
Comparative Studies on the Distribution, 

Correlation and Multivariate Apportionment of 

Selected Elements in Blood and Scalp Hair of 

Cardiovascular Patients and Healthy Donors 
 

 

 

 

 
 

By 
 

Asim Ilyas 
 

 

 

Department of Chemistry 

Quaid-i-Azam University 

Islamabad 

2016 



ii 

Comparative Studies on the Distribution, Correlation 

and Multivariate Apportionment of Selected Elements 

in Blood and Scalp Hair of Cardiovascular Patients and 

Healthy Donors 
 

 

A dissertation submitted in partial fulfillment of the 

requirements for the degree of 
 

Doctor of Philosophy 

In 

Analytical/Inorganic Chemistry 
 

 

Submitted By 

Asim Ilyas 

 
Supervised By 

Dr. Munir H. Shah 
 

 

 

 

Department of Chemistry, Quaid-i-Azam University 

Islamabad 45320, Pakistan (2016) 



iii 

 

 

 

 

 

 
 

In The Name of Allah, The Most Gracious and The Most Merciful 
 

 

 



iv 

 

 

 

DEDICATION 
 
 
 

I dedicate th is work 
 

TO MY LATE GRANDMOTHER, 

Who did not have formal education, but never stopped sharing her wisdom, tutelage, support and 
encouragement to study.  

 
TO MY FATHER, MUHAMMAD ILYAS, 

Who led me in every field of life and education.  

 
TO MY MOTHER, 

Who has always covered me with her prayers. 

 

 



FOREIGN EXAMINERS 
 

This dissertation entitled “Comparative Studies on the Distribution, Correlation and 

Multivariate Apportionment of Selected Elements in Blood and Scalp Hair of 

Cardiovascular Patients and Healthy Donors” by Mr. Asim Ilyas, Department of 

Chemistry, Quaid-i-Azam University, Islamabad, Pakistan, has been evaluated by 

following panel of foreign examiners and adjudged suitable for the award of Ph.D. degree 

in Analytical/Inorganic Chemistry. 

 

 

1.  Prof. Douglas Magde 

Department of Chemistry & Bio-Chemistry,  

University of California, San Diego-0358,  

9500 Gilman Drive, La Jolla, CA, USA 92093-0358 

E-mail:   dmagde@ucsd.edu 

 

2.  Prof. Dr John F. Gallagher 

Department of Inorganic Chemistry,  

School of Chemical Sciences,  

Dublin City University, Dublin 9, Ireland 

Email:   john.gallagher@dcu.ie 

 

 



v 

DECLARATION 
 

This is to certify that this dissertation submitted by Mr. Asim Ilyas is 
accepted in its present form by the Department of Chemistry, Quaid-i-Azam 
University, Islamabad, Pakistan as satisfying the dissertation requirements 
for the degree of Doctor of Philosophy in Chemistry. 
 
 
 
 
 
Dr. Munir H. Shah                                             . 
(Supervisor) 
 
 
 
 
 
Prof. Dr. Muhammad Siddiq                                           . 
(Chairman) 
 
 
 
 
 
External Examiner                                             . 
 
 
 
 
 
External Examiner                                             . 
 

 



vi 

ACKNOWLEDGEMENTS 
 

All praises and thanks be to ALMIGHTY ALLAH, the Lord of Alamin, the 
propitious, the benevolent and sovereign whose uncountable blessings and glory 
flourished my thoughts and thrived my ambitions. Trembling lips and wet eyes praise for 
Beloved PROPHET MUHAMMAD may ALLAH's peace and blessing be upon Him 
who is a mercy unto us from ALLAH, who character and nobility none has seen before or 
after Him. 

I am grateful to my honourable supervisor Dr. Munir Hussain Shah, Associate 
Professor, Department of Chemistry, Quaid-i-Azam University, Islamabad, for his 
continuous support, motivation, and immense knowledge. His guidance helped me in all 
the time of research and writing of this thesis. I would like to thank Prof. Dr Muhammad 
Siddiq, Chairman, Department of Chemistry, Quaid-i-Azam University, Islamabad, for 
providing me the facilities during my research work. I am indebted to Higher Education 
Commission, Government of Pakistan for granting me funds in order to accomplish this 
project. I owe special words of thank to all the patients and healthy donors, for their 
volunteer participation in this study; without their support and cooperation this project 
could never be materialized. I am also thankful to the Doctors and Pra-medics of Pakistan 
Institute of Medical Sciences, Islamabad; Polyclinic Hospital, Islamabad; Benazir Bhutto 
Hospital, Rawalpindi; Punjab Institute of Cardiology, Lahore and Department of 
Cardiology, Jinnah Hospital, Lahore, for their assistance in sample collection. I also 
express my sincerest thanks to Dr. Ahamad Shahbaz, Research Consultant, Research 
Department, Punjab Institute of Cardiology, Lahore, for his kindness and continuous 
support throughout the period of sampling. I am also grateful to Mr. Kamran and Mr. 
Naeem (Pathologist) for their generous help in sample collection. 

I thank my fellow lab-mates, Mr. Muhammad Abdul Qayyum, Mr. Muhammad 
Saleem and Mr. G.M. Mujtba Hashmi for the stimulating discussions, for the sleepless 
nights we were working together before deadlines and for all the fun we have had in the 
last four years. Laboratory assistants and attendants of Inorganic/Analytical section, 
Department of Chemistry, Quaid-i-Azam University, Islamabad, also rightfully deserve 
appreciation for their technical and timely assistance. I really appreciate the efforts of the 
two most loving guys in my life from the bottom of my heart, Mr. Muhammad Riaz, my 
uncle and fatherly figure and Dr. Muhammad Usman, my friend-cum-brother.  

This journey would not have been possible without the support of my family. I am 
especially grateful to my father, who supported me emotionally and financially; thank you 
for teaching me that my job in life was to learn, to be happy, and to know and understand 
myself; only then could I know and understand others. I can’t express my gratitude for my 
mother in words, whose unconditional love has been my greatest strength. She guides me 
as a person and teacher and offered her editing expertise throughout this process. I am 
thankful to my sister; she encouraged me and expressed confidence in my abilities when I 
could only do the opposite. I have learned a lot from your example. I am also grateful to 
my brothers Mr. Muhammad Umar, Mr. Muhammad Raza and Mr. Muhammad Abdullah 
for their valuable advice and support when I needed it most. Finally, again thanks to 
ALMIGHTY ALLAH, He never leaves me alone during this hard job. 
 
 

ASIM ILYAS 
(QAU, Islamabad) 

 



Table of Contents 

 vii

TABLE OF CONTENTS 
Page No. 

 Dedication iv

 Declaration v

 Acknowledgements vi

 Table of Contents vii

 List of Figures  xiv

 List of Tables  xviii

 List of Publications xxi

 Abstract xxii

  

 CHAPTER 1 :            INTRODUCTION 01-30

1.1 Cardiovascular Disease 01

1.2 Risk Factors for Cardiovascular Disease 02

1.3 Major Types of Cardiovascular Disease 04

1.3.1 Angina 04

1.3.2 Atherosclerosis 05

1.3.3 Myocardial Infarction/Heart Attack 07

1.3.4 Valvular Heart Disease 09

1.4 Role of Trace Elements in Health 10

1.4.1 Calcium 11

1.4.2 Cadmium 12

1.4.3 Cobalt 13

1.4.4 Chromium 14

1.4.5 Copper 15

1.4.6 Iron 16

1.4.7 Potassium 17

1.4.8 Lithium 18

1.4.9 Magnesium 19

1.4.10 Manganese 20

1.4.11 Sodium 21

1.4.12 Lead 22

1.4.13 Strontium 23

1.4.14 Zinc 24

1.5 Trace Elements and Oxidative Stress in Cardiovascular Disease 25

1.6 Biological Samples Used for Trace Element Analyses 27



Table of Contents 

 viii

1.6.1 Blood Sample 27

1.6.2 Hair Sample 29

1.7 Objectives of the Present Study 30

  

 CHAPTER 2 :       EXPERIMENTAL METHODOLOGY 31-50

2.1 Study Population 31

2.1.1 Cardiovascular Patients 32

2.1.2 Healthy Donors 32

2.2 Sample Collection and Storage 32

2.2.1 Hair Samples 33

2.2.2 Blood Samples 34

2.3 Sample Treatment and Wet Acid Digestion 36

2.3.1 Washing of Scalp Hair Samples 36

2.3.2 Digestion of Scalp Hair Samples 38

2.3.3 Digestion of Blood Samples 40

2.4 Atomic Absorption Spectrometry for Elemental Analyses 42

2.5 Glassware and Chemical Reagents 45

2.6 Quality Assurance and Quality Control 46

2.6.1 Standard Reference Material (SRM) 46

2.6.2 Limit of Detection and Limit of Quantification 47

2.7 Statistical Analysis 49

2.7.1 Principal Component Analysis 49

2.7.2 Cluster Analysis 50

  

 CHAPTER 3 :            RESULTS AND DISCUSSION 51-238

3.1 Layout of Data 51

 SECTION I: ANGINA PATIENTS 

3.2 Demographic Characteristics of the Subjects 52

3.3 Distribution of the Elemental Levels in Scalp Hair of Angina Patients 53

3.4 Distribution of the Elemental Levels in Scalp Hair of Healthy Donors 55

3.5 Comparison of the Elemental Levels in Scalp Hair of Angina Patients and 

Healthy Donors 57

3.6 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 60

3.6.1 Gender-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 60



Table of Contents 

 ix

3.6.2 Abode-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 61

3.6.3 Dietary-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 63

3.6.4 Smoking-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 63

3.6.5 Occupation-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 65

3.7 Correlation Study of the Elemental Levels in Scalp Hair of Angina Patients 66

3.8 Correlation Study of the Elemental Levels in Scalp Hair of Healthy Donors 69

3.9 Multivariate Analysis of the Elemental Levels in Scalp Hair of Angina Patients 69

3.10 Multivariate Analysis of the Elemental Levels in Scalp Hair of Healthy Donors 71

3.11 Distribution of the Elemental Levels in Blood of Angina Patients 73

3.12 Distribution of the Elemental Levels in Blood of Healthy Donors 75

3.13 Comparison of the Elemental Levels in Blood of Angina Patients and Healthy 

Donors 77

3.14 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 79

3.14.1 Gender-Based Comparison of the Elemental Levels in Blood of Angina Patients 

and Healthy Donors 79

3.14.2 Abode-Based Comparison of the Elemental Levels in Blood of Angina Patients 

and Healthy Donors 80

3.14.3 Dietary-Based Comparison of the Elemental Levels in Blood of Angina Patients 

and Healthy Donors 81

3.14.4 Smoking-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 83

3.14.5 Occupation-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 85

3.15 Correlation Study of the Elemental Levels in Blood of Angina Patients 85

3.16 Correlation Study of the Elemental Levels in Blood of Healthy Donors 86

3.17 Multivariate Analysis of the Elemental Levels in Blood of Angina Patients 89

3.18 Multivariate Analysis of the Elemental Levels in Blood of Healthy Donors 90

3.19 Comparison of the Elemental Levels in Scalp Hair and Blood of Angina 

Patients and Healthy Donors 92

 SECTION II: MYOCARDIAL INFARCTION PATIENTS 

3.20 Demographic Characteristics of the Subjects 94



Table of Contents 

 x

3.21 Distribution of the Elemental Levels in Scalp Hair of Myocardial Infarction 

Patients 95

3.22 Distribution of the Elemental Levels in Scalp Hair of Healthy Donors 97

3.23 Comparison of the Elemental Levels in Scalp Hair of Myocardial Infarction 

Patients and Healthy Donors 99

3.24 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 102

3.24.1 Gender-Based Comparison of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients and Healthy Donors 102

3.24.2 Abode-Based Comparison of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients and Healthy Donors 103

3.24.3 Dietary-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 104

3.24.4 Smoking-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 105

3.24.5 Occupation-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 106

3.25 Correlation Study of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients 108

3.26 Correlation Study of the Elemental Levels in Scalp Hair of Healthy Donors 108

3.27 Multivariate Analysis of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients 111

3.28 Multivariate Analysis of the Elemental Levels in Scalp Hair of Healthy Donors 113

3.29 Distribution of the Elemental Levels in Blood of Myocardial Infarction Patients 115

3.30 Distribution of the Elemental Levels in Blood of Healthy Donors 117

3.31 Comparison of the Elemental Levels in Blood of Myocardial Infarction Patients 

and Healthy Donors 118

3.32 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 121

3.32.1 Gender-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 121

3.32.2 Abode-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 122

3.32.3 Dietary-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 

 

123 



Table of Contents 

 xi

3.32.4 Smoking-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 124

3.32.5 Occupation-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 126

3.33 Correlation Study of the Elemental Levels in Blood of Myocardial Infarction 

Patients 127

3.34 Correlation Study of the Elemental Levels in Blood of Healthy Donors 130

3.35 Multivariate Analysis of the Elemental Levels in Blood of Myocardial 

Infarction Patients 130

3.36 Multivariate Analysis of the Elemental Levels in Blood of Healthy Donors 132

3.37 Comparison of the Elemental Levels in Scalp Hair and Blood of Myocardial 

Infarction Patients and Healthy Donors 134

 SECTION III: VALVULAR HEART DISEASE PATIENTS 

3.38 Demographic Characteristics of the Subjects 135

3.39 Distribution of the Elemental Levels in Scalp Hair of Valvular Heart Disease 

Patients 137

3.40 Distribution of the Elemental Levels in Scalp Hair of Healthy Donors 138

3.41 Comparison of the Elemental Levels in Scalp Hair of Valvular Heart Disease 

Patients and Healthy Donors 140

3.42 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 143

3.42.1 Gender-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 143

3.42.2 Abode-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 144

3.42.3 Dietary-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 145

3.42.4 Smoking-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 146

3.42.5 Occupation-Based Comparison of the Elemental Levels in Scalp Hair of 

Valvular Heart Disease Patients and Healthy Donors 147

3.42.6 Comparison of the Elemental Levels in Scalp Hair of Aortic and Mitral Valve 

Disease Patients 149

3.43 Correlation Study of the Elemental Levels in Scalp Hair of Valvular Heart 

Disease Patients 150

3.44 Correlation Study of the Elemental Levels in Scalp Hair of Healthy Donors 150



Table of Contents 

 xii

3.45 Multivariate Analysis of the Elemental Levels in Scalp Hair of Valvular Heart 

Disease Patients 153

3.46 Multivariate Analysis of the Elemental Levels in Scalp Hair of Healthy Donors 154

3.47 Distribution of the Elemental Levels in Blood of Valvular Heart Disease 

Patients 156

3.48 Distribution of the Elemental Levels in Blood of Healthy Donors 158

3.49 Comparison of the Elemental Levels in Blood of Valvular Heart Disease 

Patients and Healthy Donors 160

3.50 Comparison of the Elemental Levels Based on Demographic Characteristics of 

the Subjects 162

3.50.1 Gender-Based Comparison of the Elemental Levels in Blood of Valvular Heart 

Disease Patients and Healthy Donors 162

3.50.2 Abode-Based Comparison of the Elemental Levels in Blood of Valvular Heart 

Disease Patients and Healthy Donors 163

3.50.3 Dietary-Based Comparison of the Elemental Levels in Blood of Valvular Heart 

Disease Patients and Healthy Donors 164

3.50.4 Smoking-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 165

3.50.5 Occupation-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 166

3.50.6 Comparison of the Elemental Levels in Blood of Aortic and Mitral Valve 

Disease Patients 167

3.51 Correlation Study of the Elemental Levels in Blood of Valvular Heart Disease 

Patients 168

3.52 Correlation Study of the Elemental Levels in Blood of Healthy Donors 169

3.53 Multivariate Analysis of the Elemental Levels in Blood of Valvular Heart 

Disease Patients 172

3.54 Multivariate Analysis of the Elemental Levels in Blood of Healthy Donors 173

3.55 Comparison of the Elemental Levels in Scalp Hair and Blood of Valvular Heart 

Disease Patients and Healthy Donors 175

 SECTION IV: COMPARISON OF THE ELEMENTAL LEVELS IN 

SCALP HAIR AND BLOOD 

3.56 Comparison of the Elemental Levels in Scalp Hair and Blood of Entire 

Cardiovascular Patients and Healthy Donors 177

3.57 Comparison of the Elemental Levels in Scalp Hair of Three Categories of 

Cardiovascular Patients 180



Table of Contents 

 xiii

3.58 Comparison of the Elemental Levels in Blood of Three Categories of 

Cardiovascular Patients 183

 SECTION V: INTERNATIONAL COMPARISON OF ELEMENTAL 

LEVELS IN SCALP HAIR AND BLOOD 

3.59 Comparison of the Present Elemental Levels in Scalp Hair with the Reported 

Levels in Literature 186

3.60 Comparison of the Present Elemental Levels in Blood with the Reported Levels 

in Literature 188

3.61 Salient Findings of the Present Study 194

3.62 Recommendations 200

  

 REFERENCES 201-238

 

 

 



List of Figures 

 xiv

LIST OF FIGURES  
Page No. 

Figure 1  Targets of free radicals inside the body 26

Figure 2 Layout of Atomic Absorption Spectrophotometer (Shimadzu, AA-670, Japan) 45

Figure 3 Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

angina patients 55

Figure 4 Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 57

Figure 5 Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair of 

angina patients and healthy donors 58

Figure 6 Gender based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of angina patients and healthy donors 60

Figure 7 Abode based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of angina patients and healthy donors 62

Figure 8 Dietary based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of angina patients and healthy donors 62

Figure 9 Smoking based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of angina patients and healthy donors 64

Figure 10 Occupation based comparison of mean levels (µg/g ± SE) of selected 

elements in the scalp hair of angina patients and healthy donors 65

Figure 11 Cluster analysis of selected elemental levels in the scalp hair samples of 

angina patients 71

Figure 12 Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 73

Figure 13 Quartile distribution for selected elemental levels (µg/g) in the blood of 

angina patients 74

Figure 14 Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 76

Figure 15 Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

angina patients and healthy donors 77

Figure 16 Gender based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of angina patients and healthy donors 80

Figure 17 Abode based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of angina patients and healthy donors 81

Figure 18 Dietary based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of angina patients and healthy donors 82



List of Figures 

 xv

Figure 19 Smoking based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of angina patients and healthy donors 84

Figure 20 Occupation based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of angina patients and healthy donors 84

Figure 21 Cluster analysis of selected elemental levels in the blood samples of angina 

patients 89

Figure 22 Cluster analysis of selected elemental levels in the blood samples of healthy 

donors 91

Figure 23 Comparison of mean levels (µg/g ± SE) of selected elements in the blood and 

scalp hair of angina patients and healthy donors 93

Figure 24 Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

myocardial infarction patients 97

Figure 25 Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 99

Figure 26 Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair of 

myocardial infarction patients and healthy donors 100

Figure 27 Gender based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of myocardial infarction patients and healthy donors 102

Figure 28 Abode based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of myocardial infarction patients and healthy donors 103

Figure 29 Dietary based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of myocardial infarction patients and healthy donors 105

Figure 30 Smoking based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of myocardial infarction patients and healthy donors 106

Figure 31 Occupation based comparison of mean levels (µg/g ± SE) of selected 

elements in the scalp hair of myocardial infarction patients and healthy 

donors 107

Figure 32 Cluster analysis of selected elemental levels in the scalp hair samples of 

myocardial infarction patients 113

Figure 33 Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 113

Figure 34 Quartile distribution for selected elemental levels (µg/g) in the blood of 

myocardial infarction patients 116

Figure 35 Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 

 

117



List of Figures 

 xvi

Figure 36 Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

myocardial infarction patients and healthy donors 119

Figure 37 Gender based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of myocardial infarction patients and healthy donors 122

Figure 38 Abode based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of myocardial infarction patients and healthy donors 123

Figure 39 Dietary based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of myocardial infarction patients and healthy donors 124

Figure 40 Smoking based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of myocardial infarction patients and healthy donors 125

Figure 41 Occupation based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of myocardial infarction patients and healthy donors 126

Figure 42 Cluster analysis of selected elemental levels in the blood samples of 

myocardial infarction patients 132

Figure 43 Cluster analysis of selected elemental levels in the blood samples of healthy 

donors 133

Figure 44 Comparison of mean levels (µg/g ± SE) of selected elements in the blood and 

scalp hair of myocardial infarction patients and healthy donors 134

Figure 45 Quartile distribution for selected elemental levels (µg/g) of in the scalp hair of 

valvular heart disease patients 137

Figure 46 Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 140

Figure 47 Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair of 

valvular heart disease patients and healthy donors 141

Figure 48 Gender based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of valvular heart disease patients and healthy donors 143

Figure 49 Abode based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of valvular heart disease patients and healthy donors 145

Figure 50 Dietary based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of valvular heart disease patients and healthy donors 146

Figure 51 Smoking based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 147

Figure 52 Occupation based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 148

Figure 53 Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair of 

aortic valve disease patients and mitral valve disease patients 149



List of Figures 

 xvii

Figure 54 Cluster analysis of selected elemental levels in the scalp hair samples of 

valvular heart disease patients 153

Figure 55 Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 156

Figure 56 Quartile distribution for selected elemental levels (µg/g) in the blood of 

valvular heart disease patients 157

Figure 57 Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 159

Figure 58 Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

valvular heart disease patients and healthy donors 160

Figure 59 Gender based comparison of mea levels (µg/g ± SE) of selected elements in 

the blood of valvular heart disease patients and healthy donors 163

Figure 60 Abode based comparison of mea levels (µg/g ± SE) of selected elements in 

the blood of valvular heart disease patients and healthy donors 164

Figure 61 Dietary based comparison of mea levels (µg/g ± SE) of selected elements in 

the blood of valvular heart disease patients and healthy donors 165

Figure 62 Smoking based comparison of mea levels (µg/g ± SE) of selected elements in 

the blood of valvular heart disease patients and healthy donors 166

Figure 63 Occupation based comparison of mea levels (µg/g ± SE) of selected elements 

in the blood of valvular heart disease patients and healthy donors 167

Figure 64 Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

aortic valve disease patients and mitral valve disease patients 168

Figure 65 Cluster analysis of selected elemental levels in the blood samples of valvular 

heart disease patients 172

Figure 66 Cluster analysis of selected elemental levels in the blood samples of valvular 

heart disease patients 175

Figure 67 Comparison of mean levels (µg/g ± SE) of selected elements in the blood and 

scalp hair of valvular heart disease patients and healthy donors 176

Figure 68 Comparison of average elemental levels (µg/g) in the scalp hair of three 

patient groups 182

Figure 69 Comparison of average elemental levels (µg/g) in the blood of three patient 

groups 185

 

 



List of Tables 

 xviii

LIST OF TABLES 
Page No. 

Table 1 Optimum analytical conditions for selected elemental analysis using air-

acetylene flame on Shimadzu AA-670, Japan 44

Table 2a Certified Vs measured concentrations of the elements in standard reference 

materials 47

Table 2b Limits of detection and quantification of the selected elements 48

Table 3 Characteristics of the Subjects (angina patients and healthy donors) 53

Table 4 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of angina patients 54

Table 5 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of healthy donors 56

Table 6 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the scalp hair of angina patients and controls based on their age groups 59

Table 7 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

angina patients 67

Table 8 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

healthy donors 68

Table 9 Principal component analysis for selected elemental levels in the scalp hair 

samples of angina patients 70

Table 10 Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 72

Table 11 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of angina patients 74

Table 12 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of healthy donors 76

Table 13 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the blood of angina patients and controls based on their age groups 78

Table 14 Correlation coefficient matrix of selected elemental levels in the blood of 

angina patients 87

Table 15 Correlation coefficient matrix of selected elemental levels in the blood of 

healthy donors 88

Table 16 Principal component analysis for selected elemental levels in the blood samples 

of angina patients 90

Table 17 Principal component analysis for selected elemental levels in the blood samples 

of healthy donors 92



List of Tables 

 xix

Table 18 Characteristics of the Subjects (myocardial infarction patients and healthy 

donors) 95

Table 19 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of myocardial infarction patients 96

Table 20 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of healthy donors 98

Table 21 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the scalp hair of MI patients and controls based on their age groups 101

Table 22 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

myocardial infarction patients 109

Table 23 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

healthy donors 110

Table 24 Principal component analysis for selected elemental levels in the scalp hair 

samples of myocardial infarction patients 112

Table 25 Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 114

Table 26 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of myocardial infarction patients 116

Table 27 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of healthy donors 118

Table 28 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the blood of MI patients and controls based on their age groups 120

Table 29 Correlation coefficient matrix of selected elemental levels in the blood of 

myocardial infarction patients 128

Table 30 Correlation coefficient matrix of selected elemental levels in the blood of 

healthy donors 129

Table 31 Principal component analysis for selected elemental levels in the blood samples 

of myocardial infarction patients 131

Table 32 Principal component analysis for selected elemental levels in the blood samples 

of healthy donors 133

Table 33 Characteristics of the Subjects (valvular heart disease patients and healthy 

donors) 136

Table 34 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of valvular heart disease patients 138

Table 35 Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of healthy donors 139



List of Tables 

 xx

Table 36 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the scalp hair of VHD patients and controls based on their age groups 142

Table 37 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

valvular heart disease patients 151

Table 38 Correlation coefficient matrix of selected elemental levels in the scalp hair of 

healthy donors 152

Table 39 Principal component analysis for selected elemental levels in the scalp hair 

samples of valvular heart disease patients 154

Table 40 Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 155

Table 41 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of valvular heart disease patients 157

Table 42 Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of healthy donors 159

Table 43 Comparative average concentrations (Mean ± SE, µg/g) of selected elements in 

the blood of VHD patients and controls based on their age groups 161

Table 44 Correlation coefficient matrix of selected elemental levels in the blood of 

valvular heart disease patients 170

Table 45 Correlation coefficient matrix of selected elemental levels in the blood of 

healthy donors 171

Table 46 Principal component analysis for selected elemental levels in the blood samples 

of valvular heart disease patients 173

Table 47 Principal component analysis for selected elemental levels in the blood samples 

of healthy donors 174

Table 48 Comparison of mean levels (µg/g ± SE) of selected elements in the scalp hair 

and blood of total cardiovascular patients and healthy donors 178

Table 49 Comparison of the present elemental levels (µg/g) in the scalp hair of 

cardiovascular patients with the reported levels around the world 189

Table 50 Comparison of the present elemental levels (µg/g) in the scalp hair of healthy 

donors with the reported levels around the world 190

Table 51 Comparison of the present elemental levels (µg/g) in the blood of 

cardiovascular patients with the reported levels around the world 191

Table 52 Comparison of the present elemental levels (µg/g) in the scalp hair of healthy 

donors with the reported levels around the world 192

 

 



List of Publications 

 xxi

List of Publications 
 

Following research articles have been published/submitted for publication from the 

present work: 

1. Asim Ilyas, Munir H. Shah, (2016) Multivariate statistical evaluation of trace 

metal levels in the blood of atherosclerosis patients in comparison with healthy 

subjects. Heliyon, 2, e00054 (1-15). (DOI: 10.1016/j.heliyon.2015.e00054). 

2. Asim Ilyas, Munir H. Shah, (2015) Abnormalities of selected trace elements in 

patients with coronary artery disease. Acta Cardiologica Sinica, 31, 518–527. 

(DOI: 10.6515/ACS20150302A). 

3. Asim Ilyas, Hamad Ahmad, Munir H. Shah, (2015) Comparative distribution, 

correlation, and chemometric analyses of selected metals in scalp hair of angina 

patients and healthy subjects. Biological Trace Element Research, 168, 33–43. 

(DOI: 10.1007/s12011-015-0350-3). 

4. Asim Ilyas, Hamad Ahmad, Munir H. Shah, (2015) Comparative study of 

elemental concentrations in the scalp hair and nails of myocardial infarction 

patients versus controls from Pakistan. Biological Trace Element Research, 166, 

123–135. (DOI: 10.1007/s12011-015-0259-x). 

5. Asim Ilyas, Munir H. Shah, Selected metal levels in the blood and scalp hair: A 

case study for ischemia heart disease patients versus controls. (Submitted) 

6. Asim Ilyas, Munir H. Shah, Comparative distribution, correlation and multivariate 

apportionment of selected elements in scalp hair of valvular heart disease patients 

and healthy donors. (Submitted) 

7. Asim Ilyas, Munir H. Shah, Statistical and chemometric evaluation of various 

metal imbalances in the blood of valvular heart disease patients and controls. 

(Submitted) 

 

 



Abstract 

 xxii

A B S T R A C T  
 

Cardiovascular disease has become a ubiquitous cause of morbidity and a leading 

contributor to mortality worldwide. Numerous epidemiological studies showed intimating 

development of cardiovascular disease caused by elemental imbalance. Therefore, the present 

study was designed to investigate the concentrations of selected essential, trace and toxic elements 

(Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Pb, Sr and Zn) in the scalp hair and blood samples of 

the three different types of cardiovascular patients (angina patients, myocardial infarction patients 

and valvular heart disease patients) in comparison with their counterpart healthy donors/controls. 

Flame atomic absorption spectrophotometer was used for the quantification of selected elements 

by employing the nitric acid/perchloric acid-based wet digestion method. In the scalp hair of the 

angina patients, dominant mean levels were found for Ca (3310 µg/g), Mg (351.1 µg/g), Zn (278.6 

µg/g) and Na (251.3 µg/g), while the healthy donors showed higher concentrations for Ca (2201 

µg/g), Na (590.7 µg/g), Mg (548.1 µg/g) and Zn (289.8 µg/g) in their scalp hair. Likewise, in the 

scalp hair of myocardial infarction patients, higher contributions were noted for Ca (2265 µg/g), 

Mg (604.7 µg/g), Zn (264.4 µg/g), Na (206.1 µg/g) and Sr (103.4 µg/g). In addition, an elevated 

mean levels were observed for Ca (1862 µg/g), Mg (667.7 µg/g), Zn (342.5 µg/g) and Na (114.9 

µg/g) in the scalp hair of valvular heart disease patients. On the average basis, the concentrations 

of Ca, Cd, Co, Cr, Fe, Li, Pb and Sr were significantly higher in the scalp hair of angina and 

myocardial infarction patients in comparison with healthy donors; whereas mean contents of Cu, 

Fe, Mg, Mn, Pb and Sr were significantly elevated in the scalp hair of valvular heart disease 

patients compared to the matching healthy donors. In a correlation study, strong relationships (r > 

0.500) in the scalp hair of angina patients were observed for Cr-Fe, Fe-Li, Cr-Li, Mn-Fe, Cu-Li, 

Fe-K, Co-Fe, Co-Li and Co-K, whereas, the strong correlations were found for Ca-Mg, Sr-Ca, Cu-

K, Cu-Sr, Zn-Mg, Mg-Sr, K-Sr, Ca-Mn, Ca-Cu, Ca-Zn, Ca-K, Ca-Na, Cd-Pb, Mg-Na and Cu-Mn 

in the scalp hair of myocardial infarction patients. However, significantly positive correlations 

were noted between Ca-Sr, Cu-Sr, Mg-Sr, Ca-Mn, Na-K, Mg-Mn, Mn-Sr, Ca-Cu and Ca-Mg in 

the scalp hair of valvular heart disease patients. The correlation behaviour of the elements in the 

scalp hair of healthy donors remained was noticeably diverse compared with all three types of the 

patients. Principal component analysis (PCA) of the data revealed four PCs for angina and 

myocardial infarction patients and five PCs for valvular heart disease patients, with significant 

diverse loadings. Cluster analysis (CA), also evidenced a significantly divergent pattern of 

elemental clustering in the scalp hair of three categories of the patients compared with counterpart 

healthy donors. 

In the case of the blood samples, angina patients showed higher contributions for Na (1446 

µg/g), Fe (480.5 µg/g), K (469.5 µg/g), Mg (32.35 µg/g), Ca (31.92 µg/g) and Zn (9.309 µg/g), 
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while higher average levels in healthy donors were noted for Na (1083 µg/g), K (767.1 µg/g), Fe 

(346.0 µg/g), Ca (102.9 µg/g), Mg (37.24 µg/g) and Zn (6.133 µg/g). Similarly, dominant mean 

levels were found for Na (1658 µg/g), K (1507 µg/g), Fe (408.9 µg/g), Ca (85.75 µg/g), Mg (35.51 

µg/g), Pb (8.868 µg/g) and Zn (7.968 µg/g) in the blood of myocardial infarction patients. In case 

of valvular heart disease patients, average blood levels of Na, K, Fe, Ca, Mg and Zn were 1151, 

1123, 417.3, 46.30, 34.68 and 8.538 µg/g, respectively. Mean concentrations of Cd, Co, Cr, Fe, Li, 

Mn, Sr and Zn were found to be significantly higher in the blood of all the three categories of 

patients compared with the healthy donors. The correlation study revealed strong correlations (r > 

0.500) between Cu-K, Zn-K and Cu-Zn in the blood of angina patients, while strong positive 

relationships were noted among Li-Cd, Cr-Li, Cr-Cu, K-Zn, Li-Na, Cd-Cr, Li-Mn, Cu-Li and Li-

Pb in the blood of valvular heart disease patients. PCA of the elemental data revealed five 

significant PCs for angina and valvular heart disease patients and six PCs for myocardial infarction 

patients, but with noticeably different loadings from the counterpart healthy donors, duly 

supported by the CA. 

Measured elemental levels in the patients and healthy donors were also compared in each 

matrix based on age, gender, abode, dietary habits, smoking habits and occupations; some 

noticeable differences were observed in both categories. In addition, the role of trace elements in 

the development of the disease was also discussed. Comparative evaluation of the elemental levels 

in cardiovascular patients and healthy donors exhibited considerable variations among the patients 

and controls for both matrices. Present elemental levels in the scalp hair and blood of different 

donor groups were also compared with the counterpart data reported from different regions of the 

world. Current mean contents of Cr, Mn, Pb and Sr showed elevated concentrations in the scalp 

hair and blood of cardiovascular disease patients compared with the studies conducted in other 

parts of the world. Overall, the present study indicated significant disparities in the distribution, 

mutual correlations and multivariate apportionment of selected metals in the scalp hair and blood 

samples of cardiovascular patients compared with the healthy donors. Hence, these elemental 

variations together with other factors may guide the practitioners to diagnose and suggest the 

treatment for the cardiovascular disease. 
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Chapter 1 

INTRODUCTION 
 

1.1  Cardiovascular Disease 
Cardiovascular disease (CVD) is a class of complex disease which represents the 

structural and functional abnormalities related to the heart and blood vascular system 

(McCarthy, 2010). It is the leading cause of mortality in both men and women (Lopez et 

al., 2006; Yusuf et al., 2001). Commonly, CVD is an umbrella term for a collection of 

diseases related to the circulatory system including the heart and blood vessels. 

Technically, it refers to any disease that affects the cardiovascular system and disrupts the 

supply of oxygenated blood to other organs. Stiffening of arteries plays a significant role 

in the increasing of systolic and pulse pressure and consequently increased load on the 

heart (Hermeling et al., 2011). One of the earliest attempts (1921) to classify heart disease 

was based on the examination data of heart patients collected by White and Myers (Hurst 

et al., 1999). Later on in 1949, Morris and Crawford conducted a cardiovascular health 

study which was published in 1958 based on occupational health data (Morris and 

Crawford, 1958). 

Globally, CVD is a leading cause of death; more people die annually from this 

particular disease compared to any other disease (Duraka et al., 2001; Lopez et al., 2006). 

It was responsible for the death of 17.1 million people in 2004, which represented 29% of 

global mortality. Approximately 82% of CVD deaths take place almost equally in men and 

women of low- and middle-income countries. Furthermore, in low and middle-income 

countries, 30% of total deaths occurred annually from CVD (National Academy of 

Sciences, 2010). In Europe, each year 4.3 million deaths are reported due to the diseases of 

the heart and circulatory system comprising nearly 48% of all deaths (Wick and 

Grundtman, 2011; Allender et al., 2008). Moreover, according to the American Heart 

Association, nearly one third of American adults (approximately 80 million individuals) 

have some form of cardiovascular disease. Mortality data suggested that 36.3% of deaths 

were due to the underlying cause of CVD which means that in every 36 seconds one death 

from the disease was reported (Rosamond et al., 2007). In 2007, it was estimated that 

700,000 Americans would have a new myocardial infarction and about 500,000 would 

experience recurrent attack. Coronary heart diseases were responsible for the CVD events 

in 32% for women and 49% for men (Smith and Blumenthal, 2011).  
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According to the World Health Organization, almost 23.6 million people will die 

annually from CVD worldwide by 2030. The largest percentage increase in number of 

deaths will occur in the Eastern Mediterranean region, Asian-Pacific region and South-

East Asia region (WHO, 2015; APCSC, 2006). High blood pressure was observed in 12 

million Pakistanis, 18% of whom were aged 50 and above (McKeigue et al., 1989). 

Moreover, another survey conducted in rural areas of Pakistan reported that the prevalence 

of echocardiographically confirmed rheumatic heart disease in all ages was 5.7 per 1000 

person (Rizvi et al., 2004; Carapetis, 2008). Thus, from a global perspective, the epidemic 

of CVD seems to be far from ending.  

 

1.2  Risk Factors for Cardiovascular Disease 
There are several risk factors which are associated with the emergence and 

progression of CVD; the major factors include hyperlipidemia, obesity, diabetes mellitus, 

smoking behaviour, socioeconomic status and elemental imbalance. Generally, important 

precursors of cardiovascular morbidity and mortality are blood pressure, elevated levels of 

low density lipoprotein (LDL) cholesterol in the blood, accumulation of reactive oxygen 

species (ROS) in body, and age-associated changes in cardiovascular structure and 

functions (Bukhari et al., 2005, Wald and Law, 2003; Yoshihara et al., 2010). In addition, 

well documented epidemiological and pathological data have proved diabetes to be an 

independent risk factor for CVD in both genders (Wilson et al., 1998; Grundy et al., 

1999). Moreover, increased incidence of coronary artery disease and myocardial 

infarctions were strongly associated with the cigarette smoking even of smokeless tobacco 

and low-tar cigarettes (Ambrose and Barua, 2004; CDC, 2002). Yet the exact relationship 

between CVD and the smoke components and their mechanisms has not been clearly 

elucidated (Abu-Hayyeh et al., 2001; Ambrose and Barua, 2004; Pasupathi et al., 2009). 

For decades, several valid statistical analyses have demonstrated the inverse relationships 

between socioeconomic status and cardiovascular disease (Kaplan and Keil, 1993; Hamer 

and Malan, 2010). Development of CVD is also strongly influenced by the diet and 

lifestyle; consequently the American Heart Association and American College of 

Cardiology guidelines recommended adherence to a set of dietary and lifestyle habits 

including body weight control and physical activity (Sclavo, 2001). 

Elemental imbalance is one of the prime indicators of CVD development. 

Elements are required at optimum concentration for proper functioning of the human 
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biological system, thus, disturbance in trace element levels of blood, hair and other body 

tissues may be responsible for many physiological and pathological disorders in the body. 

In this era of industrialization, balance of the trace elements in the human body is very 

difficult to control (Zhai et al., 2003). In biomedical research, trace elements are those 

present in minute concentrations in the plant and animal tissues (Adriano, 2001). 

Generally, these elements are divided into two categories: “toxic” which have no 

importance in maintenance of human health but are toxic in excess; and “essential” which 

play a significant role in the sustenance of life by performing optimum metabolic activities 

(Rucker et al., 2010). The indisputable importance of essential trace elements in health 

and disease can be well understood through their crucial roles in physiological functions 

including nerve conduction, maintenance and repair of tissues and bones, working as 

cofactors in enzymes, regulating the proper hormones functions, and acting as a stabilizing 

factor in several metabolic processes (Apostoli, 2002; Erdal et al., 2008; Hashmi and 

Shah, 2012). In addition, they are involved in mitochondrial functions (protein, DNA & 

RNA synthesis and production of energy by controlling electron transport chain); insulin 

synthesis and regulation; maintenance of body electrolyte balances; and control of 

antioxidant activities and muscle contraction (Shenkin, 1997; Simic and Budic, 2003). 

Several epidemiological studies revealed that imbalances in the concentrations of 

trace elements are responsible for initiation or progression of various kinds of diseases 

such as, cancer, osteoporosis and cardiovascular disease (Yaman et al., 2007; Pasha et al., 

2008; Hashmi and Shah, 2012; Gomez et al., 2010; Zhai et al., 2003). For optimal 

metabolic activities the desired concentrations of trace elements are necessary otherwise 

deficiency and toxicity both contribute towards the development of disorders (Cai et al., 

2005; Amaral et al., 2008). Trace elements play significant roles in the regulation of 

homoeostatic functions related to CVD; for instance, copper and iron have been associated 

with the increased risk of carotid atherosclerosis which ultimately causes coronary artery 

disease and myocardial infarction (Gomez et al., 2010; Kazi et al., 2008a). However, 

magnesium has anti-inflammatory action on one hand, while selenium and zinc serve as 

antioxidants on the other hand (Little et al., 2010; Ebrahim et al., 2011). Thus, trace 

elements balance is considered as an integral component for the normal metabolic 

activities of cardio-circulatory system. 

 

 



Introduction 

4 

1.3  Major Types of Cardiovascular Disease 
A brief description about the most prevalent types of the cardiovascular disease is 

outlined below: 

 

1.3.1  Angina 

Angina is one of the several expressions of coronary heart disease (CHD), a major 

problem in the industrialized world (Cosin et al., 1999). Angina is a Latin-derived term 

which means squeezing of the chest. More precisely angina, a paroxysmal thoracic pain, 

often radiating to the left arm, sometimes accompanied by a feeling of suffocation and 

impending death is most often caused by ischemia of the myocardium and precipitated by 

effort or excitement (Dorland's Medical Dictionary, 2010). Generally, spasm of the 

coronary arteries leads to ischemia of the heart muscle which is the main cause of severe 

chest pain in angina. The main symptoms usually associated with angina are chest 

discomfort which is normally described as a pressure, tightness, heaviness, squeezing, 

burning and choking sensation. Pressure-like pain in the chest due to exertion has been the 

standard for angina since the appearance of first report in the late eighteenth century 

(Sorlie et al., 1996). Apart from chest discomfort, anginal pains may also be experienced 

in the epigastrium back, neck area, jaw, or shoulders (Fox et al., 2006; Griffith, 2006). 

Angina patients, in some cases, may also suffer from heartburn, sweating, weakness, 

nausea and dyspnoea. 

The progression and development of angina pectoris is generally associated with 

obstructive coronary artery disease or with myocardial hypertrophy. Ischemia of the heart 

arises due to a set of circumstances which disturbs the balance between oxygen demand 

and oxygen supply. Oxygen demand increases with the advancement in chronic diseases 

which force the heart to increase its activity. Basically, formation of atherosclerotic plaque 

in the blood arteries obstructs one or more arteries in the heart causing the lowering of 

blood pressure in postobstruction arterial region, as a result reduction in segmental blood 

flow takes place which can readily induce the regional ischemia. The induction of 

ischemia releases pain producing substances (PPS), stimulating unmyelinated, free 

branching nerve endings. This sensory information is transferred to the brain through a 

series of synopses (Gorlin, 1965). Risk factors which are associated with angina include 

high cholesterol, especially low-density lipoprotein cholesterol, cigarette smoking, high 

blood pressure, sedentary life style and family history of premature heart disease (Cosin et 
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al., 1999; Smith et al., 2000; Zaman et al., 2011). 

Some elements play a critical role in the progression of angina because during this 

particular disease elemental imbalance takes place inside the body. For example, Zn 

concentration in the blood is lowered in angina patients compared to healthy persons. 

Primarily, this is because Zn is an important component of some enzymatic antioxidants, 

and due to metabolic disturbance its concentration is lowered (Kazemi-Bajestani et al., 

2007; Murr et al., 2012). High-dose of Zn (50–300 mg/day) significantly decreases serum 

low-density lipoprotein concentration and increases high-density lipoprotein concentration 

that could benefit the angina patient (Eby and Halcomb, 2006). On the other side, Cu 

concentration showed increase in the blood because it is a very effective catalyst for the 

oxidation of LDL as well as HDL, which leads to the formation of atherosclerotic plaque 

in the artery, however, some studies showed the reverse trend (Esterbaur et al., 1992; 

Miwa et al., 1995; Kazemi-Bajestani et al., 2007). Hypomagnesemia has been 

experimentally linked with the development of vascular dysfunction because Mg plays a 

vital role in the regulation of vascular tone, vascular inflammation, endothelial function 

and glucose and lipid metabolism (Khan et al., 2010). Lead (Pb) and its compounds induce 

pro-atherosclerotic effects in the lipid profile (Poreba et al., 2011), which is one of the 

major causes of cardiovascular disease. Iron overload is involved in oxidative stress. High 

concentration of free Fe in the body leads to free radical damage by the Fenton reaction. In 

this reaction Fe2+ reacts with hydrogen peroxide (H2O2) to generate hydroxyl radicals 

(HO•), OH− and highly reactive intermediates, causing oxidative stress in the cell. These 

reactive oxygen species (ROS) are basically involved in the peroxidation of lipoproteins, 

and in consequence produce the oxidized LDL. This oxidized LDL along with other 

factors leads to the development of atherosclerosis, which ultimately induces angina 

(Leiva et al., 2013; Steinbrecher et al., 1990; de Valk and Marx, 1999). 

 

1.3.2  Atherosclerosis 

Atherosclerosis is a combination of two Greek words: athere meaning “gruel” or 

“porridge” and sclerosis meaning “hard”. Atherosclerosis is a well-known precursor of 

ischemic heart disease which occurs due to accumulation of lipids and fibrous elements in 

arteries (Lusis, 2000). In atherosclerosis, mature atherosclerotic plaque is formed which 

has two components: soft, which is lipid rich; and hard, which is collagen rich. Many 

mechanical, chemical and biological factors are involved in the complex process of 

atherogenesis (Beattie and Kwun, 2004; Faxon et al., 2004). The progression and 
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development of atherosclerosis depends on a balance between pro-inflammatory stimuli, 

anti-inflammatory and antioxidant defence mechanisms (Kazi et al., 2008a).  

Atherosclerotic lesions (atheromata) are asymmetric focal thickenings of the 

innermost layer of the artery (Hansson, 2005). A critical event in early stages of 

atherosclerosis is the oxidation of low-density lipoprotein (LDL) by free radicals, 

especially reactive oxygen species (Yokoyama, 2004; Valko et al., 2007). Other starting 

events in this process include damage to endothelial cells and activation, attachment and 

transmigration of monocytes through the endothelium. When oxidized LDL comes in 

contact with the artery endothelial wall, a series of reactions starts to repair the damage to 

the artery wall caused by oxidized LDL. The body’s immune system responds to this 

arterial damage sending some specialized white blood cells including macrophage and T-

lymphocytes which act as scavenger for the oxidized LDL. These macrophages absorb the 

oxidized LDL and form specialized foam cells. Unfortunately, these white blood cells 

cannot process the oxidized LDL, which ultimately grow and then rupture resulting in the 

deposition of large amount of oxidized cholesterol in the artery wall. This triggers more 

white blood cells which are responsible for the release of inflammatory cytokines and 

protease enzymes, thus, further promoting the inflammatory processes. The cholesterol 

plaque causes the muscle cells to enlarge and form the hard cover over the affected area 

resulting in stenosis of the artery which reduces the blood flow and increases the blood 

pressure (Stocker and Keaney, 2004; Kita et al., 2006; Jessup et al., 2004; Hansson and 

Libby, 2006; Rocha et al., 2008; Libby and Shi, 2007). 

Furthermore, in atherosclerosis thrombosis may be observed; that is, the formation 

of a clot within a vessel, which results in the obstruction of blood flow. Upon initial vessel 

injury, tissue factors promote the coagulation of platelets to form the initial clot, which is 

subsequently stabilized with fibrin (Furie and Furie, 2008; Borissoff et al., 2011). 

Commonly, thrombosis is caused by endothelial cell damage, as reported in the rupture of 

vulnerable atherosclerotic plaques (McCarthy, 2010). The cell injury related to LDL is 

dependent upon the amount of oxidized LDL but not on simple LDL concentration which 

leads to arterial disease (Colles et al., 2001). 

Atherosclerosis may start in childhood/adolescence and progresses at different 

rates until it is clinically diagnosed. Therefore, by controlling the risk factors it can be 

cured. Hyperlipidemia, hypertension, age, cigarette smoking, obesity, diabetes and genetic 

factors increase the risk of atherosclerosis (Babiak, and Rudel, 1987; Howard et al., 1998; 

Schoenhagen and Nissen, 2004; Rajala et al., 2005). Inflammation plays an important role 
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in the development of atherosclerosis. It is well documented that zinc is one of those 

elements which can control the process of inflammation during ageing, because of its 

influence on the balance between anti- and pro-inflammatory cytokines. It also activates 

certain zinc-dependent antioxidants which critically control the inflammatory processes 

(Giacconi et al., 2008). Its deficiency is seriously related to the progression of 

atherosclerosis (Mocchegiani et al., 2000). Moreover, it has been suggested that excess of 

iron may be involved in development of atherosclerosis because it is directly involved in 

the production of ROS, which oxidize LDL (Shah and Foody, 2006). On the other side, 

lead (Pb) is not directly involved in the oxidation of lipids but it accelerates the process. 

Additionally, Pb can also increase blood pressure which is one of the main risk factors for 

the development of cardiovascular disease (Poreba et al., 2011). Hypomagnesemia also 

contributes to the development of cardiovascular disease. Optimum dietary uptake of 

magnesium can suppress the atherogenesis (Ravn et al., 2001). In case of dietary sodium, 

higher uptake is responsible for the increase in blood pressure which plays its part in 

cardiovascular disease, whereas reducing dietary sodium can diminish the chances of 

cardiovascular disease (He et al., 1999; Cook et al., 2007; Alderman, 2006; Whelton et al., 

2012). Epidemiological studies clearly indicated the relationship between high blood 

levels of cadmium with the initiating events of atherosclerosis. The reasons behind this 

relationship are the hypertensive effect of cadmium and its ability to cause endothelial cell 

damage. Cadmium accumulation also accelerates the formation of plaque in the lumen of 

the artery; hence, it is reported to be an independent risk factor for early atherosclerotic 

vessel wall thickening in newly-diagnosed patients (Ari et al., 2011; Houtman, 1993; 

Messner et al., 2009). 

 

1.3.3  Myocardial Infarction/Heart Attack 

Myocardial infarction (MI) is a common appearance of ischemic heart disease 

which is generally known as heart attack. Myocardial infarction involves cell death of 

cardiac myocytes caused by ischemia which is the result of a perfusion imbalance between 

supply and demand (Thygesen et al., 2007). This usually happens as a result of the 

formation of atherosclerotic plaque in the wall of an artery. The plaque is an unstable 

collection of lipids and white blood cells, particularly macrophages and monocytes, and it 

results in blockage in the coronary artery which becomes more vulnerable upon rupture. 

The heart muscles are deprived of oxygen due to the discontinuous flow of blood, 

consequently, they are injured leading to chest pain/pressure sensation. If blood-flow to 
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the heart muscles is not restored within 20 to 40 minutes, they are irreversibly damaged 

and replaced by scar tissue. The heart muscle damage is basically due to the imbalance in 

supply of oxygen to the heart tissues (Acton, 2013; Black, 2009). 

Pain in the chest is the most common symptom of acute myocardial infarction and 

is often described as a pressure, squeezing and sensation of tightness. Pain radiates most 

often to the left arm, but may also radiate to the lower jaw, neck, right arm, back and 

epigastrium, where it may mimic heartburn. Dyspnoea occurs when the damage to the 

heart limits the output of the left ventricle, causing left ventricular failure and consequent 

pulmonary edema. Other symptoms include vomiting, palpitation, diaphoresis, weakness, 

nausea and light-headedness. Approximately one quarter of all myocardial infarctions are 

silent, without chest pain or other symptoms (Kosuge et al., 2006). 

Smoking, hypertension, high cholesterol level especially LDL, diabetes, obesity 

and psychosocial factors account for most of the risk of MI worldwide (Yusuf et al., 2004; 

Lorgeril et al., 1999; Gorog et al., 2002). The risk of a recurrent myocardial infarction 

decreases with lifestyle changes: chiefly regular exercise, smoking cessation, a sensible 

diet for patients with heart disease, avoidance of alcohol intake and strict blood pressure 

management. Some trace elements which are involved in enzymatic metabolism, lipid 

metabolism and antioxidant defence mechanism play an important role in cardiovascular 

disease especially myocardial infarction. Lead and its compounds are emerging as 

biochemical risk factors for cardiovascular patients due to their critical role in the 

endothelial dysfunction and their ability to induce changes in the synthesis and 

metabolism of nitric oxide which is a well-known endothelial vasodialative agent. Lead 

also increases the production rate of ROS which is crucial in the development of 

cardiovascular disease (Poreba et al., 2011; Gonick et al., 1997; Skoczynska et al., 2002). 

In addition, Cd shows higher concentration in the blood of myocardial infarction patients 

(Lee et al., 2011), whereas Cr and Mn concentrations are inversely associated with 

myocardial infarction (Afridi et al., 2011a). Zinc provides protection to the vascular 

endothelium against oxidative stress; therefore, Zn deficiency is noted in the blood of 

myocardial infarction patients (Alissa et al., 2006; Olsén et al., 2012). In some 

epidemiological studies, the concentration of Zn is noted to be relatively higher in acute 

myocardial infarction cases compared to ischemic cardiomyopathy (Martin-Lagos et al., 

1997). Calcium and magnesium are vitally involved in enzymatic systems in the 

myocardium and in maintaining the electrolyte balance (Tubek, 2006). 
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1.3.4  Valvular Heart Disease 

Valvular heart diseases are less common than the coronary artery diseases and 

heart failure. Serious heart valve disease affects 1 in 40 American adults, and is equally 

common in both genders (Nkomo et al., 2006). A survey conducted in Pakistan in 2004 

revealed that 5.7 per 1000 patients of cardiovascular disease category suffered from 

rheumatic valve disease, without any decrease over time (Rizvi et al., 2004). The heart 

valves are basically tissue flaps that control the one-way blood flow into and out of the 

heart by opening and closing with each heartbeat. When one or more than one valves of 

the heart is/are not working properly, then heart muscles are forced to work harder in order 

to fulfil the blood requirement, leading to valvular heart disease. Without proper treatment, 

valvular heart disease can lead to heart failure, stroke and even sudden death. The disease 

is a special challenge in case of women particularly during pregnancy because they may 

be less likely to be properly diagnosed (Vasu and Stergiopoulos, 2009). Symptoms in 

valvular heart disease are more or less similar to the symptoms of heart failure. Other 

symptoms include: feeling chest pressure in cold air, irregular heart beating and sudden 

weight gain. One kind of heart valve disease (aortic valve stenosis), has more or less 

similar risk factors as observed in atherosclerosis (Lieu et al., 2003; Torzewski et al., 

2007). Pathologically, aortic valve stenosis and atherosclerosis lesions resemble each 

other, with increased calcium deposition due to the high activity of osteoblast population 

and oxidative stress (Miller et al., 2009). Valve disease may be congenital (present from 

birth) or it can develop later in life. 

The aortic valve lies between the left ventricle and the aorta. When this aortic 

valve is narrowed due to thickening and stiffening of the leaflets (flaps) of the valve, they 

stick together and prevent the valve from full opening. Consequently, less blood flows out 

of the heart forcing the heart muscles to work harder in order to pump the sufficient 

amount of blood. Aortic stenosis can be caused by congenital malformation of the valve, 

inflammation of the heart valve due to rheumatic fever, calcification and age-related 

degenerative valve diseases. In contrast, in case of aortic regurgitation, leaking of blood 

happens when the valve does not close tightly, thereby, allowing blood to flow back into 

the ventricle as a result of which the heart muscle loses its optimum blood pumping 

ability, putting stress on the heart to work harder and ultimately leading the heart muscle 

towards heart failure. Aortic regurgitation has more or less similar causes as mentioned in 

aortic stenosis (Selzer, 1987; Dare et al., 1993; Bhandari et al., 2007). 

The mitral valve sits between the left atrium of the heart and left ventricle. A major 
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reason for mitral stenosis (narrowing) is rheumatic fever, an infection that causes 

inflammation and stiffening of the valve flaps. Congenital abnormality of the valve is 

rarely responsible for mitral stenosis. Mitral valve regurgitation occurs when the valve 

dose not close properly. Prolapse (bulging out) of a valve leaflet, rheumatic fever, the 

gradual build up of calcium on the valve over time and changes in the walls of the heart 

are the main causes of mitral regurgitation (Roberts, and Perloff, 1972; Bhandari et al., 

2007). 

Some trace elements play crucial role in the development of valvular heart disease. 

Morphological alteration along with thickening of the heart valves is noted in copper-

deficient rats (Medeiros, and Shiry, 1998). In contrast, calcium levels are elevated in the 

patient suffering from heart valve diseases compared to the healthy person. The prime 

reason for this high concentration of calcium in the valve tissue is its involvement in the 

calcification process which leads to the mild valve thickening (aortic sclerosis) and 

ultimately causes aortic stenosis (Peltier et al., 2003; Freeman, and Otto, 2005; Kahnooji 

et al., 2010). Furthermore, it is reported that Cu and Se are increased in the blood but 

decreased in valves in patients suffering from sclerotic heart valves disease, whereas the 

reverse trend is noted for Co and Zn. Thus, elemental variations in the blood and heart 

valves may be responsible for the progression and development of valvular heart disease 

(Nyström-Rosander et al., 2004). 

 

1.4  Role of Trace Elements in Human Health 
The effect of trace elements on human health is very complex to understand. 

Metals are a ubiquitous class of elements, being present in the environment and in living 

organisms. Trace metals are involved in multiple functions which clearly represent their 

essentiality for the sustenance of life, such as hormonal function, specific receptor sites, 

enzyme activity and transport proteins (Yaman et al., 2007; Apostoli, 2002; Lindh et al., 

2001). Human metabolism is significantly affected by certain toxic metals which 

ultimately influence the body functions (Pasha et al., 2007). Furthermore, deficiencies of 

trace elements may show non-specific symptoms such as, reduced growth/development 

and metabolic instability; therefore, the deficiencies are not easily recognized (Patriarca et 

al., 1998). Human health can be maintained only when the intake of water, food and air 

provides the optimal doses of all essential elements including trace elements (Graneroa 

and Domingo, 2002; Iyengar, 1989). Trace elements play a crucial role in the myocardial 
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metabolism and their deficiency and/or accumulation may be responsible for a 

cardiovascular disease (Frustaci et al., 1999). Physiological roles of some of the important 

essential/toxic or trace elements are discussed below. 

 

1.4.1  Calcium 

Calcium is the most common element in the human body and approximately 99% 

is found in the skeleton and teeth, while the rest is present in the blood and the soft tissues. 

It is an essential mineral required for critical biological functions, such as, muscle 

contraction, nerve conduction, blood coagulation, cell adhesiveness, mitosis and structural 

support of the skeleton. In addition, it also builds and maintains bones and teeth; lowers 

blood pressure; regulates heart rhythm; and is important to normal kidney function. 

Furthermore, calcium stops lead from being absorbed into bones; maintains healthy skin 

and works with protein for the synthesis of DNA and RNA (Miller et al., 2001; Miller and 

Anderson, 1999). Calcium and magnesium are vitally involved in enzymatic systems in 

the myocardium and in maintaining the electrolyte balance along with sodium and 

potassium (Tubek, 2006). 

The best source of Ca is food but diet alone can sometimes not meet the required 

levels: Ca supplements are necessary under such circumstances (Heaney et al., 2001; 

Gannage-Yared et al., 2005). A deficiency of Ca has been associated with increased risk 

of hypertension and colon cancer and may cause muscle spasms in arm and legs, softening 

of bones, brittle bones, rickets, back and leg cramps, osteoporosis, poor growth, tooth 

decay, depression and elevated blood cholesterol (Weaver et al., 2008; Bostick et al., 

2000; Kravss et al., 2000; Krall et al., 2001; Nordin, 1997). However, an excess of Ca in 

the human body is responsible for the initiation and progression of several disorders, such 

as, kidney failure, nausea, vomiting, depression, constipation, abdominal pain, lethargy, 

mineral imbalance and atherosclerosis (Massry and Fadda, 1993). 

Deposition of Ca in arteries plays a critical role in atherosclerotic plaque 

formation. Cholesterol and its oxidation products along with other risk factors including 

hypertension and smoking may accelerate coronary calcification (Hemelrijck et al., 2013). 

Elevated levels of intracellular Ca may damage the function of endothelial cells, resulting 

in platelet aggregation at the damaged site. This increase in amount of Ca has been found 

in noncomplex, lipid-rich fibromuscular plaques and best correlated with severity of 

stenosis of the artery (Rumberger et al., 1994; Tulenko et al., 1997; Montalcini et al., 

2013). This phenomenon of pathological deposition of Ca is known as ectopic 
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calcification (Johnson et al., 2006; Speer and Giachelli, 2004). The Ca deposits frequently 

accompanying atherosclerosis are readily quantifiable radiographically, serve as a 

surrogate marker for the disease, and predict a higher risk of myocardial infarction and 

death (Napoleao et al., 2006). In contrast, Ca was not commonly identified as a risk factor 

for cardiovascular disease in some studies and it was not associated with mortality, 

specifically from cardiovascular disease (Bell et al., 2009; Ostro et al., 2007). In another 

study, it was reported that low intake of Ca is likely to be associated with hypertension 

prevalence, which is one of the major risk factors for the development of cardiovascular 

disease (Hajjar and Kotchen, 2003). Similarly, divalent Ca ion has ability to restrain the 

absorption of dietary fat and bile acids, as a result, blood cholesterol, triglycerides and 

phospholipids were considerably reduced. This shows the cardio-protective effect of 

optimum intake of Ca (Kim and Choi, 2013).  

 

1.4.2  Cadmium 

Cadmium is among the elements which are toxic to the humans and it has been 

well established that human health is badly affected by excessive exposure to this element. 

The main sources of Cd for the non-smoking population are: air, water and food (Cuypers 

et al., 2010; FAO/WHO, 1993). It has a long half-life in the body; long-term, low-level 

exposure may cause chronic renal tubular disease (Godt et al., 2006; Orłowski, 2003). In 

non-polluted areas, dietary Cd intake ranges from 10–40 µg/day. People living near 

hazardous sites, factories and metal refining industries are under the threat of higher Cd 

exposure (Lenntech, 2010a; Cope et al., 2004; Stoeppler, 1991). In human body, Cd is 

predominantly bound to metallothionein proteins (Hamer, 1986), which travels in various 

organs of the body but ultimately reabsorbed in the kidney tubule (Ohta and Cherian, 

1991). The half-life of Cd in kidney cortex is 20–35 years (Lauwerys et al., 1992). The 

adverse physiological effects associated with high Cd exposure include hypertension, 

arteriosclerosis, damage to renal tubules, depressed growth rate, anaemia, cancer 

(testicular tumours) and poor mineralization of bones (Nordberg, 2009). 

Cadmium is not directly involved in free-radical production; however, indirect 

formation of ROS and RNS involving hydroxyl radical, superoxide radical and nitric oxide 

has been reported (Waisberg et al., 2003; Waalkes, 2003). Cadmium-induced toxicity can 

be explained on the basis of its ability to displace copper and iron from their binding sites, 

consequently, free iron and copper may generate ROS via the Fenton reaction (Waalkes, 

2003; Ferramola et al., 2012). These free radicals induce the endothelial dysfunction; 
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accelerate atherosclerotic plaque formation and interfere with antioxidant mechanism 

(Messner et al., 2009). Deposition of Cd in the aortic wall is associated with smoking, 

which later on causes several circulatory disorders (Abu-Hayyeh et al., 2001). Its toxicity 

has been reported in different types of cardiovascular disease, such as, atherosclerosis, 

peripheral artery disease, hypertension and coronary artery disease (Tellez-Plaza et al., 

2013; Gallagher and Meliker, 2010; Bukhari et al., 2005; Navas-Acien et al., 2004; 

Prozialeck et al., 2006; Rockwell et al., 2007; Houston, 2005). Several animal studies also 

support the relationship between elevated Cd level and aortic/coronary atherosclerosis 

(Subramanyam et al., 1992; Meijer et al., 1996). Thus, it can be concluded that Cd toxicity 

may be lethal and induce cardiovascular disorders. 

 

1.4.3  Cobalt 

Cobalt is considered essential for plant and animal life (Ernest, 1984). Humans 

may be exposed to Co through ingestion, inhalation and dermal adsorption. From natural 

sources, food is the major contributor of Co to humans (ATSDR, 2004a; Thomas et al., 

1974). Pharmaceutical industries, cement production plants, metal mining, smelting, 

refining and occupational exposures are among the major anthropogenic sources of Co 

(Raffn et al., 1988; Michel et al., 1991; Prescott et al., 1992). It is distributed throughout 

the body as an important part of vitamin B12, which is essential for human health. Once 

Co enters the body, it is stored in the red blood cells and the plasma, as well as in the 

kidney, liver, spleen and pancreas. It is used to treat anaemia especially in pregnant 

women, because it stimulates the formation of red blood cells. Imbalance in Co level 

causes different kinds of abnormalities in human body. Health effects that are associated 

with the high intake of Co are overproduction of red blood cells, thickened blood, and 

increased activity in the bone marrow, vomiting/nausea, heart problems, vision problems, 

and thyroid damage (Lenntech, 2010b). Elevated Co exposure may also cause asthma, 

contact dermatitis, myocardiopathy and respiratory problems (Meyer–Bisch et al., 1989; 

Lison, 1996; Nordberg, 1994). International Agency for Research on Cancer (IARC) has 

listed cobalt and cobalt compounds within group 2B (possibly carcinogenic to humans) 

(IARC, 1991). 

The effects of Co on the cardiovascular system have not been investigated 

exhaustively. Cobalt may influence the vascular system: it dilates the vessels and has a 

hypotensive effect. Moreover, it has a positive effect on cholesterol level and normalizes 

lipoproteins (Nicoloff et al., 2006). The other side of the coin reveals that the Co may 
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show cardiotoxicity when combined with other CVD risk factors, such as nutritional 

deficiency, particularly poor protein intake, alcohol use and other diseases. Interference 

with cellular respiration due to the inhibition of mitochondrial dehydrogenase is 

considered to be one of the possible mechanisms of Co toxicity related to cardiovascular 

system, because it has a high affinity for the SH group of enzymatic protein (Linna et al., 

2004; Seghizzi et al., 1994). Some workers have described the mixed results of several 

studies based on the occupational exposure of Co with the prevalence of hypertension and 

electrocardiographic abnormalities (Seghizzi et al., 1994).  

 

1.4.4  Chromium 

Chromium is an essential trace element for human body in trivalent form but in 

hexavalent state, it causes severe problems (Andersen et al., 1985). A biological complex 

of Cr(III), the glucose tolerance factor, plays a critical role in the metabolism of sugar, 

working alongside insulin to stabilize blood sugar levels. Moreover, Cr helps in reducing 

the cholesterol and triglyceride levels from the arteries (ATSDR, 2012; Anderson, 2000). 

Hence, optimum concentration of Cr is required in order to control the energy processes in 

the body. However, hexavalent Cr is proved to be carcinogenic according to the 

International Agency for Research on Cancer (IARC, 1990). Most of the Cr absorbed from 

the gastrointestinal tract is trivalent (Simic and Budic, 2003). Deficiency of Cr increases 

the risk of cardiovascular disease because of its important role in the clearance of arteries 

by removing triglyceride and cholesterol (Vincent, 1998; Ravina et al., 1999). In addition, 

its deficiency leads to diabetes, poor growth, atherosclerosis, obesity and tiredness 

(Rajpathak et al., 2004; Anderson, 2000). 

Several epidemiological studies established a link between Cr status and CVD by 

showing significantly lower Cr levels in the aortic tissues of the subjects who died from 

coronary artery disease (Afridi et al., 2011a; Alissa et al., 2009). The European 

Community Multicentre Study on Antioxidants, Myocardial Infarction, and Breast Cancer 

showed that low toenail Cr concentrations were significantly associated with increased 

risk for myocardial infarction (Guallar et al., 2005). In another study, significantly lower 

serum Cr levels were observed in individuals with angiographically determined coronary 

artery disease compared to healthy subjects (Lukaski, 1999; Morris et al., 1992). Thus, 

low Cr concentrations in serum, urine and hair proved to be the best predictor for coronary 

artery disease (Vincent, 1999). The protective mechanism of Cr against the development 

of CVD is not yet fully understood. A recent study demonstrated that Cr inhibits the 



Introduction 

15 

glycosylation of proteins and oxidative stress; both are risk factors in the development of 

CVD (Jain et al., 2006). 

 

1.4.5  Copper 

Copper is an essential trace element for humans. It is a cofactor in several 

metalloenzymes such as, ascorbate oxidase, copper-zinc superoxide dismutase, amine 

oxidase and cytochrome c oxidase, which are involved in redox reactions (Gibson, 1989; 

Uauy et al., 1998). It is a well-known fact that Cu is involved in several cellular functions, 

such as, part of heme-Cu oxidase, which is the terminal electron acceptor in the respiratory 

chain, mitochondrial oxidative phosphorylation, neurotransmitter synthesis and 

denaturation, pigment formation, free radical detoxification and connective tissue 

synthesis (Crisponi et al., 2010; Schroll et al., 1984). Drinking water, food and inhalation 

are considered to be the major routes for its exposure to humans (Wildman and Mederios, 

2000; Lenntech, 2010c). Normally, it is absorbed from diet across the small intestine and 

stored in the liver. It is bound to either serum albumin or histidine and trafficked through 

the bloodstream for delivery to tissues or storage in the liver (Linder and Hazegh-Azam, 

1996; Nisha, 2006). About 40-70% of orally-ingested Cu is retained and rest is eliminated 

through bile, urine and faeces (National Academy of Sciences, 2003). 

It has been well documented that poor Cu intake seems to be partially-linked with 

some form of anaemia in children, skin problems, swollen ankles, diabetes and enkephalin 

production in the brain (Yakoob et al., 2003). Nevertheless, an elevated blood Cu level is 

observed in some hepatic diseases, Wilson’s disease, headaches, hypoglycaemia, nausea 

and increased heart beat rate. Similarly, elevated Cu contents show interferences with Zn 

which is a vital element for digestive enzymes (Ebrahim et al., 2011; Kim et al., 2010; 

Stargrove et al., 2008). It is a redox-active element which works beside Fe to produce the 

deleterious ROS via Fenton reaction. These free radicals stimulate lipid peroxidation, 

especially peroxidation of low-density lipoprotein, and damage the endothelial cell which 

ultimately leads to tissue damage (Kang, 2011; Crisponi et al., 2010). This Cu-induced 

oxidative stress subsequently becomes a crucial factor in the promotion of atherogenesis 

and prothrombotic events. It is also involved in the oxidation of cardio-protective high 

density lipoprotein (HDL); these pathogenic events play a catalytic role in the 

development of coronary artery diseases (Jomova and Valko 2011; LaMarca et al., 2008). 

In addition, serum levels of the multi-copper oxidase enzyme, ceruloplasmin, play an 

important role in cardiovascular disease. Epidemiological studies have shown that an 
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increased level of ceruloplasmin is an independent risk factor for cardiovascular disease 

(Fox et al., 2000; Uriu-Adams and Keen, 2005). Thus, imbalance in the concentration of 

Cu in the human body leads to the initiation of the atherosclerotic plaque which 

subsequently plays a significant role in the development of coronary artery disease such as 

angina pectoris.  

 

1.4.6  Iron 

Iron is an essential nutrient and vital to the sustenance of life. Human intake of Fe 

is mainly from food sources including red meat, fish, leafy vegetables, poultry, beans, 

chickpeas and fortified bread (Coo, 1999). Approximately 65% of Fe is bound to 

haemoglobin, 25% is bound to the Fe-storage proteins (hemosiderin and ferritin), and 10% 

is a constituent of myoglobin, cytochromes and Fe-containing enzymes. About 0.1 % of 

body Fe circulates in the plasma as an exchangeable pool (Gurusamy, 2007; Eisenstein 

and Blemings, 1998; Lasheras et al., 2003). It is essential for normal physiological 

functions and it is present in hundreds of enzymes which are necessary for energy 

metabolism (Fairbanks, 1999). In addition, the immune system, red blood cell production 

and brain development also depend on the optimum concentrations of Fe in the human 

body (Insel et al., 2003). Another important function associated with the Fe-binding 

protein (haemoglobin) is to act as an oxygen and electron carrier (Conrad and Umbreit, 

2000). 

Disturbance in Fe homeostasis either in the form of deficiency or overload is 

responsible for significant clinical consequences. Its deficiency results in fatigue, poor 

immunity, behavioural changes especially in childhood, difficulty in maintaining body 

temperature and anaemia. In contrast, its toxicity may produce chronic liver diseases, joint 

diseases, skin diseases, cancer and heart diseases (Powell, 2002; Sullivan, 1996; Andrews, 

1999). Iron also belongs to the redox-active group and, thus, shows some adverse effects 

on human metabolism. Elevated levels of free Fe in the body play a critical role in the 

production of ROS via the Fenton reaction. This reaction occurs when iron (Fe2+) reacts 

with hydrogen peroxide (H2O2) to generate hydroxyl radicals (HO•) and OH− and highly 

reactive intermediates, causing oxidative stress in the cell. These oxidative species 

basically oxidize the low-density lipoprotein. It is well documented in numerous 

epidemiological studies that LDL is an independent risk factor for different types of CVD, 

such as, atherosclerosis, angina, myocardial infarction and other coronary artery diseases 

(Zacharski et al., 2007; Carlsen et al., 2005; Jomova and Valko, 2011; Gomez et al., 2010; 
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Juurlink, 1997; Devasagayam et al., 2004; Colles et al., 2001). On the other hand 

deficiency of Fe is associated with the blood anaemia which is responsible for progression 

of different types of heart diseases, heart failure and other inflammatory diseases 

(Martinez-Navarrete et al., 2002; Mozaffarian et al., 2003; Bolger et al., 2006). 

Conversely, in some studies no significant association was found between abnormal 

values of Fe and incidence of CVD (Ascherio et al., 1994). Therefore, Fe is considered to 

be the proverbial two-edged sword due to its essentiality for normal heart functions, on 

one hand and its adverse effects on normal activities of cardiovascular system, on the other 

hand. 

 

1.4.7  Potassium 

Potassium is an essential element and its optimum concentration is necessary for 

normal biochemical and biophysical metabolism. It is mainly classified as an electrolyte 

which is involved in body’s electrical and cellular functions. The sodium-potassium pump 

in the cell membrane helps in regulating the high intracellular K concentration. This flow 

of K in and out of the cell is coupled to the Na flow and any small change in K levels, 

especially extracellular levels, has significant effects on nerve, muscle and heart functions 

(Farouque et al., 2004). Potassium is fundamentally involved in numerous body processes: 

transmittance of nerve impulses, muscle contractions, regulation of blood pressure and 

heartbeat, body waste balance, stimulation of kidneys to eliminate poisonous body waste, 

promotion of healthy skin, maintenance of body fluid balance, and assistance in clear 

thinking by sending oxygen to the brain. In addition, K plays a critical role in protein 

synthesis, energy production, nucleic acid formation and glycogen and glucose 

metabolism (Lawton et al., 1990). 

Severe deficiency of K is characterized as hypokalemia; this usually arises due to 

excessive loss of K via urine and the condition may result in cardiac failure, cardiac arrest, 

nervous disorders, poor reflexes, respiratory failure, tiredness, muscle weakness and 

glucose intolerance. In addition, K deficiency is responsible for electrolyte imbalance 

which directly affects several biological functions (Naismith and Braschi, 2003; Parekh, 

2010; Insel et al., 2003). Very high intake of K may cause stomach irritation, vomiting, 

nausea, ulcer and diarrhoea (Debska et al., 2001; Ray et al., 1999). 

Numerous studies have demonstrated that K deficiency is clearly observed in the 

patients suffering from CVD. Inadequate intake of dietary K increased the risk of CVD, 

especially stroke (Brancati et al., 1996; Lee et al., 1988; Fang et al., 2000). Potassium 
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inhibits the free radical interaction with the vascular endothelial cells and macrophages; it 

slows down the proliferation of vascular smooth muscle cells; and reduces the platelet 

aggregation and thrombus formation. As a result, the rate of atherosclerotic lesion 

formation and thrombosis is diminished. Thus, it may be concluded that high levels of 

dietary K intake could provide protection against CVD (Young et al., 1995). 

 

1.4.8  Lithium 

Lithium essentiality for the normal biological activities is not clearly understood 

but several studies indicated its more specific role towards the development of behavioural 

changes (Anke et al., 1981; 1990). It has long been established that Li is very important in 

psychiatry because it acts notably at the level of neurotransmitters and phospholipids 

metabolism. It is usually used as therapeutic medicine in the treatment of such different 

diseases as eating disorders (anorexia and bulimia) and blood disorders (anaemia), thus, 

imbalance in its concentration may cause numerous complications in living organisms. It 

is not expected to bio-accumulate and, as a result, its human and environmental toxicity is 

low. However, in some cases, Li toxicity can produce irreversible damage to the kidney 

and nervous system. Moreover, bipolar disorder, speech impairment, movement disorders 

(ataxia) and memory loss are generally associated with the change in concentration of Li 

in the human blood (Gelenberg et al., 1989; Aral and Vecchio-Sadus, 2008). Some animal 

studies revealed essential role of Li in different biological functions; its deficiency leads to 

depressed fertility, altered activities in several liver/blood enzymes, poor functioning of 

the endocrine system including adrenal/pituitary glands and increased mortality rate 

especially from CVD (Grandjean and Jean-Michel, 2009; Neilsen, 1998). 

Lithium is best known for its pharmacologic properties: it is used to treat manic-

depressive psychosis (Birch, 1995). Several reports document the effects of Li on mental 

state; for example, more incidences of violent crimes were observed in areas with low 

levels of Li in drinking water (Schrauzer and Shrestha, 1990). Serious cardiac toxicity due 

to Li toxicity is uncommon and, generally, only occurs in individuals with underlying 

heart disease. Clinically, insignificant electrocardiographic changes and atrioventricular 

and intraventricular conduction delay may be seen in case of chronic Li toxicity (Waring, 

2007). Characteristically, the cardiovascular manifestations of its toxicity may be delayed 

by several days, and tend to occur later than neurological effects. This interval is thought 

to arise due to progressive equilibration of Li concentrations between extracellular and 

tissue compartments (Puhr et al., 2008).  
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1.4.9  Magnesium 

Magnesium is an essential element for human beings and it is required in optimum 

concentration for normal metabolic activities. Approximately 50% of total Mg is present 

in the bones and 50% of its concentration is equally distributed between muscle and non-

muscular soft tissues, and 1% in the blood (Volpe, 2013; Saris et al., 2000; Greenwood 

and Earnshaw, 1997; Arnaud, 2008). It has an important role in at least 300 enzymatic 

reactions (Chakraborti et al., 2002; Eby and Eby, 2010). In addition, Mg regulates the 

synthesis and degradation of DNA and protein, and plays a key role in neurotransmission, 

muscle contraction, bone formation and in immune system function (Chubanov et al., 

2005; Nisha, 2006; Wacker, 1980). Imbalances in Mg concentration cause several adverse 

health effects. Its deficiency may disrupt heart rhythm, and cause muscle cramps, 

irritability and confusion, loss of appetite, nausea, anorexia, vomiting, lethargy and 

extremely low blood pressure (Elisaf et al., 1997; Kelvay and Milne, 2002; Saris et al., 

2000). On the other hand, its toxicity causes kidney failure, diarrhoea, difficulty in 

breathing and irregular heart beat (USDA, 2003; Jaing et al., 2002).  

Increased intake of Mg may reduce the incidence of diabetes, hypertension, CVD 

and oxidative stress (Bo et al., 2011). Moreover, its intake also slows down the 

inflammation process and lowers the serum lipid profile. A number of clinical trials 

evidenced the putative protective effect of Mg in CVD (Chakraborti et al., 2002). 

Imbalance in its concentration causes coronary heart disease, ischemic strokes, myocardial 

infarction, abnormality in cardiac cell membrane, heart failure, thrombocyte aggregation 

and accelerated development of atherosclerosis (Song et al., 2005; Mathers and 

Beckstrand, 2009; Altura et al., 1996; Zhang et al., 2012; Saris et al., 2000; Shivakumar, 

2001; Antman, 1996; Sauvant and Pepin, 2002). The possible mechanisms for potential 

cardiovascular benefits of Mg intake include improvement of lipid metabolism or glucose 

and insulin homeostasis, its actions as an anti-inflammatory, antihypertensive, or 

antidysrhythmic, anticoagulant agent, its antiplatelet effects, its effect on reduced vascular 

contractility, and/or increased endothelium-dependent vasodilation. Furthermore, 

intracellular Mg may lower blood pressure by hindering the Ca depolarization that leads to 

muscle contraction, and vasorelaxation (Volpe, 2013; Shechter, 2010; Barbagallo and 

Dominguez, 2012; Maier, 2012; Massy and Drueke, 2012). Statistically, significant 

inverse association between Mg intake and risk of ischemic stroke has been reported 

(Larsson et al., 2012), while it was also found that Mg intake greatly reduced the blood 

pressure (Kass et al., 2012). In animal studies, Mg deficiency has been shown to accelerate 
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atherosclerosis, but Mg supplementation has shown a preventive role (Volpe, 2013). Thus, 

the beneficial role of Mg on cardio-metabolic syndrome makes it a good contender for the 

regulation of normal metabolic activities of the cardiovascular system. 

 

1.4.10  Manganese 

Manganese is an essential trace element which is present in both plants and 

animals. The human body contains a small amount of Mn and it is primarily concentrated 

in the bone, liver, pancreas and brain. Major dietary sources of Mn include pecans, 

pineapple, peanuts, shredded wheat, beans, rice, oatmeal, raisin bran cereal, spinach, sweet 

potato, tea and coffee. In addition, Mn is also contributed by the anthropogenic activities, 

such as, alloy production/processing, ferro-manganese operations, welding, mining and 

agrochemicals. In minute amounts, Mn is necessary for several biochemical processes 

which are necessary for good health (Levy and Nassetta, 2003; USEPA, 1996; Greger, 

1999; Keen et al., 1999; 1996; Keen and Zidenberg-Chers, 1996; Fechter, 1999). 

Manganese is one of the most toxic essential trace elements: it is not only 

necessary for humans to survive, but exhibits toxic effects at high concentrations. It is a 

cofactor in enzymatic and catalytic reactions especially when antioxidant activities are 

under consideration. Enzymatic antioxidants play a fundamental role in controlling the 

delicate redox balance which helps in coping with oxidant stress (Wu et al., 2009). 

Enzymatic antioxidants principally include superoxide dismutase (SOD), glutathione 

reductase and catalase, etc. These enzymatic antioxidants inhibit the formation of ROS 

and indirectly protect against hypertension, which is the major cause of atherosclerosis, 

coronary artery disease and ischemic heart disease (Stocker and Keaney, 2004; 

Blankenberg et al., 2003). Toxicity of Mn is more common than its deficiency; its toxicity 

induces nervous disorders (schizophrenia & Parkinson's disease), muscle stiffness, 

breathing and swallowing problems in adults, while in children, elevated concentration of 

Mn is associated with liver abnormalities, learning disabilities and neuromuscular 

disorders (Mergler et al., 1999; Collipp et al., 1983; Ono et al., 2002). However, its 

deficiency is associated with digestive problems, dizziness, paralysis, convulsions, ataxia, 

blindness and deafness (Lenntech, 2010d; Chu et al., 1995; Bowler et al., 1999; Davies, 

1999). 

Epidemiological data related to the development of CVD and Mn status are very 

sparse. A few past studies showed that Mn content of the heart and aorta of atherosclerotic 

subjects is lower and plasma level is higher than that of healthy subjects (Volkov, 1962; 
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Masironi, 1969), while another study exhibited insignificant differences in Mn levels in 

patients with coronary artery disease and controls (Cebi et al., 2011). Another study 

revealed that Mn-exposed workers displayed greater frequency of low diastolic pressure 

(Jiang et al., 1996), while a direct relationship was found for blood Mn levels and 

hypertension in the general population (Lee and Kim, 2011). The plausible mechanism of 

Mn-induced cardiotoxicity is mainly associated with its accumulative property in the 

cardiac muscles which produces acute and sub-acute cardiovascular disorders. Increased 

incidence of abnormal electrocardiography (ECG) and accelerated heartbeat were reported 

in Mn-exposed workers compared to controls (Jiang and Zheng, 2005). Thus, optimum 

dose of Mn is required for the normal development and working of cardiocirculatory 

system. 

 

1.4.11  Sodium 

Sodium is an essential nutrient for the sustenance of human life. It is the 

predominant cation in extracellular fluid and a major component of intravascular fluid. 

Sodium concentration in the body is under tight homeostatic control; most of the Na in the 

body (about 85%) is found in blood and lymph fluid (Rose, 1994). Primarily it plays a 

critical role in the maintenance of body electrolyte balance: it controls the acid-base 

balance of body fluids and is involved in the transmission of nerve impulse via Na-K 

pump mechanism (Logan, 2006; Insel et al., 2003; Lee et al., 2001). For several decades, 

ecological, epidemiological and clinical studies have given an idea about the Na intake 

level and its health consequences (Institute of Medicine, 2004; Dahl, 1961). Its deficiency 

is rarely observed compared to its toxicity but still some problems such as dehydration, 

muscle cramp and low blood pressure are associated with its deficiency (Fine et al., 1987; 

Bower et al., 1988). High intake of Na may cause gastric cancer, stomach ulcer and 

hypertension, burdensome on kidney, heart and blood vessels. Reduction in Na intake 

lowers the blood pressure among hypertensive patients (Strazzullo et al., 2003; Appel et 

al., 2001; Ducailar et al., 2002; Dickinson and Havas, 2007). 

The mechanisms by which Na affects the circulatory system and blood pressure are 

not completely understood. It has been suggested that higher serum Na levels in sensitive 

individuals induce an expansion of plasma volume, an increase in cardiac output, followed 

by a sustained increase in systemic vascular resistance (Doyle and Glass, 2010). 

Epidemiological studies revealed a significant relation between high blood Na level and 

morbidity and mortality of CVD. Obesity, along with a higher concentration of Na in the 
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blood, is positively associated with CVD, such as, stroke, coronary artery diseases and 

heart failure (He et al., 1999; Alderman et al., 2006; Armoundas et al., 2003). Lowering 

the risk of long-term CVD may be achieved by reducing Na blood level because reduction 

in its concentration is associated with the lowering of blood pressure (Cook et al., 2007; 

Paul et al., 2012). 

 

1.4.12  Lead 

Lead is the notorious element for biological species; humans and animals intake it 

from food, water and air. Anthropogenic sources including motor vehicle exhaust, mining 

and processing of lead ores, lead acid batteries, lead-based paints and food cans are the 

major causes of Pb accumulation in humans (Poreba et al., 2011; Cope et al., 2004; 

ASTDR, 2005; Kumar and Clark, 2009; CDC, 2001; AAP, 1993). It accumulates with age 

in bones, kidney, aorta, liver and spleen (Bukhari et al., 2005; Hipkins et al., 1998). It is 

one of the most toxic elements that disrupt the biological functions (Telisman et al., 2004; 

Reichlmayr-Lais and Kirchgessner 1984). It directly interrupts the activity of enzymes, 

deactivates antioxidant pools and competitively inhibits the absorption of important 

essential elements (Patrick, 2006). The formation of free radicals from Pb and their health 

consequences follow two mechanisms: in the first, the ROS are produced directly from Pb, 

followed by the depletion of the cellular antioxidant pool via these species in the second 

mechanism. Hence, increase in ROS, on one side, simultaneously leads to the depletion of 

antioxidant species, on other side (Ercal et al., 2001; Gurer and Ercal, 2000). 

The toxic effects of Pb are well recognized even at low levels (Jensen et al., 1987; 

Grandjean, 1989). Numerous studies revealed a strong relationship between Pb toxicity 

and incidence of CVD. Elevated levels of Pb have been reported in the blood of patients 

having abnormal systolic and diastolic blood pressure, which ultimately lead to the CVD 

(Navas-Acien et al., 2007; Nawrot et al., 2002; Poreba et al., 2011; Telisman et al., 2001). 

Animal studies also supported the possibility that Pb exposure promotes hypertension and 

accelerates the process of CVD (Bhatnagar, 2006; Kurppa et al., 1984). Various studies 

have demonstrated that chronic exposure to Pb causes hypertension and CVD by 

promoting oxidative stress, impairing nitric oxide signalling, raising vasoconstrictor 

prostaglandins, lowering vasodilator prostaglandins, augmenting adrenergic activity, 

increasing endothelin production, promoting inflammation, upsetting vascular smooth 

muscle Ca2+ signalling and modifying the vascular response to vasoactive agonists. 

Moreover, Pb has been shown to cause endothelial injury, impede endothelial repair, slow 
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down angiogenesis, reduce endothelial cell growth, suppress proteoglycan production and 

stimulate vascular smooth muscle cell proliferation and phenotypic transformation. These 

actions of Pb along with other factors induce the hypertension and promote 

arteriosclerosis, thrombosis and CVD (Vaziri, 2008; Gump et al., 2011). 

 

1.4.13  Strontium 

Strontium is a trace element in the human body and forms divalent cations in the 

biological fluids, where its cations have the same order of protein binding magnitude as Ca 

because of similar chemical characteristics (Walser, 1969). Approximately 99% of the 

total body burden of Sr is found in the skeleton (ICRP, 1993); bones and teeth have 

highest concentrations (115–138 mg/kg), followed by much lower levels (0.05–0.38 

mg/kg) in muscle, kidney, liver, brain and lung (Skoryna, 1981a). The main sources for 

the uptake of Sr from the environment include drinking water, food (especially grains, 

leafy vegetables and dairy products) and atmospheric particulates (Skoryna, 1981b; 

ATSDR, 2004b). Generally, Sr is not efficiently absorbed in the intestinal tract but vitamin 

D promotes its intestinal absorption, while Ca inhibits its absorption. Against a 

concentration gradient, Ca can be transported from the mucosal to the serosal side; this 

phenomenon was not seen in case of Sr transportation (Nielsen, 2004).  

Toxicity of Sr in human has not been established; however, hypocalcaemia was 

observed in case of intravenous administration of Sr due to increased renal excretion of Ca 

as a consequence of which osteoporosis phenomenon is accelerated (Morohashi et al., 

1994; Skoryna et al., 1985; Bernhard et al., 2007). High dietary intake of Sr leads to 

phosphorus deficiency in the body due to the formation of insoluble strontium phosphate 

which ultimately causes rickets. Smoking is one of the main contributing factors for the 

development of CVD and cigarette smoke contains large amounts of Sr along with other 

elements; thus, significantly higher levels of Cd and Sr were reported in the blood of 

smokers compared to that of non-smokers in several studies. There is a well-established 

association between the elevated levels of some elements in the serum of active smokers 

with the increased incidence of hypertension, peripheral vascular diseases and acute 

coronary syndromes. Cadmium and strontium have the ability to modify the gene 

sequences in endothelial cells, including genes with functions of metal detoxification, 

prostaglandin synthesis, RNA transport and inflammatory responses, which may play a 

critical role in the progression and pathogenesis of atherosclerosis in smokers (Mercado 

and Jaimes, 2007). Besides, Sr plays a critical role in arterial stiffness that may be 
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explained by its potential role in the enhancement of oxidative stress (Wu et al., 2012). 

Thus, excess of Sr in the human body may be considered as a risk factor towards the 

progression and development of CVD. 

 

1.4.14  Zinc 

Zinc is an essential trace element found in plants and animals and necessary for the 

sustenance of all life (Dilbley, 2001). The adult human body contains about 1.5-2.5 g of 

zinc, which is present in all organs, tissues, fluids and secretions. Zinc being a co-factor, is 

present in more than 200 enzymes, which play a crucial role in the synthesis of DNA and 

RNA while, on the other hand, it controls the antioxidant activities which protect against 

the damage of protein, nucleic acid and lipids by free radicals (Farzin et al., 2009; 

Devasagayam et al., 2004; Soinio et al., 2007; Powell, 2000). In addition, it helps in 

controlling nerve transmission, gene expression and cell death (Chesters, 1997). 

Therefore, optimum concentration of Zn is required for healthy life, while imbalance in its 

concentration may cause several biochemical and physiological disorders. Deficiency of 

Zn causes delayed sexual maturity, prolonged healing of wounds, retarded growth, 

behavioural problems, white spots on finger nails, impaired memory, fatigue, decreased 

alertness, susceptibility to a variety of infections and impairment of the immune system 

(Prasad, 2003; Sandstead et al., 1998; Oricha, 2010). Its toxicity is characterized by gastric 

distress, dizziness, nausea and poor Cu absorption (Maret and Sandstead, 2006; Yadrick et 

al., 1989). 

Numerous studies have explored the association of Zn with CVD and most of them 

reported deficiency of Zn in the blood of patients with atherosclerosis, myocardial 

infarction, coronary artery disease, angina pectoris, congestive heart failure, heart 

transplant, oxidative stress and conduction abnormalities (Alissa et al., 2006; Martin-

Lagos et al., 1997; Eby and Halcomb, 2006; Beattie and Kwun, 2004; Little et al., 2010; 

Tomat et al., 2011; Giacconi et al., 2008; Maret and Krezel, 2007). Animal studies also 

revealed the same relationship between Zn deficiency and CVD (Jenner et al., 2007; Witte 

et al., 2001; Chasapis et al., 2012). Epidemiological studies manifested that it is a redox 

inert element and does not participate in redox reactions. Being antagonistic to the redox-

active elements, it serves as an antioxidant agent (for example, Zn with metallothionein 

and Cu, Zn-SOD). Its antioxidant activities involve the protection of sulphydryl groups of 

proteins against free radical attack and reduction of free radical formation through the 

prevention mechanisms (Pepersack et al., 2001; Jomova and Valko, 2011). Moreover, it is 
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an anti-inflammatory in action and maintains the integrity of endothelial cells which 

prevents the development of atherosclerosis (Prasad, 2012; Little et al., 2010). Thus, Zn is 

proved to be a cardio-protective agent. 

 

1.5  Trace Elements and Oxidative Stress in Cardiovascular Disease 
Elemental ion homeostasis is maintained through tightly-regulated mechanisms of 

uptake, storage and secretion, therefore, within limits trace elements play critical role in 

the sustenance of life. Disruption of elemental ion homeostasis can lead to the element- 

binding to protein sites other than those designed for that purpose or replacement of other 

elements from their natural binding sites (Nelson, 1999). Studies have shown that toxic 

elements can interact with proteins and DNA causing oxidative deterioration of biological 

macromolecules, thus, the process of breakdown of elemental ion homeostasis is involved 

in a plethora of diseases. Numerous epidemiological studies reveal the crucial 

participation of redox-active elements in the generation of free radicals in living systems. 

Redox-active elements may undergo cycling reactions participating in the transfer of 

electrons between elements and substrates and, therefore, elemental homeostasis may play 

an important role in the maintenance of redox homeostasis (Lindeque et al., 2010). The 

disruption of elemental homeostasis may lead to uncontrolled elemental-mediated 

formation of deleterious free radicals which participate in organic and inorganic oxygen 

radical reactions. In consequence of these oxygen radical reactions, the ROS are produced 

(Jomova and Valko, 2011). 

Reactive oxygen species (ROS) are a family of molecules including molecular 

oxygen and its derivatives produced in aerobic cells. Excessive production of ROS may 

exceed the endogenous antioxidant defence mechanisms, resulting in oxidation of the 

biological macromolecules, such as, DNA, protein, carbohydrates and lipids (Figure 1). 

This condition has commonly been referred to as oxidant stress. An increasing body of 

evidence suggests that oxidant stress is involved in the pathogenesis of many 

multifactorial diseases such as cancer and CVD (Cai and Harrison, 2000). Oxidative stress 

is considered as one of the precursor factors in the development of CVD because ROS is 

chiefly involved in the peroxidation of lipids, especially LDL, which changes the 

membrane fluidity and permeability (Juurlink, 1997). The oxidized LDL acts as a trigger 

to initiate endothelial inflammation leading to atherosclerosis and vascular thrombosis 

(Devasagayam et al., 2004; Colles et al., 2001). The oxidized LDL is prone to be absorbed 
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by macrophages via scavenger receptors, resulting in the generation of foam cells, a 

primary event in the atherosclerotic process which stimulates the migration of monocytes 

into the intima and their transformation to macrophages (Asplund, 2002). Thus, this 

complex mechanism leads to the formation of plaque inside the artery which blocks the 

blood flow and pushes the heart into an ischemic state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Targets of free radicals inside the body 
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1.6  Biological Samples Used for Trace Element Analyses 
Human biomonitoring is a useful tool to assess exposure to environmental 

pollutants by measuring the chemicals or their metabolites in human biological specimens 

including blood, urine, hair and other body tissues (Kummrowa et al., 2008). The 

biomonitoring process consists of three steps; (i) defining selection criteria, i.e., who will 

be monitored, as well as when and where; (ii) defining sample collection nature, i.e., fluid 

and/or tissue samples; and (iii) deciding which chemicals to study/analyse in the samples 

(Paustenbach and Galbraith, 2006). Exploring the occupational, toxicological, clinical and 

environmental exposure to trace elements along with their impact on human health has 

become the focus of a great deal of interest in this era of modernization (Khalique et al., 

2005). None of the elements is biodegradable and, having accumulation property in the 

tissues, their sustained intake might produce irreversible toxic effects (Martín-Cameána et 

al., 2014). Most researchers are convinced that trace elements play a critical role in the 

progression of disease as evidenced by several epidemiological and environmental studies 

(IAEA, 1979). Analysis of trace element concentrations in all kinds of human tissues and 

body fluids can be used as a clinical diagnostic tool to better elucidate the effect of 

environment and nutrition on the body elemental levels (Nowak and Chmielnicka, 2000; 

Wilhelm et al., 2002; Tang et al., 2003; Alonso et al., 2005). 

A limited range of specimens, such as blood, urine, hair, nails, saliva, sweat and 

tissues, is available for the analysis of trace elements when living subjects are under 

consideration (Aitio et al., 1994). The critical question regarding which human specimens 

give optimum trace elements results was answered by the US Environmental Protection 

Agency: “the milk, urine, saliva and sweat measure the component that is absorbed but 

excreted; the blood measures the component absorbed and temporarily in circulation 

before excretion and/or storage; the hair, nails and tissues in which trace minerals are 

sequestered and/or stored’’ (Vaughan et al., 1991). In the forthcoming section, the 

significance of selected biological matrices (blood and hair) for the biomonitoring of trace 

elements and their role in the diagnosis/development of various disorders are briefly 

discussed. 

 

1.6.1  Blood Sample 

Blood is a transporting medium for nutrients, toxicants, hormones, dissolved gases 

and waste products (Pasha et al., 2008a; Alwin et al., 1996). In industrial hygiene, clinical 
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chemistry and toxicology, whole blood, plasma and serum are used for examination in 

majority of the cases (Rahman et al., 2004; Wilhelm et al., 2004; Versieck and Cornelis, 

1989; Alebic-Juretic and Frkovic, 2005). Blood is a liquid tissue, suspended in watery 

plasma. Initially whole blood is treated with anticoagulant to prevent clotting and, after 

centrifugation, it is separated into three components: the red blood cells settle to the 

bottom, the white blood cells and platelets in the form of the “buffy coat” settle above, and 

the plasma, comprising about 55% of the whole blood volume, forms the topmost layer. 

Serum is blood plasma without fibrinogen and other clotting factors. Although serum is 

difficult to separate from the cell compared to plasma because the cells are usually 

attached together by clot formation but addition of anticoagulants in the blood to separate 

the plasma increases the chances of contamination (Pasha et al., 2010a; Aitio et al., 1994; 

Brown et al., 1981). The elemental levels in serum often do not correspond to their levels 

in the whole organism, because their levels in the blood are controlled by a homeostatic 

mechanism (Wołowiec et al., 2013). When elemental toxicology, especially for trace 

element analyses, is under consideration, samples of whole blood and not serum/plasma 

are most often used for biological monitoring: the element concentrations are higher in 

whole blood than in serum or plasma and, thus, are possible to get detect with 

conventional techniques (Ozmen et al., 2013; Barany et al., 2002; Hashmi and Shah, 

2012).  

In the biomonitoring of trace elements, blood samples show more advantages over 

the other frequently-used biological specimens. Blood elemental analysis provides 

information about what the body has recently absorbed, in contrast to hair and nails which 

reflect past exposure (Olmedo et al., 2010). Blood levels are largely independent of tissue 

deposition. Whole blood analysis measures total elemental levels that circulate 

extracellularly (serum/plasma) as well as intracellularly (within blood cells) and gives 

direct evidence of the role of trace elements in metabolism (Saghir et al., 2011; Polkowska 

et al., 2004; Pasha et al., 2008a). The whole blood sample is also the widely-accepted 

matrix for the assessment of internal xenobiotic exposure especially in those areas where 

the general population is heavily exposed to environmental toxicants (Gil and Hernández, 

2009). Moreover, blood specimens do not require any washing step prior to analysis, 

unlike hair. Finally, ease of sampling makes the blood one of the most widely-used 

specimens for trace element analyses (Gil et al., 2011; Pasha et al., 2010a). At the same 

time, some disadvantages associated with the blood samples include: in case of chronic 

exposure, there must be stored below freezing point before elemental analysis, and all 
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fresh and frozen blood specimens must be considered potentially infectious (ISBER, 

2005). 

 

1.6.2  Hair Sample 

Hair is composed of keratin and develops from a papilla sunk in the dermis of 

mammals. Human hair is chemically composed of protein which is 65-95% of the hair 

weight (keratinous, a condensation polymer of amino acids), water, lipids, pigment and 

trace elements (Dawber, 1996; Robbins, 2002). Scalp hair is a metabolic end product and 

has been recognized as a potential repository of all the elements that enter the body (Priya 

and Geetha, 2011). Hair has been used as a valid diagnostic and preventive tool for more 

than half a century to understand the critical role of trace elements in the initiation and 

progression of several abnormalities which lead to the complex diseases (Sukumar and 

Subramanian, 2007; Senofonte et al., 2001; Seidel et al., 2001; Morley and Ford, 2002; 

Daniel et al., 2004).  

Elements show a high affinity for hair due to the presence of relatively higher 

amount of cysteine, approximately 14% in the keratin structure, as well as to follicular 

melanin, which is able to bind cations by ionic interactions and these ionic bindings are 

further enhanced by other forces, such as van der Waals attraction. The elements also bind 

with the sulphydryl (SH) groups present in other amino acids in the hair. Uncharged 

elements may also bind to hydrophobic core of the melanin polymer in the hair structure 

(Morton et al., 2000). Thus, human hair has proved to be a vehicle of excretion of 

substances from the body and due to the elemental accumulation phenomenon, hair tissue 

elemental analyses show 50-100 times higher elemental concentrations compared to the 

blood and urine (Wołowiec et al., 2013). According to the recommendation, of various 

institutions (WHO, USEPA, and Global Environmental Monitoring Systems) hair is a non-

invasive biomarker for the assessment of chronic exposure to toxic elements (Michalak et 

al., 2012; Batzevich, 1995; Forte et al., 2005; Pasha et al., 2010a; Leung et al., 1999).  

Sampling of hair is easy, painless and non-invasive. Samples can be collected in 

plastic bags and stored at room temperature and their composition does not change 

significantly with time. Unlike blood, hair is an inert and chemically homogeneous 

sample. This stability optimizes the likelihood of sample integrity and makes sample 

transport more convenient (Samanta et al., 2004; Senofonte et al., 2001; Pereira et al., 

2004a; Rahman et al., 2012). The slow growth rate of hair allows for long-term 

monitoring of past and recent exposures. Moreover, hair trace element concentrations are 
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not subjected to rapid fluctuation due to diet, water and air; hence, they show long-term 

stability (Priya and Geetha, 2011). Nonetheless, some shortcomings are associated with 

the reliability of hair analyses when used as biological indicator, mainly, inability to 

differentiate between endogenous and exogenous trace element concentrations (Ostrea et 

al., 2007; Deantonio et al., 1982). No standard methodology has been defined to remove 

the external contamination completely (Pasha et al., 2010a; Kazi et al., 2006; Rahman et 

al., 2012). Moreover, there is a lack of sufficient information to define the normal ranges 

of trace element levels typically found in the general population, because element contents 

in hair vary significantly according to age, gender, hair colour, hair care, smoking habits 

and racial/ethnic factors (Barbosa et al., 2005; Esteban and Castaño, 2009).  

 

1.7  Objectives of the Present Study 
All trace elements have the potential to be toxic when present in excessive 

concentrations. Trace element tests are required when the subject has symptoms of toxicity 

or when the subject is in a high risk category for environmental exposure to toxic 

elements. In the present study, selected elements including some essential and toxic 

elements are investigated in the blood and scalp hair of cardiovascular patients and 

counterpart healthy subjects. In the light of above discussion, the present study is designed 

to accomplish the following broad objectives: 

 To assess the distribution of selected essential/toxic elements in the blood and 

scalp hair of various cardiovascular patients in comparison with healthy subjects. 

 To study the mutual variations among the selected elements in terms of correlation 

coefficients in the blood and hair of the donor groups. 

 To evaluate the comparative apportionment of selected elements by multivariate 

statistical methods. 

 To investigate any viable gender-based variations in the trace element contents. 

 To find out the variability in trace element concentrations with the food habits and 

residential locations. 

 To assess the significant smoking habit-based variation in the element contents. 

 To determine any viable occupation-based variations in the trace element contents. 

 To compare the present elemental levels with the reported levels from other 

regions of the world.  

 To explore the use of blood and hair elemental analysis as a diagnostic tool. 
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Chapter 2 

EXPERIMENTAL METHODOLOGY 
 

In the past few decades, the investigation of micro and trace elements in human 

biological specimens has gained prime importance, especially after knowing the 

participation of these elements in various biochemical processes. Analysis of essential and 

toxic elements in biological samples helps in addressing the nutritional problems, 

diagnosing ailments at early stages, determining occupational and environmental 

intoxicants and defining the most probable route of uptake of anthropogenic pollutants 

from the environment by living organisms. Hence, the measurement of trace element 

status in living organisms is of increasing importance and used as a preventive diagnostic 

method in clinical practices (Nordberg et al., 2014). The present study is based on the 

evaluation of essential and toxic elements in blood and scalp hair of selected classes of 

cardiovascular patients as well as in the blood and hair of a matching healthy population. 

Details about the experimental procedures adopted in this study including study segments, 

sample collection, storage, pre-treatment, digestion, elemental analysis and statistical 

analysis are described in the following sections. 

 

2.1  Study Population 
In the present study, two types of subjects were included: cardiovascular disease 

patients and healthy donors. Standard protocols and guidelines were adopted for the 

sample collection and processing. First of all, the protocol of the study was approved by 

the human ethical review committee of each hospital/institute. Afterwards, the following 

information was provided to the subjects before obtaining their consent (Iyengar et al., 

1997): procedure to be adopted for specimen collection; description of any attendant 

discomforts and risk; and assurance that their data and results would be kept confidential 

and accessible to them at any time and that they were at liberty to withdraw from the 

investigation at any stage. Moreover, the donors were briefed about the nature of the 

specimen (blood and scalp hair) and guided to use the sterile and contamination-free 

medical equipments (e.g., syringes, plastic scissors, polythene gloves, etc.) during sample 

collection. Finally the ‘information consent’ was filled in to record the information such 

as, name, age, gender, abode, ailment duration, food habits, smoking habits and 

occupation at the time of sample collection from the subjects. All subjects signed the 
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informed consent for participation in this study after thorough briefing about the 

objectives of the study. 

 

2.1.1  Cardiovascular Patients 

Cardiovascular patients of different ages, abode, gender, food habits, smoking/non-

smoking habits and occupations were included in the present study. Scalp hair and blood 

samples were collected from patients admitted in the following five hospitals on a 

volunteer basis; (i) Department of Cardiology, Jinnah Hospital, Lahore, (ii) Punjab 

Institute of Cardiology (PIC), Lahore, (iii) Pakistan Institute of Medical Sciences (PIMS), 

Islamabad, (iv) Poly Clinic Hospital, Islamabad, and (v) Benazir Bhutto Hospital (BBH), 

Rawalpindi, Pakistan. Significant numbers of scalp hair and blood samples were collected 

from various types of CVD patients. The disease was clinically diagnosed in the patients 

on the basis of medical history, physical findings, electrocardiography, radiography, 

echocardiography and coronary angiography (Afridi et al., 2011a, 2011b; Islamoglu et al., 

2011; Iung et al., 2003). 

 

2.1.2  Healthy Donors 

Scalp hair and blood samples were also collected from healthy donors who were 

randomly selected but matched with the patients for age, gender, residence, food habits, 

environmental exposure and socioeconomic status. A Performa was used to collect the 

information regarding the donor’s name, age, gender, abode, social and general health 

status, nutrition habits, job description, socioeconomic status, past diseases, etc. A sample 

of such ‘Performa’ is given as Appendix-Ι. In most of the cases, the healthy subjects were 

the family members or closely-related persons to the patients. Therefore, the patients and 

healthy donors had almost similar environmental exposure, food habits and socioeconomic 

status.  

 

2.2  Sample Collection and Storage  

Sample collection and storage are crucial and integral parts of the study because 

any kind of mismanagement or contamination can invalidate the results. Thus, the sample 

collection and storage must be carefully handled to avoid any contamination or loss of the 

sample.  
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2.2.1  Hair Samples 

Some of the most commonly-reported methods for the collection and storage of the 

scalp hair samples are outlined below: 

 Hair sample from the nape of neck close to scalp was taken by titanium nitride-

coated scissors to minimize possible chances of contamination during the sampling phase. 

Afterwards, approximately 0.1-0.5 g of hair sample was placed individually in 

polyethylene bags duly-labeled with the subject code and stored in the desiccator until 

required for analysis (Senofonte et al., 1999). 

 Approximately 0.1 to 0.3 g of hair sample was collected from the nape of the neck 

in order to minimize the contribution of exogenous contamination. Hair sample was cut by 

the use of stainless steel scissors and the sample transferred to zip-mouthed plastic bags 

and stored at −20°C until analysis (Pereira et al., 2004b). 

 For hair sampling, the sub-occipital zone of the head was selected. The 0.25 g of 

hair sample was cut and collected in individual zip-mouthed plastic bags and stored in 

desiccators in the dark until required for analysis (Forte et al., 2005). 

 With the help of stainless steel scissors, hair samples were taken from the nape of 

the neck. Then each hair sample was stored in a separate plastic polythene envelopes and 

identification number of the participants was indicated (Kazi et al., 2006). 

 About 3 g of hair with approximate length of 2-5 cm were cut from the nape of the 

neck close to scalp, with a pair of plastic scissors. Samples were immediately transferred 

and stored in zip-mouthed polythene bags, duly-labeled with relevant codes (Pasha et al., 

2010b). 

 The hair samples (0.5-1.0 g each) were taken from the nape of the neck. Then hair 

samples were put into separate plastic envelopes for each participant, on which the 

relevant code of the participant was indicated. The plastic envelope of each subject was 

tightly sealed and attached with a questionnaire (Peter et al., 2012). 

 About 0.2 g of hair was collected from the proximal part of the lower scalp by the 

use of stainless steel scissors and stored in individual plastic bags prior to analysis 

(Rahman et al., 2012). 

 Approximately 1 g of hair samples were collected from the nape region with 1 cm 

distance from the scalp using sterilized stainless steel scissors washed with ethanol. All 

hair samples were sealed in a pre-cleaned airtight plastic bag and brought to the laboratory 

for quantitative analysis (Mehra and Thakur, 2012). 

 Hair samples (about 3 g) were cut from the nape of the neck as close as possible to 
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the scalp. High grade stainless steel scissors coated with a very thin, but strongly-adhering 

layer of inert material (carbide) was used to perform the cutting operation. That was 

necessary for avoiding any consequence of the friction between the blades and the hair 

shaft and the relative sample contamination (Avino et al., 2013). 

 Approximately 100 mg of human hair was cut with the help of stainless steel 

scissors from the back of the head as close as possible to the scalp. The hair samples were 

immediately transferred to the pre-cleaned polythene containers where hair samples were 

stored until required for further processing (Martín-Cameán et al., 2014; Luo et al., 2014; 

Varrica et al., 2014). 

It is clear from the above discussion that there is no universal/standard method for 

the collection of scalp hair samples. The method employed for the collection and storage 

of the scalp hair samples in the present study is described below. 

For the collection of scalp hair sample, the sub-occipital zone of the head at 1 cm 

from the scalp was selected. About 2-3 g of hair of approximate 2-3 cm length was cut 

with the help of plastic scissors in order to avoid exogenous elemental contamination. 

Polythene zip-mouthed bags duly-labeled with codes were used for the storage of hair 

samples. These sealed bags were stored in desiccators until required for further processing 

(Ilyas et al., 2015a). 

 

2.2.2  Blood Samples 

Some of the most commonly-reported methods for the collection and storage of the 

blood samples are discussed below: 

 Venous blood samples (3–5 mL) were drawn from the patients and collected in 

metal-free vacutainer tubes containing 1.5 µg K2EDTA/mL, and were stored at −20ºC 

until required for further processing (Kazi et al., 2008a). 

 Venous blood samples were collected after overnight fasting into the sodium 

citrate containing commercial tubes using standard venipuncture technique. These metal-

free tubes were specially manufactured for metal analysis. Then blood sample was stored 

at −80ºC (Victorinova et al., 2009). 

 The blood samples were collected from an antecubital vein by using venipuncture 

method. The venous blood samples were then transferred into heparinized evacuated 

tubes. Each sample was gently shaken by hand and centrifuged at 2000 rpm for 15 min. 

The plasma was carefully separated using a Finnpipette and transferred into another clean 

polythene tube and then stored at −70ºC (Pasha et al., 2010a). 
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 Approximately 2–4 mL blood was taken from the antecubital vein of the patient in 

the morning time when the patient had an empty stomach. Then these blood samples were 

transferred into vacuum test tubes with lithium heparinate as anticoagulant. Afterwards the 

samples were frozen at −20ºC in a freezer (Ivanenko et al., 2012). 

 By standard venipuncture method, 3-5 mL of blood sample from subjects were 

drawn via disposable syringe under contamination-free conditions, followed by transfer of 

blood samples to vacuettes which contained anticoagulant (K3EDTA). These samples were 

stored at −20ºC till the analysis (Rajurkar et al., 2012). 

 Approximately 2-5 mL of venous blood were sampled and collected in metal-free 

safety vacutainer tubes containing ≥ 1.5 mg EDTA/mL. These blood samples were stored 

at −20ºC until required for analysis (Afridi et al., 2008a; Smith et al., 2013). 

 Approximately 3 mL of venous blood samples were drawn using polypthene 

syringes and stored in BD vacutainer tubes containing K2EDTA as anticoagulant. Samples 

were immediately stored in the freezer at −20°C until required for analysis (Khlifi et al., 

2014; Rahmé et al., 2014). 

 A desired quantity of blood was drawn from the patient by using stainless steel 

syringe and then blood sample was transferred to vacutainer. Serum was extracted from 

the blood sample by centrifugation. A quantity of approximately 0.05-0.1 g of each sample 

was transferred to Suprasil synthetic quartz vials and heat-sealed. The end of the sample 

vial was immersed in liquid nitrogen during heat-sealing to prevent the possible loss of 

volatile elements (Lavanya et al., 2014). 

 About 10 mL of venous blood was collected from the antecubital vein by a syringe 

with a 21-guage needle. The blood was allowed to discharge slowly into two separate 

heparinized bottles. The first discharge into bottle one served to clean the needle of 

possible elemental contamination and blood from the second bottle was stored at –20ºC 

for elemental analysis (Ojo et al., 2014).  

During the present study, blood samples from the patients and healthy donors were 

collected and stored by following procedure: 

The blood samples were collected from the antecubital vein using a pre-cleansed 

syringe (BD Luer-LokTM, Reg No. 060627) by venipuncture method. The blood samples 

were immediately transferred to the evacuated polythene tubes (venoject, 10 mL). These 

samples were stored in a refrigerator at −20ºC until used for analysis. Every care was 

taken to reduce the possibility of contamination during the sample collection. This 

collection method was selected for the present study because it did not involve any kind of 
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chemical-containing storage tubes. Therefore, this method is free of any chemical 

contamination during the sample collection, hence, it was suitable for accomplishing the 

accurate results (Ilyas and Shah, 2015). 

 

2.3  Sample Treatment and Wet Acid Digestion 
Scalp hair samples required a pre-treatment step before digestion. In pre-treatment, 

washing is the essential step with the aim of completely removing the loosely-adhering 

elements associated with sweat, fat and dirt without altering the endogenous content of the 

elements in samples.  

 

2.3.1  Washing of Scalp Hair Samples 

Some of the most commonly-used washing procedures for the scalp hair samples 

reported in the literature are discussed below: 

 The hair sample was cut into small pieces and then 1.0% Triton X-100 solution 

was used as a washing medium and this washing procedure was repeated four times for 

each sample. Afterwards, the samples were rinsed with acetone and allowed to drain. Each 

hair sample was then rinsed with distilled water and acetone. The cleaned hair was dried 

overnight at 70ºC in an oven and then cooled to room temperature in a desiccator 

containing silica gel as the desiccant (Bass et al., 2001; IAEA, 1978). 

 Hair samples (about 0.5 g and 1 cm in length) were washed thrice under 

continuous stirring for 10 min in a mixture of 3:1 (v/v) ethyl ether-acetone to remove the 

sebaceous film covering the hair. Samples were then dried at 85ºC for 1 hour in an oven. 

Afterwards, the hair samples were stirred with 5% EDTA solution for 60 min and rinsed 

with double-distilled water thrice. Final drying was carried out at 85ºC in an oven for 12-

16 hours (Senofonte et al., 1999; Forte et al., 2005). 

 Different solvents were used for the washing of scalp hair samples; the samples 

were washed with 20 mL dichloromethane, 15 mL acetone, 15 mL methanol, one by one, 

at room temperature. Soaking time of the hair sample in each solvent was 5 min. At the 

end, clean hair was dried and stored in desiccator (Yazdi et al., 2005). 

 Hair samples were washed with diluted Triton X-100 in order to remove the 

exogenous matters and then rinsed with lots of deionized water and finally washed with 

acetone. The samples were dried in an oven at 85ºC (Kazi et al., 2006). 

 Detergent solution (5%, w/v) was used to wash the individual hair samples which 
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were then rinsed with plentiful distilled water to remove exogenous matter. Subsequently, 

the samples were dried overnight at 50ºC in an electric oven and cooled to room 

temperature in a desiccator containing silica gel as the desiccant (Pasha et al., 2010a). 

 Hair samples were washed with nonionic detergent and then soaked in deionized 

water for 10-15 min. This was followed by soaking in acetone. At the end, hair samples 

were washed with deionized water and dried in an oven at 100-110ºC for 1 hour and 

finally kept in desiccator (Abdulrahman et al., 2012; Mehra and Thakur, 2012). 

 About 0.1 g of hair sample was washed with 30 mL of acetone for 10 min and then 

rinsed three times with ultrapure water. The samples were then washed three times for 10 

min each with 30 mL of 1% Decon Neutracon detergent to remove external contamination 

with minimal loss of endogenous elements. Finally, after several rinses with ultrapure 

water, the samples were dried over-night at 60ºC (Rahman et al., 2012). 

 The hair was washed by ultrasonic cleaning for 15 min in a 0.5% Triton X-100 

solution and the detergent was removed by rinsing with water. This was followed by 

washing through ultrasonic cleaning (15 min) in a 95% ethanol solution and again with 

deionized water. The cleaned hair was dried in an oven at 70ºC overnight (Olmedo et al., 

2010; Martín-Cameán et al., 2014). 

 The hair samples were washed four times with Triton X-100 (1:200 v/v). This was 

followed by rinsing with acetone. Later on, the samples were additionally rinsed three 

times with deionized water, two times with acetone and allowed to drain. Finally, the hair 

samples were dried in an oven at 75ºC (Luo et al., 2014). 

 The hair samples were cut into suitable pieces and immersed in a solution of 20 

mL acetone and 20 mL demineralized water in an ultrasonic bath. This was followed by 

stirring of the mixture for 15 minutes. The washed samples were individually placed in 

glass beakers and dried for 24 hours at 40ºC in a drying oven (Varrica et al., 2014). 

In the present study, the following method was adopted for the washing of scalp 

hair samples: 

The long scalp hair samples were cut into suitable pieces and mixed thoroughly. 

This was followed by the addition of 50 mL of 5% (w/v) detergent solution in the conical 

flasks containing the samples and the contents were then shaken on an auto-shaker for 30 

min at a frequency of 320 vibrations per min. After this step, the samples were left 

undisturbed for at least 3 hours and then washed with plentiful tap water and finally with 

distilled water until all the detergent was removed. This step was followed by the addition 

of 30 mL of non-ionic detergent (Triton X-100; 0.5% v/v) solution to the sample contents 
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and the mixture again placed on auto-shaker for 25 min shaking. The samples were then 

washed with excess of doubly-distilled water in order to remove the detergent. Finally, the 

hair samples were dried in an electric oven for overnight at 70ºC. This method was the 

best choice for washing of the hair samples because it can remove almost all types of 

contaminations due to the use of ionic and non-ionic detergents (Ilyas et al., 2015a). 

 

2.3.2  Digestion of Scalp Hair Samples 

Some of the most commonly-used methods for the digestion of scalp hair samples 

are given below: 
 About 0.1-1.3 g of hair sample was placed in a Teflon bomb. The sample was 

predigested with 5 mL of concentrated HNO3 and 1 mL H2O2 for 1 hour and then placed 

in a microwave oven at 250 W for 3 min and then cooled for 6 min. The sample contents 

were again placed in oven at 250 W for 5 min followed by cooling for 5 min and, in the 

last step power was increased to 400 W for 5 min and 500 W for further 5 min. The 

sample was transferred into polypropylene tubes and diluted up to 20 mL with distilled 

water (Senofonte et al., 1999; Forte et al., 2005). 

 About 0.2 g of hair was placed in a Pyrex flask followed by addition of 5 mL 

HNO3 (65%). The digestion flask was covered with a watch glass and then digested at 60-

70ºC for 1-2 hours until it was semidried. The digest was further treated with 5 mL of 

HNO3 and 2 mL of distilled water and heated at about 80ºC until the transparent color of 

digestion solution was obtained. Finally, the solution was diluted with 2N HNO3 in 10 mL 

volumetric flask (Kazi et al., 2006). 

 Hair samples were digested in a microwave digestion system and the samples were 

mineralized with concentrated nitric acid (7.5 mL). After digestion, the solutions were 

filled up to 75 mL with demineralized water (Chojnacka et al., 2006). 

 An accurately-weighed portion (1.0 g) of the hair sample was treated with 10 mL 

of concentrated (65%) HNO3 and heated at 80ºC for 10 min. Afterwards, the sample 

mixture was cooled to room temperature, followed by addition of 5 mL of HClO4 with 

subsequent heating to a soft boil until dense white fumes evolved. The sample was cooled 

to room temperature and diluted to 50 mL with distilled water (Pasha et al., 2010a; Cihan 

and Yildirim, 2011). 

 An accurately-weighed (0.1065 g) hair sample was put into a 50 mL crucible to 

which 8 mL conc. HNO3 was added. The crucible was covered with the specialized 

crucible lid and placed on a hot plate. Digestion of hair sample was carried out at 70-85ºC 
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until the hair was completely digested and the solution became clear. After cooling to 

room temperature, 1 mL of 30% H2O2 was added and the mixture was heated again on a 

hot plate at about 42ºC just until the bubbling stopped. After this step, the sample was 

heated at 80ºC until the volume was reduced to about 2.5 mL. The clear solution of each 

crucible was quantitatively transferred to a cleaned and dried 100 mL volumetric flask 

(Peter et al., 2012). 

 The hair sample (3 g) was placed in a clean crucible followed by addition of 10 mL 

of 6:1 mixture of concentrated HNO3 and HCIO4. The digestion mixture was heated until 

the clear solution was obtained. Finally, the solution was transferred into a 100 mL 

volumetric flask and made up to the mark with distilled water (Abdulrahman et al., 2012). 

 The hair samples (0.05 g) were weighed into 15 mL centrifuge tubes and 

thoroughly mixed with 1 mL of nitric acid using a vortex mixer. The samples were then 

incubated at 37ºC overnight and the next day, clear digested samples were diluted to a 

final volume of 6 mL with ultrapure grade water (Rahman et al., 2012). 

 Scalp hair samples (0.2 g) were directly placed into the Teflon flasks, followed by 

addition of 2 mL of a freshly-prepared mixture of concentrated HNO3–H2O2 (2:1, v/v) and 

kept for 10 min at room temperature and then placed in a covered PTFE container. They 

were heated following a one-stage digestion program at 900 W for 5–8 min. The flasks 

were left to cool and evaporated to semidried mass. About 5 mL of 0.1 M HNO3 was 

added to the residue which was filtered through a filter paper and diluted with distilled 

water up to 10 mL (Afridi et al., 2013; Kazi et al., 2008a). 

 About 50 mg of the hair sample was transferred to a quartz vessel, which after 

addition of 1 mL of HNO3, 0.5 mL of HCl, 2 mL of H2O2 and 2 mL of H2O, was closed 

and digested for 30 min in a microwave oven under controlled temperature (280ºC), power 

(1400 W) and pressure (80 bar) conditions. After the completion of digestion, the digested 

solution was transferred to a tube and aliquots of 50 mg were spiked with selected metals 

by adding a standard solution of these metals in a total volume of 5.5 mL of mineralized 

analytical solution (Martín-Cameán et al., 2014; Olmedo et al., 2010). 

 An accurately weighed (20 mg) hair sample was placed in a 15 mL polypropylene 

tube, to which 0.8 mL nitric acid and 0.2 mL hydrogen peroxide were added. Later on the 

tube was capped and placed into an electric heating block for digestion. The sample 

contents were digested at 90ºC for 3 hours. The tube was removed from the electric 

heating block and cooled to room temperature. Finally, the samples were diluted up to 10 

mL (Luo et al., 2014; Varrica et al., 2014). 
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In the present study, following method was adopted for the digestion of scalp hair 

samples of the patients and healthy donors: 

Initially, 1.0 g of the pretreated hair sample was accurately weighed and put into 

the 50 mL digestion flask. It was followed by the addition of 20 mL of HNO3 and HClO4 

mixture (1:1, v/v) to the sample and left for 5 min. The digestion flask was covered with a 

watch glass. Subsequently the sample contents were placed on a hot plate for about 3-4 

hours keeping the temperature between 70-80°C until dense white fumes evolved. It was 

observed that a clear solution was obtained which indicated the complete digestion. This 

method was previously optimized by utilizing different proportions of these acids; from 

this investigation, out of which 1:1 (v/v) of HNO3:HClO4 was deemed the best choice. A 

blank sample was also processed in the same manner along with each batch. The blank 

contained all the reagents added in the same sequence and underwent the same treatment 

steps except that the sample was not present in it. Finally, the sample contents were 

transferred to 50 mL volumetric flasks and diluted up to the mark with doubly-distilled 

water. This method is easy to conduct under given conditions in the laboratory, least prone 

to contamination, environment friendly and most accurate in the analysis (Ilyas et al., 

2015b). 

 

2.3.3  Digestion of Blood Samples 

Some of the recently-reported methods for the digestion of blood samples are 

given below: 

 Blood sample (1 mL) was mineralized with 5 mL concentrated HNO3 and 1 mL of 

30% H2O2 in a microwave oven. After mineralization, the solution was evaporated to a 

volume of approximately 0.1 mL and diluted with water to a final volume of 5 mL 

(Batariova et al., 2006). 

 About 1 mL of blood was mixed with 2 mL of concentrated HNO3, followed by 

microwave digestion at atmospheric pressure in an oven in polythene conical tubes at 90ºC 

for 5 hours. The final dilution with deionised water was done in the same digestion tube 

(Ilio et al., 2006). 

 Blood sample (2 mL) was mixed with 3 mL of concentrated HNO3 and digested in 

a microwave oven with multi-wave function. The digested solution was transferred to 50 

mL flask and diluted up to the mark (Rosborg et al., 2007). 

 Blood sample was digested by the use of microwave-assisted acid digestion 

method in which 0.5 mL blood sample was placed directly in a Teflon flask to which was 
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then added 2 mL of freshly-prepared mixture of conc. HNO3-H2O2 (2:1, v/v) and the 

mixture kept for 10 min at room temperature. Afterwards, the sample contents were 

treated as follows: heated for 2-4 min at 900 W; the resulting solution evaporated to a 

semi-dried mass to remove excess acid and then diluted to 10 mL in volumetric flask with 

0.1 M HNO3 (Afridi et al., 2008a). 

 The blood plasma sample was digested with nitric acid-perchloric acid (10:1, v/v) 

mixture with subsequent heating to a soft boil until dense white fumes evolved. Samples 

were then cooled to room temperature and diluted to proper volume with doubly-distilled 

water (Pasha et al., 2010a; Pasha et al., 2007). 

 A mixture of acids (HNO3 + H2SO4 + HCIO4 in 3:1:1 proportion) was added to the 

blood sample in 1:1 ratio for the purpose of digestion, which was carried out in a round 

bottom flask with attached condensers. The digestion mixture was heated continuously at 

110ºC for about 3 hours until the clear solution was obtained. The solution was diluted 

with deionized water (Rajurkar et al., 2012). 

 Approximately 0.5 mL of blood was taken in a Pyrex flask to which 3 mL of 

freshly-prepared conc. HNO3:H2O2 (2:1, v/v) was added and the mixture allowed to stand 

for 10 min. The Pyrex flask was then covered with a watch glass and the mixture heated 

on a hot plate at 60-70ºC for 1–2 hours. The digested mixture was then treated with 2 mL 

HNO3 along with a few drops of H2O2 and again heated on a hot plate at 80ºC until the 

clear digested solution was obtained. This solution was transferred to a 100 mL volumetric 

flask and diluted to the mark using triply-distilled water (Yahaya et al., 2013). 

 Blood sample (3-5 mL) was placed in a beaker and then wet-digested with 65% 

HNO3 and HCLO4 (3:1, v/v) at 110ºC for 6 hours. The beaker was then carefully shaken 

and boiled until 0.1-0.2 mL of residue was left. After cooling, the solution was diluted to 

10 mL with deionized water (Ozmen et al., 2013). 

 For digestion purposes, concentrated HNO3 was mixed with the blood sample and 

the mixture was subsequently heated at 80°C for 8 hours. After mineralization, the 

solution was diluted with doubly-distilled water to a final volume of 5 mL (Khlifi et al., 

2014). 

 The blood sample (1 mL) was transferred into 10 mL polystyrene tube to which 0.5 

mL of concentrated HNO3 was added and the mixture was digested in a mantle heater until 

it became dry. The sample was allowed to cool to room temperature, followed by the 

addition of distilled water to the powdered sample which was then filtered through 

Whatman filter paper. Filtered-solutions were transferred to a measuring cylinder and the 
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volume of the solution was made up to 50 mL by adding distilled water (Seema et al., 

2014). 

 The desired quantity of blood sample was sealed in a 120 mL Teflon vessel 

containing 1 mL of sub-boiled HNO3. The vessel was subjected to digestion programme: 

ramped to temperature 150°C for 20 min and held for 5 min. After cooling, the digested 

sample was diluted to a final volume of 10 mL with distilled water (Lavanya et al., 2014). 

 The blood sample (150 mg) was weighed into a 5 mL Teflon tube to which a 

mixture of 3 mL HNO3 (65%) and 1 mL H2O2 (30%) was added. The tube was heated in 

an aluminum block at 80°C overnight and then at 130°C for 2 hours. After cooling, 2 mL 

of H2O2 was added three times and the tube was heated every time for 15 min at 90°C. The 

solution was finally diluted to 20 mL with deionized water (Ojo et al., 2014). 

The digestion method adopted for the mineralization of blood samples during the 

present study is described below: 

The blood sample was transferred from the storage tube to the digestion flask and 

accurately weighed. This was followed by the addition of 10 mL of HNO3 (65%) and the 

mixture left for 5 min. Then 10 mL of HClO4 (70%) was added into the flask and the 

sample contents were placed on a hot-plate for about 5-6 hours keeping the temperature 

between 70-80°C. The digestion flask was covered with a watch glass to avoid any 

contamination. Heating was continued until dense white fumes evolved. It was observed 

that the sample was completely digested. This method was previously optimized by using 

different proportions of these acids and 1:1 (v/v) ratio of HNO3 and HClO4 was found to 

be the best choice. The blank sample was also processed in the same manner along with 

each batch of the blood samples. The blank contained all the reagents added in the same 

sequence and underwent the same treatment steps except that the sample was not present 

in it. The sample contents were transferred to 50 mL volumetric flasks and diluted up to 

the mark with doubly-distilled water. This method is easy to conduct with least chances of 

contamination, environment friendly and most accurate for the elemental analyses. 

 

2.4  Atomic Absorption Spectrometry for Elemental Analyses 
In the past, limited analytical equipments were available to determine accurately 

the elemental concentrations, but nowadays, numerous analytical techniques are available 

to determine the elemental concentrations more precisely. These include neutron 

activation analysis, proton-induced X-ray emission spectrometry, atomic absorption 
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spectrometry with either flame or flameless atomizer, inductively coupled plasma-atomic 

emission spectrometry and inductively coupled plasma-mass spectrometry (Cho et al., 

2001; Civit et al., 2000; Kumar et al., 2002; Feistle, 2007; Halloran et al., 2008; Bianchi et 

al., 2007; Dombovari et al., 2001; Rahil-Khazen et al., 2000). Atomic absorption 

spectroscopy has been the most commonly-used method over the past years especially, for 

the determination of trace elements in biological matrices. 

The principle of atomic absorption spectroscopy is based on the absorption of 

monochromatic radiation by free atom. The number of atoms in the light path is directly 

proportional to the amount of light absorbed, in accordance with Beer’s law. Individual 

elements in the sample can be specifically determined by using a special light source along 

with careful selection of wavelength (Fifield and Kealey, 1999). The technique of flame 

atomic absorption spectroscopy (FAAS) can only analyze free atoms: determination of the 

elements in a sample is only possible when the sample is in a liquid state. The sample 

solution is first aspirated, aerosolized and mixed with combustible gases. During 

combustion, atoms of the element of interest in the sample are reduced to free, unexcited 

ground state atoms, which absorb light at characteristic wavelengths. The characteristic 

wavelengths are element specific and accurate to 0.01-0.1 nm. To provide element specific 

wavelengths, a light beam from a lamp whose cathode is made of the element being 

determined is passed through the flame. A device such as photomultiplier tube can detect 

the amount of reduction of the light intensity due to absorption by the analyte and this can 

be directly related to the amount of the element in the sample (Brian, 1996; Ma and Gonz, 

2010). 

Flame atomic absorption spectrometry is a widely-used technique capable of 

measuring trace and ultra-trace levels of elements in a wide variety of samples, including 

environmental, biological, clinical, food and geological samples with good accuracy and 

precision. In the present study, atomic absorption spectrophotometer (Shimadzu AA-670, 

Japan) was employed for the quantitative measurement of selected essential and toxic 

elements. The layout of the instrumental setup engaged in the study is shown in Figure 2. 

The set up ensures an automatic background correction feature accomplished through a 

high speed dual frequency modulated photometric system. The radiation from the hollow 

cathode lamp (HCL) undergoes modulation with the radiation emitted from the deuterium 

lamp, operating at 1 kHz. The intensity of HCL is, therefore, automatically adjusted by 

this process and once the carrier takes over the radiation from HCL and lets it through the 

burner, it is almost free of any other superimposed wavelength, emitted either from HCL 
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or the deuterium lamp. The combination of two beams, thus, ensures control over any 

background emission or absorption taking place in the flame zone. Additionally, the 

automatic background compensation is achieved with a high and constant intermittent 

operational frequency of HCL current which is maintained at 500 Hz. As the carrier 

frequency matches with the intermittent frequency, once the modulation is achieved, the 

radiation passes through the monochromator, a holographic grating, for further chopping 

off any undesirable signal intermixed with the carrier. The detector, thus, takes up the 

oncoming signal, sends the signal for amplification through pre-amplifier and then to the 

relevant logic circuits for either compensation or adjustment of signal with reference to the 

internal zero setting. Various analytical parameters such as, detection wavelength, HCL 

current, slit width, flame type and fuel/oxidant flow rates, were optimized for the analysis 

of each element independently. These optimum analytical conditions maintained on the 

spectrophotometer for the analysis of selected elements are given in Table 1. The element 

concentration results were calculated and reported using standard calibration method.  

 

Table 1.  Optimum analytical conditions for selected elemental analysis using air-

acetylene flame on Shimadzu AA-670, Japan 

Elements Wavelength 
(nm) 

HCL 
current 
(mA) 

Slit width 
(nm) 

Fuel-gas 
flow rate 
(L/min.) 

1% Absorption 
concentration 

(ppm) 
Ca 422.7 6.0 0.5 2.0 0.08 

Cd 228.8 4.0 0.3 1.8 0.02 

Co 240.7 6.0 0.2 2.2 0.2 

Cr 357.9 5.0 0.5 2.6 0.09 

Cu 324.8 3.0 0.5 1.8 0.09 

Fe 248.3 8.0 0.2 2.0 0.1 

K 766.5 5.0 0.5 1.9 0.04 

Li 670.7 4.0 0.5 1.6 0.05 

Mg 285.2 4.0 0.5 1.6 0.007 

Mn 279.5 5.0 0.4 1.9 0.05 

Na 589.0 6.0 0.5 1.6 0.02 

Pb 217.0 7.0 0.3 1.8 0.2 

Sr 460.7 4.0 0.5 1.6 0.1 

Zn 213.9 4.0 0.5 2.0 0.02 
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Figure2. Layout of Atomic Absorption Spectrophotometer (Shimadzu, AA-670, Japan) 

 

 

2.5  Glassware and Chemical Reagents 
The sample processing for trace elemental analyses is a primary step that calls for 

appropriate and high quality glassware/volumetric apparatus. This is an important 

requirement because the glassware employed during solution preparation must not be 

susceptible to the leaching effects of commonly-used solvents. Accordingly, all glassware 

used during the present investigation was of high quality, chemically-resistant borosilicate 

glass (Pyrex). In order to remove any contamination, all the glassware, digestion vessels 

and covers were thoroughly washed in accordance with following procedure: apparatus 

was rigorously cleaned with detergent solution (5%, w/v), then soaked for 24 hours in 5% 

HNO3, thoroughly rinsed with distilled water and dried at 80ºC for about 6 hours before 

use (Olmedo et al., 2010; Kazi et al., 2008a). The volumetric apparatus was routinely 

calibrated prior to use for better accuracy of the final results.  The chemical reagents 

utilized (nitric acid, perchloric acid, Triton X-100, acetone and stock elemental solutions) 

were of ultrahigh purity (certified > 99.99%) procured from E-Merck, Germany or BDH, 

England. Throughout the work doubly-distilled water of high purity was used. Working 

solutions were prepared by serial dilution of 1000 mg/L standard solutions, just before the 

analysis on the instrument. Periodic checks were made on the background levels of the 

reagents in subsequent phases of analysis, along with the blank adjustment of solutions, to 

ensure reliability of the finished data.  
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2.6  Quality Assurance and Quality Control 
Quality assurance (QA) deals with all the actions, procedures, checks and decisions 

undertaken to ensure accuracy and reliability of the analytical results. On the other side, 

quality control (QC) comprises those steps and actions that monitor and measure the 

effectiveness of QA procedures with respect to the defined objectives. QC includes 

checking of equipment cleanliness, optimization, maintenance, duplicate sampling, 

measurement of the field & laboratory blanks and the analyses of replicate and standard 

reference materials. Therefore, QC is an important component of a QA program and both 

are usually recognized jointly by implementation of a good QA/QC as an essential part of 

good laboratory practice. During the entire regime of sample collection and analysis, a set 

of operating principles are needed to be strictly followed so that the data produced are of 

known and defensible quality. It is through these operating principles that the accuracy of 

the analytical results can be stated with a high level of confidence. These operating 

principles, covered under quality assurance include quality control and quality assessment 

which were considered imperatively for the present work (EPA, 1997). A number of 

studies on the measurement of trace elements found that the accuracy and precision in 

AAS analysis can be accomplished by a replicate measurement of certified samples. The 

standard reference material (SRM) was prepared and analysed in the same manner as 

samples and the reported levels were carefully compared with the certified values in order 

to achieve state-of-the-art analysis (Table 2a). Finally, limiting factors which affect the 

accuracy and precision of results include sensitivity of the instruments, improper 

analytical approach, unawareness of various interferences, flaws in preparation of 

appropriate standards, inadequate calibration procedures and lack of contamination 

control. Out of all these limiting factors, the analyst him- or herself emerges as the most 

important component of analytical system (Iyengar, 1989). 

 

2.6.1 Standard Reference Material (SRM) 

The analyses of standard reference materials are necessary for the quality 

assurance and in order to ensure the accuracy of quantified results. The SRM is usually 

selected for a maximum matrix match to the analyte. In present study, SRM’s selected 

were human hair (GBW-07601) and bovine muscle powder (NIST-SRM 8414). Three 

sub-samples of each SRM sample were treated and run separately onto the 

spectrophotometer to pool mean elemental concentrations. The SRM results are shown in 
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Table 2a which indicated very good recovery (97-103%) for all the selected elements. 

Moreover, the samples were also analyzed at an independent laboratory for the 

comparison of the results and a maximum of ±5% difference was observed in the results of 

the two laboratories.  

 

Table 2a.  Certified Vs measured concentrations of the elements in standard reference 

materials 

 

 

2.6.2 Limit of Detection and Limit of Quantification 

It is highly imperative to develop a systematic analytical process which is always 

appraised in terms of suitability for its intended purpose. With the passage of time, the 

importance of limit of detection (LOD) and limit of quantification (LOQ) in analytical 

method validation is well established. LOD and LOQ are terms used to describe the 

smallest concentration of an analyte that can be reliably measured by an analytical 

procedure. Limit of detection is the lowest analyte concentration likely to be reliably 

distinguished from the limit of blank (LOB) and at which detection is feasible. The LOD 

Human Hair, GBW 07601 Bovine Muscle Powder, NIST-SRM 8414 

Elements Certified 

Level 

Measured 

Level 

Recovery 

(%) 

Certified 

Level 

Measured 

Level 

Recovery 

(%) 

Ca 2900 2869 ± 41.3 98.9 145 144 ± 3.01 99.2 

Cd 0.11 0.11 ± 0.013 98.2 0.013 0.013 ± 0.002 100.6 

Cr 0.37 0.36 ± 0.005 97.8 0.071 0.070 ± 0.003 98.6 

Co 0.071 0.072 ± 0.002 101.4 0.007 0.007 ± 0.001 99.2 

Cu 10.6 10.8 ± 0.23 101.8 2.4 2.39 ± 0.05 99.5 

Fe 54 53.8 ± 1.15 99.6 71.2 71.6 ± 1.72 100.6 

K 20 20.5 ± 1.20 102.4 15170 15210 ± 33.8 100.3 

Li 2 1.97 ± 0.18 98.3 - - - 

Mg 360 357 ± 4.61 99.2 960 955 ± 10.4 99.5 

Mn 6.3 6.19 ± 0.24 98.3 0.37 0.36 ± 0.023 97.6 

Na 152 154 ± 7.23 101.8 2100 2085 ± 21.6 99.3 

Pb 8.8 8.60 ± 0.27 97.7 0.38 0.37 ± 0.019 97.9 

Sr 24 23.5 ± 1.53 98.0 0.052 0.051 ± 0.002 98.1 

Zn 190 188 ± 3.70 98.7 142 144 ± 3.08 101.1 
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was determined as the concentration of analyte required to give a signal equal to thrice the 

standard deviation of ten replicates of the blank measurements. However, the limit of 

quantification is the level above which quantitative results may be obtained with a 

specified degree of confidence. The LOQ is mathematically defined as equal to 10 times 

the standard deviation of the results for a series of replicates used to determine a justifiable 

limit of detection (Sanagi et al., 2009; Mermet, 2008). In the present study, method 

detection limits of all the elements were low enough to find out the concentrations of these 

elements in scalp hair and blood samples of the patients and healthy subjects with 

adequate precision and accuracy (Table 2b). 

 

 

Table 2b.  Limits of detection and quantification of the selected elements  

 

 

 

 

 

Elements Limit of Detection (mg/L) Limit of Quantification (mg/L) 

Ca 0.004 0.013 

Cd 0.004 0.013 

Cr 0.006 0.018 

Co 0.005 0.016 

Cu 0.004 0.013 

Fe 0.006 0.018 

K 0.003 0.009 

Li 0.003 0.009 

Mg 0.001 0.004 

Mn 0.003 0.010 

Na 0.002 0.007 

Pb 0.010 0.029 

Sr 0.005 0.016 

Zn 0.002 0.006 
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2.7  Statistical Analysis 
Statistical analysis was carried out engaging STATISTICA (5.0) and MS Excel 

(XP) software. The elemental data were subjected to the descriptive analysis and the 

groups were further compared by student t-test. Correlation analysis was carried out 

among the pairs of variables in order to identify the mutual associations among the 

elements. The data distribution and recognition employed used in this work involved pre-

treatment of data in order to have normalization by discarding outliers. The basic 

statistical parameters computed in this study included minimum, maximum, mean, 

median, standard deviation (SD), standard error (SE), skewness and kurtosis. Multivariate 

analysis offers techniques for classifying relationships among the measured variables. The 

most common multivariate methods are principal component analysis (PCA) and cluster 

analysis (CA), which have been successfully applied to investigate levels of trace elements 

in human biological specimens to distinguish between healthy people and diseased persons 

(Wang et al., 1995; Ren et al., 1997; Pasha et al., 2010a). 

 

2.7.1  Principal Components Analysis 

Principal component analysis (PCA) is a multivariate procedure which rotates the 

data-set such that maximum variables are projected onto the axes. Essentially, a set of 

correlated variables is transformed into a set of uncorrelated variables which are ordered 

by reducing variability. The uncorrelated variables are linear combinations of the original 

variables, and the last of these variables can be removed with minimum loss of real data. 

The main use of PCA is to reduce the dimensionality of a data-set while retaining as much 

information as possible. It computes a compact and optimal description of the data-set. 

The first principal component (PC) is the combination of variables that explains the 

greatest amount of variance. The second PC defines the next largest amount of variation 

and is independent of the first PC. There can be as many possible PCs as there are 

variables. It can be viewed as a rotation of the existing axes to new positions in the space 

defined by the original variables. In this new rotation, there will be no correlation between 

the new variables defined by the rotation. The first new variable contains the maximum 

amount of variations unexplained by the first and orthogonal to the first (Ilin and Raiko, 

2010; Meglen, 1992). 

There are several algorithms for calculating the principal components. Given the 

same starting data, they produce the same results with one exception which is that, if at 
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some point, there are two or more possible rotations that contain the same “maximum” 

variations, and then which one is used is indeterminate. In two dimensions, the data cloud 

would look like a circle, instead of an ellipse. In a circle, any rotation would be equivalent. 

In an elliptical data cloud, the first component would be parallel to the major axis of the 

ellipse. It can be viewed as finding a projection of the observations onto orthogonal axes 

contained in the space defined by the original variables. The criteria being that the first 

axis contains the maximum variation. The second axis contains the maximum amount of 

variation orthogonal to the first and the third axis contains the maximum variation 

orthogonal to the first and second axis and so on until one has the last new axis which is 

the last amount of variation left. PCA was applied to assist identification and 

apportionment of trace elements in various matrices and it showed the multiple 

relationships among the elements (Yongming et al., 2006; Qayyum and Shah, 2014). 

 

2.7.2  Cluster Analysis  

Cluster analysis (CA) classifies a set of observations into groups based upon 

combinations of internal variables in the form of a dendrogram. This technique is a 

classification procedure that involves a measurement of the similarity between the 

variables. A purpose of cluster analysis is to discover a system of organizing observations 

where members of groups/variables share the properties in common. The variables are 

grouped in the cluster in terms of their nearness or similarity. The measurement of 

similarity is based on Pearson-r distance (Meloun et al., 1992). The clustering method 

used in the present study was Ward’s method, which considers the total heterogeneity of 

every possible cluster that can be created by linking the existing clusters. Therefore, it is 

cognitively easier to predict mutual properties based on overall group membership. 
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Chapter 3 

RESULTS AND DISCUSSION 
 

3.1  Layout of Data 
Quantitative data related to the selected elements (Ca, Cd, Co, Cr, Cu, Fe, K, Li, 

Mg, Mn, Na, Pb, Sr and Zn) in the scalp hair and blood samples of angina patients, 

myocardial infarction patients, valvular heart disease patients and matching healthy 

donors/controls are discussed with respect to their comparative distribution, correlation 

and multivariate apportionment. In addition, the elemental data are also evaluated for 

relative variations based on gender, residential premises, vegetarian/non-vegetarian food 

habits, smoking/non-smoking habits and occupational nature. The entire data covering the 

above-mentioned aspects are classified into five sections. Section I relates to the 

distribution, demographic comparisons, correlation and multivariate analyses of the 

elemental levels in the scalp hair and blood of angina patients in comparison with healthy 

donors. Section II deals with the elemental levels in the scalp hair and blood of 

myocardial infarction patients and healthy donors with respect to their comparative 

distribution, correlations, multivariate apportionment, and variations based on gender, 

habitat, food habits, smoking habits and occupation. Likewise, Section III covers the 

distribution, mutual correlations and multivariate analyses of selected elements in the 

scalp hair and blood of valvular heart disease patients and matching controls along with 

the demographic relationships. The comparison of average levels of selected elements in 

the scalp hair and blood of the above-mentioned three categories of patients and their 

counterpart healthy donors is discussed in Section IV while Section V comprises an 

international comparison of selected elemental levels in scalp hair and blood from recently 

published literature around the world. 

The entire data covering the above-mentioned five sections consist of 52 Tables 

and 69 Figures. Tables 3-17 and Figures 3-23 provide information on the elemental levels 

in scalp hair and blood of angina patients and healthy donors while the data related to 

scalp hair and blood of myocardial infarction patients and healthy donors are shown in 

Tables 18-32 and Figures 24-44. Likewise, the data pertaining to scalp hair and blood of 

valvular heart disease patients and healthy donors are shown in Tables 33-47 and Figures 

45-67. Comparison of selected elemental levels in scalp hair and blood of three donor 

categories of the cardiovascular patients are given in Figures 68-69, while Table 48 shows 
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the comparison of elemental levels in cardiovascular disease patients and healthy donors. 

The concentrations of selected elements measured during the present study in scalp hair 

and blood of the cardiovascular patients and healthy donors are also compared with the 

literature-reported levels around the world; these comparisons are shown in Tables 49-52. 

Salient findings of the present study are given at the end. The tabulated data on various 

aspects of the elemental distribution and co-variation in each patient and control groups 

are now discussed in terms of their implications as per the objectives of the present study. 

The above-outlined layout of the entire data forms the basis of an orderly sequence of 

discussion, which now follows. 

 

 

SECTION I:  ANGINA PATIENTS 

 

 

3.2  Demographic Characteristics of the Subjects 
The demographic characteristics of the angina patients and healthy donors are 

shown in Table 3. In case of scalp hair, most of the characteristics of the patients and 

controls were closely matched as indicated by almost similar age (~47 years on the 

average) and gender distribution (60% females). Fifty-seven percent (57%) of the patients 

and 60% of the controls were residing in urban areas. More than half of the donors (51% 

patients and 64% healthy donors) were non-vegetarians. Most of the controls (90%) and 

patients (70%) were non-smokers. A majority of the subjects (73% patients and 70% 

healthy donors) were working in indoor environments. 

In case of blood samples, subjects in the two groups were closely matched for age 

(~52 years on the average) and a majority of them (72%) were male donors in both 

categories. Sixty-nine percent (69%) of the healthy donors and 48% of the patients were 

drawn from urban areas. Most of the subjects included in this study were vegetarians; only 

31% of the patients and 45% of the controls were non-vegetarians. More than half of the 

subjects (59% patients and 54% controls) were not consuming tobacco on a continuous 

basis. A significant number of the patients (53%) and healthy donors (65%) were working 

in localized/indoor environments (Table 3).  
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Table 3.  Characteristics of the Subjects (angina patients and healthy donors) 

 Scalp Hair Blood 

 Angina Patients Healthy Donors Angina Patients Healthy Donors

 (n = 152) (n = 152) (n = 170) (n = 165) 

Age     

     Range (years) 24-68 24-68 22-86 23-80 

     Average (years) 46.9 47.2 51.9 51.5 

Gender     

     Female 91 (60%) 91 (60%) 48 (28%) 46 (28%) 

     Male 61 (40%) 61 (40%) 122 (72%) 119 (72%) 

Habitat     

     Urban 87 (57%) 91 (60%) 82 (48%) 114 (69%) 

     Rural 65 (43%) 61 (40%) 88 (52%) 51 (31%) 

Diet     

     Vegetarian  75 (49%) 55 (36%) 117 (69%) 91 (55%) 

     Non Vegetarian  77 (51%) 97 (64%) 53 (31%) 74 (45%) 

Smoking Habits     

     Non-Smoking 106 (70%) 137 (90%) 100 (59%) 89 (54%) 

     Smoking 46 (30%) 15 (10%) 70 (41%) 76 (46%) 

Occupations     

     Indoor 111 (73%) 106 (70%) 90 (53%) 107 (65%) 

     Outdoor 41 (27%) 46 (30%) 80 (47%) 58 (35%) 

 

3.3  Distribution of the Elemental Levels in Scalp Hair of Angina 

Patients 
The basic statistical parameters related to the distribution of selected elemental 

levels (µg/g, dry weight) in scalp hair samples of angina patients (n = 152) are given in 

Table 4. Most of the elements exhibited a broad range of concentrations as shown by their 

minimum and maximum levels. However, predominantly higher average concentration 

was found for Ca (3310 µg/g), followed by Mg (351.1 µg/g), Zn (278.6 µg/g), Na (251.3 

µg/g), Fe (66.58 µg/g), Sr (44.76 µg/g), K (38.75 µg/g), Co (32.55 µg/g), Pb (30.75 µg/g) 
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and Cu (19.60 µg/g). Relatively lower mean levels were noted for Mn (7.100 µg/g), Cr 

(6.367 µg/g), Li (2.183 µg/g) and Cd (2.062 µg/g) in the scalp hair of angina patients. On 

the average basis, the following decreasing trend of the elemental levels in the scalp hair 

of angina patients was observed: Ca > Mg > Zn > Na > Fe > Sr > K > Co > Pb > Cu > Mn 

> Cr > Li > Cd. Among the selected elements, Ca, Mg, Zn and Na emerged as major 

contributors, which have been reported to be involved in numerous disease regulating 

metabolic activities (Hemelrijck et al., 2013; Zhang et al., 2012; Fierke, 2000; Goyer, 

1997). Most of the elements exhibited appreciable randomness in their distribution pattern 

as manifested by large standard deviation (SD) and standard error (SE) values on one hand 

and markedly dissimilar mean and median levels on the other hand. Nevertheless, some of 

the elements (Cd, Cr, Li and Mn) exhibited relatively small dispersion as manifested by 

somewhat lower SD and SE values. However, large skewness and kurtosis values for Fe, 

K, Mn and Na showed predominantly asymmetrical distribution of these elements, while 

rest of the elements exhibited relatively symmetrical distribution in the scalp hair of 

angina patients.  

 

Table 4.  Statistical distribution parameters for the concentrations (µg/g, dry weight) 

of selected elements in the scalp hair of angina patients (n = 152) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 270.0 10402 3310 2746 2418 289.0 0.721 -0.365 

Cd 0.230 4.713 2.062 1.736 1.222 0.147 0.601 -0.702 

Co 0.523 91.58 32.55 25.07 26.37 3.806 0.758 -0.485 

Cr 0.314 21.33 6.367 4.142 5.728 0.700 1.052 0.019 

Cu 4.469 44.50 19.60 18.62 9.546 1.141 0.527 0.038 

Fe 9.119 383.3 66.58 42.09 67.78 8.101 3.158 11.96 

K 3.198 178.9 38.75 28.89 32.72 3.910 2.091 5.494 

Li 0.113 7.843 2.183 1.651 2.033 0.285 1.427 1.412 

Mg 6.051 1461 351.1 169.8 357.8 42.76 1.215 0.795 

Mn 1.118 27.00 7.100 6.364 5.177 0.619 1.521 3.647 

Na  12.53 1362 251.3 146.6 284.5 34.01 1.986 4.275 

Pb 0.225 85.65 30.75 26.03 23.89 2.897 0.494 -0.864 

Sr 1.889 86.68 44.76 43.38 20.78 2.502 0.169 -0.653 

Zn 46.54 646.4 278.6 255.4 145.8 17.43 0.942 0.253 
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The quartile distribution of selected elements in the scalp hair of angina patients is 

presented as box–whisker plots in Figure 3. Most of the elements depicted large spread in 

their concentrations as shown by the outer quartiles; however, relatively narrow 

distribution was observed for Cu, Zn, Mn and Cd. A couple of the elements (Sr and Fe) 

revealed relatively asymmetric distribution as manifested by overlapping of inner quartiles 

and large spread of outer quartiles. Nonetheless, relatively broad distribution and wide 

spread was noted for Pb, Na, Mg, Co Cr, Li and Ca in the scalp hair of angina patients. 
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Figure 3.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

angina patients 

 

3.4  Distribution of the Elemental Levels in Scalp Hair of Healthy 

Donors 
Concentrations of selected elements (µg/g, dry weight) in the scalp hair samples of 

healthy donors/controls (n = 152) as revealed by the basic statistical distribution 

parameters are shown in Table 5. Most of the elements exhibited variations by several 

orders of magnitude in their concentrations as indicated by the minimum and maximum 

levels. On the average, predominantly highest concentration was noted for Ca (2201 µg/g), 

followed by Na (590.7 µg/g), Mg (548.1 µg/g), Zn (289.8 µg/g), K (40.90 µg/g), Fe (33.96 

µg/g), Sr (33.24 µg/g), Pb (13.99 µg/g), Cu (13.61 µg/g) and Co (12.11 µg/g). However, 

relatively lower mean levels were noted for Mn (7.743 µg/g), Cr (4.097 µg/g) and Cd 

(1.033 µg/g). Among the selected elements, Li was found at the lowest concentration in 

the scalp hair of controls. The average elemental levels in the scalp hair of healthy donors 



Results and Discussion 

56 

gave the following decreasing order: Ca > Na > Mg > Zn > K > Fe > Sr > Pb > Cu > Co > 

Mn > Cr > Cd > Li. The decreasing trend observed in the controls was slightly different 

than from the one noted in the angina patients’ category, though an almost similar trend 

was reported by Hashmi and Shah (2011) and Shah et al. (2006) in the scalp hair of 

healthy donors. Most of the elements exhibited relatively non-Gaussian distribution 

pattern in their concentrations as evidenced by significantly elevated SD and SE values. 

Some of the elements (Cd and Li) showed relatively small spread in their concentrations 

as shown by their relatively low SD and SE values. Among the selected elements, Ca, Cd, 

Cr, Cu, K, Li, Mg, Mn, Na and Zn exhibited somewhat asymmetrical distribution in their 

concentrations as shown by large skewness and kurtosis values (Table 5).  

 

Table 5.  Statistical distribution parameters for the concentrations (µg/g, dry weight) 

of selected elements in the scalp hair of healthy donors (n = 152) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 734.5 6114 2201 2044 1185 141.6 1.833 3.671 

Cd 0.051 3.642 1.033 0.883 0.751 0.095 1.359 2.672 

Co 0.905 36.71 12.11 10.39 9.141 1.642 1.030 1.117 

Cr 0.116 19.25 4.097 2.237 4.733 0.611 1.821 2.765 

Cu 2.785 42.19 13.61 13.27 5.727 0.689 1.901 8.459 

Fe 4.189 95.46 33.96 29.00 23.50 2.915 1.111 0.420 

K 7.987 210.3 40.90 35.83 28.00 3.371 3.299 17.38 

Li 0.188 2.665 0.911 0.861 0.585 0.097 1.323 2.314 

Mg 147.0 1413 548.1 507.1 257.4 30.77 1.392 3.128 

Mn 0.802 50.23 7.743 5.877 9.766 1.184 3.598 13.62 

Na  49.41 2787 590.7 449.3 556.5 66.52 2.332 6.063 

Pb 0.079 45.78 13.99 10.40 10.45 1.328 1.126 1.033 

Sr 0.625 75.54 33.24 30.17 20.62 2.501 0.490 -0.376 

Zn 119.5 1265 289.8 241.8 186.5 22.30 2.744 9.836 

 

The quartile distribution of selected elements in the scalp hair of healthy donors is 

shown in Figure 4. Among the elements, highest spread was observed for Pb, Sr, Cr and 

Cd, followed by moderately high dispersion for Mn, Na, Co, K and Li. Nevertheless, very 

narrow distribution as manifested by overlapping of inner quartiles was noticed for Ca, 
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Mg and Cu in the scalp hair of controls. Overall, most of the elements revealed 

comparatively broad distribution as indicated by their considerable spread above and 

below the median levels. The distribution pattern of the elements was markedly dissimilar 

in the scalp hair of the cardiovascular patients (angina) and healthy subjects. The current 

findings were in good agreement with several reported studies (Kazi et al., 2008a; Afridi 

et al., 2010a). 
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Figure 4.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 

 

3.5  Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 
The average levels (± SE) of selected elements in the scalp hair samples of angina 

patients and healthy donors are shown as bar graphs in Figure 5, for comparative 

evaluation. The two data sets were compared by two-tailed Student’s t-test (p < 0.05) 

which showed some significant differences among the average elemental levels in scalp 

hair of the patients and controls. Mean concentrations of Ca, Cd, Co, Cr, Cu, Fe, Li, Pb 

and Sr were found to be significantly higher in the scalp hair of patients than the controls. 

However, the average levels of Mg and Na were observed to be significantly elevated in 

the scalp hair of healthy subjects compared to that of the patients. An almost similar sort 

of distribution of the elemental levels in the scalp hair of atherosclerosis patients and 

controls was reported by some earlier studies (Kazi et al., 2008a, Adamska-Dyniewska et 

al., 1982; Afridi et al., 2010a). Among the selected elements, K, Mn and Zn showed non-



Results and Discussion 

58 

significant differences in their average levels in both donor groups. One of the interesting 

features of this comparative study is that the toxic elements revealed noticeably higher 

levels in case of angina patients, which indicated the adverse effect of these elements on 

the emergence and development of the disease. 

Comparison of the average concentrations (± SE) of selected elements in the scalp 

hair of angina patients and controls based on different age groups is illustrated in Table 6. 

In the present study, the subjects were categorized into three age groups: ≤ 40 years, 41-50 

years, and ≥ 51 years. Mean concentrations of K, Cr, Mn and Zn exhibited non-significant 

differences in scalp hair of both donor groups of all ages; however average levels of Co 

showed significant accumulation in the scalp hair of all age groups of the patients 

compared with the healthy donors (p < 0.05). Similarly, Cu and Pb exhibited noticeably 

higher levels in the patients groups of 41-50 years and ≥ 51 years than the counterpart 

controls. Moreover, mean levels of Li, Mg and Na showed significantly higher 

contributions in scalp hair of the patients with age groups ≤ 40 years and 41-50 years 

compared with the matching controls. Among rest of the elements, Sr showed noticeable 

increase in the mean level in scalp hair of the patients in the age group ≥ 51 years, while 

Ca, Cd and Fe revealed significantly elevated levels in the scalp hair of the patients in the 

41-50 years age group in comparison with healthy donors (Table 6). 
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Figure 5. Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair 

of angina patients and healthy donors 
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Table 6.  Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the scalp hair of angina patients and controls 

based on their age groups 

Age ≤40 41-50 ≥51 

  Angina Patients Controls p-values Angina Patients Controls p-values Angina Patients Controls p-values 

Ca 2849 ± 543.4 2056 ± 220.8 NS 3429 ± 424.5 2152 ± 231.0 <0.05 3506 ± 553.9 2370 ± 279.7 NS 

Cd 1.822 ± 0.194 1.083 ± 0.230 NS 2.345 ± 0.280 0.819 ± 0.121 <0.05 1.995 ± 0.279 1.241 ± 0.149 NS 

Co 27.75 ± 8.167 11.00 ± 1.935 <0.05 35.75 ± 6.263 12.65 ± 3.265 <0.05 28.89 ± 5.750 12.81 ± 3.538 <0.05 

Cr 4.326 ± 0.820 2.564 ± 0.637 NS 7.519 ± 1.315 5.079 ± 1.317 NS 6.498 ± 1.261 4.687 ± 0.990 NS 

Cu 18.41 ± 1.584 14.05 ± 1.137 NS 22.41 ± 2.501 14.57 ± 1.451 <0.05 17.93 ± 1.641 12.60 ± 0.944 <0.05 

Fe 44.56 ± 6.207 30.36 ± 4.367 NS 94.17 ± 20.32 31.05 ± 4.082 <0.05 53.32 ± 6.900 41.12 ± 6.283 NS 

K 35.05 ± 6.774 40.44 ± 4.445 NS 50.20 ± 8.357 44.26 ± 7.557 NS 28.46 ± 3.700 36.39 ± 4.583 NS 

Li 1.847 ± 0.437 0.800 ± 0.164 <0.05 2.736 ± 0.609 0.951 ± 0.198 <0.05 1.693 ± 0.292 0.944 ± 0.132 NS 

Mg 284.4 ± 57.48 542.0 ± 42.10 <0.05 254.8 ± 51.63 525.9 ± 37.06 <0.05 475.3 ± 92.77 580.3 ± 71.71 NS 

Mn 5.279 ± 0.836 6.005 ± 0.888 NS 10.03 ± 1.319 9.160 ± 2.583 NS 5.866 ± 0.711 7.705 ± 1.919 NS 

Na  282.8 ± 68.13 709.4 ± 130.9 <0.05 211.7 ± 43.15 681.4 ± 138.1 <0.05 267.8 ± 67.73 395.7 ± 64.87 NS 

Pb 24.43 ± 5.089 16.38 ± 1.901 NS 34.09 ± 5.397 13.54 ± 2.541 <0.05 31.66 ± 4.577 12.60 ± 2.365 <0.05 

Sr 42.14 ± 4.817 35.92 ± 4.500 NS 46.07 ± 3.954 37.34 ± 4.342 NS 44.66 ± 4.420 27.52 ± 4.091 <0.05 

Zn 282.5 ± 36.95 305.0 ± 35.04 NS 284.0 ± 26.39 326.9 ± 44.56 NS 261.6 ± 28.95 247.8 ± 33.68 NS 

NS = Non Significant 
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3.6  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.6.1  Gender-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 

Comparisons of the average levels (± SE) of selected elements in the scalp hair 

samples of male and female angina patients along with their counterpart healthy donors 

are displayed in Figure 6. Comparative evaluation of the elemental levels revealed that the 

average concentrations of Ca, Cd, Co, Cr, Cu, Fe, Li and Pb were significantly higher in 

the scalp hair of both male and female patients compared with the male and female healthy 

donors, respectively. Several studies have reported the role of these elements (with the 

exception of Cr) in the progression and development of CVD (Hemelrijck et al., 2013; 

Ding et al., 2000; Houtman et al., 1993; Aalbers and Houtman, 1985; Revis et al., 1981). 

Interestingly, mean levels of toxic/trace elements (Cd, Cr and Pb) exhibited significant 

accumulation in the scalp hair of male donors of both patients and controls, while average 

levels of essential elements (Ca, Mg, Na and Zn) showed significant increase in the scalp 

hair of female donors compared to the male subjects in both groups.  
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Figure 6.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of angina patients and healthy donors 
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It has been reported that the gender-based variations in elemental uptake/depletion 

were significantly diverse among the male/female donors (Lopez-Ridaura et al., 2004; 

Paschal et al., 1989). In this study, Co, Fe, Li and Mn revealed almost similar trends in 

their distribution: appreciably higher mean levels were observed in the scalp hair of male 

patients and female healthy donors while comparatively higher Sr levels were observed in 

the scalp hair of female patients and male healthy donors compared to their respective 

counterpart donors. One of the notable findings of the gender-based comparison was that 

the levels of most of the toxic elements were appreciably higher in the scalp hair of male 

donors than the female donors of both groups thus clearly indicating the vulnerability to 

environmental pollutants of male subjects who spend more time in out-door environment 

(Staessen et al., 1996). 

 

3.6.2  Abode-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 

The average levels (± SE) of selected elements in the scalp hair of angina patients 

inhabiting rural and urban areas in comparison with their counterpart healthy donors are 

shown in Figure 7. On the average basis, measured levels of Ca, Cd, Co, Cr, Cu, Fe, Li, Pb 

and Sr were significantly higher in scalp hair of urban patients compared with the urban 

healthy donors, while mean contents of all the elements (except Na and Mg) showed 

significantly higher contributions in the scalp hair of rural healthy donors than the rural 

patients. Toxic and redox-active elements exhibited noticeable accumulation in the scalp 

hair of urban and rural patients than the counterpart controls, thus, manifesting their 

adverse role in the onset/progress of the disease (Afridi et al., 2010a; Voors et al., 1982; 

Lustberg and Silbergeld, 2002; Hemelrijck et al., 2013; Tuomainen et al., 1998). The 

levels of some of the essential elements (Fe, Mn, Na and Zn) were noted to be appreciably 

higher in the scalp hair of both groups of urban residence, nevertheless average 

concentrations of Co, Li and Pb demonstrated significant increase in the scalp hair of both 

groups from rural areas. Another study reported similar results for Zn and Li in healthy 

donors (Qayyum and Shah, 2014). Relatively higher levels of Ca and Sr were noted in the 

scalp hair of urban patients and rural healthy donors, while average levels of Cd and K 

indicated significant accumulation in the scalp hair of rural patients and urban healthy 

donors. Overall, the average elemental contents in the scalp hair of angina patients 

residing in rural and urban areas were significantly different in comparison to those 

observed in the scalp hair of healthy donors from rural and urban areas.  
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Figure 7.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements in 

the scalp hair of angina patients and healthy donors 
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Figure 8.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of angina patients and healthy donors 

 

 



Results and Discussion 

63 

3.6.3  Dietary-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 

Comparative variations in the average concentrations of selected elements (± SE) 

in the scalp hair of angina patients and healthy donors based on their food habits are 

presented in Figure 8. In case of the patients, the average levels of Ca, Cd, Cr, Fe, Li, Mn 

and Pb were noted to be significantly higher in the scalp hair of vegetarian subjects than in 

that of the non-vegetarian subjects, which revealed exceedingly higher mean levels of Co, 

Mg, Na and Zn in their scalp hair compared with the vegetarian subjects. Nonetheless, the 

mean levels of Cu, K and Sr exhibited almost equivalent contributions in both patient 

groups irrespective of their food habits. In case of healthy donors, most of the elements 

(Ca, Co, Fe, K, Mn, Na and Zn) exhibited significantly higher levels in the scalp hair of 

non-vegetarian donors compared with the vegetarian donors. Similar trend was also 

reported in another study (Qayyum and Shah, 2014). Among the selected elements, only 

Cu showed almost equivalent mean levels in the scalp hair of vegetarian/non-vegetarian 

controls. Average concentrations of most of the toxic/redox elements (Cd, Co, Cu, Fe, Li 

and Pb) revealed appreciable build-up in the scalp hair of vegetarian/non-vegetarian 

patients in comparison with the corresponding controls. Consequently, the deficiencies in 

essential elements and accumulation of toxic elements could play a role in the 

development of heart diseases (Afridi et al., 2006; González-Muñoz et al., 2008). 

Relatively higher levels of Ca, Fe and Mn were observed in the scalp hair of vegetarian 

patients and non-vegetarian healthy donors, while only Mg exhibited comparatively higher 

levels in the scalp hair of non-vegetarian patients and vegetarian healthy donors. Overall, 

average concentrations of Cd, Cr, Li and Pb were noticeably higher in scalp hair of both 

vegetarian donor groups, while Co, Na and Zn revealed appreciably higher levels in the 

scalp hair of subjects with non-vegetarian food habits. 

 

3.6.4  Smoking-Based Comparison of the Elemental Levels in Scalp Hair of Angina 

Patients and Healthy Donors 

The average elemental levels (± SE) in the scalp hair samples of angina patients 

with smoking and non-smoking habits in comparison with their counterpart healthy donors 

are shown in Figure 9. Average concentrations of Cd, Co, Fe and Mn were found to be 

significantly higher in the scalp hair of smoking patients in comparison with non-smoking 

patients, whereas the mean contents of Cd, Cr, Fe and Pb were measured at noticeably 

higher levels in the scalp hair of smoking controls compared with the non-smoking 
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controls. Conversely, mean levels of essential elements (Ca, K, Mg, Na and Zn) were 

found to be considerably higher in the scalp hair of non-smoking patients and controls. 

Among the selected elements, Li and Pb exhibited almost equivalent mean concentrations 

in both patient groups irrespective of smoking/non-smoking habits while mean levels of 

Cu and Sr were almost comparable in the scalp hair of smoking/non-smoking healthy 

donors. On the other hand, Co and Mn showed relatively higher levels in the scalp hair of 

smoking patients and non-smoking healthy subjects; thus, these elements may be 

associated with vital clinical significance related to the disease. The comparative 

proportions of some elements in the scalp hair of both patients and controls with 

smoking/non-smoking habits were significantly diverse which indicated that relative 

distribution of the elements was affected by smoking habits (Qayyum and Shah, 2014; 

Chiba and Masironi, 1992; Kazi et al., 2009; Stohs et al., 1997). In addition, some studies 

also reported the role of smoking in the development of coronary artery disease (Kawachi 

et al., 1997; Fitzpatrick and Blair, 2000). Some of the toxic/trace and redox-active 

elements (Cd, Co, Cr, Pb, Sr, Cu & Fe) showed significant accumulation in hair tissues of 

smoking/non-smoking patients in comparison with counterpart healthy donors. More or 

less similar findings were reported in another study (Afridi et al., 2010b). 
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Figure 9.  Smoking-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of angina patients and healthy donors 
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3.6.5  Occupation-Based Comparison of the Elemental Levels in the Scalp Hair of 

Angina Patients and Healthy Donors 

The average levels (± SE) of selected elements in the scalp hair samples of angina 

patients in comparison with their counterpart healthy donors based on occupation are 

illustrated in Figure 10. In case of the subjects working in indoor environment (office job), 

mean levels of Ca, Cr, Cu, K, Mg and Zn were found to be significantly higher in their 

scalp hair than for the subjects working in outdoor environments for both the patients and 

healthy donors. However, mean contents of Cd, Co and Mn (for the patients) and Pb (for 

the controls) showed markedly higher levels in the scalp hair of the subjects working in 

outdoor environment. Similar findings were reported by other workers (Sukumar and 

Subramanian, 2000; Ramakrishna et al., 1996; Afridi et al., 2010a). Average concentration 

of Fe exhibited more or less comparable levels in the hair of both patient groups 

irrespective of the nature of work.  
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Figure 10.  Occupation-based comparison of mean levels (µg/g ± SE) of selected 

elements in the scalp hair of angina patients and healthy donors 

 

Among the selected elements, Pb revealed relatively higher levels in the scalp hair 

of indoor patients and outdoor healthy donors; nonetheless, mean levels of Co and Mn 

indicated appreciable accumulation in the scalp hair of outdoor patients and indoor healthy 
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donors. Mean contents of Mg, Mn and Na showed significant increase in the scalp hair of 

indoor controls compared with the indoor patients. Most of the toxic/trace elements (Cd, 

Co, Cu, Cr, Li, Mn, Pb and Sr) revealed noticeably higher levels in the scalp hair of 

outdoor patients in comparison with outdoor controls. Some earlier studies (Navas-Acien 

et al., 2007; Sroczynski et al., 1990; Revis et al., 1981; Kromhout et al., 1985) elaborated 

the role of occupationally-exposed toxic elements towards the development of 

cardiovascular disease.  

 

3.7  Correlation Study of the Elemental Levels in Scalp Hair of Angina 

Patients 
The data on element-to-element correlations in the scalp hair samples of angina 

patients are presented in Table 7 wherein the significant r-values are shown in bold at p < 

0.05. Strong positive correlations (r > 0.500) were noted between a number of element 

pairs including Cr-Fe (r = 0.673), Fe-Li (r = 0.651), Cr-Li (r = 0.591), Mn-Fe (r = 0.584), 

Cu-Li (r = 0.531), Fe-K (r = 0.518), Co-Fe (r = 0.517), Co-Li (r = 0.514) and Co-K (r = 

0.510). In addition, some statistically significant relationships were observed among Cu-

Ca (r = 0.494), Cr-Cu (r = 0.494), Cu-Mn (r = 0.477), Cu-Pb (r = 0.474), Mn-Pb (r = 

0.441), Ca-Zn (r = 0.438), Ca-Sr (r = 0.436), Ca-Cd (r = 0.420), Cd-Cu (r = 0.405), Li-Sr 

(r = 0.400), Cu-Fe (r = 0.397), Cu-Sr (r = 0.380), Co-Cr (r = 0.374) and Pb-Fe (r = 0.371). 

Above-mentioned significant positive correlations among the elements indicated their 

probable communal variations/sources in the scalp hair samples of the patients. A single 

element pair revealed inverse relationship manifested by significantly negative correlation 

between Na-Ca (r = −0.411). Among the selected elements, Mg was not significantly 

correlated with any other element, thus exhibiting its independent variation in the scalp 

hair of the patients, whereas, other element pairs indicated either weak positive or negative 

relationships. Apparently, positive relationships of toxic/trace elements (Cu, Cd, Co, Sr 

and Pb) with essential elements (Ca, Fe, Zn and K) evidenced a build-up of the toxic/trace 

elements in the scalp hair of the patients. Some earlier studies (Adonaylo and Oteiza, 

1999; Messner et al., 2009; Hemelrijck et al., 2013) elaborated the role of Fe and Pb and 

Ca and Cd in the development of CVD. This aspect is further investigated by multivariate 

statistical methods in the forthcoming discussion. Age of the angina patients was not 

significantly correlated with any of the selected elements. 
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Table 7.  Correlation coefficient matrix of selected elemental levels in the scalp hair of angina patients  

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.013 1.000              

Cd -0.039 0.420 1.000             

Co 0.044 -0.093 0.220 1.000            

Cr 0.074 0.333 0.130 0.374 1.000           

Cu -0.060 0.494 0.405 0.272 0.494 1.000          

Fe 0.075 0.174 0.229 0.517 0.673 0.397 1.000         

K -0.003 -0.127 0.020 0.510 0.312 0.046 0.518 1.000        

Li -0.050 0.152 0.097 0.514 0.591 0.531 0.651 0.269 1.000       

Mg 0.302 -0.270 -0.051 0.157 -0.220 -0.262 -0.119 0.142 -0.157 1.000      

Mn 0.028 0.136 0.314 0.331 0.338 0.477 0.584 0.361 0.307 -0.109 1.000     

Na  0.101 -0.411 -0.217 -0.014 -0.340 -0.286 -0.158 0.208 -0.213 0.350 -0.162 1.000    

Pb 0.105 0.224 0.349 0.126 0.327 0.474 0.371 0.095 0.213 0.087 0.441 -0.130 1.000   

Sr 0.043 0.436 0.242 0.300 0.298 0.380 0.228 0.236 0.400 0.042 0.253 -0.131 0.114 1.000  

Zn -0.108 0.438 0.229 0.107 0.138 0.279 -0.009 0.194 -0.045 0.171 0.185 -0.075 0.131 0.321 1.000 

Bold r-values are significant at p < 0.05 
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Table 8.  Correlation coefficient matrix of selected elemental levels in the scalp hair of healthy donors  

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca 0.192 1.000              

Cd 0.117 0.052 1.000             

Co 0.069 0.174 0.058 1.000            

Cr 0.153 -0.254 0.275 0.310 1.000           

Cu -0.132 0.068 -0.063 0.137 0.185 1.000          

Fe 0.121 0.133 0.101 0.303 -0.075 0.270 1.000         

K -0.003 0.504 -0.148 0.012 -0.172 0.011 0.035 1.000        

Li 0.167 -0.111 0.296 0.066 0.340 0.210 0.157 -0.089 1.000       

Mg 0.148 0.551 0.137 0.283 0.104 0.200 -0.114 0.296 -0.078 1.000      

Mn 0.101 0.171 -0.173 -0.035 -0.088 0.144 0.069 0.013 0.266 -0.001 1.000     

Na  -0.186 0.250 -0.123 -0.128 -0.303 0.050 0.150 0.674 -0.328 0.142 0.019 1.000    

Pb -0.128 -0.025 0.350 0.344 0.469 0.083 -0.040 -0.185 0.078 -0.018 0.096 -0.141 1.000   

Sr -0.134 0.039 0.302 0.240 0.401 0.142 -0.321 -0.096 0.122 0.451 -0.225 -0.162 0.259 1.000  

Zn -0.167 0.374 -0.169 0.074 -0.137 0.052 0.187 0.542 -0.285 0.150 0.001 0.403 -0.075 -0.019 1.000 

Bold r-values are significant at p < 0.05 
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3.8  Correlation Study of the Elemental Levels in Scalp Hair of Healthy 

Donors 
The correlation coefficient matrix pertaining to the selected elemental levels in the 

scalp hair samples of healthy donors is presented in Table 8, wherein the bold r-values are 

significant at p < 0.05. Strong positive correlations were noted between Na-K (r = 0.674), 

Ca-Mg (r = 0.551), Zn-K (r = 0.542) and Ca-K (r = 0.504). In addition, statistically 

significant correlations were noted between Cr-Pb (r = 0.469), Mg-Sr (r = 0.451), Zn-Na 

(r = 0.403), Cr-Sr (r = 0.401), Ca-Zn (r = 0.374), Cd-Pb (r = 0.350), Co-Pb (r = 0.344) 

and Cr-Li (r = 0.340). The element pair Li-Na showed significant negative correlation (r = 

−0.328). However, among the selected elements, Cu, Fe and Mn were not significantly 

correlated with any other element in the scalp hair of controls, thus evidencing their 

independent variations, irrespective of other elements. As noted in the previous case, age 

showed insignificant correlations with the selected elements. One of the important 

findings of the correlation study was that only essential elements (Na, K, Ca, Mg and Zn) 

revealed strong mutual correlations in the scalp hair of the healthy donors and no 

significant interferences by toxic elements were observed in this case. More or less similar 

correlation behaviour of the elements was reported in earlier studies (Carneiro et al., 2011; 

Pasha et al., 2008b). Overall, the correlation pattern of the selected elements in the scalp 

hair of healthy donors remained noticeably diverse compared with the angina patients, 

which may be attributed to the disproportions of the nutrients and trace elements in the 

patients. 

 

3.9  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Angina Patients 
The principal component analysis (PCA) of selected elemental levels in the scalp 

hair samples of angina patients, extracted by using varimax-normalized rotation on the 

data-set is given in Table 9. The PCA yielded four significant principal components (PCs), 

with eigen values > 1, and cumulatively explaining more than 65% of the total variance of 

the data. The corresponding cluster analysis (CA) of the elemental levels in the scalp hair 

of angina patients based on Ward’s method is portrayed in Figure 11. The CA revealed 

significantly strong clusters among Ca-Zn-Cd, Mg-Na-Pb, Fe-K-Mn-Co and Li-Cr-Cu-Sr. 

Toxic/trace elements (Cd, Pb, Sr, etc.) shared common clusters with the essential elements 

such as Ca, Zn, Mg, Na, Cu, Cr, etc., thus, indicating their critical roles in the onset of the 
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disease. As shown in Table 9, PC 1 showed elevated loadings for Fe, K, Mn, Co, Cr and 

Li supported by a similar strong cluster in CA. These elements were mostly contributed by 

anthropogenic emissions. Similarly, PC 2 showed higher loadings for essential elements 

Mg and Na, which were mainly associated with dietary sources (Abbasi et al., 1998; Anke 

et al., 1984). Likewise, PC 3 for the scalp hair of angina patients revealed maximum 

loadings of Ca, Sr and Zn, which were mainly regulated by internal body metabolism and 

linked with the nutritional habits of the donors. Ca and Zn also evidenced a strong 

common cluster in CA. The final PC showed considerable loadings for Cd, Cu and Pb, 

which are mainly attributable to anthropogenic sources, such as automobile emissions, 

fossil fuels, mining/metal processing operations and cement production (Cope, 2004). 

Another study (Nyström-Rosander et al., 2002) reported an almost similar pattern of 

multivariate apportionment of the elements in cardiovascular patients. 

Table 9.  Principal component analysis for selected elemental levels in the scalp hair 

samples of angina patients 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 4.050 2.127 1.782 1.244 

Total Variance (%) 28.93 15.19 12.73 8.887 

Cumulative Eigen value 4.050 6.177 7.959 9.203 

Cumulative Variance (%) 28.93 44.12 56.85 65.74 

Ca -0.137 -0.326 0.816 0.043 

Cd 0.064 0.251 0.351 0.425 

Co 0.759 0.125 0.152 0.027 

Cr 0.697 -0.407 0.064 0.084 

Cu 0.276 -0.408 0.258 0.649 

Fe 0.854 -0.071 -0.112 0.273 

K 0.799 0.349 -0.079 0.053 

Li 0.718 -0.376 0.067 0.251 

Mg 0.003 0.786 0.087 0.024 

Mn 0.527 0.126 -0.119 0.510 

Na 0.015 0.638 -0.120 0.462 

Pb 0.111 0.128 -0.064 0.801 

Sr 0.433 -0.049 0.548 -0.174 

Zn -0.026 0.222 0.796 0.077 
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Figure 11.  Cluster analysis of selected elemental levels in the scalp hair samples of 

angina patients 

 

 

3.10  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Healthy Donors 
The principal component loadings of selected elemental levels in the scalp hair of 

healthy donors are given in Table 10, which yielded five PCs with eigen values >1, 

commutatively explaining more than 85% of the total variance of the data. The CA of the 

elemental data in the scalp hair of controls based on Ward’s method in the form of a 

dendrogram is shown in Figure 12, which revealed very strong clusters of Ca-Mg, Na-Zn, 

Sr-Mn-K, Fe-Cd-Li, Pb-Co and Cr-Cu. In this case, PC 1, explaining most of the variance 

of the data (36.39%), exhibited maximum loadings for Co, Cr, Fe and Pb, which may be 

attributed to environmental contamination and routine dietary practice of the donors 

(Cope, 2004; Anke et al., 1984). Similarly, PC 2 showed elevated loadings for Mg, Na and 

Zn, which were mainly associated with the internal body metabolism. Role of these 

elements in internal body metabolism was reported in many earlier studies (Chakraborti et 

al., 2002; Logan, 2006; Farzin et al., 2009). Likewise, PC 3 revealed higher loadings of 

Cd, K and Li in the scalp hair of controls, whereas PC 4 indicated significant loadings for 

Mn and Sr. Both these PCs were mostly associated with anthropogenic emissions in the 

environment and with dietary sources. The last PC was mostly associated with Ca and Cu, 

which may be related to the dietary life style of the donors (ATSDR, 2004; Levy and 

Nassetta, 2003; Insel et al., 2003). Generally, PCA results were in good agreement with 
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the CA findings. Both PCA and CA demonstrated significantly diverse apportionment of 

the essential and toxic/trace elements in the scalp hair of angina patients in comparison 

with healthy donors. More or less similar multivariate clustering was also reported by 

Pasha et al., (2008b). 

 

 

Table 10.  Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.094 2.283 2.084 1.411 1.103 

Total Variance (%) 36.39 16.31 14.88 10.08 7.880 

Cumulative Eigen value 5.094 7.377 9.461 10.872 11.975 

Cumulative Variance (%) 36.39 52.70 67.58 77.65 85.54 

Ca -0.140 -0.518 0.189 0.433 0.646 

Cd 0.194 0.422 0.782 -0.046 0.156 

Co 0.905 -0.206 0.008 0.105 -0.231 

Cr 0.614 0.176 0.021 0.131 -0.586 

Cu -0.184 -0.116 -0.202 0.032 0.839 

Fe 0.810 0.439 0.200 0.084 0.113 

K 0.289 -0.123 0.832 -0.154 -0.008 

Li -0.121 0.123 0.772 0.222 -0.288 

Mg 0.192 0.695 0.181 -0.394 -0.212 

Mn 0.216 -0.223 -0.178 0.723 -0.348 

Na 0.340 0.639 0.540 0.180 -0.384 

Pb 0.849 0.148 0.241 -0.196 -0.229 

Sr -0.053 0.042 0.145 0.882 0.231 

Zn -0.029 0.971 0.061 0.012 -0.094 
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Figure 12.  Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 

 

 

3.11  Distribution of the Elemental Levels in Blood of Angina Patients 
Mean concentrations of selected elements (µg/g) in the blood samples of angina 

patients (n = 170) along with other statistical distribution parameters are contained in 

Table 11. Most of the elements exhibited a large spread in their concentrations. On the 

mean scale, highest concentration was noted for Na (1446 µg/g), followed by Fe (480.5 

µg/g) and K (469.5 µg/g). Among the rest of the elements, relatively higher average 

concentration levels were observed for Mg (32.35 µg/g) and Ca (31.92 µg/g), followed by 

Zn (9.309 µg/g), Co (3.724 µg/g), Pb (3.217 µg/g), Cr (2.928 µg/g), Cu (2.532 µg/g), Sr 

(2.390 µg/g) and Mn (1.087 µg/g) in the blood of angina patients. Lowest average levels 

were found for Cd and Li. The decreasing trend of mean element levels in the blood of 

angina patients revealed following order: Na > Fe > K > Mg > Ca > Zn > Co > Pb > Cr > 

Cu > Sr > Mn > Cd > Li. More or less similar decreasing trend was reported in the study 

of Lind et al., (2012a). Most of the selected elements (Ca, Co, Cr, Cu, Fe, K, Mg, Na, Pb, 

Sr and Zn) exhibited a random distribution pattern as manifested by elevated SD and SE 

values. Some of the elements (Cd, Li and Mn) indicated rather normal distribution pattern 

evidenced by very small SE and SD values. Large asymmetry was noted in the distribution 

of Ca, Li, Mn, Pb and Sr, whereas Cd, Co, Cu, Fe and Zn showed fairly symmetrical 

distribution as evidenced by very low skewness and kurtosis values.  
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Table 11.  Statistical distribution parameters for the concentrations (µg/g, wet weight) 

of selected elements in the blood of angina patients (n = 170) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 19.01 61.52 31.92 30.51 9.362 0.987 1.068 0.860 

Cd 0.154 1.910 0.723 0.655 0.398 0.043 0.881 0.323 

Co 0.216 9.669 3.724 3.174 2.485 0.266 0.896 -0.075 

Cr 0.130 9.255 2.928 2.393 2.049 0.216 0.971 0.619 

Cu 0.512 6.597 2.532 2.177 1.272 0.134 0.738 0.136 

Fe 93.66 870.6 480.5 466.6 166.2 17.52 0.212 -0.686 

K 133.1 837.5 469.5 457.7 113.0 11.91 0.249 0.714 

Li 0.110 1.650 0.517 0.422 0.336 0.038 1.397 1.920 

Mg 4.923 53.89 32.35 31.97 7.374 0.777 -0.428 2.462 

Mn 0.151 4.125 1.087 0.764 0.799 0.087 1.419 1.914 

Na 470.4 1862 1446 1445 188.1 19.83 -1.509 7.164 

Pb 0.129 11.84 3.217 2.574 2.343 0.248 1.171 1.446 

Sr 0.111 7.590 2.390 2.082 1.693 0.181 1.043 0.671 

Zn 2.416 19.12 9.309 9.372 4.389 0.473 0.376 -1.025 
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Figure 13.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

angina patients 

 

The quartile distribution of selected elements in the blood of angina patients is 

presented as box–whisker plots in Figure 13. The concentrations of Cd, Cu, Mn and Li 
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exhibited almost symmetrical distribution in the blood of patients, whereas Ca followed by 

Na, K and Mg manifested very narrow distribution. Among rest of the elements, Cr, Co, 

Pb and Sr revealed relatively broad and asymmetric distribution in the blood of angina 

patients.  

 

3.12  Distribution of the Elemental Levels in Blood of Healthy Donors 
The distribution of selected elemental levels (µg/g) in the blood samples of healthy 

donors/controls (n = 165), as revealed by the basic statistical parameters is given in Table 

12. Highest average level was found for Na (1083 µg/g), followed by K (767.1 µg/g), Fe 

(346.0 µg/g), Ca (102.9 µg/g) and Mg (37.24 µg/g). Relatively lower mean concentrations 

were observed for Zn (6.133 µg/g), Pb (4.318 µg/g), Co (2.040 µg/g), Cu (1.844 µg/g), Cr 

(1.185 µg/g), Sr (1.091 µg/g), Mn (0.540 µg/g), Cd (0.443 µg/g) and Li (0.290 µg/g) in the 

blood of healthy donors. On the average basis, the decreasing order of elemental levels in 

the blood of healthy donors was: Na > K > Fe > Ca > Mg > Zn > Pb > Co > Cu > Cr > Sr 

> Mn > Cd > Li. Saghir et al., (2011) also reported more or less similar trend in average 

elemental levels in the blood of healthy donors. However, this decreasing trend was 

somewhat different compared with the trend observed for angina patients. Among the 

selected elements, Na, K, Fe, Ca and Mg showed comparatively higher dispersion as 

manifested by SD and SE values. Nevertheless, rest of the elements showed more or less 

normal distribution pattern as evidenced by their low SD and SE values. Large skewness 

and kurtosis values for Ca, Cd, Co, Fe, Mg, Mn and Na supported asymmetrical 

distribution of these elements in the blood of healthy donors. Overall, the distribution 

behaviour of the selected elements in the blood of healthy donors remained noticeably 

diverse compared with the angina patients, which may be attributed to the disproportions 

of the nutrients and trace elements in the patients.  

Quartile distribution of the elemental levels in the blood samples of healthy donors 

is presented in Figure 14 as box–whisker plots. Relatively large spread and broad 

distribution was noted for Pb, Mn, Cu, Co, Cd and Cr in the blood of healthy donors. Very 

narrow distributions were observed for Fe, Mg and Zn supported by overlapping lower 

and upper quartiles with median levels in the blood of controls. In addition, Na and K also 

showed relatively narrow distribution in the blood of controls. This quartile distribution 

study of healthy donors revealed significant disparities in the elemental distributions 

compared with the distribution of elements in the blood of angina patients.  
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Table 12.  Statistical distribution parameters for the concentrations (µg/g, wet weight) 

of selected elements in the blood of healthy donors (n = 165) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 29.67 392.2 102.9 59.13 82.56 8.955 1.677 2.300 

Cd 0.087 1.325 0.443 0.358 0.304 0.034 1.259 1.039 

Co 0.145 8.744 2.040 1.336 1.709 0.191 1.591 2.421 

Cr 0.084 2.470 1.185 1.188 0.732 0.082 0.170 -1.145 

Cu 0.225 4.895 1.844 1.489 1.098 0.119 0.795 -0.061 

Fe 139.5 689.7 346.0 341.1 93.72 10.17 1.200 3.231 

K 301.4 1172 767.1 829.3 270.5 29.34 -0.257 -1.374 

Li 0.101 0.615 0.290 0.284 0.149 0.024 0.550 -0.506 

Mg 13.67 84.87 37.24 35.64 13.71 1.487 1.338 3.252 

Mn 0.068 2.548 0.540 0.491 0.382 0.042 1.443 4.094 

Na  609.3 2704 1083 780.9 486.2 52.73 1.342 1.043 

Pb 0.257 14.42 4.318 3.025 3.837 0.443 1.292 0.855 

Sr 0.238 2.789 1.091 0.840 0.786 0.139 1.119 0.217 

Zn 1.775 10.87 6.133 6.219 2.021 0.219 -0.201 -0.322 
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Figure 14.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 

 



Results and Discussion 

77 

3.13  Comparison of the Elemental Levels in Blood of Angina Patients 

and Healthy Donors 
The average elemental levels (± SE) in the blood samples of angina patients in 

comparison with their counterpart healthy donors are shown graphically in Figure 15. A 

comparison of the concentrations of trace elements in the blood of angina patients and 

healthy donors by Student’s t-test revealed that the levels of most of the elements (Cd, Co, 

Cr, Cu, Fe, Li, Mn, Na, Sr and Zn) were significantly higher in the blood of angina 

patients (p < 0.05). However, the average levels of Ca, K, Mg and Pb in the blood of 

healthy donors were significantly higher than the patients. Overall, some of the elements 

(Cd, Co, Cr, Cu, Li, Mn and Sr) might play crucial roles in the progression of the disease 

because their mean levels were determined at elevated levels in the blood of angina 

patients. These findings are in good agreement with numerous reported clinical studies 

around the world (Cebi et al., 2011; Linna et al., 2004; Wu et al., 2012). 
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Figure 15. Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

angina patients and healthy donors 
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Table 13. Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the blood of angina patients and controls based on 

their age groups 

Age ≤40 41-50 ≥51 

  Angina Patients Controls p-values Angina Patients Controls p-values Angina Patients Controls p-values 

Ca 32.46 ± 2.795 107.8 ± 17.00 <0.05 30.37 ± 1.640 123.0 ± 27.22 <0.05 32.67 ± 1.354 94.43 ± 11.01 <0.05 

Cd 0.728 ± 0.109 0.336 ± 0.053 <0.05 0.765 ± 0.072 0.518 ± 0.097 NS 0.695 ± 0.061 0.471 ± 0.045 NS 

Co 3.803 ± 0.802 2.396 ± 0.326 NS 3.618 ± 0.468 2.402 ± 0.626 NS 3.765 ± 0.348 1.746 ± 0.225 <0.05 

Cr 3.175 ± 0.477 1.126 ± 0.169 <0.05 3.154 ± 0.442 1.199 ± 0.194 <0.05 2.704 ± 0.284 1.204 ± 0.110 <0.05 

Cu 2.988 ± 0.321 1.809 ± 0.218 <0.05 2.309 ± 0.187 1.635 ± 0.253 <0.05 2.508 ± 0.206 1.925 ± 0.169 NS 

Fe 471.0 ± 49.53 346.9 ± 15.57 <0.05 491.4 ± 36.49 362.2 ± 33.31 <0.05 477.2 ± 20.37 340.6 ± 13.11 <0.05 

K 516.7 ± 21.37 871.7 ± 43.71 <0.05 473.8 ± 23.98 649.6 ± 71.47 <0.05 450.4 ± 16.14 755.8 ± 40.70 <0.05 

Li 0.621 ± 0.089 0.240 ± 0.048 <0.05 0.611 ± 0.077 0.218 ± 0.073 <0.05 0.416 ± 0.041 0.336 ± 0.025 NS 

Mg 32.42 ± 1.365 40.62 ± 1.850 NS 32.48 ± 1.405 40.38 ± 5.942 NS 32.24 ± 1.183 34.71 ± 1.642 NS 

Mn 1.119 ± 0.185 0.485 ± 0.070 <0.05 1.246 ± 0.187 0.332 ± 0.045 <0.05 0.974 ± 0.108 0.636 ± 0.064 NS 

Na 1491 ± 39.00 1152 ± 136.7 <0.05 1480 ± 22.27 1014 ± 93.97 <0.05 1410 ± 33.23 1073 ± 63.83 <0.05 

Pb 3.231 ± 0.515 5.246 ± 0.766 <0.05 2.411 ± 0.377 2.957 ± 0.799 NS 3.686 ± 0.376 4.307 ± 0.662 NS 

Sr 2.850 ± 0.511 0.984 ± 0.269 <0.05 2.219 ± 0.306 1.444 ± 0.186 <0.05 2.327 ± 0.245 1.020 ± 0.207 <0.05 

Zn 9.848 ± 1.250 6.364 ± 0.436 <0.05 9.784 ± 0.940 5.735 ± 0.500 <0.05 8.854 ± 0.600 6.151 ± 0.297 <0.05 

NS = Non Significant 
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Comparative average concentrations for selected elements (± SE) in the blood of 

angina patients and healthy donors based on different age groups are reported in Table 13. 

Mean contents of Ca and K were found to be significantly higher in the blood of all age 

groups of healthy donors compared with the patients (p < 0.05). Nonetheless, mean levels 

of Cr, Fe, Na, Sr and Zn exhibited noticeably higher contributions in all age groups of the 

patients (p < 0.05). Among the selected elements, mean concentration of Mg manifested 

non-significant differences in all age groups of both categories. Average concentration of 

Cd was noted to be considerably higher in the blood of angina patients with ≤ 40 years age 

group than the counterpart controls, while Pb exhibited appreciably higher mean levels in 

the blood of controls with ≤ 40 years age group than the counterpart patient group (p < 

0.05). In addition, mean levels of Cu, Li and Mn were significantly higher in the blood of 

patients of the age groups ≤ 40 years and 41-50 years compared with the controls of the 

same age groups (Table 13). On the other hand, Co showed markedly elevated mean levels 

in the blood of angina patients of the age group ≥ 51 years in comparison with the 

matching healthy donors (p < 0.05). 

 

 

3.14  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.14.1  Gender-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 

The average elemental levels (± SE) in the blood of male and female angina 

patients and counterpart healthy donors are given as bar graphs in Figure 16, for a 

comparative evaluation. On the average basis, Mn was noticeably higher in both male 

donor groups and in good agreement with the study of Afridi et al., (2011a), while Co and 

Pb levels were relatively higher in the female donors of both patients and controls. Some 

of the elements, such as K, Sr and Zn revealed relatively higher levels in the blood of male 

patients and female controls. Nonetheless, almost equivalent average levels were shown 

by Ca, Cd, Cr, Cu, Li and Na in the blood of male and female patients. On the other hand, 

Fe, Li, Mg and Na manifested more or less comparable levels in blood of male and female 

healthy donors. In addition, average levels of Fe, K, Mg, Mn, Sr and Zn were 

comparatively higher in the blood of male patients compared with the female patients, 

whereas the average levels of Cd, Co, Cr, Cu, K, Pb, Sr and Zn were observed to be 
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relatively higher in the blood of female healthy donors in comparison with male healthy 

donors. Moreover, mean contents of Ca, K, Mg, and Pb showed moderately higher levels 

in blood of male and female controls compared with male and female patients, 

respectively. Panhwar et al., (2014) also reported more or less similar results. Overall, the 

average elemental contents in the blood of both genders of angina patients were 

significantly different compared with the male/female controls. 
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Figure 16.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of angina patients and healthy donors 

 

3.14.2  Abode-Based Comparison of the Elemental Levels in Blood of Angina Patients 

and Healthy Donors 

Average elemental levels (± SE) in the blood of angina patients in comparison with 

healthy donors inhabiting urban and rural localities are displayed in Figure 17. Mean 

concentrations of Cr and Cu were moderately higher in the blood of rural subjects of both 

donor groups. Some of the essential elements (Fe, K, Mg, Mn, Na and Sr) exhibited 

almost comparable average levels in the blood of urban and rural patients, while mean 

levels of Ca, Co, Fe, Li, Mg, Sr and Zn were more or less comparable in the blood of 

controls residing in rural and urban localities. Singh et al., (1997), also reported similar 

findings in the blood of urban and rural patients. In addition, the average levels of Ca, Cd, 

Co, Li and Pb were found to be appreciably higher in the blood of urban angina patients 
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compared with the rural patients. On the other hand, mean concentrations of Cr, Cu and 

Zn were significantly higher in the blood of rural patients than the urban patients. 

Similarly, average concentrations of Mn and Na were observed at marginally higher levels 

in the blood samples of urban controls compared with the rural controls. However, mean 

levels of Cd, Cr, Cu and Pb were noted to be significantly higher in the blood of controls 

from rural habitats. In addition, average concentrations of Cd, Co and Pb revealed 

significant increase in the blood of urban patients and rural healthy donors. These findings 

were in good agreement with the several repoted studies (Ohta and Cherian, 1991; 

Ferramola et al., 2012; Seghizzi et al., 1994; Telisman et al., 2004). Overall, significant 

variations in the elemental levels were observed in the blood of the two groups from urban 

and rural locations, hence evidencing imbalances of the elemental levels in the blood of 

angina patients. 
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Figure 17.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements in 

the blood of angina patients and healthy donors 

 

3.14.3  Dietary-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 

Comparative evaluation of mean concentrations (± SE) of selected elements in the 

blood of angina patients and healthy donors with vegetarian and non-vegetarian food 

habits is displayed in Figure 18. Relatively higher average concentrations of Cr, Cu, Fe 
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and Li were observed in the blood of both patients and controls with non-vegetarian food 

habits. However, comparatively higher contributions of Cd, Co, Cr, Cu, Fe, Li, Mn, Na, Sr 

and Zn were found in the blood of vegetarian and non-vegetarian patients in comparison 

with vegetarian and non-vegetarian healthy donors, respectively. These findings were 

supported by several epidemiological studies which exhibited the adverse role of toxic and 

redox-active elements in the enhancement of oxidative stress that ultimately leads to the 

development of cardiovascular disease (Waalkes, 2003; Messner et al., 2009; Seghizzi et 

al., 1994; Kang, 2011; You and Wang, 2005; Wu et al., 2012). In addition, mean contents 

of Cr, Cu, Fe, K, Li, Mn, Pb, Sr and Zn were observed to be appreciably higher in the 

blood of non-vegetarian patients compared with the vegetarian patients, while the mean 

levels of Cd and Zn were measured at comparatively higher levels in the blood of 

vegetarian controls than the non-vegetarian controls. Moreover, Cd, Mg and Na showed 

more or less similar levels in the blood of vegetarian/non-vegetarian patients, while K, Co, 

Mn, Na and Sr exhibited almost comparable average levels in the blood of vegetarian/non-

vegetarian healthy donors.  
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Figure 18.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of angina patients and healthy donors 

 

Of all the selected elements, the average concentration of Ca was appreciably 

higher in vegetarian patients and non-vegetarian healthy subjects, whereas in the case of 
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non-vegetarian patients and vegetarian controls mean levels of Zn were significantly 

higher. Thus, nutritional habits of the donor played a considerable role in the 

prevention/onset of disease, which was supported by numerous reported studies (Ulbricht 

and Southgate, 1991; Appel et al., 1997; Bhupathiraju and Tucker, 2011; Eilat-Adar and 

Goldbourt, 2010). 

 

 

3.14.4  Smoking-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 

Average concentrations (± SE) of selected elements in the blood of angina patients 

with non-smoking and smoking habits in comparison with their counterpart healthy donors 

are portrayed in Figure 19. The comparative study revealed that average contents of Cr, 

Cu, K, Li, Mn, Sr and Zn were significantly higher in the blood of smoking patients while 

mean levels of Ca, Cd, Co and Pb were observed to be considerably higher in the blood of 

non-smoking patients. Nonetheless, mean levels of some essential elements (Fe, Mg and 

Na) exhibited almost equivalent contributions in the blood of the patients irrespective of 

smoking or non-smoking habits. Likewise, the average levels of most of the elements were 

found to be noticeably higher in the blood of non-smoking healthy donors compared with 

smoking healthy donors except, Ca, Mg and Na, which revealed notably higher levels in 

the blood of smoking donors. In addition, the blood of smoking patients and non-smoking 

controls indicated relatively higher levels of Cr, Cu, K, Li, Mn, Sr and Zn. Conversely, Ca 

contents were comparatively higher in the blood of non-smoking patients and smoking 

healthy donors. A similar trend for most of the toxic/trace elements was noted when 

smoking and non-smoking patients were compared with their counterpart smoking and 

non-smoking healthy donors, respectively; relatively-higher levels of Cd, Co, Cr, Cu, Li, 

Mn and Sr were observed in the blood of both donor groups of patients. Almost similar 

findings were previously reported in literature (Bashar and Mitra, 2004; Uz et al., 2003; 

Afridi et al., 2010b). The comparative proportions of most of the elements in the blood of 

angina patients with smoking/non-smoking habits were significantly different from the 

controls which suggested that the elemental distribution was appreciably affected by 

smoking habits (Nawrot et al., 2002; Csalari and Szantai, 2002; Klaus et al., 2001; Afridi 

et al., 2010b).  
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Figure 19.  Smoking-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of angina patients and healthy donors 
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Figure 20.  Occupation-based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of angina patients and healthy donors 
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3.14.5  Occupation-Based Comparison of the Elemental Levels in Blood of Angina 

Patients and Healthy Donors 

The average selected elemental levels (± SE) in the blood of angina patients 

working in indoor and outdoor environments and counterpart healthy donors are shown as 

bar graphs in Figure 20, for a comparative evaluation. Among the selected elements, 

statistically significant differences between indoor and outdoor patients were observed for 

some elements: average levels of Ca, Cd, Co and Pb were comparatively higher in the 

blood of patients working in an indoor environment. Similar trends were noted for few 

elements when their mean levels were evaluated in the blood of controls; average levels of 

Ca, Co, Cr, Na and Sr were slightly higher in blood of indoor healthy subjects. 

Interestingly, average concentration of Mg exhibited almost equivalent contributions in the 

blood of all donor groups, thus, evidencing the critical role of Mg in body metabolism 

(Chakraborti et al., 2002). Overall, most of the trace elements (Cd, Co, Cr, Cu, Li, Mn and 

Sr) along with some essential elements (Fe, Na and Zn) were found to be higher in the 

blood of indoor/outdoor patients in comparison with healthy donors irrespective of the 

nature of work. These findings were in good agreement with several epidemiological 

studies which demonstrated the role of trace and toxic elements in the development of 

cardiovascular disease (Jomova and Valko, 2011; Price, 2004; Jiang and Zheng, 2005).  

 

 

3.15  Correlation Study of the Elemental Levels in Blood of Angina 

Patients 
The data on element-to-element correlations in the blood of angina patients are 

given in Table 14, wherein the significant r-values are shown in bold at p < 0.05. The 

linear correlations between element pairs in the blood samples were mathematically 

examined in terms of Pearson correlation coefficient ‘r’ that defines the mutual 

dependence of a pair of variables. Strong positive correlations were noted between 

following pairs; Cu-K (r = 0.638), Zn-K (r = 0.626) and Cu-Zn (r = 0.501), while; some 

significant relationships were observed among Cr-Cu (r = 0.443), Cd-Sr (r = 0.437), Fe-

Zn (r = 0.433), Li-Mn (r = 0.428), Cr-K (r = 0.408), K-Li (r = 0.391), K-Na (r = 0.378), 

Ca-Cd (r = 0.376), Cd-Co (r = 0.372), Cu-Fe (r = 0.351) and Cu-Sr (r = 0.350). Some of 

the elements, such as Mg and Pb, indicated insignificant correlations with other elements 

and, therefore, revealed an independent variation pattern in the blood of angina patients. 
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Some non-significant positive and negative correlations were also noted among the 

elements, which probably pointed out the uptake/depletion of elements in the blood of 

angina patients. The correlation study indicated strong relationships among K, Cu and Zn 

besides some considerable associations for Cr, Cd, Fe, Sr, Li and Ca, thus, highlighting 

their crucial role in the disease. Some of the studies reported the critical role of some of 

these elements in the enhancement of oxidative stress which later on resulted in 

development of cardiovascular disease while other studies described the accumulation 

behaviour of certain elements in the blood arteries that ultimately caused the 

atherosclerosis (Jomova and Valko, 2011; Ari et al., 2011; Messner et al., 2009; 

Hemelrijck et al., 2013). Age of the angina patients was not significantly correlated with 

any of the selected elements. 

 

 

3.16  Correlation Study of the Elemental Levels in Blood of Healthy 

Donors 
The data on element-to-element correlations in the blood of healthy donors are 

given in Table 15, wherein the significant r-values are manifested in bold at p < 0.05. 

Strong positive correlations were noted between following metal pairs; Ca-Na (r = 0.722), 

Ca-Mg (r = 0.693), Cu-K (r = 0.688), Zn-K (r = 0.655), Fe-Mg (r = 0.571) and Sr-Cr (r = 

0.530). In addition, some significant positive correlations were also observed between Fe-

Na, Fe-Zn, Cu-Mn, Co-Cu, Co-K, Mg-Na, Mg-Zn, Li-Mn, Cr-K, Co-Zn, Cu-Zn, Cd-Co 

and Cr-Zn. The correlation study demonstrated strong associations among some essential 

elements, which might be of common origin. Some significant negative correlations were 

also observed among Ca-K (r = −0.504), Cu-Na (r = −0.462), K-Na (r = −0.448), Li-Zn (r 

= −0.439), Pb-Sr (r = −0.427), Co-Li (r = −0.402), Ca-Cu (r = −0.401) and Sr-Ca (r = 

−0.382), which showed the depletion or enrichment of specific elements at the cost of 

others. Age of the healthy donors exhibited insignificant positive and negative correlations 

with the elements. Overall, the correlation behaviour of the elements in the blood of 

healthy donors remained noticeably diverse compared with the angina patients, which may 

be attributed to the disproportions of the nutrients and trace elements in the angina 

patients.  
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Table 14.  Correlation coefficient matrix of selected elemental levels in the blood of angina patients  

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn 

Age 1.000               

Ca 0.101 1.000              

Cd -0.118 0.376 1.000             

Co 0.008 0.029 0.372 1.000            

Cr -0.083 0.187 0.233 0.117 1.000           

Cu -0.146 0.074 0.233 -0.088 0.443 1.000          

Fe -0.052 -0.041 -0.086 -0.196 0.136 0.351 1.000         

K -0.187 0.037 0.021 -0.027 0.408 0.638 0.230 1.000        

Li -0.197 0.290 0.347 0.120 0.173 0.228 -0.031 0.391 1.000       

Mg -0.002 0.217 0.031 -0.043 0.166 0.037 0.121 0.083 0.063 1.000      

Mn -0.099 -0.150 0.073 0.104 0.015 0.053 0.102 0.222 0.428 0.038 1.000     

Na -0.177 -0.092 -0.088 -0.298 0.147 0.237 0.212 0.378 0.135 0.095 0.053 1.000    

Pb 0.128 0.342 0.249 0.057 -0.006 0.015 -0.030 0.082 0.118 0.004 -0.283 -0.085 1.000   

Sr -0.124 0.135 0.437 0.175 0.322 0.350 -0.024 0.165 0.085 0.124 0.122 0.007 0.108 1.000  

Zn -0.116 -0.321 -0.270 -0.198 0.237 0.501 0.433 0.626 -0.032 -0.050 0.022 0.332 -0.048 0.162 1.000 

Bold r-values are significant at p < 0.05 
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Table 15.  Correlation coefficient matrix of selected elemental levels in the blood of healthy donors  

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca 0.019 1.000              

Cd 0.207 -0.079 1.000             

Co -0.125 -0.290 0.400 1.000            

Cr -0.007 -0.147 -0.065 0.172 1.000           

Cu 0.048 -0.401 0.212 0.473 0.279 1.000          

Fe -0.094 0.298 0.052 0.064 0.190 -0.041 1.000         

K -0.177 -0.504 0.025 0.468 0.412 0.688 0.165 1.000        

Li 0.206 -0.227 -0.131 -0.402 0.167 0.287 -0.271 -0.100 1.000       

Mg -0.148 0.693 -0.075 -0.011 0.142 0.032 0.571 0.102 -0.363 1.000      

Mn 0.104 -0.185 0.153 0.076 0.112 0.478 0.002 0.299 0.438 -0.111 1.000     

Na  -0.005 0.722 0.042 -0.323 -0.156 -0.462 0.479 -0.448 0.243 0.467 -0.131 1.000    

Pb -0.124 -0.094 0.053 0.200 0.295 0.014 0.240 0.247 -0.168 -0.037 0.046 0.080 1.000   

Sr 0.055 -0.382 -0.092 -0.116 0.530 0.029 0.014 0.046 -0.232 0.042 -0.140 0.144 -0.427 1.000  

Zn -0.090 -0.048 0.142 0.408 0.371 0.405 0.478 0.655 -0.439 0.440 0.255 -0.020 0.113 -0.065 1.000 

Bold r-values are significant at p < 0.05 
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3.17  Multivariate Analysis of the Elemental Levels in Blood of Angina 

Patients 
The principal component analysis (PCA) of selected elemental levels in the blood 

of angina patients extracted by varimax normalized rotation on the data-set yielded five 

principal components (PCs) of the elements with eigen values >1, commutatively 

explaining more than 68% of the total variance of the data, as contained in Table 16. The 

corresponding cluster analysis (CA) based on Ward’s method is given in Figure 21. The 

CA of elemental data in the blood of patients revealed very strong clusters of Ca-Cd-Pb-

Co, Cr-Sr-Mg, Cu-K-Zn-Fe-Na and Mn-Li.  
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Figure 21.  Cluster analysis of selected elemental levels in the blood samples of angina 

patients 

 

The quantitative information regarding multiple relationships of these elements 

were assessed by principal component loadings (Table 16) in which PC 1 with highest 

variance of the data indicated dominant loadings for Cr, Cu, Fe, K and Zn. These elements 

mostly originated from the dietary sources (Cosmulescu et al., 2013). PC 2 showed higher 

loadings for Ca and Pb, which were mainly contributed by the anthropogenic activities and 

food habits (Cope, 2004; Hamilton and O’Flaherty, 1995). PC 3 consisted of Li and Mn, 

which also revealed very strong cluster in CA and may be controlled by internal 

metabolism. PC 5 exhibited maximum loadings for Cd, Co, Na and Sr, which were 

believed to be contributed by environmental pollutions and by the excessive use of table 

salt (Cope, 2004; Xu et al., 2014). In PC 4, higher loadings were observed for Mg only, 
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which indicated its independent variations/contributions. Several studies suggested that 

major route of Mg intake for human was associated with the diet including nuts, cereals, 

coffee, tea, and leafy vegetables (Shils, 1999). The above correlation study also supported 

the independent behaviour of Mg in angina patients. 

 

Table 16.  Principal component analysis for selected elemental levels in the blood 

samples of angina patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.154 2.580 1.604 1.215 1.106 

Total Variance (%) 22.53 18.43 11.45 8.679 7.903 

Cumulative Eigen value 3.154 5.734 7.337 8.552 9.659 

Cumulative Variance (%) 22.53 40.95 52.41 61.09 68.99 

Ca 0.029 0.738 0.242 0.367 0.114 

Cd 0.012 0.470 0.349 0.028 0.562 

Co -0.128 -0.064 0.057 -0.229 0.794 

Cr 0.637 0.156 0.071 0.288 0.262 

Cu 0.828 0.093 0.172 -0.002 0.104 

Fe 0.548 -0.142 -0.151 0.194 -0.275 

K 0.758 0.027 0.398 -0.159 -0.126 

Li 0.102 0.193 0.877 -0.025 0.057 

Mg 0.008 -0.012 -0.021 0.887 -0.036 

Mn 0.053 -0.558 0.692 0.059 0.097 

Na -0.281 0.146 -0.252 0.246 0.468 

Pb -0.034 0.823 -0.101 -0.156 0.067 

Sr 0.409 0.109 0.086 0.239 0.573 

Zn 0.838 -0.218 -0.135 -0.196 -0.182 

 

 

3.18  Multivariate Analysis of the Elemental Levels in Blood of Healthy 

Donors 
The PCA of elemental levels in the blood of healthy donors extracted by varimax-

normalized rotation on the data-set is presented in Table 17. It yielded five PCs with eigen 

values > 1, commutatively explaining more than 91% of the total variance of the data. The 
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corresponding CA in the form of a dendrogram is illustrated in Figure 22. The CA of the 

elemental data in the blood of controls revealed very strong clusters of Ca-Cd-Co, Fe-K, 

Mg-Zn-Pb, Cu-Mn, Cr-Sr and Li-Na. In case of healthy subjects, PC 1 showed elevated 

loadings for Fe, K, Mg, Pb and Zn, which were mainly associated with the food habits of 

the donors as well as anthropogenic emissions (Cosmulescu et al., 2013; Cope, 2004). PC 

2 showed higher contributions for Cu and Mn, while PC 3 revealed significantly higher 

loadings for Ca and Sr. These two PCs were probably contributed by the dietary sources 

(milk, fruits and grains) and may also reflect the mutual role of two cofactors (Cu and Mn) 

in the internal metabolism (Champe and Harvey, 1994; de Bräter et al., 1998; Johnson and 

Giulivi C, 2005). PC 4 for the blood of controls showed elevated loadings of Cd, Co and 

Cr, which indicated the influence of external environmental factors (Fishbein, 1981; 

Michel et al., 1991). The last PC mainly consisted of Li and Na, duly-supported by a 

common cluster in CA. Overall, the CA results were in good agreement with the PCA 

findings. The multivariate methods thus evidenced significant disparities in the trace 

element apportionment in the blood samples of angina patients compared with the healthy 

donors.  
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Figure 22.  Cluster analysis of selected elemental levels in the blood samples of healthy 

donors 
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Table 17.  Principal component analysis for selected elemental levels in the blood 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.727 2.340 2.114 1.410 1.278 

Total Variance (%) 40.91 16.72 15.10 10.07 9.131 

Cumulative Eigen value 5.727 8.067 10.181 11.591 12.870 

Cumulative Variance (%) 40.91 57.62 72.72 82.80 91.93 

Ca 0.095 0.387 0.727 0.418 0.304 

Cd 0.459 0.326 -0.010 0.759 0.036 

Co 0.213 0.045 0.143 0.939 -0.013 

Cr 0.025 0.067 0.524 0.749 0.122 

Cu -0.078 0.959 -0.084 0.160 0.114 

Fe 0.597 0.300 -0.495 0.520 0.014 

K 0.936 0.153 -0.095 0.114 0.000 

Li 0.293 -0.129 -0.166 0.502 0.696 

Mg 0.878 -0.086 0.187 0.206 0.300 

Mn 0.111 0.964 0.171 0.047 0.007 

Na 0.073 0.176 0.113 -0.094 0.896 

Pb 0.792 -0.132 0.495 -0.017 0.008 

Sr 0.174 -0.005 0.936 0.104 -0.075 

Zn 0.858 0.023 0.103 0.369 0.125 

 

 

3.19  Comparison of the Elemental Levels in Scalp Hair and Blood of 

Angina Patients and Healthy Donors 
The average elemental levels in the scalp hair and blood of angina patients and 

healthy donors are portrayed in Figure 23, for a comparative assessment. The mean 

concentrations of selected elements in the scalp hair of both donor groups were found to 

be many times higher than the concentration in the blood of both patients and controls 

except in the case of Fe, K and Na, for which concentration levels were several-folds 

higher in the blood of two groups of donors. Similar trends in elemental levels have been 

reported by earlier workers (Qayyum and Shah, 2014; Pasha et al., 2010a). Such 

behaviour of the elements may be elucidated on the basis of human physiology: Na and K 
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are major electrolytes in the blood, while Fe is present in haemoglobin in the red blood 

cells, a major constituent of the blood (Grosvenor and Smolin, 2009; Adrogué and Madias, 

2007; Komaroff, 2005). However, most of the trace elements were found to be enriched in 

the scalp hair tissues because elements bind with the sulphydryl (SH) groups present in the 

amino acids in the hair, and element cations exhibit ionic attraction and van der Waals 

attraction with cystine protein of hair. Several researchers explained the similar 

accumulation mechanism of trace elements in the hair tissues (Wołowiec et al., 2013; 

Morton et al., 2000). Moreover, hair may serve to represent the history of the donors in 

terms of elemental uptake and depletion, while the blood samples only reflect the current 

elemental burden of the donors as pointed out by several studies (Pasha et al., 2010a; 

Wang et al., 2009a). Predominantly higher mean levels were observed for Fe and Na in 

the blood of patients and K in the blood of controls, nonetheless, average levels of Ca, Cd, 

Co, Cr, Cu, Li, Pb and Sr exhibited noticeably higher contributions in the scalp hair of 

angina patients in comparison with scalp hair of healthy donors. 

 

 

0.1

1

10

100

1000

10000

Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn

A
ve

ra
ge

 L
ev

el
 (µ

g/
g)

 in
 A

ng
in

a 
Pa

tie
nt

s &
 H

ea
lth

y 
D

on
or

s Blood(Ang) Scalp Hair(Ang)
Blood(HD) Scalp Hair(HD)

 
Figure 23. Comparison of mean levels (µg/g ± SE) of selected elements in the blood 

and scalp hair of angina patients and healthy donors 
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SECTION II:  MYOCARDIAL INFARCTION PATIENTS 

 

 

3.20  Demographic Characteristics of the Subjects 
The demographic characteristics of myocardial infarction (MI) patients and 

counterpart healthy donors are summarized in Table 18. Scalp hair samples were collected 

from 154 MI patients and 133 matching healthy donors. Similarly, 100 blood samples 

were collected for each donor class (MI patients and healthy subjects). In case of scalp 

hair, the subjects in the two groups were closely matched for age (~50 years on average) 

and the majority of them (60% patients and 58% controls) were male. Seventy-three 

percent (73%) of the patients and 68% of healthy donors were drawn from urban areas. 

Based on dietary habits, about 62% of the patients were vegetarian, while 61% of healthy 

donors were non-vegetarian. Most of the patients (68%) and controls (86%) were not 

using tobacco on a continuous basis. More than half of the donors (>50 %) in both groups 

were working in an indoor environment. 

In case of blood samples, both the donor groups showed almost comparable age 

distributions (Table 18). Most of the patients (89%) and healthy donors (75%) were male. 

About 71% of the controls and 55% of the patients were residing in urban areas. Similarly, 

62% of the patients and 54% of the controls belonged to the vegetarian category with 

respect to their food habits. Half of the controls (50%) and 47% of the patients were non-

smokers. Based on occupation, the majority of the patients (55%) worked in outdoor 

environments in contrast to the healthy donors, 63% of whom worked in an indoor 

environment. Generally, in most of the cases the demographic distributions of the patients 

and corresponding healthy donors were more or less comparable. The subjects in both 

donor groups were from similar socio-economic status and identical environmental 

exposure. In most of cases, the control was a family member or closely-related person of 

the patient.  
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Table 18.  Characteristics of the Subjects (MI patients and healthy donors) 

 Scalp Hair Blood 

 MI Patients Healthy Donors MI Patients Healthy Donors

 (n = 154) (n = 133) (n = 100) (n = 100) 

Age     

     Range (years) 34-85 32-68 20-80 23-80 

     Average (years) 50.9 49.1 51.1 49.2 

Gender     

     Female 62 (40%) 56 (42%) 11 (11%) 25 (25%) 

     Male 92 (60%) 77 (58%) 89 (89%) 75 (75%) 

Habitat     

     Urban 112 (73%) 90 (68%) 55 (55%) 71 (71%) 

     Rural 42 (27%) 43 (32%) 45 (45%) 29 (29%) 

Diet     

     Vegetarian  95 (62%) 52 (39%) 62 (62%) 54 (54%) 

     Non Vegetarian  59 (38%) 81 (61%) 38 (32%) 46 (46%) 

Smoking Habits     

     Non-Smoking 105 (68%) 114 (86%) 47 (47%) 50 (50%) 

     Smoking 49 (32%) 19 (14%) 53 (53%) 50 (50%) 

Occupation     

     Indoor 97 (63%) 70 (53%) 45 (45%) 63 (63%) 

     Outdoor 57 (37%) 63 (47%) 55 (55%) 37 (37%) 

 

 

3.21  Distribution of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients 
The descriptive data including range, mean, median, standard deviation, standard 

error, skewness and kurtosis related to the concentrations (µg/g, dry weight) of selected 

elements in the scalp hair of myocardial infarction patients (n = 154) are presented in 

Table 19. Most of the elements exhibited large spread in their concentration ranges as 

shown by respective minimum and maximum values. On the average basis, dominant 
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contribution was noted for Ca (2265 µg/g), followed by Mg (604.7 µg/g), Zn (264.4 µg/g), 

Na (206.1 µg/g), Sr (103.4 µg/g), Fe (66.84 µg/g), K (41.48 µg/g), Pb (30.12 µg/g), Co 

(14.71 µg/g) and Cu (12.08 µg/g). Relatively lower mean levels were observed for Cr 

(6.729 µg/g), Mn (5.273 µg/g), Cd (2.751 µg/g) and Li (1.382 µg/g) in the scalp hair of the 

patients. The decreasing order of average elemental levels in the scalp hair samples of MI 

patients was as follow: Ca > Mg > Zn > Na > Sr > Fe > K > Pb > Co > Cu > Cr > Mn > 

Cd > Li. An almost similar trend for some of the elements in the hair samples of MI 

patients was reported by other researchers (Kazi et al., 2008a; Afridi et al., 2010a). 

Among the selected elements, Ca, Co, Fe, K, Mg, Na, Pb, Sr and Zn exhibited higher 

dispersion than the others, as manifested by their large SD and SE values, on one hand and 

markedly dissimilar mean and median levels on the other hand. Large skewness and 

kurtosis values for Cr and Na supported asymmetrical distribution of these elements in the 

scalp hair samples of myocardial infarction patients, whereas moderately symmetrical 

distribution was observed for other elements (Table 19).  

 

Table 19.  Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of myocardial infarction patients (n = 154) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 586.6 5040 2265 2015 1177 151.9 0.572 -0.662 

Cd 0.237 6.634 2.751 2.809 1.935 0.261 0.508 -0.958 

Co 0.847 44.26 14.71 10.63 11.81 1.671 1.034 0.102 

Cr 1.166 23.21 6.729 4.428 5.733 0.795 1.424 1.332 

Cu 2.612 27.98 12.08 11.94 5.554 0.729 0.628 0.086 

Fe 9.140 186.6 66.84 46.64 47.76 7.120 1.080 0.093 

K 6.025 99.40 41.48 36.13 22.62 2.945 0.971 0.261 

Li 0.103 3.846 1.382 1.133 1.060 0.150 0.898 -0.213 

Mg 113.7 1688 604.7 547.1 346.8 44.78 0.630 -0.032 

Mn 0.560 15.61 5.273 4.250 3.602 0.486 1.074 0.610 

Na  15.77 711.8 206.1 171.6 155.2 20.20 1.133 1.069 

Pb 4.623 67.27 30.12 25.98 17.45 2.47 0.490 -0.891 

Sr 22.99 176.4 103.4 102.6 42.25 6.370 0.071 -0.777 

Zn 21.27 677.1 264.4 197.9 161.1 20.80 0.964 -0.091 
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The quartile distribution of selected elemental levels in the scalp hair of MI 

patients is given in Figure 24. Comparatively large spread and broad variations were noted 

for Co, Li, Na, Mn, Mg and Cd in the scalp hair samples. However, relatively asymmetric 

distribution was demonstrated by some elements including Cu, Fe and Zn. Overall, the 

quartile study revealed that most of the elements exhibited considerably broad and 

relatively symmetrical distributions, thus evidencing that the elemental concentrations 

were more evenly distributed in the scalp hair of myocardial infarction patients with 

respect to their counterpart healthy donors (Figure 24). 
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Figure 24.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

myocardial infarction patients 

 

 

3.22  Distribution of the Elemental Levels in Scalp Hair of Healthy 

Donors 
The distribution of selected elemental levels (µg/g, dry weight) in the scalp hair 

samples of healthy donors (n = 133) as revealed by basic statistical parameters is 

contained in Table 20. Most of the elements revealed variations of several orders of 

magnitude in their concentrations as shown by the minimum and maximum levels. Among 

the selected elements, Ca indicated the highest mean concentration (1900 µg/g) in the 

scalp hair of healthy donors, while Li exhibited the lowest mean level (0.967 µg/g). 

Among rest of the elements, relatively higher contributions were noted for Mg (501.2 
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µg/g), Na (453.8 µg/g) and Zn (258.6 µg/g), followed by Sr (35.78 µg/g), K (34.85 µg/g), 

Fe (28.65 µg/g), Pb (14.54 µg/g), Cu (13.50 µg/g), Co (12.27 µg/g), Mn (5.520 µg/g), Cr 

(5.108 µg/g) and Cd (1.120 µg/g). Mean concentrations of the elements in the scalp hair of 

healthy donors revealed following decreasing order: Ca > Mg > Na > Zn > Sr > K> Fe > 

Pb > Cu > Co > Mn > Cr > Cd > Li. The decreasing trend was somewhat different from 

the trend observed in the scalp hair of MI patients. However, almost similar trend of 

elemental levels in the scalp hair of healthy donors were reported in other studies (Hashmi 

and Shah, 2011; Shah et al., 2006). Most of the elements (Ca, Co, Fe, K, Mg, Na, Pb, Sr 

and Zn) exhibited relatively non-Gaussian distribution as revealed by the large SD and SE 

values. Moderately symmetrical distribution in the scalp hair of controls was shown by 

Co, Li, Mn, Pb and Sr as manifested by their relatively lower skewness and kurtosis 

values. Nevertheless, predominantly asymmetrical distribution was found for Ca, Cu, K, 

Na and Zn in the scalp hair of controls.  

 

Table 20.  Statistical distribution parameters for the concentrations (µg/g, dry weight) 

of selected elements in the scalp hair of healthy donors (n = 133) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 749.5 6152 1900 1641 1024 135.6 2.447 7.668 

Cd 0.056 3.897 1.120 0.854 0.855 0.122 1.169 1.211 

Co 0.943 39.31 12.27 8.941 9.479 1.731 1.065 0.809 

Cr 0.205 19.74 5.108 2.695 5.034 0.705 1.278 1.031 

Cu 2.951 42.28 13.50 13.28 5.935 0.793 1.981 9.114 

Fe 4.352 90.66 28.65 21.24 21.25 2.918 1.517 1.831 

K 8.086 206.7 34.85 29.44 28.52 3.812 4.255 24.12 

Li 0.210 2.872 0.967 0.894 0.640 0.111 1.058 0.878 

Mg 127.4 1445 501.2 453.8 261.7 34.67 1.164 2.460 

Mn 0.645 14.24 5.520 5.496 3.350 0.448 0.678 0.120 

Na  54.31 2747 453.8 331.1 467.5 61.92 3.122 12.03 

Pb 0.059 46.22 14.54 10.25 11.63 1.678 1.063 0.474 

Sr 4.238 86.11 35.78 33.37 20.52 2.743 0.405 -0.312 

Zn 127.2 1240 258.6 191.6 180.1 23.86 3.585 16.21 
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The quartile distribution of elemental levels in the scalp hair of healthy donors is 

shown in Figure 25. In this case, relatively symmetrical distribution was observed for Fe, 

Li, Na and Sr; however, most of the elements indicated large spread in their distribution as 

demonstrated by separate upper and lower quartile. Relatively narrow distributions were 

noticed for Ca, Cu, K, Mg and Zn in the scalp hair of controls. On comparative basis, the 

distributions of selected elements in the scalp hair of both patients and control groups were 

significantly diverse. Similar findings were reported in other studies (Kazi et al., 2008a; 

Afridi et al., 2010a). 
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Figure 25.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 

 

 

3.23  Comparison of the Elemental Levels in Scalp Hair of Myocardial 

Infarction Patients and Healthy Donors  
Average levels of selected elements (± SE) in the scalp hair samples of myocardial 

infarction patients and healthy donors are presented as bar graphs in Figure 26, for 

comparative evaluation. Two-tailed Student’s t-test revealed that mean levels of Ca, Cd, 

Co, Cr, Fe, K, Li, Mg, Pb and Sr were significantly higher in the scalp hair of MI patients 

than the controls (p < 0.05). However, average contents of Mn and Zn were found to be 

almost comparable in the patients and healthy donors. Conversely, Na and Cu depicted 

significantly elevated levels in the scalp hair of healthy subjects (p < 0.05) compared to 
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the patients. One of the fascinating features of this comparative study is that the toxic and 

redox-active elemental levels were found to be higher in case of MI patients which 

indicated the adverse effects of these elements on the emergence/development of the 

disease (Kazi et al., 2008a; Afridi et al., 2010a; Jomova and Valko, 2011). 
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Figure 26. Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair 

of myocardial infarction patients and healthy donors 

 

 

Comparison of the average concentrations (± SE) of selected elements in the scalp 

hair of MI patients and healthy donors based on different age groups is illustrated in Table 

21, along with the p-values. Mean levels of Fe, Pb, and Sr were found to be noticeably 

higher in the scalp hair of all age groups of the patients, which also showed markedly 

higher levels of K and Li for age group ≥51 years, Cd for age group 41–50 years and ≥51 

years, and Cr for age group ≤40 years (p < 0.05). Nonetheless, mean level of Na in the 

scalp hair of healthy donors for all age groups was significantly higher than the patients (p 

< 0.05). Rest of the elements revealed insignificant variations in the scalp hair of various 

age groups of the donors. 
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Table 21.  Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the scalp hair of MI patients and controls based 

on their age groups 

Age ≤40 41-50 ≥51 

  MI Patients Controls p-values MI Patients Controls p-values MI Patients Controls p-values 

Ca 2376 ± 407.6 1937 ± 227.9 NS 2415 ± 254.0 2024 ± 277.0 NS 2082 ± 212.9 1781 ± 201.3 NS 

Cd 2.267 ± 0.560 1.120 ± 0.307 NS 2.725 ± 0.424 0.845 ± 0.146 <0.05 2.929 ± 0.406 1.365 ± 0.188 <0.05 

Co 14.25 ± 5.195 9.420 ± 2.337 NS 14.52 ± 2.436 12.65 ± 3.265 NS 15.03 ± 2.635 13.26 ± 2.781 NS 

Cr 6.383 ± 2.206 3.067 ± 0.907 <0.05 6.063 ± 1.055 6.268 ± 1.714 NS 7.574 ± 1.368 5.584 ± 0.883 NS 

Cu 12.16 ± 0.967 13.34 ± 1.216 NS 11.51 ± 1.239 14.83 ± 1.894 NS 12.56 ± 1.177 12.61 ± 0.970 NS 

Fe 63.31 ± 15.47 23.71 ± 3.848 <0.05 60.65 ± 8.232 25.95 ± 4.248 <0.05 75.93 ± 14.80 34.26 ± 5.799 <0.05 

K 43.57 ± 7.180 38.66 ± 4.754 NS 41.27 ± 4.542 42.45 ± 10.14 NS 40.94 ± 4.749 26.92 ± 3.412 <0.05 

Li 1.081 ± 0.439 0.975 ± 0.305 NS 1.307 ± 0.265 0.973 ± 0.213 NS 1.512 ± 0.203 0.960 ± 0.143 <0.05 

Mg 672.3 ± 115.2 461.4 ± 58.40 NS 653.4 ± 65.88 539.9 ± 44.41 NS 534.5 ± 71.34 493.7 ± 67.15 NS 

Mn 4.851 ± 1.301 5.266 ± 0.941 NS 6.421 ± 0.742 5.944 ± 0.834 NS 4.399 ± 0.709 5.324 ± 0.648 NS 

Na  259.1 ± 47.21 508.6 ± 75.38 <0.05 204.5 ± 36.36 616.8 ± 162.8 <0.05 189.1 ± 26.98 292.8 ± 41.96 <0.05 

Pb 26.72 ± 5.708 13.83 ± 2.297 <0.05 33.74 ± 3.890 15.05 ± 3.317 <0.05 27.49 ± 3.832 14.58 ± 2.873 <0.05 

Sr 97.83 ± 12.13 32.74 ± 6.296 <0.05 100.5 ± 11.10 43.04 ± 4.632 <0.05 107.8 ± 9.777 31.63 ± 3.742 <0.05 

Zn 235.9 ± 36.13 287.2 ± 44.51 NS 305.2 ± 34.17 330.5 ± 58.64 NS 235.1 ± 32.00 185.1 ± 8.632 NS 

NS = Non Significant 
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3.24  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.24.1  Gender-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 

Comparative average concentrations of selected elements (± SE) in the scalp hair 

of male and female myocardial infarction patients and counterpart healthy donors are 

displayed in Figure 27. Average scalp hair concentrations of Ca, Mg, Mn, Sr and Zn were 

significantly higher in both female donor groups compared to their respective counterpart 

male donor groups; mean levels of Cd and Pb were appreciably higher in the male donor 

groups compared to their respective counterpart female donor groups. Gender differences 

in exposure to trace elements have been reported and there is increasing evidence that 

health effects of certain elements are also manifested differently in male and female 

subjects due to differences in kinetics, mode of action, or susceptibility (Christian, 2001; 

Gandhi et al., 2004). Afridi et al., (2011c) also reported significantly higher levels of Pb 

and Cd in the scalp hair of male donors compared with the female donors. Mean levels of 

Cd, Fe, Li, Pb and Sr were comparatively higher in the scalp hair of patients irrespective 

of the gender; whereas, elevated Na level was observed in the scalp hair of controls. 
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Figure 27.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of myocardial infarction patients and healthy donors 



Results and Discussion 

103 

Accumulation of trace and toxic elements in the scalp hair of patients revealed 

their crucial role in the onset of disease (Bagchi, 1995; Korick et al., 1999; Devasagayam 

et al., 2004). In addition, the average concentrations of Ca, Mg, Mn, Na, Sr and Zn were 

markedly higher in female patients compared with the male patients, while Co, Cr and Li 

exhibited appreciably higher mean levels in the scalp hair of male patients and female 

healthy donors.  

 

3.24.2  Abode-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 

The habitat-based disparities in average elemental concentrations (± SE) in the 

scalp hair of myocardial infarction patients and healthy donors are shown in Figure 28. 

Average levels of Cu and Fe were marginally higher in the scalp hair of urban donor 

groups compared to their respective counterpart rural donor groups, while Li was 

moderately higher in the rural donor groups compared to their respective counterpart 

urban donor groups. Some of the elements (Ca, Cd, K, Mg, Na, Pb and Sr) revealed almost 

equivalent mean levels in both urban and rural patients, nonetheless, average level of Cr 

was more or less comparable in both healthy donor groups.  
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Figure 28.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of myocardial infarction patients and healthy donors 
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Average concentrations of Co, Cr, Cu and Fe were found to be appreciably higher 

in the scalp hair of urban patients compared with the rural patients, while mean levels of 

Li, Mn and Zn were observed to be considerably higher in the scalp hair of rural patients. 

Moreover, average levels of Cd, Cu, Fe, Mn, Na and Zn were measured at considerably 

higher levels in the scalp hair of urban healthy donors compared with the rural healthy 

donors. Furthermore, Co showed appreciably elevated mean levels in the scalp hair of 

urban patients and rural controls, whereas, comparatively higher levels of Mn and Zn were 

observed in the scalp hair of rural patients and urban healthy donors (Figure 28). 

Consequently, diverse variations in the elemental levels for two groups from urban and 

rural locations evidenced the influence of habitat on the imbalances of the elements in the 

scalp hair of the subjects. 

 

3.24.3  Dietary-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 

Comparative assessment of mean elemental levels (± SE) in the scalp hair of 

myocardial infarction patients and healthy donors with vegetarian and non-vegetarian food 

habits is presented in Figure 29. Comparatively higher concentrations of Ca, Co and K 

were found in the scalp hair of both patients and controls with non-vegetarian food habits, 

whereas the counterpart donors with vegetarian food habits exhibited elevated levels of Pb 

and Sr in their scalp hair. Numerous studies reported the association between the 

nutritional behaviour and trace element variations in the biological samples (Qayyum and 

Shah, 2014; Gibson et al., 1983). Most of the elements (Ca, Cd, Co, Fe, K, Li, Mg, Pb and 

Sr) exhibited a similar pattern: moderately elevated levels were noted in the scalp hair of 

vegetarian and non-vegetarian patients compared with vegetarian and non-vegetarian 

healthy donors, respectively. Average levels of Zn and Fe were found to be moderately 

higher in the scalp hair of vegetarian patients in comparison with non-vegetarian patients, 

while mean levels of Mg, Na, Pb and Sr were observed to be more or less comparable in 

the hair tissues of patients irrespective of the food habits. In case of healthy donors, 

average concentrations of Cd, Cr, Li, Pb and Sr were markedly higher in the scalp hair of 

vegetarian donors, while the rest of the elements (except Cu, Mg and Mn) revealed 

appreciable increase in the scalp hair of non-vegetarian donors. Srikant and Reddy (1990) 

reported elevated levels of Pb, Cd and Cr in the vegetables which were irrigated with 

sewage water in India and believed to be responsible for higher elemental levels in the 

vegetarian subjects (Srikumar et al., 1992b). Some of the elements (Cd, Cr and Li) showed 



Results and Discussion 

105 

appreciable increase in the hair tissues of non-vegetarian patients and vegetarian controls 

compared to their respective counterpart donors (Figure 29).  
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Figure 29.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of myocardial infarction patients and healthy donors 

 

3.24.4  Smoking-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 

Average levels (± SE) of selected elements in the scalp hair of myocardial 

infarction patients with non-smoking and smoking habits in comparison with their 

counterpart healthy donors are illustrated in Figure 30. Mean levels of Cr and Li were 

noted to be markedly higher in the scalp hair of smoking patients compared with the non-

smoking patients, whereas in the scalp hair of non-smoking patients mean contents of Ca, 

Cu, Fe, Mg, Na, Sr and Zn were observed to be appreciably higher. However, mean levels 

of Cd, Co, K, Mn and Pb exhibited almost equivalent contribution in the scalp hair of 

smoking and non-smoking patients. Comparative proportions of essential elements in the 

scalp hair of non-smoking patients were relatively higher while some toxic elements 

showed significant increase in the scalp hair of patients with smoking habits. 

Consequently, elemental distribution was significantly affected by the smoking habits 

(Afridi et al., 2011b; Bashar and Mitra, 2004; Bernhard et al., 2006). Average levels of 

some trace elements (Cd, Co, Cr and Pb) along with Fe were found to be noticeably higher 
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in the scalp hair of smoking healthy donors, while rest of the elements (except Cu) 

revealed considerable increase in the scalp hair of controls with non-smoking habits. 

Almost similar findings were reported in other clinical studies (Wolfsperger et al., 1994; 

Kazi et al., 2009; Bernhard et al., 2005). The comparative evaluation of trace elements in 

the scalp hair of smoking/non-smoking patients and controls indicated that Cr 

concentration was higher in smoking subjects, while essential elements (Ca, Mg, Na and 

Zn) were significantly higher in non-smoking subjects. In addition, Fe manifested elevated 

levels in the scalp hair of non-smoking patients and smoking healthy donors compared to 

their respective counterpart smoking patients and non-smoking healthy donors, while 

higher Li levels were found in smoking patients and non-smoking healthy donors 

compared to their respective non-smoking patients and smoking healthy donors.  
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Figure 30.  Smoking-based comparison of mean levels (µg/g ± SE) of selected 

elements in the scalp hair of myocardial infarction patients and healthy 

donors 

 

3.24.5  Occupation-Based Comparison of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients and Healthy Donors 

Average selected elemental levels (± SE) in the scalp hair of indoor and outdoor 

myocardial infarction patients in comparison with matching healthy donors are portrayed 

as bar graphs in Figure 31. Statistically significant differences between indoor and outdoor 

patients were observed for most of the elements; average concentrations of Cd, Co, Cr, Li 
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and Pb were relatively higher in the scalp hair of outdoor patients, whereas Fe, K, Sr and 

Zn exhibited almost equivalent levels in both donor groups of the patients. Scrutiny of the 

data indicated an important point: most of the toxic elements exhibited higher 

contributions in the hair tissues of outdoor patients mainly because of their prolonged 

environmental exposure. In case of healthy donors, only Pb revealed significantly higher 

level in the scalp hair of outdoor donors in comparison with indoor donors, while average 

concentrations of Cd, Co and Fe exhibited more or less comparable contributions in the 

scalp hair of controls irrespective of the nature of work. Mean contents of Ca, Cu, Mg, Mn 

and Na were markedly higher in the scalp hair of indoor patients/controls in comparison 

with outdoor patients/controls. Relatively higher mean levels of Cr and Li were observed 

in the scalp hair of outdoor patients and indoor healthy donors compared to that of indoor 

patients and outdoor healthy donors, respectively. Overall, average levels of Ca, Cd, Co, 

Cr, Fe, Li, Pb and Sr revealed significantly higher contributions in the scalp hair of indoor 

and outdoor patients compared with the indoor and outdoor controls, respectively. Most of 

the toxic and redox-elements depicted appreciable increase in the scalp hair of MI patients 

which might be considered as a major factor in the progression of cardiovascular disease 

as reported by other researchers (Afridi et al., 2010a; Jomova and Valko, 2011; Navas-

Acien et al., 2007).  
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Figure 31.  Occupation-based comparison of mean levels (µg/g ± SE) of selected 

elements in the scalp hair of myocardial infarction patients and healthy 

donors 
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3.25  Correlation Study of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients 
The correlation coefficient matrix pertaining to the elemental levels in the scalp 

hair samples of myocardial infarction patients is provided in Table 22. In this study, 

statistically significant and strong correlations were found between the following element 

pairs: Ca-Mg, Sr-Ca, Cu-K, Cu-Sr, Zn-Mg, Mg-Sr, K-Sr, Ca-Mn, Ca-Cu, Ca-Zn, Ca-K, 

Ca-Na, Cd-Pb, Mg-Na and Cu-Mn (0.900 < r > 0.500). Some significant relationships 

were observed for Co-Cu, Sr-Zn, Pb-Sr, Cd-Co, Co-Mn, Mn-Sr, K-Mn, K-Pb and Co-Pb 

(0.500 < r > 0.450). Some of the elements exhibited weak positive or negative 

relationships, which showed slight uptake or depletion of these elements. Among the 

selected elements, Fe, Cr and Li were not significantly correlated with any other element, 

thus indicating their independent variations in the scalp hair of MI patients. The 

correlation study revealed the unique behaviour of Sr and Ca which showed strong and 

significant correlations with most of the essential and trace elements: Ca-Mg (r = 0.831), 

Ca-Sr (r = 0.786), Cu-Sr (r = 0.681), Mg-Sr (r = 0.648), K-Sr (r = 0.579), Ca-Mn (r = 

0.576), Ca-Cu (r = 0.570), Ca-Zn (r = 0.568), Ca-K (r = 0.564), Ca-Na (r = 0.548), Sr-Zn 

(r = 0.488) and Mn-Sr (r = 0.479). Several epidemiological studies reported the crucial 

role of Ca and Sr in the development of cardiovascular disease (Montalcini et al., 2013; 

Mercado and Jaimes, 2007). In addition, strong and significant positive correlation of Cu 

and Mn (r = 0.506) and, Co and Mn (r = 0.480) demonstrated their crucial roles in the 

regulation of cardiovascular metabolism which have been previously reported in the 

literature (Omar et al., 1990; Jones et al., 2003; Clyne et al., 2001). Age of the patients 

showed insignificant positive and negative correlations with the elements. The correlation 

study manifested mutual variations among the selected elements in the scalp hair of MI 

patients, which would be further explored by multivariate methods. 

 

3.26  Correlation Study of the Elemental Levels in Scalp Hair of Healthy 

Donors 
The data on element-to-element correlations in the scalp hair samples of healthy 

donors are shown in Table 23, wherein the significant r-values are displayed in bold (p < 

0.05). Very strong correlations were noted between the following pairs: Na-K (r = 0.830), 

Ca-K (r = 0.720), Zn-K (r = 0.658), Ca-Mg (r = 0.628), Mg-Sr (r = 0.605), Na-Zn (r = 

0.572), Cr-Pb (r = 0.567) and Ca-Na (r = 0.513).  
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Table 22.  Correlation coefficient matrix of selected elemental levels in the scalp hair of myocardial infarction patients 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.083 1.000              

Cd 0.252 0.193 1.000             

Co 0.146 0.327 0.482 1.000            

Cr 0.137 0.017 0.229 0.240 1.000           

Cu 0.037 0.570 0.330 0.494 0.371 1.000          

Fe 0.032 0.065 0.178 0.142 0.420 0.386 1.000         

K 0.002 0.564 0.160 0.344 0.259 0.707 0.125 1.000        

Li 0.158 0.154 0.267 0.346 0.342 0.139 0.281 0.263 1.000       

Mg -0.119 0.831 0.128 0.247 -0.294 0.377 -0.146 0.301 -0.007 1.000      

Mn -0.138 0.576 0.334 0.480 0.294 0.506 0.302 0.469 0.380 0.443 1.000     

Na  -0.058 0.548 -0.088 -0.008 -0.158 0.428 0.034 0.438 0.005 0.537 0.216 1.000    

Pb -0.097 0.288 0.540 0.451 0.206 0.416 0.170 0.452 0.336 0.133 0.395 -0.004 1.000   

Sr 0.003 0.786 0.311 0.277 0.212 0.681 0.286 0.579 0.136 0.648 0.479 0.376 0.488 1.000  

Zn -0.035 0.568 0.230 0.146 -0.191 0.071 -0.069 0.138 0.053 0.673 0.327 0.283 0.260 0.492 1.000 

Bold r-values are significant at p < 0.05 
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Table 23.  Correlation coefficient matrix of selected elemental levels in the scalp hair of healthy donors 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca 0.000 1.000              

Cd 0.150 0.042 1.000             

Co 0.104 0.119 0.113 1.000            

Cr 0.117 -0.202 0.273 0.288 1.000           

Cu -0.141 0.167 -0.074 0.107 0.198 1.000          

Fe 0.104 0.112 0.278 0.362 0.141 0.364 1.000         

K -0.135 0.720 -0.123 0.147 -0.132 0.115 0.086 1.000        

Li 0.060 -0.127 0.196 -0.120 0.319 0.315 0.086 -0.118 1.000       

Mg 0.055 0.628 0.096 0.250 0.092 0.248 0.050 0.364 -0.096 1.000      

Mn 0.031 -0.110 0.081 -0.010 0.282 0.033 0.009 -0.017 0.267 0.263 1.000     

Na  -0.164 0.513 -0.199 -0.144 -0.325 0.097 0.114 0.830 -0.364 0.306 0.105 1.000    

Pb 0.026 -0.045 0.478 0.357 0.567 0.023 0.174 -0.160 0.010 -0.022 -0.013 -0.216 1.000   

Sr -0.097 0.339 0.273 0.237 0.299 0.147 0.018 0.098 0.026 0.605 0.240 -0.015 0.254 1.000  

Zn -0.269 0.495 -0.210 0.019 -0.143 0.131 0.060 0.658 -0.275 0.138 0.061 0.572 -0.076 0.085 1.000 

Bold r-values are significant at p < 0.05 
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One of the important findings of the correlation study was that only essential 

elements displayed strong mutual associations in the scalp hair of controls and no 

significant interferences by toxic elements were observed. Few other significant 

correlations were also observed in the scalp hair of healthy donors: Ca-Zn (r = 0.495) and 

Cd-Pb (r = 0.478). All other element pairs indicated very weak positive or negative 

relationships (Table 23). It may be concluded from the above study that the essential 

elements were contributed by common sources in healthy donors. Some of the elements 

(Co, Cu, Fe, Li and Mn) exhibited insignificant correlations with other elements and, 

therefore, revealed independent variations in their concentrations. Interestingly, Fe and Li 

showed independent variations in the scalp hair of MI patients as well as in that of healthy 

donors, which pointed out their critical role in body metabolism. Overall, the correlation 

behaviour of the elements in the scalp hair of healthy donors was diverse compared with 

the MI patients; it may be attributed to the disproportions of the nutrients and trace 

elements in the patients. 

 

 

3.27  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Myocardial Infarction Patients 
The principal component analysis (PCA) of selected elements in the scalp hair of 

myocardial infarction patients extracted by varimax-normalized rotation on the data-set is 

presented in Table 24. The corresponding cluster analysis (CA) based on Ward’s method 

is shown in Figure 32. Four principal components (PCs) were extracted with eigen values 

greater than unity, cumulatively explaining more than 76% of total variance of data-set for 

this group of donors. The CA of the element data pertaining to the scalp hair of MI 

patients exhibited strong clusters for Ca-Mg-Sr-Mn, K-Na, Cd-Zn, Cr-Li, Co-Fe and Cu-

Pb. PC 1 revealed higher loadings for Ca, Cu, K, Mg, Na and Sr, which were contributed 

by the nutritional habits of the donors and regulated by the internal body metabolism. 

These elements also demonstrated strong and significant correlations in the 

aforementioned correlation study of the patients, hence, these elements played a crucial 

role in the disease. Similarly, PC 2 showed dominant loadings for Co, Fe and Pb, which 

may be attributed to the anthropogenic pollutants and the CA results verified the PCA 

findings. The third PC manifested elevated loadings of Cr and Li, with a similar strong 

cluster in the CA. This group mostly originated from dietary habits of the donors 
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(Anderson et al., 1992; Neilsen, 1998). The last PC revealed maximum loadings for Cd, 

Mn and Zn, while in CA one of the clusters was composed of Cd and Zn. It has been 

reported that Cd is one of the cardiac toxic elements as it may damage the endothelium 

cells in the heart as well as increase the oxidative stress of the body. On the other hand, Zn 

is a well-known antioxidant and necessary for the sustenance of life (Stohs et al., 1997; 

Dickel et al., 2002; Henning et al., 1999; Prasad et al., 2004; Jomova and Valko, 2011). 

Similarly, Afridi et al., (2011b) reported the role of Cd and Zn in the development and 

prevention of cardiovascular disease, respectively. 

 

 

Table 24.  Principal component analysis for selected elemental levels in the scalp hair 

samples of myocardial infarction patients 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 4.962 2.474 1.720 1.486 

Total Variance (%) 35.44 17.67 12.28 10.62 

Cumulative Eigen value 4.962 7.436 9.156 10.64 

Cumulative Variance (%) 35.44 53.11 65.40 76.01 

Ca 0.806 0.060 -0.068 0.484 

Cd -0.252 0.200 0.116 0.690 

Co 0.162 0.720 -0.108 0.165 

Cr -0.132 0.319 0.819 0.144 

Cu 0.581 0.577 0.140 -0.096 

Fe -0.182 0.898 0.219 0.012 

K 0.740 0.341 0.174 -0.054 

Li 0.198 -0.040 0.926 0.035 

Mg 0.861 -0.036 -0.167 0.347 

Mn 0.280 0.406 -0.275 0.607 

Na 0.843 -0.075 0.118 -0.213 

Pb 0.189 0.699 0.168 0.264 

Sr 0.648 0.356 -0.058 0.464 

Zn 0.322 -0.044 0.266 0.812 
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Figure 32.  Cluster analysis of selected elemental levels in the scalp hair samples of 

myocardial infarction patients 

 

3.28  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Healthy Donors 
The principal component analysis extracted by varimax-normalized rotation on the 

elemental data in the scalp hair of healthy donors is given in Table 25. The PCA yielded 

four PCs with eigen values > 1, commutatively containing more than 80% of the total 

variance of data. The cluster analysis of the element data pertaining to the scalp hair of 

controls is presented in the form of a dendrogram in Figure 33. The data revealed very 

strong clusters for Ca-Sr, Zn-Mn-Mg, K-Na, Cd-Li, Co-Pb-Fe and Cr-Cu.  
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Figure 33.  Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 
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Table 25.  Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 4.587 2.811 2.224 1.618 

Total Variance (%) 32.77 20.08 15.89 11.56 

Cumulative Eigen value 4.587 7.398 9.623 11.24 

Cumulative Variance (%) 32.77 52.84 68.73 80.29 

Ca -0.202 0.978 -0.007 0.018 

Cd -0.183 -0.076 0.771 -0.414 

Co 0.895 -0.149 0.108 -0.165 

Cr 0.784 -0.205 0.099 0.248 

Cu 0.309 -0.415 0.361 0.617 

Fe 0.724 -0.095 -0.577 -0.201 

K 0.070 -0.370 -0.326 0.495 

Li -0.128 0.229 -0.070 0.836 

Mg -0.159 0.670 0.550 -0.016 

Mn 0.488 0.563 0.534 -0.019 

Na 0.576 0.148 -0.435 0.624 

Pb 0.858 -0.039 -0.255 0.184 

Sr -0.069 0.826 0.092 0.052 

Zn 0.022 0.261 0.862 0.011 

 

 

The first two clusters were believed to be associated with the nutritional habits of 

the donors, while clusters four and five indicated the environmental pollution exposure of 

the donor group. The third cluster is the representation of body electrolytes and the last 

cluster may be controlled by the internal body metabolism (Skulan et al., 2007; Skoryna, 

1981b; Manzoor et al., 2012; Hu et al., 2012; Boyle and Roth, 2012; Ali et al., 2010; 

Lutsenko, 2010). In the case of the healthy donors, PC 1 showed maximum loadings for 

Co, Cr, Fe and Pb, whereas Ca, Mg, Mn and Sr dominantly contributed to PC 2. Thus 

PCA revealed that these elements in the scalp hair of controls have different 

apportionment compared with the MI patients, probably due to the difference in the 

bioaccumulation and metabolism in the body. For healthy donors, PC 3 indicated elevated 
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loadings for Cd and Zn, while Cu, K, Li and Na were the significant representatives of the 

last PC. Overall, PCA and CA showed significantly diverse associations of the elements in 

the scalp hair of MI patients and controls.  

 

 

3.29  Distribution of the Elemental Levels in Blood of Myocardial 

Infarction Patients 
Average concentrations (µg/g) of selected elements along with the basic statistical 

parameters pertaining to the distribution of these elements in the blood of myocardial 

infarction patients (n = 100) are furnished in Table 26. Most of the elements exhibited a 

broad range of concentrations as given by their minimum and maximum levels. Dominant 

mean levels were found for Na (1658 µg/g) and K (1507 µg/g), followed by Fe (408.9 

µg/g), Ca (85.75 µg/g) and Mg (35.51 µg/g). Relatively lower levels were noted for Pb 

(8.868 µg/g), Zn (7.968 µg/g), Co (7.006 µg/g), Cr (4.286 µg/g), Cu (2.401 µg/g), Mn 

(1.800 µg/g) and Sr (1.493 µg/g), while lowest mean concentrations were observed for Cd 

and Li in the blood of MI patients. Overall, average concentrations of the elements in the 

blood of patients revealed the following order; Na > K > Fe > Ca > Mg > Pb > Zn > Co > 

Cr > Cu > Mn > Sr > Cd > Li. An almost similar trend in the elemental levels was reported 

by Suliburska et al., (2011) in CVD patients. Most of the elements (K, Na, Fe, Ca and Mg) 

exhibited appreciable randomness in their distribution pattern as manifested by large SD 

and SE values on one hand and markedly dissimilar mean and median levels, on the other 

hand. Some of the elements (Cd, Li and Sr) displayed a relatively normal distribution 

pattern supported by comparatively low SD and SE values. Large skewness values for Ca, 

Cr, Li and Mg showed predominantly asymmetrical distribution in the blood of patients.  

The quartile distribution of selected elements in the blood of myocardial infarction 

patients is portrayed in Figure 34. As shown in the Figure, very narrow distribution was 

observed for Na, K and Fe, followed by Mg and Zn. However, rest of the elements 

manifested broad and moderately symmetrical distribution patterns in the blood of MI 

patients. Predominantly asymmetrical distribution was recorded for Cu, Ca and Co while 

Li, Mn and Sr indicated somewhat symmetrical distribution in the blood of the patients.  
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Table 26.  Statistical distribution parameters for the concentrations (µg/g, wet weight) of 

selected elements in the blood of myocardial infarction patients (n = 100) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 25.60 227.2 85.75 52.35 57.75 5.775 1.086 -0.254 

Cd 0.110 1.977 0.993 1.009 0.483 0.050 0.041 -0.790 

Co 0.284 19.89 7.006 7.283 4.409 0.473 0.574 0.157 

Cr 0.282 13.89 4.286 4.138 2.745 0.277 1.033 1.609 

Cu 0.103 4.680 2.401 2.595 1.087 0.109 -0.389 -0.749 

Fe 227.7 648.9 408.9 405.0 92.16 9.216 0.218 -0.461 

K 1029 2244 1507 1487 244.7 24.47 0.519 0.033 

Li 0.101 1.763 0.528 0.426 0.386 0.040 1.230 1.175 

Mg 19.99 85.90 35.51 32.87 9.712 0.971 2.508 9.589 

Mn 0.175 4.534 1.800 1.680 1.122 0.118 0.438 -0.694 

Na  1348 2118 1658 1639 164.3 16.43 0.458 -0.066 

Pb 0.295 21.41 8.868 7.654 5.903 0.637 0.510 -0.791 

Sr 0.121 3.992 1.493 1.237 0.997 0.105 0.762 -0.223 

Zn 2.920 11.88 7.968 8.093 1.831 0.183 -0.171 -0.269 
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Figure 34.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

myocardial infarction patients 
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3.30  Distribution of the Elemental Levels in Blood of Healthy Donors 
Distribution of selected elemental levels (µg/g) in the blood of healthy 

donors/controls (n = 100) as revealed by basic statistical parameters is shown in Table 27. 

Most of the elements exhibited variations by several orders of magnitude in their 

minimum and maximum levels. On the average, predominantly higher concentration was 

noted for Na (1110 µg/g), followed by K (749.4 µg/g), Fe (347.2 µg/g), Ca (111.5 µg/g) 

and Mg (38.42 µg/g). Relatively lower average levels were found for Zn (6.102 µg/g), Pb 

(4.115 µg/g), Co (1.941 µg/g), Cu (1.818 µg/g), Cr (1.159 µg/g), Sr (1.068 µg/g), Mn 

(0.519 µg/g), Cd (0.444 µg/g) and Li (0.300 µg/g) in the blood of controls. Healthy donors 

revealed the following order in mean concentrations of the elements; Na > K > Fe > Ca > 

Mg > Zn > Pb > Co > Cu > Cr > Sr > Mn > Cd > Li. The decreasing trend was slightly 

different compared with the trend demonstrated by myocardial infarction patients. 

However, similar trend in elemental levels was reported by Saghir et al., (2011). Some of 

the elements (Ca, Fe, K, Mg and Na) indicated relatively non-Gaussian distribution pattern 

in their concentrations duly evidenced by significantly higher SD and SE values. 

Nevertheless, some elements showed relatively small dispersion in their concentrations as 

manifested by comparatively low SD and SE values. Among the selected elements, Ca, 

Cd, Co, Fe, Mg, Mn, Na and Pb gave somewhat asymmetrical distribution in their 

concentrations as revealed by large skewness and kurtosis values.  
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Figure 35.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 
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Table 27.  Statistical distribution parameters for the concentrations (µg/g, wet 

weight) of selected elements in the blood of healthy donors (n = 100) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 30.31 395.1 111.5 60.76 89.98 8.998 1.457 1.330 

Cd 0.078 1.299 0.444 0.373 0.296 0.030 1.206 0.977 

Co 0.127 8.538 1.941 1.187 1.703 0.176 1.664 2.582 

Cr 0.091 2.740 1.159 1.188 0.708 0.073 0.198 -1.062 

Cu 0.212 4.839 1.818 1.452 1.069 0.107 0.824 -0.029 

Fe 143.3 687.5 347.2 341.2 97.76 9.776 1.079 2.594 

K 298.5 1184 749.4 761.9 272.8 27.28 -0.165 -1.438 

Li 0.111 0.631 0.300 0.314 0.148 0.022 0.418 -0.618 

Mg 13.49 85.58 38.42 35.68 14.76 1.476 1.201 2.170 

Mn 0.057 2.303 0.519 0.432 0.374 0.038 1.423 3.974 

Na  637.0 2740 1110 817.0 501.3 50.13 1.339 1.178 

Pb 0.286 14.75 4.115 2.992 3.708 0.395 1.369 1.150 

Sr 0.254 2.834 1.068 0.840 0.779 0.132 1.105 0.217 

Zn 1.804 11.15 6.102 6.116 1.947 0.195 -0.181 -0.249 

 

The quartile distribution of selected elements in the blood of healthy donors in the 

form of box–whisker plot is presented in Figure 35. Most of the elements showed 

relatively random and asymmetric distribution in the blood of healthy donors. Very narrow 

distribution with overlapping of lower and upper quartiles was observed for Fe, Mg and 

Zn. However, relatively broad distribution was demonstrated by Co, Pb, Mn, Cr and Cu 

while rather asymmetric distribution was noted for Li, Na and K. More or less 

symmetrical distribution was observed for Mn, Pb, Cd and Sr. Similar findings were 

reported in another study (Saghir et al., 2011). 

 

 

3.31  Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors  
Average levels of selected elements (± SE) in the blood of myocardial infarction 

patients and healthy donors are shown in Figure 36, for comparative evaluation. Two-

tailed Student’s t-test (p < 0.05) of the data showed that there were significant disparities 
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among the selected elements in the blood of patients and controls. Mean levels of Cd, Co, 

Cr, Cu, Fe, K, Li, Mn, Na, Pb, Sr and Zn were found to be significantly higher in the blood 

of patients, while, average level of Ca was observed to be significantly elevated in the 

blood of normal subjects. Among the selected elements, Mg revealed almost equivalent 

mean level in both donor groups. One of the interesting features of the comparative study 

was that the toxic elemental levels were noticeably higher in the blood of MI patients, 

which indicated the adverse effects of these elements on the normal metabolic activities as 

reported in earlier studies (Ferns et al., 1997; Iskra et al., 1993; Krachler et al., 1997; 

Messner et al., 2009; Oster et al., 1989). Similarly, Afridi et al., (2011d) and Kazi et al., 

(2008a) reported significantly elevated levels of some elements in the biological samples 

of MI patients in comparison with healthy donors. 
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Figure 36. Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

myocardial infarction patients and healthy donors 

 

Comparative average concentrations of selected elements (± SE) in the blood of 

myocardial infarction patients and healthy donors based on different age groups are shown 

in Table 28. Mean concentrations of Cd, Co, Cr, K, Mn, Na, Pb and Zn for all age groups 

of the patients were significantly higher than those of the counterpart healthy donors (p < 

0.05), while mean levels of Ca and Mg demonstrated no significant differences in all age 

groups of both subjects.  
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Table 28.  Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the blood of MI patients and controls based on 

their age groups 

Age ≤40 41-50 ≥51 

  MI Patients Controls p-values MI Patients Controls p-values MI Patients Controls p-values 

Ca 75.83 ± 9.914 114.7 ± 16.51 NS 84.07 ± 10.21 149.6 ± 24.87 NS 90.23 ± 8.867 96.07 ± 11.21 NS 

Cd 1.154 ± 0.109 0.360 ± 0.054 <0.05 1.023 ± 0.079 0.492 ± 0.077 <0.05 0.929 ± 0.078 0.463 ± 0.041 <0.05 

Co 7.057 ± 0.903 2.270 ± 0.310 <0.05 7.359 ± 0.957 2.306 ± 0.544 <0.05 6.786 ± 0.672 1.659 ± 0.201 <0.05 

Cr 3.863 ± 0.469 1.067 ± 0.158 <0.05 4.228 ± 0.475 1.216 ± 0.151 <0.05 4.452 ± 0.433 1.191 ± 0.099 <0.05 

Cu 2.879 ± 0.142 1.753 ± 0.203 <0.05 2.119 ± 0.189 1.567 ± 0.203 <0.05 2.389 ± 0.167 1.948 ± 0.156 NS 

Fe 426.2 ± 24.83 357.8 ± 18.65 <0.05 405.6 ± 18.08 365.0 ± 27.28 NS 406.4 ± 11.47 335.8 ± 12.38 <0.05 

K 1537 ± 63.55 860.7 ± 40.73 <0.05 1508 ± 46.82 614.5 ± 59.92 <0.05 1499 ± 31.80 755.2 ± 38.21 <0.05 

Li 0.605 ± 0.094 0.240 ± 0.048 <0.05 0.569 ± 0.066 0.218 ± 0.073 <0.05 0.473 ± 0.060 0.346 ± 0.023 NS 

Mg 34.02 ± 1.192 42.00 ± 1.958 NS 37.17 ± 2.191 44.60 ± 5.236 NS 35.06 ± 1.296 34.72 ± 1.555 NS 

Mn 1.551 ± 0.259 0.485 ± 0.064 <0.05 1.629 ± 0.189 0.281 ± 0.035 <0.05 2.004 ± 0.177 0.627 ± 0.059 <0.05 

Na  1650 ± 42.15 1258 ± 146.2 <0.05 1664 ± 34.33 1040 ± 77.13 <0.05 1659 ± 19.78 1069 ± 58.30 <0.05 

Pb 9.560 ± 1.226 5.227 ± 0.698 <0.05 6.928 ± 0.884 2.963 ± 0.728 <0.05 10.04 ± 1.042 4.097 ± 0.597 <0.05 

Sr 1.344 ± 0.242 0.984 ± 0.269 NS 1.325 ± 0.178 1.486 ± 0.162 NS 1.636 ± 0.152 0.955 ± 0.191 <0.05 

Zn 8.400 ± 0.375 6.386 ± 0.410 <0.05 8.040 ± 0.325 5.828 ± 0.413 <0.05 7.790 ± 0.270 6.106 ± 0.267 <0.05 

NS = Non Significant 
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Mean levels of Cu and Li in the blood of patients for age groups ≤40 years and 41-

50 years were significantly higher than matching age groups of the healthy donors. 

Likewise, average concentrations of Fe in the blood of the patients for age group ≤40 

years and ≥51 years along with Sr level for age group ≥51 years were significantly higher 

than the matching healthy donors (Table 28). The comparative study, thus, indicated 

significant variations in the elemental levels with the age of both MI patients and healthy 

donors.  

 

3.32  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.32.1  Gender-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 

The average elemental levels (± SE) in the blood of female and male myocardial 

infarction patients in comparison with their counterpart healthy subjects are displayed in 

Figure 37. Average levels of Ca and Mn were found to be marginally higher in the blood 

of male donors while Co, Pb and Sr were moderately higher in the blood of female donors 

of both groups. Average concentrations of Ca, Li, Mn and Zn were noted to be 

significantly higher in the blood of male patients compared to the female patients and the 

opposite trend was observed for Co, Na, Pb and Sr in the blood of patients. However, 

average contents of Cd, Cr, Cu, Fe, K and Mg were almost comparable in both patient 

donor groups. Some other clinical studies also reported almost comparable levels of Cd, 

Cr and Cu in the blood of male and female cardiovascular disease patients (Lind et al., 

2012a; Olsén et al., 2012). Likewise, mean contents of Cd, Co, Cr, Cu, K, Pb, Sr and Zn 

were significantly higher in female healthy donors compared to male healthy donors, 

whereas average concentrations of Fe, Li, Mg and Na were more or less comparable in 

both male and female healthy donors. Pasha et al., (2008a) also reported almost similar 

results in the blood plasma of male and female healthy donors. One of the noticeable 

finding of gender-based comparison revealed that the mean level of Mg was almost 

comparable in all four-donor groups, which highlighted its important role in the normal 

metabolism. The critical role of Mg in biological systems has been elaborated in many 

studies (Vormann, 2003; Musso, 2009). Among the selected elements, Zn exhibited 

appreciably higher mean levels in the blood of male patients and female healthy donors 

compared to that of female patients and male healthy donors, respectively.  
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Figure 37.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of myocardial infarction patients and healthy donors 

 

3.32.2  Abode-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 

The residence-based disparities in average elemental levels (± SE) in the blood of 

myocardial infarction patients and healthy donors are displayed in Figure 38. Average 

levels of Cd, Co and Pb were appreciably higher in the blood of both rural subjects, while 

Mn was found at considerably higher levels in the blood of urban subjects of both donor 

groups. Mean concentrations of Cr, Cu, Fe, Mg, K, Na and Zn revealed more or less 

comparable levels in the blood of urban and rural patients, while rest of the elements 

(except Mn) showed markedly higher average concentrations in the blood of rural patients 

compared to the urban patients. Similar findings were reported by Singh et al., (1997) in 

the blood of urban and rural patients. Likewise, mean levels of Mn and Na levels in the 

blood of urban controls were found to be marginally higher than the rural controls, while 

Ca, Fe, Li, Mg, Sr and Zn indicated almost comparable levels in the blood of urban and 

rural controls. Residence-based comparative evaluation depicted approximately equivalent 

mean levels of Mg in the blood of all four donor groups, which highlighted the important 

role of Mg in normal metabolism as reported earlier (Vormann, 2003; Musso, 2009). Most 

of the toxic and trace elements manifested elevated levels in the blood of urban/rural 

patients compared to the urban/rural healthy donors. These elements were believed to play 
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a crucial role in the development of atherosclerosis, which is considered as the hallmark of 

myocardial infarction by several epidemiological studies (Cebi et al., 2011; Kazi et al., 

2008a; Jomova and Valko, 2011; Olsén et al., 2012). Thus, some noticeable variations in 

the elemental levels of the two groups from urban and rural locations evidenced the 

imbalances of these elements in the blood of myocardial infarction patients. 
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Figure 38.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of myocardial infarction patients and healthy donors 

 

3.32.3  Dietary-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 

Comparative evaluation of mean levels (± SE) of selected elements in the blood of 

myocardial infarction patients and healthy donors with vegetarian and non-vegetarian food 

habits is presented as bar graphs in Figure 39. Average levels of Co and Cu were found to 

be significantly higher in the blood of vegetarian patients compared to the non-vegetarian 

patients, whereas mean levels of Cd, Cr, Mn, Pb and Sr were marginally higher in the 

blood of patients with non-vegetarian food habits. Nevertheless, more or less comparable 

mean levels were noticed for rest of the elements in the blood of both patient groups. In 

the case of the healthy donors, mean content of Zn was determined at marginally higher 

levels in the blood of vegetarian controls, while, Ca, Cr, Cu, Fe, Li, Mg and Pb indicated 

appreciable increase in the blood of non-vegetarian controls. Nonetheless, some of the 
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elements (Cd, Co, K, Mn, Na and Sr) exhibited almost equivalent average levels in both 

healthy donor groups. Raghunath et al., (2006) reported a similar trend of the elements in 

vegetarian/non-vegetarian subjects. Most of the selected elements (except Ca and Mg) 

depicted relatively elevated mean levels in the blood of vegetarian and non-vegetarian 

patients compared with the vegetarian and non-vegetarian healthy donors, respectively. 

The significant increase in trace and toxic elemental levels in the blood of MI patients 

manifested their adverse role in the development of CVD by promoting the oxidative 

stress and atherosclerosis (Jomova and Valko, 2011; Messner et al., 2009; Seghizzi et al., 

1994). Average level of Cu exhibited significant increase in the blood of vegetarian 

patients and non-vegetarian healthy donors. In conclusion, the dietary habits can influence 

the elemental levels in human body as reported in several past studies (Majewski, 2014; 

Qayyum and Shah, 2014; Sukumar and Subramanian, 2007). 
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Figure 39.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of myocardial infarction patients and healthy donors 

 

3.32.4  Smoking-Based Comparison of the Elemental Levels in Blood of Myocardial 

Infarction Patients and Healthy Donors 

Average selected elemental levels (± SE) in the blood of myocardial infarction 

patients with non-smoking and smoking habits in comparison with their counterpart 

healthy donors are given in Figure 40. Mean levels of Cr, Cu, Li, Sr and Zn were noted to 
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be considerably higher in the blood of smoking patients compared with the non-smoking 

patients. Similar findings were reported in several earlier studies (Kazi et al., 2009; 

Bernhard et al., 2006; Stack and Murthy 2010; Bashar and Mitra, 2004; Afridi et al., 

2010b; 2011b). Nevertheless, mean contents of Ca, Cd, Co, Fe, Mg, Mn and Pb exhibited 

almost equivalent contributions in both groups of MI patients. In case of healthy donors, 

average levels of Ca, Mg and Na were found to be noticeably higher in the blood of 

smoking donors compared with the non-smoking donors, while the mean levels of rest of 

the elements (except Fe) were marginally higher in the blood of non-smoking controls. 

Some of the studies reported comparable levels for Fe but lower levels of Zn in smoking 

subjects compared with the non-smoking subjects (Northrop-Clewes and Thurnham, 2007; 

Kocyigit et al., 2001). Some of the elements (Cr, Cu, Li, Sr and Zn) revealed elevated 

levels in the blood of smoking patients and non-smoking healthy donors. Hence, 

incorporation of trace and toxic elements associated with the addiction of smoking in the 

body tissues and fluids may pose severe health threats to humans (Galażyn-Sidorczuk et 

al., 2008; Massadeh et al., 2005; Chiba and Masironi, 1992; Bashar and Mitra, 2004).  
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Figure 40.  Smoking-based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of myocardial infarction patients and healthy donors 

 

 



Results and Discussion 

126 

3.32.5  Occupation-Based Comparison of the Elemental Levels in Blood of 

Myocardial Infarction Patients and Healthy Donors 

Comparative evaluations of average levels (± SE) of selected elements in the blood 

of myocardial infarction patients and healthy donors based on indoor and outdoor 

occupations are portrayed as bar graphs in Figure 41. Among the selected elements, 

statistically significant differences were noticed for some elements; average concentrations 

of Li, Mn and Pb were comparatively higher in the blood of indoor patients, whereas Ca 

and Sr exhibited slightly elevated mean levels in case of outdoor patients. However, Cd, 

Co, Cr, Cu, Fe, K, Mg, Na and Zn showed almost equivalent levels in both patient groups. 

In the case of the healthy donors, Cu, K, Li and Mn revealed moderately higher levels in 

the blood of outdoor subjects compared with indoor subjects, while average concentrations 

of Ca, Co, Cr, Mg, Na, Pb and Sr were considerably higher in the blood of indoor controls.  
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Figure 41.  Occupation-based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of myocardial infarction patients and healthy donors 

 

Some of the elements (Cd, Fe and Zn) were measured at almost equivalent levels 

in the blood of healthy donors irrespective of the nature of their work. Few elements 

revealed contrasting patterns in MI patients and controls; mean levels of Li and Mn were 

found at marginally higher levels in the blood of indoor patients and outdoor healthy 

donors, whereas Ca and Sr revealed appreciable increase in the blood of outdoor patients 

and indoor healthy donors compared to their respective counterpart donors (Figure 41). 
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Numerous epidemiological studies reported significant influence of occupational exposure 

on trace elements in humans by measuring their imbalances in biological samples (Navas-

Acien et al., 2007; Sukumar and Subramanian, 2007; Gerhardsson et al., 1993; Jane et al., 

2004; Rosenman, 1979; Telisman et al., 2001; Fatoki and Ayoade, 1996). 

 

3.33  Correlation Study of the Elemental Levels in Blood of Myocardial 

Infarction Patients 
The data on element-to-element correlations in the blood samples of myocardial 

infarction patients are presented in Table 29, wherein the significant r-values are shown in 

bold at p < 0.05. Very strong positive correlations were noted between Fe-K (r = 0.756) 

and K-Zn (r = 0.511), while some significant relationships were observed among K-Ca (r 

= 0.471), Cr-Li (r = 0.421), Fe-Sr (r = 0.402), Co-Fe (r = 0.401), Cr-Mn (r = 0.398), Li-Zn 

(r = 0.383), K-Sr (r = 0.365), Pb-Cd (r = 0.365), Cd-Cu (r = 0.351), Fe-Zn (r = 0.344), Ca-

Fe (r = 0.340), Cu-Zn (r = 0.325), Cd-K (r = 0.311) and Cd-Zn (r = 0.302). These mutual 

associations indicated probable communal variations/sources of the elements in the blood 

samples of MI patients. Some of the elements revealed inverse relationships as manifested 

by significantly negative correlations between Fe-Na (r = −0.400), Na-K (r = −0.390) and 

Ca-Cr (r = −0.358). Among the selected elements, Mg was not significantly correlated 

with any other element, thus, exhibiting its independent variations in the blood of patients. 

Moreover, age of the patients showed some non-significant positive and negative 

correlations with the elemental levels. The correlation study highlighted some element 

pairs (Pb and Cd, Fe and Zn, Cu and Zn and Cd and Zn) which were involved in 

regulating the cardiovascular metabolism. Elevated levels of Pb, Cd and Fe in humans 

trigger the redox-reactions and damage the vascular endothelium cells, while Cu and Zn 

act as cofactors in numerous enzymes that control the oxidative stress. These aspects have 

been elaborated in several earlier clinical trials (Jomova and Valko, 2011; Kazi et al., 

2008a; Bernhard et al., 2006; Afridi et al., 2011b; Fukai et al., 2002). Similar significant 

positive correlation between Pb and Cd in the blood serum of cardiovascular patients was 

reported by Ari et al., (2011). Apparently, the positive correlations of toxic elements with 

macronutrients evidenced a build-up of the toxic elements in the blood of MI patients. 

This aspect requires further investigation by multivariate statistics to explore the viable 

multiple relationships among these elements and to assess their role towards the 

onset/progress of the disease.  
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Table 29.  Correlation coefficient matrix of selected elemental levels in the blood of myocardial infarction patients 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.068 1.000              

Cd -0.270 0.136 1.000             

Co -0.078 0.084 0.282 1.000            

Cr 0.121 -0.358 0.291 0.037 1.000           

Cu -0.159 0.200 0.351 0.025 0.011 1.000          

Fe -0.083 0.340 0.286 0.401 0.100 0.124 1.000         

K -0.111 0.471 0.311 0.252 -0.020 0.220 0.756 1.000        

Li -0.111 -0.130 0.196 -0.161 0.421 0.221 0.061 0.090 1.000       

Mg -0.029 0.109 0.058 0.068 0.143 0.086 0.274 0.273 0.030 1.000      

Mn 0.244 -0.270 0.106 -0.020 0.398 -0.006 -0.043 -0.060 0.256 0.087 1.000     

Na  -0.042 0.176 -0.129 -0.159 -0.233 0.063 -0.400 -0.390 -0.165 -0.156 -0.190 1.000    

Pb -0.038 0.218 0.365 0.022 0.065 0.259 -0.048 0.002 -0.030 0.067 0.090 0.082 1.000   

Sr 0.041 0.293 0.234 0.059 0.274 0.195 0.402 0.365 0.151 0.187 0.127 -0.059 -0.003 1.000  

Zn -0.122 0.186 0.302 0.243 0.086 0.325 0.344 0.511 0.383 0.171 0.061 -0.238 -0.073 0.146 1.000 

Bold r-values are significant at p < 0.05 
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Table 30.  Correlation coefficient matrix of selected elemental levels in the blood of healthy donors 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca 0.046 1.000              

Cd 0.154 -0.065 1.000             

Co -0.134 -0.311 0.355 1.000            

Cr -0.020 -0.193 -0.073 0.197 1.000           

Cu 0.064 -0.422 0.167 0.454 0.313 1.000          

Fe -0.155 0.243 0.074 0.053 0.191 -0.045 1.000         

K -0.154 -0.542 -0.006 0.461 0.416 0.706 0.161 1.000        

Li 0.236 -0.212 -0.147 -0.431 0.164 0.311 -0.294 -0.122 1.000       

Mg -0.145 0.713 -0.070 -0.054 0.111 -0.012 0.572 0.030 -0.354 1.000      

Mn 0.089 -0.281 0.123 0.095 0.157 0.517 -0.004 0.383 0.464 -0.158 1.000     

Na  -0.043 0.666 0.098 -0.314 -0.188 -0.476 0.477 -0.431 0.223 0.473 -0.169 1.000    

Pb -0.148 -0.180 0.032 0.269 0.293 0.051 0.216 0.298 -0.182 -0.087 0.095 0.052 1.000   

Sr 0.016 -0.394 -0.059 -0.006 0.517 0.023 0.016 0.056 -0.266 0.066 -0.175 0.141 -0.357 1.000  

Zn -0.098 -0.049 0.125 0.378 0.381 0.402 0.484 0.628 -0.464 0.431 0.260 -0.002 0.119 -0.001 1.000 

Bold r-values are significant at p < 0.05 
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3.34  Correlation Study of the Elemental Levels in Blood of Healthy 

Donors 
The correlation coefficient matrix pertaining to the elemental levels in the blood of 

healthy donors is given in Table 30, wherein the bold r-values are significant at p < 0.05. 

In this study, strong correlations (0.900 < r > 0.500) were found between the element 

pairs: Ca-Mg > Cu-K > Ca-Na > K-Zn > Fe-Mg > Cu-Mn > Cr-Sr. In addition, some 

significant relationships (0.500 < r > 0.350) were noted for Fe-Zn > Fe-Na > Mg-Na > Li-

Mn > Co-K > Co-Cu > Mg-Zn > Cr-K > Cu-Zn > K-Mn > Cr-Zn > Co-Zn > Cd-Co. A 

number of significant negative correlations in the blood were also observed among the 

following elements: Ca-K (r = −0.542), Cu-Na (r = −0.476), Li-Zn (r = −0.464), Co-Li (r 

= −0.431), K-Na (r = −0.431), Ca-Cu (r = −0.422), Ca-Sr (r = −0.394), Pb-Sr (r = −0.357) 

and Li-Mg (r = −0.354). Other element pairs exhibited weak positive or negative 

relationships but they were insignificant. The correlation study revealed mutual 

associations among most of the essential elements which was significantly different from 

the correlation pattern observed for patients where interferences of toxic elements with the 

essential elements were evident. Finally, age of the controls showed some non-significant 

positive and negative correlations with the elemental levels. Thus, the correlation findings 

were significantly diverse in both patients and healthy donors, which would be further 

explored by multivariate statistical methods. 

 

3.35  Multivariate Analysis of the Elemental Levels in Blood of 

Myocardial Infarction Patients 
The principal component loadings of selected elements in the blood samples of 

myocardial infarction patients are illustrated in Table 31. PCA yielded six principal 

components (PCs) of the elements with eigen values >1, commutatively exhibiting more 

than 76% of the total variance of data. The corresponding cluster analysis (CA) based on 

Ward’s method is presented in Figure 42, which revealed four mutual clusters including 

Ca-Sr, Fe-K-Zn-Co, Cd-Pb-Cu-Mg and Cr-Mn-Li-Na. The quantitative information 

regarding multiple relationships of these elements was assessed by PCA in which PC 1 

with maximum variance of the data demonstrated dominant loadings for K, Li, Na and Zn, 

which were traced to originate mostly from the food habits. In addition, these elements 

played crucial roles in the maintenance of body electrolytes and enzymatic activities 

(Neilsen, 1998; Devasagayam et al., 2004; Xu et al., 2014).  
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Table 31.  Principal component analysis for selected elemental levels in the blood 

samples of myocardial infarction patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Eigen value 3.665 2.328 1.536 1.151 1.079 1.008 

Total Variance (%) 26.18 16.63 10.97 8.219 7.705 7.202 

Cumulative Eigen value 3.665 5.993 7.529 8.680 9.759 10.77 

Cumulative Variance (%) 26.18 42.81 53.78 62.00 69.70 76.91 

Ca 0.121 -0.570 0.223 0.575 0.003 0.234 

Cd 0.150 0.345 0.469 0.062 -0.006 0.569 

Co 0.134 0.018 0.055 -0.043 0.080 0.864 

Cr 0.034 0.828 0.129 0.106 -0.233 0.060 

Cu 0.137 -0.062 0.776 0.178 -0.095 -0.061 

Fe 0.396 -0.077 -0.032 0.312 -0.260 0.699 

K 0.583 -0.217 0.035 0.333 -0.193 0.532 

Li 0.537 0.430 0.454 -0.040 0.187 -0.310 

Mg -0.064 0.002 -0.091 0.019 0.941 -0.034 

Mn 0.059 0.803 0.018 0.015 0.201 0.048 

Na 0.677 0.212 -0.253 -0.006 -0.163 0.293 

Pb -0.067 0.098 0.772 -0.114 -0.028 0.186 

Sr 0.023 0.153 -0.012 0.935 0.022 0.039 

Zn 0.830 -0.042 0.258 0.036 0.039 0.215 

 

PC 2 revealed higher loadings for Cr and Mn, while the major representatives of 

PC 3 included Cu and Pb. Both the PCs were mostly associated with anthropogenic 

pollutants. PC 4 showed maximum loadings for Ca and Sr, duly-supported by the CA. 

These two elements exhibit profound effects on vasculature: Sr may cause arterial stiffness 

by enhancing oxidative stress, while Ca is responsible for coronary calcification of arteries 

by promoting the formation of lipid-rich fibromuscular plaques (Wu et al., 2012; 

Napoleao et al., 2006). PC 5 indicated elevated loadings for Mg and PC 6 manifested 

highest loadings for Cd, Co and Fe. These elements were associated with the nutritional 

habits and exposure to anthropogenic emissions (Cosmulescu et al., 2013; Cope, 2004). 

An interesting outcome of this study was the independent variation of Mg, as was 

observed in the correlation study.  
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Figure 42.  Cluster analysis of selected elemental levels in the blood samples of 

myocardial infarction patients 

 

3.36  Multivariate Analysis of the Elemental Levels in Blood of Healthy 

Donors 
The PC loadings of selected elements in the blood of healthy donors are shown in 

Table 32, The analysis yielded five significant PCs, commutatively explaining more than 

92% of the total variance of data. The corresponding CA dendrogram in the blood samples 

of controls based on Ward’s method is portrayed in Figure 43, which revealed 

significantly strong clusters among Co-Cd-Ca, Fe-K, Mg-Zn-Pb, Cu-Mn, Sr-Cr and Li-Na. 

The quantitative aspects of multivariate apportionment for healthy donors demonstrated 

that maximum variance of the data was associated with PC 1, which  exhibited elevated 

loadings for essential elements (Fe, K, Mg and Zn) in association with Pb. These elements 

were mainly contributed by the dietary sources and influenced by anthropogenic emissions 

(Cosmulescu et al., 2013; Cope, 2004). PC 2 indicated significant loadings for Cu and Mn, 

while dominant loadings in PC 3 were noted for Ca and Sr; these elements were mostly 

controlled by internal body metabolism. These results were in good agreement with the 

CA. PC 4 provided higher loadings for Cd, Co and Cr, which manifested the contribution 

of anthropogenic exposure of the healthy donors (Fishbein, 1981; Michel et al., 1991). The 

last PC furnished significant loadings for Li and Na; these elements are mostly regulated 

by nutritional habits of the donors (Xu et al., 2014). The PCA and CA results, thus, 

pointed towards significantly diverse apportionment of selected elements in the blood of 

healthy donors compared with the myocardial infarction patients. 
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Table 32.  Principal component analysis for selected elemental levels in the blood 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 5.628 2.593 2.026 1.426 1.221 

Total Variance (%) 40.20 18.52 14.47 10.18 8.718 

Cumulative Eigen value 5.628 8.221 10.25 11.67 12.89 

Cumulative Variance (%) 40.20 58.72 73.19 83.38 92.09 

Ca -0.083 -0.379 0.704 -0.451 -0.311 

Cd 0.477 0.325 0.029 0.747 0.008 

Co 0.245 0.016 -0.093 0.937 -0.047 

Cr 0.040 0.054 -0.492 0.776 0.098 

Cu -0.098 0.957 0.069 0.142 0.119 

Fe 0.623 0.271 0.503 0.497 -0.026 

K 0.940 0.152 0.083 0.095 -0.013 

Li 0.343 -0.208 0.232 0.538 0.611 

Mg 0.879 -0.147 -0.137 0.243 0.275 

Mn 0.060 0.963 -0.200 0.013 0.021 

Na 0.063 0.192 -0.110 -0.073 0.905 

Pb 0.794 -0.155 -0.492 0.003 0.009 

Sr -0.119 -0.050 0.948 -0.086 0.055 

Zn 0.859 -0.039 -0.057 0.387 0.101 
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Figure 43.  Cluster analysis of selected elemental levels in the blood samples of healthy 

donors 
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3.37  Comparison of the Elemental Levels in Scalp Hair and Blood of 

Myocardial Infarction Patients and Healthy Donors 
Average elemental levels (± SE) in the scalp hair and blood samples of myocardial 

infarction (MI) patients and healthy donors (HD) are compared in Figure 44. Mean 

contents of Fe, K and Na revealed significantly elevated levels in the blood samples of 

both donor groups; however, the highest levels were found in the blood of patients 

compared to the controls. Rest of the elements exhibited significant accumulation in the 

scalp hair of both donor groups; however, Ca, Cd, Co, Cr, Li, Pb and Sr showed maximum 

incorporation in the hair tissues of MI patients. Nevertheless, relatively higher mean levels 

of Cu and Mn were observed in the hair samples of healthy donors than in those of the 

patients. The comparative study pointed out the crucial roles of essential, trace and toxic 

elements in the human metabolic activities. In the light of previous literature, human hair 

acts as an elemental calendar from which the researcher can easily extract the information 

related to the past 3-4 months of elemental exposure (Wołowiec et al., 2013). When this 

information is coupled with the results extracted from the blood elemental analyses, the 

exact condition may be ascertained as blood provides the information about current body 

burden of the elements (Qayyum and Shah, 2014; Pasha et al., 2010a). 
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Figure 44. Comparison of mean levels (µg/g ± SE) of selected elements in the blood 

and scalp hair of myocardial infarction patients and healthy donors 
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SECTION III:  VALVULAR HEART DISEASE PATIENTS 

 

 

3.38  Demographic Characteristics of the Subjects 
The demographic data for valvular heart disease (VHD) patients and healthy 

donors/controls are shown in Table 33. Scalp hair samples were collected from 52 subjects 

of each donor group, while blood samples were collected from 70 subjects of each donor 

group. In case of scalp hair, the patients and controls were closely matched by age (~40 

years, on the average). The gender distribution was identical for VHD patients and 

controls: 58% female and 42% male donors. The majority of the subjects in both donor 

groups (>70%) were residing in urban areas. Eighty-one percent (81%) of the patients 

belonged to the vegetarian class, while 63% of the controls were non-vegetarian in their 

food habits. Significantly, a large number of the patients (81%) and controls (88%) were 

not addicted to smoking. Seventy-five percent (75%) of the patients and 67% of the 

healthy donors were indoor workers. A great number of the patients suffered from aortic 

valve disease (56%) as compared to mitral valve disease (44%). 

In case of blood samples (n = 70), subjects in the two groups were closely matched 

by age (~47 years, on the average), and the majority of them (81% patients and 80% 

healthy donors) were male donors. Significant numbers of the patients (69%) and controls 

(74%) were drawn from the urban localities. Most of the patients (71%) and healthy 

donors (58%) were predominantly vegetarian in food habits. Half of the healthy donors 

(50%) and a small segment of the patients (26%) were using tobacco on a frequent basis. 

Based on occupation, the majority of the patients (57%) and controls (65%) were indoor 

workers. Sixty three percent (63%) of the patients suffered from aortic valve disease, 

while 37% were suffering from mitral valve disease (Table 33). 
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Table 33.  Characteristics of the Subjects (valvular heart disease patients and healthy 

donors) 

 Scalp Hair Blood 

 VHD Patients Healthy Donors VHD Patients Healthy Donors

 (n = 52) (n = 52) (n = 70) (n = 70) 

Age     

     Range (years) 26-57 27-60 16-76 20-63 

     Average (years) 39.8 40.5 47.9 46.6 

Gender     

     Female 30 (58%) 30 (58%) 13 (19%) 13 (20%) 

     Male 22 (42%) 22 (42%) 57 (81%) 53 (80%) 

Habitat     

     Urban 37 (71%) 38 (73%) 48 (69%) 49 (74%) 

     Rural 15 (29%) 14 (27%) 22 (31%) 17 (26%) 

Diet     

     Vegetarian  42 (81%) 18 (37%) 50 (71%) 38 (58%) 

     Non Vegetarian  10 (19%) 34 (63%) 20 (29%) 28 (42%) 

Smoking Habit     

     Non-Smoking 42 (81%) 46 (88%) 52 (74%) 33 (50%) 

     Smoking 10 (19%) 6 (12%) 18 (26%) 33 (50%) 

Occupation     

     Indoor 39 (75%) 35 (67%) 40 (57%) 43 (65%) 

     Outdoor 13 (25%) 17 (33%) 30 (43%) 23 (35%) 

Type     

   Aortic Valve Disease 29 (56%) − 44 (63%) − 

   Mitral Valve Disease 23 (44%) − 26 (37%) − 
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3.39  Distribution of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients 
The descriptive data related to the concentrations (µg/g, dry weight) of selected 

elements in the scalp hair of valvular heart disease patients (n = 52), in terms of basic 

statistical distribution parameters, are summarized in Table 34. Most of the elements 

exhibited variations by several orders of magnitude in their minimum and maximum 

concentrations. Among the selected elements, Ca showed the highest mean concentration 

(1862 µg/g) in the scalp hair of VHD patients, while Li exhibited the lowest mean level 

(0.798 µg/g). Among rest of the elements, relatively higher average contributions were 

noted for Mg (667.7 µg/g), Zn (342.5 µg/g) and Na (114.9 µg/g), followed by relatively 

lower levels of Sr (64.72 µg/g), Fe (40.53 µg/g), Cu (20.39 µg/g), Pb (18.52 µg/g), Co 

(12.41 µg/g), K (11.72 µg/g), Mn (11.09 µg/g), Cr (3.386 µg/g) and Cd (1.186 µg/g). On 

the average basis, the decreasing order of element levels in the scalp hair samples of 

valvular heart disease patients was: Ca > Mg > Zn > Na > Sr > Fe > Cu > Pb > Co > K > 

Mn > Cr > Cd > Li. Among the selected elements, Ca, Co, Fe, K, Mg, Na, Pb, Sr and Zn 

depicted relatively higher dispersion as manifested by their large SD and SE values on one 

hand and markedly dissimilar mean and median levels on the other hand. Large skewness 

and kurtosis values for Cd, Cr, K, Li and Na revealed their asymmetrical distribution in 

the scalp hair samples of VHD patients, whereas moderately symmetrical distribution was 

noted for the remaining elements.  
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Figure 45.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

valvular heart disease patients 
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Table 34.  Statistical distribution parameters for the concentrations (µg/g, dry weight) of 

selected elements in the scalp hair of valvular heart disease patients (n = 52) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 529.6 3382 1862 1805 623.1 86.40 0.160 0.066 

Cd 0.122 4.717 1.186 0.952 0.877 0.123 1.613 4.242 

Co 1.016 35.91 12.41 9.095 9.248 1.394 0.989 0.148 

Cr 0.305 15.09 3.386 1.763 3.962 0.670 1.942 3.171 

Cu 5.587 33.93 20.39 20.48 7.307 1.013 -0.120 -0.893 

Fe 4.626 86.77 40.53 36.69 21.68 3.098 0.385 -0.641 

K 2.559 38.93 11.72 8.188 8.964 1.281 1.286 0.972 

Li 0.104 2.626 0.798 0.679 0.544 0.078 1.228 1.706 

Mg 173.3 1101 667.7 710.4 257.1 36.35 -0.177 -0.842 

Mn 0.621 27.71 11.09 10.12 5.933 0.823 0.646 0.040 

Na  7.668 515.8 114.9 36.88 135.2 19.32 1.387 1.004 

Pb 2.937 53.59 18.52 16.37 11.14 1.679 0.977 1.002 

Sr 19.15 99.73 64.72 66.43 21.90 3.097 -0.366 -0.590 

Zn 41.28 791.8 342.5 299.0 185.4 25.71 0.810 -0.218 

 

Quartile distribution of selected elemental levels in the scalp hair of valvular heart 

disease patients is given in Figure 45. Most of the elements exhibited appreciably broad 

distribution as indicated by their separate lower and upper quartiles. However, 

comparatively narrow distributions were observed for Sr, Ca, Mg and Cu. Some of the 

elements (Na, Mn, Cr and Co) showed higher dispersion, which pointed out inconsistent 

and varying levels of these elements in the scalp hair of VHD patients. 

 

 

3.40  Distribution of the Elemental Levels in Scalp Hair of Healthy 

Donors 
The distribution of selected elemental levels (µg/g, dry weight) in the scalp hair of 

healthy donors/controls (n = 52), as revealed by basic statistical parameters is shown in 

Table 35. Most of the elements indicated a large spread in their concentration ranges as 

demonstrated by the minimum and maximum values. Predominantly higher mean level 

was noted for Ca (2162 µg/g), followed by considerably higher average levels of Na 



Results and Discussion 

139 

(546.2 µg/g), Mg (502.7 µg/g) and Zn (310.2 µg/g). Relatively lower mean concentrations 

were observed for K (37.72 µg/g), Sr (35.20 µg/g), Fe (30.18 µg/g), Pb (15.08 µg/g), Cu 

(13.45 µg/g) and Co (11.26 µg/g) while fairly lower levels were manifested by Mn (6.639 

µg/g), Cr (4.416 µg/g), Cd (1.159 µg/g) and Li (0.787 µg/g) in the scalp hair of controls. 

Overall, mean concentrations of the elements in the scalp hair of healthy donors showed 

the following order: Ca > Na > Mg > Zn > K > Sr > Fe > Pb > Cu > Co > Mn > Cr > Cd > 

Li. The decreasing trend was rather diverse compared with the trend observed for VHD 

patients. More or less similar, trends in the scalp hair elemental levels were reported in 

other studies (Qayyum and Shah, 2014; Hashmi and Shah, 2011). Most of the elements 

(Ca, Fe, K, Mg, Na, Pb, Sr and Zn) exhibited relatively non-Gaussian distribution as 

revealed by relatively higher SD and SE values. Moderately symmetrical distribution was 

indicated by Ca, Cd, Co, Cr, K, Li, and Sr as demonstrated by their relatively lower 

skewness and kurtosis values, whereas, predominantly asymmetrical distribution was 

noted for Cu, Fe, Mg, Mn, Na, Pb and Zn.  

 

Table 35.  Statistical distribution parameters for the concentrations (µg/g, dry weight) 

of selected elements in the scalp hair of healthy donors (n = 52) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 765.2 4635 2162 1973 959.2 133.0 0.998 0.497 

Cd 0.149 3.729 1.159 0.923 0.852 0.120 1.079 0.808 

Co 0.897 27.82 11.26 11.29 7.706 1.456 0.507 -0.568 

Cr 0.102 16.56 4.416 2.732 4.313 0.610 1.301 0.967 

Cu 4.252 36.31 13.45 13.14 5.796 0.812 1.380 3.671 

Fe 4.562 135.8 30.18 19.38 27.27 3.978 2.006 4.459 

K 10.14 84.62 37.72 33.70 16.89 2.365 1.068 0.978 

Li 0.114 2.041 0.787 0.636 0.543 0.106 1.077 0.435 

Mg 130.4 1178 502.7 494.2 198.4 27.52 0.562 1.454 

Mn 0.678 31.81 6.639 5.567 6.329 0.886 2.344 6.587 

Na  87.17 2740 546.2 435.1 488.5 67.74 2.406 7.636 

Pb 0.071 60.02 15.08 12.71 12.01 1.771 1.530 3.383 

Sr 4.875 83.25 35.20 31.08 21.21 2.941 0.599 -0.406 

Zn 124.5 789.2 310.2 247.4 171.6 23.80 1.361 1.046 

 



Results and Discussion 

140 

The quartile distribution of selected elements in the scalp hair of healthy donors is 

shown in Figure 46. Some of the elements (Ca, Mg, K, Cu and Zn) exhibited rather narrow 

distribution in the scalp hair of healthy donors, while highest spread was noted for Pb, 

followed by Cr, Mn, Na, Fe and Co. Narrow distribution indicated consistent levels of the 

elements while broad distribution manifested varying and random fluctuations in their 

concentrations. The quartile distribution of the elements in the scalp hair of controls was 

significantly dissimilar to that of the patients discussed previously.  

Healthy Donors (Scalp Hair)

M
et

al
 L

ev
el

 (µ
g/

g)

0.1

1.0

10.0

100.0

1000.0

Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn

Min-Max
25th%-75th%
Median

 
Figure 46.  Quartile distribution for selected elemental levels (µg/g) in the scalp hair of 

healthy donors 

 

3.41  Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors  
Mean levels of selected elements (± SE) in the scalp hair of valvular heart disease 

patients and healthy donors are displayed as bar graphs in Figure 47, for comparative 

evaluation. Two-tailed Student’s t-test (p < 0.05) of the data revealed that there was no 

significant difference between the concentrations of Cd, Co, Li and Zn in the scalp hair of 

VHD patients and healthy donors; however, significant differences were observed in the 

concentrations of rest of the elements. Mean levels of Cu, Fe, Mg, Mn, Pb and Sr in the 

scalp hair of patients were significantly higher than the controls; nonetheless, the average 

concentrations of Ca, Cr, K and Na were found to be noticeably higher in the scalp hair of 

healthy donors (p <0.05). Some previously reported studies clearly demonstrated the 

change in concentrations of selected elements in biological samples of VHD patients in 

comparison with healthy donors (Nyström-Rosander et al., 2002). Al-Younes et al., 
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(2001) described the supporting role of Fe in the inflammation of heart valves, while 

Nyström-Rosander et al., (2004) reported the significant positive correlation between Pb 

level and development of valvular heart disease. Another study (Fields, 1999) indicated 

that free-radical processes as well as imbalances in trace elements, especially Cu, Fe and 

Zn, were involved in atherogenesis which potentially encourages the development of 

aortic valve disease.  
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Figure 47. Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair 

of valvular heart disease patients and healthy donors 

 

Comparative average concentrations of selected elements (± SE) in the scalp hair 

of VHD patients and healthy donors based on different age groups are shown in Table 36. 

Average levels of K and Na for all age groups of healthy donors were significantly higher 

than those of the patients (p < 0.05), while mean levels of Ca, Cd, Li, Pb and Zn revealed 

insignificant differences in all age groups of both subjects. However, mean levels of Cu, 

Mn and Sr in the scalp hair of patients for age groups ≤40 years and 41-50 years were 

significantly higher than the matching age groups of the healthy donors. The average 

concentration of Fe in the scalp hair of the patients for age group 41-50 years along with 

Mg level for age group ≤40 years were significantly higher than the matching healthy 

donors (p < 0.05). Moreover, mean content of Cr in the scalp hair of healthy donors for 

age groups 41-50 years and ≥51 years along with Co level for age group ≥51 years were 

significantly higher than the counterpart patient groups (Table 36). 
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Table 36.  Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the scalp hair of VHD patients and controls based 

on their age groups 

Age ≤40 41-50 ≥51 

 VHD Patients Controls p-values VHD Patients Controls p-values VHD Patients Controls p-values 

Ca 1929 ± 101.8 2323 ± 197.5 NS 1980 ± 244.6 1943 ± 209.6 NS 1630 ± 169.2 1887 ± 245.2 NS 

Cd 1.210 ± 0.159 1.074 ± 0.168 NS 1.247 ± 0.240 1.117 ± 0.185 NS 1.155 ± 0.459 1.822 ± 0.304 NS 

Co 12.73 ± 1.757 10.28 ± 1.659 NS 14.95 ± 3.143 10.47 ± 2.051 NS 5.388 ± 1.758 16.28 ± 5.858 <0.05 

Cr 3.901 ± 0.899 3.649 ± 0.626 NS 2.483 ± 0.591 5.174 ± 1.514 <0.05 1.642 ± 1.073 7.159 ± 2.095 <0.05 

Cu 21.49 ± 1.206 13.85 ± 1.183 <0.05 20.14 ± 2.544 12.74 ± 1.007 <0.05 17.28 ± 2.595 13.82 ± 3.193 NS 

Fe 44.13 ± 3.754 32.39 ± 5.505 NS 40.02 ± 7.848 20.96 ± 3.169 <0.05 31.17 ± 6.691 48.66 ± 20.59 NS 

K 12.69 ± 1.705 40.35 ± 3.560 <0.05 10.45 ± 2.075 35.59 ± 3.645 <0.05 11.57 ± 4.416 31.63 ± 2.378 <0.05 

Li 0.820 ± 0.102 0.707 ± 0.167 NS 0.756 ± 0.150 0.878 ± 0.194 NS 0.739 ± 0.260 0.822 ± 0.205 NS 

Mg 669.4 ± 45.66 468.7 ± 33.16 <0.05 667.47 ± 79.86 520.9 ± 50.36 NS 708.4 ± 109.7 620.5 ± 114.7 NS 

Mn 11.83 ± 1.064 7.647 ± 1.419 <0.05 10.33 ± 2.064 4.606 ± 0.830 <0.05 10.31 ± 1.891 6.637 ± 0.871 NS 

Na  118.6 ± 22.81 625.2 ± 105.4 <0.05 133.2 ± 53.41 502.1 ± 90.25 <0.05 99.59 ± 60.70 283.8 ± 71.47 <0.05 

Pb 20.50 ± 2.403 15.21 ± 2.341 NS 16.82 ± 3.279 16.58 ± 2.854 NS 13.89 ± 2.875 11.10 ± 9.068 NS 

Sr 68.79 ± 3.885 27.98 ± 3.393 <0.05 63.55 ± 6.514 40.96 ± 5.356 <0.05 54.70 ± 8.766 48.40 ± 6.322 NS 

Zn 337.2 ± 31.87 345.4 ± 35.22 NS 389.4 ± 68.14 286.7 ± 35.72 NS 275.6 ± 52.78 185.8 ± 22.46 NS 

NS = Non Significant 
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3.42  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.42.1  Gender-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 

The gender-based disparities in average selected elemental concentrations (± SE) 

in the scalp hair of valvular heart disease patients and healthy donors are displayed in 

Figure 48. Mean contents of Cd and Cr depicted significant increase in the hair tissues of 

male subjects of both groups compared to the female donors, who exhibited considerable 

accumulation of Fe, Mn and Zn in their scalp hair tissues. Comparative contributions of 

these elements indicated the effect of environment along side gender on the body element 

burden as toxic elements showed higher concentrations in male subjects, in contrast to 

appreciable increase of essential elements in the scalp hair of female donors (Vahtera et 

al., 2007; Nishijo et al., 2004; Gochfeld, 1997; Solenkova et al., 2014).  
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Figure 48.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 

 

Mean levels of Cd, Co, Cr and Na were found to be considerably higher in the 

scalp hair of male patients compared to the female patients, while mean contents of Ca, 

Co, Cu, Fe, K, Mn, Na and Zn were noticeably higher in the scalp hair of the female 

healthy donors compared to male healthy donors. Nevertheless, average concentrations of 

Ca, Cu, K, Li, Mg and Sr were almost comparable in male and female patients, whereas no 
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significant difference was observed in the average concentration of Mg in the scalp hair of 

male and female healthy donors. An almost similar trend of the elemental levels in the 

scalp hair of male and female healthy donors was reported by Khalique et al., (2005). 

Some of the elements (Co and Na) exhibited an analogous trend; appreciably higher mean 

levels were observed in the scalp hair of male patients and female controls compared to 

their respective counterpart female patients and male controls. Nonetheless, the average 

level of Pb demonstrated significant increase in the scalp hair of female patients and male 

controls compared to male patients and female controls, respectively. The average 

concentrations of Co, Cu, Fe, Mg, Mn, Sr and Zn were found to be moderately higher in 

the scalp hair of male patients compared to the male healthy donors, while mean levels of 

Ca, K and Na were noticeably higher in the scalp hair of female healthy donors compared 

to the female patients (Figure 48).  

 

3.42.2  Abode-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 

The habitat-based disparities in average concentrations (± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors are shown in Figure 

49. The average level of Cr was significantly higher in the scalp hair of both urban donor 

groups, while Co and Li were moderately higher in the scalp hair of both groups of rural 

subjects. Most of the elements (Ca, Cd, Cu, Fe, K, Mg, Na, Pb, Sr and Zn) revealed almost 

equivalent mean levels in the hair tissues of urban and rural patients; nonetheless, mean 

levels of Cd, Cu and Zn manifested more or less comparable levels in the scalp hair of 

urban and rural controls. In addition, considerable increase was noted for Co, Li and Mn in 

the scalp hair of patients from rural localities compared to the urban patients. Likewise, 

the average levels of Ca, Co, K, Li, Mg, Na and Sr were measured at considerably higher 

levels in the scalp hair of rural healthy donors compared with the urban healthy donors, 

whereas, the mean levels of Cr, Fe, Mn and Pb were exceedingly higher in the controls 

from urban habitat. Comparatively higher levels of Mn were observed in the scalp hair of 

rural patients and urban healthy donors. The comparative study unfolded almost similar 

mean levels of Cd in the scalp hair of all four classes of donors. Thus, some noticeable 

variations in the elemental levels were observed for the patients and controls from urban 

and rural locations. Several epidemiological studies reported the imbalances of trace 

elements in the hair tissues of subjects based on residential areas (Gonzalez-Reimers et al., 

2014; Sanna et al., 2003; Ashraf et al., 1995). 
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Figure 49.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 

 

3.42.3  Dietary-Based Comparison of the Elemental Levels in Scalp Hair of Valvular 

Heart Disease Patients and Healthy Donors 

Comparative evaluation of mean levels (± SE) of selected elements in the scalp 

hair of valvular heart disease patients and healthy donors with vegetarian and non-

vegetarian food habits is given in Figure 50. Average concentrations of Cu, Fe, Mn, Pb 

and Sr revealed considerable increase in the hair tissues of vegetarian/non-vegetarian 

patients with respect to counterpart controls, while average levels of Ca, K and Na in the 

scalp hair of healthy donors exhibited appreciable increase irrespective of the food habits. 

Several clinical trials reported the elevated levels of trace and toxic elements in the hair 

tissues of cardiovascular disease patients and described their mode of action in the 

development of disease (Nyström-Rosander et al., 2004; Afridi et al., 2011a; Al-Younes et 

al., 2001). Average levels of K, Mn and Pb were found to be moderately higher in the 

scalp hair of non-vegetarian patients compared to the vegetarian patients whereas mean 

levels of Co and Na were observed to be markedly higher in the hair of the vegetarian 

patients compared to that of their non-vegetarian counterparts. Nonetheless, average 

concentrations of Ca, Cd, Cu, Cr, Fe, Li, Mg, Sr and Zn indicated almost comparable 

levels in the scalp hair of vegetarian and non-vegetarian patients. In case of healthy 

donors, mean contents of Cd, Cr, Mg, Li and Sr were determined at noticeably higher 
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levels in the scalp hair of vegetarian controls, while remaining elements (except Ca and 

Pb) showed appreciable increase in the scalp hair of non-vegetarian controls. Some 

elements revealed distinctive behaviour in their trends; average levels of Co and Na 

exhibited higher accumulation in the scalp hair of vegetarian patients and non-vegetarian 

healthy donors than in that of their respective counterpart donors. A number of studies 

elucidated the association between the nutritional habits of the donors and trace element 

variations in biological samples (Qayyum and Shah, 2014; Gibson et al., 1983). 
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Figure 50.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 

 

3.42.4  Smoking-Based Comparison of the Elemental Levels in Scalp Hair of 

Valvular Heart Disease Patients and Healthy Donors 

Average levels of selected elements (± SE) in the scalp hair of VHD patients with 

non-smoking and smoking habits in comparison with their counterpart controls are shown 

in Figure 51. On the average basis, measured levels of Cd, Cr, Cu, Li and Sr were noted to 

be higher in the scalp hair of patients addicted to smoking compared to the non-smoking 

patients, while mean levels of Co, Fe, K, Mn, Na, Pb and Zn were significantly higher in 

the scalp hair of non-smoking patients. The antagonistic effects of Cd and Zn in scalp hair 

of smoking and non-smoking cardiovascular patients have been reported, which showed 

that the accumulation of Cd in the human body may replace Zn in the arteries, and as a 

result arteries become brittle and inflexible (Afridi et al., 2010b). Once this has happened, 
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the body may coat the inflamed and brittle arteries with Ca and fatty plaques, which 

reduce the interior diameter of the arteries, and consequently, different VHD risk factors 

prevail. Several epidemiological studies reported the association between risk factors and 

development of VHD (Pohle et al., 2001; Novaro et al., 2003). In case of healthy donors, 

average levels of Fe, Cd, Cr, Pb and Sr were found to be noticeably higher in the scalp hair 

of smoking donors compared to the non-smoking donors, while Cu and Mg exhibited 

more or less similar contributions in both donor groups of controls. Bukhari et al., (2013) 

reported almost similar results for healthy donors. Relatively higher mean levels were 

noted for Cd, Cr and Sr in smoking patients/controls, whereas Co, K, Mn, Na and Zn were 

noticeably higher in the hair tissues of non-smoking patients/controls. Some of the 

elements (Fe, Pb and Li) showed similar distribution trend; elevated levels in the scalp hair 

of non-smoking patients and smoking healthy donors (for Fe and Pb), and smoking 

patients and non-smoking healthy donors (for Li). 
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Figure 51.  Smoking-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 

 

3.42.5  Occupation-Based Comparison of the Elemental Levels in Scalp Hair of 

Valvular Heart Disease Patients and Healthy Donors 

Mean concentrations of selected elements (± SE) in the scalp hair of indoor and 

outdoor VHD patients in comparison with their counterpart healthy donors are portrayed 

in Figure 52. Among the selected elements, statistically significant differences between 
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indoor and outdoor patients were observed for most of the elements; average 

concentrations of Cd, Co, Cr, K and Na were comparatively higher in the scalp hair of 

VHD patients that worked in outdoor environment; nonetheless, mean levels of Fe, Li, 

Mn, Pb and Zn exhibited moderately higher levels in scalp hair of indoor patients. 

However, Ca, Cu, Mg and Sr indicated almost comparable levels in both patients’ groups. 

The comparative study indicated an important point: most of the toxic elements 

manifested higher incorporation in the hair tissues of outdoor patients as these subjects 

experienced higher environmental exposure. Similarly, mean contents of Cd, Cr, Fe, Li, 

Mn, Pb and Sr revealed significantly higher levels in the scalp hair of outdoor controls 

compared with the indoor controls, whereas average concentrations of Cu and Ca were 

more or less comparable in the hair tissues of controls irrespective of the nature of their 

work. Some of the elements (Fe, Li, Mn and Pb) showed distinct pattern: their mean levels 

were marginally higher in the scalp hair of the indoor patients and outdoor healthy donors 

compared to their respective counterpart donors. The average contents of Co and Na 

demonstrated considerably higher levels in the scalp hair of outdoor patients and indoor 

healthy donors compared to that of their respective counterpart donors.  
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Figure 52.  Occupation-based comparison of mean levels (µg/g ± SE) of selected elements 

in the scalp hair of valvular heart disease patients and healthy donors 

 

Finally, overall comparison divulged that average levels of Cd and Cr were 

appreciably higher in the scalp hair of outdoor patients/controls, while Zn showed 
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noticeably higher levels in the scalp hair of indoor patients/healthy donors. Many 

occupational studies reported the influence of environmental exposure on the distribution 

behaviour of trace elements in biological samples (Shan and Ikram, 2012; Mehra and 

Thakur, 2010; Gil et al., 2011). 

 

3.42.6  Comparison of the Elemental Levels in Scalp Hair of Aortic and Mitral Valve 

Disease Patients 

Comparative average levels of selected elements (± SE) in the scalp hair of aortic 

and mitral valve disease patients are contained in Figure 53. Comparatively higher 

concentrations of Cd, Cr, Li, K and Zn were observed in the scalp hair of the patients that 

suffered from aortic valve disease, while elevated levels of Co, Fe, Mg, Pb and Sr were 

found in the hair tissues of mitral valve disease patients. In addition, mean levels of Ca, 

Cu, Mn and Na revealed almost comparable levels in both types of valvular heart disease 

patients. Another study (Ohnishi et al., 2003) reported that Fe and Mg showed significant 

relationships in mitral valve disease patients while no significant association of these 

elements was observed in case of aortic valve disease patients. Additionally, Zn exhibited 

non-significant relationships with Fe and Mg in case of aortic valve disease, thus, 

supporting the accumulation behaviour of some elements in both types of valvular heart 

disease patients. 
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Figure 53.  Comparative mean levels (µg/g ± SE) of selected elements in the scalp hair 

of aortic valve disease patients and mitral valve disease patients 
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3.43  Correlation Study of the Elemental Levels in Scalp Hair of 

Valvular Heart Disease Patients 
The data on element-to-element correlations in the scalp hair of valvular heart 

disease patients are shown in Table 37, wherein the significant r-values are given in bold 

at p < 0.05. Very strong positive correlations were noted between Ca-Sr (r = 0.786), Cu-Sr 

(r = 0.703), Mg-Sr (r = 0.666), Ca-Mn (r = 0.631), Na-K (r = 0.622), Mg-Mn (r = 0.622), 

Mn-Sr (r = 0.608), Ca-Cu (r = 0.536) and Ca-Mg (r = 0.535) in the scalp hair of VHD 

patients. In addition, some significant relationships (0.500 < r > 0.350) were observed 

among the following pairs of the elements: Mn-Fe, Pb-Sr, Mn-Zn, Cu-Pb, Cd-Cr, Cu-Mn, 

Fe-Li, Cu-Mg, Fe-Mg, Co-K, Fe-Sr, Cd-Cu, Ca-Cd and Ca-Zn. These mutual correlations 

indicated probably communal variations/sources of these elements in the scalp hair of the 

patients. Significant correlation between Ca and Cd in the present study highlighted their 

critical role in the progression and development of the disease, which was demonstrated 

by several epidemiological studies (Messner et al., 2009; Fowler, 2009; O’Brien, 2006; 

Mohler et al., 2001). Age of the valvular heart disease patients was not significantly 

correlated with any of the selected element level in the scalp hair (Table 37). 

 

3.44  Correlation Study of the Elemental Levels in Scalp Hair of Healthy 

Donors 
The correlation coefficient matrix pertaining to the scalp hair of healthy donors is 

presented in Table 38, wherein the bold r-values are significant (p < 0.05). Very strong 

positive correlations were observed between Sr-Mg (r = 0.628) and Na-K (r = 0.584), 

while some significant relationships were noticed among Li-Cd (r = 0.490), Fe-Mn (r = 

0.459), Sr-Cd (r = 0.423), Cd-Cr (r = 0.418), Cd-Pb (r = 0.380) and Co-Mg (r = 0.363). 

Some of the elements pairs including Li-Na (r = −0.476), Cd-Na (r = −0.411), Li-Zn (r = 

−0.376), K-Sr (r = −0.365) and K-Cd (r = −0.359) exhibited significant negative 

correlations manifesting their opposing trend in the scalp hair of controls. Almost 

independent variations irrespective of the other elements were noted for Ca and Cu in the 

scalp hair of healthy donors. Interestingly, the correlation study unfolded significant 

positive correlation between age of the healthy donors and Sr as manifested by its r-value 

(0.431). Overall, the correlation behaviour of selected elements in the scalp hair of healthy 

donors remained noticeably diverse compared with VHD patients, which may be 

attributed to the disproportions of the nutrients and trace elements in the patients.  
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Table 37.  Correlation coefficient matrix of selected elemental levels in the scalp hair of valvular heart disease patients 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.113 1.000              

Cd -0.107 0.379 1.000             

Co -0.024 0.105 -0.012 1.000            

Cr -0.234 0.215 0.415 0.060 1.000           

Cu -0.136 0.536 0.382 0.180 0.014 1.000          

Fe -0.225 0.224 0.172 0.119 0.338 0.236 1.000         

K -0.066 0.014 0.233 0.388 0.336 0.034 0.327 1.000        

Li -0.118 0.100 0.146 -0.047 0.228 0.168 0.391 0.040 1.000       

Mg 0.014 0.535 0.131 0.227 -0.184 0.390 0.389 0.086 0.222 1.000      

Mn -0.134 0.631 0.194 0.106 -0.109 0.407 0.478 0.105 0.068 0.622 1.000     

Na  -0.022 -0.142 -0.102 0.292 -0.140 -0.001 0.208 0.622 0.056 0.149 -0.013 1.000    

Pb -0.181 0.329 -0.047 0.228 -0.137 0.425 0.250 0.116 0.107 0.272 0.320 0.148 1.000   

Sr -0.165 0.786 0.338 0.179 0.078 0.703 0.387 0.138 0.250 0.666 0.608 -0.002 0.458 1.000  

Zn -0.019 0.378 0.048 -0.328 -0.235 0.308 0.195 -0.236 -0.012 0.174 0.427 -0.243 0.266 0.303 1.000 

Bold r-values are significant at p < 0.05 
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Table 38.  Correlation coefficient matrix of selected elemental levels in the scalp hair of healthy donors 

  Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.091 1.000              

Cd 0.212 0.023 1.000             

Co 0.235 0.187 0.107 1.000            

Cr 0.143 -0.147 0.418 0.143 1.000           

Cu -0.147 -0.023 0.106 0.066 0.216 1.000          

Fe 0.021 0.208 0.082 0.324 0.114 0.300 1.000         

K -0.116 -0.006 -0.359 0.057 -0.218 -0.012 0.049 1.000        

Li 0.238 0.143 0.490 -0.057 -0.215 -0.125 -0.083 -0.024 1.000       

Mg 0.261 0.252 0.097 0.363 0.009 0.007 -0.144 -0.075 -0.116 1.000      

Mn -0.048 0.321 0.002 -0.083 -0.030 0.284 0.459 0.246 -0.056 0.162 1.000     

Na  -0.245 -0.185 -0.411 -0.195 -0.341 0.015 -0.109 0.584 -0.476 -0.020 0.056 1.000    

Pb -0.051 -0.069 0.380 0.050 0.269 0.075 0.341 0.059 -0.131 0.083 0.214 0.132 1.000   

Sr 0.431 0.081 0.423 0.204 0.271 -0.030 -0.232 -0.365 0.343 0.628 -0.143 -0.304 0.104 1.000  

Zn -0.280 0.291 -0.324 0.059 -0.168 0.153 0.137 0.051 -0.376 -0.100 0.285 0.084 -0.156 -0.272 1.000 

Bold r-values are significant at p < 0.05 
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3.45  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Valvular Heart Disease Patients 
The PCA of selected elemental levels in the scalp hair samples of valvular heart 

disease patients, extracted by varimax-normalized rotation on the data-set is given in Table 

39, which yielded five significant PCs, with eigen values >1, and commutatively 

explaining about 77% of the total variance of data. The corresponding CA in the scalp hair 

of valvular heart disease patients based on Ward’s method is portrayed in Figure 54. The 

CA revealed significantly strong clusters among Ca-Sr, Mg-Mn, Cd-Cu-Zn, Co-Pb, Cr-Fe-

Li and K-Na in the scalp hair of patients. PC 1 showed elevated loadings for Ca, Mg, Mn 

and Sr supported by similar strong clusters in CA, whereas PC 2 indicated higher loadings 

for essential elements (K, Na and Zn), along with a trace element (Co). These loadings 

were mainly contributed by the dietary habits of the donors (Anke et al., 1984). PC 3 

unfolded maximum loadings of Cd and Li while Cu and Pb were the major contributors in 

PC 4. These elements were mostly contributed by anthropogenic pollutants (Cope, 2004). 

In addition, Cu and Pb were reported to increase the oxidative stress of the body (Kang, 

2011; Ercal et al., 2001). The last PC demonstrated higher loadings of Cr and Fe, which 

mainly originated from food sources and were controlled by the nutritional habits of the 

donors. 
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Figure 54.  Cluster analysis of selected elemental levels in the scalp hair samples of 

valvular heart disease patients 
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Table 39.  Principal component analysis for selected elemental levels in the scalp hair 

samples of valvular heart disease patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 3.722 2.825 1.594 1.484 1.201 

Total Variance (%) 26.59 20.18 11.39 10.60 8.580 

Cumulative Eigen value 3.722 6.547 8.142 9.625 10.83 

Cumulative Variance (%) 26.59 46.77 58.15 68.75 77.33 

Ca 0.831 -0.182 0.173 0.164 -0.116 

Cd 0.498 -0.167 0.531 0.027 0.314 

Co -0.117 0.551 0.047 0.310 0.296 

Cr 0.048 0.170 0.066 0.027 0.894 

Cu 0.255 -0.184 0.369 0.738 0.123 

Fe 0.255 0.161 -0.503 0.067 0.771 

K 0.199 0.853 0.030 -0.169 0.274 

Li -0.011 0.100 0.877 -0.033 -0.161 

Mg 0.851 0.237 0.003 -0.103 0.084 

Mn 0.828 0.064 -0.131 -0.141 0.318 

Na 0.125 0.856 -0.202 -0.018 -0.035 

Pb -0.062 0.215 -0.359 0.780 -0.035 

Sr 0.810 0.000 0.004 0.486 0.009 

Zn -0.110 0.707 0.081 0.061 0.017 

 

 

3.46  Multivariate Analysis of the Elemental Levels in Scalp Hair of 

Healthy Donors 
The principal component loadings of selected elements in the scalp hair of healthy 

donors are depicted in Table 40, which yielded five PCs with eigen values >1, 

commutatively exhibiting more than 85% of the total variance of data. The corresponding 

CA based on Ward’s method in the form of a dendrogram is presented in Figure 55. The 

CA of the elemental data in the scalp hair of controls revealed very strong clusters of Ca-

Sr-Li-K, Zn-Mg-Na, Pb-Fe-Cd, Cr-Cu and Co-Mn. The grouping of the elements for 

healthy donors and their probable apportionment/sources are discussed now.  
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Table 40.  Principal component analysis for selected elemental levels in the scalp hair 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.751 2.614 2.128 1.448 1.019 

Total Variance (%) 33.93 18.67 15.20 10.34 7.281 

Cumulative Eigen value 4.751 7.365 9.493 10.94 11.96 

Cumulative Variance (%) 33.93 52.61 67.80 78.15 85.43 

Ca 0.649 0.418 -0.018 0.317 -0.313 

Cd -0.434 0.548 0.427 -0.507 -0.129 

Co 0.272 -0.110 0.879 0.143 0.237 

Cr 0.697 0.072 -0.418 -0.276 -0.299 

Cu -0.421 -0.166 0.068 -0.407 0.714 

Fe -0.346 0.013 0.865 -0.115 0.101 

K 0.087 0.069 -0.084 0.926 -0.026 

Li -0.069 0.861 -0.181 -0.079 -0.172 

Mg 0.832 -0.071 -0.065 0.305 0.181 

Mn 0.178 0.029 0.165 0.156 0.879 

Na -0.514 0.700 0.338 -0.161 0.118 

Pb -0.260 0.138 0.764 -0.471 -0.062 

Sr 0.115 0.737 0.031 0.422 0.101 

Zn 0.787 -0.348 -0.014 0.040 0.087 

 

PC 1 explaining most of the variance of the data showed maximum loadings for 

essential elements (Ca, Cr, Mg and Zn), which indicated their communal variations but 

considerably different from those found in the scalp hair of VHD patients. These elements 

were mostly controlled by internal body metabolism. PC 2 gave elevated loadings for Cd, 

Li, Na and Sr, which were mostly associated with food habits and environmental pollution 

(Cope, 2004; Anke et al., 1984). PC 3, for the scalp hair of healthy donors, exhibited 

higher loadings for Co, Fe and Pb, whereas PC 5 indicated elevated loadings for Cu and 

Mn. Loading of these elements may be related to the dietary life style of the donors and 

internal metabolism (Cope, 2004; Uauy et al., 1998; Sigel and Sigel, 2000). However, the 

PC 4 demonstrated significant loading for K. Thus, the PCA and CA manifested 

significantly diverse apportionment of the elements in the scalp hair samples of VHD 

patients in comparison with healthy donors. 
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Figure 55.  Cluster analysis of selected elemental levels in the scalp hair samples of 

healthy donors 

 

3.47  Distribution of the Elemental Levels in Blood of Valvular Heart 

Disease Patients 
Table 41 presents the basic statistical parameters including minimum, maximum, 

mean, median, standard deviation, standard error, skewness and kurtosis for the elemental 

levels (µg/g) in the blood samples of valvular heart disease patients (n = 70). Dominant 

mean levels were found for Na (1151 µg/g) and K (1123 µg/g), followed by Fe (417.3 

µg/g), Ca (46.30 µg/g) and Mg (34.68 µg/g). Relatively lower average levels were 

observed for Zn (8.538 µg/g), Pb (4.726 µg/g), Co (3.941 µg/g), Cr (2.765 µg/g), Sr (1.879 

µg/g) and Cu (1.854 µg/g) in the blood of VHD patients. Lowest average concentrations 

were noted for Mn, Cd and Li (<1.0 µg/g). On the average basis, the decreasing trend of 

elemental levels in the blood of valvular heart disease patients revealed the following 

order: Na > K > Fe > Ca > Mg > Zn > Pb > Co > Cr > Sr > Cu > Mn > Cd > Li. Most of 

the essential elements (Ca, Fe, K, Mg and Na) exhibited appreciable randomness in their 

distribution as manifested by large SD and SE values on one hand and markedly dissimilar 

mean and median levels on the other hand. Nevertheless, some of the elements indicated 

moderately normal distribution pattern supported by comparatively lower SE and SD 

values. Large kurtosis values for Cd, Cu, Li, Mg and Sr showed predominantly 

asymmetric distribution of these elements, while rest of the elements unfolds relatively 

symmetrical distribution in the blood samples of valvular heart disease patients.  
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Table 41.  Statistical distribution parameters for the concentrations (µg/g, wet weight) 

of selected elements in the blood of valvular heart disease patients (n = 70) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 23.59 81.36 46.30 46.12 12.06 1.441 0.350 0.440 

Cd 0.104 2.135 0.670 0.533 0.446 0.053 1.342 1.669 

Co 1.073 7.980 3.941 3.915 1.827 0.218 0.382 -0.777 

Cr 0.113 9.317 2.765 2.457 1.998 0.242 0.855 0.651 

Cu 0.342 4.783 1.854 1.874 0.760 0.091 0.779 2.074 

Fe 235.9 674.1 417.3 409.0 85.45 10.21 0.509 0.489 

K 280.1 1702 1123 1299 437.9 52.34 -0.709 -1.008 

Li 0.102 2.484 0.548 0.325 0.512 0.068 1.901 3.664 

Mg 18.27 64.59 34.68 34.78 7.917 0.953 0.712 2.550 

Mn 0.103 2.062 0.793 0.711 0.536 0.066 0.564 -0.641 

Na  796.7 1839 1151 1075 211.4 25.26 1.175 0.785 

Pb 0.501 14.78 4.726 3.884 3.252 0.389 1.102 0.661 

Sr 0.108 6.844 1.879 1.221 1.698 0.209 1.403 1.249 

Zn 4.660 13.46 8.538 8.728 1.779 0.216 0.302 0.400 
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Figure 56.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

valvular heart disease patients 

 

The quartile distribution of selected elements in the blood of valvular heart disease 

patients is presented in the form of box–whisker plot in Figure 56. Very narrow 
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distribution was observed for some of the elements (Na, Zn, Mg, Fe and Ca) as evidenced 

by overlapping of inner quartiles with the median levels. Relatively broad distribution was 

demonstrated by Cr, Sr, Pb, Mn, Li and Cd in the blood of VHD patients. Somewhat 

asymmetrical distribution was noted for K and Co while moderately narrow distribution 

was observed for Cu in the blood samples of the patients. 

 

3.48  Distribution of the Elemental Levels in Blood of Healthy Donors 
Statistical distribution of selected elemental levels (µg/g) in the blood samples of 

healthy donors (n = 70) is contained in Table 42. Most of the elements exhibited variations 

by several orders of magnitude in their concentrations as manifested by the minimum and 

maximum levels. On the average, predominantly higher concentration was noted for Na 

(1053 µg/g), followed by K (710.6 µg/g), Fe (341.9 µg/g), Ca (103.2 µg/g) and Mg (34.83 

µg/g). Relatively lower levels were observed for Zn (5.793 µg/g), Pb (4.358 µg/g), Co 

(2.240 µg/g), Cu (1.714 µg/g), Sr (1.468 µg/g) and Cr (1.111 µg/g), while Mn, Cd and Li 

were found at the lowest concentration (<1.0 µg/g) in the blood of controls. Selected 

elements in the blood of healthy donors divulged the following order in their mean levels: 

Na > K > Fe > Ca > Mg > Zn > Pb > Co > Cu > Sr > Cr > Mn > Cd > Li. This decreasing 

trend of the elemental levels was dissimilar from the trend shown in case of patients. 

Almost similar trend of the elemental levels was reported by Saghir et al., (2011) in the 

blood of healthy donors. Most of the elements (Cd, Co, Cr, Cu, Li, Mn, Pb, Sr and Zn) 

displayed relatively normal distribution in their concentrations as manifested by relatively 

low SD and SE values. Rest of the elements showed comparatively large spread in their 

concentrations, as shown by their large SD and SE values. Among the selected elements, 

Ca, Cd, Co, Cr, Fe, Mg, Mn and Na offered rather asymmetrical distribution in their 

concentrations as shown by large skewness and kurtosis values. 

The quartile distribution of selected elements in the blood of healthy donors is 

depicted in Figure 57. Relatively narrow distribution was observed for Fe, Mg, Li, K, Na 

and Zn as manifested by the tapering distribution and small spread in the data. 

Comparatively large spread and broad distribution was noted for Cr, Co, Pb and Mn, while 

Cu and Cd revealed moderately symmetrical distribution in the blood samples of healthy 

subjects. By and large, the quartile distribution of selected elements in the blood of 

controls remained considerably diverse compared with the VHD patients.  
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Table 42.  Statistical distribution parameters for the concentrations (µg/g, wet weight) 

of selected elements in the blood of healthy donors (n = 70) 

  Min Max Mean Median SD SE Skew Kurtosis

Ca 29.75 468.6 103.2 67.60 85.39 10.51 2.172 5.422 

Cd 0.073 1.295 0.452 0.390 0.278 0.036 1.174 1.226 

Co 0.092 8.457 2.240 1.571 1.886 0.236 1.440 1.770 

Cr 0.033 5.076 1.111 1.010 0.858 0.110 1.701 6.136 

Cu 0.206 4.664 1.714 1.429 1.080 0.133 0.845 0.122 

Fe 141.8 633.5 341.9 339.3 82.10 10.11 0.648 2.035 

K 276.4 1165 710.6 650.4 286.2 35.23 0.097 -1.552 

Li 0.125 0.647 0.305 0.281 0.141 0.031 0.681 0.104 

Mg 12.87 83.29 34.83 33.20 13.65 1.680 1.499 3.563 

Mn 0.059 2.299 0.520 0.416 0.415 0.053 1.755 4.603 

Na  622.1 2778 1053 828.0 431.84 53.16 1.630 3.105 

Pb 0.325 14.29 4.358 2.960 3.802 0.487 1.144 0.171 

Sr 0.319 3.429 1.468 0.968 0.967 0.197 0.798 -0.625 

Zn 1.036 12.25 5.793 5.955 2.359 0.290 0.156 -0.132 
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Figure 57.  Quartile distribution for selected elemental levels (µg/g) in the blood of 

healthy donors 
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3.49  Comparison of the Elemental Levels in Blood of Valvular Heart 

Disease Patients and Healthy Donors 
Average levels of selected elements (± SE) in the blood of valvular heart disease 

patients and healthy donors are furnished as bar graphs in Figure 58, for comparative 

evaluation. Two-tailed Student’s t-test revealed that average levels of Cd, Co, Cr, Fe, K, 

Li, Mn, Sr and Zn were significantly higher in the blood of patients, while the average 

content of Ca was found at elevated level in healthy donors (p < 0.05). However, Cu, Mg, 

Na and Pb depicted almost comparable levels in the blood of both donor groups. In an 

earlier study, Nyström-Rosander et al., (2004) reported higher levels of Cd, Mg, Mn and 

Cu in the blood of VHD patients and comparable levels of Ca, Fe and Pb in the blood of 

VHD patients and healthy donors. One of the fascinating features of this comparative 

study was that most of the trace and toxic element levels were significantly higher in case 

of patients, which revealed the influence of these trace elements on the emergence and 

development of the disease. Similar findings have been reported by other researchers 

around the world (Nyström-Rosander et al., 2002; Kosar et al., 2005; Lind et al., 2012b; 

Frustaci et al., 1999). 
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Figure 58. Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

valvular heart disease patients and healthy donors 
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Table 43.  Comparative average concentrations (Mean ± SE, µg/g) of selected elements in the blood of VHD patients and controls based on 

their age groups 

Age ≤40 41-50 ≥51 

  VHD Patients Controls p-values VHD Patients Controls p-values VHD Patients Controls p-values 

Ca 45.27 ± 2.092 84.97 ± 14.08 <0.05 45.87 ± 3.215 143.9 ± 26.21 <0.05 47.34 ± 2.276 90.28 ± 12.42 <0.05 

Cd 0.709 ± 0.108 0.375 ± 0.057 <0.05 0.726 ± 0.127 0.492 ± 0.064 NS 0.603 ± 0.055 0.486 ± 0.058 NS 

Co 4.649 ± 0.354 3.193 ± 0.424 <0.05 3.361 ± 0.310 2.425 ± 0.525 NS 3.829 ± 0.390 1.434 ± 0.208 <0.05 

Cr 2.636 ± 0.454 1.299 ± 0.293 <0.05 2.867 ± 0.596 1.165 ± 0.135 <0.05 2.792 ± 0.278 0.988 ± 0.147 <0.05 

Cu 1.781 ± 0.153 2.036 ± 0.215 NS 1.942 ± 0.195 1.602 ± 0.223 NS 1.846 ± 0.137 1.529 ± 0.218 NS 

Fe 411.3 ± 18.79 363.2 ± 18.57 NS 434.2 ± 18.31 334.4 ± 18.95 <0.05 409.9 ± 16.46 330.1 ± 14.62 <0.05 

K 979.0 ± 104.3 865.7 ± 53.01 NS 1176 ± 102.8 617.3 ± 59.92 <0.05 1191 ± 70.32 651.5 ± 53.95 <0.05 

Li 0.521 ± 0.093 0.271 ± 0.050 <0.05 0.583 ± 0.170 0.372 ± 0.118 NS 0.542 ± 0.09 0.323 ± 0.042 <0.05 

Mg 33.10 ± 1.036 37.20 ± 2.087 NS 33.50 ± 1.748 36.54 ± 4.179 NS 36.69 ± 1.80 31.57 ± 2.283 NS 

Mn 0.809 ± 0.120 0.515 ± 0.093 NS 0.821 ± 0.138 0.428 ± 0.064 <0.05 0.759 ± 0.10 0.577 ± 0.094 NS 

Na  1216 ± 49.44 1033 ± 121.5 NS 1147 ± 52.35 1073 ± 73.66 NS 1106 ± 32.70 1065 ± 76.02 NS 

Pb 3.704 ± 0.514 4.901 ± 0.793 NS 6.436 ± 0.984 4.530 ± 0.961 NS 4.287 ± 0.45 3.936 ± 0.774 NS 

Sr 2.143 ± 0.431 1.677 ± 0.343 NS 1.995 ± 0.450 1.459 ± 0.281 NS 1.607 ± 0.25 1.214 ± 0.368 NS 

Zn 8.339 ± 0.367 6.332 ± 0.388 <0.05 8.382 ± 0.448 5.301 ± 0.511 <0.05 8.794 ± 0.33 5.565 ± 0.519 <0.05 

NS = Non Significant 
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Comparative average concentrations of selected elements (± SE) in the blood of 

valvular heart disease patients and healthy donors based on different age groups are 

reported in Table 43. Among the selected elements, mean levels of Cu, Mg, Na, Pb and Sr 

exhibited insignificant differences in the blood of all age groups for both categories, while 

the average level of Ca revealed significantly higher contribution in the blood of healthy 

donors of all ages compared with the counterpart patients (p < 0.05). Nevertheless, Cr and 

Zn depicted noticeably higher levels in the blood of patients for all age groups compared 

with the healthy donors (p < 0.05). In addition, Fe and K showed significantly higher 

mean levels in the blood of patients of the age groups 41-50 years and ≥51 years compared 

with healthy donors of the same age groups. Average concentrations of Li in the blood of 

patients for age group ≤40 years and ≥51 years along with Mn level for age group 41-50 

years were significantly higher than the matching healthy donors (p < 0.05). 

 

3.50  Comparison of the Elemental Levels Based on Demographic 

Characteristics of the Subjects 
3.50.1  Gender-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 

Comparative average levels of selected elements (± SE) in the blood of male and 

female valvular heart disease patients and healthy donors are displayed in Figure 59. 

Average blood levels of Fe, Pb and Sr were noticeably higher in both male donor groups; 

nonetheless, mean levels of Cr, Cu and Mn were appreciably higher in the blood of female 

patients/controls. Some of the trace elements (Cd, Co, Li and Zn) exhibited a similar trend 

in their distribution; appreciably higher mean levels were observed in blood of male 

patients and female healthy donors compared to their respective counterparts. In addition, 

mean contents of Cd, Co, Fe, Li, Pb, Sr and Zn were markedly higher in the blood of male 

patients compared to the female patients; however, mean contents of Ca, K, Mg and Na 

showed almost equivalent levels in both donor groups of the patients. Likewise, average 

levels of Cd, Co, Cr, Cu, K, Li, Mn and Zn were considerably higher in the blood of 

female healthy donors, while remaining elements depicted appreciable increase in the 

blood of male healthy donors. Several epidemiological studies reported the disparity in 

distribution of trace elements in the blood of subjects based on gender (Hashmi and Shah, 

2012; Saghir et al., 2011). Pasha et al., (2008a) published almost similar results in the 

blood plasma of male and female healthy donors. 
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Figure 59.  Gender-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of valvular heart disease patients and healthy donors 

 

3.50.2  Abode-Based Comparison of the Elemental Levels in Blood of Valvular Heart 

Disease Patients and Healthy Donors 

The habitat-based disparities in average concentrations of selected elements (± SE) 

in the blood of valvular heart disease patients and healthy donors are shown in Figure 60. 

Average concentrations of Co, K, Mg, Sr and Zn were found to be considerably higher in 

the blood of patients from urban habitat compared to the rural patients, while mean levels 

of Cu, Li, Mn and Pb were observed to be noticeably higher in the blood of rural patients. 

However, mean contents of Ca, Cd, Cr, Fe and Na were measured at almost comparable 

levels in the blood of both patient groups. In case of healthy donors, average levels of Ca, 

Li and Na were measured at considerably higher levels in the blood of urban subjects 

compared to the rural subjects, whereas mean levels of Cd, Co, Cr, Cu, K and Zn were 

significantly higher in the blood of rural controls. More or less comparable levels of Fe, 

Mg, Mn, Pb and Sr were observed in the blood of rural and urban healthy donors. Among 

the selected elements, Co, K and Zn showed contrasting behaviour in the blood of patients 

and controls: levels were relatively higher in the urban patients and rural healthy donors 

than in their respective counterpart donors. Nevertheless, comparatively higher levels were 

observed for Li and Mn in the blood of rural patients and urban healthy donors compared 

to their respective counterpart donors. Singh et al., (1997) reported almost similar findings 
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in the blood serum of cardiovascular patients and healthy donors. Some of the elements 

(Cd, Co, Cr, Fe, K, Li, Mn, Na, Pb and Zn) exhibited relatively higher levels in the blood 

of urban/rural patients compared with the urban/rural controls, respectively. Thus, 

noticeable variations in the element levels of the two groups from urban and rural 

locations evidenced the imbalances of these elements in the blood of VHD patients. 
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Figure 60.  Abode-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of valvular heart disease patients and healthy donors 

 

3.50.3  Dietary-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 

Comparative evaluation of mean levels of selected elements (± SE) in the blood of 

valvular heart disease patients and healthy donors with vegetarian and non-vegetarian food 

habits is shown in Figure 61. Relatively higher concentrations of Cd, Cr and Zn were 

found in the blood of both patients and controls with vegetarian habits, whereas the 

counterpart donors with non-vegetarian habits exhibited elevated levels of Li in the blood. 

Average levels of Ca, Cd, Co, Cr, K, Pb and Zn were noticeably higher in the blood of 

vegetarian patients, whereas mean levels of Cu, Fe, Mg, Mn, Na and Sr were more or less 

comparable in the blood of the patient donor groups irrespective of the food habits. In case 

of healthy donors, average concentrations of Cd, Cr, Mn and Zn were found at 

significantly higher levels in the blood of vegetarian controls, while Co, Cu, Li, Mg, Pb 
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and Sr showed appreciable increase in the blood of non-vegetarian controls. Some of the 

elements revealed distinctive behaviour in their trends; average levels of Co, Pb and Sr 

exhibited significant increase in the blood of vegetarian patients and non-vegetarian 

healthy donors compared to their respective counterpart groups. 
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Figure 61.  Dietary-based comparison of mean levels (µg/g ± SE) of selected elements 

in the blood of valvular heart disease patients and healthy donors 

 

3.50.4  Smoking-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 

Average levels of selected elements (± SE) in the blood of valvular heart disease 

patients with non-smoking and smoking habits, in comparison with their counterpart 

healthy donors are contained in Figure 62. Mean levels of Cu, Li and Mn were noted to be 

considerably higher in the blood of smoking patients compared to non-smoking patients, 

who manifested relatively higher mean levels of Cd, Co, Pb and Sr in their blood samples. 

However, mean levels of Ca, Cr, Fe, K, Mg, Na and Zn demonstrated almost equivalent 

contributions in VHD patients irrespective of smoking or non-smoking habits. In case of 

controls, average levels of Ca and Na were found to be noticeably higher in the blood of 

smoking donors compared to the non-smoking donors, while the mean levels of rest of the 

elements (except Cd, Fe and Mg) unfolded considerable increase in the blood of non-

smoking controls. Almost equivalent mean levels of Mg were noted in the blood of 
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smoking and non-smoking patients in comparison with smoking and non-smoking healthy 

donors. Some of the elements (Cu, Li and Mn) divulged peculiar behaviour: elevated 

levels were found in the blood of smoking patients and non-smoking controls compared to 

their respective counterpart donors. Among the selected elements, Co and Pb exhibited a 

similar pattern, significantly higher mean levels were observed in the blood of non-

smoking subjects compared with the smoking subjects for both categories (Figure 62).  
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Figure 62.  Smoking-based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of valvular heart disease patients and healthy donors 

 

3.50.5  Occupation-Based Comparison of the Elemental Levels in Blood of Valvular 

Heart Disease Patients and Healthy Donors 

Mean concentrations of selected elements (± SE) in the blood of valvular heart 

disease patients from indoor and outdoor work environments, in comparison with their 

counterpart healthy donors, are portrayed as a bar graph in Figure 63, for a comparative 

evaluation. Among the selected elements, statistically significant differences between 

indoor and outdoor patients were observed for some elements: average concentrations of 

Cd, Co and Pb were comparatively higher in the blood of outdoor workers, whereas mean 

contents of Cr, Cu, Li, Mn and Sr showed significant increase in the blood of indoor 

workers. Nevertheless, Ca, Fe, K, Mg, Na and Zn exhibited almost comparable mean 

levels in both patient groups. The comparative study revealed that most of the toxic 
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elements exhibited higher levels in the blood of outdoor patients as they were generally 

exposed to higher pollutant levels. Similarly, Ca, Cu, K, Mn, Pb and Zn revealed 

moderately higher levels in the blood of outdoor healthy donors compared to the indoor 

healthy donors; nonetheless, average concentrations of Co, Cr, Li and Sr indicated 

considerably elevated levels in the blood of indoor controls. Some of the elements (Cr, Li 

and Sr) were found at elevated levels in the blood of indoor patients/controls, while only 

Pb exhibited markedly higher levels in blood of both outdoor patients/contols. In addition, 

Cu, Mn and Co behaved distinctly in this comparative study; their mean levels were 

marginally higher in the blood of indoor patients and outdoor controls (for Cu and Mn) 

and outdoor patients and indoor controls (for Co) compared to their respective 

counterparts groups. Interestingly, Mg showed almost comparable levels in the blood of 

all four donor groups. 
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Figure 63.  Occupation-based comparison of mean levels (µg/g ± SE) of selected 

elements in the blood of valvular heart disease patients and healthy donors 

 

3.50.6  Comparison of the Elemental Levels in Blood of Aortic and Mitral Valve 

Disease Patients 

Comparative average levels of selected elements (± SE) in the blood of aortic and 

mitral valve disease patients are given in Figure 64. Relatively higher mean concentrations 

were noted for Cd, Cr, Cu, Li, Mn and Sr in the blood of patients suffering from aortic 

valve disease, while an elevated level of Co was found in the blood samples of mitral 
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valve disease patients. In addition, mean levels of Ca, Fe, K, Mg, Na, Pb and Zn were 

almost comparable in both types of valvular heart disease patients. Comparative variations 

of most of the elements in the blood of VHD patients were quite diverse compared with 

the aforementioned relative trend observed in the scalp hair samples of the patients. 
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Figure 64.  Comparative mean levels (µg/g ± SE) of selected elements in the blood of 

aortic valve disease patients and mitral valve disease patients 

 

3.51  Correlation Study of the Elemental Levels in Blood of Valvular 

Heart Disease Patients 
The correlation coefficient matrix pertaining to the elemental levels in the blood 

samples of valvular heart disease patients is presented in Table 44, wherein the bold r-

values are significant at p < 0.05. In this study, very strong positive correlations (0.900 < r 

> 0.500) were found between the following element pairs: Li-Cd, Cr-Li, Cr-Cu, K-Zn, Li-

Na, Cd-Cr, Li-Mn, Cu-Li and Li-Pb. Some significant relationships (0.500 < r > 0.350) 

were observed for Cd-Na, Ca-Li, Cr-Pb, Ca-Mg, Ca-Cr, Cu-Na, Cr-Mn, Ca-Cd, Cd-Pb, 

Ca-Cu, Na-Sr, Cu-Mn, Cu-Cd, Ca-Na and Mg-Na in blood of the patients. In addition to 

these strong and significant positive correlations, some elements also exhibited strong and 

significant negative correlations with each other, such as, Na-K (r = −0.575), Li-K (r = 

−0.482), Cd-K (r = −0.373). These negative correlations indicated the depletion of cardio-

protective element K at the expense of other elements. In numerous clinical trials, 

excretion of K from the body was associated with increased risk of subsequent CVD 
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(Cook et al., 2009; Bazzano et al., 2003). Some of the element pairs exhibited weak 

positive or negative relationships. Among the selected elements, Co and Fe were not 

significantly correlated with any other element, thus, pointing towards their independent 

variations in the blood of the patients. Furthermore, age of the patients showed some 

insignificant positive and negative correlations with the elements. The correlation study, 

hence manifested mutual variations among the selected elements in the blood of VHD 

patients, which would be further explored by multivariate statistical methods in 

forthcoming section. 

 

3.52  Correlation Study of the Elemental Levels in Blood of Healthy 

Donors 
The data on element-to-element correlations in the blood samples of healthy 

donors are shown in Table 45, wherein the significant r-values are furnished in bold (p < 

0.05). The element pairs with a strong (r > 0.500) correlation in the healthy donor group 

included Cu-K (r = 0.747), Ca-Mg (r = 0.646), Fe-Mg (r = 0.646), Co-K (r = 0.610), Ca-

Na (r = 0.606), Zn-K (r = 0.540), Zn-Mg (r = 0.537), Co-Cu (r = 0.533) and Cu-Mn (r = 

0.508). In addition, other noteworthy correlations (0.500 < r > 0.350) were also observed 

in the blood of healthy donors: Cr-K (r = 0.496), Fe-Na (r = 0.484), Cr-Cu (r = 0.477), 

Fe-Zn (r = 0.473), Cu-Zn (r = 0.457), Cr-Sr (r = 0.456), Mn-Zn (r = 0.449), Mg-Na (r = 

0.398), Co-Zn (r = 0.393), Cu-Sr (r = 0.391) and K-Mn (r = 0.356). The correlation study, 

therefore, showed that essential elements shared a common origin in the blood of healthy 

donors. Several elements revealed significant negative correlations with each other as 

manifested by Li-Zn (r = −0.483), Ca-K (r = −0.419), Co-Li (r = −0.412), Cu-Na (r = 

−0.412), Pb-Sr (r = −0.397), Na-K (r = −0.391) and Mg-Li (r = −0.354). All other 

element pairs divulged very weak positive or negative relationships. Among the selected 

elements, Cd unfolded statistically insignificant relationships with other elements and 

therefore, demonstrated an independent variation in the blood of controls. Moreover, age 

of the healthy donors offered significantly negative correlations with Co and K as 

manifested by their ‘r’ values (−0.432) and (−0.361), respectively. The inverse 

relationship indicated depletion of these elements from the blood with increase in age of 

the controls. Overall, the correlation pattern of trace elements in the blood of controls was 

considerably diverse compared with the valvular heart disease patients, which may be 

attributed to the disproportions of the nutrients and trace elements in the patients. 
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Table 44.  Correlation coefficient matrix of selected elemental levels in the blood of valvular heart disease patients 

 Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.025 1.000              

Cd -0.117 0.402 1.000             

Co -0.101 0.043 0.051 1.000            

Cr 0.016 0.455 0.616 0.006 1.000           

Cu 0.012 0.377 0.366 -0.151 0.666 1.000          

Fe 0.002 0.095 0.156 0.061 0.069 -0.013 1.000         

K 0.185 0.058 -0.373 0.136 -0.215 -0.090 0.017 1.000        

Li -0.006 0.485 0.768 -0.073 0.761 0.565 0.206 -0.482 1.000       

Mg 0.117 0.469 0.108 0.044 0.108 0.053 0.342 0.047 0.222 1.000      

Mn -0.029 0.263 0.343 -0.085 0.432 0.374 0.206 -0.145 0.578 -0.037 1.000     

Na  -0.253 0.359 0.495 -0.193 0.331 0.451 0.242 -0.575 0.637 0.356 0.285 1.000    

Pb 0.008 0.289 0.390 -0.032 0.482 0.286 0.063 -0.237 0.501 0.103 0.213 0.247 1.000   

Sr -0.073 0.184 0.288 0.076 0.340 0.196 -0.007 -0.233 0.274 0.165 0.200 0.376 0.305 1.000  

Zn 0.150 0.137 -0.052 0.173 0.105 0.138 0.289 0.654 -0.165 0.180 0.077 -0.132 -0.164 0.123 1.000 

Bold r-values are significant at p < 0.05 
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Table 45.  Correlation coefficient matrix of selected elemental levels in the blood of healthy donors 

 Age Ca Cd Co Cr Cu Fe K Li Mg Mn Na  Pb Sr Zn 

Age 1.000               

Ca -0.028 1.000              

Cd 0.211 -0.075 1.000             

Co -0.432 -0.308 0.174 1.000            

Cr -0.113 -0.034 0.038 0.214 1.000           

Cu -0.218 -0.294 0.168 0.533 0.477 1.000          

Fe -0.209 0.258 0.208 0.196 0.232 0.102 1.000         

K -0.361 -0.419 0.086 0.610 0.496 0.747 0.293 1.000        

Li 0.120 -0.230 -0.065 -0.412 0.087 -0.116 -0.322 -0.250 1.000       

Mg -0.242 0.646 -0.074 0.088 0.266 0.181 0.646 0.202 -0.354 1.000      

Mn 0.017 -0.095 0.138 0.183 0.225 0.508 0.140 0.356 0.046 0.064 1.000     

Na  0.065 0.606 0.185 -0.331 -0.072 -0.412 0.484 -0.391 0.333 0.398 -0.057 1.000    

Pb -0.172 -0.040 0.168 0.283 0.072 0.062 0.150 0.258 -0.189 -0.042 0.007 0.125 1.000   

Sr -0.181 -0.156 -0.309 0.102 0.456 0.391 0.223 0.183 -0.156 0.082 0.309 -0.109 -0.397 1.000  

Zn -0.187 0.086 0.120 0.393 0.274 0.457 0.473 0.540 -0.483 0.537 0.449 0.048 0.059 -0.234 1.000 

Bold r-values are significant at p < 0.05 
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3.53  Multivariate Analysis of the Elemental Levels in Blood of Valvular 

Heart Disease Patients 
The PCA of selected elements in the blood samples of valvular heart disease 

patients, extracted by varimax-normalized rotation on the data-set, is given in Table 46, 

which yielded five PCs of the elements with eigen values >1, commutatively exhibiting 

more than 75% of the total variance of data. The corresponding CA based on Ward’s 

method is depicted in Figure 65. The CA of the elemental data in the blood samples of the 

patients revealed very strong clusters of Ca-Mg-Na-Fe, Li-Cr-Cd-Cu-Mn-Pb, Co-Sr and 

K-Zn. In the blood of VHD patients, PC 1 was dominantly contributed by Cd, Cr, Cu, Li 

and Mn, duly supported by the CA. These elements mostly originated from some common 

sources including anthropogenic contaminations and were regulated by internal body 

metabolism (Cope, 2004; Pathak and Lokhande, 2014). PC 2 showed elevated loadings of 

K and Zn, whereas, Ca, Mg and Na divulged maximum loadings in PC 3, which was in 

good agreement with CA. Likewise, PC 4 exhibited higher loadings for Fe and Sr. All 

these elements were mainly contributed by the dietary habits of the donors (Coo, 1999; 

Nielsen, 2004). The last PC was composed of Co and Pb, which mostly originated from 

the anthropogenic emissions (Christensen, 1995). 
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Figure 65.  Cluster analysis of selected elemental levels in the blood samples of 

valvular heart disease patients 
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Table 46.  Principal component analysis for selected elemental levels in the blood 

samples of valvular heart disease patients 

 PC 1 PC 2 PC 3 PC 4 PC 5 

Eigen value 4.684 2.112 1.402 1.327 1.011 

Total Variance (%) 33.45 15.09 10.01 9.478 7.220 

Cumulative Eigen value 4.684 6.796 8.198 9.525 10.54 

Cumulative Variance (%) 33.45 48.54 58.56 68.03 75.25 

Ca 0.403 0.088 0.672 -0.045 0.247 

Cd 0.576 -0.265 0.367 0.178 0.243 

Co -0.074 0.177 -0.078 -0.119 0.760 

Cr 0.835 -0.019 0.249 -0.146 0.304 

Cu 0.782 0.067 0.141 -0.160 -0.169 

Fe 0.147 0.141 0.480 0.734 -0.047 

K -0.142 0.904 -0.099 0.082 0.120 

Li 0.795 -0.390 0.320 0.105 0.083 

Mg 0.028 0.069 0.896 0.001 -0.049 

Mn 0.781 0.098 -0.089 0.123 -0.118 

Na 0.329 -0.452 0.612 -0.084 -0.323 

Pb 0.345 -0.350 0.277 0.030 0.501 

Sr -0.130 -0.017 -0.421 0.731 -0.117 

Zn 0.157 0.885 0.231 0.000 -0.015 

 

 

3.54  Multivariate Analysis of the Elemental Levels in Blood of Healthy 

Donors 
The PCA of selected elements in the blood of healthy donors, extracted by 

varimax-normalized rotation on the data-set, is presented in Table 47. It yielded four PCs 

with eigen values >1, commutatively explaining more than 87% of the total variance of 

data. The corresponding CA based on Ward’s method is portrayed in Figure 66. The CA 

of the elemental data in the blood of controls revealed very strong clusters for Ca-Co, Cu-

Mn, Zn-Mg-Cd-Pb, Cr-Sr, Fe-K and Li-Na. In case of healthy subjects, PC 1 gave 

elevated loadings for Cd, Mg, Pb, Sr and Zn, with a similar strong cluster in the CA, while 

PC 2 consisted of Co, Fe and K, and PC 3 revealed significantly higher loadings for Ca, Cr 
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and Mn. These three PCs were chiefly contributed by the dietary sources (milk, fruits, 

leafy vegetables, grains, etc.) and environmental exposure (automobile and industrial 

emissions) (Gibson, 1994; Christensen, 1995). PC 4, for the blood of controls, evidenced 

elevated loadings of Cu, Li and Na, which were associated with the nutritional behaviour 

of the donors and internal body metabolism (Wildman and Mederios, 2000; Xu et al., 

2014). The multivariate methods of PCA and CA, thus, testified to significant disparities 

in the trace element apportionment in the blood samples of valvular heart disease patients 

compared with the healthy donors. 

 

 

Table 47.  Principal component analysis for selected elemental levels in the blood 

samples of healthy donors 

 PC 1 PC 2 PC 3 PC 4 

Eigen value 5.294 3.455 2.308 1.252 

Total Variance (%) 37.81 24.68 16.48 8.941 

Cumulative Eigen value 5.294 8.749 11.06 12.31 

Cumulative Variance (%) 37.81 62.49 78.98 87.92 

Ca 0.398 -0.048 0.843 0.299 

Cd 0.766 0.076 0.091 0.304 

Co 0.154 0.763 0.609 0.004 

Cr 0.316 -0.183 0.896 -0.102 

Cu -0.196 -0.015 0.282 0.907 

Fe -0.045 0.914 -0.040 0.340 

K 0.370 0.771 -0.378 0.192 

Li 0.413 0.406 0.046 0.708 

Mg 0.835 0.284 0.304 0.111 

Mn -0.093 0.175 0.708 0.621 

Na 0.101 0.314 -0.091 0.755 

Pb 0.875 -0.116 0.058 -0.199 

Sr 0.672 -0.565 0.035 -0.204 

Zn 0.878 0.293 0.317 0.034 
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Figure 66.  Cluster analysis of selected elemental levels in the blood samples of 

valvular heart disease patients 

 

 

3.55  Comparison of the Elemental Levels in Scalp Hair and Blood of 

Valvular Heart Disease Patients and Healthy Donors 
Average levels of selected elements (± SE) in the scalp hair and blood of valvular 

heart disease patients and healthy donors are produced in Figure 67, for comparative 

evaluation. The mean levels of selected elements in the hair of both donor groups were 

found to be many times higher than their blood levels except Fe, K and Na, which were 

significantly higher in the blood of the patients and controls. Other studies also reported 

almost similar distribution pattern of the elements in blood and scalp hair of the donors 

(Qayyum and Shah, 2014; Pasha et al., 2010a). Moreover, Fe, K and Na depicted highest 

levels in the blood of VHD patients in comparison with healthy donors and similar trend 

was earlier observed in the blood of myocardial infarction patients. In addition, the 

maximum average levels of Cd, Co, Cu, Mg, Mn, Pb, Sr and Zn were perceived in the hair 

samples of patients, whereas higher mean contents of Ca and Cr were noticed in the scalp 

hair of the healthy donors. Such variations of the elements in blood and scalp hair were 

based on the morphology of binding sites and metabolic roles of the elements (for example 

the role of Na+ and K+ in electrolytes). Thus, the present findings were in good agreement 

with the reported literature (Wołowiec et al., 2013; Adrogué and Madias, 2007). Another 

study elaborated that most of the trace/toxic elements were leached out by the internal 

metabolism of the human body and accumulated in the metabolic end products, such as, 
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hair tissues (Priya and Geetha, 2011). Hence, these elemental variations may guide the 

practitioners to diagnose and suggest the treatment for the particular disease. 
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Figure 67. Comparison of mean levels (µg/g ± SE) of selected elements in the blood 

and scalp hair of valvular heart disease patients and healthy donors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results and Discussion 

177 

SECTION IV:  COMPARISON OF THE ELEMENTAL 

LEVELS IN SCALP HAIR AND BLOOD 

 

The simultaneous evaluation of selected elemental levels in the scalp hair and 

blood of the cardiovascular disease (CVD) patients and healthy donors along with three 

donor categories of the patients (angina, myocardial infarction and valvular heart disease) 

seemed to hold particular promise. First, the mean element levels in the scalp hair and 

blood of the entire group of CVD patients and the healthy subjects are discussed. It is 

followed by the individual mean elemental levels in the scalp hair samples of the three 

categories of patients and, thereafter, the average elemental concentrations in the blood of 

angina, myocardial infarction and valvular heart disease patients are compared. The 

average elemental levels (± SE) of all the cardiovascular patients and healthy donors, 

including all the matrices are given in Table 48, while comparison of the elements in the 

scalp hair and blood of the three donor categories of CVD patients are presented in Figures 

68 and 69. 

 

3.56  Comparison of the Elemental Levels in Scalp Hair and Blood of 

Entire Cardiovascular Patients and Healthy Donors 
Comparative average levels of selected elements (± SE) in the scalp hair and blood 

of the entire group of cardiovascular patients and healthy donors are contained in Table 

48. Average concentrations of Fe, K and Na exhibited considerably higher levels in the 

blood of both patients and controls, while rest of the elements revealed higher 

accumulation in the scalp hair of both donor groups. Several epidemiological studies also 

reported the similar distribution of elements in the blood and hair tissues (Qayyum and 

Shah, 2014; Pasha et al., 2010a). In case of scalp hair, mean contents of Ca, Cd, Co, Cr, 

Cu, Fe, Li, Pb and Sr were found to be significantly higher in CVD patients compared 

with the controls (p < 0.05), whereas Na and K depicted elevated levels in the controls. 

However, average concentrations of Mg, Mn and Zn were found at almost comparable 

levels in the scalp hair of both donor groups. In case of blood samples, average levels of 

Ca and Mg were noted at markedly elevated levels in healthy donors; nonetheless, rest of 

the elements manifested significantly higher mean levels in CVD patients (p < 0.05).  
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Table 48.  Comparison of mean levels (µg/g ± SE) of selected elements in the scalp hair and blood of total cardiovascular patients and 

healthy donors 

  Scalp Hair Blood 

Elements CVD Patients Healthy Donors p-values CVD Patients Healthy Donors p-values 

Ca 2552 ± 132.1 2098 ± 81.17 < 0.05 56.49 ± 2.712 106.4 ± 5.433 < 0.05 

Cd 2.023 ± 0.116 1.098 ± 0.064 < 0.05 0.808 ± 0.029 0.446 ± 0.019 < 0.05 

Co 20.03 ± 1.653 11.89 ± 0.927 < 0.05 4.957 ± 0.225 2.054 ± 0.114 < 0.05 

Cr 5.811 ± 0.444 4.558 ± 0.374 < 0.05 3.404 ± 0.151 1.155 ± 0.049 < 0.05 

Cu 17.40 ± 0.640 13.53 ± 0.440 < 0.05 2.299 ± 0.069 1.799 ± 0.068 < 0.05 

Fe 58.87 ± 4.163 31.30 ± 1.884 < 0.05 435.9 ± 7.785 345.4 ± 5.817 < 0.05 

K 32.21 ± 2.078 38.00 ± 1.940 < 0.05 1044 ± 32.66 745.2 ± 17.38 < 0.05 

Li 1.463 ± 0.120 0.897 ± 0.061 < 0.05 0.529 ± 0.027 0.297 ± 0.014 < 0.05 

Mg 523.6 ± 26.53 522.3 ± 18.27 NS 34.19 ± 0.532 37.08 ± 0.892 < 0.05 

Mn 7.705 ± 0.412 6.704 ± 0.555 NS 1.276 ± 0.063 0.526 ± 0.025 < 0.05 

Na  198.7 ± 16.33 532.3 ± 38.55 < 0.05 1448 ± 17.02 1086 ± 30.14 < 0.05 

Pb 27.23 ± 1.555 14.53 ± 0.910 < 0.05 5.632 ± 0.307 4.249 ± 0.251 < 0.05 

Sr 66.72 ± 2.902 34.84 ± 1.569 < 0.05 1.919 ± 0.097 1.181 ± 0.088 < 0.05 

Zn 292.2 ± 12.25 286.1 ± 13.61 NS 8.575 ± 0.188 6.031 ± 0.132 < 0.05 

NS = Non Significant 
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By and large, the order of average concentrations of the elements in scalp hair of 

CVD patients was: Ca > Mg > Zn > Na > Sr > Fe > K > Pb > Co > Cu > Mn > Cr > Cd > 

Li, while for the healthy donors the order was: Ca > Na >Mg > Zn > K > Sr > Fe > Pb > 

Cu > Co > Mn > Cr > Cd > Li. In addition, mean contents of selected elements in the 

blood of CVD patients showed the following decreasing order: Na > K > Fe > Ca > Mg > 

Zn > Pb > Co > Cr > Cu > Sr > Mn > Cd > Li, whereas for healthy donors the order was: 

Na > K > Fe > Ca > Mg > Zn > Pb > Co > Cu > Sr > Cr > Mn > Cd > Li. 

As per recent literature, elevated levels of Ca in the hair tissues of CVD patients 

indicated the calcification of arteries and heart valves. The degree of calcification in the 

arteries directly correlates with the extent of atherosclerosis, which is considered as a 

hallmark of cardiovascular disease (Allison et al., 2004; Iribarren et al., 2000; Agatston et 

al., 1990; Orimo and Ouchi, 1990). Some studies demonstrated that high levels of Cd were 

associated with the progression of CVD (Tellez-Plaza et al., 2008; Bhatnagar, 2006; 

Houtman, 1993). Cadmium is indirectly involved in the production of free radicals, which 

induce endothelial dysfunction; it accelerates atherosclerotic plaque formation and 

interferes with the antioxidant mechanism of the body (Ferramola et al., 2012 and Messner 

et al., 2009). Epidemiologically, elevated levels of Co in the presence of CVD risk factors, 

such as, smoking and alcohol, were linked with the incidence of CVD events (Seghizzi et 

al., 1994). Several clinical trials showed that higher mean levels of Fe and Cu in the blood 

and scalp hair were significantly correlated with the occurrence of CVD in the general 

population (Kazi et al., 2008a; Afridi et al., 2011d). Both Fe and Cu belong to the redox-

active group, which greatly affects the redox balance of the body by producing oxygen 

free radicals (ROS) via Fenton reaction. These ROS stimulate the peroxidation of low-

density lipoprotein and damage the endothelial cells, which ultimately leads to tissue 

damage. Thus, Fe- and Cu-induced oxidative stress may become one of the crucial factors 

for the promotion of atherogenesis and prothrombotic events (Jomova and Valko 2011; 

LaMarca et al., 2008; Chau, 2000).  

The optimum concentrations of Mg, K, Na, Mn and Zn are essential for normal 

growth and body functions; any interruption in their homeostasis is associated with a 

variety of disease states in humans. Epidemiologically, an increased rate of CVD events 

was noticed in subjects who suffered from Mg, K and Zn deficiency, while variations in 

Mn levels were not linked with certainty to the development of CVD (Chakraborti et al., 

2002; Fang et al., 2000; Alissa et al., 2006; Wu et al., 2009). In the past few decades, 

many studies unfolded a strong relationship between Pb toxicity and frequency of CVD 
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events. Elevated levels of Pb were reported in the blood of patients that have abnormal 

systolic and diastolic blood pressure, which ultimately lead towards the CVD (Poreba et 

al., 2011; Navas-Acien et al., 2007). Another study elaborated the critical role of Sr in 

arterial stiffness that may be explained by its potential role in the enhancement of 

oxidative stress (Wu et al., 2012). Therefore, an excess of Sr in the body may be 

considered as a risk factor for CVD in humans.  

 

3.57  Comparison of the Elemental Levels in Scalp Hair of Three 

Categories of Cardiovascular Patients 
Comparative average levels of selected elements (± SE) in the scalp hair of angina 

patients, myocardial infarction patients and valvular heart disease patients are depicted in 

Figure 68. According to the relative average contributions of selected elements in the scalp 

hair samples of the three donor groups of patients: eight classes of the elements were 

recognised: 

• Class I: This class consisted of three elements (Co, Li and Na). Mean levels of these 

elements revealed the following order in the scalp hair of the three categories of 

patients: angina patients > myocardial infarction patients > valvular heart disease 

patients. 

• Class II: Three elements including the essential (K) and toxic/trace (Cd and Cr) 

elements belonged to this class. Average levels of these elements in the scalp hair of 

the three patient groups followed the decreasing trend: myocardial infarction patients > 

angina patients > valvular heart disease patients. 

• Class III: This class comprised two trace elements (Cu and Mn). Both elements 

revealed the following decreasing order in the scalp hair of patient groups: valvular 

heart disease patients > angina patients > myocardial infarction patients. 

• Class IV: Only one element (Sr) constituted this class. The scalp hair of patient groups 

showed following decreasing order for its mean level: myocardial infarction patients > 

valvular heart disease patients > angina patients. 

• Class V: Magnesium (Mg) was the only member of this class. The average 

concentration exhibited following decreasing trend in the scalp hair of patient groups: 

valvular heart disease patients > myocardial infarction patients > angina patients. 

• Class VI: Based on the relative distribution in the scalp hair of patients, only Ca was 

associated with this class. It indicated almost comparable levels in the scalp hair of 
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myocardial infarction patients and valvular heart disease patients, while pointing 

maximum accumulation in the hair tissues of angina patients.  

• Class VII: This class was represented by two elements Fe and Pb, which exhibited 

approximately comparable levels in the scalp hair of angina patients and myocardial 

infarction patients but revealed minimum mean level in the scalp hair of valvular heart 

disease patients. 

• Class VIII: This class belonged to a very special trace element (Zn) because of its 

attributes in metabolism. Zinc demonstrated almost equivalent mean levels in the scalp 

hair of angina patients and myocardial infarction patients but showed maximum mean 

level in the scalp hair of valvular heart disease patients.  
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Figure 68.  

(continued)………….. 
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Figure 68. Comparison of average elemental levels (µg/g) in the scalp hair of three 

patient groups 
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3.58  Comparison of the Elemental Levels in Blood of Three Categories 

of Cardiovascular Patients 
The average concentrations of selected elements (± SE) in the blood of angina 

patients, myocardial infarction patients and valvular heart disease patients are presented in 

Figure 69. Based on the relative contributions of selected elements in the blood samples of 

the three groups of the patients, the following eight classes were envisioned:  

• Class I: This class consisted of Cu, which serves as a cofactor in several enzymatic 

systems but, in excess, its redox nature makes it harmful for human body. It divulged 

following trend in the blood of the three categories of patients; angina patients > 

myocardial infarction patients > valvular heart disease patients. 

• Class II: This class comprised Mn, which is also a part of several catalytic and 

enzymatic systems in the human body. It exhibited the following decreasing order in 

the blood of patient groups; myocardial infarction patients > angina patients > valvular 

heart disease patients. 

• Class III: Maximum numbers of elements (Ca, Co, K and Pb) represented this class. 

These elements manifested the following decreasing order in the blood of patient 

groups; myocardial infarction patients > valvular heart disease patients > angina 

patients. 

• Class IV: Strontium (Sr) was the only member of this class. The mean levels of Sr in 

the blood of patients gave the following trend; angina patients > valvular heart disease 

patients > myocardial infarction patients. 

• Class V: Three elements (Cd, Cr and Na) belonged to this class. Their mean levels 

showed the following decreasing trend in the blood of three patient groups; myocardial 

infarction patients > angina patients ~ valvular heart disease patients. 

• Class VI: Only Li represented this class. Mean content of Li unfolded maximum 

concentration in blood of valvular heart disease patients, whereas it showed more or 

less comparable level in the blood of other two donor groups of patients.  

• Class VII: Two essential elements (Zn and Fe) constituted this class. Both elements 

depicted almost comparable levels in the blood of angina patients and valvular heart 

disease patients, while lowest levels were noted in myocardial infarction patients.  

• Class VIII: This class consisted of Mg. The average levels of Mg were almost 

equivalent in the blood of myocardial infarction patients and valvular heart disease 

patients but lowest mean level was noticed in the blood of angina patients.  
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Figure 69.  
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Figure 69. Comparison of average elemental levels (µg/g) in the blood of three 

patient groups 
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SECTION V: INTERNATIONAL COMPARISON OF THE 

ELEMENTAL LEVELS IN SCALP HAIR AND BLOOD 
 

Another important aspect of the present study was based on the comparative 

evaluation of the elemental levels in the scalp hair and blood specimens of cardiovascular 

disease patients and healthy donors with the counterpart data reported from other regions 

of the world. Such comparative elemental assessment provides a database for the judgment 

of the health status of the general population. Moreover, the relative study elaborated the 

role of elemental imbalances in the development of cardiovascular disease. However, the 

comparison of data with other reported studies was often complicated due to factors as 

diverse cultural and ethnic values, different methodologies adopted for sampling, storage 

and digestion processes, and the employment of different analytical techniques for 

elemental analyses. The comparison of selected elemental levels in the scalp hair and 

blood is now discussed in the following sections. 

 

3.59  Comparison of the Present Elemental Levels in Scalp Hair with the 

Reported Levels in Literature 
Comparison of the present average levels of selected elements in the scalp hair 

with the reported levels from other regions of the world is depicted in Tables 49 and 50 for 

the patients and healthy donors, respectively. According to the best of our knowledge 

elemental data from hair samples of CVD patients were scarce. In addition, the reports 

gave data for only a few elements. The mean level of Ca in the scalp hair of CVD patients 

measured in the present study was found to be significantly higher compared to the other 

studies listed in the Table 49 (MacPherson and Bacso, 2000; Lopes et al., 2006; Hsieh et 

al., 2011). Similarly, mean content of Cd in the scalp hair of CVD patients found in the 

present study was noticeably higher than those reported from Changsha, China (Tang et 

al., 2003) and L’viv, Ukraine (Solomenchyk, 2013), but significantly lower compared 

with the studies reported from Hyderabad, Pakistan (Afridi et al., 2010a; 2011b). Average 

concentrations of Cr, Mg, Mn, Pb and Sr in the present study were considerably higher in 

comparison with the patients from Hyderabad, Pakistan (Afridi et al., 2006; 2011a; 2010a; 

2010a; 2010b), Changsha, China (Tang et al., 2003), Taiwan, China (Hsieh et al., 2011) 

and L’viv, Ukraine (Solomenchyk, 2013). One of the studies from Hyderabad, Pakistan 

(Afridi et al., 2006) divulged a mean level of Cu almost comparable to that noted in the 
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present study, while other studies exhibited comparatively lower Cu levels than the present 

study. The average level of Fe in the scalp hair of CVD patients in the present study was 

lower than the reported level from Taiwan, China (Hsieh et al., 2011), but the present level 

was higher than rest of the studies (Kazi et al., 2008a; Afridi et al., 2006; Lopes et al., 

2006; Tang, et al., 2003). Likewise, in present study, mean Na content in CVD patients 

was lower compared to the patients from Taiwan, China (Hsieh et al., 2011). Among the 

studies listed in Table 49, patients from Gdansk, Poland (Karaszewski et al., 2007) 

revealed an almost comparable K level but lower Mg level in comparison with the present 

study. The average level of Zn found in the present study was markedly lower compared 

to the study reported from Chandigarh, India (Taneja et al., 2000), but relatively higher 

than rest of the studies mentioned in the Table. 

The comparative study is incomplete without the comparison of the elemental data 

in the scalp hair of healthy donors with the counterpart data from other regions of the 

world. As shown in Table 50, the mean level of Ca in the scalp hair of healthy donors in 

the present study was markedly higher compared to the reported studies except the study 

conducted in Hyderabad, Pakistan (Afridi et al., 2008b). In the scalp hair of healthy 

donors, average level of Cd was relatively lower in the present study compared to those 

reported from Canary Island, Spain (Gonzalez-Reimers et al., 2014), Muscat, Oman (Al-

Farsi et al., 2013) and Rawalpindi, Pakistan (Pasha et al., 2008a; 2010b). However, the 

present Cd level was almost comparable to that reported for the residents of Chakwal, 

Pakistan (Khalique et al., 2005), but rest of the studies showed comparatively lower Cd 

contents than the present study. Considerably higher mean concentrations of Co, Sr and Zn 

levels were found in the present study compared with other reported levels. The mean 

level of Cr in the present study was higher than those reported from Kayseri, Turkey 

(Cihan and Yildirum, 2011; Cihan et al., 2011), Madrid, Spain (Rodenas et al., 2011), 

Rawalpindi, Pakistan (Pasha et al., 2008a; 2010b), Suwon, South Korea (Joo et al., 2009), 

Shenyang/Liaoning, China (Tan et al., 2009), Warsaw, Poland (Dlugaszek et al., 2008), 

Arizona, USA (Adams et al., 2006), Chakwal/Islamabad/Rawalpindi, Pakistan (Khalique 

et al., 2005; 2006). Nevertheless, the current Cr level was almost comparable with that of 

the donors from Shanghai, China (Tan and Chen, 2011; Gou et al., 2007). The present hair 

Cu average level was found to be lower than those documented for the donors from 

Damascus, Syria (Khuder et al., 2014), Kayseri, Turkey (Cihan and Yildirum, 2011); 

Shanghai, China (Tan and Chen, 2011; Gou et al., 2007), Taipei, Taiwan (Wang et al., 

2009b), Rawalpindi, Pakistan (Pasha et al., 2008a; 2010b) and Arizona, USA (Adams et 
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al., 2006). Mean level of Li in the scalp hair of the healthy donors in the present study was 

lower compared to those found in the residents of Rawalpindi, Pakistan (Pasha et al., 

2008a). Similarly, current hair Fe mean level was lower compared with those reported 

from Visakhapatnam, India (Pradeep et al., 2014), Muscat, Oman (Al-Farsi et al., 2013), 

Shanghai, China (Tan and Chen, 2011; Gou et al., 2007), Rawalpindi, Pakistan (Pasha et 

al., 2008a; 2010b), Taipei, Taiwan (Wang et al., 2009b), and Chakwal, Pakistan (Khalique 

et al., 2005). Nonetheless, an elevated Na average level was found in the present study 

compared to the other studies listed in Table 50 except that of Khalique et al., (2006). 

Besides, more or less comparable K mean level was found in the present study in 

comparison to Taipei, Taiwan (Wang et al., 2009b), whereas among the studies listed, 

only one study from Visakhapatnam, India (Pradeep et al., 2014) reported a higher Mn 

mean level than the present Mn level. Only one study from Hyderabad, Pakistan (Afridi et 

al., 2008a) reported an elevated hair Mg level in comparison with the present study, while 

a lower Pb level was found in the present study compared to the inhabitants of Qianguo, 

China (Zhu et al., 2014). Most of the elemental variations in the scalp hair primarily 

depend upon the nutritional behaviour and environmental exposure of the donors.  

 

3.60  Comparison of the Present Elemental Levels in Blood with the 

Reported Levels in Literature 
The average levels of selected elements in the blood of cardiovascular disease 

patients and the healthy donors found in the present study were compared with the 

counterpart data from other regions of the world as produced in Tables 51 and 52. In case 

of the CVD patients, lower average content of blood Ca was noted in the present study 

compared to that of inhabitants of Madurai, India (Angeline et al., 2003), Tromso, Norway 

(Jorde et al., 1999) and Uppsala, Sweden (Lind et al., 1997; Nystrom-Rosander et al., 

2004). Current blood Cd mean level was found to be appreciably higher than that of the 

donors from Changsha, China (Tang et al., 2003), Hyderabad, Pakistan (Afridi et al., 

2011d), Graz, Austria (Krachler et al., 1997), Uppsala, Sweden (Lind et al., 2012a; 

Nyström-Rosander et al., 2004) and Van, Turkey (Cebi et al., 2011). Measured mean 

levels of Co, Cr, K, Mn, Pb and Sr in the blood of CVD patients in the present study were 

higher in comparison with other studies listed in the Table 51. However, the average level 

of blood Na average level was lower in the present study compared to the other selected 

regions of the world.  
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Table 49. Comparison of the present elemental levels (µg/g) in the scalp hair of cardiovascular patients with the reported levels around the world 

City, Country Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn 

Present Study1 2552 2.023 20.03 5.811 17.40 58.87 32.21 1.463 523.6 7.707 198.7 27.23 66.72 292.2 

Hyderabad, Pakistan2 − − − − 12.4 36.4 − − − − − − − 120 

Hyderabad, Pakistan3 − 1.78 − 3.06 17.53 19.42 − − − − − 11.85 − 169.2 

Hyderabad, Pakistan4 − − − 2.97 − − − − − 3 − − − − 

Hyderabad, Pakistan5 − 5.13 − − − − − − − − − − − 145.9 

Scotland, UK6 471 − − − − − − − − − − − − − 

Hyderabad, Pakistan7 − 4.5 − − − − − − − − − 9.7 − − 

Lisbon, Portugal8 78  − − 1.3 1.5 131 − − − − − − 1.2 

Changsha, China9 − 0.14 − 0.28 6.7 45.9 − − − − − − − 107.2 

Chandigarh, India10 − − − − 3.15 − − − − − − − − 483.6 

Hyderabad, Pakistan11 − 2.86 − − − − − − − − − 15.5 − 153.2 

Taiwan, China12 558 − − − 4.83 73.2 25.9 − 54.9 − 253 − − 149.3 

Gdansk, Poland13 − − − − − − 35.8 − 22.2 − − − − − 

Lviv, Ukraine14 − 0.09 − − − − − − − − − 1.65 9.66 − 
1Mean Levels, 2Kazi et al., 2008(a); 3Afridi et al., 2006; 4Afridi et al., 2011(a); 5Afridi et al., 2011(b); 6MacPherson and Bacso, 2000; 7Afridi et 
al., 2010(a); 8Lopes et al., 2006; 9Tang et al., 2003; 10Taneja et al., 2000; 11Afridi et al., 2010(b); 12Hsieh et al., 2011; 13Karaszewski et al., 
2007; 14Solomenchyk, 2013 
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Table 50. Comparison of the present elemental levels (µg/g) in the scalp hair of healthy donors with the reported levels around the world  

City, Country Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn 
Present Study1 2098 1.098 11.89 4.558 13.53 31.3 38 0.897 522.3 6.704 532.3 14.53 34.84 286.1 
Kayseri, Turkey2 30.8 0.32 0.39 0.93 15.7 25 10.7 0.57 31.9 1.14 21.4 5.1 1.4 110 
Kayseri, Turkey3 34.4 0.17 − 0.99 11.9 28.2 11 0.5 41 0.86 28.6 6.2 0.5 63.7 
Shanghai, China4 1570 0.58 0.76 4.64 14.2 38.2 92.2 − 99.3 1.54 258 12.6 1.67 230 
Madrid, spain5 565 0.03 0.3 0.35 12.2 10.2 7.9 − 30.2 0.13 28.7 0.81 1.4 222 
Rawalpindi, Pakistan6 634 1.59 4.97 2.18 22.3 129 7.8 − 162 1.93 82.1 15.2 9.8 206 
Suwon, Korea7 1591 0.02 − 0.41 57.2 9.15 101 − 116 0.44 158 1.12 − 163 
Arizona, USA8 491 0.14 0.04 0.45 33.4 16 47 0.053 51 0.33 98 0.81 2.51 147 
Shenyang/Liaoning, China9 − 0.08 − 0.56 5.26 13.5 − − − 3.11 − − − 167 
Damascus, Syria10 − − − − 15.5 35.2 − − − − − 10.9 − 218 
Qianguo, China11 − − − − 6.7 − − − − − − 85.9 − 174 
Canary Islands, Spain12 − 3.96 − − − − − − − − − 10.8 − 91.57 
Visakhapatnam, India13 121 − 3.91 − 6.3 131 10.47 − − 13.44 − − − 42.49 
Muscat, Oman14 − 3.0* 6.1* 9.9* 6.6* 46.3* − − − 0.9* − 6.3* − − 
Kuala Lumpur, Malaysia15 − − − − 0.07  − − − 0.055 − − − 4.29 
Taipei, Taiwan16 1045 − − − 28.5 66.2 33.1 − 130 − 295 − − − 
Islamabad, Pakistan17 911 − − − 11.3 21.1 − − 83.3 2.54 − − − 170 
Rawalpindi, Pakistan18 556 2.13 5.89 2.61 22.3 81.7 8.14 3.79 153 1.68 97.4 14.6 8.6 177 
Warsaw, Poland19 329 0.09 − 0.12 10 8 − − 21 − − 0.9 − 173 
Hyderabad, Pakistan20 2922 − − − − − 61.3 − 715 − 387 − − − 
Shanghai, China21 1571 0.59 0.76 4.65 14.2 38.2 92.2 − 101 1.54 258 12.6 − 230 
Isb/Rawal, Pakistan22 521 0.2 1.77 0.78 8.61 6.88 32.3 0.05 160 0.84 2581 3.91 25.2 141 
Chakwal, Pakistan23 462 1.15 1.25 2.08 13.1 82.6 − − 113 4.01 − −  208 
1Mean Levels; 2Cihan and Yildirum, 2011; 3Cihan et al., 2011; 4Tan and Chen, 2011; 5Rodenas et al., 2011; 6Pasha et al., 2010(b); 7Joo et al., 
2009; 8Adams et al., 2006; 9Tan et al., 2009; 10Khuder et al., 2014; 11Zhu et al., 2014; 12Gonzalez-Reimers et al., 2014; 13Pradeep et al., 2014; 
14Al-Farsi et al., 2013; 15Karimi et al., 2012; 16Wang et al., 2009(b); 17Lloyd et al., 2009; 18Pasha et al., 2008(b); 19Dlugaszek et al., 2008; 
20Afridi et al., 2008; 21Gou et al., 2007; 22Khalique et al., 2006; 23Khalique et al., 2005; *Median 
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Table 51. Comparison of the present elemental levels (µg/g) in the blood of cardiovascular patients with the reported levels around the world 

City, Country Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn 
Present Study1 56.49 0.808 4.957 3.404 2.299 435.9 1044 0.529 34.19 1.276 1448 5.632 1.919 8.575 
Hyderabad, Pakistan2 − − − − 1.81 688 − − − − − − − 6.1 
Changsha, China3 − 0.0003 − 0.04 0.93 − − − − − − − − − 
Mainz, Germany4 − − − − 0.81 0.84 167 − 19.4 − − − − 0.68 
Lyon, France5 30.8 − − − 1.09 0.85 − − 53.2 − − − − 0.78 
Hyderabad, Pakistan6 − − − 0.05 − − − − − 0.04 − − − − 
Poznan, Poland7 − − − − 1.21 − − − − − − − − 1.11 
Hyderabad, Pakistan8 − 6.6 − − − − − − − − − − − 6.88 
Hyderabad, Pakistan9 − 0.004 0.003 − − − − − − − − 0.24 − − 
Lahore, Pakistan10 − − 0.006 0.05 1.57 1.84 − − 30.6 − − 2.02 − − 
Graz, Austria11 − 0.003 0.001  1.23 − − − − − − 0.079 0.045 6.94 
Uppsala, Sweden12 − 0.0002* 0.00008* 0.0006* 0.0007*  − − − 0.007* − 0.02* − 6.2* 
Jeddah, Saudi Arabia13 − − − − 0.79 − − − − − − − − 1.26 
Mashhad, Iran14 − − − − 0.99 − − − − − − − − 0.72 
Van, Turkey15 − 0.00007 − − 0.01 0.005 − − − 0.0006 − 0.001 − 0.008 
Paris, France16 − − − − 0.91  − − 18.3 − − − − 0.9 
Dundee, UK17 − − − − − − 130 − − − − − − − 
Muzaffarnagar, India18 − − − − − − 149 − − − 3064 − − − 
Karnataka, India19 − − − − − − 155 − − − 2834 − − − 
Madurai, India20 92.6 − − − − − 152 − 11.3 − 3110 − − − 
Maharashtra, India21 − − − − − − − − 32 − − − − − 
Tromsø, Norway22 91 − − − − − − − − − − − − − 
Uppsala, Sweden23 99.5 − − − − − − − − − − − − − 
Moradabad, India24 − − − − 1.02 1.12 156 − 19.2 − − − − 1 
Uppsala, Sweden25 98.1 0.0005 0.0004  1.2 1.3   24.9 0.003  0.001  0.72 
1Mean Levels; 2Kazi et al., 2008(a); 3Tang et al., 2003; 4Oster et al., 1989; 5Lorgeril et al., 2011; 6Afridi et al., 2011(a); 7Iskra and Majewsk, 2000; 8Afridi et al., 2011(b); 

9Afridi et al., 2011(d); 10Mazhar et al., 2011; 11Krachler et al., 1997; 12Lind et al., 2012a; 13Alissa et al., 2006; 14Kazemi-Bajestania et al., 2007; 15Cebi et al., 2011; 16Leone et 
al., 2006; 17Macdonald and Struthers, 2004; 18Shubhangi et al., 2014; 19Walim and Yatiraj, 2014; 20Angeline et al., 2003; 21Mhaskar et al., 2013; 22Jorde et al., 1999; 23Lind et 
al., 1997; 24Singh et al., 1997; 25Nyström-Rosander et al., 2004; *Median 
 

 



Results and Discussion 

192 

Table 52. Comparison of the present elemental levels (µg/g) in the blood of healthy donors with the reported levels around the world 

City, Country Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn 
Present Study1 106.4 0.446 2.054 1.155 1.799 345.4 745.2 0.297 37.08 0.526 1086 4.249 1.181 6.031 
Hyderabad, Pakistan2 55.5 − − − − − 2007 − 83.2  1494 − − − 
Islamabad, Pakistan3 353 0.31 1.21 1.45 1.24 321 − − 43.9 0.54 − 2.99 − 3.1 
Rawalpindi, Pakistan4 27 0.09 0.55 0.35 0.85 221 387 0.09 23.4 0.16 1437 1.86 − 8.38 
Hyderabad, Pakistan5 − 0.003 − − − − − − − − − 0.157 − − 
Jamshoro, Pakistan6 − 4.66 − − − − − − − − − − − 9.52 
Sichuan, China7 66.7 − − − 1.04 − − − 37 − − − − 6.06 
Bremen, Germany8 − 0.0004 − − 0.97 − − − − 0.008 − 0.02 0.02 − 
Granada, Spain9 − 0.0005 − 0.001 − − − − − 0.008 − 0.04 − − 
São Paulo, Barazil10 − − − − 1.13 − − − − 0.008 − 0.11 0.03 8.52 
Benesov, Czech Republic11 − 0.0006 − − − − − − − − − 0.03 − − 
Hyderabad, Pakistan12 − − − − 1.33 675 − − − − − − − 9.9 
Incheon, South Korea13 −  − −  − − − − − − 0.03 −  
Oslo, Norway14 − 0.0003 0.0006 − 0.89 − − − − 0.012 − 0.02 − 6.15 
Irbid, Jordan15 − 0.004 − − 1.06 − − − − − − 0.16 − 6.47 
Brescia/Pesaro, Italy16 − − 4.49 30.5 − 484 1743 − − − 1788 6.83 − − 
Czech Republic17 − 0.001 − − − − − − − − − 0.09   
Hyderabad, Pakistan18 51.9 − − − − − 1886 − 79.3 − 1409 − − − 
Hyderabad, Pakistan19 − − − 0.06 1.35 633 − − − 0.05 − − − 8.48 
Lucknow, India20 − − − − − − − 3.33 − − − − − − 
1Mean Levels; 2Afridi et al., 2008(b); 3Hashmi and Shah, 2012; 4Saghir et al., 2011; 5Afridi et al., 2011(c); 6Kolachi et al., 2012; 7Liu et al., 
2010; 8Heitland and Koster, 2006; 9Gil et al., 2011; 10Rodrigues et al., 2008; 11Batáriová et al., 2006; 12Kazi et al., 2008(a); 13Choi and Kim, 
2005; 14Meltzer et al., 2010; 15Massadeh et al., 2010; 16Avino et al., 2011; 17Cerna et al., 2012; 18Panhwar et al., 2014; 19Kazi et al., 
2008(b)20Gupta et al., 2013 
 



Results and Discussion 

193 

Mean level of Mg in the blood of CVD patients observed in the present study was 

almost comparable with the reported level from Maharashtra, India (Mhaskar et al., 2013). 

Similarly, the study of Kazi et al., (2008a) conducted in Hyderabad, Pakistan showed an 

elevated mean level of blood Fe in CVD patients as compared to the average Fe level in 

the present study. Nevertheless, current blood Cu mean level was found to be markedly 

higher in comparison with the patients from Hyderabad, Pakistan (Kazi et al., 2008a), 

Changsha, China (Tang et al., 2003), Mainz, Germany (Oster et al., 1989), Lyon, France 

(Lorgeril et al., 2011), Pozan, Poland (Iskra and Majewsk, 2000), Lahore, Pakistan 

(Mazhar et al., 2011), Graz, Austria (Krachler et al., 1997), Uppsala, Sweden (Lind et al., 

2012a), Jeddah, Saudi Arabia (Alissa et al., 2006), Mashhad, Iran (Kazemi-Bajestania et 

al., 2007), Van, Turkey (Cebi et al., 2011), Paris, France (Leone et al., 2006) and 

Moradabad, India (Singh et al., 1997).  

Table 52 illustrated the comparison of present elemental levels in the blood of 

healthy donors with the corresponding donors from other regions of the world. Current 

blood mean contents of Ca, Cu and Sr exhibited elevated levels compared with the other 

studies listed in the Table, while in contrast Na revealed relatively lower blood mean level 

in comparison to the studies conducted in other parts of the world. Average blood Cd level 

for the healthy donors in the present study was lower compared with the donors from 

Jamshoro, Pakistan (Kolachi et al., 2012). Nevertheless, current Co mean level was higher 

compared with the inhabitants of Islamabad, Pakistan (Hashmi and Shah, 2012), 

Rawalpindi, Pakistan (Saghir et al., 2011) and Oslo, Norway (Meltzer et al., 2010). The 

healthy donors from Brescia/Pesaro, Italy (Avino et al., 2011) reported a higher blood Co 

mean level compared to the present study. In addition, an average Cr blood level measured 

in the present study was appreciably higher than the levels observed in the blood of donors 

from Rawalpindi, Pakistan (Saghir et al., 2011), Granada, Spain (Gill et al., 2011) and 

Hyderabad, Pakistan (Kazi et al., 2008b). In the present study, mean level of Fe in the 

blood of the healthy donors was found at almost comparable level with the residents of 

Islamabad, Pakistan (Hasmi and Shah, 2012). Likewise, an average level of K was 

noticeably lower compared to other studies listed (Table 52) with the exception of Saghir 

et al., (2011). The healthy donors from Lucknow, India (Gupta et al., 2013) demonstrated 

a markedly higher blood Li mean level compared to the present study. Among the studies 

listed (Table 52), only Avino et al., (2011) reported a higher blood Pb average level 

compared to the blood Pb mean level noted in the present study. In addition, healthy 

donors from Sichuan, China (Liu et al., 2010) showed almost comparable mean level of 
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Mg with respect to the present study. Another study (Hashmi and Shah, 2012) exhibited 

more or less similar level for Mn in the blood of healthy donors in comparison with the 

present study. Almost comparable average Zn level was found in the present study with 

those of Sichuan, China (Liu et al., 2010), Oslo, Norway (Meltzer et al., 2010) and Irbid, 

Jordan (Massadeh et al., 2010). 

Comparison of the elemental data given in the present study with those reported by 

other authors is not straightforward because there is lack of coherence in the levels of trace 

elements reported by various laboratories. This may be attributed to exogenous variables 

including environmental exposures, season of the year, cultural origins, lifestyle and 

source of food, as well as to endogenous variables, such as genetics, gender, age, etc. 

(Taylor, 1986). Moreover, even subtle procedural differences may yield results that differ 

from laboratory to laboratory because some factors have an impact on reference ranges of 

the elements. These factors include sampling, analytical sensitivity, accuracy and precision 

(Druyan et al., 1998). Other challenges are related to the presence of contaminants in the 

working environment, which greatly affects the element levels in biological samples and 

the cleaning procedures adopted by the laboratories. 

 

 

3.61  Salient Findings of the Present Study 
Based on the deliberations put forward in the foregoing sections, the following 

salient findings emerged from the present study: 

1. In the scalp hair of angina patients, dominant mean levels were found for Ca, Mg, Zn 

and Na with following overall decreasing order: Ca > Mg > Zn > Na > Fe > Sr > K > 

Co > Pb > Cu > Mn > Cr > Li > Cd. 

2. Mean concentrations of Ca, Cd, Co, Cr, Cu, Fe, Li, Pb and Sr were significantly 

higher in the scalp hair of angina patients, while, the average levels of Mg and Na 

were considerably higher in the scalp hair of controls. 

3. Average levels of Cd, Cr and Pb exhibited higher values in the scalp hair of male 

angina patients and male healthy donors, while mean levels of Ca, Mg, Na and Zn 

showed significant increase in the scalp hair of both female donor groups. 

4. Mean levels of Ca, Cd, Co, Cr, Cu, Fe, Li, Pb and Sr were significantly higher in the 

scalp hair of urban angina patients, while mean contents of Na and Mg revealed 

relatively higher contributions in the scalp hair of rural healthy donors. 
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5. Vegetarian angina patients showed higher levels of Ca, Cd, Cr, Fe, Li, Mn and Pb in 

their scalp hair while non-vegetarian angina patients revealed elevated levels of Co, 

Mg, Na and Zn.  

6. Average contents of Cd, Co, Fe and Mn were comparatively higher in the scalp hair 

of smoking angina patients, whereas mean levels of Cu and Sr exhibited comparable 

contributions in the scalp hair of smoking/non-smoking healthy donors. 

7. Mean contents of Cd, Co, Cu, Cr, Li, Mn, Pb and Sr revealed relatively higher levels 

in the scalp hair of outdoor angina patients in comparison with outdoor controls. 

8. The correlation study in the scalp hair of angina patients showed strong relationships 

between Cr-Fe, Fe-Li, Cr-Li, Mn-Fe, Cu-Li, Fe-K, Co-Fe, Co-Li and Co-K while for 

controls strong correlations were found for Na-K, Ca-Mg, Zn-K and Ca-K. 

9. Multivariate PCA and CA showed strong associations among Ca-Zn-Cd, Mg-Na-Pb, 

Fe-K-Mn-Co and Li-Cr-Cu-Sr in the scalp hair of angina patients, while for healthy 

donors, mutual clusters were observed as Ca-Mg, Na-Zn, Sr-Mn-K, Fe-Cd-Li, Pb-Co 

and Cr-Cu in their scalp hair.  

10. In case of blood samples of angina patients, dominantly higher mean concentrations 

were observed for Na, Fe, K Mg, and Ca.  

11. Mean levels of Cd, Co, Cr, Cu, Fe, Li, Mn, Na, Sr and Zn were significantly higher 

in the blood of angina patients compared with healthy donors. 

12. Among the selected elements, Ca, Cd, Cr, Cu, Li and Na divulged almost equivalent 

levels in the blood of male and female angina patients, while Fe, Li, Mg and Na 

showed more or less equivalent levels in the blood of male and female controls. 

13. Average levels of Ca, Cd, Co, Li and Pb were found to be appreciably higher in the 

blood of urban angina patients compared to rural angina patients. 

14. Mean contents of Cd, Mg and Na displayed comparable levels in the blood of 

vegetarian and non-vegetarian angina patients, whereas average levels of K, Co, Mn, 

Na and Sr established more or less comparable levels in blood of the controls.  

15. Average concentrations of Cr, Cu, K, Li, Mn, Sr and Zn were significantly higher in 

the blood of angina patients with smoking habits. 

16. In the blood of indoor patients, average concentrations of Ca, Cd, Co and Pb were 

comparatively higher than the outdoor patients. 

17. In the blood of angina patients, Cu-K, Zn-K and Cu-Zn, manifested very strong 

mutual correlations, while in healthy donors Ca-Na, Ca-Mg, Cu-K, Zn-K, Fe-Mg and 

Sr-Cr revealed very strong relationships. 
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18. PCA and CA revealed diverse apportionment of the elements in the blood of angina 

patients and healthy donors. 

19. Mean levels of Na, K and Fe levels were many times higher in the blood of both 

donor groups compared with the scalp hair specimens, which showed elevated levels 

for rest of the elements.  

20. Mean elemental levels in the scalp hair of MI patients indicated the decreasing order: 

Ca > Mg > Zn > Na > Sr > Fe > K > Pb > Co > Cu > Cr > Mn > Cd > Li while in 

healthy donors, the order was; Ca > Mg > Na > Zn > Sr > K> Fe > Pb > Cu > Co > 

Mn > Cr > Cd > Li. 

21. Mean contents of Ca, Cd, Co, Cr, Fe, K, Li, Mg, Pb and Sr were significantly higher 

in scalp hair of the MI patients than the controls. 

22. Mean levels of Cd and Pb were significantly higher in the scalp hair of male 

subjects, while average scalp hair concentrations of Ca, Mg, Mn, Sr and Zn were 

noticeably higher in both female donor groups of MI patients and controls.  

23. In the hair tissues of urban and rural MI patients, Ca, Cd, K, Mg, Na, Pb and Sr 

revealed almost equivalent mean levels. 

24. Average concentrations of Cd, Cr, Li, Pb and Sr were higher in the scalp hair of 

vegetarian healthy donors, while the mean levels of Fe, Mg Na, Pb and Sr were 

comparable in the hair tissues of MI patients irrespective of the food habits. 

25. Average levels of Cr and Li were markedly higher in the scalp hair of smoking MI 

patients, whereas the mean levels of Cd, Co, Cr, Fe and Pb were noticeably higher in 

the scalp hair of smoking healthy donors. 

26. Among MI patients, outdoor workers showed higher concentrations of Cd, Co, Cr, Li 

and Pb in their scalp hair. 

27. The correlation study in the scalp hair of MI patients showed strong relationships 

between Ca-Mg, Sr-Ca, Cu-K, Cu-Sr, Zn-Mg, Mg-Sr, K-Sr, Ca-Mn, Ca-Cu, Ca-Zn, 

Ca-K, Ca-Na, Cd-Pb, Mg-Na and Cu-Mn, whereas in case of healthy donors strong 

correlations were noted for Na-K, Ca-K, Zn-K, Ca-Mg, Mg-Sr, Na-Zn, Cr-Pb and 

Ca-Na. 

28. Multivariate analyses revealed the interferences of the toxic elements in the normal 

metabolic role of essential elements in the scalp hair of MI patients in comparison 

with healthy donors. 

29. In the blood of MI patients and healthy donors, dominant mean levels were found for 

Na, K, Fe, Ca and Mg, but these elements unfolded dissimilar decreasing 
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concentration trends.  

30. In the blood of MI patients, mean contents of Cd, Co, Cr, Cu, Fe, K, Li, Mn, Na, Pb, 

Sr and Zn were found to be significantly higher than in the healthy donors.  

31. Average concentrations of Co, Na, Pb and Sr showed elevated levels in the blood of 

female MI patients, whereas mean levels of Fe, Li, Mg and Na were comparable in 

the blood of both male and female healthy donors. 

32. Mean contents of Ca, Cd, Co, Sr, Li and Pb revealed elevated levels in the blood of 

rural MI patients. 

33. Average levels of Co and Cu were considerably higher in the blood of vegetarian MI 

patients compared to the non-vegetarian MI patients. 

34. Mean concentrations of Cr, Cu, Li, K, Sr and Zn were noted to be considerably 

higher in the blood of smoking MI patients. 

35. In the blood of indoor and outdoor MI patients, almost equivalent mean levels were 

noted for Cd, Co, Cr, Cu, Fe, Mg, Na and Zn, whereas average levels of Cu, K, Li 

and Mn were higher in the blood of outdoor controls. 

36. The correlation study in the blood of MI patients showed strong relationships 

between Fe-K and K-Zn, while for healthy donors, strong correlations were noted for 

Ca-Mg, Cu-K, Ca-Na, K-Zn, Fe-Mg, Cu-Mn, and Cr-Sr. 

37. The PCA loadings were considerably diverse in the blood of MI patients and healthy 

donors duly-supported by CA results.  

38. The evaluation of average element contents in the scalp hair and blood of MI patients 

and healthy donors revealed that most of the trace and toxic elements were found to 

be enriched in the hair samples of both donor groups.  

39. In the scalp hair of VHD patients following trend was observed: Ca > Mg > Zn > Na 

> Sr > Fe > Cu > Pb > Co > K > Mn > Cr > Cd > Li while the decreasing order for 

healthy donors was: Ca > Na > Mg > Zn > K > Sr > Fe > Pb > Cu > Co > Mn > Cr > 

Cd > Li. 

40. In the scalp hair of VHD patients, mean levels of Cu, Fe, Mg, Mn, Pb and Sr were 

significantly higher than those of the controls, while, the average concentrations of 

Ca, Cr, K and Na were relatively higher in the scalp hair of healthy donors.  

41. Mean contents of Cd and Cr exhibited higher contributions in the hair tissues of male 

donors, while Fe, Mn and Zn were enriched in the hair tissues of female donors for 

both VHD patients and healthy donors. 

42. Average levels of Ca, Co, K, Li, Mg, Na and Sr were considerably higher in the 
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scalp hair of rural healthy donors compared to urban healthy donors. 

43. Mean levels of K, Mn and Pb were comparatively higher in the scalp hair of non-

vegetarian VHD patients, whereas mean contents of Cd, Cr, Mg, Li, and Sr were 

markedly higher in the scalp hair of vegetarian healthy donors. 

44. Average levels of Cd, Cr, Cu, Li and Sr were significantly higher in the scalp hair of 

smoking VHD patients. 

45. Average concentrations of Cd, Co, Cr, K and Na were comparatively higher in the 

scalp hair of outdoor VHD patients, while mean contents of Cd, Cr, Fe, Li, Mn, Pb 

and Sr were significantly higher in scalp hair of outdoor healthy donors. 

46. Relatively higher concentrations of Cd, Cr, Li, K and Zn were noted in the scalp hair 

of aortic valve disease patients, while elevated levels of Co, Fe, Mg, Pb and Sr were 

found in the hair tissues of mitral valve disease patients.  

47. In the scalp hair of VHD patients, strong correlations were observed for Ca-Sr, Cu-

Sr, Mg-Sr, Ca-Mn, Na-K, Mg-Mn, Mn-Sr, Ca-Cu and Ca-Mg, while healthy donors 

exhibited strong correlations between Sr-Mg and Na-K.  

48. Multivariate analyses pertaining to the scalp hair of VHD patients established very 

strong associations for Ca-Sr, Mg-Mn, Cd-Cu-Zn, Co-Pb, Cr-Fe-Li and K-Na duly 

supported by PCA.  

49. In the blood of VHD patients and healthy donors maximum mean levels were shown 

by Na, K, Fe, Ca and Mg, while on the average basis, significant differences were 

noted in the decreasing order of the elemental concentrations. 

50. Average levels of Cd, Co, Cr, Fe, K, Li, Mn, Sr and Zn were significantly higher in 

the blood of the VHD patients than in that of the controls, while Cu, Mg, Na and Pb 

depicted almost similar levels in the blood of both donor groups. 

51. Mean contents of Ca, K, Mg and Na showed almost equivalent levels in male and 

female VHD patients. 

52. Average concentrations of Co, K, Mg, Sr and Zn were higher in the blood of urban 

VHD patients, while mean levels of Ca, Li, Mn and Na were considerably higher in 

the blood of urban healthy donors. 

53. In the blood of vegetarian and non-vegetarian VHD patients, mean levels of Cu, Fe, 

Mg, Mn, Na and Sr revealed comparable levels, nonetheless; average concentrations 

of Cd, Cr, Mn and Zn were higher in the blood of vegetarian healthy donors. 

54. Average levels of Cu, Li and Mn were significantly higher in the blood of smoking 

VHD patients. 
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55. Mean contents of Cd, Co and Pb were comparatively higher in the blood of outdoor 

VHD patients, while Ca, Cu, K, Mn, Pb and Zn revealed higher levels in the blood of 

outdoor healthy donors. 

56. Relatively higher concentrations of Cd, Cr, Cu, Li, Mn and Sr were found in the 

blood of aortic valve disease patients. 

57. The element-to-element correlation in the blood of VHD patients showed strong 

relationships for Li-Cd, Cr-Li, Cr-Cu, K-Zn, Li-Na, Cd-Cr, Li-Mn, Cu-Li and Li-Pb, 

whereas healthy donors showed strong correlations for Cu-K, Ca-Mg, Fe-Mg, Co-K, 

Ca-Na, Zn-K, Zn-Mg, Co-Cu and Cu-Mn.  

58. The PCA loadings for the blood samples of VHD patients were significantly 

different from those of the healthy donors as was the case in CA.  

59. Comparative evaluation of the elements in the scalp hair and blood of VHD patients 

and healthy donors revealed that average levels of Cd, Co, Cu, Mg, Mn, Pb, Sr and 

Zn were significantly higher in the hair tissues of VHD patients, whereas mean 

contents of Ca and Cr were higher in the scalp hair of healthy donors.  

60. In case of the scalp hair, mean levels of Ca, Cd, Co, Cr, Cu, Li, Fe, Pb and Sr were 

significantly higher in the cardiovascular disease patients compared to the controls.  

61. In case of the blood, average levels of Ca and Mg were markedly higher in healthy 

donors, nonetheless; rest of the elements manifested noticeably higher mean levels in 

cardiovascular disease patients.  

62. Comparative evaluation in the scalp hair of three categories of CVD patients 

divulged that Co, Li and Na levels were highest in angina patients, followed by MI 

patients and VHD patients, while in case of blood samples, the order of Ca, Co, K 

and Pb levels was; MI patients > angina patients > VHD patients. 

63. Comparison of the present study scalp hair elemental data of CVD patients with the 

recent literature revealed that Ca, Cr, Mg, Mn, Pb and Sr levels were higher than the 

reported levels around the world. In scalp hair of healthy donors, present study levels 

of Co, Sr and Zn were considerably higher compared to the reported levels. 

64. In case of blood elemental levels of healthy donors, present mean Ca, Cu and Sr 

levels were higher than the reported data, however, Na level was found to be 

relatively lower. The present levels of elements in the blood of CVD patients showed 

higher levels for Co, Cr, Cu, K, Mn, Pb and Sr compared with the reported cases.  

 

 



Results and Discussion 

200 

3.62  Recommendations 
Based on the present research findings of the elemental levels and their 

relationship with cardiovascular diseases, the following are the recommendations: 

a) The CVD patients should ensure the intake of the adequate amount of essential 

elements, such as, K, Mg and Zn by changing their dietary life style because these 

essential elements play an independent role in ameliorating some enzymatic, 

metabolic, inflammatory and oxidative markers. 

b) The levels of redox-active elements in the CVD patients should be within the 

recommended limits because these elements influence oxidative stress and disrupt 

the antioxidant defence. The recommended limits can be achieved by a balanced 

diet. 

c) The enhanced levels of toxic elements in the blood and scalp hair of CVD patients 

can be reduced by: 

i) furnishing neat and clean environment, 

ii) consuming least contaminated diet and drinking water and 

iii) legislating and implementing the controlling measure of environmental 

pollution. 

d) Trace elements imbalances are being increasingly recognized as essential 

mediators of the development and progression of cardiovascular diseases. The key 

point of facilitating an effective treatment is to identify it as early as possible. 

e) Exact mechanism of CVD induced by trace elements deserves further investigation 

either through animal studies or through molecular and cellular studies, which 

includes long-term low level exposure of most prevalent elements. 

f) Large-scale prospective studies with follow-up on general populations using 

appropriate biomarkers and CVD endpoints are proposed to identify the factors 

that predispose to trace elements toxicity in CVD. 

g) Epidemiological studies related to the prevalence of CVD in Pakistan should be 

regularly conducted in order to develop the archives and maintain records. 

h) According to the National Health Survey of Pakistan (NHSP), mortality due to 

CVD is on the rise, but the databank available relating to CVD risk factors is 

insufficient and inadequate, which limits the assessment of the true magnitude of 

the problem. This statistical inadequacy should be improved to define a guideline 

policy for a better and healthier community.  
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Appendix-I 
Department of Chemistry 
Quaid-i-Azam University 

Islamabad 
 

Blood and Hair Sampling Proforma 
 
Sample No:_________       Date:__________ 

Sample:  Hair  Blood  
 
A. Particulars of Donor 

1. Status:   Patient    Normal 

2. Name: ___________________________________________________________________ 

3. Age: ___________________ 4. Sex:  Male   Female   

5. Education: _________________ 6. Residence:  Rural   Urban   

7. Address: _________________________________________________________________ 

8. Nature of Ailment (if any): _____________________ 9. Duration: _________________ 

10. Medication: ______________________________________________________________ 

11. Diet: ___________________________________________________________________ 

12. Smoking Habits: Non-Smoker  Casual-Smoker Chain-Smoker  

13. Any Hereditary Disease: ___________________________________________________ 

14. Services: Government  Semi-Govt.  Private   None 

15. Occupation: _______________________ 16. Experience: ____________________ 

17. Hobbies: ________________________________________________________________ 
 

B. Hair Treatment 

18. Hair Colour: __________________  19. Hair Type: ____________________ 

20. Hair treatment:  Soap  Shampoo  Dye  

21. Frequency of treatment _______ per week. 22. Last time of treatment: ___________ 

23. Comments: ______________________________________________________________ 
 
C. Disease History 

24. Type: ___________________________________________________________________ 

25. How long diagnosed: ______________________________________________________ 

26. Stage of disease (if any): ___________________________________________________ 

27. Recent Treatment (if any): __________________________________________________ 

28. Treatment Time: __________________________________________________________ 

29. Any other disease: ________________________________________________________ 

30. Blood Transfusion (if ever experienced): _______________________________________ 

31. Surgery (if any): __________________________________________________________ 

 
Analyst: ____________________________  Date of analysis: ___________________ 


