
i 
 

EFFECTS OF BODY ADIPOSITY INDICES, DIGIT RATIO AND LEVEL OF 

PHYSICAL ACTIVITY ON METABOLIC SYNDROME AND SERUM 

BIOMARKERS AMONG THE HAUSAS OF KANO STATE, NIGERIA 

 

 

 

BY 

COVER PAGE 

TITLE PAGE 

Asuku Yusuf ABDULLAHI 

(MBBS BUK, 2009, M.Sc. BUK, 2015) 

 

 

 

 

 

DEPARTMENT OF HUMAN ANATOMY, FACULTY OF BASIC MEDICAL 

SCIENCES, AHMADU BELLO UNIVERSITY, ZARIA, NIGERIA 

 

 

 

 

 

 

JUNE, 2018 

 

 



 

 ii 
 

EFFECTS OF BODY ADIPOSITY INDICES, DIGIT RATIO AND LEVEL OF 

PHYSICAL ACTIVITY ON METABOLIC SYNDROME AND SERUM 

BIOMARKERS AMONG THE HAUSAS OF KANO STATE, NIGERIA 

 

 

BY 

COVER PAGE 

TITLE PAGE 

Asuku Yusuf ABDULLAHI 

(MBBS BUK, 2009, M.Sc. BUK, 2015) 

P15MDHA9006 

 

 

A THESIS SUBMITTED TO THE  SCHOOL OF POSTGRADUATE STUDIES 

AHMADU BELLO UNIVERSITY, ZARIA 

IN PARTIAL FULFILLMENT OF  THE REQUIREMENTS FOR THE AWARD OF 

DOCTOR OF PHILOSOPHY DEGREE IN HUMAN ANATOMY 

DEPARTMENT OF HUMAN ANATOMY, FACULTY OF BASIC MEDICAL 

SCIENCES, AHMADU BELLO UNIVERSITY, ZARIA, NIGERIA 

 

 

 

 

 

JUNE, 2018 

 

 

 



 

 iii 
 

DECLARATION 

I, Asuku Yusuf ABDULLAHI hereby declare that the work in this thesis titled “Effects of 

Body Adiposity Indices, Digit Ratio and Level of Physical Activity on Metabolic 

Syndrome and Serum Biomarkers among Hausas of Kano State, Nigeria” was performed 

by me in the department of Human Anatomy, Faculty of Basic Medical Sciences, ABU, 

Zaria, under the supervision of  Dr. B. Danborno, Prof. S. A. Akuyam and Dr.  J.A. 

Timbuak. The information derived from the literature has been duly acknowledged in the 

text and a list of references provided. No part of this work has been presented for another 

degree at any institution. 

 

Asuku Yusuf ABDULLAHI        ______________________       ___________ 

                                                                    Signature                                       Date  

     

 

 

 

 

 

 

 

 



 

 iv 
 

CERTIFICATION 

This thesis entitled “Effects of Body Adiposity Indices, Digit Ratio and Level of Physical 

Activity on Metabolic Syndrome and Serum Biomarkers among Hausas of Kano State, 

Nigeria” by Asuku Yusuf ABDULLAHI meet the regulation governing the award of 

Doctor of Philosophy (Ph.D) degree in Department of Human Anatomy, Faculty of Basic 

Medical Sciences, Ahmadu Bello University, Zaria, under the supervision of Dr. B. 

Danborno, Prof. S. A. Akuyam and Dr.  J.A. Timbuak. It is therefore approved for its 

contribution to knowledge and literary presentation. 

Dr. B. Danborno(B.Sc., M.Sc., Ph.D) _________________     __________               

Chairman, Supervisory Committee                Signature                                 Date   

Department of Human Anatomy,  

Faculty of Basic Medical Sciences, 

Ahmadu Bello University, Zaria               

 

Prof. S. A. Akuyam 

(B.Sc., M.Sc., PhD., FMLSCN., PGDE)_________________             __________ 

Member, Supervisory Committee                   Signature                                Date   

Department of Chemical Pathology, 

Faculty of Basic Medical Sciences, 

Ahmadu Bello University, Zaria 

 

Dr. J.A. Timbuak (B.Sc., M.Sc., Ph.D) _________________            __________    

Member, Supervisory Committee                  Signature                                 Date   

Department of Human Anatomy, 

Faculty of Basic Medical Sciences, 

Ahmadu Bello University, Zaria     

 

Dr. Z. M. Bauchi(B.Sc., M.Sc., Ph.D)         ________________              __________    

Head, Department of Human Anatomy,        Signature                                  Date   

Faculty of Basic Medical Sciences, 

Ahmadu Bello University, Zaria                   

 

Prof S. Z. Abubakar (B. Eng., M.Sc., Ph.D)    ____________________       __________  

Dean, School of Postgraduate Studies,            Signature                                 Date  

Ahmadu Bello University, Zaria  



 

 v 
 

DEDICATION 

I dedicate this work to my late sisters Hauwa Abdullahi and Barrister Maryam Abdullahi.  



 

 vi 
 

ACKNOWLEDGEMENT 

All praises and glorifications are due to Allah, the originator, sustainer and cherisher of all 

that exist in the heavens and the earth and by whose decree all good works are 

accomplished. 

 I shall remain thankful and indebted  to my supervisors Dr. B. Danborno, Prof. S. A 

Akuyam and Dr. J.A. Timbuak for their mentorship, guidance, valid, objective and 

constructive criticism in the course of this work. Simply put, their role was that of a 

Teacher and a Father. The conceptualization of the idea of the research, its conduction and 

completion would not have been possible without your guidance and mentorship. Having 

you as supervisors and academic mentors is truly a rare priviledge. 

 I would also use this opportunity to thank the Human Anatomy Departmental PG  

Coordinator in person of Dr. S.A. Musa who in spite of his tight schedules creates time to 

offer useful advices on how to overcome difficult challenges, I am indeed grateful sir. 

Worthy of mention is Dr. L.H. Adamu of the Department of Anatomy, Bayero University, 

Kano  whose imput in this work can not be over emphasized. Your brotherly support, the 

assistance offered in data collection and data analysis will forever be appreciated. I would 

also like to acknowledge and thank all my teachers in the Department of Anatomy, ABU 

Zaria. Your academic inputs in this training were remarkable and worthy of emulation. Dr. 

I. A. Ilya isa teacher and elder brother who always inspired me with the spirit of courage 

and optimism. S. B. Abdul Rafiu, M. H. Yahuza, Z. A. Aisha, and S. Zubaida are well 

appreciated for agreeing to work with me as research assistants. My gratitude is also due to 

all members of academic staff of Anatomy Department, ABU for approving the title of this 

dissertation. I am also grateful to Dr. M.H. Modibbo of BUK and Dr. A. Abdullahi of Kano 



 

 vii 
 

State Ministry of Health for the assistance they rendered while seeking ethical clearance 

from the ethical committee of Kano. I wish to express my appreciation  also to my teachers 

from the Dept. of Physiology, ABU for their contribution in the course of the training. Prof. 

Mabruk, Dr. (Mrs.) A.M Danborno, Dr. I. A Imam,  Your contributions are sincerely 

appreciated. My  appreciation also goes to other friends and members of academic staff of 

the Department of  Anatomy, BUK namely Mal. Sa‟ad Datti and Mal Abdullahi Gudaji 

who assisted me with some research instruments. The help offered to me by the Head of 

Department of Family Medicine, Murtala Muhammad Specialist Hospital, Kano, Dr.  M.L. 

Shehu  and Dr. Abdulwahab Suleiman, Dr. Jamila Mustapha, Dr. Musa Suleiman Abdullahi 

who are all medical officers in Murtala Muhammad Specialist hospital, Dr Idris 

Muhammad, the Head of the General Outpatient clinic, Mallama Amina Yusuf, Mallam 

Kabir Salisu  both of whom are supporting staff of the clinic cannot be over emphasized. 

Special thanks are due to Alh. Yushau Maruf and Alh. Sunusi AbdulRahman of Zakirai in 

Gabassawa Local Government, Dr. Ibrahim Haladu and Dr. Nuhu Itopa of Dawakin Tofa 

and Mall. Samaila Danliti of Wudil for their assistance in subjects mobilization.   Also, I 

wish to express my unique appreciations to my beloved wife for her care, support and 

understanding during this period of “No time syndrome”. You are indeed an ideal 

companion. I wish to express my unquantifiable appreciations to my dear parents who 

nurtured and supported me from the cradle and by whose prayers I am able to sail through 

the huddles of life.  

Finally,  I wish to acknowledge with gratitude the financial support offered to me by the 

management of BUK in the form of Tetfund scholarship without which this work would  

have been difficult to accomplish. 



 

 viii 
 

TABLE OF CONTENTS 

Cover Page ....................................................................................................................... i 

Title Page ........................................................................................................................ ii 

Declaration .................................................................................................................... iii 

Dedication ...................................................................................................................... v 

Acknowledgements ........................................................................................................ vi 

Table of Contents ......................................................................................................... viii 

List of Tables ................................................................................................................. xi 

List of Figures .............................................................................................................. xiii 

List of Plates ................................................................................................................. xv 

List of Appendices........................................................................................................ xvi 

List of Abreviations ..................................................................................................... xvii 

Abstract ...................................................................................................................... xxii 

 

1.0 INTRODUCTION ................................................................................................... 1 

1.1 Background of the Study............................................................................................ 1 

1.2 Statement of Research Problem .............................................................................. 9 

1.3 Justification/Significance of the Study .................................................................. 10 

1.4 Aim And Objectives of the Study .......................................................................... 12 

1.5 Research Questions ................................................................................................ 13 



 

 ix 
 

2.0 LITERATURE REVIEW ...................................................................................... 14 

2.1 Molecular and Genetic Basis of Body Adiposity .................................................. 14 

2.2 Visceral Adiposity .................................................................................................. 20 

2.3 Digit Length and Digit Ratio ................................................................................. 37 

   2.4 Metabolic Syndrome..................................................................................................41 

2.5 Anthropometric and Visceral Adiposity Indices .................................................. 44 

2.6 Anthropometric Cut Off Values For Metabolic Syndrome In Some Ethnic 

Group............................................................................................................................. ...63 

 

3.0 MATERIALS AND 

METHODS..............................................................................667 

3.1 Study Area ............................................................................................................. 67 

3.2  Study Site .............................................................................................................. 69 

3.4 Sampling Technique .............................................................................................. 72 

3.5 Ethical Approval .................................................................................................... 72 

3.6 Equipment and Instrument ................................................................................... 72 

3.7 Reagents ................................................................................................................. 74 

3.8 Methods .................................................................................................................. 75 

3.9  Measurement of Blood Pressure .......................................................................... 82 

3.10 Visceral Adiposity Estimation Using Sex Specific Visceral Adiposity Index..... 83 

3.11 Assessment of Levels of Physical Activity ........................................................... 84 



 

 x 
 

3.12 Blood Collection and Processing ......................................................................... 84 

3.13 Laboratory Analytical Methods .......................................................................... 85 

3.14 Statistical Analyses .............................................................................................. 93 

4.0 RESULTS .............................................................................................................. 95 

5.0 DISCUSSION ...................................................................................................... 153 

6.0 CONCLUSION AND RECOMMENDATIONS ................................................ 180 

6.1 Conclusion ............................................................................................................ 180 

6.2. Recommendations ............................................................................................... 182 

6.3 Contribution to Knowledge ................................................................................ 183 

REFERENCES .......................................................................................................... 186 

   APPENDIX.....................................................................................................................230 

 

 

 

 

 

 

 

 



 

 xi 
 

 

LIST OF TABLES 

Table 2.1: Ethnic specific cut-off values for waist circumfernce ....................................... 64 

Table 2.2: Reference value of WC and WHR among the Asian and 

European population......................................................................................................... 65 

Table 2.3: Reference value of BMI among the Asian and European population ................ 66 

 

Table 4.1: Descriptive statistics for age, anthropometric indices of adiposity,

 digit lengths, digit ratio and blood pressure ...................................................................... 96 

Table 4.2:  Serum parameters of  MetS and VAI. .............................................................. 98 

Table 4.3: Effect of urbanization on anthropometric indices of adiposity, 

digit lengths, digit ratio and blood pressure ..................................................................... 100 

Table 4.4: Correlation between  anthropometric and visceral 

markers of adiposity, digit length and digit ratio with 

MetS components in the general population.................................................................... 113 

Table 4.5: Correlation between  anthropometric and visceral 

markers of adiposity, Digit length and digit ratio with 

MetS components in male subjects ................................................................................. 116 

Table 4.6: Correlation between  anthropometric and visceral 

markers of adiposity, digit length and digit ratio with 

MetS components in female subjects .............................................................................. 117 

Table 4.7: Correlation between digit length and digit ratio with 

anthropometric measures of adiposity in the general poulation ....................................... 119 

Table 4.8: Correlation between digit length and digit ratio with



xii 
 

 anthropometric measures of adiposity in males .............................................................. 120 

Table 4.9: Correlation between digit length and digit ratio 

with anthropometric measures of adiposity in females .................................................... 121 

Table 4.10: Effect of  physical activity on anthropometric measures 

of adiposity, 2D:4D and  blood pressure in male subjects ............................................... 123 

Table 4.11: Effect of  physical activity on anthropometric measures

 of adiposity, 2D:4D and  blood pressure in female subjects ........................................... 124 

Table 4.12: Stepwise multiple linear regression for estimation of serum component of MetS 

from anthropometric measurements in males................................................136 

Table 4.13: Stepwise multiple linear regression for estimation of serum component of MetS 

from anthropometric measurements in females ............................................ 137 

 

 

 

 

 

 

 

 

 



 

 xiii 
 

 

LIST OF FIGURES 

Figure 3.1: Map of Kano indicating the area of study..........................................................67 

Figure 4.1: Effect of urbanization on serum uric acid. ..................................................... 102 

Figure 4.2: Effect of urbanization on serum adiponectin ................................................. 103 

Figure 4.3: Effect of urbanization on serum glucose ....................................................... 104 

Figure 4.4:  Effect of urbanization on serum total cholesterol ......................................... 105 

Figure 4.5: Effect of urbanization on serum HDL -C ...................................................... 106 

Figure 4.6: Effect of urbanization on serum TG .............................................................. 107 

Figure 4.7: Effect of urbanization on serum LDL-C ........................................................ 108 

Figure 4.8: Effect of urbanization on the visceral adiposity index (VAI) ......................... 109 

Figure 4.9: Effect of physical activity on serum uric acid level ....................................... 127 

Figure 4.10: Effect of physical activity on serum adiponectin ......................................... 128 

Figure 4.11: Effect of physical activity on serum glucose level ....................................... 129 

Figure 4.12: Effect of physical activity on serum TC level .............................................. 130 

Figure 4.13: Effect of physical activity on serum HDL – C level......................................131 

Figure 4.14: Effect of physical activity on serum TG level ............................................. 132 

Figure 4.15: Effect of physical activity on serum LDL – C level ..................................... 133 

Figure 4.16: Effect of physical activity on VAI .............................................................. 134 

Figure 4.17: ROC curve for determination of cut off  value of the 

anthropometric indices for fasting blood glucose in males. ............................................. 139 

Figure 4.18: ROC curve for determination of cut off  value of the 



xiv 
 

anthropometric indices for fasting blood glucose in females. .......................................... 140 

Figure 4.19: ROC curve for determination of cut off value of the 

anthropometric indices for serum TC in males ................................................................ 141 

Figure 4.20: ROC curve for determination of cut off value of the

 anthropometric indices for serum TC in females ............................................................ 142 

Figure 4.21: ROC curve for determination of cut off value of the 

anthropometric indices for HDL-C  in males .................................................................. 143 

Figure 4.22: ROC curve for determination of cut off value of the

 anthropometric indices for HDL-C  in females. ............................................................. 144 

Figure 4.23: ROC curve for determination of cut off value of the 

anthropometric indices for TG in males .......................................................................... 145 

Figure 4.24: ROC curve for determination of cut off value of the 

anthropometric indices for TG in females ....................................................................... 146 

Figure 4.25: ROC curve for determination of cut off value of the 

anthropometric indices for LDL-C in males. ................................................................... 147 

Figure 4.26: ROC curve for determination of cut off value of the 

anthropometric indices for LDL-C in females ................................................................. 148 

Figure 4.27: ROC curve for determination of cut off value of the 

anthropometric indices for DBP  in males ....................................................................... 149 

Figure 4.28: ROC curve for determination of cut off value of the 

anthropometric indices for DBP in females ..................................................................... 150 

Figure 4.29: ROC curve for determination of cut off value of the 

anthropometric indices for SBP in males ........................................................................ 151 



 

 xv 
 

Figure 4.30: ROC curve for determination of cut off value of the

 anthropometric indices for SBP in females .................................................................... 152 

LIST OF PLATES 

Plate I: Technique for measuring height............................................................................ 77 

Plate II: Technique for measuring waist and hip circumferences ....................................... 78 

Plate III: Measurement of digit length using digital calliper................................................80 

Plate IV: Measurement of neck circumferences ..................................................................81 

Plate V: Measurement of blood pressure ........................................................................... 83 

 

 

 

 

 

 

 

 

 

 

 



 

 xvi 
 

 

LIST OF APPENDICES 

Appendix  I: Tables of multiple comparison of physical activity......................................230 

Appendix II: Consent form................................................................................................235 

Appendix  III: Study questionnaire....................................................................................239 

Appendix  IV: Ethical clearance.........................................................................................242 

 

 

 

 

 

 

 

 

 

 

 

 



 

 xvii 
 

 

 

LIST OF ABREVIATIONS 

ABU: Ahmadu Bello University 

AdipoR1: adiponectin receptor 1  

AdipoR2: adiponectin receptor 2 

AIP: atherogenic index of plasma  

AMPK: 5CAMP-activated protein kinase  

ANS; autonomic nervous system  

AR : androgen receptor 

ATP: adenosine triphosphate 

BAI: body adiposity index  

BDNF: brain-derived neurotrophic factor 

BMI: body mass index 

BP: blood pressure  

CAG: cysteine-adenine-guanine    

CB1: cannabinoid receptor type 1 

cDNA: complimentary DNA 

CI: confidence interval  

CNS: central nervous system  

CNV: copy number variation 

AMY1: alpha amylase 1 

CRP: c-reactive protein 



 

 xviii 
 

CT: computed tomography 

CTNNBL1: beta-catennin-like protein 1 

CVD: cardiovascular disease  

DBP: diastolic blood pressure  

DNA: deoxyribonucleic acid 

FBG: fasting blood glucose,  

FFAs: free fatty acids 

FTO:  fat mass and obesity gene 

GH: growth hormone  

GLUT4: glucose transporter type 4  

HC: hip circumference  

HDL –C: high density lipoprotein cholesterol 

IBM: international business machine 

IDF: International Diabetes Federation  

 IGFBP-3:  insulin-likegrowth factor binding protein-3 

IGF-I: insulin like growth factor 1 

 INSIG2: insulin induce gene 2 

IR: insulin resistance  

IRX3: iroquois homeobox protein 3  

L2D:4D: left second to fourth digit ratio 

LDL-C: low density lipoprotein cholesterol  

LEP: leptin   

LEPR: leptin receptor  



 

 xix 
 

LI: left first digit 

LII: left second digit 

LIII: left third digit 

LIN28B: lin-28 homologue B gene 

LIV: left fourth digit  

LPL: lipoprotein lipid  

LV: left fifth digit 

Mc4r: melanocortin 4 receptor 

MCR: melanocortin receptors  

MD: mean difference  

MetS: Metabolic syndrome 

MMSH: Murtala Muhammad Specialist Hospital  

MRI: magnetic resonance imaging 

mRNA: messenger RNA 

NBH : neurobehavioral hypothesis 

NC: neck circumference  

NPC: national population 

NTRK2: neurotrophine 2 receptor  

PA: physical activity 

PCOS: polycystic ovarian syndrome 

PCSK1: prohormone convertase 1  

POMC: proopiomelanocortin   

POMC: proopiomelanocortin 



 

 xx 
 

 PPARγ: peroxisome proliferator-activated receptor gamma 

PPAR-𝛼: peroxisome proliferatoractivated receptor alpha  

PT: prenatal testosterone  

R2D:4D: right second to fourth digit ratio 

RI: right first digit 

RII: right second digit 

RIII: right third digit 

RIV: right fourth digit  

RNA:ribonucleic acid 

ROC: receiver operating characteristic 

RV: right fifth digit 

SBP: systolic blood pressure  

SD: standard deviation  

SDM: screen detected diabetes  

SE: standard error 

SEE: Standard error of estimate 

SG: Serum glucose 

SHBG: sex hormone-binding globulin  

SIM1:Single-minded Homolog 1  

SLC6A14: Solute Carrier Family 6 member 14 

SNPs: Single nucleotide polymorphisms  

SPSS: statistical package of social sciences  

SUA: serum uric acid  



 

 xxi 
 

T2DM: type 2 diabetes mellitus  

TC: total cholesterol  

TG: triglyceride 

TNF-𝛼: Tumor necrosis factor  

UA: uric acid 

US: United State 

USA: United State of America 

VAI: visceral adiposity index 

VAT: visceral adipose tissue 

VF: visceral fat 

VLDL: very low density lipoprotein 

WHR: waist-to-hip ratio  

WHtR: waist-to-height ratio  

WC: waist circumference  

WHO: world health orgnisation  

YI: Youden‟s index 

 

 

 

 

 

 



 

 xxii 
 

 

ABSTRACT 

Various anthropometric markers of adiposity such as body mass index (BMI), waist 

circumference (WC), neck circumference (NC), hip circumference (HC), waist-hip ratio 

(WHR), waist-height ratio (WHtR) and body adiposity index (BAI) have shown varying 

degree of correlation with the components of metabolic syndrome (MetS) among different 

sexes, races and ethnic groups. There are conflicting data from previous reports on the 

relationship between digit ratio(2D:4D) and adiposity markers. Data on relationship 

between 2D:4D and MetS are scarce. The aim of the study was to investigate the effects of 

body adiposity indices, 2D:4D and level of physical activity (PA) on metabolic syndrome 

components and biomarkers among Hausas of Kano, Nigeria. The study comprised of a 

total of 465 participants pooled from rural and urban communities comprising of 266 males 

and 199 females selected by systematic random sampling out of which blood samples of 

161 subjects were used for serum analysis (male n = 120, female n = 41). Body mass index 

(BMI), waist circumference (WC), neck circumference (NC), hip circumference (HC), 

waist-hip ratio (WHR), waist-height ratio (WHtR), body adiposity index (BAI), digit length 

and 2D:4D were measured and calculated using standard protocols. Visceral adiposity was 

measured using sex specific visceral adiposity index (VAI). After at least 8 hours of 

fasting, venous blood samples were drawn for estimation of glucose, high density lipo-

protein cholesterol (HDL–C), low density lipo-protein cholesterol (LDL–C), total 

cholesterol (TC), triglyceride (TG), uric acid (UA) and adiponectin using standard 

laboratory protocols. Physical activity levels were assesed using self reported PA 

questionnaire. Chi-square test, independent sample t-test, Pearson‟s correlation, multiple 



 

 xxiii 
 

and binary logistic regression, receiver operating characteristic curve were used as 

statistical tools. P < 0.05 was set as the level of significance. The results show that 2D:4D 

and all the indices of adiposity with exception of BAI, WC and BMI are sexually 

dimorphic. 2D:4D, HC, WHtR and VAI were higher in females than in males whereas, 

WHR, NC were higher in males. TC, HDL-Cand fasting blood glucose (FBG) were 

significantly higher in females (P< 0.05). TG, LDL, SUA, adiponectin and blood pressure 

(BP) showed no significant sex difference. 2D:4D, all the indices of body adiposity and BP 

were significantly higher in urban participants (P < 0.05). While adiponectin and HDL were 

significantly higher (P < 0.05) in rural subjects, all other serum parameters were higher in 

urban participants (P < 0.05). Effect of urbanization was higher on central indices (P < 

0.05) and in females (P < 0.05). 2D:4D, VAI and other adiposity indices correlated 

positively with serum uric acid (SUA) and serum components of MetS but negatively with 

HDL and adiponectin. VAI was superior to all the anthropometric indices. WHR was the 

best anthropometric predictor of MetS [example for LDL-C = 361.12 (WHR) + ( -215.15) 

in males and LDL-C = 472.19 (WHR) + ( -308.21) in females]. BAI, NC and HC were 

weak predictors. Compared to L2D:4D, R2D:4D was a stronger MetS correlate (with 

adiponectin, L2D:4D and R2D:4D correlation coefficients were -0.572 and - 0.634 

respectively, P < 0.001). Adiposity measures and MetS components decreased significantly 

(P < 0.05) with increased PA level. The effects of moderate and optimal PA levels on most 

adiposity and metabolic indices showed no significant difference (P > 0.05). 2D:4D 

correlated inversely with PA levels. MetS components were predicted from anthropometric 

measures of adiposity, digit length and digit ratio with WHR having the highest percentage 

contribution (for LDL, 67% in males and 82% in females). Cut off values of adiposity 



 

 xxiv 
 

measures for MetS components were mostly higher in males than in females and slightly 

different from  those reported for other races. It is conluded that 2D:4D is a positive 

correlate of body adiposity and MetS, a possible marker of physical activity behaviour and 

that WHR is the best anthropometric predictor of MetS while VAI is superior to simple 

anthrpometric measure for MetS prediction in Hausas of Kano. Also, urbanization 

adversely affects body adiposity and MetS, while PA lowers adiposity and MetS measures. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background of the Study 

Various anthropometric markers of adiposity (body mass index, waist circumference, neck 

circumference, hip circumference, waist-hip ratio, waist-height ratio, body adiposity index) 

have shown varying degrees of correlation with the components of metabolic syndrome 

among different sexes, races and ethnic groups (Akuyam et al., 2009; Anyanwu et al., 

2011; Zhang et al., 2013a,b), suggesting that there are gray areas to be unraveled about the 

determinants and factors that affect this relationship. The cut off values of anthropometric 

measurements that predict metabolic syndrome have been redefined based on races and/or 

ethnicity. For example, the Asians and Europeans have stipulated the cut off values for the 

indices of truncal adiposity (WC, HC and WHR) and BMI based on the peculiarity of the 

relationships between the components of metabolic syndrome and critical measures of 

adiposity markers in their population (Tulloch-Reid et al., 2003). Enviromental factors 

specific to certain populations such as urbanization have been shown to affect obesity and 

its relationship with some components of the metabolic syndrome (Ekezie et al., 2011). 

Blacks are known to have lower body fat for the same anthropometric adiposity measure 

than Caucasians and since the interrelationships between the adiposity markers and 

metabolic syndrome is tightly tied to their ability to quantify body fat, this has implications 

on the relationship between adiposity markers and the components of the metabolic 

syndrome (Deurenberg et al., 1998). The close association between either absolute total fat 

or adipose tissue distribution and metabolic syndrome has been well documented 

(Wajchenberg, 2000). Nevertheless, controversy remains over which anthropometric 
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parameter best defines obesity and conveys the highest risk of cardiometabolic disturbance 

and the uniform applicability of these markers across populations of different races and 

ethnicity. In recent years, waist-to-height ratio (WHtR) has been regarded as the best 

screening tool for detecting cardiometabolic risk factors, especially in Asians (Lin et al., 

2002; Hsieh et al., 2003; Shao  et al., 2010). Some studies in other populations have 

proposed the use of waist circumference (WC) or waist-to-hip ratio (WHR) (Ho et al., 

2003; Esmaillzadeh et al., 2004), whereas others advocate their combined use (Al-Odat  et 

al., 2012; Feng  et al., 2012). Although BMI, WHtR, WC and WHR are simple and 

convenient measures for epidemiological studies, their validity in measuring adiposity has 

been questioned because they do not directly measure the amount of visceral adipose tissue 

and cannot differentiate between fat and lean mass (Wannamethee  et al., 2005).  The 

notion that BMI and other simple anthropometric measurements may not fully define 

metabolic risk has led to increased attention on other distinct aspects of adiposiy (Kramer et 

al., 2013). Visceral adiposity has been suggested as a complementary risk factor, given its 

pathogenic consequences in animal models and the significant epidemiologic data 

suggesting its role in metabolic dysfunction (Bays, 2011). In animal models of obesity, 

dysfunctional visceral adipocytes represent a locus of inflammation and insulin resistance 

(Samaras et al., 2010; Kabir et al., 2011). Indeed, in humans, an improvement in insulin 

sensitivity is associated with changes in visceral fat (Borel et al., 2012) and inflammation 

within visceral adipose tissue is associated with systemic insulin resistance, inflammation 

and endothelial dysfunction (Farb et al., 2011).  

Visceral fat has been associated with cardiovascular events (Britton et al., 2013), left 

ventricular remodeling  (Neeland et al., 2013) and dysglycaemia (Kanai et al., 1996; Fox et 
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al.,  2007; Liu et al., 2010) in multiple large, community-based cohort study. Although it 

has been suggested that a direct estimation of visceral adiposity would have higher value in 

predicting obesity-related health risks (Borruel et al., 2014), previous studies in multiethnic 

population have produced inconsistent findings. Some studies have found that direct 

visceral adiposity indictors exhibited better predictive performance than simple 

anthropometric parameters (Muller et al., 2012) and others have found them to be 

equivalent (Mueller et al., 1991; Marno et al., 2008; Mbanya et al., 2015). However, some 

studies have observed the discriminatory capability of the simpler measures to be more 

robust for some metabolic parameters (Ike et al., 2000;Smith and Haslam,2007). 

Visceral adiposity, the amount of visceral fat deposit in the body,  is documented to have a 

strong relationship with serum lipid profile, glycaemic  level and blood pressure and thus, a 

major step in the pathogenesis of metabolic syndrome (hyperlipidaemia, hyperglycaemia 

and hypertension) (Ike et al., 2000). Visceral adipose tissue is a pro-inflammatory 

endocrine tissue and may account for an increased cardiometabolic risk across  BMI as seen 

in certain populations (Bays, 2011). 

A recent report in obese individuals of European ancestry demonstrated that a single 

measurement of visceral fat (VF) was associated with risk of dysglycaemia, dislipidaemia 

and hypertension independent of weight or other anthropometric indices, suggesting that 

visceral adiposity could be a hallmark of metabolically obese phenotype regardless of other 

adiposity status and may serve as a marker and target of therapy in cardiometabolic 

diseases (Bays, 2011). Also comparative evaluation of body composition of Nigerians by 

bioimpedance analysis showed that individuals with type 2 diabetses mellitus (DM) have 
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significantly higher total body and visceral fat than age and sex-matched counterparts 

(Owolabi et al., 2016). 

 There is controversy regarding the specific mechanisms by which fat in the visceral 

compartment confers greater risk than subcutaneous fat (Kissebah and Peiris, 1989; 

Kraegen et al.,1991). Some investigators have suggested that one or more moieties secreted 

by the visceral adipocyte might mediate insulin resistance and thus, metabolic syndrome. 

Among the mediators are free fatty acids (FFAs) and adipose tissue–released cytokines 

(adipokines) such as interleukin-1, interleukin-6, tumor necrosis factor - resistin or a 

reduction in adiponectin (Kissebah and Peiris, 1989). Also that the anatomical position of 

the visceral adipose depot (that is., portal drainage into the liver) plays an important role in 

the pathogenesis of the MetS (Kraegen et al., 1991). In recent years, visceral fat has 

emerged as an important measure of cardiometabolic risk. Although magnetic resonance 

imaging (MRI) and computed tomography (CT) scan can estimate the degree of visceral 

fat, these methods are not feasible in the routine clinical setting (Borruel et al., 2014). 

The gold standard assessment method for the estimation of visceral fat content has been 

MRI and CT scan. However, these methods are not pragmatic owing to the cost and time 

involved in their utilization (Borruel et al., 2014). Visceral adiposity which is mainly 

aggregation of unwanted fats in the abdominal region is known to rise steadily as age 

advances in both genders.  

Visceral adiposity index (VAI) is a recently derived index to measure visceral fat based on 

the knowledge of waist circumference (WC), plasma HDL, triglycerides and BMI. The 
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visceral adiposity index has been adjusted for gender and is based on the formula proposed 

by Amato and Giordano (2014). 

The recent development of this sex-specific mathematical model –VAI provides a simple 

means by which the quantity of visceral fat can be estimated and since it is even shown that 

VAI was highly correlated with body visceral adiposity measured by sophisticated methods 

such as MRI and CT scan, the indication for its use is strengthened. Consequently, the 

index is presumed to be a more reliable predictor of MetS than simple anthropometric 

measures (Zhang  et al., 2013b). While this theory is upheld by the findings of some 

researchers (Al-Daghri et al., 2013; Li et al., 2013), others maintain that simple 

anthropometric measures demonstrates better relationship with certain components of the 

MetS in some populations  (Bozorgmanesh et al., 2011; Ciresi et al., 2012). These 

conflicting opinions may suggest that in addition to the insulin resistance theory associated 

with visceral adiposity, there are probably other complex pathophysiological mechanisms 

linking body adiposity with MetS and the ethnic and racial discrepancy in this relationships 

further suggest ethnic predilections in the aetiopathogenesis.  

Adiponectin (also known as: ACRP30, apM1, adipoQ and GBP28) is a hormone produced 

exclusively by the adipocyte. Initial identification of this protein was made in 1995 through 

the isolation of a cDNA using a subtractive hybridization screen designed to identify genes 

up-regulated during adipocyte differentiation (Scherer et al., 1995). Adiponectin is 

dramatically up-regulated during adipogenesis and remains one of the most adipocyte 

specific gene products identified to date. Adiponectin consists of an amino-terminal signal 

sequence, a variable region and a collagenous domain (Pajvani et al., 2003). Adiponectin 

functions as an insulin sensitizer by decreasing hepatic glucose output and thereby 
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contributing to the regulation of whole-body glucose homeostasis. It prevents insulin 

resistance, a major step in the pathogenesis of metabolic syndrome, thus, making its serum 

level to correlate negatively with the components of  the syndrome (Stefan et al, 2003). 

Although there are slight ethnic variations in the serum levels of adiponectin, it is generally 

agreed to correlate negatively with MetS regardless of age and ethnicity (Hu et al.,1996;  

Hotta et al.,  2000; Weyer et al., 2001; Hotta et al., 2001 and Stefan et al., 2002). 

The sex difference in thepattern of body fat distribution is explainable by fat distribution 

effect of the sex hormones, in that while oestrogen encourages fat deposition in the thigh 

and buttocks, testosterone enhances fat deposition in the abdomen (Lemieux et al., 1993). 

The study of finger lengths and especially the ratio of second to fourth digit (2D:4D) has 

received great attention (Manning et al., 1998; Putz et al., 2004; Hone and McCullough, 

2012; Manning et al., 2014).  

Transmitted through genetic inheritance and later unchanging, the ratio of 2
nd

 and 4
th 

fingers (2D:4D) is related to prenatal exposure to testosterone (Umut et al., 2015). Studies 

on the genetics of obesity performed on twins, suggests that the  BMI, an indicator of 

generalized obesity may be transmitted through genetic inheritance (Sengier, 2005). 

Another anthropometric measure transmitted by genetic inheritance is finger length ratio as 

research has found that from the moment these are determined in the mother‟s womb 

during the 13
th
-14

th
 week of intra-uterine life (Van Anders and Hampson, 2005), this does 

not change either in the adolescent period or in adulthood (Çelik et al., 2010). There are 

studies reporting that 2D:4D on the hand is related to the level of sex hormones in the body 

(Manning et al., 1998; Manning et al., 2001) . Accordingly, there is a relationship between 

index finger length and the level of the estrogen in the female gender and a relationship 
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between ring finger length and the level of the hormone testosterone in the male gender 

(Manning et al., 2001). Sequel to above, it can be deduced that 2D:4D of the hand is 

hormonally and genetically determined.  

Since there are also evidences to suggest that body fat distribution pattern is determined by 

sex hormones and are also genetically predisposed (Lemieux et al., 1993) it is possible that 

2D:4D may be related to the adiposity markers, its metabolic consequences and serum 

biomarkers since 2D:4D ratio has been reported to correlate positively with traits putatively 

linked to testosterone (Benderlioglu and Nelson, 2004; Van Anders and Hampson,  2005; 

Muller et al., 2011; Kangassalo et al., 2011). Indeed it has been  demonstrated that 2D:4D 

positively correlates with BMI (Danborno et al., 2008; Umut et al., 2015) negatively with 

muscle mass (Umut et al., 2015), positively with waist-to-hip ratio (Oyeyemi et al., 2014). 

Also its significant relationship with chest, waist and hip circumferences has also been 

documented (Danborno et al., 2008).  

Low levels of physical activity are associated with a high prevalence of MetS  (Guinhouya 

et al., 2011). The inverse relationship between physical activity levels and the prevalence of 

metabolic risk factors independent of age, gender, BMI and adiposity is well documented 

(Andersen, 2006; Butte et al., 2007). 

Physical activity is known to be protective against adiposity and its metabolic consequence. 

The indicators of generalized adiposity (BMI) and truncal adiposity (WC, HC, WHR, 

WHtR, BAI, NC) have been shown to correlate negatively with level of physical activity 

and so are the components of MetS (Guinhouya et al., 2011). The various components of 

the metabolic syndrome are modulated to different extent and by different mechanisms by 
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physical activity levels (Dietz, 1997). Exercise increases insulin sensitivity both acutely and 

chronically (Henriksen, 2002). Acute exercise is characterized by changes in insulin 

signaling in response to muscle contraction (Henriksen, 2002). There is an increased 

translocation of glucose transporter type 4 (GLUT4) to the cell surface and GLUT4 are 

found in adipose tissues and striated muscle and are responsible for insulin-related glucose 

uptake and storage (Ren et al., 1994). Physical activity (PA) increases GLUT4 content, 

glycogen synthase activity, mitochondrial enzyme activity and density in skeletal muscle 

(Holloszy, 2005; Eisenmann et al., 2007; Venables and Jeukendrup, 2008). However, some 

evidences exist to suggest that there is gender discrepancy in PA induced insulin 

sensitivity, in that females respond better than males for age matched counterparts 

following the same dose and duration of aerobic PA (Lee, 2012). The acute effect of 

aerobic exercise can last up to 48 hours, which provides a rationale for recommendations to 

exercise regularly (Venables and Jeukendrup, 2008). 

The blood pressure lowering effect of aerobic physical activity has been reported by many 

researchers (Meyer et al., 2006; Tjønna, 2009; Ben Ounis, 2010) but there seem to be some 

inconsistency on the findings concerning the extent to which exercise lowers blood 

pressure and which component of the blood pressure is more affected. While some studies 

revealed significant reduction in both systolic and diastolic blood pressure (Meyer et al., 

2006; Tjønna, 2009), others revealed signicant reduction only in the systolic blood pressure 

(Naylor, 2008). 

Abnormal serum lipid profile is associated with a poor quality diet rich in fat. A balanced 

diet, low in saturated fat, aiming to reduce triglyceride concentrations and TC as well as 

increase HDL-C concentration is usually the first line of treatment. However, the varying 



 

9 
 

effects of exercise on blood lipids have been investigated. Serum cholesterol, TG, LDL-C 

and HDL-C are reported to respond differently to aerobic exercise by different studies 

(Kelly, 2004; Meyer et al., 2006; Lee et al., 2010)   

Overall, a negative and dose- related  relationship exists between physical activity and most 

MetS parameters despite using a wide range of participants, sample sizes and exercise 

programmes that differed in intensity, duration, modality and setting. This relationship 

appears to be either independent of other factors or alternatively, simultaneously mediated 

by the physical fitness and adiposity of the participants (Guinhouya et al., 2011). 

1.2 Statement of Research Problem 

MetS is one of the leading causes of morbidity and mortality both in developed and 

developing countries. Despite the ongoing global efforts at determining ethnic specific 

anthropometric predictors and cut-off  values for the syndrome, such data are lacking in 

Nigeria and among the Hausa ethnic group. Prediction of MetS by anthropometric studies 

had focused mainly on using BMI and more recently the indices of truncal obesity (WC, 

NC, WHR, WHtR, HC) with varying and sometimes contrasting predictive powers for the 

different components of the syndrome  The usefulness of sex-specific visceral adiposity 

index and its possible superiority over the simple anthropometric parameters has not been 

well documented in Nigeria, with particular paucity of such data among the Hausa ethnic 

group. Furthermore, correlating the various anthropometric markers of adiposity with 

specific components of the MetS and its serum biomarkers have received less attention in 

the literature. Additionally, 2D:4D like body fat distribution, is an anthropometric variable 

that is hormonally and genetically determined. Conflicting data from previous researches 

on the relationship between 2D:4D and adiposity markers suggests that although genetic 
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constitution and sex hormones are crucial to both, there are probably other factors that 

affect this relationship which needs to be further explored. Moreover, most of the studies 

made little attempt to determine and quantify sexual dimorphism in this relationship. Also 

correlating this important variable with the components of MetS and its serum biomarkers 

has received little attention. Although the inverse relationship between physical activity 

levels with MetS parameters and adiposity indices is well documented, studies comparing 

the impact of the various levels of physical activity on the different measures of adiposity 

and individual components of MetS is scarce in Nigeria and especially among the Hausa 

ethnic group.     

1.3 Justification of the Study 

The availability of population specific anthropometic predictors of the various components 

of MetS in some parts of the world and the paucity of such data in Nigeria and particularly 

among the Hausas may provide a justification for this work. Also the establishment of a 

relationship between the visceral adiposity index and anthropometric markers of adiposity 

with serum triglyceride, low density lipoprotein cholesterol, high density lipoprotein 

cholesterol, glucose and systemic blood pressure and comparing the sensitivity and 

specificity of each for these components of MetS are justified.  

Following the recent declaration of the World Health Organisation that obesity is assuming 

an epidemic and pandemic dimension and the emphasis on its tight association with MetS 

which is a leading cause of morbidity and mortality worldwide,  it is important to identify 

germane population specific adiposity markers for the components of MetS. Establishing a 

direct relationship between digit ratio and the various metabolic consequences of adiposity 

(dislipidaemia, disglycaemia and hypertension) is particularly an interesting idea as it opens 
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another window of opportunity for predicting MetS from a simple anthropometric 

measurement. Since the different measures of body adiposity (truncal, generalized and 

visceral) do not pose equal metabolic risk, it is therefore justified to quantify the impact of 

various levels of physical activity on the adiposity indices and their metabolic 

consequences.  

The variability and discriminatory strength of the anthropometric markers of adiposity in 

predicting or identifying the MetS phenotype is of immense clinical significance. The study 

may provide effective and cheap initial screening criteria for individuals susceptible to 

MetS especially in a large scale epidemiological survey where invasive procedures are 

relatively more expensive and often not feasible. The idea is to ensure early diagnosis and 

commence early treatment in view of halting disease progression and preventing 

complications. The various components of MetS are associated with specific but 

interrelated complications. Consequently, establishment of a relationship between 

anthropometric indices and each component will be interesting and certainly an 

improvement of the current status of knowledge. Moreover, comparing the visceral 

adiposity index with the simple anthropometric indices will be useful in identifying the 

merits and demerits of each in the Hausa population.  

Additionally, finding the Hausa ethnic specific cut-off values of the various anthropometric 

measures of adiposity for the different MetS components and using serum adiponectin and 

uric acid as biomarkers to validate the relationship of the adiposity indices with MetS 

parameters will certainly add value to the biochemical and clinical evaluation of the MetS. 

Furthermore, finding the relationship between digit ratio with body adiposity indices, MetS  

and its serum biomarkers may provide yet another simple anthropometric variable for 
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initial screening of individuals susceptible to MetS especially among the Hausa population 

where exposure of certain body parts such as waist, hip and neck for anthropometric studies 

may not be convenient for female subjects due to cultural factors, especially during a large 

scale epidemiological survey where ensuring privacy for every subject may not be 

practically feasible.  

In addition, quantifying the relationship between mild, moderate and rigorous physical 

activity with different adiposity measures and various MetS parameters may serve as the 

basis for recommendation of therapeutic exercise regimen for the different obesity 

phenotypes and for individuals with obesity related metabolic disorders. 

 

1.4 Aim and Objectives of the Study 

1.4.1 Aim of the Study 

To determine the effects of body adiposity indices, digit ratio and level of physical activity 

on MetS and serum biomarkers among the Hausas of Kano State. 

1.4.2 Objectives of the study 

The objectives of the study were to: 

i.  determine sexual dimorphism in the visceral and anthropometric adiposity markers, 

digit ratio and MetS  parameters, 

ii.  investigate the comparative effect of urbanization on digit ratio, different body 

adiposity measures, component of metabolic syndrome, serum uric acid and 

adiponectin, 
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iii.  find the relationship between anthropometric and visceral adiposity indices with 

metabolic syndrome components, serum adiponectin and uric acid, 

iv.  compare the effect of physical activity and urbanization on different measures of 

body adiposity, digit ratio and components of MetS, 

v.  find the correlation of digit ratio with visceral and anthropometric adiposity 

indices, 

vi.  find the relationship between digit ratio with MetS parameters, uric acid,  

adiponectin, 

vii.  formulate a linear regression equation for predicting the components of the MetS  

from anthropometric indices and digit ratio, 

viii.  determine the cut-off values of the anthropometric measures of adiposity for each 

component of the MetS. 

1.5 Research Questions 

i. The different body adiposity measures are not equally associated with the components of 

MetS. 

ii. Visceral adiposity index is superior to simple anthropometric measurement in its 

relationship with components of MetS. 

iii. Digit ratio ratio has a strong relationship with body adiposity and MetS. 

iv. Physical activity has different impact on the body adiposity measures and MetS 

components. 

v. Urbanization has varying adverse effects on body adiposity and MetS indices. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Molecular and Genetic Basis of Body Adiposity 

2.1.1 Overall body adiposity 

Genetic factors are believed to play a central role in etiopathogenesis of body adiposity. 

Genetic studies have revealed that mutations of several genes accounts for a higher 

predisposition to excessive accumulation of adipose tissue (Farooqi and O'Rahilly, 2006). 

These findings are strengthened by evolutionary trend explained by the “thrifty genotype” 

hypothesis which states that “the likelihood of man to accumulate more adipose tissue was 

preferred in evolutionary terms by genetic mutation as it allowed the ancestors of man to 

survive through the periods of famine” This hypothesis is further confirmed by the results 

of numerous population researches. For example, the inhabitants of small islands in the 

Pacific Ocean, the Pima Indians and the societies of the Kingdoms of Tonga and Samoa 

had inhabitants with very high obesity index due to extremely effective adaptive 

mechanisms for quick storing of energy excesses in the form of triglycerides deposited in 

the adipose tissue (Konarzewski , 2006).Genetic mechanisms behind human adipose tissue 

accumulation has also been demonstrated by experimental studies conducted on model 

laboratory animals particularly the gene knockout mouse model (Lutz and Woods, 2012).  

Genetic mutation in the leptin-melanocortinpathway has been implicated in excessive 

adipose tissue accumulation along with the associated voracity effect in model animals 

(Speakman et al, 2007). In the case of the Mc4r knockout mouse, an intensified process of 

depositing adipose tissue and increase in theamount of food intake, leading to obesity in 

such animals was identified (Lutz and Woods, 2012). In contrast to the effects observed in 



 

15 
 

the Mc4r knockout mouse, the mice with Mc3r knockout were characterized by a unique 

phenotype defined by higher percentage of adipose tissue with a constant weight, decreased 

physical activityand hyperleptinaemia (Lutz and Woods, 2012). On this account, many 

scientists working on genetics of obesity now have their efforts directed towards analogous 

polymorphisms and mutations in man, with emphasis on genes and their protein products 

participating in various metabolic pathways, mainly related to maintaining the correct level 

of the physiological energy management.  

Monogenic obesity with mutations occurring in various genes have been identified. For 

example, mutation in the gene of leptin (LEP), leptin receptor (LEPR), 

proopiomelanocortin (POMC) and melanocortin 4 receptor (Mc4r) (O‟Rahilly et al., 2003; 

Farooqi, 2008). Monogenic obesity is a rare but important group of genetic diseases 

because it provides an opportunity to understand the mechanisms responsible for appetite 

control and regulation. It follows theMendelian‟s pattern of inheritance. As a result of 

experiments conducted on mice with hereditary significant obesity (homozygotes ob/ob, 

db/db and fat with alleles encoding leptin, leptin receptor and carboxypeptidase 

respectively), it was possible to find analogous mutations in man (Pillot et al., 2011).   

Excessive adipose tissue accumulation may result from imbalance between caloric intake 

and utilization. Appetite is regulated by the centres located  in various regions of the central 

nervous system (CNS). The arcuate nucleus of hypothalamus, responsible for coordinating 

the mechanism is controlled by a number of factors, including the melanocortin receptors 

(MCR). Mutation and malfunctioning of such receptors may result in excessive food intake 

which in turn leads to obesity. Considering the crucial role that neural melanocortin 

receptors play in various aspects of maintaining the energy homeostasis in the organism, 
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neuroendocrine anomalies, caused by melanocortin receptors mutations have an obesogenic 

effect (Tao, 2009; Tao, 2010). Other important genes whose mutations have been 

implicated in adiposity are those  of leptin (LEP), leptin receptor (LEPR), melanocortin 4 

receptor (Mc4r), proopiomelanocortin (POMC), prohormone convertase 1 (PCSK1), 

neurotrophine 2 receptor (NTRK2) and brain-derived neurotrophic factor (BDNF) (Choquet 

and Meyre, 2011). Also, mutations in LEP, LEPR and Mc4r which are important in the 

central regulation of appetite are contributory. Consequently, leptin malfunctioning which 

may be caused by lack of the gene expression or dysfunction of its receptor may lead to 

hyperphagia and obesity in the early stage of life. Other mutations are related to proteins of 

the melanocortin pathway, contributing in the neurogenesis and correct functioning of the 

hypothalamic regulation (Meczekalski et al., 2008).  

Recently, the polygenic basis of body adiposity is becoming more clear. This means that 

obesity may be consequential to a number of different genetic mutations, which when 

analyzed individually may not show any significant effect on overall body adiposity 

(Choquet and Meyre, 2010). Additionally, certain chromosomal regions associated with 

polygenic obesity have been identified and the number of genes are increasing. Such genes  

include FTO, INSIG2, PPARγ, and SLC6A14.  Furthermore, genetically predetermined 

hereditary factors play important role in forming psychophysical behaviours which may 

influence susceptibility of individuals to obesity and the complex genetic mechanism often 

need to interact with environmental factors for adequate gene expression (Clee, 2009; 

Braud et al., 2010). 
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2.1.1.1 Genetic variants of obesogenes 

The genetic determinants of endemic obesity remain unclear. However, over fifty loci have 

been shown to be associated with generalized obesity measured by BMI in a reported meta 

analysis (O‟Rahilly, 2009; Choquet and Meyre, 2011; El-Sayed et al., 2013). But the 

combined effects of all variants account for only a small fraction of the phenotypic 

variation, leaving a vast majority of the heritability unclear.  

FTO:  Single nucleotide polymorphisms (SNPs) in the FTO region have the largest effect 

of any variants, but that effect is said to be too small to make a significant contribution to 

detectable segregation signal. However, a possibility is that other variants in the same 

region could contribute. Obesity associated sequences within FTO are functionally 

connected through noncoding RNA with an increased expression of the homeobox gene 

IRX3, deletion of which results in reduced fat mass in mice (Smemo et al., 2014). Studies 

in humans have found associations between obesity-associated FTO variants and levels of 

the satiety hormone leptin (Benedict et al., 2014), the hunger hormone ghrelin (Karra et al., 

2013;Benedict et al., 2014) and brain responsiveness to food cues (Karra et al., 2013). It 

therefore implies that while common FTO  SNPs do not contribute significantly to common 

obesity susceptibility, they do illustrate the potential of other rarer variants affecting the 

same process. 

SIM1: SIM1is homologous to the transcription factor in mice, which is involved in the 

hypothalamic appetite regulation and its insufficiency leads to hyperphagia and obesity in 

mice and humans. SNPs around SIM1 regions are associated with BMI changes in a 

candidate gene study in Pima Indians (Traurig et al., 2009). The risk alleles were common 



 

18 
 

in Pima Indians but less so in Europeans with no association with BMI in the European 

sample.  

CTNNBL1: multiple SNPs mainly in intronic regions of CTNNBL1 are associated with 

BMI and fat mass in a sample of unrelated US Caucasians and were supported in a French 

Caucasian case–control study of categorical obesity (Liu et al., 2008)  but not in a central 

European sample (Voge et al., 2009) or a Danish sample  (Andreasen  et al.,  2009). Failure 

of replication is an expected feature of a heterogenetic model in which different populations 

or smaller groups could be expected to have different genetic origins of obesity 

susceptibility.  Directly measured fat mass as a control on the BMI analyses has been used 

but did not control for effects of body size on fat mass, and so both phenotypes contain 

information about non-fat body compartments (Liu et al., 2008). In line with this, the 

replication studyconducted by some scientists (Andreasen et al., 2009) found no association 

with BMI, but significant associations with weight and height. CTNNBL1 variants may be 

associated with increased risk of obesity and the measured effect on BMI may probably be 

substantial.  

AMY1: AMY1 which encodes salivary amylase has been associated with variations in 

BMI, with lower copy number associated with higher BMI in two independent samples 

(Falchi et al., 2014). The CNV in AMY1 was investigated in relation to BMI after an initial 

screen of effects on gene expression in adipose tissue (Falchi et al., 2014) but the salivary 

amylase product is also expressed in saliva under the influence of copy number and in 

various other tissues (Perry et al., 2007). The mechanisms linking AMY1 expression and 

BMI have not been established, but AMY1 is known to have a role in sensory perception of 

starch in foods as well as being regulated by autonomic nervous system (ANS) activity, 
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providing potential links to and from hypothalamic appetite-regulating centers (Santos et 

al., 2012).  

POMC: POMC is a complex pro-peptide, the products of which are secreted by neurons 

that are critically involved in appetite regulation. Congenital deficiency of POMC is the 

cause of a rare form of monogenic obesity, and haplo-insufficiency of POMC is linked to 

increased BMI in affected families (Farooqi et al., 2006). The effects of POMC deficiency 

are important elements in the development of the neurobehavioral hypothesis (O‟Rahilly  

and Farooqi, 2008). 

LEP and LEPR: leptin functions as a feedback signal from adipose tissue fat via the leptin 

receptor with significant suppressive effects on appetite through the hypothalamic leptin–

melanocortin signaling pathway. Both homozygous leptin and leptin receptor deficiencies 

cause rare monogenic severe obesity in humans driven by hyperphagia, and both are crucial 

elements in the development of the neurobehavioural hypothesis (NBH). Heterozygous 

loss-of-function variants in both genes are associated with substantial effects on body 

fatness. In both cases, the phenotype affected are directly measured by body fat percent 

adjusted for age, sex, height and weight, and the effects are substantial (Farooqi et al., 

2001; Farooqi et al., 2007). 

16p11.2: independent associations with obesity of large deletions at two locations in 

16p11.2have been detected following a strategy of resequencing at loci known to be 

associated with rare forms of extreme obesity (Walters et al., 2010; Walters et al., 2013). 

The responsible loci are unclear, but the deleted region contains SH2B1, which has 
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established links to hyperphagia and obesity in humans and animals acting through leptin 

signaling pathways (Doche et al., 2012). 

 

2.2 Visceral Adiposity 

2.2.1 Pathophysiology 

Excessive intra-abdominal adipose tissue accumulation known as visceral obesity is a 

component of an adiposity phenotype which includes dysfunctional subcutaneous adipose 

tissue expansion and ectopic triglyceride storage tightly linked to clustering metabolic risk 

factors. The metabolic  derangement is in the form of hypertriglyceridaemia, increased free 

fatty acid availability, release of proinflammatory cytokines from adipose tissue, hepatic 

insulin resistance and inflammation, increased liver very low density lipoprotein (VLDL) 

synthesis and secretion, reduced clearance of triglyceride-rich lipoproteins, presence of 

small, dense LDL particles and reduced HDL cholesterol levels are inclusive of the many 

metabolic derangements closely related to visceral adiposity (Tchernof and Després, 2013).  

Physiological characteristics of abdominal adipose tissues such as size and number of 

adipocyte, lipolytic responsiveness, lipid storage capacity and inflammatory cytokine 

production are significantly correlated with and even possible determinants of the increased 

cardiometabolic risk of visceral obesity. Lifestyle modifications exemplified by weight loss 

and PA generally induce preferential mobilization of visceral fat. In practice, measuring 

WC in addition to the body mass index could be helpful for the identification and 

management of a subgroup of overweight or obese patients at high cardiometabolic risk 

(Tchernof and Després, 2013). 
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Visceral adiposity has been proven to be a component of an adiposity phenotype that 

includes adipose tissue storage dysfunction and ectopic triglyceride accumulation in many 

sites including the liver (Tchernof and Després, 2013). The role of visceral adiposity in the 

pathogenesis of MetS has also been detailed in the literature (Jensen, 2008; Matsuzawa, 

2008; Mathieu et al., 2009;  Browning et al., 2010). 

The biological and functional characteristics of visceral adipocytesprovides a clue on the 

cellular determinants of human body fat distribution patterns and the pathophysiological 

association of visceral obesity and cardiometabolic risk. Only intraperitoneal adipose 

tissues are drained by the portal vein, a feature which has been at the center of some 

hypotheses linking visceral adipose tissue accumulation and metabolic disease (Bergman et 

al., 2001; Bélanger et al., 2002). Lobules of adipose tissue in the subcutaneous layer are 

arranged in a regular fashion, whereas those of the deep intra abdominal compartment are 

large, irregular and less organized (Markman and Barton, 1987). The Vascularization, 

blood flow and innervation may also differ (Kreier et al., 2002; Ibrahim, 2010).  

Adipose tissue blood flow in the postprandial state may also represent an important 

determinant of  regional differences in lipid accumulation (Romanski, 2000). Higher blood 

flow  is observed in lower body adipose tissue following meal in females, but not in males 

(Romanski, 2000). Also synthesis of triglyceride from glucose is reduced in omental 

adipose tissue compared with abdominal subcutaneous adipose tissue in females 

(Maslowska, 1993) but is similar in both fat depots in males (Maslowska, 1993). These 

observations suggest that there are probably divergent mechanisms that may explain 

regulation of lipid accumulation in each body fat compartment (Votruba and Jensen, 2007). 

Also in line with this hypothesis, femoral fat has a diminished fatty acid flux compared to 
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abdominal subcutaneous fat (McQuaid et al., 2010; Labbe et al., 2011) and  proportion 

relies more heavily on plasma non-esterified fatty acids and VLDL triglyceride-derived 

fatty acids compared with abdominal adipose tissue which relies more heavily on 

chylomicrons (Labbe et al., 2011).  

The amount of adipose tissue in a body compartment is an index of the balance between 

triglyceride synthesis and rates of  lipolysis and analyses of adipocytes according to cell 

size revealed that larger fat cells have higher  rates of lipolysis at rest and following 

stimulation (Farnier et al., 2003). Basal lipolysis rates in subcutaneous adipose tissue is 

reported to be higher when compared with abdominal adipose cells (Privette  et al., 2012).  

Although subcutaneous adipose tissue is reported to be the major source of circulating non-

esterified fatty acids, accounting for more than 85%, in lean individuals, 5–10% of non-

esterified fatty acid released in the portal vein originates from visceral adipose tissue 

lipolysis. But in a state of increased visceral fat mass, visceral adipose tissue may 

contribute up to 50% of non-esterified fatty acid released  into the portal vein (Nielsen et 

al., 2004). The result of studies in experimental animals points to a potential role of excess 

lipolysis in the development of abdominal obesity related metabolic derangement. In 

general, studies on adipose tissue metabolism suggest that the size of adipocyte is a 

significant determinant of regional differences in lipid metabolism (Masuzaki et al., 2001; 

Arner et al., 2010; Hoffstedt  et al., 2010; Ledoux  et al., 2010). 

Men demonstrate higher efficiency in visceral lipid accumulation compared with women 

(Fried and Kral, 1997). Also, the inability to efficiently store postprandial lipids probably 

contributes to excess non-esterified fatty acids and subsequent development of metabolic 
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alterations (Frayn 2002; Gray and Vidal-Puig, 2007; Varlamov et al., 2010; McQuaid et al., 

2011).The quantity of fatty acids released from visceral adipose tissues increases 

proportionately with visceral adipose reserve probably via visceral adipocyte hypertrophy 

andenhanced lipolytic responsiveness to positive stimuli and inhibition by insulin 

(Tchernof, 2006).  

 

2.2.2 Pathophysiological Link between Visceral Adiposity and Metabolic Profile 

Robust evidence shows that visceral obesity is associated with insulin resistance, a major 

step in the pathogenesis of MetS (Després and Lemieux, 2006). However, whether the 

relationship is causal or contributory remains unclear. A number of hypothesis have been 

proposed to explain the possible mechanism linking visceral adiposity to metabolic 

complications (Després and Lemieux, 2006; Després et al., 2008). 

The first hypothesis focused on the peculiar metabolic profile of visceral  adipocytes, being 

hyperlipolytic and resistant to the antilipolytic effect of insulin, resulting in overexposure of 

non-esterified fatty acids to the liver and to impairment in liver metabolism leading to 

overproduction of apolipoprotein B, increased hepatic glucose production and reduced 

hepatic degradation of insulin, precipitating  systemic hyperinsulinaemia. The second 

hypothesis emphasizes the inflammatory potential of visceral adipose tissue, in that when 

hypertrophied, it is infiltrated by inflammatory macrophages, triggering a systemic pro- 

inflammatory response, further exacerbating insulin resistance (Yki-Jarvinen and 

Westerbacka, 2005). It has also been proposed that excess visceral adipose tissue may be a 

consequence of the relative inability of the subcutaneous adipose tissue to act as an 
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expanding metabolic buffer, protecting other organs against ectopic fat deposition, not only 

in the liver, the heart and the skeletal muscle but also in other potentially important organs 

such as the kidney and the pancreas (Taskinen et al., 2011). 

Serum triglyceride is a major correlate of visceral adiposity. Hypertriglyceridaemia is 

caused by both  increased  liver VLDL triglyceride production and impaired clearance from 

the circulation (Taskinen et al., 2011). The availability offatty acid within the hepatocyte 

and insulin are major modulators of VLDL aggregation and secretion. Due to the 

hyperlipolytic state of the expanded visceral adipose tissue, the liver of viscerally obese 

patients is succeptible to an increased flux of fatty acids which contribute to an increased 

synthesis of triglycerides, which are incorporated into VLDL particles and secreted into the 

circulation mainly as VLDL particles. Therefore, a fatty liver is a major contributor to the 

hypertriglyceridaemic state of visceral obesity (Taskinen, 2003; Taskinen, 2005; Yki-

Jarvinen and Westerbacka, 2005). Impaired insulin action in the liver is another feature 

contributing to hypertriglyceridaemia. In individuals who have excess visceral adipose 

tissue, hyperinsulinaemia promotes lipogenesis via the activation of sterol regulatory 

binding protein 1c, a transcription factor controlling the expression of enzymes involved in 

hepatic fatty acid synthesis (Shimomura et al., 200; Yahagi et al., 2002; Ferre and Foufelle, 

2007). Insulin normally reduces hepatic secretion of VLDL but has a blunted ability to 

inhibit VLDL secretion in visceral obesity, leading to elevated VLDL secretion and 

hypertriglyceridaemia (Taskinen, 2003; Taskinen, 2005; Yki-Jarvinen and Westerbacka, 

2005). A key factor regulating lipid oxidation in the liver is an adipose tissue-derived 

cytokine adiponectin and plasma concentrations of this cytokine are reduced in visceral 

obesity and type 2 DM (Côté et al., 2005). 
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Abnormal levels of cytokine reaches the liver via portal circulation and along  with locally 

produced cytokines alter hepatic lipid metabolism, worsening fat accumulation and VLDL 

triglyceride output into the bloodstream  (Mlinar et al., 2007). Insulin resistance in addition 

to VLDL secretion by the liver may also be associated with overproduction of triglyceride-

rich lipoproteins (such as chylomicrons and VLDL) by the intestine using endogenous fatty 

acids. This phenomenon may explain fasting hypertriglyceridaemia 

(Duez et al., 2006). Overall, there are evidences that the close relationship of visceral 

adipose tissue content to the plasma metabolic risk profile, is tied to overproduction of 

triglyceride-rich lipoproteins and glucose, leading to the dysglyecaemic and dyslipidaemic 

states found in viscerally obese subjects (Yki-Jarvinen and Westerbacka, 2005; Adiels et 

al., 2008; Korenblat et al., 2008).  

 

2.2.3 Factors affecting visceral fat accumulation 

  Age:  Previous researches have documented age related changes in adipose tissue 

distribution as indicated by an increase in the WHR and WC (Lemieux et al., 1999; 

Després et al., 2000; Lara-Castro et al., 2002). These studies show age related increase in 

WC and WHR attributable to increase adipose tissue deposition in the abdominal and 

gluteofemoral regions in both sexes. Also age was found to be a strong correlate of 

selective abdominal adipose tissue accumulation as estimated by an increased waist 

circumference. In young individuals, excess energy is preferentially stored in subcutaneous 

fat depots, although visceral adipose stores may also increase selectively in some 

genetically susceptible individuals (Lanska et al., 1985).  
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DeNino et al. (2001) estimated that in non-obese females, visceral adipose tissue volume 

measured by CT scan increases with age at a rate of 2.36 cm
2
 per year.The significance of 

increasing visceral adipose tissue deposition with age is particularly of concern in men and 

postmenopausal women who averagely have up to twice the amount of visceral adipose 

tissue than premenopausal women (Kotani et al., 1994). These findings suggest that 

continuous monitoring of changes in the indices of centripetal adiposity such as waist 

circumference and waist-hip-ratio over time could be useful to clinicians in detecting 

changes in visceral adiposity and provides further evidence that clinicians should look 

beyond the BMI to properly assess adiposity and metabolic risk.The prevalence of adverse 

metabolic profile has been shown to increase with age (Kotani et al., 1994). For example, 

the age-related increase in visceral adiposity has been shown to be an important correlate of 

alterations in lipoprotein-lipid metabolism and in plasma glucose homeostasis (Kotani et 

al., 1994). Lemieux et al. (1999) have reported that age is associated with  increased LDL-

C particle in the circulation. Such increase of LDL-C particles observed in some 

individuals appears to be mainly related to an increase in triglyceride levels in both sexes 

(McNamara et al., 1987; Lemieux et al., 1999).  

Sex: Males and females differ significantly in terms of body fat composition and 

distribution and such anatomical differences attributable to regional adipose tissue 

partitioning are unique to humans (Pond, 1992). Men are more likelyto accumulate adipose 

tissue in the upper body,whereas women usually accumulate adipose tissuein the lower 

body (hips and thighs) (Kuke et al., 2005). Also Kuke et al.(2005) suggested that sex 

hormones might be involved in regulating the typical gender differences in regional body 

fat distribution. Studies have shown that women have less visceral adipose tissue even 
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though they have higher BMI, total body fat and abdominal subcutaneous adipose tissue 

values (Kuke et al., 2005). Premenopausal women therefore accumulate a substantial 

amount of total body fat before a substantial amount of visceral adipose tissue is observed.  

CT and MRI have been used to test the usefulness of the waist circumference as an index of 

abdominal adipose tissue deposition in both men and women. For a given waist 

circumference, women generally have greater body fat mass and abdominal subcutaneous 

adipose tissue than men (Kuke et al., 2005).  

Sex hormones: The sexual dimorphism in the pattern of body fat distribution and 

accumulation in humans suggests the key role of sex hormones (Tchernof et al., 2006). 

This impression is further confirmed by reported cases of transsexuals who have been 

treated with sex hormones. Female-to-male transsexuals treated with intramuscular 

testosterone injections show a progressive shift in body fat distribution from the gynoid to 

android pattern over a few months to 3 years. Conversely, oestrogen treatment of male-to-

female transsexuals significantly increases fat deposition in all subcutaneous fat depots but 

has little effect on the visceral fat, suggesting that prevailing hormonal milieu is a critical 

determinant of regional body fat distribution in both males and females (Elbers et al., 

2003).  

Some studies reported that men with low circulating levels of total testosterone have higher 

rates of visceral obesity (Gapstur et al., 2002; Phillips et al., 2003; Shi et al., 2007). Others 

reported that the role of free testosterone levels as related to body fat distribution patterns 

remains uncertain because of issues related to the methodology of measurement 

(Vermeulen et al., 1999; Rosner et al., 2007). There are also studies that demonstrated that 
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plasma concentrations of sex hormone-binding globulin (SHBG), a determinant of 

testosterone bioavailability, are negatively associated with abdominal obesity in both men 

and women (Couillard et al., 2010; Gapstur  et al., 2002; Phillips  et al., 2003; Tsai  et al., 

2004). Furthermore, men withl ow plasma SHBG or testosterone levels are reported to be 

characterized by altered metabolic parameters (Laaksonen et al., 2003; Phillips et al., 

2003). However, these observations regarding the role of testosterone in adiposity are not a 

unanimous contention.The controversies are based on other reports showing that exogenous 

androgens, supraphysiological testosterone treatment of female-to-male transsexuals leads 

to increased visceral adipose tissue accumulation and concomitant alterations in the 

metabolic profile (Elbers et al., 2003; Sigurjonsdottir et al., 2006). Similarly, it is reported 

that anabolic androgen use by athletes leads to pronounced and lasting alterations in the 

metabolic profile. Because of  this observation and the discovery that abdominal obesity is 

a common finding in females with the polycystic ovarian syndrome (PCOS), it is widely 

believed that hyperandrogenic state leads to abdominal obesity and hyperinsulinaemia 

(Dunaif, 1997).  

Oestrogens are produced principally by the ovaries in premenopausal women (Beaulieu 

Kelly, 1990). However, in both sexes, oestrogens are also produced through aromatization 

of androgens in peripheral tissues, particicularly adipose tissues (Bélanger et al., 2002; 

Mattsson and Olsson, 2007).The possibility of the central role of oestrogen in body fat 

distribution is widely speculated.  Parallel sexual dimorphisms in oestrogen levels with 

body fat patterning as well as evidences obtained from transsexual studies have provided a 

fertile ground for such speculations (Guthrie et al., 2004; Lovejoy et al., 2008; Keller et al., 

2010). Moreover, decline in oestrogen level postmenopausally has been shown to be 
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associated with increased adiposity and visceral fat accumulation (Lovejoy et al., 2008; 

Keller et al., 2010). 

The experimental rodent models in which oestrogens was shown to have a tonic inhibitory 

effect on food intake in all phases of the ovarian cycle and that ovariectomy leads to 

hyperphagia and weight gain are also  highly supportive (Brown and Clegg, 2010). Studies 

have demonstrated that estradiol signaling in the brain interacts with neuronal pathways 

involved in regulating energy balance (Shi and Clegg, 2009; Brown and Clegg, 2010). 

Additionally,there are evidences of a direct oestrogen action on peripheral metabolism in 

the muscle and adipose tissue (D‟Eon, 2005). Exogenous oestradiol administration 

decreases lipoprotein lipid (LPL) activity in lower body adipose tissue of premenopausal 

women but a contrary effect is observed in postmenopausal women (Price et al., 1998).   

Evidences for the lipolytic effects of oestrogen on adipose tissue are inconsistent (Jensen et 

al., 1994; Tchernof and Labrie, 2004). It is documented that high oestradiol decrease LPL 

and increase hormone sensitive lipase expression in subcutaneous adipocytes, while the 

opposite is seen at low estrogen doses, indicating that oestrogens may have a biphasic 

action on adipose tissue lipogenic and lipolytic capacity (Palin et al., 2003). Studies have 

also shown that oestrogens stimulate preadipocyte proliferation and that this effect is depot-

specific and more pronounced in preadipocytes from females compared to males 

(Dieudonne et al., 2000; Anderson et al., 2001). The action of oestrogens on adipose tissue 

is indicated by the presence of receptor isoforms (Dieudonne et al., 2004) and deletion of 

the oestrogen receptor in experimental male and female mice was associated with increased 

adiposity (Heine et al., 2000).Cases of polymorphisms in the oestrogen receptor and genes 

have been associated with higher body fat mass and  visceral fat accumulation compared to 
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women with the more frequent genotype (Okura et al., 2003; Nilsson et al., 2007; Goulart 

et al., 2009). 

Genetics: Family studies have shown that heritability rates of total body fat are up to 50% 

(Henkin et al., 2003; Katzmarzyk et al., 2010). About 135 candidate genes have been 

identified as being linked with obesity-related phenotypes and 253 trait loci (Pérusse et al., 

2005). A study on obesity related genetic variants performed on about 250,000 people and 

2.8 million single nucleotide polymorphisms were genotyped (Speliotes et al., 2010). 

Factors other than DNA sequence variants alone are likely to explain the high heritability 

rates of body adiposity. These factors may include gene-gene interactions, gene- 

environment interactions, as well as epigenetics. Segregation analyses even pointed toward 

a major gene effect accounting for 51% of the differences in visceral adipose tissue 

accumulation  (Bouchard et al., 1996). In line with this, there are documented  twin studies 

in which weight gain was induced by overnutrition and the variance in visceral adipose 

tissue increase between pairs of twins was about six times higher than within twin pairs 

(Bouchard et al., 1990), pointing to major genetic effect on visceral fat resserve. Family 

studies have shown clustering of visceral adiposity (Pérusse et al., 1996; Rice et al., 1996). 

Similarly, several studies have identified genetic variants that may be related to preferential 

accumulation of  visceral adipose tissue accumulation in different populations (Berthier et 

al., 2004; Bouchard et al., 2004; Peeters et al., 2007; Peeters et al., 2008; Mussig et al., 

2009; Pausova et al., 2010). Genetic variants which are associated with an increased 

susceptibility to the metabolic complications of visceral obesity have been identified but 

the relative impact of isolated variants, similar to generalized adiposity is quite low and this 
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clearly underscores the complexity and genetic basis of  visceral adiposity (St-Pierre  et al., 

2002; Couillard et al., 2003; St-Pierre et al., 2003). 

Ethnicity: There is marked variation in compartmental adipose tissue distribution among 

various populations world-wide. This is following the observation that, for a given amount 

of weight gain, some populations may be susceptible to accumulate adipose tissue in the 

subcutaneous adipose depots, whereas some others may be more likely to accumulate 

adipose tissue in the visceral cavity. Thus, the recommendation that ethnicity should be 

factored  in the definition criteria of obesity,especially in the definition of cut-off values of 

anthropometric measures (Lear et al., 2007a; Lear et al., 2010; Katzmarzyk et al., 2011).  

 A United States study of over 9000 people consisting of several ethnic groups revealed 

significant ethnic differences in anthropometric measures, with African-American and 

Hispanic populations having higher adiposity measures compared with Caucasian 

populations (McTigue et al., 2002). A meta-analysis  revealed significant differences in 

adiposity measures among Ethiopians, Chinese, Indonesians,Thais, Caucasians, African 

Americans and Polynesians for the same age, sex and body fatness (Deurenberg et al., 

1998). Among the Asians, a disproportionately higher body fat content was observed at 

lower  values compared with Caucasians (Deurenberg et al., 2002). The significant ethnic 

differences in the mean adiposity measures may possibly be explained by inherent 

differences in body composition (Lear et al., 2009). It is becoming a popular notion in 

recent time that the World Health  Organization anthropometric cut-off values can no 

longer be applied universally without taking into account ethnicity and population 

peculiarities. On this note, many ethnic groups or populations such as South Asians, 

Chinese and Aboriginals among others have revised threshold values of adiposity measures 
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that predict high blood glucose, dyslipidaemia, and hypertension (Razak et al., 2007). 

Interestingly, these cut-off values were found to be lower in these populations than in 

individuals of European ancestry (Razak et al., 2007).  

Variations have also been observed in terms of susceptibilityto visceral adiposity. For the 

same measure of adiposity, Caucasians have been reported to have higher visceral adipose 

tissue than African Americans (Després et al., 2000; Katzmarzyk et al., 2010; Camhi et al., 

2011). Also, Asians and Indian-Asians are said to be more vulnerable to visceral fat 

accumulation despite lower total adiposity values compared with individuals of other 

ethnicity (Kadowaki et al., 2006a; Lear et al., 2007b; Misra and Khurana, 2009).  

Differences in the genetic and epigenetic programming of the potential of various fat 

compartments to store lipids have been put forward as the likely hypothesis that explains 

the ethnicity related differences in body fat distribution (Sniderman et al., 2007; Misra and 

Khurana, 2009). Some authorities have even speculated  that the higher propensity of some 

populations to accumulate visceral adipose tissue partially accounts for their higher 

prevalence of adverse metabolic profile and that additional research is needed to establish 

aclear definition of  high-risk visceral adiposity in various populations worldwide (Després 

et al., 2000; Gallagher et al., 2000; Lear et al., 2007; Lear et al., 2009). 

The Endocannabinoid System: The discovery on the regulation of  body weight and food 

appetite by an endogenous agonists of the endocannabinoid receptor type 1 (CB1) has 

brought about improvement in the understanding of the pathophysiologyof obesity (Piazza 

et al., 2007; Di Marzo, 2008). The anandamide or N-arachidonoylethanolamine (a fatty 

acid neurotransmitter derived from non-oxidative metabolism of eicosatetraenoic with 



 

33 
 

poly-unsaturated fatty acid) and 2-arachidonoylglycerol together with the receptors and the 

enzymes that synthesize them from the endocannabinoid system (Di Marzo, 2008). 

Antagonists of CB1 receptor decrease appetite thereby causing significant weight loss and 

improvement in the metabolic alterations associated with obesity (Bifulco et al., 2009; 

Scheen, 2009). Altered balance in the regulation of the endocannabinoid system is 

preferentially associated with visceral adiposity rather than with overall adiposity (Bluher 

et al., 2007; Côté et al., 2007). Adipose tissue expresses CB1 receptors and 

endocannabinoids are seen in subcutaneous and visceral adipose tissue (Matias et al., 

2006). They have both proadipogenic and prolipogenicactivity (Di Marzo, 2008). It is 

currently hypothesized that the endocannabinoid system plays a role in adipogenesis and 

lipogenesis by activating adipose tissue in a depot-specific manner, thereby contributing to 

visceral obesity and the associated metabolic alterations (Di Marzo, 2008; Di Marzo et al., 

2009). 

Growth Hormone: There are documented evidences in the literature suggesting that 

altered growth hormone (GH) have an association with visceral obesity and high 

cardiometabolic risk (Miller et al., 2005; Veldhuis et al., 2005; Van der Klaauw et al., 

2007; Makimura et al., 2008; Misra et al., 2008) and that the association with visceral 

obesity is independent of total adiposity (Pijl et al., 2001; Weltman et al., 2003; Miller et 

al., 2005; Makimura et al., 2008). Moreover, fat distribution along with aging and the sex 

steroid level interact in a very complex manner to modulate secretion ofGH (Weltman et 

al., 2003; Veldhuis et al., 2005; Veldhuis et al., 2009).  Weight loss has also been shown to 

lower IGF-I and increase insulin-like growth factor binding protein-3 (IGFBP-3) 

concentrations, thereby altering the association between visceral adipose tissue 
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accumulation and these serum markers (De Pergola et al., 1998). But whether the altered 

GH secretion noticed among viscerally obese patients is a cause or a consequence is not 

fully understood (De Pergola et al., 1998).  

High levels of circulating glucocorticoid, as seen in Cushing‟s syndrome, produces a  

phenotype of abdominal obesity, dyslipidaemia, insulin resistance and hypertension (Peeke 

and Chrousos, 1995). People with idiopathic abdominal obesity share many of the 

structural and metabolic alterations observed in Cushing‟s syndrome (Pasquali and 

Vicennati, 2000; Duclos et al, 2001). Primate studies suggest that social stress in primate 

colonies may be linked to increased visceral obesity (Shively et al.,2009a,b) and similar 

studies and in humans point toward similar effect (Kyrou and Tsigos, 2007; Kyrou and 

Tsigos, 2008; De Vriendt et al., 2009; Donoho et al., 2011). These studies give an idea that 

long term exposure to stressful conditions or poor coping in stressful situations is 

associated with hypercortisolaemia and chronic sympathetic nervous system activation, 

which inturn favour accumulation of visceral fat (Kyrou and Tsigos, 2009). Increased 

synthesis of cortisol is now recognized as an important aetiologic factor in non-Cushing 

abdominal obesity (Masuzaki  et al., 2001; Seckl et al., 2001; Masuzaki et al., 2003). 

Nutritional Factors: studies on experimental rats have shown that saturated fat 

consumption may predispose to preferential accumulation of visceral fat compared with 

other fatty acids (Shillabeer and Lau, 1994). A study on dog shows that saturated fat 

feeding leads to significant increase in both the visceral and subcutaneous fat deposit (Kim 

et al., 2007).  On the other hand, similar study on monkeys had a specific effect on visceral 

fat accumulation which was associated with insulin resistance (Kavanagh et al., 2007). 

Such studies on animal fat distribution are believed to be difficult to extrapolate to humans, 
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because of the high level sexual dimorphism of such phenomenon in humans. Moreover, 

demonstrating that a given nutrient influences the accumulation of visceral fat does not 

necessarily imply a specific impact of this nutrient on body fat distribution. With these 

considerations borne in mind, there is a study indicating that adding monounsaturated fat to 

the diet prevented increase visceral fat when compared with other dietary fats (Paniagua et 

al., 2007). In keeping with this, a large scale epidemiological studies have shown that 

adherence to the monounsaturated fat diet was associated with lower waist circumference 

values independent of BMI in both sexes (Romaguera et al., 2009). Also, in vitro studies 

showed that oleic acid and  palmitic acid have different effects on lipid accumulation in 

cells isolated from various fat depots (Sabin et al., 2007).  

Some cross-sectional studies have demonstrated associations between dietary fatty acid 

composition and visceral fat accumulation (Garaulet et al., 2006; Hernandez-Morante et al., 

2007; Kishino et al., 2008). There are evidences showing that high intake of fructose and 

concomitant high soft drink consumption which have become a public health issue in recent 

years (Vartanian et al., 2007) are associated with obesity, metabolic alterations and the 

development of  type 2 DM (Vartanian et al., 2007; Forshee et al., 2008; Olsen et al., 2009; 

Malik et al., 2010).The impact of high fructose consumption in experimental animal 

models aswell as humans are well documented (Stanhope, 2008; Tappy and Le, 2010). 

Overall, available evidences demonstrate that fructose consumption increases serum fasting 

triglyceride and glucose levels, promotes deposition of triglycerides in non-adipose tissues, 

depletes glucose and insulin responses to an oral sucrose challenge and causes hepatic 

insulin resistance (Teff et al., 2009; Stanhope and Havel, 2010; Tappy and Le, 2010). 

Fructose has a stimulatory effect on hepatic lipogenesis which possibly explains its impact 
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on triglyceride responses (Stanhope et al., 2009). Indeed, there are comparative studies in 

which subjects were given either glucose or fructose sweetened beverages and an increase 

in visceral fat was observed in the fructose treatment arm. The mechanisms explaining this 

effect is unclear but is assumed to involve depot-specific modulation of lipogenic enzymes 

(Stanhope et al., 2009). 

Sedentary Lifestyle: Whether physical inactivity increases susceptibility to selective 

visceral fat deposition is not clearly established. However, according to Ross and 

Janiszewski (2008) regular physical activity is associated with marked reduction in waist 

circumference even without statistically significant change in body weight. Significant 

reduction in waist circumference in the absence of weight loss was accompanied by 

improvements in cardiometabolic risk variables in most studies.  Studies that measured the 

amount of visceral adipose tissue by imaging techniques also found that regular physical 

activity could induce a substantial reduction in visceral adiposity even in the absence of 

weight loss (Ross and Janiszewski, 2008). From a biological point of view, the peculiar 

adrenergic responsiveness of  visceral adipose tissue could explain the selective and greater 

mobilization of  lipids from this depot compared with subcutaneous fat which is driven by 

the sympathetic drive associated with vigorous exercise (Van Harmelen et al., 1997; Ross 

and Janiszewski, 2006). 
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2.3 Digit Length and Digit Ratio 

2.3.1 Association of digit ratio with body traits  

2D:4D digit ratio is regarded as a physiological marker for the prenatal concentrations of 

the sex hormones testosterone and oestrogen, which organizes the architecture of the body 

and the brain and the distribution of  hormone receptors (Manninget al.,  2003). Digit ratio 

has been associated with many biological traits including the in utero levels of testosterone 

(Lutchmaya et al. 2004), aggression (Bailey and Hurd 2005; Millet and Dewitte 2007), 

spatial ability (van Anders and Hampson 2005; Bull and Benson 2006) and academic 

performance (Romano et al., 2006). Some disease conditions like autism, depression and 

developmental psychopathology, congenital adrenal hyperplasia, polycystic ovarian 

syndrome have also correlated with digit ratio (Manning et al., 2001; Brown et al., 2002; 

Okten et al., 2002; Catrall  et al., 2005; Fink et al., 2007). 2D:4D ratio has also been shown 

to correlate well with neonatal birth weight, an important determinant of many health 

conditions in later life (Ronalds et al., 2002; McIntyre et al., 2006; Danborno et al., 2010).  

There are a number of associated traits which have been found to be significantly correlated 

with low digit ratio, and these include: better male visual spatial ability, as assessed by 

mental rotation and judgment of line tasks (Manning and Taylor, 2001), left hand 

preference in peg moving in children (Manning, 2000b), a higher occurrence of autism 

(Wheelwright and Sanders, 2001), greater representation in membership of a symphony 

orchestra compared to controls, with higher ranking musicians found to have lower ratios 

than low-ranking ones (Slumming and Manning, 2000), a higher occurrence of congenital 

adrenal hyperplasia (Brown et al., 2002), increased reproductive success and frequency in 

males (Manning et al., 2000a), superior mathematical ability (Kimura, 1996), increased 
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incidence of male/female homosexuality (McFadden and Champlin, 2000; Robinson and 

Manning, 2000) and low digit ratio is negatively correlated with verbal fluency (Varley, 

1995).  

It has been suggested that high levels of in-utero testosterone may affect behaviour leading 

to greater assertiveness. Digit ratio may therefore be a marker for  behaviour" (Manning, 

2002a). Also sports performance has been associated with 2D:4D (Manning and Taylor, 

2002). Other associated traits include behavioural and physiological characteristics 

(McIntyre et al., 2006), breast cancer (Muller et al., 2012). Earlier reports showed that 

2D:4D might be affected  by ethnicity (Manning et al., 2004; 2007) and latitude of the 

study area (Loehlin et al., 2006). These Studies have shown that the ethnic variation in the 

ratio is far greater than the difference between the sexes. According to Manning et al. 

(2004), in addition to the significant sexual dimorphism in digit ratio, the mean ratios 

varied between the English, Scottish, Uygur, Han and Jamaican children. Another study on 

paediatric age group showed higher ratios among the Caucasians when compared to the 

Blacks and the Hans ethnicity of China (Jacob et al., 2015). The normal range of digit ratio 

ratios among males and females have been reported to be 0.947±0.029 and 0.965±0.026, 

respectively (Loehlin et al., 2012). 

2.3.2 Development of digit length and digit ratio 

The specific reason for the sex hormone influence upon 2D:4D digit ratio is that: 

"testosterone appears to stimulate the prenatal growth of the fourth digit, while oestrogen 

promotes the growth of the second digit" (Manning, 2002b). Recent studies showed that 

digit ratio  is determined not by prenatal testosterone (PT) alone but also by the balance of 
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PT to prenatal oestrogen signaling in a restricted time window of foetal digit development 

(Manning, 2011; Zheng and Cohn, 2011). Moreover, a recent study by Medland et al. 

(2010) showed that a variant situated in the intron 2 of LIN28B gene (rs314277) was 

associated with digit ratio. Variation in digit ratio has been suggested to have evolutionary 

relevance because of  its associations with fitness components. The Homeobox genes HoxA 

and HoxD control the differentiation of the urinogenital system and may therefore 

indirectly influence the prenatal production of testosterone and oestrogen and the 

development of the digits (Kondo et al., 1997; Mortlock et al., 1997).   

Molecular studies on the development of digit length and ratio have revealed that prenatal 

testosterone is related to HoxA and HoxD gene expression. HoxA genes are conserved in 

mammals and they influence the differentiation of digits and toes. HoxA genes have also 

been implicated in sex determination, morphogenesis of urinogenital system, fertility and 

haematopoiesis (Zhang et al., 2013a). This partly explains the embryological origin of the 

sexual dimorphism pertaining to digit ratios. Also, studies have shown the influence of 

variations in the X- linked androgen receptor gene on the digit ratios. Digit ratio is also 

affected by increased DNA replication of cysteine-adenine-guanine (CAG) in the androgen 

receptor gene(Romano et al., 2006). If the alleles in the androgen receptor (AR) genes have 

more CAG, then it makes the AR gene insensitive to the testosterone while it is 

compensated by producing more testosterone in the embryo. Development of digit ratio 

therefore appears to be a function of androgen sensitivity, rather than the androgen 

concentration (Romano et al., 2006). 
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2.3.3 Sexual dimorphism in digit ratio 

Digit ratio have been reported  by many researchers to be sexually dimorphic (Manning et 

al., 1998; Manning et al., 2002; Putz et al., 2004; McIntyre et al., 2006; Trivers et al., 

2006; Danborno et al., 2010;  Oyeyemi et al., 2014; Xu and Zheng, 2015; Oyeyemi et al., 

2016). This sexual difference has also been  observed  in other animals and primates 

(Brown et al., 2002; Burley and Foster 2004). Studies in South Indian population  have also 

identified the sexual dimorphism in digit ratios (Xi et al., 2014). It is generally believed 

that the lower the individual‟s digit ratio, the higher testosterone but the lower the 

oestrogen levels experienced during intrauterine life. In humans, the basis for this 

hypothesis emanates from studies showing that digit ratio is sexually dimorphic with lower 

ratios among males than females from the end of the first trimester of foetal development 

and remain relatively stable throughout life (Manning et al., 1998; Malas et al., 2006; 

Trivers et al., 2006;  Galis et al., 2010; Manning, 2010; Zhao et al., 2012).  

Also, congenital adrenal hyperplasia, an inborn condition which causes excessive 

production of androgen prenatally, has been shown to be related to low digit ratio in both 

sexes (Ciumas et al., 2009). Further, women with polycystic ovarian syndrome that is 

believed to be associated with increased prenatal testosterone (PT) levels have lower digit 

ratio (Carall et al., 2005). In addition, females who belong to opposite sex twin pair have 

also been reported to show a masculinized pattern of digit ratio (Voracek and Dressler, 

2007). 
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2.4 Metabolic Syndrome 

The metabolic syndrome is a cluster of interrelated common clinical disorders, including 

hypertension, hyperglycaemia, glucose intolerance and dyslipidaemia, in addition to 

obesity (Moller and Kaufman, 2005). MetS is defined based on the presence of three or 

more of the following criteria: abdominal obesity with waist circumference  > 94 cm for 

men or  > 80 cm for women (Grundy et al., 2005), triglycerides > 150 mg/dl (1.71 mmol/l), 

high density lipoprotein cholesterol (HDL-cholesterol)  < 40 mg/dl (1.04 mmol/l) for men 

or < 50 mg/dl (1.3 mmol/l) for women (Bergman et al., 2006), blood pressure >130/85 

mmHg (Tremblay et al., 2004) and fasting glucose >100 mg/dl (5.6 mmol/l) (Grundy et al., 

2005). Although genetic factors may be involved, it has been generally accepted that 

accumulation of excess body fat, particularly abdominal obesity or intra-abdominal visceral 

obesity caused by over nutrition and physical inactivity, promotes the development of the 

metabolic syndrome (Kissebah  et al., 1982; Fujioka et al., 1987; Grundy et al.,1999; Kahn 

et al., 2000).  

2.4.1 Serum biomarkers of metabolic syndrome 

There are a number of serum biomarkers whose levels have proven to independently 

predict MetS and have been used to test the relationships between the syndrome and many 

of its predictors (Lara-castro et al., 2007; Ghantous et al., 2015). Most widely studied are 

the serum adiponectin and serum uric acid. While hyperuricaemia is associated with 

adverse metabolic states (Billiet et al., 2014), hyperadiponectinaemia has been proven to be 

protective (Kadowaki et al., 2006; Lara-castro et al., 2007; Ghantous et al., 2015). 

Correlation of these independent biomarkers of MetS with the various adiposity indices 



 

42 
 

may be a guide to discriminatory powers of these indices for components of metabolic 

syndrome in a population (Ghantous et al., 2015). 

Alarmingly, high prevalence rates of the MetS in developed and developing countries and 

the associated high mortality and morbidity are forcing scientists to review promising 

therapeutic agents and population specific anthropometric criteria for defining its 

phenotype. One of these agents is adiponectin, which is a novel peptide abundantly 

expressed in adipose tissue (Matsuzawa, 2005). What makes this adipocytokine so 

attractive is its recently discovered anti-atherogenic (Okamoto et al., 2000; Ouchi et al., 

2001), anti-diabetic (Yamauchi et al., 2002; Stefan et al., 2003) and anti-inflammatory 

(Engeli et al., 2003) properties. In contrast to other adipocytokines, adiponectin levels are 

inversely related to visceral fat area, and low levels have been associated with obesity, type 

2 diabetes mellitus (DM), and cardiovascular disease (Hu et al., 1996; Arita et al., 1999; 

Hotta et al.,2000; Weyer et al., 2001). Low plasma levels of adiponectin characterise both 

obesity and insulin resistance (Engeli et al., 2003). Even though negative correlations have 

been found between adiponectin and obesity (Arita et al., 1999; Weyer et al., 2001), it has 

been suggested that plasma adiponectin concentrations are closely related to insulin 

sensitivity, fasting insulinaemia and to adiposity and glycaemia and that factors other than 

adiposity may play a role in determining adiponectinaemia (Hotta et al., 2000; Ryan et al., 

2003). Adiponectin exerts its function through activation of two kinds of receptors, 

adiponectin receptor 1 (AdipoR1) and adiponectin receptor 2 (AdipoR2). AdipoR1 

receptors are found in different tissues and are connected to activation of 5CAMP-activated 

protein kinase (AMPK) pathways, while adipoR2 receptors are mostly expressed in the 

liver and mainly linked to the activation of peroxisome proliferator activated receptor alpha 
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(PPAR-𝛼)  reducing inflammation and oxidative stress (Yamauchi et al., 2007). Adenoviral 

selective expression of AdipoR1 receptors in db/db mice leads to activation of AMPK and 

decreased expression of gluconeogenic enzymes such as glucose-6-phosphatase and 

phosphoenolpyruvate carboxykinase 1. Increased expression of enzymes regulating glucose 

uptake (such as glucokinase and PPAR-𝛼) results from enhanced hepatic expression of 

AdipoR2 receptors (Yamauchi et al., 2007). Expression of both receptors augments fatty 

acid oxidation and improves diabetes. Conversely, disruption of these receptors reduces the 

activity of related pathways and leads to significant glucose intolerance and aggravation of 

diabetes that is accompanied by increased hepatic triglyceride, inflammation and oxidative 

stress (Yamauchi et al., 2007). 

As an end-product of the purine metabolism in humans, the serum uric acid (SUA) 

concentration is determined by an interaction of genetic and environmental factors.The 

SUA levels are higher in humans and the great and lesser apes due to parallel mutations of 

the uricase gene that occurred during the mid Miocene era (Wu et al., 1992).The 

consequence of the mutation is that humans not only have higher UA levels than most other 

mammals but they cannot regulate UA levels as effectively as others either (Johnson and 

Rideout, 2004). The uricase mutation may have conferred a survival advantage by helping 

to maintain blood pressure (BP), stimulate salt-sensitivity, and induce insulin resistance 

(IR) and mild obesity, thereby helping to promote survival during a period of famine or 

stress (Johnson et al., 2008).  

Western lifestyle, however, including western diet and physical inactivity have swept the 

world during the past few decades. Since the current western diet is high in meat and 

fructose, both of  which generate UA, humans today have higher UA levels (range 238–
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595µmol/l) compared with primates that lack uricase  (whose UA levels are typically in the 

178–238 µmol/l range) (Johnson et al., 2005). Hyperuricaemia is defined as SUA 

concentration above the upper limit of the population reference range that is in excess of 

urate solubility, which is about 420µmol/l in men and 360 µmol/l in women (Fang and 

Alderman, 2000). This difference is explainable by the uricosuric effect of oestrogen which 

further explains why the serum level seem similar in both sexes after menopause (Nicholls 

et al., 1973).   

 

2.5 Anthropometric and Visceral Adiposity Indices 

2.5.1 Generalized adiposity versus abdominal adiposity  

The adverse metabolic consequence of excessive body fat collection is well recognized 

(Mathieu et al., 2009; Whitlock et al., 2009; Eckel et al., 2010; Simmons et al., 2010). In 

the past, attention on risk assessment was mainly consolidated on measurement of total 

body fat content as indicated by indices of generalized adiposity such as BMI. The 

discovery of inherent deficiencies with the BMI otherwise known as the Quetelet index 

(Gallagher et al., 2000) in body fat estimation and that certain individuals who harbour 

excess fat in the trunk have higher incidence of adverse metabolic parameters even at 

normal BMI led to increase attention on the concept of centripetal adiposity (Gallagher et 

al., 2000).These limitations in BMI are well recognized and include differences in 

performance in males and females, inappropriateness in children and athletes, differences 

between ethnic groups (Camhi et al., 2011; Freedman et al., 2012).Currently, there is an 

ongoing controversy on the adiposity measure with the highest discriminatory power for 

MetS because of conflicting reports from different ethnicity and populations. It is believed 
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that the different adiposity measures do not carry equal metabolic risk in all populations. 

There is increasing number of publications pointing at the probable superiority of central 

measures of adiposity compared to others. This is because of its assumed tight association 

with intra–abdominal visceral fat which is a critical determinant of insulin resistance and 

MetS.  

Investigation discovered twice as many macrophages in visceral compared to subcutaneous 

adipose tissue. These cell-accumulations were significantly associated with a higher 

incidence for hepatic fibro-inflammatory lesions in obese subjects (Eckel et al., 2010). 

Measurements of interleukin-6 demonstrated significantly higher concentrations in plasma 

obtained from the portal vein compared to peripheral venous plasma samples in obese 

subjects. This indicates VAT as an important source of interleukin-6. Beyond that, 

interleukin-6 concentrations were significantly correlated to C-reactive protein-

concentrations. Therefore, VAT accumulation seems to be accompanied by systemic 

inflammation (Fontana et al., 2007). Higher mRNA concentrations for angiotensinogen 

were reported for visceral compared to abdominal subcutaneous tissue (Dusserre et al., 

2000). Angiotensinogen precedes angiotensin II, which is involved in the pathophysiologic 

mechanism of hypertension as well as in adipocyte differentiation. This makes VAT a 

likely conjuncture for hypertension (Dusserre et al., 2000). 

 However, all the central measures of adiposity do not show a uniform pattern of 

association with MetS across ethnicities. It believed that abdominal fat collection is 

compartmentalized into subcutaneous abdominal fats, intra–abdominal visceral and 

peritoneal fats, and that the predictive power of a particular central index is mainly linked 

to its ability to predict intra-abdominal visceral fats. For this reason, sophisticated methods 
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to quantify visceral fat directly such as CT scan and MRI are currently employed. More 

recently, Amato and Giordano (2014) proposed a sex specific model for visceral fat 

estimation with variable sensitivity and specificity across different populations. 

2.6 Effect of Physical Activity and Urbanization on Measures of Body Adiposity and 

Metabolic Syndrome 

Epidemiological studies suggest that a significant part of the cardiovascular disease (CVD) 

epidemic is attributable to changes in lifestyle risk factors, exemplified by reduction in 

physical activity (PA) and increased consumption of high-energy processed foods (Lopez et 

al., 2001). Rapid urbanization in many sub-Saharan African countries may contribute to the 

epidemiological transition in the region. Previous studies demonstrate a positive rural-urban 

gradient in terms of the prevalence of risk factors. This has made physical inactivity a 

perceived component of urban dwelling, making the adiposity and metabolic profile of both 

urban dwellers and physically inactive people to be somewhat identical (Sobngwi et al., 

2004; Fezeu et al., 2008). Previous studies have shown the inverse relationship between PA 

and adverse metabolic parameters, thus indicating its protective effect against MetS (Franks 

et al., 2004; Ekelund et al., 2007; Healy et al., 2008).  

Exercise training can have a profound effect on reducing body and visceral adiposity and 

therefore reduces MetS risk (Pattyn et al., 2013; Vissers et al., 2013). Exercise training or 

increased PA, especially that which is associated with reduced fat mass, corrects the 

dysfunction in adipokine and cytokine expression so that expression of adiponectin is 

increased in adipose tissue and production of inflammatory cytokines is reduced (Bradley 

et al., 2008; Kim et al., 2013). Many believe that the beneficial effect of exercise is partly 
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mediated through changes in the adipokines profile, that is, by increasing anti-inflammatory 

cytokines and decreasing pro-inflammatory ones (Bruunsgaard et al., 2005; Petersen et al., 

2005).This effect has been described at the levels of gene expression, protein ligands and 

receptor bindings (Moldoveanu et al., 2001). For instance, exercise increases insulin 

sensitivity through reduction of resting levels of tumor necrosis factor aipha (TNF-𝛼) and 

C-reactive protein (CRP) and augmentation of adiponectin levels (Kasapis et al., 2005). But 

quantification of  the impact of  the different levels of PA on each adiposity index and each 

component of MetS has not been widely studied.  

Franks et al. (2004) however, showed that the impact of physical activity on adiposity and 

MetS may have a threshold. The study of Felix et al.(2011) conducted on sub-Saharan 

African populace which used physical activity energy expenditure to stratify subject 

according to their level of activity into four categories and to determine the impact of 

urbanization and PA on metabolic health also showed an inverse trend. An attempt to 

compare the effect of the various strata of activity showed different impacts (Felix et al., 

2011). On the BMI, only the 4
th
 stratum of PA was able to yield the desired result in both 

males and females.  On the WC, while the second stratum of PA was able to yield the 

desired result in males, only the third stratum was significant in females. The DBP and 

FBG were only significantly influenced by the third and second activity levels in males and 

females respectively. The first and third strata of physical activity levels were significant on 

HDL in males and females respectively. It is also noteworthy that in the same study there 

was no beneficial impact of physical activity observed on HDL between the third and 

fourth levels of PA. In fact, according to the study, a slight drop in HDL-C was recorded 

between stratum three and four.  
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Previous studies have demonstrated that higher levels of self-reported physical activity is 

related to lower WC, BMI and prevalence of the adverse metabolic profile. These findings 

were shown in both cross-sectional observational studies (Edwardson et al., 2012; 

Stamatakis et al., 2012) and longitudinal studies (Hu  et al., 2003; Saunders et al., 2012). 

Cross-sectional studies have reported stronger association for self-reported than objectively 

measured PA (Atienza et al., 2011; Celis-Morales et al., 2012; Stamatakis et al., 2012). The 

differences may be due to measurement error in the objectively measured activity method 

or recall bias in self reports method which is particularly common among older adults (Van 

Cauwenberg et al., 2014; Gennuso et al., 2015). However, earlier studies have shown that 

self-administered questionnaires can produce reliable data when estimating habitual PA 

(Lichtman et al., 1992; Wolf et al., 1994).  

Some studies suggest that intensity rather than volume of PA is important to reduce 

cardiometabolic risk (Schnohr et al., 2007; Hamer et al., 2008; Zheng et al., 2009; 

Hassinen et al., 2010; Ilanne-Parikka et al., 2010). In a study to find out whether sedentary 

behaviour is associated with particular patterns of regional fat deposition in a high-risk 

population, objectively measured sedentary behaviour was positively associated with 

visceral fat, but not subcutaneous or whole body fat (Gorely et al., 2015). 

 Studies have shown that acute exposure to mild or moderate physical activity may not 

affect serum adiponectin levels especially in non obese healthy adults (Ferguson et al., 

2004; Punyadeera et al., 2005; Bobbert et al., 2007), while longer duration of physical 

activity are accompanied by increased expression of adiponectin mRNA levels in skeletal 

muscle (Kraemer and Castracane, 2007). Jamurtas et al. (2006) evaluated the effects of a 

suboptimal aerobic exercise on adiponectin in 9 healthy overweight males and found no 
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significant correlation between the adiponectin and activity level. Conversely, a more 

recent study of plasma adiponectin levels in inactive, abdominally obese men showed that 

even a short-term aerobic exercise training of one week significantly increased plasma 

values (Saunders et al., 2012). 

The literature indicates that long term aerobic PA significantly lowers serum uric acid 

(SUA) level. In previous studies, the effects of one week aerobic training programme on 

changes in SUA levels was investigated in a group of initially extremely active subjects and 

a sedentary control group. It was found that exercise lowered SUA significantly among the 

active subjects (Bosco et al., 1970; Williams, 1997). Also, another study on the relationship 

of PA levels to SUA levels using over 2400 subjects demonstrated that the higher the PA 

level, the lower the SUA values (Cooper et al., 1976; Cooper, 1982). Several observers 

have however reported a rise in SUA in the immediate period following acute strenuous 

PA.  

Urbanization is widely believed to be an important contributor to rising global obesity 

prevalence and its attendant MetS. A substantial contributor to the difference in adiposity 

and metabolic characteristics of urban and rural dwellers is believed to be the difference in 

activity levels alongside other important life style measures such as diet (Abubakari et al., 

2008; Ramachandran et al., 2008; Mbanya et al., 2014). Urban participants might be less 

active and consume unhealthy food containing more saturated fat and high calorie diet, 

while rural participants eat the traditional high carbohydrate, low protein and low fat diet 

(Amuna and Zotor, 2008). Urbanization appears to be associated with extreme changes in 

dietary habits, psychological stress and physical inactivity (Taro et al., 2001; Nyenwe et 

al., 2003; Amuna and Zotor, 2008). Sabir et al.(2013) conducted a study to compare the 



 

50 
 

adiposity profile of a rural and urban settlement in Nigeria and showed that the mean values 

of  WC, BMI, WHR, DBP and SBP were higher for the urban than for the rural inhabitants. 

Sabir et al.(2013) also found that, the. TC was significantly higher in urban than rural 

participants. They noted that mean serum LDL-C and TG concentrations were higher in the 

urban than rural participants but the difference was not statistically significant. Mean serum 

HDL-C was also insignificantly higher in the rural than in urban participants. Aside the 

rural-urban difference in adiposity and metabolic profile, age has also been shown to 

positively correlate with serum lipids (Iloh et al., 2012).  

Ageing can lead to increased sedentary living, increased dietary requirement, reduced 

cholesterol metabolism and thus increased accumulation of body lipids. Similarly the result 

of the study of Steinhagen-Thiessen et al.(2008) found that the proportion of subjects with 

dyslipidaemia was low in theyounger age group up to age 20 years and peaked in the age 

group of 61–70 years in both sexes before a gradual decline thereafter. In addition to its 

association with age, dyslipidaemia may be a consequence of obesity (Siminnialayi et al., 

2008). 

Adediran et al. (2012) conducted an observational study on a rural and urban settlement of 

Abuja, Nigeria to compare the distribution of MetS parameters among the people in both 

communities and found that WC, WHR, BMI, DBP and SBP were significantly lower in 

rural than in urban settlements. Also TC, LDL and TG were all higher in urban settlement, 

while HDL was higher in rural than urban settlements. While the impact of urbanization on 

BMI, WC, DBP, SBP, HDL and TG were all significant and comparable, the impact on 

LDL, TC and FBG was much less. Obirikorang et al.(2015) conducted a comparative study 

to look at the adiposity and metabolic trend in rural and urban communities in Ghana, the 
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results suggested that, among the serum and blood pressure components of MetS, 

significant differences were onlyobserved in DBP, TC, LDL and FBG. However, in the 

anthropometric measures of adiposity, significantly higher values were recorded for all 

indices amongst participants in the urban area.  

Markers of adiposity were also reported to be higher amongst females than males in both 

areas. Similarly, a study on Africa community has shown that measures of cardio-metabolic 

risk are higher amongst women than in men (Amoah, 2003) and that across all ages, higher 

number of females had BMI within the upper quartile (Amoah, 2003). Ekezie et al.(2011) 

conducted a study to compare obesity trends, anthropometric profile and blood pressure of 

rural and urban igbo ethnic group in Nigeria and found the mean measures of adiposity 

markers, DBP and SBP to be higher in the urban participants when compared with their 

rural counterparts. In the same study, the anthropometric index with the strongest 

correlation with blood pressure for Igbos in the urban setting was WC followed by BMI, 

while WC followed by WHtR was noted for the Igbos in the rural setting. WHtR followed 

by WC showed the strongest indication of blood pressure in men, for both rural and urban 

settings. While for women in the rural communities, WC followed by WHtR showed the 

highest correlation.  

There is considerable geographical variation in population serum uric acid (SUA) 

concentrations. These discrepancies may be due to ethnic factors or may be the 

consequence of environmental influences. Beighton et al.(1974) compared the SUA of 

Negroes from urban and rural South African communities and reported a significantly 

higher values among the urban dwellers. Within the same populace, SUA steadily increased 

with age in a linear fashion and was significantly higher in males. There is a speculation 
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that the urban-rural difference in SUA is a reflection of the differences in weight and body 

adiposity measures, making adiposity the principal mediator. Studies have shown that 

reduction in weight and values of adiposity measures in obese individuals is accompanied 

by commensurate fall in SUA levels (Nicholls and Scott, 1972; Choi et al., 2005). Also, it 

is documented that, the Chinese of Taiwan have lower SUA levels than their relatives who 

have emigrated to Malaya and Western Canada (Ford and de Mos, 1964). 

 

2.7 Relationship of  Digit Ratio with Body Adiposity Measures, Metabolic Syndrome 

and Biomarkers 

The idea of finding a relationship between digit length and digit ratio with MetS 

components is an evolving one. Few attempts have been made by researchers in the field of 

biological anthropology to correlate digit ratio with some anthropometric indices of 

adiposity, as an indirect link with MetS. Accordingly, digit ratio was correlated with neck 

circumference among Europeans (Fink et al.,2003; Fink et al., 2006) and with WC and HC 

among Ugandans (Abba et al., 2012), with NC, WC, HC, CC, BMI, WHtR  among 

Nigerians (Danborno et al., 2008; Oyeyemi et al.,2016). The correlation of digit ratio with 

birth weight as demonstrated by Danborno et al. (2010) also strengthens the likelihood of 

an association between digit ratio and MetS since low birth weight has been shown to be an 

important predictor of hypertension, DM and obesity in adulthood  (Baker 1998; Huxley et 

al., 2000; Anazawa et al., 2003). Globally, only very few attempts were made to establish 

any relationship with the actual measures of MetS (BP, serum glucose and lipid profile). In 

north india, Ranvider and Manju  (2016) conducted a cross-sectional observational study on 
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200 subjects to assess the relationship between digit length and digit ratio with 

hypertension that revealed a positive and significant correlation. Also, Pınar et al.(2015) 

recruited 137 female subjects in Turkey for a study to assess the relationship of digit ratio 

with WC, BP, SG, HDL and TG and found no significant association with all these 

measured parameters. In the same study, digit ratio unlike in a vast majority of other studies 

did not correlate with WC, NC, BMI and WHR. Such studies on Africans including 

Nigerians are very scarce in the literature. This is the first study attempting to find if there 

is any relationship between digit ratio and serum biomarkers of MetS (uric acid and 

adiponectin) which like digit ratio demonstrate sexual dimorphism in their normal mean 

serum values in that, while adiponectin is reported to be higher in female, uric acid is 

higher in males (Fang and Alderman, 2000). Similarly, the relationship of digit ratio with a 

relatively newer measure of body adiposity called body adiposity index (BAI), which is 

derived from HC measurement independent of height and with VAI is somewhat a new 

idea. Some studies have shown that the BAI is a reliable adiposity measure with good 

sensitivity in some populations (Bergman et al., 2011). Body size and proportion have 

implication on cardiometabolic profile and Ronalds et al. (2002) have shown that digit ratio 

ratio is associated with body size and proportion. Digit ratio has also been associated with 

myocardial infarction, one of the terminal complications of adverse cardiometabolic profile 

(Manning and Bundred, 2001; Manning, 2002; Kyriakidis et al., 2010; Wu et al., 2013). 

It has been suggested that prenatal androgen exposure, the major determinant of digit ratio 

might enhance the development of the cardiovascular system (English et al., 2000; 

Pokrywka et al., 2005). Many studies have shown a relationship between digit ratio and 

obesity measure (Fink et al.,  2003; Finks et al., 2006; Danborno et al., 2008; Kyriakidis et 
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al., 2010; Abba et al., 2012; Oyeyemi et al., 2014;Oyeyemi et al., 2016). According to the 

study of Oyeyemi et al.(2014) on Nigerians, digit ratio (2D:4D) in both hands failed to 

show any significant correlations with NC in female subjects, but a significant relationship 

was recorded in male. Also, BMI, WC and WHtR were significantly correlated with both 

right and left digit ratio digit in males and females. WHtR showed the highest significant 

correlation with right digit ratio in both males and females when compared with BMI, NC 

and WC. In the same study, the correlation of right digit ratio with other measures of body 

adiposity was stronger when compared to the left. A similar but weaker association was 

observed for the females. This difference was more pronounced in right digit ratios than the 

left. This was similarly reported by previous studies (Zhao et al., 2012). Right hand digit 

ratio is  believed to be a better predictor of intrauterine testosterone levels (Manning et al., 

1998; Williams et al., 2000). Thus, sex difference in the right hand digit ratio is more 

pronounced than that in the left hand. Invariably, right hand show stronger correlation with 

predicted variables than that in the left hand (Manning, 2002). This assertion is however 

not a unanimous contention as there are other studies showing the correlation of the left 

digit ratio with important biological traits to be stronger than the right digit ratio. Indeed 

Danborno et al.(2008) revealed the left digit ratio to correlate better with birth weight, a 

testosterone linked sexually dimorphic feature. Also, the study of Fink et al. (2003) found 

that BMI was strongly and positively correlated with the left 2nd:4th digit length ratio in 

males. 
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2.8 Relationships of Body Adiposity Measures with Metabolic Syndrome  

Although studies have indicated the harmful metabolic effect of high amounts of visceral 

adipose tissue, evidence suggests that subcutaneous fat is not without harm (Ross et al., 

2002; Goodpaster et al., 2003). Visceral and subcutaneous fat tissue is associated with 

inflammatory markers and metabolic risk (Pou et al., 2007). High levels of subcutaneous 

fat can also contribute to insulin resistance (Tchoukalova et al., 2008). Moreover, WC is 

more highly correlated with subcutaneous fat tissue than with visceral adipose tissue (Fox 

et al., 2007). According to the results of previous studies, in some ethnic groups, the 

structural heterogeneity of tissue in the abdominal region does not allow the use of a unique 

definition of abdominal obesity or, consequently, MetS.  

Several anthropometric indices such as BMI, WC, HC, WHR and WHtR have been 

proposed to identify individuals who are at risk of MetS and its components (Pischon et al., 

2008; MacKay et al., 2009). In recent years, the concept and anthropometric criteria for the 

MetS have been increasingly discussed. Presently, there are several definitions of the MetS, 

as proposed by the World Health Organization (Alberti et al., 1998), American Heart 

Association and National Heart, Lung and Blood Institute (Grundy et al., 2005), the 

European Group for the Study of Insulin Resistance (Einhorn et al., 2003) and the 

International Diabetes Federation (IDF, 2006). Most of these definitions take into account 

various anthropometric measurements found to be germane in the concerned population. 

Recently, the definition of IDF takes into account ethnic perculiarities. The Japanese 

Society of Internal Medicine also published similar criteria for the Japanese  (Nippon and 

Gakkai, 2005) which has been widely adopted in Japan. Most of these definitions employ 

waist circumference as an indicator of central or abdominal obesity. However, several 
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reports have argued that other indices, for example the waist/height ratio (Hara et al., 2002; 

Lin et al., 2002; Ho et al., 2003; Hsiehand Muto, 2005; Hsieh and Muto, 2006) and 

waist/hip ratio (Welborn et al., 2003; Esmaillzadeh et al., 2004) are superior to waist 

circumference for identifying subjects with cardiovascular risk factors.  

Although the indices of truncal obesity were reported to strongly correlate with BMI, it is 

however not clear whether they can predict cardiovascular diseases better than BMI in all 

poulation, suggesting that there are some controversial issues around the adiposity markers 

that better predict cardiovascular risk (Bergman et al., 2011a, 2011b). The relatively higher 

prevalence of DM or hypertension among Indian-Asians who had similar anthropometric 

dimension and common socio-demographic characteristics with other Indians  was solely 

attributed to higher truncal obesity indices, there is thus, a strong correlation between 

central obesity and cardiovascular disease (Shaw et al., 2010).  Recently a study assessed 

and compared the strength of association and discriminatory capability of measures of 

adiposity such as BMI, WC, HC, WHR and WHtR for  DM risk in a sub-Saharan African 

population. From the study,WC was the best predictor and to some extent WHtR in the 

population, while BMI and WHR were less effective (Mbanya et al., 2015). A comparative 

study to compare the impact of differences in WC defined according to the International 

Diabetes Federation (IDF) and the Adult Treatment Panel III (ATP III) and index BMI on 

cardiovascular disease risk factors in 402 apparently healthy volunteers of European 

ancestry showed that, prevalence of metabolic syndrome were essentially identical 

irrespective of the measure of WC used, as were metabolic characteristics of the subjects. 

Cardiovascular disease risk factor status, therefore, did not vary substantially when subjects 

http://en.wikipedia.org/wiki/Obesity
http://en.wikipedia.org/wiki/Cardiovascular_disease


 

57 
 

were divided on the basis of WC or BMI and the results indicated that WC and BMI 

significantly correlated (Marno et al., 2008).   

In a study conducted to assess abdominal adiposity and clustering of multiple metabolic 

syndrome in White, Black and Hispanic Americans, WC appears to be a marker for 

multiple metabolic syndromes in these ethnic groups. The results of this investigation lend 

support to the view that waist measurement should be considered as a clinical variable for 

assessing the risk of cardiovascular diseases (Ike et al., 2000).  A descriptive study of 

metabolic syndrome in a sub-Saharan African setting showed central obesity assessed by 

WC to be more tightly associated with the other components of the metabolic syndrome 

(Leopold et al., 2007). Although, WHR measures central fat deposition, it is imperfect, 

particularly among lean individuals (Wang et al., 2005). Another study has also shown that 

WC may be a better anthropometric predictor of many components of metabolic syndrome 

than BMI or WHR (Wang et al., 2003). Indeed, since WC is more strongly associated with 

stroke and type 2 DM than either BMI or WHR, it may be measuring a different form of 

adiposity not totally accounted for by BMI or WHR (Molarius et al., 1999).  

In contrast, a study aimed at evaluating the associations between different measures of 

obesity and prevalent cardiovascular disorders in a large population-based cohort 

discovered that WHR was independently associated with prevalent of the diseases and 

provided better discrimination than either BMI or WC (Dagenais et al., 2005). The Dallas 

Heart study illustrated that WHR was stronger associated with the risk of myocardial 

infarction and atherosclerosis than BMI (See et al., 2007; Yusuf et al., 2010) and was 

suggested to be the best measurement of adiposity as it differentiates between central and 

peripheral body adipose tissue distribution (Canoy, 2008). Other studies comparing obesity 
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measures using mortality and cardiovascular problems as end-points have shown WC and 

WHR to perform better than BMI. For example, more than 29,000 men were followed-up 

during a period of 3 years in a study and reported WHR as a stronger predictor of risk 

compared with BMI (Wang et al., 2005). Similarly, another study followed nearly 8,000 

subjects over the course of 4.5 years and reported that although the upper percentiles of 

BMI, WC and WHR were all associated with increased relative risk for cardiovascular 

problems, the magnitude of the association was greater for WC and WHR (Dagenais et al., 

2005).  

Some Studies of clinical relevance have however contested the superiority of WC over 

BMI (Wang et al., 2003; Ford et al., 2003). This is seen in a study demonstrating the 

relation between increased abdominal obesity and adverse clinical consequences, which 

used measurements of WC made at 14 different anatomic sites and showed that 

measurements made at the 4 most commonly used sites yielded quite different absolute 

values for WC (Wang et al., 2003). On the basis of this observation, it was deduced that 

there is no significant difference in the predictive strengths of BMI and waist indices and it 

does not seem that knowledge of the WC provides any unique clinical insight and that 

either the BMI or WC can be used by clinicians (Wang et al., 2003). Also a study  has  

observed that  the emphasis on the importance of  assessment of abdominal obesity by WC 

to help identify apparently healthy subjects who are more likely to develop cardiovascular 

disease (CVD) risk is somewhat paradoxical,  given the evidence from the National Health 

and Nutrition Examination Survey showing that measurements of BMI and WC correlated 

significantly (r = 0.9), regardless of age, gender or ethnicity, stressing that if the 2 measures 

of excess adiposity are so closely related, it is not immediately apparent why one should be 
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more indicative of cardiovascular risk than the other (Ford et al., 2003).  Evidence obtained 

from some other studies either equates BMI to Truncal obesity indices or upholds BMI 

(Haffner et al., 1992; Gautier et al., 1999; Tulloch-Reid et al., 2003; Wang et al; 2005). For 

example, a study among Indian population shows that increases in visceral obesity did not 

correlate with decreases in insulin-mediated glucose disposal in Pima Indians (Gautier et 

al., 1999). In a similar study, BMI was the estimate of adiposity with the highest hazard 

ratio in the prediction of type 2 DM (Tulloch-Reidh et al., 2003). Similarly, a prospective 

study of Mexican-Americans reported that those patients with the highest baseline plasma 

glucose and insulin values were most likely to develop type 2 DM independent of 

differences in age, BMI or central obesity (Haffner et al., 1990). In addition, prospective 

study in predominantly white population concluded that generalized and abdominal 

adiposity strongly and independently predicts risk of T2DM (Wang, 2005). A recent 

extensive review of several ethnic groups by Ashwell et al. (2012) suggested that WHtR, 

WC and BMI are germane in detecting cardiometabolic risk factor in both sexes, but WHtR 

was considered as the best predictor, although Onat et al. (2009) reported that neck 

circumference (NC) has a better predictive strength compared to WC.  Furthermore, study 

of obesity trend in a multi-ethnic group has shown that BMI is more strongly associated 

with blood pressure than abdominal obesity (Seidell et al., 1991). The clustering of 

dyslipidaemia, hyperuricaemia, DM and hypertension described in whites and Africans was 

most strongly related to BMI, although the magnitude decreased when adjusted for 

differences in BMI and abdominal obesity (Schmidt et al., 1996).  

A cross sectional study conducted in Zaria, northern Nigeria studied the WC, BMI and its 

correlation with the blood pressure of a sample of  women  showed that WC was found to 
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be a better measure in assessing obesity and thus, cardiovascular risk among the subjects. 

In the same study, a significant positive correlation however exists between the waist 

indices and BMI (Achie et al., 2012). Additionally, an observational study on the natives of 

northern Ibadan, Nigeria, investigated the relationship between two anthropometric 

measurements for obesity – BMI and WHR and the blood pressure of  Nigerians aged 15-

85 years. The results showed that WHR and BMI had a similar linear relationship with the 

blood pressure of the participants (Sanya et al., 2009). 

The body adiposity index (BAI) is a relatively newer body adiposity measure which was 

described and subsequently validated (Bergman et al., 2011). It estimates percentage of 

body adipose tissue in both sexes without numerical correction and has the advantage of 

not requiring  a gender-specific calculation making this surrogate index very convenient for 

practical use. BAI was proposed by Bergman et al. (2011) using a study population of 

1,700 Mexican-American. BAI was subsequently validated using dual-energy X-ray 

absorption measurements of percentage body adipose tissue as a gold standard in a cross-

sectional study of 223 African-Americans (Bergman et al., 2011). The aim of the validation 

study was to evaluate BAI in its ability to correlate with other anthropometric variables and 

adipocytokines, serum lipid profile, indicators of blood glucose regulation and blood 

pressure. Following the discovery of the BAI, there are studies reporting variation in its 

discriminatory power for metabolic risk factors. Andreas et al.(2013) conducted one of the 

first studies after the discovery of BAI. According to this study, WHtR was superior to 

other indexes including BAI in estimation of visceral body adipose tissue, while for the 

prediction of glucose homeostasis, BAI was weakcompared to BMI and WHtR whose 

predictive powers were comparable. BAI, BMI, WHtR and WHR all had weak predictive 
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values for serum lipids and blood pressure but BAI was the weakest. BAI was inferior to 

BMI, WHtR, and WHR in its correlation with plasma adiponectin concentrations.  

Schulze et al.(2012), studied approximately 36,368 male and female subjects and showed 

that BAI was associated more with DM risk compared with BMI, while WC was shown to 

be the strongest predictor. On the other hand, Talaei et al.(2013) studied 2981 individuals 

of the Iranian population for a period of seven years, showed that WHtR and BMI were 

better than BAI in the prediction of T2DM. Similarly Rafael de et al.(2014) revealed from a 

study conducted on general and Amerindian population in Brazil that BAI may be 

suggested as a better risk predictor of T2DM than both BMI and WC in the Amerindian 

population and in men belonging to the general population. However, in women belonging 

to the general population, WC was superior toBMI and BAI in the prediction of T2DM. 

Giliane et al.(2015) in a study to assess the performance of BAI among Brazilians 

concluded that, even though the index has good correlation with total body fat, its 

performance is weak in subjects with morbid obesity.  

A study conducted in Enugu, Nigeria to determine the associations of anthropometric 

markers of adiposity with atherogenic index of plasma (AIP) found BAI to correlate with 

AIP. However, it was second to BMI and higher than WHtR, WC and WHR in that 

hierarchical order of correlation (Antoninus and Elias, 2014). 

According to Amato et al.(2010), increase in visceral adiposity independently correlated 

with cardiometabolic risk. Another study that evaluated the applicability of VAI in 

predicting MetS among Peruvian adults has demonstrated its superiority over most 

adiposity measures (Knowles et al., 2011). This study found significant association of VAI 
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with all MetS components, with a stronger association for triglyceride and HDL-C in both 

genders. However, in the same study, the anthropometric measurement that had the 

strongest correlation to fasting glucose in both sexes was BMI. Additionally, all the 

anthropometric indices correlated positively with both SBP and DBP, but WC 

demonstrated the strongest relationship. 

Similarly, Heloisa et al. (2015) found that in a sample of 221 Brazilians, VAI had the 

strongest association with TG, HDL-C and BP but its association with serum glucose was 

weaker when compared to BMI. According to Heloisa et al. (2015), BMI in the general 

population and in females showed a higher correlation with serum glycaemia. On the other 

hand, while BMI, WC, WHR were all associated with SBP and DBP in females, VAI did 

not show significant association with BP. For males, SBP was not significantly associated 

with any adiposity indicator while DBP was correlated with all indicators. In a study of 

Amato et al. (2010) conducted on a sample of European adults, which suggested VAI as an 

indicator of the role of visceral adipose tissue, cardiometabolic outcomes  correlated with 

BMI, WC and VAI. VAI was the only measure that showed significant and independent 

association, while WC and BMI have not shown a significant correlation. Another study by 

Amato et al. (2011) on a sample of Caucasian adults has found a positive continuous 

correlation of VAI with MetS components. Also, Salomon et al. (2011), compared WC 

with sonographically measured visceral fat in terms of their association with MetS 

components and reported WC to be a stronger predictor in both sexes. Review of literature 

on the subject matter indicates that ethnicity critically affects the interrelationships between 

the various body adiposity measures and MetS components. According to Goh et al.(2014), 

central obesity measures of WC and WHR, are better predictors of risk. WHR was reported 
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to have a stronger predictive ability than WC and BMI in Caucasian women but in 

European women, BMI was a better indicator of risk.  Ethnicity should be incorporated into 

routine MetS risk assessment since the same anthropometric obesity measure cannot be 

used across all ethnic groups (Goh et al.,2014). 

2.6 Anthropometric Cut- off Values for Metabolic Syndrome in Some Ethnic Groups 

The cut-off values of adiposity measures for predicting cardiometabolic risk factors have 

been redefined based on race and ethnicity (Tullocch et al., 2003; Alberti et al.,2006) such 

that no given cut-off value is universally applicable to all ethnic groups. Consequently, 

many ethnic groups/races currently have cut-off values specific to their population. In 

Nigeria and most Sub-saharan African countries, European cut off values are still being 

improvised due to paucity of specific data. Forexample, it is well established that Asians 

have relatively higher body fat content for the same adiposity measures compared to other 

races necessitating a much lower reference value for defining obesity and cardiometabolic 

risk in their population. Similarly, blacks are reported to have a much lower body fat 

content for similar adiposity measure compared to Caucasians.  
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Table 2.1: Ethnic specific cut-off values for waist circumference (Alberti et al., 2006). 

  

Country/ Ethnic group   Waist circumferences 

Europids 

In the USA, the ATP III 

values (102 cm male; 88 cm 

female) are likely to 

continue to be used for 

clinical purposes 

Male  ≥ 94 

Female ≥ 80 

South Asians 

Based on a Chinese, Malay 

and Asian-Indian population   

Male  ≥ 90 

Female ≥ 80 

Chinese Male  ≥ 90 

Female ≥ 80 

Japanese Male  ≥ 90 

Female ≥ 80 

Ethnic South and Central 

Americans 

Use South Asian recommendations until more specific data 

are specific data are available  

Sub-Saharan Africans Use European data until more specific data are available 

Eastern Mediterranean and 

Middle  East (Arab) 

population  

Use European data until more specific data are available  
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Table 2.2: Reference values of  WC and WHR among the Asian and European population 

(Tullocch-Reid et al., 2003) 

Central obesity by abdominal circumference*  

Population  Cutoff 

Euroamerican men ≥120 cm (40”) 

Euroamerican women  ≥ 88 cm (35”) 

Asian men ≥ 90 cm (35”) 

Asian women  ≥ 80 cm (32”) 

Central obesity by waist–to-hip ratio  

Men  >0.9 

Women  >0.85 
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Table 2.3: Reference values of BMI among the Asian and European populations (Tullocch-

Reid et al., 2003) 

Category  Body mass index  

Underweight  ≤18.5 

Normal weight  18.5-24.99 

Overweight  25-29.99 

Obesity class I 30-34.99 

Obesity class II ≥35 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study Area 

The study was  conducted in the metropolis of Kano State, Nigeria representing urban 

settlement and three local government areas representing  rural settlements,  which were 

randomly selected from the north and south geopolitical zones of Kano State. These Local 

Governments Areas were  Dawakin Tofa, Gabasawa and Wudil. This  was to ensure 

adequate representation of the study population from urban and rural settlements which are 

believed to have different physical activity profiles. Kano State is located on latitude 

12
o
02

1
N, longitude 08

o
30

1
E in the north-western region of Nigeria (Fig.2.1) (Ki – Zerbo, 

1998). Kano is the most populous state in Nigeria with a population of over 9 million, a 

metropolis of 137 km
2
  area and consisting of 6 Local Government areas with a population 

of over 2 million (NPC, 2006). The major inhabitants of Kano are of Hausa and Fulani 

ethnic groups with minority representing virtually all tribes in Nigeria and a minute fraction 

of foreigners (Dan-Asabe, 2000). 
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Fig. 3.1: Map of Kano indicating the area of study (Ki - Zerbo, 1998) 
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3.2 Study Site 

The study sites within the metropolis of Kano were the Out Patient Units of the Murtala 

Muhammad Specialist Hospital (MMSH), Khadija Memorial Hospital and the old campus 

of  Bayero University. For the rural settlements, the study was conducted in the Out Patient 

Departments of the General Hospitals in the respective Local Government Areas. Murtala 

Muhammad Specialist Hospital is a secondary health facility that serves the State, Its 

neighboring States and even some neighboring countries such as Niger, Chad and 

Cameroon. About 150 patients patronize the Out patient Clinic every working day of the 

week, while the other General Hospitals are smaller primary or secondary health facilities 

that serve the surrounding rural communities. 

3.3 Study Population 

A total of 465 participants who are  Hausas of Kano pooled from selected rural and urban 

communities (based on selection criteria for the study)  which comprised of 266 males and 

199 females were studied. 

In the urban communities, while most males were business men and traders, most of the 

females were full time house wives. A few subjects belonging to both sexes were however 

civil servants or students. 

In the rural communities, while most males were  farmers and cattle rearers, majority of the 

females were full time house wives. A few subjects belonging to both sexes who were civil 

servants were either teachers or Local Government workers while a negligible proportion 

were students. 
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3.3.1 Inclusion criteria 

The inclusion criteria are; 

i. Any subject who gave his/her voluntary consent to participate in the study  

ii. Subjects must belong to Hausa ethnic origin based on a history of at least 2 parental 

generation being Hausas of Kano 

iii. Subjects must be between the ages of 18 and 68 years. This is to exclude children and 

elderly subjects, as these may affect anthropometric measurements. 

iv. Urban participants must be born in Kano metropolis and must have been living there for 

at  least one decade 

3.3.2 Exclusion criteria 

The exclusion criteria are; 

i. Any subject who refuses to give his/her voluntary consent to participate in the study 

ii. Subjects who do not belong to Hausa ethnic origin based on ethnicity criteria 

iii. Subjects who are less than  18 years of age and those above 68 years.  

iv. Any subject who is on medications known to interfere with any component of the 

metabolic syndrome. 

v. Any subject who is pregnant. 

vii. Any subject with pelvic or abdominal space occupying lesion.  
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viii. Any subject with acquired or congenital structural anomaly of the neck, spine or digits 

 

3.3.3 Informed consent 

The procedure, aims and objectives of the study were explained to the participants and a 

written consent obtained (Appendix II). 

3.3.4 Sample size determination 

The sample size for study was determined using a standard formula (Lwanga and 

Lemeshow,1991): 

𝑛 =
Z2Pq

𝑑2
 

Where; 
 

n= minimum sample size 

Z= standard normal deviation with confidence interval of 95%  

p= proportion in the target population (50%) 0.5 

q = 1-p, 1-0.5= 0.5 

d = sampling error which is 5% (0.05) 

𝑛 =
(1.96)2 × 0.5 × 0.5

(0.05)2
= 384 

384 was therefore the minimum number of subjects needed for the study to allow a 

meaningful statistical analysis. 
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3.4 Sampling Technique 

The study was a cross-sectional observational study. Systematic random sampling 

technique was employed in selecting the subjects for this study. During each data collection 

exercise, the total number of subjects available (daily sample size) was divided by the 

number of subjects targeted for each day (sample frame) to give a sampling interval. A 

starting point was then randomly selected and the actual participants were selected by the 

calculated sample interval. The eligibility of each participant was then assessed using the 

study selection criteria.  

In situations where such subjects were found ineligible, the next eligible subject was 

recruited. For subjects that were used for serum studies, the procedure for overnight fasting 

was explained to them and a different appointment was booked for early morning blood 

sample collection. A semi structured questionnaire wasused to capture biodata, data on 

sociodemographic characteristics, medical history, blood pressure and anthropometric 

masurements. 

3.5 Ethical Approval 

Ethical approval and clearance was obtained from the Ethical Committee of  Kano State 

Health Management Board through the management of Murtala Muhammad Specialist 

Hospital, Kano in accordance with Helsinki declaration (1952).  

3.6 Equipments and Instruments 

Digital weighing scale (Seca 769 Digital weighing scale, calibrated in kilograms,USA) was 

used for measuring body weight. 
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In-elastic measuring tape (Butterfly model, made in China, graduated in cm, 0-150cm) was 

used for measuring NC, WC and HC. 

Stadiometer (Seca 206IN, Body Meter stadiometer, calibrated in meters, USA) was used 

for measuring height. 

Mercury Sphygmomanometer(SUNMED 420601,USA) was used for blood pressure 

measurement. 

Stethoscope (BOKANG, BK 3003, USA) was used for auscultation of brachial artery 

Syringes (5cc) for withdrawing venous blood samples. 

Plastic plain sample bottles into which the blood samples were withdrawn.  

Ice pack container for preserving the temperature of the blood sample during the period of 

sample collection and transportation. 

Centrifuge (model 800, UK) for centrifuging blood samples. 

Micropipette (graduated 0 – 1000 µl, manufactured by HAUWEI, China) for withdrawing 

and dispensing samples and reagents. 

Micropipette (graduated 0 – 100 µl, manufactured by HAUWEI, China) for withdrawing 

and dispensing samples and reagents. 

Microplate reader (NORTEK GENESIS, MR 6000) for reading absorbance. 
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3.7 Reagents 

The reagents/kits  used for the estimation of serum glucose, uric acid, adiponectin and 

lipids were; 

 Adiponectin kit (manufactured by ELABSCIENCE MED SUPPLIES CORP China) for 

estimating serum adiponectin. 

Spectrum uric acid kit (manufactured by Egyptian Company for Biotechnology, Cairo) for 

estimating serum uric acid. 

Randox glucose kit (manufactured by Randox Laboratory Limited, UK) for estimating 

serum glucose. 

Randox TG kit (manufactured by Randox Laboratory Limited, UK) for estimating serum 

triglyceride. 

Randox HDL-C kit (manufactured by Randox Laboratory Limited, UK) for estimating 

serum high density lipo-protein cholesterol. 

Randox TC kit (manufactured by Randox Laboratory Limited, UK) for estimating serum 

total cholesterol. 
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3.8 Methods 

3.8.1 Anthropometric measurements  

i. Height: was measured to the nearest 0.1cm as the vertical distance between the standing 

surface and the vertex of the head while the subject was standing erect in Frankfort plane 

and without shoes using a stadiometer (Price et al., 2006) as shown in Plate I 

ii. Weight: was measured in kilograms using a stadiometer with weighing scale while 

subject is in light clothes 

iii. Body mass index: was calculated as body weight divided by the square of the height 

expressed in meter square 

iv. Waist circumference: was measured in centimeter with a non-stretchable plastic tape 

horizontally placed over the abdomen at the narrowest point between the lowest rib and the 

iliac crest (Lean et al., 1995) as shown in Plate II. 

v. Hip circumference: was measured while the subject was standing erect with the feet 

fairly close together; pockets emptied and the tape passed around the point with the 

maximum circumference over the bottom (Lean et al., 1995) as shown in Plate III. 

vi. Finger length measurements: Digit lengths was measured on the ventral surface of the 

hand from the basal crease of the digit to the tip of the finger using a digital sliding caliper 

(MicroMak, USA) measuring to 0.01mm as shown in plate III and reported on the 

questionnaire. This measurement has been reported to have high degree of repeatability 

(Manning et al., 1998; Danborno and Danborno, 2015). 
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vii. Neck circumference: was measured in centimeter with a non-stretchable plastic tape 

horizontally placed over the unclothed neck at the level of the thyroid cartilage (Lean  et 

al., 1995) as shown in Plate IV 
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Plate I: Technique for measuring height 

. 
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Plate II: Technique for measuring waist and hip circumferences 
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Body adiposity index was obtained using the formula proposed by Bergman et al. (2011). 

This formula has been shown to be a good measure of central adiposity in some populations 

(Bergman et al., 2011) 

Body Adiposity Index (BAI) = Hip Circumference (cm)   -   18 

                                                       Height (m) 
1.5
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Plate III: Measurement of digit length using digital calliper 
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Plate IV: Measurement of neck circumferences 
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3.9 Measurement of Blood Pressure 

A mercury sphygmomanometer was used for measuring blood pressure. Two 

measurements were  taken, and at least 2 minutes was allowed between readings. While the 

diastolic reading was taken at the level when sounds disappear (Korotkoff phase V), the 

systolic was  taken at the level when it appears (Prisant et al., 1995). The brachial artery 

was the site of auscultation. Subjects were asked to refrain from smoking or ingesting 

caffeine for 30 minutes before measurement and the measurement was taken after at least 5 

minutes of rest (Haffner et al., 1992). 
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Plate V: Measurement of blood pressure 
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3.10 Visceral Adiposity Estimation Using Sex Specific Visceral Adiposity Index 

Visceral adiposity was estimated as follows (Amato and Giordano, 2014): 

𝑽𝑨𝑰(𝑴𝒂𝒍𝒆) =
𝑾𝑪

39.68 +  (1.88 X BMI)
×  

𝑻𝑮

𝟏. 𝟎𝟑
 × 

𝟏. 𝟑𝟏

𝑯𝑫𝑳
 

𝑽𝑨𝑰(𝑭𝒆𝒎𝒂𝒍𝒆) =
𝑾𝑪

36.58 +  (1.89 X BMI)
×  

𝑻𝑮

𝟎. 𝟖𝟏
 × 

𝟏. 𝟑𝟏

𝑯𝑫𝑳
 

Where WC is waist circumference, TG is triglyceride, HDL is high density lipoprotein, 

BMI is body mass index. 

3.11 Assessment of Levels of Physical Activity 

The rapid assessment of physical activity (RAPA) questionnaire (Topolski et al., 2006) was 

administered to participants. Self reported level of PA in the last one year was used to 

group subjects into seven categories of ascending order of PA. Category I was scored as 

sedentary, II as under active, III as light PA, IV and V as regular but suboptimal activity, 

VI and VII as optimal level of PA (see Appendix III).    

3.12 Blood Collection and Processing 

From each selected subject, 5ml of venous blood sample was collected using a sterile 21G 

needle fitted with syringe. Blood collection was done during the morning hours to avoid the 

effect of diurnal variation or circadian rhythm in the blood parameters to be measured. 

Standard technique of venipuncture and universal safety precaution was employed. Blood 

sample was transferred into a plain blood specimen bottle and allowed to stand until it was 

properly clotted. The blood samples were preserved in an ice pack insulating container to 

preserve the temperature and then transported to the laboratory immediately after each 
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exercise of sample collection. The samples were then centrifuged at 300 rpm for 5 minutes 

after which sera were separated and immediately used for assaying blood glucose, lipids 

(total cholesterol, triglyceride, HDL-C and LDL-C), adiponectin and uric acid. However, 

on few occasions  where the samples could not be analyzed on the same day of collection 

due to logistic problems, they were kept frozen at -20°C until the following day. 

3.13 Laboratory Analytical Methods 

3.13.1 Measurement of serum glucose  

Serum glucose was measured using enzymatic method of Trinder (1969). 

3.13.1.1Principle 

Glucose oxidase converts glucose to gluconic acid while peroxidase converts the hydrogen 

peroxide to water and oxygen which also oxidizes the chromogen  (4-aminophenazone ) to 

a pink coloured complex which is measured colorimetrically at 510nm. 

Glucose
Glucose  oxidase
             Gluconic acid + H202 

 

H202 +  phenol
Hydrogen peroxidase
                 H2O +  Oxidised Chromogen 

 

3.13.1.2 Procedure 

Into  clean test tubes labeled, blank, standard and test, 1ml of glucose reagent was placed. 

Into the test tubes 10µl of distil water, standard solution and test serum was added to the 

test tubes respectively. These were then  mixed and incubated at 37
0
C for 10 minutes, after 
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which the absorbance (Optical Density) of the test solution and standard was read at 505nm 

using the blank solution to zero the spectrophotometer. 

 

3.13.1.3 Calculation 

The results were calculated as follows:  

Conc. of test =
Absorbance of Test     x      Concentration of standard

Absorbance of  Standard
 

Where the concentration of the glucose standard was 5.55 mmol/L (99.9 mg/dl). 

 

3.13.2 Measurement of serum total cholesterol   

Serum TC concentrations were measured using enzymatic method by Wybenga et 

al.(1970). 

3.13.2.1 Principle  

Total Cholesterol (TC) was measured enzymatically in serum in a series of coupled 

reactions that hydrolyze cholesteryl esters and oxidize the 3-OH group of cholesterol. One 

of the reaction by-products, H2O2 is measured quantitatively in a peroxidase catalyzed 

reaction that produces a colour. Absorbance was measured at 500 nm. The colour intensity 

is proportional to cholesterol concentration. 
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Cholesterol ester
cholesterol  Esteras e
                 Cholesterol +  Fatty Acids 

Cholesterol +  O2

Cholesterol  Oxidase
                Cholesterol − 4en − 3one + H2O2 

 

2H2O2  +  4AAP + phenol 
Peroxides
        Quinoneimine +  4H2O (endpoint) RED 

 

3.13.2.2 Procedure 

Three test tubes were labeled as test, standard and blank and to each test tube 1000 µl of the 

reagent R1 was added. Then 10µl sample was added to test and 10µl standard to standard 

tube and 10µl distilled water to blank. The content was then mixed well and incubated at 

room temperature for 15mins. Absorbance was read at a wave length of 530 nm   

3.13.2.3 Calculation 

The results were calculated as follows: 

Conc. of test =            Absorbance of Test     x      Conc. of standard 

                               Absorbance of standard 

 

Where concentration of the total cholesterol standard was 5.17 mmol/L (199mg/dl). 

3.13.3 Measurement of serum HDL-cholesterol 

Serum HDL-C concentrations were measured using enzymetic method by Wybenga et al. 

(1970). 
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3.13.3.1 Principle 

In the serum chylomicrons, LDL and VLDL are precipitated in the presence of 

phosphotungustic acid and magnesium chloride and the supernatant is treated as 

cholesterol. 

3.13.3.2 Procedure 

Into a clean test tube 0.5ml serum and 0.5 ml HDL reagent were added, mixed and allowed 

to stand for 10 minutes.  It was then centrifuged for 20 minutes at 2000 rpm. Cholesterol 

reagent, 1ml was dispensed into three  cleaned test tubes labeled  blank, standard and 

sample. Supernatant, 50µl  was dispensed into sample tube, 50µl of stantadard was 

dispensed intostandard tube and 50µl of distilled water dispensed into blank tube. All were 

mixed and incubated at room temperature for 5 min and read at 530 nm. 

3.13.3.3 Calculation 

The results were calculated as follows: 

Concentration of test =
Absorbance of Test     x      Concentration of standard

Absorbance of  Standard
 

 

    Where  concentration of the total HDL-cholesterol standard was 1.3 mmol/L (50mg/dl). 

 

3.13.4 Measurement of serum LDL-cholesterol level  

Serum LDL-Cholesterol was estimated using Friedewald equation (Friedewald et al., 

1972). 
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3.13.4.1 Procedure 

LDL-cholesterol concentrations were calculated from measured values of total cholesterol, 

triglycerides and HDL-cholesterol according to the Friedewald‟s equation. 

 

Friedewald Formula: 

LDL-Cholesterol =TC-(HDL-C + Triglycerides/2.2) mmol/L. 

 

3.13.5 Measurement of serum triglycerides 

Serum TG concentrations were measured using enzymetic method of Wybenga et 

al.(1970). 

 

3.13.5.1 Principle 

TG was measured enzymatically using a series of coupled reactions in which triglycerides 

are hydrolyzed to produce glycerol. Glycerol is then oxidized using glycerol oxidase and 

H2O2, one of the reaction products was then measured as described above for cholesterol. 

Absorbance was measured at 500 nm. 

  

Triglycerides + H2O2

Lipoprotein  lipase
               Glycerol +  Fatty acid 
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Glycerol +  ATP
Glycerol  Kinase
            Glycerol − 3 −  phosphate +  ADP 

 

Glycerol − 3 − PO4  + O2

GPO
   DHAP + H2O2 

 

H2O2  +   4AAP
POD
   P − Chloropheol Red quinoneimine  

 

3.13.5.2 Procedure 

Three test tubes were arranged as test, standard and blank tubes. Then 100µl of triglyceride 

reagent was added into each test tube and 10µl of sample was added into sample tube while 

10µl of standard was added into standard tube. The content was mixed and incubated for 5 

minutes at 37
0
C. The absorbance was read at 520 nm. 

3.13.5.3 Calculation 

Serum TG concentration was calculated as follows: 

Concentration of test =
Absorbance of Test     x      Concentration of standard

Absorbance of  Standard
 

Where concentration of the triglycerides standard was 2.28 mmol/l (201.7mg/dl). 

 

3.13.6 Measurement of serum uric acid 

Serum uric acid concentrations were measured using method of Caraway (1955). 
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3.13.6.1 Principle 

Uric acid is oxidized to allantoin and carbon dioxide by phosphotungstic acid in alkaline 

solution. The phosphotungstic acid is reduced to tungsten blue which is measured at 

710nm. 

3.13.6.2 Procedure 

Into a centrifuge tube, 4ml of water was dispensed followed by 0.5ml of serum, 0.25ml of 

sulphuric acid and 0.25ml of sodium tungstate. The solution was then mixed and allowed to 

stand for 5 minutes and then centrifuged. Three tubes were labeled as test, standard and 

blank and 1.5ml of sample was added to the tube marked- test and 1.5ml working standard 

into the tube marked- standard. Sodium carbonate, 0.5ml and 0.5ml phosphotungstic acid 

were added to all test tubes, mixed and allowed to stand for 15 minutes at room temperature 

and read at 710nm. 

3.13.6.3 Calculation 

Uric acid concentration was  calculated as: 

Concentration of SUA =
Absorbance of test     x      Concentration of standard

Absorbance of  Standard
 

Where concentration of the uric acid standard was 0.357mmol/l (6mg/dl) 

3.13.7 Measurement of serum adiponectin 

Serum adiponectin concentrations were measured using Solid-Phase ELIZA method 

(Pischon et al., 2003). 
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3.13.7.1 Principle 

The adiponectin assay is a solid – phase ELIZA designed to measure human adiponectin in 

serum and plasma. It employs the quantitative sandwich enzyme immunoassay principle. 

The microplate wells which have been coated with an antihuman adiponectin monoclonal 

antibody and adiponectin in the pretreated sample and in the standardare captured during 

the first incubation. Washing removes all unbound materials and a biotin conjugated anti-

human adiponectin monoclonal antibody binds to the immobilized adiponectin in the wells. 

After the second wash step, the enzyme streptavidin is added. The addition of O– 

phenylenediamine as substrate after the third incubation and wash step leads to a 

calorimetric reaction whose intensity or absorbance is proportional to the adiponectin 

concentration in the sample. 

 

3.13.7.2 Procedure 

First, the sample was pretreated by adding 100µl of protease buffer and 400µl of sample 

pretreatment buffer to 10µl of sample andthen stirred thoroughly.  Dilution buffer, 1ml was  

added to 10µl of the pretreated sample and then stirred thoroughly under room temperature.  

Standard and diluted pretreated samples, 50µl each were added to the appropriate wells. 

The plates were covered with a plate sealer and incubated 1 hour at room temperature. The 

plates were decanted and stroked against an absorbent towel to remove excess liquid. 

Washing was done by adding 400µl of wash buffer to each well. The wash buffer was 

decanted and the plate was stroked against absorbent towel to remove residual liquid. This 

cycle was repeated for a total of three washes. Biotin labeled monoclonal antibody, 50µl 



 

93 
 

was then added to each well. The plate was covered with a plate sealer and incubated for 1 

hour at room temperature. At this stage, the washing process was repeated and 50µl of the 

enzyme streptavidin was added to each well and further incubated for 30minutes. The third 

phase of the wash process was followed immediately. Then,50µl of substrate solution was 

added to each well and incubated for 10 minutes. Finally, the absorbance was measured 

within 30 minutes using a microplate reader set at 492nm. 

 

3.14 Statistical Analyses 

The data were expressed as mean ± standard deviations.To compare between-group 

parameters of males and females, left and right hands, mild, moderate and optimal physical 

activity, variables of urban and rural participants, Student‟s t-test and one way analysis of 

variance (ANOVA) were used. For comparism of males and females, left hand and right 

hand, student t-test was employed while for mild, moderate and optimal PA levels, 

ANOVA was used. Pearson‟s correlation was used to test the relationship between the 

components of the metabolic syndrome with the body adiposity markers and visceral 

adiposity index. Pearson‟s correlation was also used to determine the correlation between 

the digit ratio, obesity indices and MetS components. Regression analyses was  employed 

to generate a model for prediction of components of MetS from adiposity markers and 

2D:4D. Receiver operating characteristic (ROC) curves was constructed to determine the 

cut-off values of the adiposity markers for each MetS components and sensitivity and 

specificity of the cut-off value determined using the Youden‟s index. The point 

classification of area under curve of 1.0-0.9, 0.8-0.7 and 0.6-0.5 were considerd as 
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excellent, good and poor respectively.SPSS version 20 (IBM Corporation, NY) software 

was used for statistical analyses and p< 0.05 was set as level of significance. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Sexual Dimorphism in Anthropometric Markers of Adiposity and Digit Ratio 

 The descriptive statistics (Table 4.1) of the study population in terms of anthropometric 

indexes of adiposity, digit ratio and  BP, showed no statistically significant difference in the 

mean  value of  the  index of generalized adiposity (BMI) between the male and  female 

subjects. Among the indices of centripetal adiposity, female subjects had  significantly (P < 

0.05) higher HC (88.96cm  against 87.01cm, P < 0.05), WHtR (0.48 against 0.46 P < 

0.001). But the BAI and WC showed no  statistically significant gender difference.  Male 

subjects had significantly (P < 0.05)  higher NC (34.9cm to 31.58cm, P < 0.001)  and WHR 

(0.89 against 0.85, P < 0.05). Both systolic and diastolic componenets of  the blood 

pressure had no statistically significant gender  difference. The ratio of the second to fourth 

digit length was significantly (P < 0.001) higher in both hands in females than in males .  
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Table 4.1: Age, anthropometric indices of adiposity, digit lengths, digit ratio and blood pressure of study participants 

 Male 

(n=266) 

 Female 

(n= 199) 

   

Variables Mean ± SD Min-max Mean ± SD Min-max t P Value 

Age 34.45± 13.52 18-68 32.06 ± 15.18 18-68 1.79 0.075 

Height (cm) 169.15 ± 6.27 142-182.3 158.53  ± 6.83 136.9-175 17.39 <0.0001 

Weight (Kg) 63.03 ±12.28 40.5-98.3 55.86 ± 12.99 36-108.9 6.08 <0.0001 

BMI (kg/m
2
) 21.98 ±3.93 14.52-34.33 22.19 ± 4.70 12.96-39.15 -0.52 0.602 

WC (cm) 77.28 ±11.17 57-111 76.02 ± 13.00 51-118.5 1.12 0.261 

HC (cm) 87.01 ± 7.80 72.1-109.9 88.96 ± 9.86 65.6-136 -2.38 0.018 

NC (cm) 34.99 ± 2.29 30-42 31.58 ± 2.46 26.5-39.5 15.38 <0.0001 

W/H 0.89 ± 0.08 0.71-1.11 0.85 ± 0.11 0.65-1.25 3.69 0.00025 

W/Ht 0.46 ±  0.06 0.34-0.65 0.48 ±  0.08 0.30-0.72 -3.42 0.00067 

BAI 21.60 ± 3.71 13.88-33.90 26.61 ± 4.62 15.38-45.58 -12.95 <0.0001 

DBP(mmHg) 82.59 ± 12.37 54-120 84.50 ± 12.99 60-120 -1.61 0.108 

SBP(mmHg) 128.07 ±  20.09 90-200 130.66 ±  21.87 95-205 -1.33 0.185 

RI (mm) 74.22 ± 5.45 61.17-90.46 67.97 ± 5.02 53.06-79.06 12.64 <0.0001 

RII (mm) 72.56 ± 5.09 60.19-87.02 68.94 ± 4.48 55.42-82.09 7.98 <0.0001 

RIII (mm) 80.12± 5.44 64.17-97.56 75.53 ±  4.98 63.13-94.26 9.34 <0.0001 

RIV (mm) 75.63 ± 5.29 62.84-89.32 69.94 ± 4.51 55.41-85.35 12.21 <0.0001 

RV (mm) 62.11 ± 5.31 47.17-85.87 57.60 ± 4.26 44.97-67.32 9.83 <0.0001 

R2D:4D 0.96 ± 0.03 0.79-1.05 0.99 ± 0.03 0.86-1.07 -8.39 <0.0001 

LI (mm) 74.05 ± 5.36 60.33-87.47 67.77 ± 4.49 55.1-78.83 13.36 <0.0001 

LII (mm) 73.32 ± 4.85 60.04-85.81 69.08 ± 4.40 57.19-80.44 9.7 <0.0001 

LIII (mm) 80.50 ± 5.61 66.12-96.55 76.23 ±5.56 50.09-98.92 8.15 <0.0001 

LIV (mm) 76.03 ± 4.91 62.92-87.81 70.10 ± 4.71 57.45-82.26 13.11 <0.0001 

LV (mm) 62.21 ± 5.09 47.46-74.36 57.69 ± 4.88 43.14-75.71 9.63 <0.0001 

L2D:4D 0.96 ±  0.03 0.85-1.10 0.99 ±  0.03 0.92-1.09 -7.00 <0.0001 

BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height ratio, BAI: 

body adiposity index, DBP: diastolic blood pressure, SBP: systolic blood pressure, I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: 

right hand, L: left hand, 2D:4D: second to fourth digit ratio.  
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The serum concentration (Table 4.2)  of adiponectin and uric acid  showed  no statistically 

significant sex  difference. The fasting serum concentration of glucose, TC, HDL were 

however significantly higher  in female subjects,  (FBG P < 0.002, TC P  < 0.005 and HDL 

P < 0.002). For TG and LDL, there was no significant sex difference in their mean values. 

Visceral adipose tissue measured by VAI was significantly higher in female subjects ( P < 

0.002). 
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Table 4.2: Serum parameters of MetS and VAI. 

 

Male (n=120) Female (n= 41) 

  Variable Mean ± SD Min-max Mean ± SD Min-max t P value  

Uric Acid (mg/dl) 5.51 ± 1.95 3.1-11.3 6.03 ± 2.42 2.9-10.10 -1.38 0.170 

Adiponectin (µg/ml) 23.28  ± 5.96 7.8-33.90 22.55 ± 7.45 14.4-33.9 0.63 0.520 

Fasting Glucose (mg/dl) 84.67 ± 24.73 53.6-187.2 100.63 ± 34.90 54.6-176.4 -3.19 0.002 

T.Cholesterol (mg/dl) 174.35 ± 32.31 123.7-256.10 187.32 ± 43.85 127.3-290.7 -2.02 0.045 

HDL– Cholesterol (mg/dl) 44.10 ±   6.32 28-54.10 47.83 ± 6.71 38.9-60.6 -3.21 0.002 

Triglyceride (mg/dl) 117.18 ± 31.76 74.3-196.5 121.83 ± 29.25 80.4-165 -0.83 0.41 

LDL– Cholesterol (mg/dl) 106.81 ± 32.44 58.14-192.82 115.12 ± 44.05 54.36-214.46 -1.29 0.200 

VAI 3.51 ±  1.71 1.67-9.10 4.46 ±  1.75 2.11-7.56 -3.03 0.003 
FBG: fasting blood glucose, TC: total cholesterol, HDL – C: high density lipoprotein cholesterol, TG: triglyceride, LDL – C: low density lipoprotein cholesterol, 

VAI: visceral adiposity index 
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4.2 Effect of Urbanization on Adiposity Indices, Digit Ratio and  MetS 

It was observed (Table 4.3) that significantly (P < 0.05) higher measures of anthropometric 

indices of adiposity, blood pressure and digit ratio were noted in the urban compared to 

rural settlers. The effect of urbanization on the central measures of adiposity appears higher 

than that of generalized adiposity  in both sexes. Compared to males, it was observed that 

urbanization had a higher advers effect on the general and central adiposity measures and 

BP of females. 
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Table 4.3: Effect of urbanization on anthropometric indices of adiposity, digit lengths, digit ratio and blood pressure 

 
All 

  
Male 

  
Female 

  

 
Rural Urban t Rural Urban t Rural Urban t 

Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Height (cm) 164.23 ± 8.25 164.95 ± 8.48 -0.93 168.59  ± 6.56 169.65  ± 5.98 -1.38 158.61 ± 6.67 158.45 ± 7.01 0.17 

Weight (Kg) 54.53  ± 9.94 64.93  ± 13.61 -9.32** 59.1 ± 9.06 66.52 ± 13.66 -5.15**  48.65 ±   7.7  62.72 ±   13.3 -9.08** 

BMI 20.16 ± 3.01 23.83 ± 4.5 -10.24** 20.79 ± 3.03 23.04 ± 4.32 -4.86** 19.34 ± 2.81 24.91 ± 4.53 -10.37** 

WC (cm) 69.7 ± 7.91 83.18 ± 11.46 -14.63** 71.38 ±   7.4 82.52 ±   11.36 -9.35** 67.53 ± 8.06 84.09 ± 11.6 -11.64** 

HC (cm) 86.26 ±   7.46 89.29 ± 9.63 -3.77** 85.53 ± 6.47 88.33 ± 8.62 -2.97* 87.22 ±  8.52 90.63 ±  10.77 -2.47* 

NC (cm) 32.47 ± 2.58 34.5 ± 2.85 -8.02** 34.15 ± 1.71 35.73 ± 2.49 -5.93** 30.3 ± 1.76 32.8 ± 2.41 -8.31** 

W/H 0.81 ± 0.06 0.93 ± 0.07 -18.95** 0.83 ±  0.05 0.93 ±  0.07 -13.31** 0.78 ± 0.07 0.93 ± 0.08 -14.47** 

W/Ht 0.42 ±  0.05 0.51 ±  0.07 -14.45** 0.42 ± 0.04 0.49 ± 0.07 -9.11** 0.43 ± 0.05 0.53 ± 0.07 -12.28** 

BAI 23.14 ± 4.33 24.3 ± 5.15 -2.61* 21.14  ± 3.32 22.01  ± 3.99 -1.92 25.72 ± 4.14 27.45 ±  4.91 -2.70* 

DBP (mmHg) 75.66  ± 8.4 90.49  ± 11.73 -15.54** 75.88 ± 9.27 88.54 ± 11.74 -9.67** 75.37 ±   7.16 93.18 ±   11.22 -13.27** 

SBP (mmHg) 114.87 ± 10.59 142.25 ± 19.35 -18.67** 115.42 ± 12.31 139.28 ± 18.97 -12** 114.16 ± 7.85 146.35 ± 19.21 -15.33** 

RI (mm) 70.9 ± 5.59 72.14 ± 6.5 -2.19* 72.86 ±  5.46 75.42 ±   5.17 -3.93** 68.37 ± 4.69 67.59 ± 5.31 1.1 

RII(mm) 70.74 ±5.5 71.25 ±  4.81 -1.07 72.16 ± 5.67 72.91 ± 4.51 -1.2 68.92 ± 4.71 68.96 ±  4.26 -0.07 

RIII(mm) 77.86 ± 5.97 78.43 ± 5.47 -1.08 79.47 ± 6.11 80.7 ± 4.71 -1.86 75.78 ± 5.12 75.28 ± 4.86 0.71 

RIV(mm) 73.74 ± 6.01 72.7 ± 5.38 1.98* 76.28 ±  5.73 75.06 ±  4.81 1.89** 70.48  ±  4.64 69.43  ± 4.34 1.64* 

RV(mm) 59.9 ±  5.28 60.43 ±  5.45 -1.07 61.47 ± 5.48 62.67 ± 5.1 -1.85 57.87 ± 4.23 57.34 ± 4.29 0.87 

R2D:4D 0.96 ± 0.04 0.98 ± 0.03 -6.58** 0.95 ± 0.03 0.97  ± 0.03 -6.64** 0.98 ± 0.04 0.99 ± 0.03 -3.45* 

LI (mm) 70.52  ± 5.29 72.12  ± 6.3 -2.95* 72.62 ± 5.25 75.31 ± 5.16 -4.22** 67.83 ±   3.98 67.72 ±   4.96 0.17 

LII(mm) 71.16 ± 5.42 71.83 ± 4.8 -1.43 72.85 ± 5.45 73.74 ± 4.23 -1.49 68.97 ± 4.55 69.19 ± 4.27 -0.36 

LIII(mm) 78.55 ± 6.22 78.79 ± 5.73 -0.42 79.95 ±   6.14 80.98 ±   5.06 -1.5 76.75 ± 5.88 75.75 ± 5.22 1.26 

LIV(mm) 73.83 ±  5.95 73.19 ± 5.35 1.21* 76.35 ± 5.58 75.75 ± 4.22 0.99 70.58 ±  4.71 69.65 ±  4.69 1.39 

LV(mm) 60.09 ± 5.43 60.44 ± 5.52 -0.7 61.66 ± 5.62 62.69 ± 4.53 -1.66 58.07 ± 4.43 57.34 ± 5.27 1.06 

L2D:4D 0.96 ± 0.03 0.98 ± 0.03 -5.78* 0.95 ±  0.04 0.97 ±  0.03 -4.67* 0.98  ± 0.03 0.99  ± 0.03 -4.17* 

* P < 0.05, **P < 0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height 

ratio, BAI: body adiposity index, DBP: diastolic blood pressure, SBP: systolic blood pressure, I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: 

right hand, L: left hand, 2D:4D: second to fourth digit ratio. SD: standard deviation 
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Urbanization was observed (Figures 4.1 to 4.8) to have an adverse effect on all the serum 

components of MetS and VAI. There were significantly higher values of  FBG, TC, TG, 

and LDL in urban participants compared to subjects from rural areas. Also VAI was 

observed to be significantly higher in urban dwellers. HDL was however observed to be 

lower in the urban participants. While SUA was seen to be higher in urban participants, 

adiponectin was higher in rural subjects. In the general study population as well as in both 

males and females, SUA was observed to be significantly (P <0.001) higher in the urban 

participants compared to participants from rural areas. 
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Figure 4.1: Effect of urbanization on the uric acid (* indicates P <0.05 between urban and 

rural subgroups & similar letter superscript indicates P < 0.05 between sexes for urban and 

rural groups) 
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Figure 4.2: Effect of urbanization on serum adiponectin (* indicates P <0.05 between urban 

and rural subgroups & similar letter superscript indicates P < 0.05 between sexes for urban 

and rural groups) 
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Figure 4.3: Effect of urbanization on serum glucose (* indicates P <0.05 between urban and 

rural subgroups & similar letter superscript indicates P < 0.05 between sexes for urban and 

rural groups) 

 

 

 

 

 

 

 

 

0

20

40

60

80

100

120

140

All Male Female

M
e

an
 F

as
ti

n
g 

G
lu

co
se

 (m
g/

d
l)

Rural Urban

 
 

 
*, b 

a 

*, b 

 a 

* 



 

105 
 

 

 

Figure 4.4:  Effect of urbanization on serum total cholesterol (* indicates P <0.05 between 

urban and rural subgroups & similar letter superscript indicates P < 0.05 between sexes for 

urban and rural groups) 
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Figure 4.5: Effect of urbanization on serum HDL–C (* indicates P <0.05 between urban 

and rural  subgroups & similar letter superscript indicates P < 0.05 between sexes for urban 

and rural groups) 
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Figure 4.6: Effect of urbanization on serum TG (* indicates P <0.05 between urban and 

rural within subgroups & similar letter superscript indicates P < 0.05 between sexes for 

urban and rural groups) 

 

 

 

 

 

 

0

20

40

60

80

100

120

140

160

All Male Female

M
e

an
 T

G
(m

g/
d

l)

Rural Urban

   

a 

* 

a 

* * 



 

108 
 

 

Figure 4.7: Effect of urbanization on serum LDL–C (* indicates P <0.05 between urban and 

rural subgroups & similar letter superscript indicates P < 0.05 between sexes for urban and 

rural groups) 
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Figure 4.8: Effect of urbanization on the visceral adiposity index (VAI) (* indicates P 

<0.05 between urban and rural subgroups & similar letter superscript indicate P < 0.05 

between sexes for urban and rural groups) 
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4.3 Correlation Analyses 

Among the anthropometric indices of adiposity (Table 4.4), BMI showed a positive and 

significant correlation  with all the serum components of  MetS (r = 0.31, 0.43, 0.39 0.42) 

for FBG, TC, TG and LDL respectively, except  HDL with which it showed a negative but 

significant correlation (r = - 0.28). Its correlation with the biomarkers of  MetSwas positive 

for serum uric acid (r = 0.31) and  negative for adiponectin (r = - 0.39). However, both 

were stastically significant (P < 0.05). BMI correlated positively and  significantly with 

both  SBP  (r = 0.42)  and DBP (r  =  0.46). The pearsons coefficient (r) showed  that, 

among the serum  parameters of  MetS, BMI  had the strongest correlation with TC (r  = 

0.43) and LDL-C (r = 0.42) and weakest correlation with HDL-C. Its strength of correlation 

was similar for both components of BP and for SUA and adiponectin.BMI also correlated  

positively with VAI (r = 0.38) 

Compared  to BMI,  WC showed  a stronger but similar pattern of correlation with all MetS 

components. It had a strong positive and significant correlation  with all the serum 

componenets of  MetS.  (r = 0.5,  0.62,  0.58,  0.61) for FBG, TC, TG and LDL 

respectively, but  HDL showed a negative and significant correlation (r = - 0.48). Its 

correlation with the biomarkers of  MetS was positive for serum  uric acid (r = 0.54) and  

negative for adiponectin (r = - 0.58). WC correlated possitively and  significantly with  both  

SBP  (r = 0.57)  and  DBP (r  =  0.57). For the serum  parameters of  MetS,  WC also  had 

the strongest correlation with TC  while the weakest correlation was with HDL-C. Pearsons 

correlation coefficient of WC with BP  was similar for SBP and DBP and was also similar  

for  SUA and adiponectin. WC also  had a stong and  positive correlation  with VAI (r = 

0.64). 
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BAI, HC and NC relatively showed weaker correlation  with MetS components. The 

weakest was HC which showed a very weak correlation with DBP (r  = 0.20), SBP (r  = 

0.14),  TC (r = 0.16).  No significant correlation  was observed between HC and  SUA, 

adiponectin, FBG, HDL, TG, and LDL. The correlation of HC with VAI was also weak (r = 

0.19).  BAI had no significant correlation  with serum  biomarkers and HDL. Its correlation 

with FBG, TC, LDL and TG were relatively weak, withits highest coefficient of  

correlation observed for TC (r = 0.20). Its correlation with VAI (r = 0.26)  was also weak 

when compared with BMI and WC. NC like HC and BAI showed  a weak correlation with 

MetS parameters, but  its correlation coefficient with all the components of MetS was 

higher than observed for BAI and HC. WHtR correlated positively and strongly  with DBP, 

SBP and  all serum parameters except HDL and adiponectin with which it showed 

significant negative correlation. The correlation  coeficient of  WHtR with MetS 

components was slightly higher than  that of WC except for HDL and DBP where the  

correlation of  WC  was stronger.WHtR  showed a positive and significant correlation with 

VAI and  its strength of  correlation with VAI (r = 0..67)  was similar to that of WC (r = 

0.64).  

 

Putting all the anthropometric adiposity indices together, WHR showed the strongest 

correlation with pressure and serum components of MetS. Higher  and similar correlations 

of WHR were observed for SUA (r = 0.84 ), adiponectin (r = -0.83), TC (r = 0.83 ), LDL (r 

=  0.84) and VAI (r =0.83). Comparing the index of  visceral adiposity with all the 

anthropometric indexes,  higher correlation coefficients were observed between VAI and all 

the parameters of MetS. However, the correlation strength of WHR was close to that of 



 

112 
 

VAI. Digit ratio showed a significant positive correlation with DBP, SBP, SUA, FBG, TC, 

TG and LDL but a negative correlation was observed for adiponectin and HDL. The 

correlation of digit ratio with MetS componenets was weaker compared to WC, WHtR and 

WHR. However,  in terms of its correlation with MetS biomarkers, it was slightly stronger 

than that for WC and WHtR but slightly weaker than WHR. Digit ratio also showed 

stronger correlations with MetS compared to BMI, NC, HC and BAI but BMI had a 

stronger correlation with both SBP and DBP.Significant positive correlation of digit ratio 

with VAI was also observed in both hands. This correlation was stronger than observed for 

BMI, NC, HC and BAI but weaker than for WC, WHtR and WHR. Comparing the 

correlation coefficients of the digit ratio of both hands, the R2D:4D  showed stronger 

correlation with BP, MetS biomarkers, FBG and HDL compared to L2D:4D. 
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Table 4.4: Correlation between  anthropometric and visceral markers of adiposity, digit length and digit ratio with MetS components 

in the general population 

Variables DBP 

(mmHg) 

SBP 

(mmHg) 

SUA 

(mg/dl) 

Adiponectin 

( µg/ml) 

FBG 

(mg/dl) 

TC 

(mg/dl)  

HDL–C 

(mg/dl) 

TGR 

(mg/dl) 

LDL–C 

(mg/dl) 

VAI 

Age (years) 0.393** 0.572** 0.604** -0.594** 0.640** 0.593** -0.489** 0.534** 0.592** 0.592** 

Height(cm) 0.062 -0.058 -0.103 0.073 -0.190* -0.110 -0.080 -0.104 -0.078 -0.15 

Weight (Kg) 0.443** 0.352** 0.257** -0.337** 0.214** 0.362** -0.310** 0.330** 0.363** 0.296** 

BMI (kg/m2 0.468** 0.427** 0.314** -0.397** 0.318** 0.434** -0.287** 0.396** 0.420** 0.380** 

WC (cm) 0.573** 0.578** 0.540** -0.582** 0.502** 0.626** -0.482** 0.586** 0.615** 0.644** 

HC (cm) 0.208** 0.114* 0.0458 -0.114 0.061 0.166* 0.004 0.139 0.141 0.199* 

NC (cm) 0.303** 0.270** 0.294** -0.364** 0.177* 0.357** -0.502** 0.399** 0.381** 0.318** 

W/H 0.638** 0.739** 0.841** -0.834** 0.760** 0.837** -0.791** 0.805** 0.845** 0.834** 

W/Ht 0.561** 0.609** 0.558** -0.593** 0.553** 0.643** -0.442** 0.602** 0.622** 0.675** 

BAI 0.142** 0.139** 0.098 -0.141 0.172* 0.205** 0.058 0.178* 0.164* 0.261** 

RI (mm) 0.060 -0.033 -0.054 -0.037 -0.119 -0.037 -0.148 -0.022 -0.005 -0.086 

RII(mm) 0.077 -0.004 0.101 -0.199* 0.011 0.079 -0.232** 0.055 0.11 0.028 

RIII(mm) 0.011 -0.083 0.0005 -0.049 -0.131 -0.057 -0.083 -0.076 -0.029 -0.092 

RIV(mm) -0.105* -0.203** -0.203** 0.131 -0.285** -0.208** 0.0299 -0.192* -0.181* -0.256** 

RV(mm) 0.028 -0.066 -0.046 -0.045 -0.111 -0.102 -0.118 -0.125 -0.059 -0.15 

R2D:4D 0.373** 0.425** 0.596** -0.634** 0.588** 0.563** -0.494** 0.485** 0.572** 0.563** 

LI (mm) 0.093* 0.012 0.0425 -0.108 -0.053 0.011 -0.217** 0.027 0.046 -0.022 

LII(mm) 0.070 0.008 0.0781 -0.178* -0.017 0.065 -0.224** 0.050 0.098 0.010 
LIII(mm) -0.018 -0.093* 0.014 -0.089 -0.080 -0.032 -0.121 -0.038 -0.002 -0.06 

LIV(mm) -0.091* -0.180** -0.170* 0.094 -0.272** -0.208** -0.013 -.173* -0.176* -0.252** 

LV(mm) 0.032 -0.050 -0.038 -0.066 -0.098 -0.056 -0.129 -0.093 -0.01 -0.127 
L2D:4D 0.345** 0.420** 0.535** -0.572** 0.560** 0.594** -0.428** 0.485** 0.591** 0.574** 

VAI 0.795
**

 0.866
**

 0.886
**

 -0.854
**

 0.860
**

 0.901
**

 -0.809
**

 0.937
**

 0.891
**

  

DBP (mmHg)  0.791** 0.811** -0.822** 0.785** 0.771** -0.714** 0.725** 0.779** 0.795** 

SBP (mmHg) 0.791**  0.889** -0.882** 0.897** 0.838** -0.788** 0.789** 0.849** 0.866** 

* P <0.05, ** P <0.001,BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height ratio, 
BAI: body adiposity index, DBP: diastolic blood pressure, SBP: systolic blood pressure, I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, 
L: left hand, 2D:4D: second to fourth digit ratio, FBG: fasting blood glucose, TC: total cholesterol, HDL – c: high density lipoprotein cholesterol, TG: triglyceride, LDL – c: low 
density lipoprotein cholesterol, VAI: visceral adiposity index 
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In both males and females (Tables 4.5 and 4.6), the anthropometric adiposity markers and 

2D:4D correlated with MetS components in a similar pattern of varying strength. In that, 

while all the indices correlated positively with DBP, SBP, FBG, SUA, TC, TG and LDL-C, 

they showed a negative correlation with adiponectin and HDL-C. HC showed only a weak 

correlation with both SBP and DBP in males, and with only DBP in females. Its correlation 

with DBP is stronger in males. The correlation of BMI with all MetS parameters was 

stronger in females. Also, in female subjects, the WC had higher correlation with TC, TG 

and LDL while in males, it had higher correlation with SUA, adiponectin, FBG and HDL-

C. The correlation of WC with VAI was similar in both sexes. The correlation coefficient 

of NC for the MetS indicators was similar for males and females. However, it had a slightly 

higher correlation with the serum biomarkers in males. Also, NC had no significant 

correlation with FBG in female subjects. While WHR  showed comparable  correlation 

with MetS in both sexes, WHtR showed higher correlation among females. In both sexes, 

BAI correlated weakly with some of the MetS components. Correlating with DBP in 

females, in males, BAI correlated with SBP, TC, and TG. VAI showed weak and similar 

correlation with BAI in both sexes. Comparison of the correlation of digit ratio with MetS 

between males and females shows  that the R2D:4D in both sexes had similar correlation 

strength with HDL-C, FBG and VAI. However, its correlation with the serum biomarkers, 

TC, TG and LDL-C was stronger in female subjects. Also, DBP and SBP correlated better 

with R2D:4D in males. For the L2D:4D, higher correlation with MetS componenets were 

observed in females, except for the pressure componenets of MetS where the coefficient of 

correlation was very similar. In each gender, the R2D:4D had higher correlation with MetS 
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indicators when compared with the L2D:4D. In females, 2D:4D had weaker correlation 

with body adiposity measure when compared to males. 
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Table 4.5: Correlation between  anthropometric and visceral markers of adiposity, Digit length and digit ratio with MetS 

components in male subjects 

Variables DBP 

(mmHg) 

SBP 

(mmHg) 

SUA 

(mg/dl) 

Adiponectin 

( µg/ml) 

FBG 

(mg/dl) 

TC 

(mg/dl)  

HDL –C 

(mg/dl) 

TGR 

(mg/dl) 

LDL –C 

(mg/dl) 

VAI 

Age (years) 0.263
**

 0.477
**

 0.532
**

 -0.494
**

 0.540
**

 0.483
**

 -0.389
**

 0.334
**

 0.533
**

 0.692
**

 

Height(cm) 0.262* 0.125* 0.082 0.066 0.005 0.105 0.006 0.115 0.093 0.049 

Weight (Kg) 0.409** 0.381** 0.262** -0.272** 0.246** 0.333** -0.308** 0.331** 0.326** 0.319** 

BMI (kg/m
2
 0.331** 0.356** 0.289** -0.300** 0.247** 0.372** -0.332** 0.379** 0.361** 0.339** 

WC (cm) 0.543** 0.611** 0.552** -0.573** 0.522** 0.590** -0.600** 0.600** 0.587** 0.635** 

HC (cm) 0.229** 0.225** 0.069 -0.129 0.071 0.133 -0.142 0.173 0.126 0.175 

NC (cm) 0.402** 0.396** 0.446** -0.474** 0.443** 0.503** -0.489** 0.505** 0.497** 0.512** 

W/H 0.657** 0.777** 0.830** -0.802** 0.774** 0.816** -0.823** 0.789** 0.819** 0.844** 

W/Ht 0.486** 0.595** 0.573** -0.591** 0.524** 0.615** -0.616** 0.631** 0.609** 0.648** 

BAI 0.061 0.138* 0.107 -0.158 0.068 0.181* -0.167 0.230* 0.168 0.193* 

RI (mm) 0.215** 0.0879 -0.048 -0.027 -0.047 -0.051 -0.016 -0.044 -0.038 -0.011 

RII(mm) 0.200** 0.127* 0.229* -0.286** 0.212* 0.150 -0.214* 0.101 0.171 0.174 

RIII(mm) 0.139* 0.049 0.104 -0.138 0.040 0.006 -0.071 -0.028 0.025 0.0278 

RIV(mm) -0.033 -0.143* -0.098 0.061 -0.122 -0.132 0.120 -0.152 -0.125 -0.131 

RV(mm) 0.211** 0.081 0.055 -0.134 0.045 -0.022 -0.054 -0.100 0.008 -0.021 

R2D:4D 0.461** 0.544** 0.574** -0.606** 0.586** 0.493** -0.585** 0.446** 0.518** 0.535** 

LI (mm) 0.259** 0.149* 0.074 -0.126 0.048 0.021 -0.112 0.023 0.038 0.085 

LII(mm) 0.189** 0.133* 0.185* -0.258** 0.185* 0.135 -0.194* 0.092 0.154 0.151 

LIII(mm) 0.136* 0.0262 0.106 -0.157 0.078 0.023 -0.081 -0.002 0.039 0.053 

LIV(mm) -0.009 -0.099 -0.067 0.020 -0.077 -0.118 0.079 -0.126 -0.108 -0.104 

LV(mm) 0.202** 0.054 0.075 -0.146 0.087 0.021637 -0.060 -0.069 0.046 0.0115 

L2D:4D 0.366**  0.432** 0.489** -0.545** 0.508** 0.491** -0.526** 0.423** 0.508** 0.492** 

VAI 0.777
**

 0.877
**

 0.905
**

 -0.870
**

 0.910
**

 0.908
**

 -0.917
**

 0.944
**

 0.898
**

  

DBP  0.801** 0.789** -0.804** 0.809** 0.746** -0.770** 0.690** 0.758** 0.777** 

SBP (mmHg) 0.801**  0.891** -0.884** 0.897** 0.831** -0.875** 0.777** 0.846** 0.877** 

* P <0.05, ** P <0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height 
ratio, BAI: body adiposity index, DBP: diastolic blood pressure, SBP: systolic blood pressure, I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: 
right hand, L: left hand, 2D:4D: second to fourth digit ratio, FBG: fasting blood glucose, TC: total cholesterol, HDL–C: high density lipoprotein cholesterol, TG: 
triglyceride, LDL–C: low density lipoprotein cholesterol, VAI: visceral adiposity index  
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Table 4.6: Correlation between  anthropometric and visceral markers of adiposity, digit length and digit ratio with MetS 

components in female subjects 

Variables DBP 

(mmHg) 

SBP 

(mmHg) 

SUA 

(mg/dl) 

Adiponectin 

( µg/ml) 

FBG 

(mg/dl) 

TC 

(mg/dl)  

HDL–C 

(mg/dl) 

TGR 

(mg/dl) 

LDL –C 

(mg/dl) 

VAI 

Age (years)  0.273** 0.482** 0.504** -0.394** 0.550** 0.473** -0.389** 0.334** 0.692** 0.492** 

Height(cm) -0.001 -0.196** 0.017 0.030 -0.119 0.122 0.157 -0.006 0.098 0.062 
Weight (Kg) 0.572** 0.387** 0.287 -0.488** 0.249 0.482** -0.272 0.367* 0.472** 0.356* 
BMI (kg/m2) 0.616** 0.501** 0.328* -0.596** 0.359* 0.508** -0.397* 0.431** 0.509** 0.387* 
WC (cm) 0.621** 0.555** 0.490** -0.612** 0.399** 0.662** -0.472** 0.563** 0.656** 0.611** 

HC (cm) 0.177* -0.004 -0.081 -0.059 -0.138 0.121 0.081 0.015 0.106 0.072 

NC (cm) 0.458** 0.355** 0.302 -0.394* 0.177 0.534** -0.343* 0.473** 0.521** 0.519** 

W/H 0.679** 0.758** 0.872** -0.901** 0.792** 0.902** -0.825** 0.866** 0.908** 0.875** 
W/Ht 0.636** 0.624** 0.551** -0.705** 0.499** 0.702** -0.592** 0.637** 0.704** 0.668** 
BAI 0.184** 0.114 -0.116 -0.108 -0.065 0.049 -0.033 0.022 0.052 0.036 

RI (mm) -0.023 -0.121 0.109 -0.176 0.111 0.262 -0.065 0.187 0.246 0.169 

RII(mm) -0.018 -0.133 0.001 -0.141 -0.049 0.195 0.049 0.053 0.179 0.046 

RIII(mm) -0.089 -0.218** -0.121 0.104 -0.253 -0.014 0.260 -0.157 -0.033 -0.124 

RIV(mm) -0.147* -0.282** -0.358* 0.274 -0.359* -0.201 0.350* -0.290 -0.215 -0.274 

RV(mm) -0.165* -0.238** -0.130 0.072 -0.103 -0.068 0.139 -0.132 -0.071 -0.155 

R2D:4D 0.252** 0.289** 0.632** -0.718** 0.547** 0.681** -0.532** 0.600** 0.679** 0.562** 

LI (mm) 0.002 -0.088 0.219 -0.234 0.176 0.316* -0.104 0.230 0.299 0.209 

LII(mm) 0.001 -0.095 0.026 -0.134 -0.083 0.195 0.049 0.066 0.178 0.053 

LIII(mm) -0.153* -0.203** -0.075 -0.006 -0.154 0.056 0.142 -0.068 0.043 -0.049 

LIV(mm) -0.131 -0.270** -0.293 0.220 -0.367* -0.213 0.351* -0.288 -0.227 -0.293 

LV(mm) -0.107 -0.133 -0.131 0.004 -0.116 0.025 0.124 -0.072 0.016 -0.104 

L2D:4D 0.305** 0.417** 0.635** -0.690** 0.576** 0.790** -0.611** 0.703** 0.786** 0.686** 
VAI 0.824** 0.823** 0.868** -0.872** 0.761** 0.909** -0.930** 0.974** 0.917**  
DBP (mmHg)  0.778** 0.862** -0.881** 0.745** 0.822** -0.822** 0.837** 0.832** 0.824** 
SBP (mmHg) 0.778**  0.888** -0.902** 0.906** 0.851** -0.865** 0.844** 0.866** 0.823** 

* P <0.05, ** P <0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, 

W/Ht: waist-to-height ratio, BAI: body adiposity index, DBP: diastolic blood pressure, SBP: systolic blood pressure, I: first digit, II: second digit, III: third 

digit, IV: fourth digit, V: fifth digit, R: right hand, L: left hand, 2D:4D: second to fourth digit ratio, FBG: fasting blood glucose, TC: total cholesterol, HDL 

–C: high density lipoprotein cholesterol, TG: triglyceride, LDL-C: low density lipoprotein cholesterol, VAI: visceral adiposity index 
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 Digit ratio of both hands (Table 4.7) showed a positive and weak correlation with overall 

adiposity indicator (BMI) and all the indices of central adiposity except neck 

circumference. However, its correlation with the central adiposity indices was stronger 

compared to BMI. 2D:4D of both hands showed comparable correlation powers with the 

body adiposity measures. 

 

In male subjects (Table 4.8),  the R2D:4D showed higher correlation with both generalized 

and central adiposity indices compared to L2D:4D. Also, there was no significant 

correlation between BAI with both R2D:4D and L2D:4D in males. In females (Table 4.9), a 

weak correlation was observed between digit ratio and indices of adiposity. Only WHR 

correlated with R2D:4D while WHR and WHtR correlated with L2D:4D. Similarly, no 

significant correlation was observed between BAI and digit ratio. 
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Table 4.7: Correlation between digit length and digit ratio with anthropometric measures of adiposity in the general population 

Variables RI  

(mm) 

RII 

(mm) 

RIII 

(mm) 

RIV 

(mm) 

RV 

(mm) 

R2D:4D LI  

(mm) 

LII 

(mm) 

LIII 

(mm) 

LIV 

(mm) 

LV 

(mm) 

L2D:4D 

Age (years) -0.069 -.0177
**

 -0.199
**

 -0.229
**

 -0.152
**

 0.139 -0.0292 -0.141
**

 -0.202
**

 -0.221 -0.187
**

 0.197 

Height(cm) 0.622
**

 0.583
**

 0.645
**

 0.631
**

 0.592
**

 -0.192
**

 0.655
**

 0.629
**

 0.597
**

 0.650
**

 0.592
**

 -0.151
**

 

Weight (Kg) 0.353
**

 0.327
**

 0.320
**

 0.281
**

 0.310
**

 0.044 0.400
**

 0.368
**

 0.295
**

 0.317
**

 0.325
**

 0.048 

BMI(kg/m2) 0.068 0.067 0.027 -0.009 0.039 0.150
**

 0.103
*
 0.087 0.026 0.020 0.061 0.130

**
 

WC (cm) 0.154
**

 0.131
**

 0.096
*
 0.018 0.098

*
 0.218

**
 0.201

**
 0.159

**
 0.069 0.041 0.105

*
 0.233

**
 

HC (cm) 0.130
**

 0.158
**

 0.132
**

 0.099
*
 0.096

*
 0.098

*
 0.151

**
 0.156

**
 0.117

*
 0.101

*
 0.122

**
 0.089 

NC (cm) 0.428
**

 0.370
**

 0.367
**

 0.395
**

 0.360
**

 -0.113 0.456
**

 0.423
**

 0.360
**

 0.428
**

 0.375
**

 -0.082 

W/H 0.100
*
 0.039 0.019 -0.066 0.052 0.218

**
 0.149

**
 0.083 -0.008 -0.036 0.034 0.251

**
 

W/Ht -0.052 -0.061 -0.116
*
 -0.191

**
 -0.100

*
 0.285

**
 -0.016 -0.048 -0.126

**
 -0.175

**
 -0.090 0.287

**
 

BAI -0.302
**

 -0.250
**

 -0.312
**

 -0.334
**

 -0.309
**

 0.214
**

 -0.304
**

 -0.284
**

 -0.292
**

 -0.345
**

 -0.286
**

 0.177
**

 

* P <0.05, ** P <0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, 

W/Ht: waist-to-height ratio, BAI: body adiposity index,  I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, L: left 

hand, 2D:4D: second to fourth digit ratio 

 

 

 

 



 

120 
 

 

Table 4.8: Correlation between digit length and digit ratio with anthropometric measures of adiposity in males 

Variables RI  

(mm) 

RII 

(mm) 

RIII 

(mm) 

RIV 

(mm) 

RV 

(mm) 

R2D:4D LI  

(mm) 

LII 

(mm) 

LIII 

(mm) 

LIV 

(mm) 

LV 

(mm) 

L2D:4D 

Age (years) -0.104 -0.235** -0.263** -0.348** -0.186** 0.230** -0.053 -0.222** -0.289** -0.332** -0.252** 0.184** 

Height(cm) 0.502** 0.451** 0.534** 0.404** 0.455** 0.088 0.559** 0.469** 0.534** 0.425** 0.472** 0.093 

Weight (kg) 0.343** 0.236** 0.257** 0.124* 0.224** 0.220** 0.398** 0.277** 0.249** 0.192** 0.235** 0.159** 

BMI (kg/m
2
) 0.167** 0.071 0.066 -0.033 0.053 0.205** 0.204** 0.108 0.059 0.039 0.062 0.125* 

WC (cm) 0.258** 0.119 0.089 -0.068 0.125* 0.373** 0.307** 0.154* 0.088 -0.009 0.106 0.300** 

HC (cm) 0.302** 0.149* 0.158** 0.084 0.130* 0.129* 0.335** 0.182** 0.153* 0.118 0.143* 0.120 

NC (cm) 0.297** 0.225** 0.211** 0.115 0.162** 0.217** 0.321** 0.289** 0.265** 0.207** 0.190** 0.155* 

W/H 0.116 0.044 -0.008 -0.192** 0.075 0.473** 0.166** 0.069 -0.006 -0.133* 0.031 0.369** 

W/Ht 0.133* 0.002 -0.046 -0.179** 0.005 0.362** 0.169** 0.035 -0.049 -0.121* -0.017 0.283** 

BAI -0.011 -0.130* -0.164** -0.164** -0.149* 0.071 -0.012 -0.109 -0.171** -0.142* -0.146* 0.055 

* P <0.05, ** P <0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, 

W/Ht: waist-to-height ratio, BAI: body adiposity index,  I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, L: left 

hand, 2D:4D: second to fourth digit ratio  
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Table 4.9: Correlation between digit length and digit ratio with anthropometric measures of adiposity in females 

Variables RI  

(mm) 

RII 

(mm) 

RIII 

(mm) 

RIV 

(mm) 

RV 

(mm) 

R2D:4D LI  

(mm) 

LII 

(mm) 

LIII 

(mm) 

LIV 

(mm) 

LV 

(mm) 

L2D:4D 

Age (years) -0.166* -0.205** -0.246** -0.268** -0.240** 0.122 -0.135 -0.156* -0.200** -0.284** -0.234** 0.313** 

Height(cm) 0.392** 0.576** 0.583** 0.582** 0.500** 0.002 0.397** 0.601** .0490** 0.567** 0.473** 0.011 

Weight (Kg) 0.145* 0.293** 0.219** 0.255** 0.233** 0.076 0.194** 0.315** 0.184** 0.242** 0.256** 0.125 

BMI (kg/m
2
) 0.006 0.095 0.008 0.049 0.058 0.089 0.051 0.106 0.012 0.039 0.097 0.139 

WC (cm) 0.013 0.126 0.074 0.071 0.028 0.113 0.068 0.150* 0.017 0.046 0.076 0.218** 

HC (cm) 0.124 0.292** 0.239** 0.302** 0.201** -0.011 0.148* 0.276** 0.186** 0.267** 0.232** -0.015 

NC (cm) 0.048 0.215** 0.142* 0.210** 0.160* 0.015 0.064 0.195** 0.123 0.147* 0.178* 0.086 

W/H -0.086 -0.093 -0.104 -0.165* -0.137 0.142* -0.033 -0.043 -0.141* -0.169* -0.111 0.294** 

W/Ht -0.085 -0.0178 -0.075 -0.078 -0.098 0.121 -0.032 0.001 -0.107 -0.099 -0.042 0.226** 

BAI -0.107 -0.041 -0.105 -0.037 -0.093 -0.009 -0.088 -0.075 -0.101 -0.065 -0.042 -0.019 

* P <0.05, ** P <0.001, BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, 

W/Ht: waist-to-height ratio, BAI: body adiposity index,  I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, L: left 

hand, 2D:4D: second to fourth digit ratio 

 



 

122 
 

4.4 Effects of  Physical Activity on Anthropometric Measures of Adiposity, Digit Ratio 

and  Blood Pressure 

From (Table 4.10) the overall effect of PA on the anthropometric measures of adiposity, BP 

and 2D:4D, was statistically significant as evidenced by progressive reduction in mean 

values of all the measured parameters with exception of BAI in males and HC in females  

Multiple comparison (Table 4.10 and 4.11) of differences in the mean body adiposity 

measures, BP and digit ratio along the PA ladder show that the body adiposity measures 

and BP significantly decreased on moving from lower levels of physical activity to higher 

levels but such difference was not observed for digit ratio. An exception to this trend was 

observed  for WC, NC and BAI. In females WC measure, there was no significant 

difference between subjects in moderate and optimal levels of PA. For NC, significant 

reduction was only observed between inactive and mild levels of PA while moderate and 

optimal PA levels did not  yield significant reduction in the mean value. There was no 

observed significant reduction between groups of all the levels of PA for BAI in both sexes. 
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Table 4.10: Effect of  physical activity on anthropometric measures of adiposity, 2D:4D and  blood pressure in male subjects 

 

Inactive (n=68) Mild PA (n=40) Moderate PA (n=86) Optimal PA (n=72)  

 Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD F P value 

Height (cm) 169.97 ± 5.73 170.09 ± 6.37 169.28 ± 5.86 167.70 ± 7.01 2.01 0.11 

Weight (Kg) 68.82 ± 14.24 66.90 ± 12.84 59.94 ± 10.02 59.12 ± 9.65 11.93 <0.001 

BMI (kg/m2) 23.72 ±  4.37
a,b

 23.04 ± 3.82
d,e

 20.92 ± 3.46
a,d

 21.03 ± 3.36
b,e,

 9.8 <0.001 

WC (cm) 85.79  ± 11.45
 a,b

 81.49 ± 10.60
 d,e

 74.73 ± 8.70
 a,d,f

 69.97 ± 6.96
 b,e,f

 38.07 <0.001 

HC (cm) 88.49 ± 9.77
a
 88.41 ± 7.91 87.04 ± 6.84 84.81 ± 6.19

b
 3.24 0.022 

NC (cm) 36.51 ± 2.72
 a,b

 35.47 ± 1.96
 d,e

 34.16 ± 1.92
 a,d

 34.26 ± 1.56
 b,e,

 20.38 <0.001 

W/H 0.97 ± 0.06
a,b,c

 0.92 ± 0.06
a,d,e

 0.86 ± 0.05
b,d,f

 0.82 ± 0.05
c,e,f

 98.5 <0.001 

W/Ht 0.50 ± 0.07
 a,b

 0.48 ± 0.06
 d,e

 0.44 ± 0.05
 a,d,f

 0.42 ± 0.04
 b,e,f

 33.86 <0.001 

BAI 21.96 ± 4.37 21.89 ± 3.60 21.58 ± 3.41 21.15 ± 3.45 0.65 0.58 

DBP (mmHg) 94.38 ± 11.88
 a,b,c

 87.30 ± 11.15
 a,d,e

 79.48 ± 5.89
 b,d,f

 72.56 ± 8.31
 c,e,f

 72.65 <0.001 

SBP (mmHg) 149.32 ±19.92
 a,b,c

 136.88 ±14.15
 a,d,e

 121.24 ± 9.71
 b,d,f

 111.26 ± 9.47
 c,e,f

 104.15 <0.001 

RI (mm) 75.43 ± 5.80 75.32 ± 4.60 73.36 ± 5.27 73.49 ±5.55 2.85 0.038 

RII (mm) 73.45 ± 4.85 73.54 ± 3.86 72.23 ± 5.05 71.57 ± 5.79 2.24 0.084 

RIII (mm) 81.03 ± 5.02 80.72 ± 4.12 79.88 ± 5.50 79.21 ± 6.26 1.54 0.20 

RIV (mm) 75.06 ± 5.40 75.77 ± 3.88 75.76 ± 5.30 75.93 ± 5.88 0.36 0.78 

RV (mm) 62.96 ± 4.46 62.53 ± 6.24 62.31 ± 5.04 60.82 ± 5.66 2.16 0.092 

R2D:4D 0.98 ± 0.03
 a,b

 0.97 ± 0.03
 d,e

 0.95 ± 0.03
 a,d

 0.94 ± 0.03
 b,e,

 18.82 <0.001 

LI (mm) 75.67 ± 5.76 74.79 ± 4.66 73.49 ± 4.95 72.76 ± 5.47 4.17 0.007 

LII (mm) 74.30 ±  4.21 74.84 ± 3.79 73.08 ± 5.01 71.85 ± 5.36 4.68 0.003 

LIII (mm) 81.14 ± 5.26 81.09 ± 4.85 80.54 ± 5.53 79.53 ± 6.34 1.17 0.32 

LIV (mm) 75.56± 4.66 77.14 ± 3.72 76.06 ± 5.11 75.83 ± 5.44 0.93 0.42 

LV (mm) 62.86 ± 4.59 62.51 ± 4.72 62.56 ± 5.00 61.00 ± 5.70 1.94 0.12 

L2D:4D 0.98 ± 0.03
a,b

 0.97 ± 0.02
c
 0.96 ± 0.04

a
 0.95 ± 0.03

b,c
 15.54 <0.001 

BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height ratio, BAI: 

body adiposity index,  I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, L: left hand, 2D:4D: second to fourth digit ratio, 

DBP: diastolic blood pressure, SBP: systolic blood pressure 
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Table 4.11: Effect of  physical activity on anthropometric measures of adiposity, 2D:4D and  blood pressure in female subjects 

 

Inactive (n=65) Mild (n=31) Moderate (n=76) Optimal (n=21) 

 Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD F P value 

Height (cm) 157.52 ± 7.37 158.54 ±  7.82 159.07 ± 5.19 159.41 ± 8.32 0.78 0.51 

Weight (Kg) 64.66 ± 14.44 56.11 ± 11.11 51.06 ± 9.49 47.93 ± 6.56 22.14 <0.001 

BMI (kg/m2) 25.92 ± 4.62
a,b,c

 22.32 ± 4.19
a,d,e

 20.11 ± 3.20
b,d

 18.94 ± 2.73
c,e

 34.53 <0.001 

WC (cm) 86.85 ± 12.12
 a,b,c

 77.25 ± 10.38
 a,d,e

 69.94 ± 8.90
 b,d

 65.67 ± 7.65
 c,e

 43.25 <0.001 

HC (cm) 91.11 ± 11.28 87.14 ± 8.68 88.30 ± 9.71 87.77 ± 7.10 1.64 0.18 

NC (cm) 33.08 ± 2.42
 a,b,c

 31.63 ± 2.47
 a
 30.70 ± 1.90

 b
 30.37 ± 2.14

 c
 16.83 <0.001 

W/H 0.95 ± 0.07
 a,b,c

 0.89 ± 0.10
 a,d,e

 0.79 ± 0.07
 b,d,f

 0.75 ± 0.05
e,c,f

 80.41 <0.001 

W/Ht 0.55 ± 0.07
 a,b,c

 0.49 ± 0.06
 a,d,e

 0.44 ± 0.05
 b,d

 0.41 ± 0.05
 c,e

 55.06 <0.001 

BAI 28.08 ± 4.95 25.71 ±  4.25 26.02 ± 4.45 25.74 ± 3.98 3.46 0.017 

DBP (mmHg) 98.29 ± 9.32
 a,b,c

 84.58 ± 8.55
 a,d,e

 77.38 ± 6.55
 b,d,f

 71.22 ± 7.45
 e,c,f

 109.82 <0.001 

SBP (mmHg) 154.34 ± 18.41
 a,b,c

 132.97 ± 11.29
 a,d,e

 116.95 ± 8.20
 b,d

 109.63 ± 7.10
 c,e

 128.19 <0.001 

RI (mm) 66.65 ±5.46 69.84 ± 5.19 68.38 ±  3.98 67.87 ± 5.72 3.2 0.024 

RII (mm) 67.98 ± 4.12 70.54 ± 5.51 69.28 ± 4.25 68.47 ± 4.22 2.62 0.052 

RIII (mm) 74.15 ± 4.79 77.37 ±  6.64 75.77 ± 4.40 76.04 ± 4.03 3.34 0.02 

RIV (mm) 68.58 ± 4.41 70.94 ± 5.25 70.36 ± 4.07 70.89 ± 4.45 3.22 0.024 

RV (mm) 56.25 ± 4.29 59.59 ± 3.83 57.77 ± 4.30 58.10 ±  3.60 4.88 0.0027 

R2D:4D 0.99 ± 0.02
 a
 0.99 ± 0.03

b
 0.98 ± 0.03 0.97 ± 0.05

a,b
 4.89 0.0027 

LI (mm) 66.66 ± 4.72 69.94 ± 5.23 68.15 ± 3.42 66.89 ± 4.89 4.46 0.0047 

LII (mm) 68.15 ± 4.18 70.74 ± 5.20 69.38 ± 4.27 68.60 ± 3.82 2.72 0.046 

LIII (mm) 74.78 ± 5.57 77.36  ± 6.01 76.70 ± 4.95 77.11 ± 6.19 2.36 0.073 

LIV (mm) 68.41 ± 4.57 71.63 ± 5.45 70.72 ± 4.34 70.69 ± 4.22 4.71 0.0034 

LV (mm) 56.64 ± 5.95 58.49 ± 4.48 58.07 ± 4.13 58.24 ± 4.19 1.57 0.198 

L2D:4D 1.00 ± 0.03
 a,b

 0.99 ± 0.03 0.98 ± 0.03
 a
 0.97 ± 0.03

b
 6.75 0.0002 

BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: waist-to-hip ratio, W/Ht: waist-to-height ratio, BAI: 

body adiposity index,  I: first digit, II: second digit, III: third digit, IV: fourth digit, V: fifth digit, R: right hand, L: left hand, 2D:4D: second to fourth digit ratio
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It was observed (Figures 4.9 – 4.15) that although the serum components of MetS, 

biomarkers and visceral adipose tissue had higher or similar baseline values in females 

when compared to male subjects, the rate of drop following PA was also more drastic in 

females and reached a lower value at the highest level of PA when compared to males. 

However, HDL-C and adiponectin remained higher in females even at optimal PA level. 

The effect of PA levels on the biomarkers showed that  SUA levels decreased significantly 

(P <0.05) and progressively. However, SUA levels did not show any significant reduction 

between moderate and optimal PA in both sexes. Effect of physical activity on serum    

adiponectin showed increased levels from lower to higher PA. However serum 

concentration of adiponectin did not also increase significantly (P > 0.05) between 

moderate and optimal PA in males. The effect of  PA on  FBG  (Fig. 4.11) showed that 

though significant reduction occurred in FBG level with increased PA, no significant 

reduction was observed between moderate and optimal PA in both sexes. Serum TC (Fig. 

4.12) level decreased significantly (P <0.05) with increasing PA. However, no significant 

reduction between inactive and mild PA level in occurred in females  as well as between 

moderate optimal PA in both  sexes. 

Significant (P <0.05) reduction in serum HDL-C (Fig. 4.13) was observed as PA increased  

to a higher level except between moderate and optimal PA, where the decrease was not 

significant in both sexes. Significant (P <0.05) reduction in serum TG (Fig. 4.14)   was 

observed  from a lower level of PA to a higher one except between moderate and optimal 

PA, where the decrease was not significant in both sexes. 
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Significant (P <0.05) reduction in serum LDL-C (Fig. 4.15) was observed on moving from 

a lower level of PA to a higher one except between inactive and mild PA in females, and 

between  moderate and optimal PA in both sexes. 

The effect of PA on VAI (Fig. 4.16) showed that though significant reduction in visceral 

adipose tissue occured with increase in PA, no significant reduction was observed between 

moderate and optimal PA in both sexes. It was also observed that no significant change in 

VAI occured between inactive and mild PA in females 
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Figure 4.9: Effect of physical activity on serum uric acid level (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 
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Figure 4.10: Efeect of physical activity on serum adiponectin (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 
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Figure 4.11: Effect of physical activity on sreum glucose level (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 
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Figure 4.12: Effect of physical activity on serum TC level (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 
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Figure 4.13: Effect of physical activity on serum HDL-C level (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 

 

 

0

10

20

30

40

50

60

70

In
ac

ti
ve

 

M
ild

 

M
o

d
er

at
e 

O
p

ti
m

al

In
ac

ti
ve

 

M
ild

 

M
o

d
er

at
e 

O
p

ti
m

al

Male Female

H
D

L-
C

(m
g/

d
l)

* 
* 

* 
* 

* 

* 
* 

* 

* 
* 

b 

b 
a 

a 

c 

c 

d 

d 



 

132 
 

 

 

 

 

 

Figure 4.14: Effect of physical activity on serum TG level (* indicates P <0.05 between 

categories of PA within sexes & similar letter superscript indicate P < 0.05 between sexes 

for each category of PA) 
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Figure 4.15: Effect of physical activity on serum LDL–C level (* indicates P <0.05 

between categories of PA within sexes & similar letter superscriptindicate P < 0.05 

between sexes for each category of PA) 
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Figure 4.16: Efeect of physical activity on VAI (* P < 0.05) 
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4.5 Prediction of Serum Components of MetS from Anthropometric Variables 

Stepwise multiple linear regression (Tables 4.12 and 4.13) for predicting componenets of 

MetS showed that WHR was the strongest predictor of all the componenets of MetS and for 

visceral adiposity but with varying percentage of accuracy. For visceral adipose tissue 

estimation, WHR had 71% and 77%  contribution to estimation in males and females 

respectively. For the serum components, the highest contribution of WHR in female was 

observed for LDL –C and TC  ( 81% and 82% respectively) while the lowest was for FBG 

in males (63%). For males WHR had the highest estimation ability for HDL-C (68%) and 

the lowest for FBG (60%). There was however little contribution from R2D:4D in FBG 

estimation for males and contribution from L2D:4D in LDL –C and TC estimation in 

females. For BP prediction, there were also contributions from digit ratio, digit length and 

other anthropometric indices. 
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Table 4.12: Stepwise multiple linear regression for estimation of serum component of MetS from anthropometric measurements in 

males 

Variables  Model R R
2
 SEE  F P Value 

FBG (mg/dl) 1. FBG= 260.32 (W/H) + (-147.43) 0.77 0.6 15.71 176.83 <0.0001 

 2. FBG= 266.07 (W/H) + 106.79(R2D:4D) 

+(-219.54) 

0.78 0.62 15.47 93.59 <0.0001 

TC (mg/dl) 1. TC= 358.48 (W/H) + (-145.26) 0.82 0.67 18.74 235.64 <0.0001 

 2. TC= 358.53 (W/H) + (-38.83) 0.82 0.68 18.51 122.8 <0.0001 

HDL-C (mg/dl) 1. HDL-C =70.74(W/H) + 107.17 0.82 0.68 3.6 248.5 <0.0001 

TG  (mg/dl) TG= 340.51(W/H) + (-186.41) 0.79 0.62 19.6 194.32 <0.0001 

 TG= 340.56(W/H) + (0.69)(Height) + (-

70.41) 

0.8 0.64 19.33 102.11 <0.0001 

LDL-C (mg/dl) 1. LDL= 361.12(W/H) + (-215.15) 0.82 0.67 18.69 240.57 <0.0001 

VAI VAI= 19.56 (W/H) + (-13.90) 0.844 0.71 0.92 291.81 <0.0001 

DBP (mmHg) 1. DBP=104.64 (W/H)+(-10.14) 0.66 0.43 9.34 200.78 <0.0001 

SBP (mmHg) 1. SBP= 200.94(W/H) + (-50.00) 0.78 0.6 12.66 403.44 <0.0001 

 2. SBP= 173.15(W/H) + 133.66(R2D:4D)+(-
153.57) 

0.8 0.64 12.02 238.47 <0.0001 

FBG: fasting glucose, TC: total cholesterol, HDL-C: high density lipoprotein, TG: triglyceride, LDL-C: low density lipoprotein, VAI; Visceral adiposity index , 

SBP; systolic blood pressure, DBP; systolic blood pressure,  W/H: waist-to-hip ratio, R2D:4D; right second to forth digit ratio,L2D:4D; left second to forth digit 

ratio, SEE: standard error of estimate, F:ratio of variation between sample means: variation within the sample 
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Table 4.13: Stepwise multiple linear regression for estimation of serum component of MetS from anthropometric measurements in 

females 

 

Variables Model R R
2
 SEE  F P Value 

FBG (mg/dl) 1. FBG= 326.05 (W/H) + (-191.68) 0.792 0.63 21.59 65.53 <0.0001 

TC (mg/dl) 1. TC= 466.70 (W/H) + (-231.10) 0.9 0.81 19.18 170.09 <0.0001 

 2. TC= 354.95 (W/H) + 405.41(L2D:4D) (-533.76) 0.93 0.86 16.79 117.34 <0.0001 

HDL- (mg/dl) 1. HDL-C =65.30(W/H) + 106.37 0.83 0.68 3.84 82.87 <0.0001 

TG (mg/dl) TG= 299.08(W/H) + (-146.30) 0.87 0.75 14.79 117.41 <0.0001 

LDL-C (mg/dl) 1. LDL= 472.19(W/H) + (-308.21) 0.91 0.82 18.66 183.84 <0.0001 

 2. LDL= 366.03(W/H) + 385.1(L2D:4D)+ (-595.72) 0.93 0.87 16.47 124.02 <0.0001 

VAI VAI= 18.06 (W/H) + (-11.74) .875b 0.77 0.86 127.37 <0.0001 

DBP (mmHg) 1. DBP=81.83 (W/H)+ 14.58 0.68 0.46 9.56 168.22 <0.0001 

 2. DBP=59.16 (W/H)+ 0.99(BMI) +12.14 0.74 0.55 8.72 121.38 <0.0001 

 3. DBP=56.75 (W/H)+ 0.98(BMI) + 62.06(R2D:4D) + (-46.95) 0.76 0.58 8.52 88.43 <0.0001 

 4. DBP=47.18 (W/H)+ 1.46(BMI) + 59.70(R2D:4D) + (-
0.54)(BAI)+ (-32.66) 

0.77 0.59 8.38 70.24 <0.0001 

SBP (mmHg) 1. SBP= 153.98(W/H) + (-0.90) 0.76 0.58 14.29 266.53 <0.0001 

 2. SBP= 141.32(W/H) + 158.99(L2D:4D)+(-146.87) 0.79 0.62 13.62 157.3 <0.0001 

 3. SBP= 138.48(W/H) + 163.26(L2D:4D)+(-0.44) (Height) (-79.30) 0.8 0.63 13.32 112.89 <0.0001 

 4. SBP= 121.99(W/H) + 165.36(L2D:4D)+(-0.45) (Height) + 

0.71(BMI)+ (-80.43) 

0.81 0.65 13.05 90.6 <0.0001 

 11. SBP= 226.38(W/H) + 120.64(L2D:4D) + 7.63(BMI)+ (-2.62) 
(Weight) + (-7.68)(BAI) + 561.75(W/Ht) + 1.26(NC) + (51.20) 

0.84 0.71 12.08 65.39 <0.0001 

 

FBG: fasting glucose, TC: total cholesterol, HDL-C: high density lipoprotein, TG: triglyceride, LDL-C: low density lipoprotein, VAI; Visceral adiposity index , 

SBP; systolic blood pressure, DBP; systolic blood pressure,  W/H: waist-to-hip ratio, R2D:4D; right second to forth digit ratio,L2D:4D; left second to forth digit 

ratio, SEE: standard error of estimate, F:ratio of variation between sample means: variation within the sample
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4.6 Cut-off Values with Sensitivity and Specificity of Anthropometric Variables for 

Each MetS Component 

The ROC curve (Fig 4. 17–4.30) showed that most of the anthropometric indices were 

above the reference line for prediction. The index with the highest area under the curve was 

WHR while the indexes with the lowest were BAI and HC which were  slightly above or 

below the reference line for prediction of  components of MetS. The cut off value of most 

of the anthropometric measures for the different MetS componenets were higher in males 

compared to females except for BAI and WHtR which was higher in females. For the digit 

ratio, the values were very similar but did not show a constant pattern. WHR was the 

anthropometric index that had the highest sensitivity and specificity at its cut off values for 

the various MetS indices. It was observed also that, in terms of optimal combination of both 

measures of the validity of a screening tool (sensitivity and specificity) at  cut off points,  

BAI, HC and NC were weaker compared to other anthropometric measures. 
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Figure 4.17: ROC curve for determination of cut off  value of the anthropometric indices for fasting blood glucose in males. 

 

  

 

Variables Area SE Sig Lower CI  Upper CI Cut off Sensit. Specif. YI 

BMI 0.73 0.08 0.002 0.573 0.888 24.10 0.71 0.81 1.51 

WC (cm) 0.856 0.054 <0.0001 0.751 0.962 87.65 0.76 0.91 1.68 

HC (cm) 0.628 0.087 0.091 0.458 0.798 93.95 0.53 0.81 1.34 

NC (cm) 0.819 0.056 <0.0001 0.71 0.928 37.00 0.71 0.83 1.54 

W/H 0.937 0.026 <0.0001 0.886 0.988 0.95 0.88 0.87 1.76 

W/Ht 0.837 0.056 <0.0001 0.727 0.946 0.48 0.88 0.70 1.58 

BAI 0.581 0.083 0.284 0.419 0.743 26.57 0.35 0.91 1.27 

R2D:4D 0.879 0.042 <0.0001 0.798 0.961 0.98 0.88 0.83 1.71 

L2D:4D 0.845 0.057 <0.0001 0.734 0.956 0.99 0.88 0.80 1.68 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.18: ROC curve for determination of cut off  value of the anthropometric indices for fasting blood glucose in females. 

 

 

 

 

Variables Area SE Sig Lower CI  Upper CI Cut off Sensit. Specif. YI 

BMI 0.643 0.090 0.121 0.467 0.818 21.82 1.00 0.48 1.48 

WC (cm) 0.806 0.071 0.001 0.667 0.944 87.35 0.72 0.87 1.59 

HC (cm) 0.446 0.095 0.554 0.259 0.633 80.90 1.00 0.17 1.17 

NC (cm) 0.748 0.078 0.007 0.595 0.900 32.95 0.67 0.78 1.45 

W/H 0.903 0.047 0.000 0.811 0.996 0.93 0.89 0.83 1.71 

W/Ht 0.807 0.070 0.001 0.669 0.944 0.53 0.89 0.70 1.58 

BAI 0.428 0.092 0.431 0.247 0.608 35.20 0.11 1.00 1.11 

R2D:4D 0.848 0.059 0.000 0.732 0.964 0.97 1.00 0.57 1.57 

L2D:4D 0.889 0.054 0.000 0.784 0.994 0.99 0.94 0.78 1.73 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.19: ROC curve for determination of cut off value of the anthropometric indices for serum TC in males 

. 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit. Specif. YI 

BMI 0.70 0.07 0.0011 0.57 0.83 24.10 0.62 0.85 1.47 

WC (cm) 0.84 0.05 0.0000 0.75 0.93 87.65 0.66 0.97 1.62 

HC (cm) 0.58 0.07 0.2237 0.43 0.72 100.15 0.31 0.99 1.30 

NC (cm) 0.79 0.06 0.0000 0.68 0.90 37.00 0.62 0.88 1.50 

W/H 0.97 0.01 0.0000 0.94 0.99 0.94 0.90 0.90 1.80 

W/Ht 0.84 0.04 0.0000 0.75 0.92 0.46 0.90 0.63 1.52 

BAI 0.55 0.07 0.3925 0.42 0.69 26.57 0.31 0.93 1.24 

R2D:4D 0.83 0.04 0.0000 0.75 0.92 0.98 0.83 0.79 1.62 

L2D:4D 0.75 0.06 0.0001 0.63 0.86 0.99 0.66 0.81 1.47 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.20: ROC curve for determination of cut off value of the anthropometric indices for serum TC in females 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit. Specif. YI 

BMI 0.70 0.09 0.0266 0.53 0.87 22.82 0.86 0.60 1.46 

WC (cm) 0.90 0.05 0.0000 0.80 0.99 87.65 0.67 1.00 1.67 

HC (cm) 0.53 0.10 0.7346 0.34 0.73 89.80 0.86 0.45 1.31 

NC (cm) 0.84 0.06 0.0002 0.72 0.96 33.20 0.57 0.95 1.52 

W/H 0.92 0.05 0.0000 0.82 1.00 0.90 0.90 0.90 1.80 

W/Ht 0.88 0.05 0.0000 0.77 0.99 0.53 0.90 0.75 1.65 

BAI 0.49 0.09 0.8756 0.30 0.67 26.61 0.81 0.35 1.16 

R2D:4D 0.84 0.07 0.0002 0.71 0.97 0.97 1.00 0.65 1.65 

L2D:4D 0.89 0.05 0.0000 0.79 0.99 0.99 0.90 0.85 1.75 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.21: ROC curve for determination of cut off value of the anthropometric indices for HDL-C  in males 

. 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.66 0.06 0.0053 0.54 0.78 24.10 0.53 0.84 1.37 

WC (cm) 0.80 0.04 0.0000 0.72 0.89 78.95 0.85 0.64 1.49 

HC (cm) 0.55 0.06 0.3871 0.43 0.67 100.15 0.21 0.97 1.17 

NC (cm) 0.76 0.05 0.0000 0.66 0.86 37.00 0.56 0.88 1.44 

W/H 0.92 0.02 0.0000 0.88 0.97 0.91 0.94 0.81 1.76 

W/Ht 0.81 0.04 0.0000 0.72 0.89 0.46 0.88 0.65 1.53 

BAI 0.55 0.06 0.3514 0.44 0.67 23.34 0.41 0.72 1.13 

R2D:4D 0.87 0.04 0.0000 0.79 0.95 0.98 0.76 0.92 1.68 

L2D:4D 0.80 0.05 0.0000 0.71 0.89 0.98 0.76 0.79 1.56 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.22: ROC curve for determination of cut off value of the anthropometric indices for HDL-C  in females. 

.  

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.79 0.08 0.0019 0.64 0.95 21.82 0.92 0.60 1.52 

WC (cm) 0.87 0.05 0.0001 0.76 0.97 87.25 0.65 1.00 1.65 

HC (cm) 0.46 0.11 0.6947 0.26 0.67 88.50 0.88 0.33 1.22 

NC (cm) 0.72 0.08 0.0192 0.56 0.88 33.20 0.46 0.93 1.39 

W/H 1.00 0.00 0.0000 0.99 1.00 0.86 0.96 1.00 1.96 

W/Ht 0.95 0.03 0.0000 0.88 1.00 0.52 0.96 0.80 1.76 

BAI 0.54 0.10 0.6847 0.35 0.73 26.61 0.81 0.40 1.21 

R2D:4D 0.87 0.07 0.0001 0.72 1.00 0.97 0.96 0.80 1.76 

L2D:4D 0.91 0.05 0.0000 0.81 1.00 0.99 0.85 0.93 1.78 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.23: ROC curve for determination of cut off value of the anthropometric indices for TG in males 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.68 0.07 0.0064 0.53 0.82 24.10 0.65 0.84 1.49 

WC (cm) 0.81 0.05 0.0000 0.71 0.91 86.60 0.65 0.87 1.53 

HC (cm) 0.56 0.07 0.3361 0.42 0.70 90.10 0.58 0.65 1.23 

NC (cm) 0.76 0.06 0.0000 0.64 0.88 36.35 0.65 0.82 1.47 

W/H 0.92 0.02 0.0000 0.88 0.97 0.91 0.96 0.76 1.72 

W/Ht 0.82 0.05 0.0000 0.73 0.91 0.50 0.69 0.85 1.54 

BAI 0.56 0.07 0.3524 0.43 0.69 26.26 0.31 0.88 1.19 

R2D:4D 0.75 0.06 0.0001 0.64 0.86 0.98 0.69 0.81 1.50 

L2D:4D 0.74 0.06 0.0002 0.62 0.86 1.00 0.58 0.88 1.46 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.24: ROC curve for determination of cut off value of the anthropometric indices for TG in females 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.63 0.09 0.2568 0.45 0.80 22.73 1.00 0.44 1.44 

WC (cm) 0.72 0.10 0.0508 0.51 0.92 89.05 0.67 0.88 1.54 

HC (cm) 0.47 0.11 0.7768 0.25 0.68 82.90 1.00 0.16 1.16 

NC (cm) 0.75 0.09 0.0243 0.57 0.92 32.95 0.78 0.69 1.47 

W/H 0.80 0.08 0.0068 0.65 0.95 0.97 0.78 0.81 1.59 

W/Ht 0.73 0.09 0.0376 0.55 0.90 0.52 1.00 0.41 1.41 

BAI 0.56 0.11 0.6143 0.34 0.77 29.74 0.67 0.63 1.29 

R2D:4D 0.61 0.09 0.3289 0.43 0.78 0.97 1.00 0.44 1.44 

L2D:4D 0.77 0.07 0.0128 0.63 0.92 1.00 1.00 0.63 1.63 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.25: ROC curve for determination of cut off value of the anthropometric indices for LDL-C in males. 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.44 0.05 0.829 0.35 0.53 22.79 0.44 1.00 1.44 

WC (cm) 0.52 0.05 0.942 0.43 0.61 78.65 0.52 1.00 1.52 

HC (cm) 0.13 0.03 0.209 0.07 0.20 96.70 0.13 1.00 1.13 

NC (cm) 0.42 0.05 0.795 0.33 0.51 35.25 0.41 1.00 1.41 

W/H 0.87 0.03 0.199 0.81 0.93 0.82 0.87 1.00 1.87 

W/Ht 0.60 0.04 0.740 0.51 0.68 0.45 0.60 1.00 1.60 

BAI 0.34 0.04 0.573 0.25 0.42 23.32 0.34 1.00 1.34 

R2D:4D 0.55 0.05 0.851 0.47 0.64 0.96 0.55 1.00 1.55 

L2D:4D 0.80 0.04 0.305 0.73 0.87 0.95 0.80 1.00 1.80 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.26: ROC curve for determination of cut off value of the anthropometric indices for LDL-C in females 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.90 0.07 0.001 0.77 1.00 20.76 0.97 0.75 1.72 

WC (cm) 0.84 0.07 0.003 0.70 0.97 85.00 0.61 1.00 1.61 

HC (cm) 0.58 0.14 0.500 0.31 0.85 88.50 0.88 0.50 1.38 

NC (cm) 0.71 0.11 0.063 0.49 0.94 30.85 0.79 0.63 1.41 

W/H 0.89 0.05 0.001 0.78 0.99 0.83 0.82 1.00 1.82 

W/Ht 0.91 0.04 0.000 0.83 1.00 0.52 0.85 1.00 1.85 

BAI 0.60 0.10 0.366 0.40 0.80 32.01 0.30 1.00 1.30 

R2D:4D 0.89 0.05 0.001 0.79 1.00 0.97 0.82 0.88 1.69 

L2D:4D 0.86 0.06 0.002 0.74 0.98 0.99 0.70 1.00 1.70 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.27: ROC curve for determination of cut off value of the anthropometric indices for DBP  in males 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.73 0.03 0.0000 0.66 0.80 23.24 0.61 0.77 1.38 

WC (cm) 0.83 0.03 0.0000 0.78 0.88 79.45 0.78 0.76 1.54 

HC (cm) 0.62 0.04 0.0019 0.55 0.70 88.05 0.58 0.66 1.24 

NC (cm) 0.76 0.03 0.0000 0.70 0.83 34.95 0.78 0.66 1.44 

W/H 0.90 0.02 0.0000 0.87 0.94 0.87 0.96 0.66 1.62 

W/Ht 0.79 0.03 0.0000 0.73 0.85 0.47 0.74 0.74 1.49 

BAI 0.50 0.04 0.9433 0.42 0.58 18.20 0.91 0.21 1.12 

R2D:4D 0.78 0.03 0.0000 0.72 0.85 0.97 0.72 0.81 1.52 

L2D:4D 0.74 0.03 0.0000 0.68 0.81 0.97 0.69 0.72 1.41 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.28: ROC curve for determination of cut off value of the anthropometric indices for DBP in females 

 

 

 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.85 0.03 0.0000 0.79 0.90 23.32 0.70 0.88 1.58 

WC (cm) 0.89 0.02 0.0000 0.84 0.94 72.15 0.91 0.72 1.63 

HC (cm) 0.61 0.04 0.0019 0.55 0.72 88.05 0.72 0.63 1.35 

NC (cm) 0.81 0.03 0.0000 0.75 0.87 31.25 0.80 0.74 1.54 

W/H 0.94 0.02 0.0000 0.90 0.98 0.87 0.93 0.93 1.86 

W/Ht 0.90 0.02 0.0000 0.85 0.94 0.43 0.97 0.47 1.45 

BAI 0.62 0.04 0.0035 0.54 0.71 27.52 0.59 0.71 1.30 

R2D:4D 0.64 0.04 0.0011 0.56 0.71 0.98 0.66 0.60 1.26 

L2D:4D 0.67 0.04 0.0000 0.60 0.75 0.99 0.57 0.78 1.35 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.29: ROC curve for determination of cut off value of the anthropometric indices for SBP in males 

 

 

 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.74 0.03 0.0000 0.68 0.80 24.10 0.48 0.91 1.39 

WC (cm) 0.87 0.02 0.0000 0.83 0.91 76.65 0.86 0.75 1.61 

HC (cm) 0.63 0.04 0.0004 0.56 0.70 89.30 0.53 0.75 1.28 

NC (cm) 0.76 0.03 0.0000 0.70 0.82 35.05 0.69 0.72 1.41 

W/H 0.95 0.01 0.0000 0.93 0.98 0.89 0.95 0.83 1.78 

W/Ht 0.87 0.02 0.0000 0.82 0.91 0.45 0.91 0.72 1.63 

BAI 0.58 0.04 0.0256 0.51 0.65 26.15 0.24 0.93 1.17 

R2D:4D 0.76 0.03 0.0000 0.70 0.82 0.97 0.62 0.84 1.46 

L2D:4D 0.75 0.03 0.0000 0.68 0.81 0.98 0.64 0.77 1.41 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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Figure 4.30: ROC curve for determination of cut off value of the anthropometric indices for SBP in females 

Variables Area SE Sig Lower CI Upper CI Cut off Sensit Specif YI 

BMI 0.83 0.03 0.0000 0.77 0.89 23.32 0.65 0.87 1.52 

WC (cm) 0.87 0.03 0.0000 0.82 0.92 71.95 0.90 0.71 1.61 

HC (cm) 0.57 0.04 0.0840 0.49 0.66 88.05 0.66 0.60 1.26 

NC (cm) 0.76 0.04 0.0000 0.69 0.83 31.05 0.77 0.68 1.45 

W/H 0.96 0.01 0.0000 0.93 0.99 0.87 0.90 0.94 1.84 

W/Ht 0.90 0.02 0.0000 0.86 0.94 0.43 0.99 0.48 1.47 

BAI 0.61 0.04 0.0080 0.53 0.69 27.52 0.56 0.70 1.26 

R2D:4D 0.65 0.04 0.0005 0.57 0.72 0.97 0.93 0.35 1.28 

L2D:4D 0.71 0.04 0.0000 0.64 0.79 0.98 0.70 0.68 1.37 

BMI: body mass index, WC: waist circumferences, HC: hip circumferences, NC; neck 

circumferences, W/H: waist to hip ratio, WHt: waist to height ratio, R2D:4D: right second to fouth 

digit ratio, L2D:4D: left second to fouth digit ratio, sensit: sensitivity, specif: specificity, SE: 

standard error, YI: Youden‟s  index, CI:confidence interval 
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CHAPTER FIVE 

5.0 DISCUSSION 

This cross sectional study was conducted to determine the effect of body adiposity indices, 

2D:4D ratio and level of physical activity on MetS in a sample of urban and rural populace 

of Hausa ethnic group in Kano, Nigeria. The significantly higher 2D:4D ratio observed in 

the female subjects of this study is in keeping with previous studies (Manning et al., 1998; 

Manning et al., 2002; Putz et al., 2004; McIntyre et al., 2006; Trivers et al., 2006; 

Danborno et al., 2010; Oyeyemi et al., 2014; Xu and Zheng, 2015; Oyeyemi et al., 2016). 

This difference has been widely attributed to the differential effects of androgen and 

oestrogen on the ring and index fingers during intrauterine development (Manning et al., 

1998; Malas et al., 2006; Trivers et al., 2006; .Galis et al., 2010; Manning, 2010; Zhao et 

al., 2012). It is note worthy from the present study that even though the sexual dimorphism 

observed in 2D:4D agrees with previous studies, the observed  mean values were higher 

than the suggested normal range of 0.947 ± 0.029 and 0.965 ± 0.026 in males and females 

respectively (Loehlin et al., 2012).  

It is documented that ethnicity (Manning et al., 2004; 2007) and geographical factors 

(Loehlin et al., 2006) significantly affect the digit ratio and that ethic variation even 

exceeds the sexual differences (Manning et al., 2004; 2007). This means that the difference 

in geographical location and ethnicity may partly explain the variation observed in this 

study. Also, considering that some of the subjects of the present study were pooled from a 

clinic, a higher number of subjects compared to the general population may be harbouring 

some MetS indices and excessive adipose tissue, and since adiposity measures have been 
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shown to be positive correlates of 2D:4D (Danborno et al., 2008; Oyeyemi et al., 2014; 

Umut et al., 2015), higher digit ratio may characterize some of the subjects of this study.    

The observation from the present study that HC and WHtR were significantly higher in 

female than in males subjects is also in agreement with previous studies (Zhang et al., 

2013b; Ahmad et al., 2015). For the HC, this difference is likely linked to the fat 

distribution effect of oestrogen, in that; there is preferential deposition of fats in the hip and 

thigh region in females (Lemieux et al., 1993; Kuke et al., 2005). WHtR is a fraction with 

body height as denominator and since studies revealed that the mean height of males is 

significantly higher than that of females (Zhang et al., 2013b; Mousa and Fares, 2015), this 

may explain why the mean WHtR of females is higher than that of males as observed in our 

study.  The mean values of  BMI  and BAI of females were reported to be higher than those 

in males, while that of WC was  higher in males than in females (Andreas et al., 2013; 

Zhang et al., 2013b; Ahmad et al., 2015). In the present study, there was no significant 

difference in these indices.  

BMI as an index of body adiposity is reported to have limitations in certain individuals 

including younger and older people (Camhi et al., 2011; Freedman et al., 2012) and since 

this study included some teenagers and older adults who represents such age group in 

whom BMI was reported to be less effective, this may explain why sexual dimorphism in 

BMI was not observed in this study. Moreover, body adiposity measures are tightly linked 

with metabolic parameters (Akuyam et al., 2009; Anyanwu et al., 2011; Zhang et al., 2013) 

especially visceral adiposity to which WC is a pointer (Lemieux et al., 1999; Després et al., 

2000; Lara-Castro et al., 2002) consequently, the presence and distribution of this 

metabolic parameters among the subjects of the study may affect sexual dimorphism in 
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these adiposity measures. Furthermore, considering the fact that the subjects recruited for 

this study included subjects from Outpatient Departments of hospitals, some of whom were 

newly diagnosed hypertensives, diabetics or having hypertension–diabetes co–morbidity, 

this may affect the body adiposity trend and may be the reason why BMI and WC did not 

show sexual dimorphism in this study. Additionally, the age group of the women in this 

study included women of reproductive age, expectedly, many would be multiparous and 

this could cause laxity of the anterior abdominal wall muscles leading to higher 

measurements of WC in females. The significantly higher NC and WHR observed for 

males of this study are in concordance with previous studies (Fink et al., 2003; Fink et al., 

2006;Neelambika and Sowmya, 2015). This finding may not be unconnected with the fact 

that testosterone encourages fat deposition in the upper trunk (Lemieux et al., 1993).  

The significantly higher mean serum concentrations of FBG and TC observed in females of 

this study is a pointer to the higher incidence of adverse metabolic profile in the females 

compared to males. This impression is strengthened by the higher mean values of visceral 

adiposity in females as measured by VAI which has been shown to be the hallmark of MetS 

phenotype (Bay, 2011). Similar to this study, many previous studies reported  higher mean 

values for HDL–C in females when compared to males (Sabir et al., 2013; Mousa and 

Fares, 2015).  

The observation from the present study that VAI was higher in females slightly deviates 

from previous studies (Kuke et al., 2005; Amato et al., 2010; Amato and Giordano, 2014) 

which were conducted on other populations that differ from those of the present study in 

terms of race, ethnicity and environmental influence. These variations in the characteristics 

of the study population may be the basis for this observed deviation. Salomon et al. (2011) 
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reported that differences in methods employed for visceral fat estimation may yield 

different results. Therefore, since various observers employed different technique, this may 

account for differences in findings. Also, as noted earlier, the female subjects of our study 

were likely to have laxed anterior abdominal wall muscles resulting from pregnancies and 

deliveries and as such likely to have raised WC measurement. Since WC is a component of 

the sex specific model employed in this study for estimating visceral fat, this may account 

for the higher values of VAI observed in females of this study and may probably represent 

an inherent drawback in the model proposed by Amato and Giordano (2014). This means 

that the accuracy of this model may be limited in some subjects exemplified by multiparous 

women in whom  factors other than intra-abdominal visceral fat may contribute to the value 

of WC measurement. In keeping with the present study however, Andreas et al.(2015) used 

VAI as the tool for visceral adipose tissue estimation and showed the mean value to be 

higher in females. 

In the present study, unlike many studies comparing the mean values of uric acid and 

adiponectin in males and females, the levels of these analytes showed no significant 

difference in their mean values. As independent biomarkers of MetS, SUA have been 

shown to be higher in males (Zheng et al., 2013), while adiponectin was higher in females 

(Pedersen et al., 2004; Mattsson and Olsson, 2007). In this study, there was a slight 

deviation from this trend in that, no significant difference was observed in the mean values 

of SUA and adiponectin. The lower levels of SUA in females reported in many studies is 

attributed to the uricosuric effect of oestrogen (Nicholls et al., 1973) and the higher level of 

adiponectin in females was also thought to be associated with levels of circulating 

oestrogen (Pedersen et al., 2004; Mattsson and Olsson, 2007). Since the level of oestrogen 
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significantly drops post-menopausally (Lovejoy et al., 2008; Keller et al., 2010), body 

functions driven principally by this sex hormone may demonstrate a trend reversal. 

Considering the age group of subjects recruited for this study, women falling within the 

post menopausal age range were included and this may explain the absence of significant 

sexual dimorphism observed for SUA and adiponectin in this particular study. Furthermore, 

since the indicators of adverse metabolic profile especially the VAI was significantly higher 

in females, it means the serum levels of protective  biomarker (adiponectin) will likely 

decrease, while that of SUA will increase in females. This may explain the seemingly 

reversed trend of SUA and adiponectin seen in this study.  

The positive correlation between the indices of body adiposity and components of MetS 

observed in the present study is in keeping with many studies (Mathieu et al., 2009; 

Whitlock et al., 2009; Eckel et al., 2010; Simmons et al., 2010; Okamkpa et al., 2016). 

Similarly, the positive correlation between body adiposity measures and SUA and their 

negative correlation with adiponectin as observed in this study is also in conformity with 

previous findings (Hu et al., 1996; Hotta et al., 2000; Weyer et al., 2001; Hotta et al., 2001 

and Stefan et al., 2002).  

The positive correlation of SUA with MetS as observed in the present study agrees with 

previous studies (Billiet et al., 2014), and is believed to have an evolutionary basis resulting 

from uricase mutation in order to confer a survival advantage by helping to maintain blood 

pressure (BP), stimulate salt-sensitivity, induce insulin resistance (IR) and obesity, thereby 

helps promote survival during a period of famine or stress (Johnson et al., 2008). Studies 

have also shown that hyperuricaemia is an independent predictor of MetS (Kadiri and 

Salako 1997; Billiet et al., 2014). Also since many studies have demonstrated the protective 
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effect of adiponectin against MetS (Hu et al., 1996; Arita et al., 1999; Hotta et al.,2000; 

Weyer et al., 2001), it therefore means that, as obtained in this study, all adverse metabolic 

indicators are expected to correlate inversely with adiponectin and positively with SUA. 

The antagonistic effect of adiponectin against MetS which may be the basis for the inverse 

correlation observed in the present study was reported to result from its anti-atherogenic 

(Okamoto et al., 2002; Ouchi et al., 2001), anti-diabetic (Yamauchi et al., 2002; Stefan et 

al., 2003) and anti-inflammatory (Maeda et al., 2002; Engeli et al., 2003) effects. 

Therefore, similar to the result obtained in this study, low plasma levels of adiponectin is 

reported to characterize higher measures of body adiposity and adverse metabolic 

parameters (Engeli et al., 2003). In this study, one of the serum components of MetS, HDL 

correlated negatively with body adiposity measures. This finding is also similar to those of 

many studies (Bergman et al., 2006). Consequent to this inverse relationship, unlike other 

serum components, lower levels of HDL characterize obesity and MetS (Bergman et al., 

2006). Also, significant correlation between anthropometric measures of adiposity and VAI 

observed in this study is in line with documented reports showing positive correlation 

between various measures of visceral adiposity and anthropometric measures (Lemieux et 

al., 1999; Després et al., 2000; Lara-Castro et al., 2002).  

Comparing the pattern of correlations observed in this study to those of previous studies, 

while close similarities were observed for some of the indices, wide variations were noted 

in others. These variations are not unexpected as there is currently an ongoing controversy 

on the adiposity measure with the highest discriminatory power for MetS because of 

conflicting reports from different ethnicity and populations (Lin et al., 2002; Hsieh et al., 

2003; Tulloch-Reid et al., 2003; Shao et al., 2010). The relatively weak correlation of BMI 
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with MetS indices and VAI when compared with indices of centripetal adiposity as found 

in this study is supported by many other studies (Alberti et al., 1998; Einhorn et al., 2003; 

Grundy et al., 2005; Pischon et al., 2008; MacKay et al., 2009).  

There is increasing number of publications pointing at the probable superiority of central 

measures of adiposity compared to BMI (Einhorn et al., 2003; Grundy et al., 2005; Pischon 

et al., 2008; MacKay et al., 2009). This is mainly because of its reported tight association 

with intra–abdominal visceral fat which is a critical determinant of MetS (Yki-Jarvinen and 

Westerbacka, 2005; Adiels et al., 2008; Korenblat et al., 2008). Also, the unique anatomic 

location of visceral adipose tissue (Kraegen et al., 1991), difference in structural and 

functional characteristics between visceral and subcutaneous adipocytes (Matsuzawa, 2008; 

Mathieu et al., 2009; Browninget al., 2010), differernce in pattern of vascularisation 

(Bergman et al., 2001; Bélanger et al., 2002) are additional theories that have been put 

forward to explain these findings of central adiposity measures correlating with MetS better 

than BMI.  

Additionally, in the case of the present study which included adults of advanced age, since 

elderly people are more likely to be physically inactive and physical inactivity has been 

shown to preferentially increase visceral adipose reserve (Ross and Janiszewski, 2006) 

manifesting as increased central adiposity measure, this factor may further contribute to the 

superiority of central indices over BMI as observed in this study. In line with this, a 

relatively higher prevalence of diabetes and/or hypertension among Indian-Asians who had 

similar anthropometric dimension and common socio-demographic characteristics with 

other Indians was solely attributed to higher truncal obesity indices rather than BMI (Shaw 

et al., 2010). Contrarily, there are some studies which either showed both to be equivalent 
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or found BMI to be superior in its discriminatory power for all or some components of 

MetS. For example, Wang et al. (2003) and Ford et al. (2003) contested the superiority of 

waist circumference over BMI. This is seen in a study demonstrating a relation between 

increased central obesity and adverse clinical consequences, which used measurements of 

WC made at 14 different anatomic sites and showed that measurements made at the 4 most 

commonly used sites (mid-point between iliac crest and the lowest rib, superior border of 

iliac crest, level of umbilicus and minimal circumference between the lower end of xiphoid 

process and umblicus) yielded quite different absolute values for WC. On the basis of this 

observation, it was deduced that there is no significant difference in the predictive strengths 

of BMI and waist indices and it does not seem that knowledge of the WC provides any 

unique clinical insight and that either the BMI or WC can be used by clinicians (Wang et 

al., 2003).  

Differing from the present study, a study  has  observed that  the emphasis on the 

importance of  measurement of central obesity to help identify apparently healthy subjects 

who are more likely to develop metabolic disease is somewhat paradoxical,  given the 

evidence from the National Health and Nutrition Examination Survey showing that 

measurements of BMI and WC correlated highly (r = 0.9), regardless of age, gender, or 

ethnicity, stressing that if the 2 measures of excess adiposity are so closely related, it is not 

immediately apparent why one should be more indicative of metabolic risk than the other 

(Ford et al., 2003). Still contrary to the finding of the present study, evidence obtained from 

some other studies either equates BMI to truncal obesity indices or upholds BMI over the 

truncal indices (Haffner et al., 1990; Gautier et al., 1999; Tulloch-Reid et al., 2003; Wang 

et al; 2005). For example, a study among Indian population shows that increases in visceral 



 

161 
 

obesity did not correlate with decreases in insulin-mediated glucose disposal in Pima 

Indians (Gautier et al., 1999).  

In another study, unlike the findings of the the present study, BMI was the estimate of 

adiposity with the highest hazard ratio in the prediction of type 2 DM (Tulloch-Reid et al., 

2003). Also contrary to the observation in the present study, a prospective study of 

Mexican-Americans reported that those patients with the highest baseline plasma glucose 

and insulin values were most likely to develop type 2 DM independent of differences in 

age, BMI or central obesity measures (Haffner et al., 1990). In addition, a prospective study 

in predominantly white population, deviating from the present study concluded that 

generalized and central adiposity strongly and independently predicts risk of type 2 DM 

(Wang, 2005). Furthermore, study of obesity trend in a multi-ethnic group has shown that 

BMI is more strongly associated with blood pressure than abdominal obesity (Seidell et al., 

1991).  

However in keeping with the findings of the present study, it is reported that, the clustering 

of dyslipidaemia, hyperuricaemia, DM and hypertension described in Whites and Africans 

was most strongly related to BMI, although the magnitude decreased when adjusted for 

differences in BMI and abdominal obesity (Schmidt et al., 1996). Additionally, an 

observational study on the natives of northern Ibadan, Nigeria investigated the relationship 

between two anthropometric measurements for obesity – BMI and WHR and the BP of 

Nigerians aged 15-85 years and the results showed that WHR and BMI had a similar linear 

relationship with the blood pressure of the participants (Sanya et al., 2009). These wide 

variation and conflicting reports on the comparison of generalized and central adiposity 

measure may suggest that there are probably population specific factors that affect and 
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determine the interrelationship between body adiposity measures and MetS. These factors 

may include race, ethnicity, diet and physical activity level. For example, in the case of 

race, it is documented that blacks have lower body fat content for the same adiposity 

measure when compared to whites (Deurenberg et al., 1998). Since adipose tissue reserve 

is the main consideration, this has implication on the interrelationship between adiposity 

and metabolic parameters and it also means that subjects belonging to different races, 

although may have similar adiposity measures, but the MetS parameters and their pattern of 

relationship with adiposity may differ.  

In case of physical activity, individuals with similar body adiposity measures but different 

levels of physical activity may have different metabolic profile since PA has been shown to 

correlate negatively with metabolic parameters independent of adiposity measures 

(Andersen, 2006; Butte et al., 2007). In any case, the difference between the results of the 

present study compared to those obtained from different populations on this issue further 

strengthen the current recommendation that anthropometric criteria for metabolic risk 

assessment should be population specific (Lear et al., 2007; Lear et al., 2010; Katzmarzyk 

et al., 2011).  

 The stronger relationship between centripetal adiposity indices (WC, WHR, WHtR) with 

visceral adipose tissue measure when compared to BMI, as observed in this study has been 

similarly reported (Alberti et al., 1998; Einhorn et al., 2003; Grundy et al., 2005; Pischon et 

al., 2008; MacKay et al., 2009). Interestingly, the result of the present study shows that 

even the indices of central adiposity do not exhibit the same strength of relationship with 

MetS indices. WHR in both males and females had the highest correlation with all the 

components of MetS. This relationship was further validated by WHR showing the 
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strongest relationship with SUA and adiponectin which have been used as serum 

biomarkers to test the validity of relationships between body adiposity measures and MetS 

parameters. In keeping with this finding, a study aimed at evaluating the associations 

between different measures of obesity and prevalent cardiometabolic disorders in a large 

population-based cohort discovered that WHR was independently associated with 

prevalence of the diseases and provided better discrimination than either BMI or WC 

(Dagenais et al., 2005). Similarly, the Dallas Heart Study illustrated that WHR was more 

strongly associated with the risk of myocardial infarction and atherosclerosis than BMI 

(See et al., 2007; Yusuf et al., 2005) and was suggested to be the best measurement of 

adiposity as it differentiates between central and peripheral body adipose tissue distribution 

(Canoy, 2008).  

In keeping with the present study, previous studies comparing obesity measures using 

mortality and cardiovascular problems as end points have shown WHR to perform better 

than other anthropometric indices. For example, more than 29,000 men were followed-up 

during a period of 3 years in a study, and reported WHR as a stronger predictor of risk than 

WC and BMI (Wang et al., 1995). Similarly, another study followed nearly 8,000 subjects 

over the course of 4.5 years and reported that although the upper percentiles of BMI, WC 

and WHR were all associated with increased relative risk for cardiovascular problems, the 

magnitude of the association was greater for WC and WHR than for BMI (Dagenais et al., 

2005). Similarly, Welborn et al. (2003) and Esmaillzadeh et al. (2004) demonstrated 

superior performance of WHR compared to WC for identifying subjects with 

cardiovascular risk factors.  
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Different from the observation of the result of the present study, there are however studies 

that have identified other central adiposity measures to perform better than WHR. Recently, 

a study assessed and compared the strength of association and discriminatory capability of 

measures of adiposity such as BMI, WC, HC, WHR and WHtR for DM  in a sub-Saharan 

African population, WC was the best predictors and to some extent WHtR in the 

population, while BMI and WHR were less effective (Mbanya et al., 2015).  

Slightly deviating from the present study, which showed WHR to be superior to other 

anthropometric indices, a study conducted to assess abdominal adiposity and clustering of 

multiple metabolic syndromes in white, black and Hispanic-Americans, WC appears to be a 

marker for multiple metabolic syndromes indices in these ethnic groups. An observer, 

arguing for WC against WHR reported that, although, WHR measures central fat 

deposition, it is imperfect, particularly among lean individuals (Wang et al., 2005). Another 

study has also shown that WC may be a better anthropometric predictor of many 

components of metabolic syndrome than BMI or WHR (Wang et al., 2003) and that since 

WC is more strongly associated with stroke and type 2 DM than either BMI or WHR, it 

may be measuring a different form of adiposity not totally accounted for by BMI or WHR 

(Molarius et al., 1999). This underscores the role of ethnicity in the interrelationships 

between adiposity markers and MetS. 

Recently, a study conducted to predict high BP in South Eastern Nigeria showed that WC 

was the best predictor of hypertension (Okamkpa et al., 2016). The other measures of 

central adipose tissue deposit have been reported to perform better than WC and WHtR.  A 

recent extensive review of several ethnic groups by Ashwell et al. (2012) suggested that 

WHtR, WC and BMI are all important predictors of cardiometabolic risk factor in both 
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sexes, but WHtR was considered as the best predictor, while Onat et al. (2009) reported 

that NC has a better predictive strength compared to WC.  

Also different from the present study, a good number of studies conducted on other 

populations have upheld WHtR to be superior to other anthropometric predictors of MetS 

(Hara et al., 2002; Lin et al., 2002; Ho et al., 2003; Hsieh and Muto, 2005; Hsieh and 

Muto, 2006). BAI, a relatively new body adiposity measure which has been shown to have 

better performance than the BMI (Schulze et al., 2012) and even comparable performance 

to central indices (Rafael de et al., 2014) was  found to be weak in its relationship with 

MetS and with VAI in the present study. This finding is very similar to that demonstrated 

by Andreas et al. (2013) who conducted one of the first studies after the discovery of BAI. 

According to Andreas et al. (2013), WHtR was superior to other indexes including BAI in 

estimation of visceral body adipose tissue, while for the prediction of glucose homeostasis; 

BAI was weak compared to BMI and WHtR whose predictive powers were comparable.  

BAI, BMI, WHtR and WHR all had weak predictive values for serum lipids and BP but 

BAI was the weakest according to Andreas et al. (2011) and in the same study BAI was 

inferior to BMI, WHtR and WHR in its correlation with plasma adiponectin concentrations. 

Talaei et al.(2013) studied 2981 individuals of the Iranian population and reported that 

WHtR and BMI were stronger than BAI in the prediction of T2DM. Similarly in line with 

this study, Giliane et al.(2015) in a study to assess the performance of BAI among 

Brazilians concluded that, even though the index has good correlation with total body fat, 

its performance is weak in subjects with morbid obesity. Also, a study conducted in Enugu, 

Nigeria to determine the associations of anthropometric markers of adiposity with 

atherogenic index of plasma (AIP) found BAI to correlate with AIP but it was weaker 
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compared to BMI (Antoninus and Elias, 2014). The results of the present study, having 

demonstrated a good relationship between MetS and the anthropometric indices of body 

adiposity, provides a rationale for a recommendation that these indices should be 

considered as a clinical variable for assessing the risk of MetS in Hausa populations while 

giving special considerations to the WHR, which is the adiposity marker that was found to 

be most germane to this particular Hausa population.  

The superiority of VAI over all the anthropometric measures obtained in this study is 

similar to many reports from different populations (Amato et al., 2010; Amato et al., 2011). 

However, this index, according the present study differed from some studies in terms of its 

predilection for certain components of MetS.  A study that evaluated the applicability of 

VAI in predicting MetS among Peruvian adults has demonstrated its superiority over the 

adiposity measures (Knowles et al., 2011). Deviating slightly from the present study which 

shows the highest predilection of VAI for TC and TG, the study of Knowles et al. (2011) 

found significant association of VAI with all MetS components, but with a stronger 

predilection for TG and HDL-C in both genders.  Similarly, Heloisa et al. (2015) found that 

in a sample of 221 Brazilians, VAI had the strongest association with TG, HDL-C and BP 

but its association with serum glucose was weaker when compared to BMI. The study of 

Heloisa et al. (2015) differs from the present study in that, even though it showed superior 

correlation with MetS components compared to anthropometric measures of adiposity like 

this study, unlike this study, the superiority of VAI did not cut across all the components of 

MetS because according to Heloisa et al. (2015), BMI in the general population and in 

females showed a higher correlation with serum glycaemia. Still demonstrating the validity 

of VAI over simple anthropometric measures as obtained in the present study, Amato et al. 
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(2010) conducted a study on a sample of European adults and found that VAI was the only 

measure that showed significant and independent association with MetS parameters.  

From the result of the present study showing the weakest correlation of VAI with DBP and 

SBP compared to other MetS parameters, it may be speculated that the relationship 

between BP and visceral adiposity may be weaker compared to other MetS components. 

This may be due to higher number offactors that come into play in the regulation of BP 

compared to other MetS components, making the contribution of visceral adipose tissue 

deposit less in the pathogenesis of hypertension.  

Further, the higher mRNA concentrations for angiotensinogen reported for visceral 

compared to abdominal subcutaneous adipose tissue is thought to be a major 

pathophysiologic mechanism linking hypertension with visceral adipose tissue (Dusserre et 

al., 2000). This pathogenic pathway may seem to be longer than those linking visceral 

adiposity with serum lipids and glucose which often involves direct release of lipid 

products into the circulation (lipidaemia) or glucose release via hepatic glycogenolysis 

(Matsuzawa, 2008; Mathieu et al., 2009; Browning et al., 2010). 

The availability of contrary reports (Salomon et al., 2011;  Heloisa et al., 2015) indicates 

that the superior discriminatory ability of visceral adipose tissue over other adiposity 

measures is not a unanimous contention and does not follow a uniform trend in all 

population which demonstrates that factors such as ethnicity may influence the 

interrelationships between visceral adipose tissue and MetS. Moreover, Goh et al. (2014) 

has reported that ethnicity is a principal determinant of the extent of impact of a particular 

adiposity measure on MetS componenents. This means that ethnic specific factors may 
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either up-regulate or down-regulate the relationship. Contrary the present study, Salomon  

et al. (2011), compared WC with sonographically measured visceral fat in terms of their 

association with MetS components and reported WC to be a stronger predictor in both 

sexes. Overall, the superior performance of visceral adipose measure observed in the 

present study may have its explanation rooted to the fact that visceral adipose tissue is tied 

to overproduction of TG-rich lipoproteins and glucose, leading to the dysglyaecemic and 

dyslipidaemic states found in viscerally obese subjects (Yki-Jarvinen and Westerbacka, 

2005; Adiels et al., 2008; Korenblat et al., 2008).  

The positive correlation observed between 2D:4D and anthropometric adiposity measures 

in the present study  were similarly reported by other studies. Digit ratio was found to be 

correlated with NC among Europeans (Fink et al., 2003; Fink et al., 2006),  with WC and 

HC among Ugandans(Abba et al., 2012), with NC, WC, HC, CC, BMI, WHtR  among 

Nigerians (Danborno et al., 2008; Oyeyemi et al., 2016). The significant correlation of 

2D:4D with anthropometric measures of body adiposity as obtained the present study and 

other cited studies may be explained by the fact that similar to 2D:4D, body adiposity 

distribution pattern is sexually dimorphic (Manning et al., 1998; Manning et al., 2002; Putz 

et al., 2004; McIntyre et al., 2006; Trivers et al., 2006; Danborno et al., 2010;  Oyeyemi et 

al., 2014; Xu and Zheng, 2015; Oyeyemi et al., 2016) and also  significantly influenced by 

sex hormones (Lemieux, 1993; Kuke et al., 2005). Since 2D:4D has been linked putatively 

to all testosterone-linked trait (Benderlioglu and Nelson, 2004; Van Anders and Hampson, 

2005; Muller et al., 2011; Kangassalo et al., 2011), body fat distribution pattern inclusive 

(Lemieux, 1993; Kuke et al., 2005), this may explain the close association between the 

digit ratio and body adiposity measures as observed in the present study. Additionally, the 
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tendency of humans to accumulate excessive body fat has been traced evolutionarily to 

certain gene mutation aimed at conserving fats in order to withstand starvation and famine 

(Konarzewski, 2006).  

Since variations in 2D:4D has also been attributed to evolutionary fitness (Medland et al., 

2010), it is possible that an individual‟s tendency to obesity and high 2D:4D may be a 

consequence of a similar genetic mutation resulting in a positive correlation between the 

digit ratio and body adiposity measures as observed in the present study. Interestingly, in 

the present study, 2D:4D also correlated with VAI and the components of MetS. The 

correlation of 2D:4D with VAI as seen in this study is probably explainable by the same 

factors linking 2D:4D with anthropometric measures of adiposity. Moreover, the 

anthropometric indices have been shown to strongly correlate with visceral measures of 

adiposity (Alberti et al., 1998; Einhorn et al., 2003; Grundy et al., 2005; Pischon et al., 

2008; MacKay et al., 2009).  

If 2D:4D correlates with body adiposity measures as observed in the present study and 

other studies (Danborno et al., 2008; Abba et al., 2012; Oyeyemi et al., 2016), then its 

correlation with BP and serum components of MetS which are tightly linked to adiposity is 

not out of scope. 2D:4D relationship with MetS parameters as observed in this study is also 

validated by its observed strong correlation with serum adiponectin and uric acid which are 

independent biomarkers that are also sexually dimorphic in their normal mean serum 

values. In keeping with this study, in north india, Ranvider and Manju (2016) conducted a 

cross sectional observational study on 200 subjects to assess the relationship between digit 

length and digit ratio with hypertension and revealed a positive and significant correlation. 

Contrarily, Pınar et al.(2015) recruited 137 female subjects in turkey for a study to assess 
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the relationship of 2D:4D with WC, BP, FBG, HDL and TG and found no significant 

association with all these measured parameters. The smaller sample size of the above cited 

study could explain the absence of correlation between 2D:4D and the measured MetS 

parameters. More so, in the same study, it was shown that 2D:4D did not show any 

correlation with all the anthropometric measures of adiposity which contradicts the vast 

majority of reports in the body of literature on the subject matter (Fink et al., 2003; Fink et 

al., 2006; Danborno et al., 2008; Abba et al., 2012; Oyeyemi et al., 2016). Additionally, the 

study of Pınar et al. (2015) whose findings are in conflict with the present study recruited 

only female subjects and since 2D:4D has been shown to be sexually dimorphic in 

measurement  and sometimes in relationship with body traits (Fink et al., 2003; Oyeyemi et 

al., 2016 ), generalization of such results to both sexes may not be appropriate. Moreover, 

in the present study, unlike the above cited study, the validity of the relationships between 

2D:4D and MetS components was tested using biomarkers. It is also possible that the 

prevalence of obesity and obesity-related metabolic derangement is so low in the 

population studied by Pınar et al. (2015) and this may possibly affect the likelihood of a 

significant statistical correlation between 2D:4D and adiposity measures or MetS indices.  

World Health Organisation (WHO, 2014) has reported that the global prevalence of obesity 

shows a very wide variation from extremely low in some communities to very high in 

others. It therefore implies that; finding relationships between obesity measures and any 

other body characteristics in populations with extremely low prevalence may not yield a 

reliable result. The smaller sample size (137) of the study of Pınar et al. (2015) is another 

possible reason for the differences observed between their study and the present study. 

Moreover the study was conducted on a population of different ethnicity and ethnicity has 
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been reported to affect the interrelationship between anthropometric measures and MetS 

(Lear et al., 2007; Lear et al., 2010; Katzmarzyk et al., 2011).  

Another interesting finding in the present study is that 2D:4D showed a much stronger 

correlation with the actual indices of MetS (serum lipid profile, glycaemic level and BP) 

than with adiposity measures. This relationship even attracts more attention considering 

that it also correlated better with serum biomarkers of MetS, putting emphasis on the 

probable validity of 2D:4D as a surrogate marker of MetS. The reason why its correlation 

with MetS indices seem to be stronger than with adiposity measures is not clear. However, 

it is possible that the pathophysiologic mechanism linking 2D:4D with MetS may be 

similar to but not exactly the same as those linking body adiposity measures with MetS. For 

example, it is well established that the susceptibility of an individual to MetS is determined 

by both modifiable and non-modifiable factors (Shoback et al., 2011). While the non-

modifiable factors are mainly genetic and not amenable to environmental influence, the 

modifiable ones can be influenced by life style (Wannamethee et al., 2005).  

2D:4D being established in utero and remains unchanged throughout life (Çeliket al., 2010; 

Umut et al., 2015), its determinants may similarly constitute a genetic variant having MetS 

as its manifesting feature in latter life. While the above hypothetical link between 2D:4D 

and MetS may not be significantly influenced by life style, body adiposity measures even 

though have some genetic components too, factors such as diet (Paniagua et al., 2007; 

Romaguera et al., 2009) and physical activity (Van Harmelen et al., 1997; Ross and 

Janiszewski, 2006)  have been shown to significantly influence it. Furthermore, prenatal 

androgen level, the major determinant of 2D:4D has been shown to enhance the 

development of cardiovascular system (English et al., 2000; Pokrywka et al., 2005). Since 
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a high testosterone level leads to development of a longer ring finger and a lower 2D:4D, 

this also implies that individuals with lower 2D:4D are likely to have a well developed 

cardiovascular system and thus normal cardiovascular function. On the other hand, persons 

with higher 2D:4D may have a poorly developed cardiovascular system and may be more 

likely to manifest features of poor cardiovascular function exemplified by systemic 

hypertension.  

Inferentially, since BP is a hallmark of cardiovascular function, this may partly explain why 

2D:4D was found to correlate with BP as observed in the present study and as reported by 

Ranvider and Manju (2016). Further to this, the correlation of 2D:4D with birth weight as 

demonstrated by Danborno et al. (2010) also strengthens the likelihood of an association 

between 2D:4D and MetS since low birth weight has been shown to be a good predictor of 

some important components of MetS such as hypertension, DM and obesity in adulthood 

(Baker 1998; Huxley et al., 2000; Anazawa et al., 2003). 

 In both males and females, the results of the present study indicate that the R2D:4D is a 

better correlate of MetS indices. The reason for this asymmetry is not very clear but 

development of digit ratio appears to be a function of androgen sensitivity related to X-

linked androgen receptor gene on the digit rather than the androgen concentration (Romano 

et al., 2006). If the alleles in the androgen receptor (AR) genes have more CAG, then it 

makes the AR gene insensitive to the testosterone while it is compensated by producing 

more testosterone in the embryo (Romano et al., 2006). It is possible that these androgen 

receptors are unevenly distributed with a higher concentration on the right hand. In support 

of this study, Oyeyemi et al.(2014) reported that the correlation of right 2D:4D with other 

measures of body adiposity was stronger when compared to the left. This is also in 
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agreement with some previous studies (Hönekopp et al., 2010; Zhao et al., 2012). Right 

hand 2D:4D is  believed to be a better predictor of intrauterine testosterone levels (Manning 

et al., 1998; Williams et al., 2000; Hönekopp et al., 2010). Thus, sex difference in the right 

hand 2D:4D is more pronounced than that in the left hand. Invariably, the right hand shows 

stronger correlation with predicted variables than that of the left hand (Manning, 2002). 

This assertion is, however, not generally agreed upon as there are other studies showing the 

correlation of the left 2D:4D with important biological traits to be stronger than the right 

2D:4D.  Danborno et al.(2010) reported the left 2D:4D to correlate better with birth weight 

which has been reported to be a testosterone-linked sexually dimorphic feature (Danborno 

and Afegbua 2006). Also, the study of Fink et al.(2003) found that BMI was better 

correlated with the left 2D:4D in males. 

The adverse effect of urbanization on body measures of adiposity and BP demonstrated by 

a negative correlation as observed in the present study has been reported by previous 

studies. For example, a group of observers reported that urbanization is an important 

contributor to rising global obesity prevalence and its attendant MetS (Abubakari et al., 

2008; Ramachandran et al., 2008; Mbanya et al., 2014). Urbanization is also identified as a 

substantial contributor to the difference in adiposity and metabolic characteristics of 

different communities (Abubakari et al., 2008; Ramachandran et al., 2008; Mbanya et al., 

2014). These factors may as well explain the differences in the adiposity measures and BP 

of participants from urban and rural areas of the present study. This finding may also be 

related to the fact that urban participants might be less active and consume unhealthy food 

containing more saturated fat and high calorie diet, while rural participants eat the 
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traditional high carbohydrate, low protein and low fat diet as documented in the literature 

(Amuna and Zotor, 2008).  

Urbanization appears to be associated with extreme changes in dietary habits, psychological 

stress and physical inactivity (Taro et al., 2001; Nyenwe et al., 2003; Amuna and Zotor, 

2008; Sabir et al., 2013). The observed higher adverse impact of urbanization on central 

adiposity indices compared to generalized index may mean that sedentary life style which 

characterizes urban dwellers may enhance preferential visceral fat deposition compared to 

subcutaneous adipose tissue. Since visceral adipose tissue is reported to be the hallmark of 

MetS phenotype and the major link between adiposity and MetS (Després and Lemieux, 

2006). This may further explain why visceral adipose measure and MetS indices are also 

higher in urban than in rural subjects of the present study. The observation from this study 

that the adverse effect of urbanization are more on females compared to males is probably 

due to males being more likely to live an active life style compared to females. This means 

that even in urban setting where sedentary life style is common, women have a higher 

tendency of being sedentary. 

Since it is a well established concept that 2D:4D once established in utero around the 14
th

 – 

15
th
 week, the ratio remains fairly stable throughout life (Çeliket al., 2010; Umut et al., 

2015), it is not clear why 2D:4D in the present study, like body adiposity measures was 

observed to be higher in urban participant. It is, however, possible that environmental 

factors actually influence the development of urban or rural 2D:4D variant during 

embryogenesis and not after birth. This may also be the explanation for the finding in the 

literature where 2D:4D is documented to vary due to environmental influence and 

geographical location (Loehlin et al., 2006).  



 

175 
 

The observed significantly higher values of all serum components of MetS with the 

exception of HDL, and higher body adiposity measures in urban participants of the present 

study are similar to previous reports. Sabir et al. (2013) conducted a study to compare the 

adiposity profile of a rural and urban settlement in Nigeria and showed that the mean values 

of  WC, BMI, WHR, DBP and SBP were higher for the urban inhabitants. Sabir et 

al.(2013) also found that the TC was significantly higher in urban than rural participants. 

Deviating slightly from the present study, Sabir et al.(2013) observed that there was no 

significant difference in the mean serum LDL-C and TG concentrations in the urban than 

rural inhabitants. Mean serum HDL-C was also insignificantly higher in the rural than in 

urban participants.  

In line with the result of the present study, Adediran et al.(2012) conducted an 

observational study on rural and urban settlements of Abuja, Nigeria to compare the 

distribution of MetS parameters among the people in both communities and found that WC, 

WHR, BMI, DBP and SBP were significantly lower in rural settlements, while TC, LDL 

and TG similar to the present study were all higher in urban settlement and HDL-C was 

higher in rural settlements. Differing slightly from the result of the present study where the 

impact of urbanization on the indices were similar, Adediran et al.(2012)  observed that 

while the impact of urbanization on BMI, WC, DBP, SBP, HDL and TG were all 

significant and comparable, the impact on LDL, TC and FBG was much less.  

Another slightly different report by Obirikorang et al.(2015) who conducted a comparative 

study to look at the adiposity and metabolic trends in rural and urban communities in 

Ghana, the results suggested that among serum and BP components of MetS, significant 

differences were only observed in DBP, TC, LDL and FBG. However, in the 



 

176 
 

anthropometric measures of adiposity, significantly higher values were recorded for all 

indices for participants in the urban area.  

Overall comparison of the result of the present study and other studies demonstrates a 

similar adverse effect of urbanization on body adiposity measures and MetS indices but 

with little variation in terms of the magnitude of impact on the different indices. These 

differences could be due to variations in the extent of exposure to urban life style in the 

subject of the different studies or individual differences in the inherent mechanism of 

metabolizing food nutrients. The adverse effects posed by urban life style on the 

anthropometric and visceral measures of body adiposity is supported by the observation 

from the present study that SUA levels are higher in the urban area and adiponectin is 

higher in rural area. Since adiponectin which is known to be a negative correlate of MetS 

(Hu et al., 1996; Arita et al., 1999; Hotta et al., 2000; Weyer et al., 2001) was observed to 

be higher in the rural area and SUA, a positive correlate of MetS (Kadiri and Salako 1997; 

Billiet et al., 2014) to be higher in urban areas, this  probably validates the difference in the 

metabolic and adiposity profile of the urban and rural participants of the present study.  

The significant effect of PA on MetS indices as demonstrated by significant reduction in 

measures of adiposity and serum components observed in the present study indicates that 

PA confers protection against MetS. Also, the pattern of change observed in the serum 

biomarkers supports this notion in that while SUA decreased with increasing levels of PA, 

adiponectin increases. Also, HDL–C, a component of lipid profile whose increased levels 

indicates a lower metabolic risk (Andreas et al., 2013; Sabir et al., 2013) was also observed 

to rise with increasing PA. In keeping with this result, previous studies have shown the 

inverse relationship between physical activity and adverse metabolic parameters, thus 
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indicating its protective effect against MetS (Franks et al., 2004; Ekelund et al., 2007; 

Healyet al., 2008).  It has also been reported that PA can have a profound effect on 

reducing body and visceral adiposity and therefore reduces the risk of MetS (Pattyn et al., 

2013; Vissers et al., 2013). Increased PA, especially that which is associated with reduced 

fat mass, corrects the dysfunction in adipokine and cytokine expression so that expression 

of adiponectin is increased in adipose tissue and production of inflammatory cytokines is 

reduced (Bradley et al., 2008; Kim et al., 2013). 

Some reports suggest that the beneficial effect of PA as observed in the present study is 

partly mediated through changes in the adipokines profile, that is, by increasing anti-

inflammatory cytokines and decreasing proinflammatory ones (Bruunsgaard et al., 2005; 

Petersen and Pedersen, 2005).This effect has been described at the levels of gene 

expression, protein ligands and receptor bindings (Moldoveanu et al., 2001). For instance, 

PA increases insulin sensitivity through reduction of resting levels of TNF-𝛼 and 

augmentation of adiponectin levels (Kasapis et al., 2005). Also, the observation in this 

study that certain measures of body adiposity such as HC in females and BAI in males do 

not change significantly following PA may suggest that the various anatomic sites of body 

adipose tissue reserve may respond differently to PA. This view may be buttressed by the 

observation in the present study that, even in the adiposity indices which changed 

significantly with PA, the extent of change varied following exposure to the same type of 

PA. This finding may be of utmost significance in the selection of individualized 

therapeutic exercise regimen for various adiposity phenotypes. Moreover, it is documented 

that increased physical activity, especially that which is associated with reduced fat mass, 

corrects the dysfunction in adipokine and cytokine expression so that expression of 
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adiponectin is increased in adipose tissue and production of inflammatory cytokines is 

reduced (Bradleyet al., 2008; Kim et al., 2013).  

The reason why 2D:4D ratio was observed in this study to decrease with PA is not very 

clear. This is considering the fact that the ratio is a stable, hormonally and genetically 

determined congenital variable (Çelik et al., 2010; Umut et al., 2015). However, since the 

ratio has been shown to be a marker of behaviour (Manning, 2002a)  and has been 

associated with behavioural characteristics such as type of sexual behaviour (McFadden 

and Champlin, 2000; Robinson and Manning, 2000), assertiveness (Manning, 2002a), 

aggression (Bailey and Hurd 2005; Millet and Dewitte 2007) and even sport performance 

(Manning and Taylor, 2002), it is possible that the likelihood of an individual to adopt an 

active or sedentary life style is a biologic trait which is also genetically and congenitally 

predetermined and may manifest phenotypically in the digit ratio, behaviourally in the form 

of individual‟s  desire for PA and physiologically as threshold of PA tolerance. This means 

that the digit ratio may provide a clue to an individual‟s PA personality or behaviour. 

The observation from this study that WC in females, VAI, FBG, TC, TG and LDL all 

decreased with increasing PA levels but did not show any significant decrease after 

moderate PA may suggest that PA brings about reduction in measures of MetS indices and 

also suggests that the effect of PA on MetS indices probably has a threshold in that 

moderate PA may be enough to combat most adverse metabolic parameters and higher 

levels of PA may be higher threshold and thereby not conferring additional benefit. 

Interestingly, the biomarkers also demonstrated corresponding changes in that they 

remained relatively stable after moderate activity level. This finding is particularly 

important because adiposity and MetS markers have been reported to increase with age 
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(Lemieux et al., 1999; Després et al., 2000; Lara-Castro et al., 2002) making most victims 

to fall in the older age group. Since elderly people are also more likely to have other age 

related co–morbid conditions like ischaemic heart disease and arthritic changes which 

makes high levels of PA unfit for them, this implies that exposure of this group of 

individuals to such high PA levels in order to combat adiposity and MetS may be 

unnecessary. Notably, some serum parameters like TC and LDL in females did not show 

significant change after only mild PA indicating that very low levels of PA may be 

inadequate to significantly reduce these indices. These findings underscore the importance 

of regimenting PA therapy based on its desired metabolic effect. The slight sex difference 

observed in the metabolic response to PA as noted for WC, TC and LDL and the 

observation that the rate of drop in the serum parameters was more drastic in females when 

compared to males suggest that there is sexual dimorphism in the interrelationship between 

PA, adiposity and MetS and that such gender peculiarity should be considered in exercise 

therapy for adiposity and MetS. Supporting this observation, some evidences exist to 

suggest that there is gender discrepancy in exercise-induced insulin sensitivity, in that 

females respond better than males for age-matched counterparts following the same dose 

and duration of aerobic PA (Lee, 2012). 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 CONCLUSION 

It can be concluded from the findings of this study that: 

i. 2D:4D, NC, HC, WHtR, WHR, VAI are sexually dimorphic, with higher 2D:4D, VAI, 

HC and WHtR in females and higher NC and WHR in males while, BMI and WC did not 

show sexual dimorphism 

ii. Females had higher TC, HDL and FBG while, SBP, DBP, TG, LDL, SUA and 

adiponectin were similar in both sexes.  

iii. Body adiposity measures, DBP, SBP, 2D:4D were higher in urban than in rural dwellers 

and this difference was more marked in the central adiposity indices and in females. For 

serum parameters, only HDL-C and adiponectin were higher in rural areas, others were 

higher in urban areas. This may imply that rural dwellers have better protection against 

cardiovascular diseases 

iv. The adiposity indices, 2D:4D correlated positively with MetS parameters and SUA but 

negatively with HDL-C and adiponectin. This means that higher digit ratio and adiposity 

measures are MetS risk predictors  

v. Among the anthropometric indices, WHR showed strongest correlation with metabolic 

indices but VAI was stronger than all other indices and that BAI and HC showed the 
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weakest correlation. This implies that VAI is more strongly associated with MetS when 

compared with other adiposity measures. 

vi. VAI correlated better with serum components compared to blood pressure components 

of MetS. This implies that VAI is more strongly associated with serum components of 

MetS when compared with blood pressure components 

vii. Anthropometric adiposity indices and 2D:4D correlated strongly with VAI.  

viii. The R2D:4D was a better correlate of metabolic indices compared to L2D:4D.  

ix. In females, 2D:4D had weaker correlation with body adiposity measure when compared 

to males.  

x. Adiposity indices, serum parameters of MetS and 2D:4D were lower in physically active 

individuals while HDL-C and adiponectin were higher in physically active individuals and 

PA showed the lowest impact on HC and BAI. This means that PA increases serum levels 

of protective biomarkers. 

xi. The metabolic profile of females showed higher responsiveness to PA compared to 

males.  

xii. The impacts of moderate and optimal physical activity on MetS indices were very 

similar.  

xiii. Both blood pressure and serum componenets of MetS are predictable from 2D:4D and 

anthropometric adiposity indices.  
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xiiii. WHR showed the highest percentage contribution to the prediction of all MetS 

components in both sexes. This indicates that WHR is the anthropometric adiposity tool 

with the strongest relationship with MetS. 

xv. Cut-off values of the anthropometric indices for MetS componenets were slightly 

different from those obtained for other populations and also slightly different in both sexes.  

xvi. WHR had the highest sensitivity and specificity and the largest area under the ROC 

curve.  

6.2. RECOMMENDATIONS 

It can be recommended from the findings of the study that: 

i. 2D:4D may be considered as a surrogate marker of body adiposity and MetS and 

should be used as an initial screening tool for individuals susceptible to MetS 

among Hausas of Kano. 

ii. measurement of serum adiponectin may be included in the standard protocols for 

the biochemical evaluation of MetS. 

iii. prescription of therapeutic exercise regimen to combat adiposity and MetS may be 

individualized based on sex, adiposity phenotype and pattern of metabolic indices. 

iv. VAI may be used as a cheaper alternative to  CT-scan  and MRI in the estimation of 

visceral fat content and metabolic risk stratification in Hausas of Kano and probably 

elsewhere. 

v. WHR may be used as the most sensitive and specific anthropometric predictor of 

MetS among Hausas of Kano and probably elsewhere. 
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vi. larger scale multi-ethnic study may be carried out to investigate if the validity of 

2D:4D as a metabolic screening tool  observed in this study is universally applicable 

vii. similar studies on other ethnic groups in Nigeria should be conducted to find out if 

the anthropometric cut-off values for MetS indicators obtained in this study can be 

applied on other Nigerians. 

6.3 CONTRIBUTION TO KNOWLEDGE 

i. The study revealed 2D:4D to be a good correlate of visceral adiposity (for males 

R2D:4D r = 0.54, L2D:4D r =0.49. P < 0.001., for females R2D:4D r = 

0.56,L2D:4D r =0.68  P < 0.001 ) and body adiposity (for males R2D:4D r = 0.47, 

L2D:4D r = 0.37 P < 0.05, for females R2D:4Dr =0.14, L2D:4D r = 0.29 P < 0.05 

as well as MetS components and biomarkers among Husas of Kano (for R2D:4D r 

for SUA and adiponectin are 0.59 and -0.63 respectively P < 0.05 while for L2D:4D 

r = 0.54 and -0.57 respectively P < 0.05). 

ii. The study has identified 2D:4D as a likely marker of an individual‟s PA behaviour 

and PA tendency (mean 2D:4D  was 0.98, 0.97, 0.96 and 0.94 for inactive, mild, 

moderate and optimal PA, P < 0.05) . 

iii. A baseline data was established for Hausa ethnic group of Kano State, Nigeria in 

their measures of visceral adiposity (mean VAI of 3.51 and 4.46 for males and 

females respectively) and body adiposity indices (mean WHR of 0.89 and 0.85 in 

males and females respectively), relationship with adiponectin, uric acid and MetS 

components (for VAI, r = 0.89 and -0.85 for SUA and adiponectin respectively P < 

0.05. For WHR, r = 0.84 and -0.83 for SUA and adiponectin respectively P < 0.05). 

VAI was recognized to be superior to simple anthropometric measures in their 
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correlation with MetS components (maximum r for VAI with MetS components 

was 0.97, compared to 0.9 for WHR). 

iv. Models were formulated for predicting each component of MetS from 

anthropometric indices, digit length and digit ratio. WHR was identified as the 

anthropometric measure that is most germane to Hausas in Kano in terms of MetS 

prediction. The prediction models for the MetS components are; 

 

For male 

(a) FBG= FBG= 266.07 (W/H) + 106.79(R2D:4D) +(-219.54) 

(b) TC= 358.48 (W/H) + (-145.26) 

(c) HDL-C =70.74(W/H) + 107.17 

(d) TG= 340.56(W/H) + (0.69)(Height) + (-70.41) 

(e) LDL= 361.12(W/H) + (-215.15) 

(f) VAI= 19.56 (W/H) + (-13.90) 

(g) DBP=104.64 (W/H)+(-10.14) 

(h) SBP= 173.15(W/H) + 133.66(R2D:4D)+(-153.57) 

For female 

(a) FBG= FBG= 326.05 (W/H) + (-191.68) 

(b) TC= 354.95 (W/H) + 405.41(L2D:4D) (-533.76) 

(c) HDL-C =65.30(W/H) + 106.37 

(d) TG= 299.08(W/H) + (-146.30) 

(e) LDL= 366.03(W/H) + 385.1(L2D:4D)+ (-595.72) 

(f) VAI= 18.06 (W/H) + (-11.74) 

(g) DBP=47.18 (W/H)+ 1.46(BMI) + 59.70(R2D:4D) + (-0.54)(BAI)+ (-32.66) 
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(h) SBP= 226.38(W/H) + 120.64(L2D:4D) + 7.63(BMI)+ (-2.62) (Weight) + (-7.68)(BAI) + 

561.75(W/Ht) + 1.26(NC) + (51.20) 

 

v. The study established cut off values of anthropometric measures of adiposity for 

each parameter in the MetS. 

vi. The study demonstrated the differential effects of various levels of physical activity 

on the various measures of body adiposity and components of MetS. In doing this, 

the amount of physical activity needed to impact significantly on each adiposity 

measure and MetS components were identified. 
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APPENDIX  I: 

TABLES OF MULTIPLE COMPARISON OF PA  

Table 1:  Multiple comparison of effect of physical activity on  adiposity indices 

    

Male 

  

Female 

  Variables Exercise categories MD SE P value MD SE P value 

BMI Inactive  versus Mild 0.68 0.75 1 3.59 0.83 0.00016 

 

Inactive  versus Moderate 2.80 0.61 <0.001 5.80 0.65 <0.001 

 

Inactive  versus Optimal 2.68 0.63 <0.001 6.98 0.88 <0.001 

 

Mild versus Moderate 2.12 0.72 0.02 2.21 0.82 0.043884 

 

Mild versus Optimal 2.00 0.74 0.043 3.38 1.01 0.004591 

 

Moderate  versus Optimal -0.12 0.60 1 1.18 0.86 1 

WC (cm) Inactive  versus Mild 4.30 1.87 0.133 9.60 2.22 0.000142 

 

Inactive  versus Moderate 11.06 1.52 <0.001 16.91 1.72 <0.001 

 

Inactive  versus Optimal 15.82 1.59 <0.001 21.18 2.32 <0.001 

 

Mild versus Moderate 6.76 1.79 0.001 7.31 2.16 0.005257 

 

Mild versus Optimal 11.52 1.85 <0.001 11.58 2.67 0.000141 

 

Moderate  versus Optimal 4.76 1.50 0.01 4.27 2.27 0.373017 

HC (cm) Inactive  versus Mild 0.09 1.53 1 3.97 2.14 0.392932 

 

Inactive  versus Moderate 1.45 1.25 1 2.81 1.66 0.54847 

 

Inactive  versus Optimal 3.68 1.30 0.03 3.34 2.25 0.832983 

 

Mild versus Moderate 1.36 1.47 1 -1.16 2.09 1 

 

Mild versus Optimal 3.60 1.52 0.111 -0.63 2.58 1 

 

Moderate  versus Optimal 2.23 1.23 0.423 0.53 2.20 1 

NC (cm) Inactive  versus Mild 1.05 0.41 0.071 1.45 0.48 0.017493 

 
Inactive  versus Moderate 2.35 0.34 <0.001 2.39 0.37 <0.001 

 

Inactive  versus Optimal 2.25 0.35 <0.001 2.71 0.50 <0.001 

 

Mild versus Moderate 1.30 0.40 0.007 0.93 0.47 0.288192 

 

Mild versus Optimal 1.20 0.41 0.022 1.26 0.58 0.188348 

 

Moderate  versus Optimal -0.10 0.33 1 0.32 0.49 1 

W/H Inactive  versus Mild 0.05 0.01 <0.001 0.07 0.02 0.000332 

 

Inactive  versus Moderate 0.11 0.01 <0.001 0.16 0.01 <0.001 

 

Inactive  versus Optimal 0.14 0.01 <0.001 0.21 0.02 <0.001 

 

Mild versus Moderate 0.06 0.01 <0.001 0.09 0.02 <0.001 

 

Mild versus Optimal 0.09 0.01 <0.001 0.14 0.02 <0.001 

 

Moderate  versus Optimal 0.03 0.01 0.001 0.05 0.02 0.028049 

W/Ht Inactive  versus Mild 0.03 0.01 0.113 0.06 0.01 <0.001 

 

Inactive  versus Moderate 0.06 0.01 <0.001 0.11 0.01 <0.001 

 

Inactive  versus Optimal 0.09 0.01 <0.001 0.14 0.01 <0.001 

 

Mild versus Moderate 0.04 0.01 0.003 0.05 0.01 0.001227 

 

Mild versus Optimal 0.06 0.01 <0.001 0.07 0.02 <0.001 

 

Moderate  versus Optimal 0.02 0.01 0.038 0.03 0.01 0.25272 

BMI: body mass index, WC: waist circumference, HC: hip circumference, NC: neck circumference, W/H: 

waist-to-hip ratio, W/Ht: waist-to-height ratio, MD: mean difference, SE: standard error.  BAI: body adiposity 

index  
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Table 2: Multiple comparison of effect of  physical activity on the BAI, blood pressure and 

Digit ratio  

   Male Female 

Dependent 

Variables 

Exercise categories MD SE P value MD SE P value 

BAI Inactive  versus Mild 0.07 0.74 1.000 2.37 0.99 0.105 

 Inactive  versus Moderate 0.38 0.60 1.000 2.07 0.77 0.055 

 Inactive  versus Optimal 0.81 0.63 1.000 2.34 1.04 0.152 

 Mild versus Moderate 0.32 0.71 1.000 -0.30 0.97 1.000 

 Mild versus Optimal 0.75 0.73 1.000 -0.03 1.19 1.000 

 Moderate  versus Optimal 0.43 0.59 1.000 0.27 1.02 1.000 

DBP Inactive  versus Mild 7.08 1.83 0.001 13.71 1.74 <0.001 

 Inactive  versus Moderate 14.91 1.49 <0.001 20.91 1.35 <0.001 

 Inactive  versus Optimal 21.83 1.56 <0.001 27.07 1.83 <0.001 

 Mild versus Moderate 7.82 1.76 <0.001 7.20 1.70 0.0002 

 Mild versus Optimal 14.74 1.81 <0.001 13.36 2.10 <0.001 

 Moderate  versus Optimal 6.92 1.47 <0.001 6.16 1.79 0.004 

SBP Inactive  versus Mild 12.45 2.72 <0.001 21.37 2.79 <0.001 

 Inactive  versus Moderate 28.08 2.21 <0.001 37.39 2.16 <0.001 

 Inactive  versus Optimal 38.06 2.31 <0.001 44.71 2.93 <0.001 

 Mild versus Moderate 15.63 2.61 <0.001 16.02 2.72 <0.001 

 Mild versus Optimal 25.61 2.69 <0.001 23.34 3.36 <0.001 

 Moderate  versus Optimal 9.98 2.18 <0.001 7.32 2.86 0.068 

R2D:4D Inactive  versus Mild 0.01 0.01 1.000 0.00 0.01 1.000 

 Inactive  versus Moderate 0.03 0.01 <0.001 0.01 0.01 1.000 

 Inactive  versus Optimal 0.04 0.01 <0.001 0.02 0.01 0.004 

 Mild versus Moderate 0.02 0.01 0.030 0.01 0.01 0.925 

 Mild versus Optimal 0.03 0.01 <0.001 0.03 0.01 0.006 

 Moderate  versus Optimal 0.01 0.00 0.156 0.02 0.01 0.067 

L2D:4D Inactive  versus Mild 0.01 0.01 0.198 0.01 0.01 0.857 

 Inactive  versus Moderate 0.02 0.01 <0.001 0.02 0.00 0.006 

 Inactive  versus Optimal 0.04 0.01 <0.001 0.03 0.01 0.0004 

 Mild versus Moderate 0.01 0.01 0.891 0.01 0.01 1.000 

 Mild versus Optimal 0.02 0.01 0.003 0.02 0.01 0.128 

 Moderate  versus Optimal 0.01 0.01 0.052 0.01 0.01 0.606 
BAI: body adiposity index,  R: right hand, L: left hand, 2D:4D: second to fourth digit ratio, SBP: systolic 

blood pressure, DBP: diastolic blood pressure, MD: mean difference, SE: standard error 
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Table 3: Multiple comparison of effect of physical activity on the uric acid and adiponectin 

in males and female 

    

Male 

  

Female 

  Dependent 

Variable Exercise categories MD SE P value MD SE P value 

Uric Acid Inactive  versus Mild 1.69 0.40 <0.001 0.49 0.83 1.00 

 

Inactive  versus Moderate 3.13 0.31 <0.001 3.96 0.66 <0.001 

 

Inactive  versus Optimal 3.62 0.33 <0.001 4.15 0.66 <0.001 

 

Mild versus Moderate 1.44 0.38 0.002 3.48 0.96 0.005 

 

Mild versus Optimal 1.93 0.40 <0.001 3.66 0.96 0.003 

 

Moderate  versus Optimal 0.49 0.31 0.676 0.19 0.82 1.00 

Adiponectin Inactive  versus Mild -4.97 1.25 0.001 -3.14 1.36 0.157 

 

Inactive  versus Moderate -8.87 0.96 <0.001 -12.86 1.08 <0.001 

 

Inactive  versus Optimal -11.13 1.03 <0.001 -16.79 1.08 <0.001 

 

Mild versus Moderate -3.90 1.21 0.01 -9.72 1.57 <0.001 

 

Mild versus Optimal -6.16 1.26 <0.001 -13.65 1.57 <0.001 

 

Moderate  versus Optimal -2.26 0.97 0.132 -3.93 1.34 0.034 

MD: mean difference, SE: standard error 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

233 
 

Table 4: Multiple comparison of effect of Physical Activity on FBG and VAI in males and 

females 

    

Male 

  

Female 

  Dependen

t Variable Exercise categories MD SE P value MD SE P value 

FBG Inactive  versus Mild 21.40 5.52 0.001 9.56 12.84 1.000 

 

Inactive  versus Moderate 35.86 4.25 <0.001 55.16 10.23 <0.001 

 

Inactive  versus Optimal 43.19 4.54 <0.001 57.09 10.23 <0.001 

 

Mild versus Moderate 14.46 5.31 0.045 45.60 14.86 0.024 

 

Mild versus Optimal 21.79 5.55 0.001 47.53 14.86 0.017 

 

Moderate  versus Optimal 7.33 4.29 0.542 1.93 12.67 1.000 

VAI Inactive  versus Mild 1.42 0.36 0.001 1.41 0.52 0.058 

 

Inactive  versus Moderate 2.63 0.27 <0.001 3.26 0.41 <0.001 

 

Inactive  versus Optimal 3.16 0.29 <0.001 3.11 0.41 <0.001 

 

Mild versus Moderate 1.21 0.34 0.003 1.85 0.60 0.023 

 

Mild versus Optimal 1.74 0.36 <0.001 1.69 0.60 0.046 

 

Moderate  versus Optimal 0.53 0.28 0.346 -0.16 0.51 1.000 
VAI; visceral adiposity index, Fasting blood glucose, MD: mean difference, SE: standard error 
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Table 5:Multiple comparison of effect of PA on serum lipid 

    

Male 

  

Female 

  Dependent 

Variable Exercise categories MD   SE P value MD SE P value 

TC Inactive  versus Mild 28.03 6.85 <0.001 25.85 13.17 0.340 

 

Inactive  versus Moderate 46.75 5.28 <0.001 72.98 10.49 <0.001 

 

Inactive  versus Optimal 60.73 5.64 <0.001 85.24 10.49 <0.001 

 

Mild versus Moderate 18.72 6.60 0.032 47.13 15.24 0.023 

 

Mild versus Optimal 32.70 6.89 <0.001 59.39 15.24 0.002 

 

Moderate  versus Optimal 13.98 5.33 0.059 12.26 12.99 1.000 

HDL–C Inactive  versus Mild -3.83 1.30 0.024 -4.40 1.50 0.033 

 

Inactive  versus Moderate -9.67 1.00 <0.001 -13.80 1.19 <0.001 

 

Inactive  versus Optimal -11.54 1.07 <0.001 -12.56 1.19 <0.001 

 

Mild versus Moderate -5.84 1.25 <0.001 -9.40 1.73 <0.001 

 

Mild versus Optimal -7.71 1.31 <0.001 -8.16 1.73 0.0002 

 

Moderate  versus Optimal -1.88 1.01 0.398 1.24 1.48 1.000 

TG Inactive  versus Mild 22.70 7.09 0.011 21.55 7.68 0.048 

 

Inactive  versus Moderate 43.24 5.47 <0.001 55.96 6.12 <0.001 

 

Inactive  versus Optimal 56.39 5.84 <0.001 54.99 6.12 <0.001 

 

Mild versus Moderate 20.54 6.83 0.019 34.41 8.89 0.0025 

 

Mild versus Optimal 33.70 7.13 <0.001 33.44 8.89 0.004 

 

Moderate  versus Optimal 13.15 5.51 0.112 -0.97 7.58 1.000 

LDL–C Inactive  versus Mild 27.32 6.82 0.001 25.95 12.51 0.271 

 

Inactive  versus Moderate 47.77 5.25 <0.001 75.59 9.97 <0.001 

 

Inactive  versus Optimal 60.99 5.61 <0.001 86.80 9.97 <0.001 

 

Mild versus Moderate 20.45 6.56 0.014 49.65 14.48 0.009 

 

Mild versus Optimal 33.68 6.85 <0.001 60.86 14.48 0.001 

 

Moderate  versus Optimal 13.22 5.30 0.084 11.21 12.34 1 
MD; mean difference, SE: standard error, TC: total cholesterol, HDL–C: high density lipoprotein cholesterol, 

LDL–C: low density lipoprotein cholesterol 
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APPENDIX II 

CONSENT FORM 

 

Consent to Participate in the Research 

Study of anthropometric and visceral indices of adiposity in relation to metabolic syndrome 

components and its serum biomarkers  among  Hausa of Kano 

You are please requested to participate in this study conducted by ABDULLAHI ASUKU 

YUSUF from  Department of Human Anatomy, Faculty of Basic Medical Sciences, ABU, 

Zaria, 

If you have any question or concerns about the research, please feel free to contact 

ABDULLAHI ASUKU YUSUF, Department of Human Anatomy, Faculty of Medicine, 

ABU, Zaria, 08032878100 

     1.   Purpose of the Study 

The study is to assess relationship between anthropometric and visceral indices of adiposity 

with metabolic syndrome 

2. Procedures 

The data collection will involve collecting information with regard to bio-data, here the 

participant will be asked to provide some information relevant to his/her bio-data. This can 

be done in less than 1minute. 

In the second phase of the study, information regarding medical history including current 

medications will be obtained. 
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The last phase will involve taking of participants blood samples and some physical 

measurements. The participant will be required to abstain from eating and drinking for at 

least 8 hours before blood sample is taken. This can be achieved easily by overnight 

fasting, that is not taking anything in the morning following the dinner of the preceeding 

night. 

3.  Potential Risk and Discomfort 

There is no significant risk associated  with this procedure. However, there might be slight 

discomfort  during physical measurements and blood sampling  

4.  Potential Benefits to the Participant and/or to Society 

This research may be of potential benefit to the participant and/or society in the following 

ways. 

i. Opportunity to know your blood pressure, glucose and lipids levels and risk assessment 

for or incidental diagnosis of metabolic syndrome.   

  ii. The participant may have an opportunity to come in contact with the equipment used in 

the study as well as gaining knowledge about the names and uses of such equipment. 

   iii. Measuring the anthropometric indices of adiposity provides room for establishment of 

indicators and diagnostic criteria for metabolic diseases which is a useful information for 

clinicians.  
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5. Incentives 

Incentives in the form of free drugs and refreshment will be offered to the 

participant after participation. 

6. Confidentiality 

Every effort will be made to ensure confidentiality of any identified information that is 

obtained in connection with this study. The variables and information collected will only be 

used for the aim and objectives of the study as well as scientific publications. I assure you 

that your information will be kept in strict confidence. 

7. Participation and Withdrawal  

Participant can choose whether to be in this study or not. If you volunteer to be in this 

study, you may withdraw at any time without consequences of any kind. You may exercise 

the option of removing your data from the study.  

Participant may also refuse to answer any questions you don‟t want to answer and still 

remain in the study. The researcher may withdraw you from this research if circumstances 

arise that warrant doing so.     

8. Right of Research Participants 

Participant  may withdraw their consent at any time and discontinuous participation without 

penalty. You are waiving any legal claims, right or remedies because of your participation 

in this research study. This study has been reviewed and received ethics clearance through  

Ethics of Ahmadu Bello University Teaching Hospital, Zaria.  
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9. Signature of Research Participants/Legal Representative 

I have read the information provided for the study titled “Effect of Body Adiposity Indices, 

Digit Ratio and Level of Physical Activity on Metabolic Syndrome and Serum Biomarkers 

Among Hausas of Kano State, Nigeria”  as described herein. My questions have been 

answered to my satisfaction, and I agree to participate in this study. I have been given a 

copy of this form 

___________________________________ 

Name of the participant     

            ___________________________________                      ___________________ 

  Signature of the participant                                                     Date 

 

___________________________________ 

Name of the witness    

___________________________________                      ___________________ 

Signature of the witness                                                         Date 
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APPENDIX  III 

STUDY QUESTIONNAIRE 

QUESTIONNAIRE FOR A STUDY OF THE EFFECT OF BODY ADIPOSITY 

INDICES, DIGIT RATIO AND LEVEL OF PHYSICAL ACTIVITY ON 

METABOLIC SYNDROME AND SERUM BIOMARKERS AMONG HAUSAS OF 

KANO STATE, NIGERIA. 

Please tick or circle the appropriate letter where necessary below: 

DEMOGRAPHY OF PARTICIPANT 

1. Research I.D. _____________ 

2. How old are you?______ (yrs) 

3. When are you born? _____/______/________(DD/MM/YYYY) 

4. Where were you born? ________________ 

 

5.   Order of birth            __________  

6.    Ethnic group ____________ 

ETHNIC BACKGROUND 

1. Mother‟s Ethnic Group _______________  

2. Grand Mother‟s Ethnic Group ______________ 

3. Father‟s Ethnic Group_________________ 

4. Grand Father‟s Ethnic Group ________________ 
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 MEDICAL HISTORY 

S/N   

1 Reason for hospital visit  

2 Hypertensive  

3 Diabetic  

4 Hypertensive/diabetes  

5 Current medications  

6 Other established metabolic disorders  

 

ANTHROPOMETRIC AND BLOOD PRESSURE MEASUREMENTS 

1 Height  

2 Weight  

3 Body mass index( BMI)  

4 Waist circumference  

5 Hip circumference  

6 Neck circumference  

7 Waist-to-hip ratio  

8 Waist-to-height ratio  

9 Diastolic blood pressure   

10 Systolic blood pressure  

 

SERUM BIOCHEMICAL ANALYSIS  

S/N Variable  

1 Uric acid  

2 Adiponectin  

3 Fasting glucose  

4 Total cholesterol  

5 HDL cholesterol  

6 LDL cholesterol  

7 Triglycerides  
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HAND ANTHROPOMETRY 

1. Length of digits (mm) 

Hand       

 I II III IV V 2D:4D 

Right       

 

Left 

      

 

RAPID ASSESSMENT OF PHYSICAL ACTIVITY QUESTIONAIRE FOR 

ASSESSING PHYSICAL ACTIVITY (Topolski et al., 2006) 

Physical activities are activities which increase your heart and respiratory rates above their 

resting rate, whether you do them for pleasure, work or transportation.  

The following questions ask about the amount of physical activity you usually do. Please 

mark yes for the one that best describes your activity level in the last one year. 

Questions    Response 

I rarely or never do any physical activities  

I do some light or moderate physical activities, but  

not every week 

 

I do some light physical activities every week  

I do moderate physical activities every week but 

less than 30minutes a day or five days a week 

 

I do vigorous physical activities every week but 

less than 20minutes a day or three days a week 

 

I do 30minutes or more a day of moderate physical 

activities five or more days a week  

 

I do 20minutes or more a day of vigorous  physical 

activities three or more days a week  
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APPENDIX  III 

ETHICAL CLEARANCE 

 

 


