BELGAUM

Objective and purpose of the study

This research is intended to study the association of serum ferritin and

metabolic syndrome. This study will be of great help to patients with metabolic

syndrome and dyslipidemias and also predict their complications in the future.

Procedure

If you agree to be part of the research study, you will be asked the

relevant history and will be subjected to relevant clinical examination and

investigations. You will also have to give blood samples for the necessary

investigations.

Risk and Benefits

The only risk and possible discomfort you might get is while taking blood

from my arm for the investigations. It may cause swelling, pain, redness, bruising

or infection (rarely happens) at the site from where the blood is drawn.

Alternatives

Taking part in this study is voluntary. You may choose not to take part in

this study, or if I decide to take part I can later change my mind and withdraw

from the study. Your decision will not change the present or future health care or

other services that you receive. The study doctor or sponsor may stop your

participation in this study at any time. If you choose not to take part in the study,

you will receive the standard treatment for patients with your condition.
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Privacy and Confidentiality

All information collected about you during the course of this study will be

kept confidential to the extent permitted by law. The code numbers will identify

you in this research record. Information from this study may be published but

your identity will be confidential in any publication.

Institution / Sponsor’s policy

Does not apply to this research

Financial incentives for participation

You will not be paid / offered any gifts /incentives for participating in the

study.

Authorization to publish the results

The results of the study would be forwarded to the KLE University,

Belgaum as part of requirement towards the completion of MS degree, review

and publishing.

If you have any questions about your rights as a participant, you may call

Principal and Chairman, J.N.M.C Ethical Committee for Human Research phone

number ****-*******.

In case of the queries during study or in future you may contact following

persons.

Principal investigator : Dr. ****** *******

Guide : Dr. ****** *******
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Consent Statement

I voluntarily agree to take part in this study by signing below. I may

withdraw at any time. I am not giving up any of my legal rights by signing this

form. My signature below indicates that I have read, or it has been read to me,

this entire consent form, and have had all my questions answered.

Name of the Participant: __________Signature / Thumb print _______________

Name of the Witness _________Signature / Thumb print _______________

Investigator Name: __________Signature / Thumb print _______________

Date: Place:
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ANNEXURE II – PROFORMA

Case No:

NAME: AGE/SEX:

IP No. ADDRESS:

OCCUPATION:

COMPLAINTS AT PRESENTATION:

HISTORY PERTAINING TO METABOLIC SYNDROME :

k/c/o Type 2 diabetes mellitus yes no

If yes,

Duration of illness -

Details of treatment –

Past history of cerebrovascular events –

Past history of angina pain/ Myocardial infarction/ Ischaemic heart

disease or on any specific medication.

H/o peripheral neuropathy - yes                   no

Documented Diabetic retinopathy/surgical management of

retinopathy in the past

Diabetic nephropathy                                                  yes                   no

Diabetic foot yes                  no

Autonomic neuropathy                       yes no

K/c/o Hypertension or on specific anti-hypertensive

medication and duration yes no

H/o Peripheral vasucular disease/past h/o treatment for the same yes         no

K/c/o of dyslipidemia or on any specific medication yes            no
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ON EXAMINATION :

 NUTRITION :

HEIGHT :

WEIGHT:

WAIST CIRCUMFERENCE :

 BLOOD PRESSURE :

INVESTIGATIONS :

 FBS –

 TOTAL TRIGLYCERIDES –

 TOTAL HDL –

 TOTAL CHOLESTEROL-

 ESTIMATED LDL –

 SERUM FERRITIN -

BMI :
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69 409328 F 76 HW N - - N N N N - N N - N N N Y 4 T N - N - 168 80 28.34 104 160 90 106 188 39 190 110 325
70 409416 F 28 LB N - - N N N N - N N - N N N Y 9 T N - N - 165 68.5 25.16 89 150 80 78 251 44 202 105 220
71 409123 F 53 HW Y 4 O N N N N - N N - N N N N - - N - N - 158 66 26.44 90 110 80 148 264 34 203 58 563
72 416025 M 58 LB Y 10 O N Y N N - N Y - N N N Y 14 T N - N - 170 84 29.07 102 160 90 130 168 30 170 65 1500
73 416147 M 57 FR Y 8 I N N N N - N Y - N N N Y 1 - N - N - 168 84 29.76 103 160 90 166 170 32 210 88 301
74 416164 M 65 FR N - - N N N N - N N - N N N Y 6 T N - N - 170 84 29.07 103 150 90 104 180 38 210 70 359
75 416221 M 35 BS Y 2 O N N N N - N N - N N N Y 8 T N - N - 167 69.5 24.92 104 140 90 110 220 40 128 90 174
76 416486 F 75 HW Y 15 I N N N N - N Y - N N N Y 18 T N - N - 166 69.5 25.22 88 140 80 190 179 23 190 68 19
77 416491 F 52 HW Y 8 O N N N N - N Y - N N N Y 7 T N - N - 164 74 27.51 88 140 90 132 170 39 160 82 127
78 416605 M 58 BS N - - N N N N - N N - N N N Y 6 T N - N - 170 76 26.30 102 140 90 106 178 39 160 80 359
79 416630 M 48 BS Y 2 O N N N N - N N - N N N Y 11 T N - N - 166 80 29.03 99 150 90 168 210 52 189 78 212
80 409781 F 64 HW N - - N N N N - N N - N N N Y 16 T N - N - 168 76.5 27.10 94 140 100 96 170 52 230 88 150080 409781 F 64 HW N - - N N N N - N N - N N N Y 16 T N - N - 168 76.5 27.10 94 140 100 96 170 52 230 88 1500
81 416682 F 52 HW N - - N Y N N - N N - N N N Y 7 T N - N - 178 80 25.25 90 140 90 98 179 49 192 79 407
82 416795 M 70 RT Y 25 O N N N N - N Y - N N N Y 6 - N - N - 168 74 26.22 100 140 90 138 210 36 178 80 136
83 416947 F 60 HW N - - N N N N - N N - N N N Y 15 T N - N - 170 88 30.45 90 140 90 960 160 48 190 78 159
84 417027 F 60 HW Y 10 O Y N N N - N Y - N N N N - - N - N - 166 80 29.03 88 110 80 110 142 46 160 58 127
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85 417128 M 80 RT Y 25 O N Y N N - N Y - N N N Y 9 T N - N - 170 84 29.07 102 156 90 150 146 52 190 88 301
86 417218 M 68 FR N - - Y N N N - N N - N N N Y 17 T N - N - 169 80 28.01 102 140 90 100 208 36 200 60 359
87 416510 F 68 HW N - - Y N N N - N N - N N N Y 10 T N - N - 168 76 26.93 90 148 90 102 156 48 180 86 212
88 416510 F 62 HW Y 15 O N Y N N - N N - N N N N - - N - N - 166 69 25.04 90 110 90 160 218 36 200 106 114
89 417481 F 76 HW N - - N N N N - N N - N N N Y 12 T N - N - 168 80 28.34 104 160 90 106 188 39 190 110 325
90 416398 M 65 RT Y 10 O N N N N - N N - N N N N - - N - N - 176 90 29.05 102 110 70 168 190 36 290 148 58
91 417577 M 56 SR Y 6 O N N N N - N N - N N N Y 19 T N - N - 170 88 30.45 102 146 92 118 220 36 280 108 45
92 416636 M 80 RT N - - N N N N - N N - N N N Y 10 T N - N - 169 77 26.96 100 140 94 120 166 52 190 60 365
93 417600 M 66 FR Y 10 O N N N N - N Y - N N N Y 14 T N - N - 170 80 27.68 102 160 94 156 140 36 200 89 398
94 416467 M 66 RT N - - N N N N - N N - N N N Y 20 T N - N - 164 70 26.03 102 148 92 190 166 38 200 96 136
95 417690 M 54 SR Y 6 I N N N N - N N - N N N Y 6 T N - N - 165 72.5 26.63 101 146 100 122 160 50 178 110 89
96 416131 M 50 SR Y 4 O N N N N - N N - N N N Y 11 T N - N - 168 82 29.05 100 170 90 136 141 39 180 64 28
97 417361 M 77 BS Y 10 I N N N N - N Y - N N N N - T N - N - 165 76 27.92 101 160 90 112 198 36 200 96 212
98 417409 M 49 SR N - - N N N N - N N - N N N Y 24 T N - N - 164 78 29.00 104 160 90 104 166 38 180 86 178
99 416418 M 78 BS Y 20 O N N N N - N Y - N N N Y 8 T N - N - 170 88 30.45 100 150 90 176 180 41 240 121 301

100 417421 F 80 HW Y 20 I N Y N N - N Y - N N N Y 12 - N - N - 168 70 24.80 87 140 90 150 158 32 220 106 361
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ANNEXURE III – KEY TO MASTER CHART

ACC – Accountant

BMI – Body mass index

BP – Blood pressure

BS – Business

CHL – Total Cholesterol

CL – Clerk

Cms – Centimeters

dL – Deciliter

F – Female

FBS – Fasting blood sugar

FR – Farmer

HDL – High density lipoproteins

HTN – Hypertension

HW – House Wife

I – Insulin

IHD – Ischaemic heart disease

Kg – Kilogram

LB – Labourer

LDL – Low density Lipoprotein

M – Male

m – Meter

mg – Milligram

MI – Myocardia infarction
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mm Hg – Millimeter of mercury

N – No

ng – Nano gram

NPDR – Non proliferative diabetic retinopathy

O – Oral

PVD – Peripheral vascular disease

RT – Retired

S – Service

T – Tablet

T2DM – Type 2 diabetes mellitus

TG – Triglycerides

WC – Waist circumference

Y – Yes
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