
i 

 

INSULIN SENSITIVITY AND RESPONSE IN MIDDLE-AGED BLACK SOUTH 

AFRICAN MEN AND WOMEN: ASSOCIATIONS WITH BODY FAT DISTRIBUTION, 

MENOPAUSE AND OBJECTIVELY MEASURED PHYSICAL BEHAVIOURS  

 

NYUYKI CLEMENT KUFE 

Student Number: 395736 

A thesis submitted to the Department of Paediatrics 

Faculty of Health Sciences, University of the Witwatersrand 

for the Degree of Doctor of Philosophy (PhD) 

Johannesburg, South Africa, 2022 

 

 



ii 

 

DECLARATION 

I, NYUYKI CLEMENT KUFE (Student Number: 395736), declare that the thesis entitled: 

“Insulin Sensitivity and Response in Middle-Aged Black South African Men and Women: 

Associations with Body Fat Distribution, Menopause And Objectively Measured Physical 

Behaviours” submitted for the degree of Doctor of Philosophy (PhD) to the Faculty of Health 

Sciences, University of the Witwatersrand, Johannesburg is the result of my own original work. 

 

All references made to the work of others and any assistance received has been fully 

acknowledged. 

No part of this work has been submitted before for any degree or examination purposes to this or 

any other university or institution. 

Signed:     this 31st of August 2022 

 

Supervisors:  

Prof. Lisa K. Micklesfield, South African Medical Research Council (SAMRC)/WITS 

Developmental Pathways for Health Research Unit (DPHRU), Department of Paediatrics, Faculty 

of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa. 

Prof. Julia H. Goedecke, Non-communicable Diseases Research Unit (NCDR), South African 

Medical Research Council (SAMRC), Cape Town, South Africa, 

South African Medical Research Council (SAMRC)/WITS Developmental Pathways for Health 

Research Unit (DPHRU), Department of Paediatrics, Faculty of Health Sciences, University of the 

Witwatersrand, Johannesburg, South Africa. 

 



iii 

 

 

DEDICATION 

 

This thesis is first of all dedicated to God the Father Almighty for His unfailing love for me. 

“God has unexpected and curious ways”. 

 

Secondly, special dedication to my grandparents. The dust and mud of years past is thick on your 

graves. You never left me to the fortunes of adversary. You gave me the best from the depths of 

your hearts. Your memory alone spurs me to hope for a better tomorrow. Thank you!  

 

Last but not the least this work is dedicated with love and gratitude to my family, friends, and 

well–wishers who toiled unassumingly, selflessly and sometimes unknowingly for me to realise 

my academic dreams. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

ACKNOWLEDGEMENTS 

 

An endeavour of this magnitude cannot be the sole work of an individual. I acknowledge the rich 

contributions of many, but I am equally aware some names could inadvertently slip off my mind, 

out of my wish. They all influenced this work.  In humility and with much gratitude I extend many 

thanks for all the support, advice and inspiration in assisting me in the realization of this PhD 

project: 

 

 Professor Lisa K. Micklesfield and Professor Julia H. Goedecke, my PhD supervisors for 

giving me the opportunity to carry out this research under their mentorship. You nurtured 

my academic dreams from a mere spark into a respectable glow by giving me your broad 

academic shoulders to lean on. This is the fruit of your guidance in the development of the 

protocol, write up, publications, advice and overall academic and professional mentorship. 

 

 Professor Andre Pascal Kengne of the South African Medical Research Council (SAMRC), 

Professor Soren Brage and Kate Westgate of MRC Epidemiology Unit, Cambridge 

University, UK for the advice and assistance. 

 

 Professor Shane Norris, Head of the SAMRC/WITS Developmental Pathways for Health 

Research Unit (DPHRU) and Professor Nick Wareham, Head of the MRC Epidemiology 

Unit, University of Cambridge, UK for the opportunity to carry out this PhD research in 

their research entities under their watchful eyes. Many thanks for your guidance and advice. 

 

 



v 

 

 The research team at SAMRC/WITS DPHRU especially Melikhanya Soboyisi, Tshifhiwa 

Ratshikombo, Vukosi Mkansi, Sphume Thango, Mosadiapula Nakedi, Thabile Sibiya, 

Bonisiwe Mlambo, Caroline Makura, Dr Mamosilo Lichaba, Karabo Pearl Nkhahle and 

team who took part in the 19 months of data collection, Mr Onke Godongwana, Dr Siphiwe 

Dlamini for laboratory analysis of blood samples and Mr Yusuf Guman for overseeing 

laboratory analysis. 

 

 Thanks to Dr Tinashe Chikowore and Mr Melikhaya Soboyisi, Ms Tshifhiwa Ratshikombo 

and Dr Maphoko Adelaide Masemola who accompanied me in this academic pilgrimage. 

Your help is highly appreciated. 

 

 The administrative and finance team of MRC/WITS DPHRU, University of the 

Witwatersrand and MRC Epidemiology Unit, Cambridge University are not forgotten. 

Thanks for always being there for me. 

 

 My deep gratitude to Mrs Veronica Abramova Loving, Dr Wiykinyuy Charles 

Nyuykonghi, the Fultang family and Dr George Ngufor, Prof Peter Nyasulu without your 

push I might have ended up in a pile of rubble. I am indebted to you all! 

 

 Thanks to Mukumbang Lumnwi E, Fonbeh Njosi Sule, Woka Cyprian, etc for keeping me 

company despite my unorthodox methods and not alluring working hours. 

 

 



vi 

 

 My regards to all my sisters for always seeking to know how I am faring. 

 

 My sincere thanks to the participants of “Birth to Twenty Plus Cohort” and the caregivers 

who consented to data collected on which this thesis is based. Your commitment to research 

has given birth to a series of scientific publications which have enriched the knowledge 

base, enhanced scientific investigations, and leading to improvement in health care.  

 

 And many other individuals who could not be specifically mentioned here.  

 

Funding sources 

 Funding for the larger study within which this PhD was nested were from the South 

African Medical Research Council (SAMRC) with funds received from the South 

African National Department of Health, the UKMRC (via the Newton Fund), and GSK 

Africa Non-Communicable Disease Open Lab (via a supporting Grant project no: 

ES/N013891/1). Supplementary funds were also received from the South African 

National Research Foundation (Grant no: UID:99108).  

 

 

 

 

 

 

 

 



vii 

 

Table of Contents 

Title page................................................................................................................................ i 

DECLARATION.................................................................................................................. ii 

DEDICATION..................................................................................................................... iii 

ACKNOWLEDGEMENTS ............................................................................................... iv 

TABLE OF CONTENTS .................................................................................................. vii 

LIST OF TABLES .............................................................................................................. ix 

LIST OF FIGURES ............................................................................................................. x 

STUDENT’S CONTRIBUTIONS TO THE STUDY ...................................................... xi 

SCIENTIFIC CONTRIBUTIONS TO THE STUDY AND THESIS .......................... xiii 

LIST OF ABBREVIATIONS .......................................................................................... xvi 

ABSTRACT ..................................................................................................................... xviii 

CHAPTER ONE: LITERATURE REVIEW .................................................................... 1 

1.1 INTRODUCTION.......................................................................................................... 1 

1.2 PATHOPHYSIOLOGY OF DIABETES .................................................................... 3 

1.3 METHODS USED IN ASSESSING INSULIN SENSITIVITY & RESPONSE ...... 8 

1.4 FACTORS INFLUENCING INSULIN SENSITIVITY AND RESPONSE ........... 11 

     1.4.1 ETHICITY............................................................................................................ 11 

     1.4.2 SEX DIFFERENCES .......................................................................................... 12 

     1.4.3 AGE ....................................................................................................................... 14 

     1.4.4 ADIPOSITY ......................................................................................................... 15 

     1.4.5 PHYSICAL ACTIVITY ...................................................................................... 15 

     1.4.6 OTHER LIFESTYLE FACTORS ..................................................................... 18 

     1.4.7 HIV/AIDS ............................................................................................................. 19 

     1.4.8 SOCIO-ECONOMIC STATUS (SES) ............................................................... 20 

     1.4.9 MENOPAUSAL TRANSITION ......................................................................... 21 

1.5 AIMS AND OBJECTIVES OF THE STUDY........................................................... 22 

     1.5.1 AIMS OF THE STUDY....................................................................................... 22 

     1.5.2 OBJECTIVES OF THE STUDY ........................................................................ 22 

CHAPTER TWO ............................................................................................................... 24 

CHAPTER THREE ........................................................................................................... 49 



viii 

 

CHAPTER FOUR .............................................................................................................. 71 

CHAPTER FIVE ............................................................................................................. 103 

5.1 SUMMARY OF THE OBJECTIVES AND KEY FINDINGS .............................. 104 

5.2. SUMMARY OF RESULTS ..................................................................................... 106 

5.3. STRENGTHS ND LIMITATIONS ......................................................................... 108 

   5.3.1 STRENGTHS ......................................................................................................... 108 

  5.3.2 LIMITATIONS ....................................................................................................... 110 

5.4. FUTURE RSEARCH AND REVOMMENDATION ............................................ 111 

5.5. CONCLUSIONS ....................................................................................................... 112 

REFERENCES ................................................................................................................. 114 

APPENDICES .................................................................................................................. 128 

APPENDEX A: PLAGIARISM DECLARATION ...................................................... 129 

APPENDEX B: PLAGIARISM REPORT .................................................................... 130 

APPENDIX C: HREC (MEDICAL) CLEARANCE CERTIFICATE ....................... 132 

APPENDIX D: PhD HREC (MEDICAL) CLEARANCE CERTIFICATE .............. 133 

APPENDIX E: RADIATION AUTHORISATION LETTER ..................................... 134 

APPENDIX F: PERMISSION TO CONDUCT RESEARCH AT CHBH ................. 135 

APPENDIX G: PERMISSION LETTER TO USE RESEARCH SITE ..................... 136 

APPENDIX H: CHANGE OF TITLE ........................................................................... 137 

APPENDIX I: INFORMATION SHEET AND INFORMED CONSENT ................. 138 

APPENDIX J: QUESTIONNAIRE................................................................................ 152 

APPENDIX K: SLEEP DIARY ...................................................................................... 177 

APPENDIX L: STUDENT’S CONTRIBUTION TO ARTICLES AND AGREEMENT OF 

CO-AUTHORS ................................................................................................................ 178 

 

 

 

 

 
 

 

 

 



ix 

 

 

 

 

List of Tables 

 

Table 2.1: Socio-demographic, body composition, glucose and insulin measures in black South 

African men and women (n=804)……………………………………………………………….42 

 

Table 2.2: Glucose and insulin measures in black SA men and women adjusted for FMI……..44 

  

Table 2.3: Associations between regional adiposity z-scores and risk for IGM and type 2 diabetes 

in men and women combined……………………………………………………………………45 

 

Table 2.4: Associations between regional adiposity z-scores and insulin sensitivity, basal insulin 

clearance and Beta-cell function…………………………………………………………………46 

 

Table 3.1: Sociodemographic, physical behaviours and sex hormone measures by menopausal 

status in Black SA women (n=298)……………………………………………………………...67 

 

Table 3.2: Body composition in pre- and early and late post-menopausal Black SA women 

(n=298)…………………………………………………………………………………………..68 

 

Table 3.3: Glycaemic and insulin measures in pre- and early and late post-menopausal Black SA 

women (n=298)………………………………………………………………………………….69 

 

Table 4.1: Body fat distribution and physical behaviours in men and women…….97 

 

Table 4.2:  Multiple robust regression analyses of total movement volume and measures of 

glycaemic and insulin dynamics…………………………………………………………………98 

 

Table 4.3: Associations of reallocating 30 minutes of physical behaviours on glycaemia for men 

and women………………………………………………………………………………………99 

 

Table 4.4: Associations of reallocating 30 minutes of physical behaviours on insulin dynamics 

for men and women…………………………………………………………………………….100 

 

Table 5.1: Summary of objectives and key findings……………………………………………104 

 

 

 

 

 

 

 

 

 



x 

 

 

 

 

List of figures 

 

Figure 1.1: Journey of insulin in the body……………………………………………………….4 

 

Figure 1.2: The hyperbolic relationship between insulin sensitivity and insulin secretion………7 

 

Figure 2.2: Bar Graph of the relative risk ratio (RRR)…………………………………………..47 

 

Figure 2.3: Sample selection flow chart 1……………………………………………………….48 

 

Figure 3.1: Consort diagram for sample selection flow 2………………………………………..70 

 

Figure 4.1: Sample selection flow chart 3……………………………………………………...102 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

STUDENT’S CONTRIBUTION TO THE STUDY 

Under the guidance of my supervisors, I was involved in the development of the study protocol, 

standard operating procedures (SOPs), data collection tools, participants’ information sheet, 

informed consent and obtained independent ethical clearance for my PhD work. I completed Basic, 

Intermediate and Advanced training in Research Electronic Data Capture (REDCap) and was 

responsible for managing and maintaining the REDCap database for the whole study. I was also 

actively involved in data collection, entry and quality control.  I carried out statistical analysis and 

interpretation of data and prepared the manuscripts for publication and chapters herein. 

 

I attended the 9th Physical Activity Measurement Seminar (PAMS) at the Møller Centre, 

Cambridge from Monday 10th September to Friday 14th September 2018 organised by the Medical 

Research Council (MRC) Epidemiology Unit of the University of Cambridge, United Kingdom 

(UK) exploring various methods of measuring physical activity, transcription, laboratory analysis, 

statistical analysis and interpretation of physical activity data. I spent an additional two months at 

the MRC Epidemiology Unit of the University of Cambridge to process and develop an algorithm 

for the physical activity data collected and learn statistical methods used, analysis and 

interpretation of objectively measured physical activity data. The results are part of chapter 4 of 

this thesis entitled “Physical behaviours and their association with type 2 diabetes mellitus risk 

markers in urban South African middle-aged adults: An isotemporal substitution approach” and 

the methods paper currently in second review in Medicine and Science in Sports and Exercise 

entitled “Physical activity and posture profile of a South African cohort of middle-aged men and 

women as determined by integrated hip and thigh accelerometry”.  

 



xii 

 

I also attended the Berzelius Symposium on Obesity and Type 2 Diabetes – Understanding the role 

of ethnicity from 11–12th September at the Vaven conference centre, Storgatan 46A, Umea, 

Sweden where I presented a poster on “Differences in body composition, insulin sensitivity and 

beta-cell function between Black South Africa men and women, with and without HIV”. I attended 

the 54th conference of Society for Endocrinology, Metabolism and Diabetes of South Africa 

(SEMDSA) and presented an abstract on “Sex Differences in Type 2 Diabetes Risk and the 

Association with Total and Regional Adiposity in Middle-Aged Black South African Men and 

Women”. 

 

Other training I received during the course of my PhD includes Good Clinical Practice, basic 

course for non-clinical support staff and Comprehensive Systematic Review Training Programme 

from 8–14 November 2017 after which a wrote I wrote the “Protocol for systematic review and 

meta-analysis of sex hormones and diabetes risk in ageing men and women of African ancestry” 

published in BMJ Open.  

 

 

 

 

 

 

 

 

 



xiii 

 

SCIENTIFIC CONTRIBUTIONS TO THE STUDY AND THESIS 

Publications arising from the PhD thesis and funding sources 

During the process of completion of this PhD thesis, various components of the study were 

published in peer-reviewed journals and two publications (one accepted and one in second review) 

are part of this PhD thesis.  

Publications that are part of the PhD thesis: 

1. Kufe CN, Micklesfield LK, Masemola M, Chikowore T, Kengne AP, Karpe F, Norris SA, 

Crowther NJ, Olsson T, Goedecke JH. Increased Risk for Type 2 Diabetes in Relation to 

Adiposity in Middle-Aged Black South African Men compared to Women. Eur J 

Endocrinol. 2022; 186(5):523-533. doi: https://doi.org/10.1530/EJE-21-0527.  

2. Kufe CN, Masemola M, Soboyisi M, Smith A, Westgate K, Goedecke JH, Brage S, 

Micklesfield LK. Physical behaviours and their association with type 2 diabetes mellitus 

risk markers in urban South African middle-aged adults: An isotemporal substitution 

approach. BMJ Open Diabetes Research & Care. July 2022;10:e002815. 

DOI: 10.1136/bmjdrc-2022-002815 

Other peer reviewed publications from the study: 

3. Kufe CN, Masemola M, Chikowore T, Kengne AP, Olsson T, Goedecke JH,  Micklesfield 

LK. Protocol for systematic review and meta-analysis of sex hormones and diabetes risk in 

aging men and women of African ancestry. BMJ Open. 2019; (9)1: e024446. doi: 

10.1136/bmjopen-2018-024446 

4. Ratshikombo T, Goedecke JH, Soboyisi M, Kufe C, Makura-Kankwende CBT, Masemola 

M, Micklesfield LK, Chikowore T. Sex Differences in the Associations of Nutrient Patterns 

https://doi.org/10.1530/EJE-21-0527
https://doi.org/10.1136/bmjdrc-2022-002815
http://dx.doi.org/10.1136/bmjopen-2018-024446


xiv 

 

with Total and Regional Adiposity: A Study of Middle-Aged Black South African Men 

and Women. Nutrients.2021;13(12):4558. https://doi.org/10.3390/nu13124558 

5. Goedecke JH, Nguyen K, Kufe C, Masemola M, Chikowore T, Mendham AE, Norris SA, 

Crowther NJ, Karpe F, Olsson T, Kengne AP, Micklesfield LK. Waist circumference 

thresholds predicting incident dysglycaemia and type 2 diabetes in Black African men and 

women. Diabetes, Obes Metab. 2022;1-10. doi: 10.1111/dom.14655.  

6. Mendham AE, Micklesfield LK, Karpe F, Kengne AP, Chikowore T, Kufe CN, Masemola 

M, Crowther NJ, Norris S, Olsson T, Elmståhl S, Fall T, Lind L, Goedecke JH. Targeted 

proteomics identifies potential biomarkers of dysglycaemia, beta-cell function and insulin 

sensitivity in Black African men and women. Accepted for publication in Diabetologia. 

2022. 

7. Micklesfield, L., Westgate, K., Smith, A., Kufe, C., Mendham, A., Lindsay, T., Wijndaele, 

K., Goedecke, J., Brage, B. Physical Activity Behaviours of a Middle-aged South African 

Cohort as Determined by Integrated Hip and Thigh Accelerometry. Medicine & Science in 

Sports & Exercise: April 22, 2022 - Volume - Issue. doi: 

10.1249/MSS.0000000000002940   

8. Mendham AE, Goedecke JH, Kufe NC, Soboyisi M, Smith A, Westgate K, Brage S, 

Micklesfield LK. Physical Behaviors and Their Association With Adiposity in Men and 

Women From a Low-Resourced African Setting. Journal of Physical Activity and Health. 

July 2022.19,548-557. Doi: https://doi.org/10.1123/jpah.2022-0032  

Abstracts presented at conferences: 

1. Kufe CN, Micklesfield L, Masemola A, Chikowore T, Kengne AP, Norris S, Crowther NJ, Karpe 

F, Olsson T, Goedecke JH. Sex Differences in Type 2 Diabetes Risk and the Association with 

https://doi.org/10.3390/nu13124558
http://dx.doi.org/10.1249/MSS.0000000000002940
https://doi.org/10.1123/jpah.2022-0032


xv 

 

Total and Regional Adiposity in Middle-Aged Black South African Men and Women. Journal of 

Endocrinology, Metabolism and Diabetes of South Africa. 2021; 26(1 Suppl 1): S1-9 (57, p: S2). 

Society for Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA) 54th 

CONGRESS 2021. ISSN 1608-9677. Abstract 57. 

 

2. Kufe CN, Goedecke JH, Micklesfield LK. Differences in body composition, insulin sensitivity 

and beta cell function between black South African men and women, with and without HIV. 

Presented at the Berzelius Symposium of Obesity and Type 2 Diabetes – Understanding the role 

of ethnicity from 11 to 12 September 2019 at the Väven conference, Storgatan 46 A, Umeå, 

Sweden. 

 

3. Masemola M, Kufe C, Chikowore T, Lichaba M, Micklefield L, Goedecke J. Increased insulin 

response in pre- and post-menopausal African women living with HIV. Journal of Endocrinology, 

Metabolism and Diabetes of South Africa 2021; 26(1 Suppl 1): S1-9 (40, S5). Society for 

Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA) 54th CONGRESS 2021. 

ISSN 1608-9677. Abstract 40. 

 

4. Kufe C, Micklesfield L, Masemola M, Chikowore T, Kengne AP, Karpe F, Norris S, Crowther 

NJ, Olsson T, Goedecke J. Differences in body fat distribution and glycaemic and insulin measures 

between pre- and post-menopausal Black South African women. Society for Endocrinology, 

Metabolism and Diabetes of South Africa (SEMDSA) 55th CONGRESS 2022, Cape Town, 8th – 

11 September 2022. Abstract 54. 

 



xvi 

 

LIST OF ABBREVIATINS, ACRONYMS AND GLOSSARY 

ADA  American Diabetes Association 

AIDS  Acquired Immune Deficiency Syndrome 

ART  Anti-Retroviral Therapy 

ARV  Anti–retroviral  

BAI  Body Adiposity Index  

BIA  Bioelectrical Impedance Analysis 

BMI  Body Mass Index 

CAGE  Concern/Cut-down, Anger, Guilt, and Eye-Opener 

CHD  Coronary Heart Disease 

CI  Confidence Interval 

CRP  C-reactive protein 

CT  Computerized Tomography 

CV  Coefficient of variation 

CVD  Cardiovascular Disease 

DALYs Disability–Adjusted Life–Years 

DBP  Diastolic Blood Pressure 

DI  Disposition Index 

DPHRU Developmental Pathways for Health Research Unit 

DXA  Dual Energy X–Ray Absorptiometry 

E2  Oestrogen 

FFA  Free Fatty Acids  

FFM  Fat Free Mass  

FFSTM Free Fat Soft Tissue Mass 

FIRI  Fasting Insulin Resistance Index  

FM  Fat Mass  

FPG  Fasting Plasma Glucose 

FSIVGTT Frequently Sampled Intravenous Glucose Tolerance Test 

FSH  Follicle stimulating hormone 

GBD  Global Burden of Disease 

GI  Glucose Insulin  

GPAQ  Global Physical Activity Questionnaire 

HbA1c  Glycated haemoglobin  

HBP  High Blood Pressure 

HC  Hip Circumference 

HDL   High Density Lipoproteins 

HGP  Hepatic Glucose Production 

HIV  Human Immunodeficiency Virus 

HOMA–IR Homeostasis Model Assessment–Insulin Resistance 

HR  Hazard Ratio 

IAPP  Islet Amyloid Polypeptide 

IFG  Impaired Fasting Glucose 

IGFBP-1 Insulin Growth Factor Binding Protein-1 

IGI  Insulinogenic Index  

IGT  Impaired Glucose Tolerance 

IQR  Interquartile Range 



xvii 

 

IR  Insulin Resistance 

IS  Insulin Sensitivity 

ISI  Insulin Sensitivity Index 

LDL  Low Density Lipoproteins 

LH  Luteinising hormone 

LPA  Light Intensity Physical Activity 

LMIC  Low-and middle-income countries 

MODY  Maturity–Onset Diabetes of the Young 

MRC  Medical Research Council 

MVPA  Moderate-to-Vigorous intensity Physical Activity 

NCD  Non–Communicable Disease 

NGT  Normal Glucose Tolerance 

oDI  Oral Disposition Index 

OGTT  Oral Glucose Tolerance Test 

OR  Odds Ratio 

PAMS  Physical Activity Measurement Seminar  

PA  Physical Activity 

PG  Post Glucose 

PKC  Protein kinase C  

QUICKI Quantitative Insulin Sensitivity Check Index 

REDCap Research Electronic Data Capture 

SA  South Africa 

SAT  Subcutaneous Adipose Tissue 

SBP  Systolic Blood Pressure 

SEMDSA Society for Endocrinology, Metabolism and Diabetes South Africa 

SES  Socio–Economic Status 

SHBG  Sex Hormone Binding Globulin  

SOP  Standard Operating Procedure 

SSA  Sub–Saharan Africa 

T2DM  Type 2 Diabetes Mellitus 

TC  Total Cholesterol 

TG  Triglycerides 

TNF  Tumour Necrosis Factor 

VAT  Visceral Adipose Tissue 

WBFM Whole Body Fat Mass 

WC  Waist Circumference 

WHO  World Health Organisation 

WHR  Waist-to-Hip Circumference Ratio  

WHtR  Waist Height Ratio 

YLD  Years Lived with Disability 

 

 

 

 

 

 



xviii 

 

Abstract 

Aims: To determine whether type 2 diabetes mellitus (T2DM) risk markers are different between 

middle-aged Black South African men and women, and between women at different stages of the 

menopause transition, and to determine whether there are sex-specific associations between these 

markers, and body composition and physical behaviours. 

Methods: This cross-sectional study included 804 Black South African men (n=388) and women 

(n=416) with a mean age of 54.66.0 years from the Middle-aged Soweto Cohort (MASC) from 

Soweto, Johannesburg. Dual-energy x-ray absorptiometry was used to measure total and regional 

adiposity. Glycated haemoglobin (HbA1c), and fasting plasma glucose, serum insulin and C–

peptide concentrations were measured, and insulin resistance was calculated using the homeostasis 

model assessment (HOMA-IR). All participants completed an oral glucose tolerance test, from 

which measures of glycaemic and insulin dynamics were determined which included insulin 

sensitivity (Matsuda index), secretion (C-peptide index), and clearance (C-peptide/insulin ratio), 

beta cell function (oral disposition index), and integrated area under the curve (iAUC) for glucose, 

insulin and C-peptide were calculated. Total movement volume (average movement in milli-g) 

and time (minutes/day) spent in different physical behaviours, namely awake sitting/lying, 

standing, light intensity physical activity (LPA) and moderate-to-vigorous intensity physical 

activity (MVPA) were determined by combining the signals from two triaxial accelerometers worn 

simultaneously on the hip and thigh. Menopausal status was determined by self-reported final 

menstrual period (FMP) and women were categorised as pre-menopausal, early post-menopausal 

and late postmenopausal. Sex-specific associations between adiposity and markers of T2DM risk, 

and between physical behaviours and markers of T2DM risk, were examined by robust regressions 

and isotemporal substitution, respectively.   
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Results: Men (mean± standard deviation) (54.2±6.2) were younger than women (55.0±5.8) and 

significantly more men currently smoked (46.1% vs. 7.2%) and consumed alcohol (30.4% vs. 

4.6%) than women. Mean BMI was higher in women than men (p<0.001), and accordingly a larger 

proportion of the women presented with obesity (70.2% vs. 26.6%) and had higher whole body fat 

mass (FM) (kg and %) and fat mass index (FMI). Women also had significantly greater leg FM, 

while men had more central FM (trunk) and a higher VAT/SAT ratio.  

 

Unadjusted HbA1C and 2-h glucose, as well as fasting insulin and C-peptide, and iAUC for insulin 

were higher in women than men. HOMA-IR was higher and insulin sensitivity (Matsuda index) 

was lower in women compared to men, which was accompanied by a higher insulin response (IGI) 

characterised by higher insulin secretion (C-peptide index) and lower insulin clearance (basal and 

postprandial). The oral disposition index did not differ by sex. After adjusting for sex differences 

in fat mass index, men were less insulin sensitive and had lower beta cell function than women 

(p<0.001), with the strength of the associations with measures of total and central adiposity being 

greater in men than women (p<0.001 for interactions). When exploring the relationship between 

adiposity and impaired glucose metabolism (IGM) and T2DM, using normal glucose tolerance as 

the reference, there was a significant sex*FMI interaction such that the relative risk ratio’s for IGM 

and T2D were greater for men than women [relative risk ratio (95% confidence interval), IGM: 

1.70 (1.27– 2.29) vs 1.23 (0.95–1.60); T2DM: 2.05 (1.42–2.96) vs. 1.38 (1.03–1.85)]. The 

prevalences of NGT, IGT and T2DM were similar in men and women. 

 



xx 

 

 

When exploring differences in total and regional adiposity, and glycaemic and insulin dynamics 

across the menopausal transition in women, BMI and all the DXA-derived measures of total and 

regional adiposity were similar between the menopausal groups. Although HbA1c and iAUC for 

glucose were significantly higher in the late post-menopausal than the pre-menopausal group 

(HbA1c: 6.4±1.4% vs. 5.8±0.9%, p=0.019 and iAUC for glucose: 169.4 mmol/L vs 137.9 mmol/L, 

p=0.026) this was no longer significant after adjusting for age. Fasting insulin and C–peptide, 

iAUC for insulin, and insulin sensitivity and clearance were not different between the groups. 

However, iAUC for C-peptide was higher in the early post-menopausal women compared to the 

pre-menopausal and the late post-menopausal women before and after adjusting for age (762.9 

ng/ml vs. 552.6 ng/ml and 637.5 ng/ml, all p<0.05). Insulin secretion (4.2 ng/mmol vs. 2.3 

ng/mmol, p=0.001) and beta cell function (20.5 mIU/mmol vs. 11.8 mIU/mmol, p=0.008) were 

higher in early than late post-menopause before and after adjusting for age.  

 

Although time spent in LPA (mins/day) was not different between men and women, total 

movement volume, time spent in MVPA (mins/day) and time spent sitting/lying were higher in 

men, while time spent standing was higher in women. Total movement volume was inversely 

associated with measures of fasting and 2-h glucose, and positively associated with insulin 

sensitivity, basal insulin clearance, and beta-cell function, but these associations were not 

independent of fat mass, except for basal insulin clearance in women. Using isotemporal 

substitution, in men replacing 30 minutes of sitting/lying, standing or LPA with the same amount 

of MVPA time was associated with 1.2–1.4 mmol/L lower fasting glucose and 12.3–13.4 

mgl2/mUmin higher insulin sensitivity. In women, substituting sitting/lying with the same amount 
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of standing time or LPA was associated with 0.5–0.8 mmol/L lower fasting glucose. Substituting 

30 minutes sitting/lying with the same amount of standing time was also associated with 3.2 

mgl2/mUmin higher insulin sensitivity, and substituting 30 minutes of sitting/lying, standing or 

LPA with the same amount of MVPA time was associated with 0.25-0.29 ng/mIU higher basal 

insulin clearance in women.  

 

 

Conclusion: Although the prevalence of obesity is lower in men compared to women they may be 

at higher risk for T2DM due to higher central body fat which is more strongly associated with 

T2DM risk markers than in women. I have also shown that despite similar adiposity between 

menopausal groups, which may be due to the high prevalence of obesity in this sample, late 

menopause is associated with higher risk of T2DM. Further, I have shown that physical activity 

recommendations to reduce risk markers for T2DM may need to be different for men and women 

as men need to participate in higher intensity physical activity in order to reduce their risk, however 

these findings need to be confirmed in intervention studies. 

 

Key words: Body fat distribution, T2DM risk, physical behaviours, isotemporal substitution, pre-

menopause, early post-menopause, late post-menopause, men and women. 
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LITERATURE REVIEW 

 

This chapter presents a brief overview of the global picture of diabetes, followed by the 

pathophysiology of Type 2 Diabetes Mellitus (T2DM) with specific reference to Black African 

populations, and more specifically the South African population. Factors that influence insulin 

sensitivity and response include sex and age (non-modifiable), as well as lifestyle factors such as 

physical activity (PA) that are modifiable, with the relationship between these factors and T2DM 

risk potentially being mediated by body composition. This chapter includes a brief overview of 

this literature, identifying knowledge gaps and concludes with a section on the various methods 

used to assess insulin sensitivity and response before presenting the objectives and aims of this 

thesis. 

  

1.1 INTRODUCTION 

The prevalence of diabetes worldwide has witnessed a four–fold increase since 1980  (1,2). T2DM 

is on the rise globally with 537 million (10.5%) adults aged 20–79 years affected in 2021, 80% of 

whom are living in low and middle–income countries (LMIC) (3). The burden of T2DM is 

exacerbated by late diagnosis accompanied by preventable complications such as retinopathy, 

nephropathy, neuropathy, and cardiovascular diseases (CVDs) increasing health care expenses (4). 

By 2012, diabetes was responsible for as many deaths as HIV/AIDS in South Africa (5). While 

the HIV epidemic was being stabilised with a global prevalence cases of HIV/AIDS resulting in 

mycobacterial infection of 724 700 and HIV/AIDS resulting in other diseases of 28 506 600 in 

2013 with a percentage change in prevalence of 275.7 and 234.1 corresponding to 268 300 and 3 

795 300 years lived with disability (YLD) respectively, the prevalence cases of diabetes was 409 
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967 000 in 2013 giving a percentage change in prevalence of 132.9 from 1990 to 2013 

corresponding to 29 518 100 YLDs in 2013 (5). 

 

According to the latest data from the International Diabetes Federation (IDF), it is estimated that 

the number of people with diabetes in the African region will increase by 129% to 55 million by 

2045, representing the highest predicted increase of all the IDF Regions (3). Globally in 2019, one 

in two (50.1%) of the 463 million adults living with diabetes were unaware of their condition (4) 

and in 2021, the highest proportion of undiagnosed diabetes (60%) in adults globally were in the 

Africa region, with diabetes responsible for 416 000 deaths in the African region (3). The health 

systems in Africa suffer from acute shortages of qualified health workers, infrastructure, 

dependency on foreign aid and is under pressure from infectious diseases such as malaria, 

HIV/AIDS and tuberculosis which have exhausted health care resources (4). Notably, in 2021 the 

African region had the second lowest diabetes-related expenditure of USD 13 billion representing 

1% of global expenditure (3).  

 

South Africa (SA) had the highest number of people with diabetes in the African region with an 

increase from 1.9 million in 2011 to 4.2 million people in 2021 (3). In SA, T2DM was the second 

leading underlying cause of death in 2016 representing 5.5% of total deaths, and the leading (7.1%) 

underlying cause of death among women and adults  65 years (8.9%) (6). A recent study reported 

that T2DM accounted for 12% of SA’s national budget in 2018 (7). The prevalence of T2DM in 

SA, particularly in Black African urban–dwelling populations increased significantly over the past 

20 years (8), most likely driven by the increasing prevalence of obesity, affecting the majority of 
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Black SA women (39.9%) (9). SA also has an additional challenge of a high burden of infectious 

diseases, with a national HIV prevalence of 12.2% (10,11).  

 

Data from SA has reported that Black South African women are more susceptible to developing 

insulin resistance (IR) and T2DM than their white counterparts (8,12), with international data 

reporting similarly (13,14). Accordingly, race/ethnicity is preponderant in the development of 

T2DM (15). Although most studies have been done in Europe and United States of America, there 

is an increase in the number of studies being done in Africa as the pandemic of diabetes unfolds. 

This thesis is based on data collected from Black South African men and women residing in 

Soweto, Johannesburg. According to the 2011 census, the population of Soweto was 

approximately 1.3 million living in an area of appropriately 200 km2. Soweto forms part of greater 

Johannesburg area which is home to more than five million people. Soweto is a heterogeneous 

township with accessible health facilities and the majority of the residents are Blacks from across 

different housing, language, occupation and living standards representing urban groups in South 

Africa (16). 

 

1.2 PATHOPHYSIOLOGY OF TYPE 2 DIABETES MELLITUS 

Type 2 diabetes mellitus accounts for approximately 90% of all diabetes cases globally (4). T2DM 

is a heterogeneous disorder due to β–cell dysfunction resulting in insufficient insulin production, 

and/or insulin resistance, which is reduced sensitivity or responsiveness of target tissues to the 

metabolic actions of normal circulating levels of insulin, resulting in hyperglycaemia.  
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Insulin is produced in the beta-cells of the pancreas and it travels through the portal circulation to 

the liver where over 50% is cleared by the hepatocytes. The remaining insulin leaves the liver by 

the hepatic vein, continues through venous circulation to the heart, and is distributed to the rest of 

the body through arterial circulation. During the second passage through the liver it is further 

cleared.  Insulin exerts its metabolic effects in the muscle and fat cells where it stimulates GLUT4 

translocation and glucose uptake. The remaining circulating insulin is delivered to and degraded 

by the kidney.   

 

Figure 1.1: Journey of insulin in the body. Adapted from Tokarz VL, MacDonald PE, Klip A. 

The cell biology of systemic insulin function. J Cell Biol. 2018;217(7):1–17 (17). 
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The main function of insulin is regulation of glucose homeostasis, which it does by performing 

two key complementary roles in the body: (1) stimulation of glucose uptake from the systemic 

circulation into skeletal muscles and adipocytes, enhancing glycogen synthesis in skeletal muscles, 

and (2) suppressing hepatic glucose production (HGP) in the liver and inhibiting lipolysis in 

adipocytes (Figure 1.1) (18,19). However, the action of insulin is controlled by a cascade of 

physiologic events which when disordered may lead to physiological processes associated with 

disease.  

 

Insulin resistance refers to the impairment in glucose disposal and lipid metabolism in tissues 

sensitive to insulin particularly muscle, liver and adipose tissue (20–22). Majority of patients with 

T2DM are insulin resistant but T2DM can occur without insulin resistance (23–25). At the same 

time, many obese individuals that are insulin resistant do not develop T2DM (20) because they 

increase their insulin secretory levels as a compensation to reduced insulin sensitivity. Insulin 

resistance is therefore not a sufficient cause for T2DM (26,27). Accordingly, the development of 

T2DM necessitates insulin-secretory defects or dysfunctional beta-cell that impairs the 

compensatory response of reduced insulin sensitivity (27,28).  

 

Ethnic differences in insulin sensitivity, secretion and clearance account for the higher prevalence 

of T2DM in Black Africans as compared to European counterparts, with Black Africans having a 

phenotype of low insulin sensitivity, increased insulin secretion and reduced hepatic insulin 

clearance compared to their White Europeans counterparts (29,30).  
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The relationship between insulin secretion and sensitivity can be described as hyperbolic with the 

product of the two variables a constant for individuals with the same degree of glucose tolerance. 

The product of insulin sensitivity and section, the disposition index, is an estimate of beta-cell 

function (31–33). A hyperbolic relationship between insulin sensitivity and insulin secretion 

presupposes that changes in insulin sensitivity are matched by appropriate changes in insulin 

secretion to maintain the same degree of glucose tolerance in nondiabetic individuals (32).  This 

curvilinear relationship has been reported in response to the frequently sampled intravenous 

glucose tolerance test (FSIGT) (32,34,35), as well as the oral glucose tolerance test (OGTT) (36). 

A shift in the curve to the bottom left is associated with reduced glucose tolerance whereas a shift 

in the curve to the upper right is associated with improved glucose tolerance (Figure 1.2).                                         
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Figure 1.2: The hyperbolic relationship between insulin sensitivity and insulin secretion. Ethnic 

differences in the relationship between insulin sensitivity and insulin response in NGT cohorts. 

Scatter plot of S1 vs. AIRg measured in NGT (healthy) African, Caucasian, and East Asian cohorts. 

Each circle represents one study cohort. Circle area is proportional to cohort sample size. The solid 

line is the curve calculated in the meta-analysis [In(AIRg)=-0.915 X Ln(S1)-2.82]. The dashed line 

is the curve of Kahn et al. (32) describing healthy individual who were primarily Caucasian 

[In(AIRg) = -1.0 X Ln(S1) – 3.80]. Adapted from Kodama K, Tojjar D, Yamada S, Toda K, Patel 

CJ BA. Ethnic Differences in the Relationship Between Insulin Sensitivity and Insulin Response. 

A systematic review and meta-analysis. Diabetes Care. 2013;36(6):1789–96 (37).  
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1.3 Methods used in assessing insulin sensitivity and response 

The need to quantify insulin sensitivity/resistance is of great importance in epidemiologic and 

clinical studies in order to understand the pathophysiology of T2DM. Hyperinsulinemic 

euglycemic glucose clamp quantitatively assesses insulin-mediated whole body glucose disposal 

(38) and is considered the “Gold Standard” method to measure insulin sensitivity (39–41). The 

hyperinsulinemic euglycemic glucose clamp technique estimates insulin sensitivity/resistance by 

measuring directly whole body glucose disposal at a given level of insulinemia under steady-state 

conditions in vivo. It is straight forward and has a limited number of defined assumptions. The 

glucose disposal rate at steady state (M) has a coefficient of variation of 0.10 and a discriminant 

ratio of ≈6 which is a measure of reproducibility and ability to distinguish individual results which 

are both excellent (42). The gold standard is therefore appropriate where the primary interest is to 

measure insulin sensitivity/resistance and feasibility is not an issue but it is time consuming, labour 

intensive, expensive and needs an experienced specialist to manage the technical difficulties. It is 

not appropriate for large epidemiological studies, clinical investigations and may not accurately 

reflect insulin action and glucose dynamics during physiological conditions as obtained during an 

oral glucose load. Indices calculated from fasting plasma and from the oral glucose tolerance test 

(OGTT) are more widely used to calculate insulin sensitivity and response. 

  

The OGTT is a simple test widely applicable in large epidemiologic studies and in clinical practice 

to diagnose glucose intolerance and T2DM. The Homeostasis Model Assessment of insulin 

resistance (HOMA-IR) relies on the glucose and insulin dynamics interaction to predict fasting 

steady-state glucose and insulin concentrations for a range of combinations of insulin resistance 
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and beta-cell function by assuming a feedback loop between the liver and beta-cell (43). The 

HOMA-IR is routinely used in research settings where insulin sensitivity/resistance is of secondary 

interest or feasibility issues preclude the use of direct measurements by the gold standard (44,45). 

HOMA-IR has been shown to have reasonable linear correlation with the glucose clamp of insulin 

sensitivity/resistance in several studies and populations. The HOMA-IR is widely used in 

epidemiological, research and clinical trials depending on the interaction between glucose and 

insulin dynamics presupposes a feedback loop between the liver and beta-cell (45). The HOMA-

IR is cheap, do not need extensive technical input, requires only one fasting blood draw, practical, 

evaluated and validated for epidemiologic and clinical studies. However, HOMA-IR does not 

provide information on the peripheral glucose uptake that is relevant in predicting insulin 

action/resistance but indicate only what is occurring with homeostatic mechanisms in the fasting 

state (42,45).  

 

Plasma concentrations of insulin and glucose are be used to calculate the Matsuda index to estimate 

insulin sensitivity for participants using  OGTT values at 0, 30, 60, 90 and 120 minutes (46) and 

the composite measure using OGTT values at 0 and 120 minutes (47). The Matsuda index is simple 

to compute, can be used in large epidemiologic studies and approximates well with whole–body 

insulin sensitivity, combining both hepatic and peripheral tissue insulin sensitivity, thus portraying 

insulin secretion at the same time as insulin action. The fasting component of the Matsuda index 

reflects hepatic insulin sensitivity while the mean of the dynamic component represents skeletal 

muscle insulin sensitivity and this has been validated using the glucose clamp studies (48). The 

insulin secretion or disposition index calculated as the product of insulin secretion measured as 

∆I0-30/∆G0-30 or ∆I0-120/∆G0-120 and the Matsuda index or the composite using plasma glucose and 
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insulin concentration at 30 minutes during the OGTT had been reported to have excellent power 

to predict onset of T2DM (49). The disposition index which reflects insulin secretion adjusted for 

the level of insulin sensitivity can be estimated as the product of insulinogenic index and Matsuda 

index has been shown to have a hyperbolic relationship and is used as measure of beta-cell function 

(32,33,50,51). It has been reported that the physiological relationship between insulin sensitivity 

and insulin secretion may not be hyperbolic but can vary depending on the method(s) employed 

(52). The Matsuda Index from OGTT as compared to other dynamic methods has been shown to 

be more reliable in African American males and superior to the HOMA–IR (46,53,54). Further, 

the insulin sensitivity estimated using the Matsuda index correlates well with the Gold Standard 

(46). Insulin secretion can be calculated using the C-peptide index, the ratio of the increment in C-

peptide relative to glucose in the first 30 minutes of OGTT (50). C-peptide is produced in equi-

molar quantities to endogenous insulin, and unlike insulin, there is negligible hepatic extraction of 

C-peptide, and hence the C-peptide index and the C-peptide to insulin ratio may serve as proxy 

measures of insulin secretion and clearance, respectively (55,56). Basal and postprandial insulin 

clearance are estimated as the ratio of fasting C–peptide to insulin, and the incremental area under 

the curve (iAUC) of C-peptide to iAUC glucose, obtained using the trapezoidal method, 

respectively (57). 
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1.4 Factors influencing insulin sensitivity and response 

Many factors influence insulin sensitivity and response, and are modifiable and non-

modifiable.  

 

1.4.1 Ethnicity 

Studies have been carried out to understand insulin sensitivity and response in populations of 

African descent (30,58–63). These studies have consistently shown that populations of African 

descent have lower insulin sensitivity than their white European counterparts. Lower insulin 

sensitivity is associated with a greater insulin response, often above that expected for the level 

of insulin sensitivity. Accordingly, black Africans typically present with a phenotype of low 

insulin sensitivity and hyperinsulinaemia (Figure 1.2) (37,64).  

 

Hyperinsulinemia is caused by dysregulated insulin secretion and/or clearance from elevated 

levels of circulating insulin in relationship to the normal levels of blood glucose (65). The 

hyperinsulinemia in Black African women has been explained as due to alterations in both 

insulin secretion and clearance depending on age and or level of glycemia (66,67), with studies 

in African American women shown to have decreased hepatic clearance as the main contributor 

of hyperinsulinemia (37). In SA, VAT has been shown to be associated with lower insulin 

secretion and higher hepatic insulin extraction in Black women (61).  

 

Black SA men have been shown to have higher insulin sensitivity than their women 

counterparts (59). Few studies have examined sex differences in insulin sensitivity and 

response. In South Africa, Goedecke et al. reported that Black South African men have higher 

insulin sensitivity but lower compensatory beta-cell response compared to women, but with 
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increasing age beta-cell function decreased similarly in both men and women but insulin 

sensitivity did not change (59).  

 

1.4.2 Sex differences 

Globally the prevalence of diabetes in 2021 was slightly lower in men (10.2%) than in women 

(10.8%) aged between 20–79 years (3). Generally, men have lower overweight and obesity 

prevalence rates than women but men have greater central fat mass particularly more trunk fat 

mass and VAT and less peripheral fat than women of similar age and BMI associated with 

higher T2DM risk (59,68–70). In sub-Saharan Africa (SSA) and South Africa (SA), the 

prevalence of diabetes was similar in men and women (8% vs. 13%) adjusted HbA1c level of 

6.5% and above (71). Studies have explored sex differences in insulin sensitivity and response 

in European and American cohorts (72–75) identifying differences in obesity, body fat 

distribution, physical activity and fitness, and in glucose metabolism to explain these 

differences in men and women. The underlying pathophysiology of T2DM in African 

populations has been explored of recent (14,30,59,66,76) and it has been reported that Black 

African women have low insulin sensitivity and hyperinsulinemia due to higher insulin 

secretion and lower hepatic insulin clearance when compared to White SA women (76) and 

Black SA men (59). It is unclear why the association between overweight/obesity and diabetes 

risk differs between the sexes in SSA and SA. Only one South African study has compared the 

insulin dynamics of men and women and reported that women have lower insulin sensitivity, 

and hyperinsulinemia due to higher insulin secretion and lower hepatic insulin clearance, 

compared to men (59). These findings maybe confounded by sex differences in overweight and 

obesity as they are a major contributor to T2DM with a higher prevalence of overweight and 

obesity in women compared to men (67.4% vs. 27.4%) (71).   
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Similar results of higher insulin sensitivity and beta-cell function was in women than men have 

been obtained from a study in central Europe that included participants from the Czech 

Republic, Austria and Italy using OGTT using quantitative insulin sensitivity check index 

(QUICKI) and beta-cell function measured as insulinogenic index in 611 females and 361 

males with normal glycaemia (77). Another study in Finland using positron emission tomography 

under hyperinsulinemic normogglycemic conditions, whole body insulin sensitivity was 41% 

greater in seven women (age 29±2 years and BMI 22±1 kg/m2) than nine men (age 31±2 years 

and BMI 23±1 kg/m2) (78,79) as well as BMI and weight were greater in women than in men 

aged 20–39 years, in a UK general practice study (78,79).   

 

In SA, men have greater body fat and less lower body peripheral fat compare to women. Also, 

South African men have been shown to have greater trunk fat mass, higher VAT/SAT ratio and 

less leg and similar arm fat mass than women (59,80). Adiposity has been reported to be 

associated with greater diabetes risk (59,67,80,81). Sexual dimorphism in body fat distribution 

may be mediated be differences in hormones. Indeed, the accumulation of visceral fat and re-

distribution of body fat to the abdomen as well as increased glucose intolerance and insulin 

resistance appear in women undergoing menopausal transition and producing less oestrogens 

(82), and the decline in testosterone with aging in men is associated with changes in muscle 

mass and body composition in men (83) and women (84), and the development of insulin 

resistance and T2DM (85,86).   

 

There is a dearth of studies comparing insulin sensitivity, insulin secretion, insulin clearance 

and beta-cell function, exploring sex-specific associations with regional and total adiposity in 

African men and women and in women during menopausal transition at risk of diabetes.     
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1.4.3 Age 

Irrespective of region or income, T2DM prevalence increases with age and as such age is 

recognised as a risk factor of T2DM (87), with the prevalence expected to increase due to 

population growth and aging (88). In South Africa, the prevalence of T2DM increases with 

increasing age and peaks between 65 and 74 years of age (8).  

 

Aging is accompanied by changes in dietary patterns, an increase in sedentary behaviour and 

decrease in PA, all of which contribute to adiposity and insulin resistance (89). While aging is 

accompanied by increased weight, adiposity and re-distribution of adipose tissue to the 

abdominal compartment (90) indeed central obesity, particularly increase in visceral adiposity 

accompanies aging and contributes to the development of insulin resistance in older adults. 

With aging there is a decline in insulin sensitivity and, insulin secretion, with insufficient 

compensation of beta-cell function due to decrease in beta-cell proliferation capacity and 

enhancement of apoptosis (91–93). Age-associated decline in mitochondrial function, 

alteration in lipid metabolism, an increase in systemic inflammation, oxidative stress, DNA 

damage, cell senescence and tissue dysfunction, which exacerbates insulin resistance in the 

elderly (94–99). Some studies have reported that aging impairs insulin secretion from beta-

cells and in addition mitochondrial dysfunction with aging leads to beta-cell death. These 

abnormalities in insulin sensitivity and insulin secretion in older individuals lead gradually to 

impaired glucose tolerance and diabetes (100).  

 

Longer life expectancies throughout the world have led to the increase in the prevalence of 

T2DM in older age and may be related directly to the aging process itself or through other risk 

factors indirectly related to age such as adiposity. 

 



15 

 

1.4.4 Adiposity 

The prevalence of obesity has increased worldwide in developed as well as low and middle 

income countries (101). In African, BMI increased from 21kg/m2 to 23 kg/m2 in men and from 

21.9kg/m2 to 24.9kg/m2 in women between 1980 to 2014 (102). Adipose tissue regulates 

metabolism. In obese individuals, adipose tissue secrete pro-inflammatory cytokines, glycerol, 

free fatty acids and hormones including leptin and adiponectin which exacerbate the 

development of insulin resistance and consequently T2DM (103–106). Many epidemiological 

studies have reported that not only is the increase in adiposity responsible insulin resistance 

but also the distribution of body fat that is associated with insulin resistance and T2DM, SAT 

associated with increased risk of T2DM (107–109). In a study of Black SA women it has been 

shown that baseline trunk fat mass, VAT and the change in VAT were associated with greater 

odds of developing impaired glucose metabolism/T2DM while baseline leg fat mass was 

associated with reduced impaired glucose metabolism/T2DM risk after a 13 year follow up 

(67).  Centralisation of fat in pre-menopausal Black SA women have also been reported to be 

associated with reduced insulin sensitivity and after in 5 year follow up (63). In other 

populations, studies have reported that VAT is greater risk for T2DM (73,80,110,111). 

Contrary to these studies, Gradidge et al., showed that abdominal subcutaneous fat as measured 

by ultrasound was associated with lower odds of having glucose greater than 5.6 mmol/l (112).      

In the Black SA women, obesity reduces adipogenesis and storage of SAT leading to insulin 

resistance and T2DM risk (113,114). More studies are warranted to understand the differences 

in associations between body fat distribution and diabetes risk in Black men and women. 

   

1.4.5 Physical activity 

Studies have reported an inverse association between physical activity (PA) and T2DM risk 

(115–118) with PA of any intensity positively associated with improved glucose metabolism 
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and insulin sensitivity (119–121). Through its effects on multiple organs and systems physical 

activity acts as a stimulus to persistent improvement in insulin sensitivity and glucose uptake 

(106,118,121,122). Accordingly, higher levels of physical activity have been shown to be 

associated with a significant reduction in the risk of developing T2DM in men and women 

(123). In fact, less sedentary behaviour and exercise of any type and intensity is associated with 

reduced T2DM (124–126) even in men and women with high body mass index and elevated 

glucose levels (127).  

 

On the other hand, sedentary behaviour has been shown to be positively associated with T2DM, 

cardiovascular disease and mortality (128,129). Some studies have reported that the association 

between sedentary time and T2DM risk is independent of PA (129), while another study 

showed that 30–40 minutes per day of PA may attenuates the association between sedentary 

time and risk of mortality in sedentary individuals (130). A systematic review and meta-

analysis showed that participants who reported the greatest sedentary time had a 112% higher 

relative risk (RR) of T2DM compared to those with the lowest sedentary time (128). Another 

meta-analysis has showed an increased risk for T2DM to be associated with higher levels of 

total sitting independent of PA (131). 

 

In SA, most urban Black SA women are physically active despite high prevalence of obesity 

and metabolic risk factors. A population-based study reported that 57.4% of the population 

were not physical active (men: 46.9%, women: 67.1%), 14.8% of the population engaged in 

moderate physical activity (men: 14.4%, women: 15.1%), while 27.8% was engaged in 

vigorous physical activity (men: 38.7%, women: 17.8%) (132). Further, they showed that men 

were more likely to be physically active than women and women were less likely to engage in 

moderate and vigorous PA than men (132). A study comparing physically active women, as 
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defined by meeting the guideline of 150 min/week of MVPA, had lower body weight, body fat 

and insulin resistance, but physical activity did not remove risk of T2DM associated with 

obesity (133,134). Most studies in SA have started exploring the role of PA and T2DM risk 

but are using self-reported PA (133–138) with limitations in accuracy (139) linked to social 

desirability bias, response and recall bias and reliability and validity (140). Wearable devices 

to monitor and measure physical behaviours and are more accurate in providing objective 

assessment of PA intensity, PA volume and sedentary behaviour than self-reported measures 

are increasingly being used (141,142). While one device has been used in research to capture 

physical behaviours combining signals from two accelerometers on the thigh and waist have 

been shown to have high accuracy and precision in postural classification and intensity (143). 

 

Isotemporal substitution modelling is a new approach to statistical analysis and is considered 

the gold standard in modelling physical activity and effects of time by substitution of the 

activity by another for the same amount of time. It has been shown to be accurate and had 

superior interpretation of the physical activity results presented in absolute rather than relative 

values (144,145). Isotemporal substitution modelling has been used in European and American 

cohorts to analyse physical behaviours from wearable devices on the waist, hip and wrist but 

less accurate in posture classification to distinguish sedentary behaviour from standing which 

have opposing effects on heath (146–155).  

 

There is a paucity of studies using objectively measured physical activity with one or two 

accelerometers and adopting the isotemporal substitution analysis in Africa. Such studies are 

warranted as they will provide comparable results on replacing one physical behaviour with 

another in African populations.  
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1.4.6 Other lifestyle factors 

Lifestyle factors such as dietary intake, smoking and alcohol consumption are important risk 

factors in the aetiology of T2DM (156–162). Smoking is an independent risk factor for T2DM 

(163–169). Tobacco products contain many chemical compounds and free radicals which 

increase inflammation/oxidative stress (170) and decrease beta-cell function leading to a 

reduction in insulin secretion (170,171), as well as insulin resistance (172–175) and diabetes 

complications (158).  Accordingly, insulin resistance in smokers may be related to nicotine as 

long-term use of nicotine gum is associated with insulin resistance (176). Smoking cessation 

leads to improved insulin sensitivity as shown by an 8 weeks intervention despite a concomitant 

increase in body weight (174,177). 

 

Long-term, high alcohol intake is an independent risk factor for T2DM (178,179),  as it 

interferes with glucose homeostasis and is associated with the development of insulin 

resistance leading to T2DM (180,181). As well as contributing to excess caloric intake, which 

is associated with overweight and obesity, excessive alcohol intake is associated with increased 

insulin resistance as well as reduced insulin secretion caused by impaired beta-cell function 

(182). The threshold of alcohol intake related to increased T2DM risk is not clear. Some studies 

have reported that moderate alcohol intake decreases the risk of T2DM (183), others have 

shown that heavy alcohol consumption disrupts glycaemic regulation (156,184), while other 

studies have suggested no effect at all (185).  

 

Dietary modification combined with other lifestyle changes has been shown to improve insulin 

sensitivity and reduce the risk for T2DM (186). Although there is much debate regarding the 

dietary recommendations for the prevention and management of T2DM, diets low in glycaemic 

index and glycaemic load, including a wide variety of fruits and vegetables high in fibre are 
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generally recommended (186,187). In contrast, hypercaloric diets that are high in process foods 

and added sugar are associated with increased T2DM risk (188–190). 

 

According to the 2016 SA Demographic and Health survey, the prevalence of tobacco smoking 

and excessive alcohol intake is high and more common in South African men than women 

(37% vs. 8%). Similarly, alcohol consumption is higher in SA men than women (61% vs. 26%) 

and more men than women engaged in risky drinking (28% vs. 5%) and showed signs of 

problem drinking (16% vs. 3%) (71). The same national survey also reported that 2% of South 

Africans eat fast food on daily basis and 18% consume fast food at least once a week. While 

59% of adults reported that they consumed vegetables, 49% consumed fruits and 36% of the 

adults indicated they consumed sugar sweetened beverages on the day before the survey (71). 

These lifestyle factors place South Africans, particularly men, at high risk for T2DM.  

 

1.4.7 HIV/AIDS 

In people living with HIV (PLWH), diabetes is often underdiagnosed and undertreated (191).  

Individuals on antiretroviral therapy (ART) are four times more susceptible to diabetes than 

HIV negative individuals (192) as metabolic alterations due to HIV infection, antiretroviral 

therapy and co-morbidities (193). Accordingly, it is important to understand the association 

between HIV infection, ART treatment and cardio-metabolic disease risk in patients on ART 

(194,195). The use of ARV therapy in Black Africans has also been associated with an increase 

in total and central body fat accumulation (196) and dysglycaemia (197), both of which are 

implicated in T2DM risk. With the new guidelines for ART, it is expected that PLWH will live 

longer and have near–normal life expectancy and therefore it is important that chronic diseases 

such as diabetes in PLWH are well managed in order to maintain quality of life and avoid 

complications from diabetes and / or HIV and treatment (198).  
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1.4.8 Socio-economic status (SES) 

Socio-economic factors such as income, education, housing and access to healthy food and 

health care are associated with the development and progression of T2DM (199–202). Studies 

carried out in high income countries have shown that T2DM is more prevalent among 

individuals of lower socioeconomic status and the socially deprived individuals (203,204). 

Notably, individuals with low levels of income, occupation and low education attainment are 

more likely to develop T2DM than those with higher income, better occupation and education 

(205–209). Further, individuals of lower SES are in a constant struggle to eat a healthy diet, 

and meet health care costs and as such bear a greater burden of diabetes in terms of morbidity 

and mortality than those of the higher SES (204,207). Poverty, unmet material needs and social 

exclusion (199,210) lead to stress triggering psychological and biologic reactions (211,212) 

that exacerbate depression and anxiety, low self-esteem and motivation. Accordingly, 

disadvantaged individuals are more susceptible to self-destructive behaviours and choices such 

as tobacco consumption, excessive alcohol intake and consumption of unhealthy foods 

(213,214) with negative consequences for T2DM (211,214,215).   

 

In South Africa, poverty is a risk factor for adiposity (216), and according to Bradshaw et al, 

the poor are at greater risk of being exposed to smoking and exposure to smoky fuels. Excessive 

alcohol intake was also associated with poverty, and access to and quality of health care was 

worse for the poor in whom the disease burden is higher compared to the wealthy. Individuals 

that have less education have less knowledge of the disease and associated risk factors and are 

therefore less likely to engage in healthy lifestyle behaviours (217). The high financial cost on 

individuals, families and communities to manage diabetes further exacerbate  the effects of 

poverty (218).  
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1.4.9 Menopausal transition  

Menopausal transition involves many stages of reproductive changes which have been 

classified using self-reported date of final menstrual period (FMP) (219,220). Women currently 

having regular periods are classified as pre-menopausal and women who had had no bleeding 

for more than 12 months were classified as post-menopausal. The post-menopausal class was 

further classified into early post-menopausal group is they had not had a drop of blood for 

greater than 12 month but less than six years, and another class of late post-menopausal group 

if they had not had a drop of blood for more than six years (219).  

 

Menopausal transition is associated with changes in sex hormones, characterised by a decrease 

in oestrogen and an increase in FSH and LH. These changes are associated with an increase in 

total body fat and re-distribution of body fat from the peripheral regions to the central region, 

specifically VAT accumulation (221–224). Cross-sectional studies as well as longitudinal 

studies have reported that the increase in abdominal adiposity when transitioning from pre- to 

post-menopause is independent of age and total adiposity (225,226).  

 

The transition from the pre-menopausal to post-menopausal period has been reported to be 

associated with a decrease in C–peptide and insulin secretion levels, and an increase in fasting 

glucose concentrations (227–229). Some studies have shown similarities in insulin sensitivity 

between pre- and post-menopausal women (230,231), while others have reported a decline in 

insulin sensitivity in post-menopausal women compared to pre-menopausal women (232). 

However, all these studies were performed in European women and women in United States 

of America, with no studies that have explored differences in glycaemia or insulin dynamics 

in women from SSA. 
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While some studies have explored the differences in cardio-metabolic disease risk between 

menopausal groups in African women (233,234), others have examined the weight and 

adiposity differences and metabolic syndrome traits between pre- and post-menopausal women 

(112,235). One study from SA measuring body composition using DXA showed post-

menopausal women had lower whole body lean mass and bone mineral density compared to 

pre-menopausal subjects but there were no differences in fat mass compared to pre-menopausal 

women (235).  

 

To the best of my knowledge no studies have been done that have objectively characterised 

differences in regional fat distribution and glycaemic and insulin dynamics between Black men 

and women and pre- and post-menopausal Black women with increased risk for T2DM. Most 

research in women has focussed predominantly on pre-menopausal women. There is a paucity 

of data assessing sex-specific associations between regional and total fat distribution and 

insulin sensitivity and response Black men and women. Most studies have used self-reported 

physical activity measurements. Accordingly, data on objective measures of physical 

behaviours is scarce sub-Saharan. Africa (SSA). The use of two devices to quantify physical 

behaviours has not been done in SSA. Further, the association of physical behaviours 

quantified by combining signals from two accelerometers and T2DM risk markers and 

isotemporal substitution approach has not been explored. Addressing these gaps will have the 

following potential clinical implications; identifying people at high risk of T2DM and non-

communicable diseases and recommendations with regard to physical activity.  

 

1.5 AIMS AND OBJECTIVES OF THE STUDY 
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1.5.1 AIMS OF THE STUDY 

The aims of this thesis is to determine whether T2DM risk markers are different between 

middle-aged Black South Africa men and women in Soweto, Johannesburg , and between 

women at different stages of the menopause transition, and to determine whether there are sex-

specific associations between these markers, and body composition and physical behaviours. 

1.5.2 OBJECTIVES OF THE STUDY 

 To explore sex differences in insulin sensitivity, insulin secretion, insulin clearance 

and beta-cell function, and sex-specific associations with total and regional fat 

distribution. 

 To describe differences in total and regional adiposity, and glycaemic and insulin 

measures, between pre-menopausal and early and late post-menopausal Black South 

African women. 

 To determine the associations between physical behaviours and measures of T2DM 

risk in middle-aged Black South African men and women using isotemporal 

substitution. 
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Abstract 

Aims: Despite a higher prevalence of overweight/obesity in black South African women 

compared to men, the prevalence of type 2 diabetes does not differ. We explored if this could 

be due to sex differences in insulin sensitivity, clearance and/or beta-cell function, and also 

sex-specific associations with total and regional adiposity. 

 

Methods: This cross-sectional study included 804 black South African men (n=388) and 

women (n=416). Dual-energy x-ray absorptiometry was used to measure total and regional 

adiposity. Insulin sensitivity (Matsuda index), secretion (C-peptide index) and clearance (C-

peptide/insulin ratio) were estimated from an oral glucose tolerance test.  

 

Results: After adjusting for sex differences in fat mass index, men were less insulin sensitive 

and had lower beta cell function than women (p<0.001), with the strength of the associations 

with measures of total and central adiposity being greater in men than women (p<0.001 for 

interactions). Further, the association between total adiposity and type 2 diabetes risk was also 

greater in men than women (relative risk ratio (95% confidence interval): 2.05 (1.42–2.96), 

p<0.001 vs. 1.38 (1.03–1.85), p=0.031).  

 

Conclusion: With increasing adiposity, particularly increased centralisation of body fat linked 

to decreased insulin sensitivity and beta cell function, black African men are at greater risk for 

type 2 diabetes than their female counterparts. 

 

Key words: Body fat distribution, insulin sensitivity, insulin secretion, beta-cell function, basal 

and postprandial insulin clearance, ethnicity. 



26 

 

 

 

Introduction 

Type 2 diabetes (T2D) is a global health problem, with low-middle income countries 

particularly affected. It is projected that sub-Saharan Africa (SSA) will have the highest 

increase in T2D compared to the rest of the world, and in 2019 South Africa (SA) had the 

highest estimated number of people with diabetes (4.6 million) in the SSA region, and the 

highest age–adjusted comparative prevalence of diabetes (12.7%) in adults (1), which is higher 

than the global average (2). Within SSA and SA, the prevalence of T2D does not differ by sex, 

despite large sexual dimorphism in obesity rates (3). For example, in SA the prevalence of T2D 

in black SA men and women is similar (10.2% vs. 13.8%) (4) , but the prevalence of overweight 

and obesity differs markedly (27.4% vs. 67.4%) (5).  

 

The reason for this discrepancy in the association between overweight/obesity and diabetes 

risk in men and women is not clear. Our group have started to explore the underlying 

pathophysiology of T2D in Africans (6–10), and shown that black African women present with 

a phenotype of low insulin sensitivity and hyperinsulinemia due to higher insulin secretion and 

lower hepatic insulin clearance compared to white SA women (7) and black SA men (8). 

However, the majority of these studies have been undertaken in premenopausal women 

(6,7,10), with limited data in middle-aged men and women (8).   

  

Notably, men typically have greater central fat mass (particularly visceral adipose tissue 

(VAT)) and less peripheral subcutaneous adipose tissue (SAT) than women, which is 

associated with a higher risk for T2D (8,11,12). However, the sex differences in the association 

between whole body and regional adiposity, and T2D risk, including insulin sensitivity, 

secretion and clearance, to our knowledge, has not been studied in African men and women.   
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Accordingly, the aims of this study were to compare insulin sensitivity, clearance and beta-cell 

function between middle-aged black South African men and women who differ in obesity 

prevalence, and to explore sex-specific associations with total and regional adiposity. 

 

Methods 

This cross-sectional study includes the analysis of the follow-up data that was part of a 

longitudinal study designed to investigate the determinants of T2D risk in middle-aged black 

SA men and women. Data collection for the baseline study, as part of the AWI-Gen (Africa 

Wits-INDEPTH partnerships for Genomic Research) study (13), took place between 2011 and 

2015 in black SA men (n=1027) and women (n=1008) residing in Soweto, South Africa (14). 

Follow-up data, analysed for this study, was collected between January 2017 and August 2018 

on a sample of 502 men and 527 women randomly selected from the original sample. 

Participants living with HIV were excluded from this data analysis to avoid the confounding 

effects of the virus and antiretroviral therapy on the outcomes. Complete data was available for 

804 participants (388 men and 416 women) and complete oral glucose tolerance (OGTT) data 

was available on 734 of these participants (Figure 2.1: Sample selection flow chart 1).   

 

The study was conducted in accordance with the tenets of the Helsinki declaration and was 

approved by the Human Research Ethics Committee (HREC) of the University of the 

Witwatersrand (M160604 and M160975). Prior to inclusion in the study all procedures and 

possible risks were explained and all participants signed a consent form. Data collection took 

place at the South African Medical Research Council/University of the Witwatersrand 

Developmental Pathways for Health Research Unit at the Chris Hani Baragwanath Hospital in 

Soweto, Johannesburg, South Africa.  
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Socio–demographic and medical questionnaire 

Interviewer administered questionnaires were completed and captured onto REDCap (15). 

Data collected included age, marital status (married/unmarried), current employment 

(employed/not employed), highest educational level completed (no formal 

schooling/elementary school, secondary school level, tertiary education), alcohol intake and 

tobacco consumption (Yes/No), and self–reported diabetes and/or diabetes medication taken.  

Menopausal stage was classified according to last menstrual period (16).   

 

Anthropometry 

Weight was measured to the nearest 0.1 kg using a TANITA digital scale (model: TBF-410, 

TANITA Corporation, US). Height was measured to the nearest 0.1cm using a wall–mounted 

stadiometer (Holtain, UK). Waist circumference (WC) and hip circumference (HC) were 

measured to the nearest 0.1cm with a non–stretchable tape. For the WC, the tape was placed 

horizontally between the iliac crest in the mid–axillary plane and the lowest rib margin. For 

the HC, the tape was placed around the level of the greatest protrusion of the buttocks. Waist-

to-hip ratio (WHR) and BMI were calculated, and participants categorised according to the 

World Health Organisation (WHO) criteria (17).    

 

Body composition and body fat distribution measurements 

Dual–energy X-ray absorptiometry (DXA) was used to measure whole body composition, 

including sub-total (total body minus head to account for any artefacts that may influence the 

DXA reading) fat mass (FM, kg and % body mass) and fat–free soft tissue mass (FFSTM), and 

regional FM including trunk, arm and leg FM (QDR 4500A, Hologic Inc., Bedford, USA, 

APEX software version 4.0.2). Fat mass index (FMI, sub-total fat mass kg/height2) and FFSTM 
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index (FFSTM/height2) were calculated. Regional fat distribution was expressed relative to 

sub-total FM (%FM), with trunk fat (%FM) representing central fat distribution and arm and 

leg fat (%FM) representing upper- and lower-body peripheral fat distribution, respectively. 

Abdominal VAT and SAT areas were estimated from DXA (18).  

 

Blood sampling and analysis 

Participants were instructed to not eat, smoke, drink alcohol or exercise for at least 8 hours 

prior to testing. A single baseline blood sample (10 ml) was drawn for the determination of 

glycated haemoglobin (HbA1c), plasma glucose, serum insulin, C–peptide and follicle 

stimulating hormone (FSH) concentrations. Participants then completed a standard 75g oral 

glucose tolerance test (OGTT) over 2-hours during which blood samples (5 ml) were drawn at 

30 min intervals for the determination of glucose, insulin and C-peptide concentrations. 

Participants with known diabetes and/or those with fasting blood glucose 11.1 mmol/l (n=76) 

(ACCU-CHEK®, MedNet GmbH, Munster, Germany) did not complete the OGTT.  

 

Plasma glucose concentrations were measured on the Randox RX Daytona Chemistry Analyser 

(Randox Laboratories Ltd., London, UK). HbA1c concentrations were measured using the D–

10TM Haemoglobin Analyser (Bio–Rad Laboratories, Inc. USA). Serum insulin and C–peptide 

concentrations were measured on the Immulite® 1000 Immunoassay System (Siemens 

Chemiluminescent Healthcare GmbH, Henkestr, Germany). FSH was measured on serum 

using the ARCHITECT Chemiluminescent Microparticle Immunoassay assay (Abbott 

Laboratories, Abbott Ireland). 

 

Based on the fasting plasma glucose (FPG) and 2–h OGTT glucose results, participants were 

classified according to the WHO criteria (19). Participants with impaired fasting glucose and 
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impaired glucose tolerance were combined and described as having impaired glucose 

metabolism (IGM). 

 

Calculations from the OGTT 

The homeostasis model assessment (HOMA-IR) was used to estimate fasting insulin resistance  

(20). The Matsuda Index (21), was used to estimate insulin sensitivity for participants with 

complete OGTT data (n=628), alongside the composite score (22) for participants who only 

had data for 0 and 120 minutes (n=106). These composite measures have been shown to 

compare well (22), and were significantly correlated in this study (r=0.874; p<0.001) to the 

Matsuda Index. Early phase insulin response to the OGTT was estimated using the 

insulinogenic index (IGI) (23). Participants without data at 30 minutes or whose insulin 

response was <0 were excluded from the analysis. Insulin secretion was calculated using the 

C-peptide index, the ratio of the increment in C-peptide relative to glucose in the first 30 

minutes of the OGTT (23). C-peptide is produced in equimolar quantities to endogenous 

insulin, and unlike insulin, there is negligible hepatic extraction of C-peptide, and hence the C-

peptide index and the C-peptide to insulin ratio may serve as proxy measures of insulin 

secretion and clearance, respectively (24,25). Basal and postprandial insulin clearance were 

calculated as the ratio of fasting C–peptide to insulin, and the incremental area under the curve 

(iAUC) of C-peptide to iAUC insulin, calculated using the trapezoidal method, respectively. 

The oral disposition index (oDI), which reflects insulin secretion adjusted for the level of 

insulin sensitivity (26–28), was calculated as the product of the C-peptide index and Matsuda 

index (23) which demonstrated a hyperbolic relationship and was used as the measure of beta-

cell function. These calculations were only performed in participants without known T2D 

and/or not taking medications for T2D, and who underwent an OGTT.  
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Statistical analysis 

Data were analysed using Stata 15.1/IC (StataCorp, College Station, TX, USA). Variables are 

summarised as percentages for categorical data, mean ± standard deviation (SD) for normally 

distributed continuous data, and median (25th-75th percentile) if not normally distributed. 

Normality was assessed using the Shapiro–Wilk test and Q-Q probability plots. Sex differences 

were determined using Students t-test for normally distributed continuous data, Mann-Whitney 

U and Kruskal–Wallis tests for skewed continuous data, and Chi-squared test for categorical 

data. Sex differences in glucose and insulin measures are presented before and after adjusting 

for FMI using one–way analysis of covariance (ANCOVA). Z-scores were derived for the total 

and regional adiposity measures for the combined sample, as well as sex-stratified using 

Fisher’s Yates transformation (29). By using Z-scores we were able to compare the risk 

magnitude per 1 SD change in total and regional adiposity measurements. Multinomial logistic 

regression was used to explore the relationship between total and regional adiposity measures, 

and IGM and T2D, using NGT as the reference, and including age, sex, smoking, alcohol 

intake, education, and FMI (for regional measures), as covariates. All participants with known 

(n=65) and newly diagnosed (n=42) diabetes were included in the multinomial analyses. We 

explored sex*adiposity z-score interactions and only found a significant interaction for FMI. 

Accordingly, the data (excluding FMI) were analysed in the combined sample and the relative 

risk ratio (RRR) and 95% confidence intervals for IGM and T2D are presented. For the 

continuous measures of insulin sensitivity (Matsuda index), clearance (fasting C–

peptide/insulin ratio) and beta-cell function (oDI), robust regressions were used to explore 

associations with adiposity z-scores, including age, smoking, alcohol intake, education and 

FMI (for regional adiposity measures) as covariates. As we were exploring risk factors for 

T2DM, participants with known diabetes and/or taking medication for diabetes and those 

without OGTT data were excluded from the robust regression analyses. Due to significant sex 
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interactions in most models, the analyses were completed separately for men and women using 

sex-specific total and regional adiposity z-scores. A p–value of <0.05 was considered 

significant.   

 

Results 

Socio-demographic and body composition characteristics  

A total of 804 participants (48.3% men) with a mean age of 54.66.0 years were included 

(Table 1). Men were younger than women and significantly more men were married than 

women. Current employment status was not different between the sexes, however more men 

than women (18.1 vs. 12.5%) had completed tertiary education. More men currently smoked 

(46.1% vs. 7.2%) and frequently consumed alcohol (30.4% vs. 4.6%) than women. 

 

Mean BMI was higher in women than men (p<0.001), and accordingly a larger proportion of 

the women presented with obesity (70.2% vs. 26.6%) (Table 1). While waist circumference 

was similar, men had higher WHR due to the higher hip circumference of the women. While 

FFSTM was higher in men, FM (kg and %) and FMI were higher in women. When expressed 

relative to FM, women had significantly greater leg FM, while men had more central FM 

(trunk), but arm FM did not differ. Within the central depot, men had less VAT and SAT (both 

p<0.001), but a higher VAT/SAT ratio.  

 

Differences in glucose and insulin measures between men and women  

Although fasting glucose and iAUC for glucose were not different between the sexes, HbA1C 

and 2 h glucose were higher in women than men (Table 2.1). Fasting insulin and C-peptide, 

and iAUC for insulin, were also higher in women than men. Accordingly, HOMA-IR was 

higher and insulin sensitivity (Matsuda index) was lower in women compared to men, 
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accompanied by a higher insulin response (IGI) characterised by higher insulin secretion (C-

peptide index) and lower insulin clearance (basal and postprandial). However, the oDI, a 

measure of beta-cell function, did not differ by sex.  

 

When adjusting for differences in FMI (Table 2.2), there were no longer sex differences in 

HbA1C, 2-hour glucose, insulin response, or basal and postprandial insulin clearance, while 

insulin secretion remained higher in women. In contrast, fasting insulin and C-peptide, as well 

as HOMA-IR were higher, and insulin sensitivity and beta-cell function were lower in men 

compared to women. 

 

The prevalence of NGT, IGM and T2DM were not significantly different between men and 

women. 

 

Associations between total and regional adiposity and risk for IGM and type 2 diabetes  

There was a significant sex*FMI z-score interaction (p<0.001), such that the RRR for IGM and 

T2D were greater for men than women (Figure 2.2). Associations between regional adiposity 

z-scores and risk for IGM and T2D did not differ by sex, and the RRR for the combined sample 

are presented in Table 2.3. Trunk fat and VAT z-scores were associated with a higher risk for 

both IGM and T2D, with every 1 SD increase in trunk fat and VAT being associated with a 4.8 

fold and 2.6 fold increased risk for T2D, respectively.  In contrast, higher leg fat z-score was 

associated with a 58% and 79% lower risk for IGM and T2D, respectively, while a 1 SD higher 

arm fat z-score was associated with a 2.2-fold greater risk for T2D only. SAT z-score was not 

associated with IGM or T2D.  

 

Sex-specific associations between total and regional adiposity z-scores and insulin 
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measures 

There were significant sex*FMI z-score interactions for insulin sensitivity, clearance and beta-

cell function, with associations consistently being stronger in men than women (Figure 2.1B–

D). There were also significant sex*regional adiposity interactions for most measures of insulin 

sensitivity and response and therefore the results are presented separately for men and women 

(Table 2.4). Lower insulin sensitivity was associated with higher central fat mass (trunk fat and 

VAT), and lower leg fat in both men and women, but the associations with central fat mass 

were stronger in men than women (p<0.001 for all interactions). In contrast, arm fat mass was 

associated with lower insulin sensitivity in women only (p<0.001 for interaction). Beta-cell 

function (oDI) was negatively associated with VAT in both men and women. In contrast beta-

cell function was positively associated with peripheral fat mass in women only (p=0.040 for 

interaction). Basal insulin clearance was negatively associated with trunk fat mass in both men 

and women, with a stronger association in men (p=0.017 for interaction). In contrast, basal 

insulin clearance was negatively associated with VAT and arm fat, and positively associated 

with leg fat in women only, but the strength of the association did not differ significantly 

between sexes. The associations for postprandial insulin clearance were similar to those for 

basal insulin clearance (data not shown). As the women were at different phases of the 

menopausal transition with 17.6% being premenopausal, 14.7% perimenopausal and 67.7% 

being postmenopausal, we wanted to ascertain whether the associations presented above 

differed by menopausal phase. The associations between total and regional adiposity and 

insulin sensitivity, secretion and beta-cell function did not differ between menopausal groups. 

In contrast, the associations between FMI, trunk, leg and arm z-scores and basal insulin 

clearance differed by menopausal phase, being stronger in the pre- than peri- and 

postmenopausal women (data not shown).  
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Discussion 

The main and novel findings of this study were that in a sample of Black men and women with 

a mean age of 54.6 years, after adjustments for differences in body fat, insulin sensitivity, 

secretion and beta-cell function were lower in Black SA men compared to women, while 

insulin clearance did not differ by sex. In line with this, the strength of the association between 

total adiposity and T2D risk was greater in men compared to women. Although black SA 

women have a higher prevalence of obesity (70.2 vs. 26.6%) and greater whole-body fatness 

(43.6 vs. 26.3%) than men, they present with a more ‘favourable’ body fat distribution, 

characterised by less central fat mass and greater peripheral fat mass. This phenotype has been 

associated with lower diabetes risk. This together with the greater impact of body fatness on 

diabetes risk could explain the similar prevalence of diabetes in men and women in this study 

(11.1 vs. 15.4%) despite the lower adiposity in men.  

 

These findings also suggest that with increasing adiposity, black SA men will be at greater risk 

for T2D than their female counterparts. We found that the association between total adiposity 

and risk for T2D was higher in men than women (Figure 2.1A). Further we showed that with 

increasing FMI the decline in insulin sensitivity was greater in men compared to women, 

similar to earlier studies from SA (8,30), which was also associated with a more pronounced 

decrease in beta-cell function in men compared to women. The higher risk in men compared 

to women was independent of smoking and alcohol intake, lifestyle risk factors were also 

higher in men compared to women. 

 

The finding of similar T2D prevalence (1) despite marked differences in the prevalence of 

obesity (3) between sexes are consistent and representative of South Africa and the SSA region. 

In order to understand the sexual dimorphism in this relationship, it is obviously essential to 
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account for sex differences in body fatness as well as disentangle the sex-specific associations 

between regional adiposity and T2D risk. After adjusting for differences in body fatness, men 

had lower insulin sensitivity, insulin secretion and beta-cell function compared to women, 

placing the men at higher risk for T2D. Indeed, a lower beta-cell function,  estimated using the 

oDI, has been shown to predict the development of T2D over a 10 year period in a Japanese 

American cohort (26).  

 

Black African women have been shown to present with hyperinsulinaemia compared to their 

European counterparts, often beyond that required to maintain normoglycaemia (8,31). 

Hyperinsulinemia in black African women has previously been attributed to alterations in both 

insulin secretion and clearance, depending on age, and/or level of glycemia (10,32). Studies in 

African American women have shown that decreased hepatic insulin clearance is the main 

contributor to hyperinsulinemia (33). In contrast, we show that the higher IGI in women 

compared to men, was associated with higher insulin secretion without differences in insulin 

clearance. Due to limited longitudinal studies, it is not known whether the higher IGI in women 

is protective or may actually cause insulin resistance (9).  

 

It is well recognised globally and in South Africa that men have greater central body fat and 

less lower body peripheral fat compared to women (8,30). Similarly, we showed that men had 

greater trunk fat mass, a higher VAT/SAT ratio, and less leg and similar arm fat mass than 

women. This adiposity phenotype is associated with greater diabetes risk as previously reported 

by our group (8,30,32,34). Indeed, we showed that a 1SD increase in trunk z-score was 

associated with a more than two-fold greater risk for IGM and nearly five times greater risk for 

T2D, and was also associated with lower insulin sensitivity and lower basal insulin clearance. 

In contrast, peripheral fat is typically associated with reduced risk for diabetes (30,34) as it acts 
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as a metabolic sink to sequester excess free fatty acids that may otherwise be directed at ectopic 

sites such as the liver and pancreas (35). We showed that a 1 SD increase in leg z-score was 

associated with a 58% lower risk for IGM and a 79% lower risk for T2D, as well as higher 

insulin sensitivity in both sexes. Notably, the strength of the inverse association between 

central fat distribution and insulin sensitivity was greater in men compared to women. Several 

studies in different populations have shown VAT to be more strongly associated with insulin 

resistance, and therefore a greater risk for T2D, in men than women (30,36–38). A further 

novel finding of the study was that the positive relationship between beta-cell function and leg 

FM was weaker in men compared to women, suggesting lower ‘protective’ effect of leg FM 

on beta-cell function in men compared to women. Accordingly, despite a lower prevalence of 

overweight and obesity in men compared to women in our study, this ‘unfavourable’ regional 

fat distribution and the sex-specific relationships with insulin sensitivity and beta-cell function 

places them at greater risk for future T2D.  

 

This is the first study, to our knowledge, in black SA men and women with detailed measures 

of insulin sensitivity, secretion and clearance, and beta-cell function, based on estimates from 

an OGTT. We were also able to use DXA, which provides an accurate assessment of body 

composition and regional adiposity. A limitation is the cross–sectional nature of the study 

which does not allow us to infer causality. Although the sex differences in obesity and total 

adiposity may be seen as a limitation, it reflects the status of obesity within South Africa and 

the sub-Saharan African region (3), and adjustments for total body fatness and the calculation 

of z-scores were used in the analyses to determine whether these sex differences in adiposity 

were influencing the insulin- and glucose-related variables. There were no effects of the 

menopausal transition per se on the association between adiposity and insulin sensitivity, 

secretion and beta-cell function and therefore the sex differences reported cannot be explained 
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by menopausal status. However, the premenopausal women were not tested at a specific time 

during their menstrual cycle, which is noted as a limitation of the study. Furthermore, the 

conclusions for this study are valid only for HIV negative individuals.  

 

In summary, for the same level of body fatness, black South African men are less insulin 

sensitive and had lower insulin secretion and beta-cell function than women, with the strength 

of the association between adiposity and T2D risk being greater in men compared to women. 

This suggests that with increasing adiposity, particularly an increase in central adiposity, black 

SA men face an increased risk for T2D in comparison with their female counterparts. 

Longitudinal studies are required to confirm the results of this study.  
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Table 2.1: Socio-demographic, body composition, glucose and insulin measures in Black 

South African men and women (n=804) 

Variable Men  Women  p-value 

n (%) 388 (48.3%) 416 (51.7%) - 

Age (years) 54.2±6.2 55.0±5.8 0.047 

Socio-demographic characteristics, row: n (%) 

Married, n (%) 219 (56.7) 186 (44.9) 0.001 

Currently employed (n, %) 232 (47.3) 258 (52.6) 0.519 

Currently smokes, n (%) 179 (46.1) 30 (7.2) <0.001 

Alcohol intake, n (%)    

Never  107 (27.6) 304 (73.1)  

Sometimes (monthly or less and 2-4 times a month) 163 (42.0) 93 (22.4)  

Often (2-3 times and 4 or more times a week) 118 (30.4) 19 (4.6) <0.001 

Educational attainment, n (%) 

No formal schooling/elementary school level  43 (11.1) 38 (9.2) 

0.042 Secondary school level  274 (70.8) 325 (78.3) 

Tertiary education  70 (18.1) 52 (12.5) 

Body composition 

Height (cm) 171±6 158±6 <0.001 

Weight (kg) 77.4±18.4 85.4±18.0 <0.001 

BMI (kg/m2) 26.4±6.0 34.0±7.0 <0.001 

Waist circumference (cm)  96.1±15.4 97.4±13.1 0.191 

Hip circumference (cm) 100.6±11.1 116.6±13.6 <0.001 

WHR 0.95±0.06 0.84±0.10 <0.001 

BMI categories, n (%) 

Underweight (<18.5 kg/m2) 26 (6.7) 2 (0.5) 

<0.001 
Normal weight (18.50-24.99 kg/m2) 145 (37.4) 31 (7.5) 

Overweight (25-29.99 kg/m2) 115 (29.6) 90 (21.6) 

Obese (30.0 kg/m2) 102 (26.3) 293 (70.4) 

DXA (n=763) 

Fat–free soft tissue mass (kg) 49.4±9.1 41.7±7.0 <0.001 

Fat–free soft tissue mass index (kg/m2) 16.8±2.8 16.6±2.6 0.270 

Body fat mass (kg)  20.9±8.9 37.7±10.3 <0.001 

Body fat (%) 26.3±6.2 44.0±4.8 <0.001 

Fat mass index (kg/m2)  7.1±3.0 15.1±4.1 <0.001 

Trunk (% FM)  46.9±5.3 43.5±5.7 <0.001 

Leg (% FM) 40.8±5.0 43.9±6.2 <0.001 

Arm (% FM) 12.4±1.3 12.6±1.8 0.055 

VAT (cm2)  91.9±47.4 109.6±44.7 <0.001 

SAT (cm2)  215.8±129.5 474.6±144.3 <0.001 

VAT/SAT 0.50±0.19 0.24±0.09 <0.001 

Glucose and insulin measures (n=804)    

HbA1c (%)  5.8±1.1 6.3±1.4 <0.001 

Fasting glucose (mmol/L)  5.3±1.5 5.5±2.0 0.057 

2 h glucose (mmol/L) (n) (n=735) 6.1±2.6 6.6±2.7 0.009 

iAUC for glucose (mmol/L) (n=735) 177 (72 – 297) 157 (79 – 262) 0.368 

Fasting insulin (mIU/ml)  5.9 (2.3 – 11.9) 9.4 (5.2 – 15.2) <0.001 

iAUC for insulin (mIU/ml) (n=735) 4 132 (2526–7304) 4 692 (3080–7216) 0.021 
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Fasting C-peptide (ng/ml) 1.84±1.07 2.09±1.17 0.002 

iAUC for C-peptide (ng/ml) (n=735) 641 (447 – 925) 638 (465 – 875) 0.915 

HOMA–IR  1.37 (0.51 – 2.81) 2.11 (1.13 – 3.69) <0.001 

Matsuda index (mgl2/mU min) (n=734) 7.1 (3.6 – 13.2) 5.0 (3.1 – 8.4) <0.001 

Insulinogenic Index (mIU/mmol) (n=624) 16.9 (8.3 – 33.0) 23.4 (12.7 – 43.4) 0.001 

C-peptide Index (ng/mmol) (n=612) 2.25 (1.27 – 3.79) 2.73 (1.56 – 4.57) 0.002 

oDI (mIU/mmol) (n=644) 13.74 (7.22 – 26.09) 13.40 (5.98 – 28.08) 0.917 

Basal insulin clearance (ng/mIU)  0.28 (0.20 – 0.39) 0.20 (0.15 – 0.27) <0.001 

Postprandial insulin clearance (ng/mIU) (n=698) 0.18 (0.14 – 0.25) 0.14 (0.12 – 0.17) <0.001 

Glucose tolerance status1    

NGT: (FPG <6.1 / 2-h PG <7.8mmol/L) 263 (67.8) 261 (62.7) 

0.163 IGM: (FPG: 6.1–6.9 / IGT 2hPG: 7.8–11.0) 82 (21.1) 91 (21.9) 

T2DM: (FPG 7/2-h PG11.1/diabetes medication) 43 (11.1) 64 (15.4) 

 

Values expressed as meanSD, median (25th – 75th percentile) or n (percentage). BMI: body 

mass index, WHR: waist-hip ratio, DXA: dual x–ray absorptiometry, VAT: visceral adipose 

tissue, SAT: subcutaneous adipose tissue; HbA1c: glycated haemoglobin, iAUC: integrated 

area under the curve, HOMA-IR: Homeostatic Model Assessment of Insulin Resistance, NGT: 

normal glucose tolerance, IGM: impaired glucose metabolism, T2DM: type 2 diabetes mellitus. 

 
Matsuda Index: measure of insulin sensitivity (21,22); Insulinogenic Index: measure of insulin 

response: I30/G30 (23); C-peptide Index: measure of insulin secretion: CP30/G30 (23); oDI: oral 

disposition index, measure of beta-cell function, calculated as product of C-peptide index and 

Matsuda index (26–28);  Glycaemic tolerance status1: definition and diagnosis of diabetes and 

intermediate hyperglycemia: report of a WHO/IDF consultation  
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Table 2.2: Glucose and insulin measures in Black South African men and women 

adjusted for fat mass index (FMI) 

Variable, n  Adjusted for fat mass index (FMI) 

Glucose and insulin measures Men  Women p-value 

HbA1c (%) (n=761) 6.0 (5.8, 6.1) 6.1 (6.0 – 6.3) 0.256 

Fasting glucose (mmol/L) (n=763) 5.5 (5.3 – 5.7) 5.2 (5.0 – 5.5) 0.160 

2-h glucose (mmol/L) (n=697) 6.5 (6.2 – 6.9) 6.0 (5.7 – 6.4) 0.116 

iAUC for glucose (mmol/L) (n=697) 221 (198 – 244) 163 (140 – 185) 0.003 

Fasting insulin (mIU/ml) (n=761) 12.3 (11.1 – 13.5) 7.8 (6.6 – 8.9) <0.001 

iAUC for insulin (mIU/ml) (n=697) 6387 (5842 – 6932) 4704 (4165 – 5244) 0.001 

Fasting C-peptide (ng/ml) (n=761) 2.29 (2.16 – 2.41) 1.59 (1.47 – 1.72) <0.001 

iAUC for C-peptide (ng/ml) (n=698) 746 (631 – 861) 895 (781 – 1009) 0.123 

HOMA–IR (n=761) 3.03 (2.62 – 3.44) 2.06 (1.66 – 2.45) 0.005 

Matsuda Index (mgl2/mU min) (n=696) 6.3 (5.5 – 7.2) 9.8 (8.9 – 10.6) <0.001 

Insulinogenic index (mIU/mmol) (n=659) 27.4 (16.6 – 38.3) 43.3 (32.3 – 54.2) 0.089 

C-peptide index (ng/mmol) (n=613) 2.75 (1.43 – 4.07) 6.91 (5.60 – 8.22) <0.001 

oDI (mIU/mmol) (n=613) 14.0 (1.7 – 26.3) 62.3 (50.0 – 74.5) <0.001 

Basal insulin clearance (ng/mIU) (n=761) 0.27 (0.25 – 0.28) 0.28 (0.26 – 0.29) 0.448 

Postprandial insulin clearance (ng/mIU) (n=698) 0.19 (0.18 – 0.21) 0.18 (0.17 – 0.19) 0.403 

 

Data adjusted for fat mass index (FMI) presented as median (95% Confidence Interval); 

HbA1c: glycated haemoglobin,  

iAUC: integrated area under the curve, 

HOMA-IR: Homeostatic Model Assessment of Insulin Resistance, 
Matsuda Index: measure of insulin sensitivity (24, 25),  

Insulinogenic Index: measure of insulin response: I30/G30 (26), 

C-peptide Index: measure of insulin secretion: CP30/G30 (26), 

oDI: oral disposition index, measure of beta-cell function, calculated as the product of the C-

peptide index and Matsuda index (29-31) 
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Table 2.3: Associations between regional adiposity z-scores and risk for impaired 

glucose metabolism (IGM) and type 2 diabetes in men and women combined 

 

Results of multinomial logistic regression presented as relative risk ratios (RRR) and 95% 

confidence interval and represent risk of outcome with 1 SD increase in regional adiposity. 

Model used normal glucose tolerance (NGT) as the reference group compared to impaired 

glucose metabolism (IGM) and type 2 diabetes, adjusted for: age, smoking, alcohol intake, 

education attainment, FMI and sex  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Men and women  RRR 95% CI p-value Model R2 

Trunk z-score (n=761)     

IGM 2.35 1.43 – 3.87 0.001 <0.001 

Type 2 diabetes 4.76 2.68 – 8.45 <0.001  

Leg z-score (n=759)     

IGM 0.42 0.24 – 0.71 0.001 <0.001 

Type 2 diabetes 0.21 0.11 – 0.39 <0.001  

Arm z-score (n=759)     

IGM 1.35 0.83 – 2.21 0.224 <0.001 

Type 2 diabetes 2.19 1.25 – 3.81 0.006  

VAT z-score (n=753)     

IGM 1.76 1.35 – 2.28 <0.001 <0.001 

Type 2 diabetes 2.58 1.92 – 3.48 <0.001  

SAT z-score (n=753)     

IGM 1.35 0.74 – 2.48 0.331 <0.001 

Type 2 diabetes 1.37 0.68 – 2.75 0.376  
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Table 2.4: Associations between regional adiposity z-scores and insulin sensitivity, basal insulin clearance and Beta-cell function 

 ß 95% CI p-value Model R2 Model p-value  ß 95% CI p-value Model R2 Model p-value  

 Men Women 

 Insulin Sensitivity (n=344) Insulin Sensitivity (n=349) 

FMI z-score# -3.442 -4.011 to -2.873 <0.001 0.284 <0.001 -1.225 -1.631 to -0.819 <0.001 0.069 <0.001 

Trunk z-score # -2.680 -4.829 to -0.532 0.015 0.295 <0.001 -1.748 -2.545 to -0.950 <0.001 0.097 <0.001 

Leg z-score 1.695 0.233 to 3.157 0.023 0.293 <0.001 1.218 0.454 to 1.982 0.002 0.086 <0.001 

Arm z-score#  0.027 -1.667 to 1.722 0.975 0.284 <0.001 -0.893 -1.716 to -0.070 0.033 0.080 <0.001 

VAT z-score#  -1.679 -2.540 to -0.818 <0.001 0.309 <0.001 -1.174 -1.657 to -0.691 <0.001 0.106 <0.001 

SAT z-score#   -1.043 -2.961 to 0.876 0.286 0.286 <0.001 -0.693 -1.582 to 0.195 0.126 0.075 <0.001 

 Beta-cell function (n=304) Beta-cell function (n=306) 

FMI z-score#  -3.9594 -5.3600 - -2.5589 <0.001 0.065 <0.001 -2.6420 -4.0684 to -1.2156 <0.001 0.027 0.001 

Trunk z-score -4.0597 -9.2112 to 1.0917 0.122 0.068 <0.001 -4.3905 -7.2286 to -1.5524 0.003 0.040 <0.001 

Leg z-score#   3.182 -0.3294 to 6.6940 0.076 0.071 <0.001 4.3120 1.7781 to 6.8460 0.001 0.044 <0.001 

Arm z-score# 0.1387 -3.8845 to 4.1618 0.946 0.065 <0.001 -0.5693 -3.3668 to 2.2282 0.689 0.028 0.001 

VAT z-score -2.6180 -4.7016 to 0.5344 0.014 0.074 <0.001 -3.8567 -5.5820 to -2.1314 <0.001 0.051 <0.001 

SAT z-score 1.6166 -2.9625 to 6.1957 0.488 0.066 <0.001 -1.8141 -4.7217 to 1.0936 0.220 0.029 0.001 

 Basal Insulin Clearance (n=346) Basal Insulin Clearance (n=351) 

FMI z-score# -0.047 -0.062 to -0.033 <0.001 0.121 <0.001 -0.027 -0.035 to -0.018 <0.001 0.092 <0.001 

Trunk z-score# -0.055 -0.109 to -0.001 0.047 0.129 <0.001 -0.026 -0.044 to -0.009 0.002 0.108 <0.001 

Leg z-score  0.006 -0.031 to 0.044 0.738 0.121 <0.001 0.017 0.001 to 0.033 0.036 0.099 <0.001 

Arm z-score#  -0.015 -0.058 to 0.027 0.477 0.122 <0.001 -0.022 -0.038 to -0.005 0.011 0.104 <0.001 

VAT z-score  0.001 -0.022 to 0.023 0.945 0.121 <0.001 -0.018 -0.028 to -0.008 0.001 0.111 <0.001 

SAT z-score# -0.033 -0.082 to 0.015 0.175 0.125 <0.001 -0.005 -0.024 to 0.013 0.555 0.093 <0.001 

 

Beta coefficients for robust regression models for men and women, adjusted for age, smoking, alcohol intake, education attainment and FMI 

(except for FMI z-score), VAT: visceral adipose tissue, SAT: subcutaneous adipose tissue,  

Insulin sensitivity estimated from the Matsuda Index (24, 25) and beta-cell function was estimated using the oral Disposition index calculated as 

the product of C-peptide and Matsuda Index (26), and basal insulin clearance calculated as the ratio of fasting C–peptide to fasting insulin 

  #p<0.05 for sex*z-score body fat interaction term  
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Figure 2.2: Bar graph of the relative risk ratio (RRR) of impaired glucose metabolism (IGM) and type 2 diabetes mellitus compared to the 

normal glucose tolerant (NGT) in men and women, IGM: (RRR (95%CI): 1.70 (1.27–2.29), p<0.001 vs. 1.23 (0.95–1.60), p=0.115) and T2D: 

(2.05 (1.42–2.96), p<0.001 vs. 1.38 (1.03–1.85), p=0.031) for men and women, respectively (A); Sex-specific associations between FMI z-

scores and insulin sensitivity (Matsuda index) (B), beta-cell function (oral disposition index) (C) and basal insulin clearance (D), modelled as 

predictive margins of sex with 95% CI                
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PLWHIV: People living with HIV 

FBG: Fasting blood glucose 

Figure 2.3: Sample selection flow chart 1 

Total: n = 1 029 

Men: n=502 & women: n=527 

 Informed consent 

 HIV test 

 Socio-demographics & health 

 Anthropometry & DXA 

 

 

Total: n = 1000 

Men: n=490 & women: n=510 

 

 Accelerometer data (n=794) 

 Fasting blood  

  

 

Final sample size for this analysis: n = 804 

 Men (n=388) & Women (n=416)  

                    [Pre-menopause (n=61), 

                     Peri-menopause (n=51)  

                        Post-menopause (n=235), 

              Unclassified (n=69)] 

 

People living with HIV (n=196) 

Men (n=103) & Women (n=93) 

 

Incomplete data n=123 

 

Men (n=45) & Women (n=78) 

Complete glucose and insulin measures: n = 734 

Men: n=363 & Women: n=371 

 

Self-reported diabetes and/or 

FBG11.1 mmol/l (n=65) 

 Men (n=23) & women (n=42) 

 

Haemolysed blood (n=5) 

Men (n=2) & women (n=3) 
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CHAPTER 3 

 

Differences in body fat distribution and glycaemic and insulin measures between pre- and 

post-menopausal Black South African women  

 

Author’s contributions: CNK reviewed the questionnaire, data collection tools and standard 

operating procedures, participated in data collection and entry, supervised data collection and 

entry, data management (including data cleaning and coding), quality control and classification by 

menopausal groups and data analysis of the chapter. CNK, JHG and LKM conceived the study, 

and CNK drafted and revised the chapter under the supervision of JHG and LKM. NJC and OT 

critically reviewed and commented the menopausal classification. All authors read and approved 

the final version of this chapter.  
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Abstract 

Introduction: To describe the differences in total and regional adiposity, and glycaemic and 

insulin measures, between pre- and early and late post-menopausal Black South African women. 

 

Methods: This cross-sectional study included 298 HIV negative Black South African women who 

were a subsample of the Middle-aged Soweto Cohort (MASC). Glycated haemoglobin (HbA1c), 

plasma glucose, serum insulin and C–peptide concentrations were determined after an overnight 

fast. Insulin sensitivity (Matsuda index), insulin secretion (C–peptide index), insulin clearance (C–

peptide/insulin ratio) and beta cell function (oral disposition index), and integrated area under the 

curve (iAUC) for glucose, insulin and C-peptide were determined from an oral glucose tolerance 

test. Dual-energy x-ray absorptiometry was used to measure total and regional adiposity. Physical 

behaviours were measured using accelerometry. Menopausal status was determined by self-

reported final menstrual period (FMP) and women were categorised as pre-menopausal, early post-

menopausal and late postmenopausal.  

 

Results: Body mass index and all the DXA-derived measures of total and regional adiposity were 

similar between the menopausal groups. HbA1c and iAUC for glucose were significantly higher 

in the late post-menopausal than the pre-menopausal group (6.4±1.4% vs. 5.8±0.9%, p=0.019 and 

169.4 mmol/L vs 137.9 mmol/L, p=0.026) but this was no longer significant after adjusting for 

age. Fasting insulin and C–peptide, iAUC for insulin, and insulin sensitivity and clearance were 

not different between the groups. However, iAUC for C-peptide was higher in the early post-

menopausal women compared to the pre-menopausal and the late post-menopausal women before 

and after adjusting for age (762.9 ng/ml vs. 552.6 ng/ml and 637.5 ng/ml, all p<0.05), whereas 
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insulin secretion was higher in early than late post-menopause (4.2 ng/mmol vs. 2.3 ng/mmol, 

p=0.001), but the latter was not significant after adjusting for age. Beta-cell function (20.5 

mIU/mmol vs. 11.8 mIU/mmol, p=0.008) was higher in the early compared to the late post-

menopause group before and after adjusting for age.  

 

Conclusion: Despite similar adiposity, postprandial glycaemia was higher in late postmenopausal 

compared to pre-menopausal women, however this was not independent of age. Late post-

menopause was associated with lower insulin secretion which has implications for disease risk and 

needs further exploration in longitudinal studies.  

 

Key words: diabetes risk, body fat distribution, physical behaviours, pre-menopause, early post-

menopause, late post-menopause, women. 
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Introduction  

Chapter 2 showed sex differences in total and regional fat distribution, and insulin sensitivity and 

response. Importantly, central body fat was inversely associated with insulin sensitivity and beta 

cell function, with the association between central adiposity and insulin sensitivity being stronger 

in men than women (1). However, the analyses in women did not consider the impact of the 

menopausal transition on these measures. The menopause transition, which is accompanied by 

significant changes in sex hormones, is typically associated with an increase in total body fat and 

redistribution of fat from the gluteo-femoral (peripheral) region to the abdominal (central) region, 

specifically with an increase in VAT accumulation (2–5). The increase in abdominal adiposity 

during the menopausal transition has been reported to be independent of age and total adiposity in 

cross-sectional (6) and longitudinal studies (7). Further, the increase in central fat and reduction in 

peripheral fat with the onset of menopause has been shown to differ by race/ethnicity in studies 

from the US and Japan (8–10). Most studies on Black women from Africa have been completed 

in premenopausal women who have been shown to have a unique phenotype of lower VAT and 

higher gluteofemoral fat, as well as lower insulin sensitivity and hyperinsulinemia, compared to 

their white counterparts (11–15). 

 

To our knowledge few studies from Africa have compared body fat distribution and risk factors 

for type 2 diabetes between pre and postmenopausal women. One study from South Africa, using 

DXA to characterise differences in body composition showed no differences in whole body or 

regional fat mass between the menopausal groups (11).  Studies from the Congo and Ghana have 

that postmenopausal women are heavier and have greater number of features of metabolic 

syndrome compared to pre-menopausal women (16,17). However, to our knowledge no studies 
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from Africa have specifically explored differences in T2DM risk markers between the menopausal 

groups.   

 

The pathophysiology of T2DM is dependent on the hyperbolic relationship between insulin 

sensitivity and insulin response, with the latter incorporating both insulin secretion and insulin 

clearance (18). Studies in populations of European descent have shown that the transition from 

pre- to post-menopause has been shown to be associated with substantial decreases in C–peptide 

and insulin secretion, and an increase in fasting glucose concentrations, that accounts for the higher 

risk for T2DM in women with the onset of menopause (19,20). While some studies have reported 

no difference in insulin sensitivity between pre- and post-menopausal women (21,22), others have 

reported reduced insulin sensitivity in post-menopausal women when compared to pre-menopausal 

women with similar body mass index (23).  

 

This chapter adds to the knowledge gap and describe the difference in total and regional adiposity, 

and glycaemic and insulin dynamics, between pre and post-menopausal Black South African 

women. 

 

Materials and methods 

Study design, setting and participants 

Women included in this study are from the Middle-aged Soweto Cohort (MASC) which is a 

longitudinal study of 2 031 participants residing in Soweto, Johannesburg, and was designed to 

identify the determinants of non-communicable disease and T2DM risk in middle-aged South-

African men and women. The details of this cohort are described in the previous chapters. After 
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exclusion of all men, and women who could not be classified as either pre- or post-menopausal 

due to missing data (n=10), a hysterectomy (n=45), on contraception (n=24) or menopause 

replacement therapy (n=1), peri-menopausal (n=53) or HIV positive (n=96), this cross–sectional 

study analysed data from 298 Black South African (SA) women (Figure 3.1: Consort diagram for 

sample selection flow 2). Data was collected between January 2017 and August 2018 as described 

previously (1).  

 

The study was carried out according to the tenets of the Helsinki declaration, and ethical approval 

was granted by the Human Research Ethics Committee (HREC) Medical (M160604 and 

M160975) of the University of the Witwatersrand, Johannesburg, South Africa. All study 

procedures and possible risks were explained to participants who consented and signed the 

informed consent form prior to inclusion in the study. Data collection took place at the South 

African Medical Research Council/University of the Witwatersrand Developmental Pathways for 

Health Research Unit, Chris Hani Baragwanath Hospital in Soweto, Johannesburg, South Africa. 

 

Procedures 

Questionnaires were used to collect socio-demographic data and time spent in different physical 

behaviours was determined by accelerometry. Body composition and body fat distribution were 

measured using dual energy x-ray absorptiometry. All of these methods are described in detail in 

previous chapters (1,24). The coefficient of variance for the DXA machine and the coefficient of 

variation was less than 0.5%. The inter-and intra-assay coefficient of variation (CV) were as 

follows in men and women respectively, height: 4% and 3.9%, waist circumference: 19.2% and 

14.1%, hip circumference: 13% and 12.6%, weight 28.4% and 24%. 
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Measures of glucose and insulin dynamics 

Fasting blood were taken for the measurement of fasting plasma glucose, serum insulin, and C–

peptide concentrations and glycated haemoglobin (HbA1c). A 2-hour oral glucose tolerance test 

(OGTT) was performed and participants and used to calculate insulin resistance (homeostasis 

model of insulin resistance; HOMA-IR), insulin sensitivity (Matsuda index), insulin secretion (C–

peptide index), beta cell function (oral disposition index), basal and postprandial insulin clearance 

(ratio of C–peptide to insulin), and the incremental area under the curve (iAUC) for glucose, 

insulin and C–peptide), as described in more detail in Chapter 1. Participants were classified 

according to the World Health Organisation (WHO) criteria for glucose tolerance using the FPG 

and the 2 – h OGTT glucose results (25). These are described in more detail in chapter 1 (1). The 

inter-and intra-assay coefficient of variation (CV) were 1.3% for glucose, 4.7% for insulin, 2.0% 

for C–peptide, 2.6% for cholesterol, 5.6% for high density lipoprotein (LDL), 3.4% for 

triglycerides and 1.8% for HbA1c.  

 

Menopausal classification 

Menopausal status was classified using self-reported date of final menstrual period (FMP) (26,27). 

Women currently having regular periods were classified as pre–menopausal and women who 

reported no bleeding for more than 12 months were classified as post–menopausal. 

Postmenopausal women were further classified into early postmenopausal group if they had not 

had a drop of blood for greater than 12 months but less than six years, and late postmenopausal 

group if they had not had a drop of blood for more than six years (26). 
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Blood collection and analysis of sex hormones 

Serum FSH and LH concentrations were measured on fasting samples using Chemiluminescent 

Microparticle Immunoassay assay (Architect assays, Abbott Laboratories, IL, USA) at Lancet 

Laboratories. Serum Oestrogen (E2) was quantified and oestradiol analysed using mass 

spectrometry (Acquity® Xevo TQ-XS mass spectrometer (Waters, Manchester, UK)) (28,29).  

 

Statistical analysis 

Stata 15.1/IC (StataCorp, College Station, TX, USA) was used for data analysis. To ascertain the 

distribution, skewness, and kurtosis of data the Shapiro-Wilk test and Q-Q probability plots were 

completed. The results are summarised as percentages for categorical variables, mean (standard 

deviation) for normally distributed variables and medians and lower and upper quartiles if skewed. 

Differences between menopausal groups were explored for normally distributed continuous data 

using analysis of variance (ANOVA), and one-way analysis of covariance (ANCOVA) when 

adjusting for age, for skewed continuous data Kruskal-Wallis tests were used, and chi-squared test 

was used to compare categorical data. Skewed data included 2-hr glucose, iAUC for glucose, 

insulin, C–peptide, HOMA-IR, fasting C – peptide, fasting insulin, insulin sensitivity, basal insulin 

clearance, beta-cell function, luteinising hormones, follicle stimulating hormone, and oestrogen. 

A p–value of <0.05 was considered significant.   

 

Results 

Socio-demographic characteristics  

The mean age (±SD) of the women was 56±6 years and was significantly different between the 

menopausal groups (p<0.001). While marital status and education did not differ by group, current 



57 

 

 

employment was higher in the pre- and early post-menopausal groups than the late post-

menopausal group (p=0.003). Current smoking status did not differ by group, but more pre-

menopausal women consumed alcohol compared to post-menopausal women (p=0.001). Physical 

behaviours did not differ by menopausal status even after adjusting for differences in age (Table 

3.1).  

 

As expected, sex hormones were different between the pre-menopausal and post-menopausal 

groups with LH and FSH being significantly higher, and oestrogen significantly lower, in the 

postmenopausal groups compared to the premenopausal group, before and after adjusting for age 

(Table 3.1).   

 

Body composition and regional adiposity 

The prevalence of overweight and obesity were similar between menopausal groups, being 29.5% 

and 65.6% in pre-menopausal women, 23% and 67.6% in early post-menopausal women and 

20.8% and 70% in late post-menopausal women, respectively. Similarly, there were no differences 

in BMI or any of the anthropometrical and DXA-derived measures of total and regional adiposity 

between the menopausal groups (Table 3.2).  

 

Glycaemic and insulin dynamics 

Table 3.3 presents the glycaemic and insulin measures in the pre-, early and late postmenopausal 

groups. Although fasting and 2-hour glucose were not different, HbA1c and iAUC for glucose 

were significantly higher in the late post-menopausal than the pre-menopausal group, but this was 

no longer significant after adjusting for age. Although 6.5% of the pre-menopausal women, 17.6% 
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for the early postmenopausal women and 14.7% of the late postmenopausal women had T2DM 

according to WHO (25), these differences were not statistically significant.  

  

Neither insulin resistance (HOMA-IR) nor insulin sensitivity (Matsuda index) were different 

between the groups, however insulin secretion and beta-cell function, as reflected by the iAUC, 

insulin secretion index and the oDI, were higher in the early post-menopausal than the late post-

menopausal women. In contrast, fasting measures of insulin and C–peptide did not differ between 

the groups.  

 

Discussion 

This is one of the first studies to compare measures of body fat distribution and OGTT-derived 

risk markers for T2DM between pre- and post-menopausal Black African women. In this sample 

of women in whom the overall prevalence of obesity and T2DM was 68.5% and 13.8%, 

respectively, there were no differences in total or regional adiposity between women categorised 

at different stages of the menopausal transition. Further, after adjusting for age, the postprandial 

glycaemia was no longer higher in the late post-menopausal period but the late postmenopausal 

group had lower postprandial insulin secretion compared to the younger menopausal groups and 

the higher beta-cell function of the late postmenopausal group compared to the younger 

menopausal groups was no more observed. Accordingly, with increasing age there is increase in 

glycaemia which corresponds to the lower insulin secretion. 

 

Several studies have shown that the menopausal transition is accompanied by an increase in 

abdominal fat  (30,31) and redistribution of gluteo-femoral fat from the (peripheral) region to the 
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abdominal (central) region (2–5). Despite differences between pre- and post-menopausal groups 

in LH, FSH and oestrogen, this study found no differences in any measures of total or regional 

adiposity between the menopausal groups, which confirms the results of Jaff et al. (11) in a similar 

sample of Black SA women from Soweto. These findings may differ to those previously reported 

in European populations (6,7,9,10,32) due to the high prevalence of overweight and obesity in our 

sample (67.4%) that is representative of Black South African women (33), thus limiting variation 

in adiposity over the menopausal transition.  

 

Despite no differences in total or regional adiposity, postprandial glycaemia, characterised by 

iAUC glucose and HbA1c, was higher in the late post-menopausal compared to the pre-

menopausal group. However, this effect was not independent of age, suggesting that the higher 

glycaemia was because of age rather than menopause per se. There were no statistical differences 

in insulin sensitivity between the groups, but insulin secretion and beta cell function were higher 

in the early post-menopausal period, presumably as a compensatory response to subtle changes in 

insulin sensitivity and glycaemia, but then declined in the late post-menopausal period and this 

corresponded with the increase in post-prandial glycaemia. These findings confirm those of other 

studies using intravenous glucose tolerance test (IVGTT) (21,23) Notably, the differences in 

insulin secretion and beta cell function between menopausal groups were independent of age, 

suggesting that these effects were mediated by the long term effects of the changes in sex hormones 

over the menopausal period.  Indeed, ovariectomy of rodents has consistently been shown to result 

in a decline in beta-cell function, and decreased oestradiol action through ERα and ERβ appears 

to affect the survival of beta-cells and insulin secretion (34–36).  
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Although there is paucity of human studies (37), increasing evidence from experimental studies in 

rodents and mice have reported that the decreased oestradiol levels and decreased oestradiol action 

via ERα may cause insulin resistance in the skeletal muscle, liver and adipose tissue (38–41). 

However, we did not show differences in insulin sensitivity, measured using HOMA-IR or 

Matsuda index, between the menopausal groups. Notably, postprandial insulin secretion (iAUC C-

peptide) was higher in the early post-menopausal women compared to both the premenopausal and 

late post-menopausal women reflecting hyperinsulinaemia. The higher iAUC C-peptide in the 

early postmenopausal women reflects higher insulin secretion as a compensatory response for the 

level of glycaemia while in the late postmenopausal women this is no longer the case, hence the 

higher glycaemia in the late postmenopausal women. Although not significant when adjusting for 

age, the oDI was higher in early post-menopausal women compared to pre-menopausal women, 

suggesting exaggerated insulin response for the level of insulin sensitivity in the early post-

menopausal women, which is consistent with other studies in African women (42–44). 

Hyperinsulinaemia has been consistently reported in Black African women  (45–48), but it is still 

unclear whether this is a cause or consequence of insulin resistance and the subsequent 

development of T2DM (15). We have previously shown that middle-aged Black SA women pre 

sent with hyperinsulinaemia, but with increasing age, insulin secretion (and not insulin sensitivity) 

declines and corresponds with increasing glycaemia (48). Prospective studies are however required 

to explore the pathogenic sequence leading to T2DM in African women.   

 

Other studies have reported that the increase in T2DM risk with menopausal transition may be 

linked to factors associated with aging like increase sedentary behaviours, increasing adiposity, 

and comorbidities such as depression and sleep disorders (49,50). I did not show any differences 
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in movement behaviours, with time spent in sedentary and movement behaviours and sleep being 

remarkably similar between groups. However, I did not measure quality of sleep nor did I measure 

differences in dietary habits, which may alter diabetes risk. Further, I showed no differences in 

total and regional adiposity between menopausal groups, however, other factors such as 

inflammatory markers including tumor necrosis factor-α (TNF-α) produced by human fat, have 

been reported to increase in post-menopausal women and may contribute to decreased insulin-

stimulated glucose disposal (51) and promote insulin resistance (52). Future research is required 

to gain insight into other lifestyle and physiological factors involved in the pathogenesis of T2DM 

in African women.  

 

No differences were shown across menopausal transition for body composition, body fat 

distribution and physical activity but a 4–year longitudinal study of 1 393 women aged 47–55 

years in central Finland has shown menopause in middle-aged women may accelerate changes in 

metabolic health, however, physical activity is associated with healthier body lipid profile and 

body composition but may not modulate the changes of metabolic health indicators during 

menopausal transition (53). A review reported that central obesity was associated with excess risk 

of mortality and changes in body composition and reproductive hormones across menopausal 

transition was associated with increased overall metabolic and cardiovascular disease risk. 

Similarly, in post-menopausal women a significant dose response for greater body weight, fat and 

intra-abdominal fat lose with increased exercise duration and longitudinal data has also shown an 

inverse association between percent body fat increased and moderate or vigorous physical activity 

among White women (54).  
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Although no differences in body fat distribution was shown between the menopausal stages in this 

cohort the decline in oestrogens across menopausal stages in women has been shown to have 

deleterious effects on body composition and glucose metabolism leading to higher prevalence and 

incidence of metabolic disorders in post–menopausal women compared to pre-menopausal women 

(55,56). 

Limitations and strengths of the study 

This a cross-sectional study and causal conclusions cannot be made from the results. While we 

had objective measures of sedentary and physical activity behaviours drawn from two 

accelerometers, we did not have any dietary data. We excluded HIV positive women whose body 

fat distribution, insulin sensitivity and response may differ and hence these results may not be 

generalisable to those with HIV. The potential interaction between the sex hormones, beta-cell 

function and fat metabolism has not been explored. A strength of the study is the completion of 

OGTTs that are rarely done in population studies from Africa to determine diabetes risk between 

menopausal groups from which we estimated insulin sensitivity, secretion, basal insulin clearance 

and beta-cell function. Body fat distribution was measured using dual energy x-ray absorptiometry 

that provides an objective and more precise estimate of total and regional fat deposits than 

anthropometric measures.  

Conclusion 

The menopausal transition in Black women with a high prevalence of overweight and obesity is 

not accompanied by differences in total or regional adiposity, however lower insulin secretion in 

late post-menopause may explain higher postprandial glycaemia. Longitudinal studies are 

warranted to establish the relationship between menopausal transition and glucose and insulin 

dynamics in the development of T2DM Black African women. 
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Table 3.1: Sociodemographic, physical behaviours and sex hormone measures by menopausal status in Black South African women 

(n=298) 

Variable Pre-menopausal 

women 

Early post-

menopause 

Late post-

menopause 

p-value Adjusted p-

value 

n (%) 61 (20.5) 74 (24.8) 163 (54.7)   

Age (years) 48.8±3.7ab 54.2±3.7ac 59.1±4.4bc <0.001  

Sociodemographic and lifestyle factors      

Married, n (%) 28 (46.7) 37 (50.0) 67 (41.1) 0.410  

Currently Employed, n (%) 27 (44.3) 32 (43.2) 41 (25.2) 0.003  

Education attainment, n (%)      

No formal schooling/elementary school level  2 (3.3) 4 (5.4) 22 (13.5)   

Secondary school level  50 (82.0) 60 (81.1) 126 (77.3)   

Tertiary education  9 (14.7) 10 (13.5) 15 (9.2) 0.080  

Current smokers, n (%) 5 (8.2) 6 (8.1) 7 (4.3) 0.380  

Alcohol intake, n (%)      

Never 35 (57.4) 53 (71.6) 126 (77.3)   

Sometimes (monthly or less and 2-4 times/month) 25 (41.0) 14 (18.9) 31 (19.0)   

Often (2-3 times and 4 or more times/week) 1 (1.6) 7 (9.5) 6 (3.7) 0.001  

Consolidated accelerometry (minutes/day)    p-value p-value1 

Light intensity physical activity (LPA) (n=211) 120.1±46.1 131.1±64.4 112.2±46.1 0.084 0.104 

Moderate-to-vigorous intensity physical activity 

(MVPA) (n=211) 

36.1±24.9 37.1±21.5 33.0±24.0 0.532 0.693 

Sitting/lying (n=193) 618.5±135.2 627.0±143.4 619.8±133.6 0.942 0.732 

Standing (n=193) 250.1±102.5 239.8±97.4 269.8±115.0 0.242 0.464 

Sleep (n=211) 417.8±62.1 406.1±69.0 401.9±74.3 0.444 0.365 

Total movement volume (mg) (n=211) 12.7±3.8 13.0±3.8 12.0±3.4 0.219 0.348 

Sex hormones, n (%) 57 (20.1) 73 (25.7) 154 (54.2) p-value p-value1 

Luteinising hormone (LH) (IU/L) (n=284) 5.5 (3.1 – 16.2)ab 27.7 (18.1 – 31.3)a 20.9 (16.1 – 25.7)b <0.001 <0.001 

Follicle Stimulating Hormone (FSH) (IU/L) (n=284) 10.7 (5.3 – 23.8)ab 59.1 (41.9 – 71.6)a 53.2 (43.5 – 64.2)b <0.001 <0.001 

Oestrogen (pmol/L) (n=294) 205.0 (79.0–629.5)ab 22.0 (11.0 – 36.0)a 25.0 (16.0 – 38.0)b <0.001 <0.001 

Values as mean±SD for normally distributed data or median (25th – 75th percentile) for non-normally distributed data 
1p-values for accelerometry and sex hormones adjusted for age only 
a: Difference between pre-menopausal and early post-menopausal women after adjusting for age 
b: Difference between pre-menopausal and late post-menopausal women after adjusting for age 
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c: Difference between early post-menopausal and late post-menopausal women after adjusting for age 

All pre-menopausal women reported regular menstrual periods, bold represents significant difference 

 

Table 3.2: Body composition in pre- and early and late post-menopausal Black South African women (n=298) 

Body composition Pre-menopausal 

women 

Early post-

menopause 

Late post-

menopause 

p-value p-value1 

Height (cm) 158.8±7.2 158.0±5.8 158.0±5.5 0.659 0.866 

Weight (kg) 85.2±18.5 82.1±16.5 84.9±18.6 0.487 0.288 

BMI (kg/m2) 33.8±7.4 32.8±6.4 33.9±7.2 0.510 0.377 

Waist circumference (cm)  97.3±14.3 96.8±13.4 97.8±13.3 0.336 0.536 

Hip circumference (cm) 116.5±13.2 113.1±15.5 117.0±12.9 0.119 0.065 

WHR 0.82±0.07 0.85±0.14 0.83±0.07 0.133 0.125 

BMI categories in kg/m2, n (%)      

Underweight (<18.5 kg/m2) 0 (0.0) 1 (1.4) 1 (0.6) 0.771 0.673 

Normal weight (18.5-24.9 kg/m2) 3 (4.9) 6 (8.1) 14 (8.6)   

Overweight (25-29.9 kg/m2) 18 (29.5) 17 (23.0) 34 (20.8)   

Obese (30.0 kg/m2) 40 (65.6) 50 (67.6) 114 (70.0)   

DXA (n=283) 57 (20.1) 73 (25.8) 153 (54.1)   

Fat Mass (FM, kg) (n=283) 36.0±8.4 36.5±9.8 37.9±11.0 0.425 0.175 

% Body Fat, (n=283) 42.7±4.1 43.8±4.6 44.4±5.1 0.080 0.229 

Fat mass index (FMI, kg/m2) (n=283) 14.3±3.4 14.6±3.9 15.2±4.4 0.337 0.164 

Fat–Free Soft Tissue Mass (FFSTM, kg) (n=282) 42.1±6.7 40.5±7.3 40.8±6.7 0.418 0.614 

FFSTM index (FFSTMI, kg/m2) (n=282) 16.7±2.4 16.2±2.6 16.3±2.6 0.563 0.611 

Trunk % FM (n=283) 39.9±5.3 41.3±5.3 42.0±6.1 0.073 0.194 

Leg %FM (n=283) 44.2±6.3 43.8±5.5 43.6±6.3 0.850 0.986 

Arm %FM (n=283) 12.6±1.5 12.4±1.4 12.5±1.8 0.727 0.513 

VAT area (cm2) (n=283) 99.3±48.9 103.6±37.2 112.8±47.0 0.105 0.793 

SAT area (cm2) (n=283) 442.3±125.2 466.4±144.3 480.6±150.3 0.229 0.226 

VAT/SAT 0.22±0.11 0.22±0.08 0.23±0.08 0.610 0.669 

 

Values as mean±SD for normally distributed data or median (25th – 75th percentile) for non-normally distributed data 
1p-values for body fat distribution adjusted for age only 
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Table 3.3: Glycaemic and insulin measures in pre- and early and late post-menopausal Black South African women (n=298) 

Glucose and insulin measures  Pre-menopause Early post-menopause Late post-menopause p-value p-value1 

HbA1c (%) (n=295) 5.8±0.9 6.3±1.4 6.4±1.4 0.019 0.545 

      

Fasting glucose (mmol/L) (n=298) 5.2±1.2 5.5±2.2 5.4±1.7 0.618 0.736 

2 h glucose (mmol/L) (n=268) 5.7 (4.9 – 7.0) 5.7 (4.4 – 7.1) 6.0 (5.2 – 8.2) 0.128 0.439 

iAUC for glucose (mmol/L) (n=250) 137.9 (74.2–228.6) 147.9 (70.8–243.8) 169.4 (106.3–302.2) 0.026 0.764 

Fasting insulin (mIU/ml) (n=297) 8.5 (5.7 – 13.2) 8.1 (5.0 – 15.2) 8.5 (4.6 – 13.5) 0.963 0.730 

iAUC for insulin (mIU/ml) (n=267) 4 939 (3544–7277) 4 545 (2911–7154) 4 540 (3009–6712) 0.632 0.895 

Fasting C-peptide (ng/ml) (n=297) 1.68 (1.30 – 2.29) 1.78 (1.33 – 2.64) 1.71 (1.33 – 2.29) 0.772 0.670 

iAUC for C-peptide (ng/ml) (n=268) 552.6 (474.0–798.9)a 762.9 (497.4–1107.3)ac 663.5 (459.0–823.2)c 0.011 0.010 

Basal Insulin Clearance (ng/mIU) (n=297) 0.195 (0.152–0.266) 0.223 (0.174– 0.289) 0.199 (0.158– 0.276) 0.555 0.440 

HOMA–IR (n=297) 1.75 (1.19 – 3.51) 1.65 (1.02 – 3.30) 1.81 (0.97 – 3.35) 0.970 0.731 

Insulin sensitivity (mgI2/mUmin) (n=268) 5.1 (3.0 – 7.8) 5.0 (3.1 – 9.6) 5.2 (3.2 – 8.3) 0.873 0.608 

Insulinogenic index (mIU/mmol) (n=217) 32.6 (15.4 – 54.6) 24.1 (12.9 – 59.2) 21.6 (11.3 – 34.9) 0.130 0.961 

Insulin secretion (ng/mmol) (n=230) 3.0 (1.7 – 5.0) 4.2 (1.8 – 8.4)c 2.3 (1.2 – 3.5)c 0.001 0.008 

oDI-C-peptide (mIU/mmol) (n=230) 15.0 (6.8 – 29.0) 20.5 (8.8 – 60.2)c 11.8 (5.1 – 22.5)c 0.008 0.052 

Glycaemic categories, n (%) (n=298)      

NGT: (FPG <6.1/2-h PG <7.8mmol/L) 45 (73.8) 47 (63.5) 96 (58.9)   

IFG: (FPG:6.1–6.9)/IGT (2hPG:7.8–11.0) 12 (19.7) 14 (18.9) 43 (26.4)   

T2DM: (FPG 7/2-hPG11.1) 4 (6.5) 13 (17.6) 24 (14.7) 0.173 0.053 

Values as mean±SD for normally distributed data or median (25th – 75th percentile) for non-normally distributed data 
1p-values for glycaemic and insulin measures after adjusting for age. 

HbA1c: glycated haemoglobin 

iAUC: integrated area under the curve 

HOMA–IR: Homeostatic Model Assessment of Insulin Resistance 

oDI: oral disposition index, measure of beta-cell function, calculated as product of c-peptide index and Matsuda index 

NGT: Normal glucose tolerance 

IFG: Impaired fasting glucose 

T2DM: Type 2 diabetes mellitus 

FPG: Fasting plasma glucose 
a: difference between pre-menopausal and early post-menopausal women 
c: difference between early post-menopausal and late post-menopausal women 

bold represents significant difference
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PLWHIV: People living with HIV 

FBG: Fasting blood glucose  

Figure 3.1: Consort diagram for sample selection flow 2 

Total: n = 1 029 

Men: n=502 & women: n=527 

 Informed consent 

 HIV test 

 Socio-demographics & health 

 Anthropometry & DXA 

 

 

Total: n = 1000 

Men: n=490 & women: n=510 

 

 Accelerometer data (n=794) 

 Fasting blood 

  

 

Paper 1 final sample size: n = 804 

 

Men (n=388) & Women (n=416) 

                    

People living with HIV (n=196) 

Men (n=103) & Women (n=93) 

 

Incomplete data n=123 

 

Men (n=45) & Women 

(n=78) 

Complete glucose and insulin measures: n = 734 

 

Men: n=363 & Women: n=371 

                                                                                

   

Self-reported diabetes and/or 

FBG11.1 mmol/l (n=65) 

 Men (n=23) & women (n=42) 

 

Haemolysed blood (n=5) 

Men (n=2) & women (n=3) 

Final sample size for menopausal classification: n=298 

[Pre-menopause (n=61),  

    Early post-menopause (n=74), 

Late post-menopause (n=163)] 

 

Men 

 (n=363) 

 

Unclassified women  

(n=73) 
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Abstract 

Introduction: To examine the associations between physical behaviours and type 2 diabetes 

mellitus (T2DM) risk in middle-aged South African men and women. 

 

Research design and methods: This cross-sectional study included middle-aged men (n=403; 

age: median [IQR], 53.0 [47.8–58.8] years) and women (n=324; 53.4 [49.1–58.1] years) from 

Soweto, South Africa. Total movement volume (average movement in milli-g) and time 

(minutes/day) spent in different physical behaviours, including awake sitting/lying, standing, 

light intensity physical activity (LPA) and moderate-to-vigorous intensity physical activity 

(MVPA), were determined by combining the signals from two triaxial accelerometers worn 

simultaneously on the hip and thigh. All participants completed an oral glucose tolerance test, 

from which indicators of diabetes risk were derived. Associations between physical behaviours 

and T2DM risk were adjusted for sociodemographic factors and body composition.   

 

Results: Total movement volume was inversely associated with measures of fasting and 2-h 

glucose and directly associated with insulin sensitivity, basal insulin clearance, beta-cell 

function, but these associations were not independent of fat mass, except for basal insulin 

clearance in women. In men, replacing 30 minutes of sitting/lying, standing or LPA with the 

same amount of MVPA time was associated with 1.2–1.4 mmol/L lower fasting glucose and 

12.3–13.4 mgl2/mUmin higher insulin sensitivity. In women, substituting sitting/lying with the 

same amount of standing time or LPA was associated with 0.5–0.8 mmol/L lower fasting 

glucose. Substituting 30 minutes sitting/lying with the same amount of standing time was also 

associated with 3.2 mgl2/mUmin higher insulin sensitivity, and substituting 30 minutes of 
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sitting/lying, standing or LPA with the same amount of MVPA time was associated with 0.25-

0.29 ng/mIU higher basal insulin clearance in women.  

 

Conclusion: MVPA is important in reducing T2DM risk in men and women but LPA appears 

to be important in women only. Longitudinal and intervention studies warranted to provide 

more specific PA recommendations. 

 

Keywords: sitting/lying, standing, light physical activity, moderate-to-vigorous physical 

activity, isotemporal substitution, diabetes risk.  
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What is already known about this topic 

Extensive evidence has shown an inverse association between physical activity and type 2 

diabetes risk, and report that time spent in sedentary behaviours is a recognised risk factor for 

type 2 diabetes. Most of these studies have only considered the association between the physical 

behaviours themselves and type 2 diabetes risk, without also considering the behaviour that is 

replaced for that time. There is also controversy in the literature as to whether the association 

between physical activity and type 2 diabetes risk is independent of adiposity. It is well 

recognised that wearable devices provide a more accurate and objective measure of physical 

behaviours compared to self-report, with limited data combining the signals from two 

accelerometers to more accurately measure intensity and posture and limited data from Africa. 

What this study adds 

  Total movement volume was inversely associated with fasting and 2-h glucose, and 

positively associated with insulin sensitivity, basal insulin clearance, and beta-cell function, but 

these associations were not independent of fat mass, except for basal insulin clearance in 

women. 

  In men, substituting 30 minutes of awake sitting/lying, standing or light intensity physical 

activity with the same amount of time in moderate-to-vigorous intensity physical activity was 

associated with lower fasting glucose and higher insulin sensitivity. 

  In women, substituting 30 minutes of awake sitting/lying with the same amount of standing 

or light intensity physical activity was associated with lower fasting glucose, and 



75 

 

substituting 30 minutes of awake sitting/lying with the same amount of standing was associated 

with higher insulin sensitivity. 

  In women, substituting 30 minutes of awake sitting/lying, standing or light intensity physical 

activity with the same amount of time in moderate-to-vigorous intensity physical activity was 

associated with higher insulin clearance.  

How this study might affect research, practice or policy 

Intervention studies are needed to determine whether sex-specific physical activity 

recommendations are needed as although moderate-to-vigorous intensity physical activity is 

associated with lower risk type 2 diabetes risk markers in men and women, light intensity 

physical activity seems to be beneficial in women only.  

 

 

 

 

 

 

 

 

 

 

 

 



76 

 

Introduction 

The prevalence of type 2 diabetes mellitus (T2DM) is increasing globally and sub-Saharan 

Africa (SSA) is projected to have the greatest estimated increase compared to all other regions 

by 2045 (1). Within SSA, South Africa (SA) has the highest prevalence of T2DM, with the 

latest national prevalence for adult men and women at 8% and 13%, respectively (2). Extensive 

evidence reports an inverse association between physical activity (PA) and T2DM risk (3–5). 

Studies have shown that physical activity of any intensity positively influences glucose 

regulation and insulin sensitivity in a dose–response manner (6,7).  

 

Sedentary time is also recognised as a risk factor for T2DM with a systematic review and meta-

analysis showing that participants who reported the greatest sedentary time were at a 112% 

higher relative risk (RR) of T2DM compared to those with the lowest sedentary time (8). While 

some studies have shown this association to be independent of physical activity (9), a meta-

analysis by Patterson et al., showed an increased risk for T2DM with higher levels of total 

sitting independent of PA (10).  

 

Time spent in sedentary behaviour, PA and sleep are mutually exclusive and the total minutes 

available in a day are fixed and finite. Therefore, understanding the beneficial effects of 

physical activity depend not only on the considered aspect of PA but also on the activity type 

displaced (11). A recent meta-analysis reported that replacing 30 minutes of sedentary time 

with the same amount of time in light intensity physical activity (LPA) was associated with 

reductions in fasting insulin, waist circumference and all-cause mortality, and replacing 

sedentary time with moderate-to-vigorous intensity physical activity (MVPA) was associated 
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with reductions in body mass index (BMI), waist circumference, fasting glucose and insulin 

concentrations, and all-cause mortality (12). Further, results from the UK Biobank study (n= 

475,502)  reported that replacing sedentary behaviour with 30 minutes/day of physical activities 

or structured exercise was associated with a 6–31% lower incidence of T2DM 11 years later 

(13). Isotemporal substitution analysis simultaneously models a specific activity and the effects 

of time in substitution of the activity by another for the same amount of time (14). However, 

the use of isotemporal substitution has been limited to studies including European populations, 

with a dearth of studies in Africa. 

 

A South African population-based survey reported that only 14.8% were moderately physically 

active and 27.8% were vigorously physically active, and that men were more likely to be 

physically active whereby women were less likely to engage in moderate as well as vigorous 

PA (15). Few South African studies have explored the association between physical behaviours 

and T2DM risk (16–21). Globally, the majority of evidence reporting the association between 

PA and health outcomes is based on self-reported PA which has several limitations (22). 

Wearable devices are increasingly being used and provide a more accurate, objective 

assessment of sedentary behaviour and PA intensity and volume than subjective self-reported 

measures (23,24). Edwardson et al., have shown that high accuracy can be obtained using two 

wearable devices with postural categorization from an accelerometer on the thigh, and intensity 

also using information from an accelerometer on the waist (25). This has however, never been 

undertaken in Africa. 
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There is controversy as to whether the association between PA and T2DM risk is mediated or 

independent of adiposity (4). This is relevant to the South African context where there is a high 

prevalence of obesity and where adiposity differs significantly between men and women (2).  

 

The aim of this study is therefore to examine the association between physical behaviours 

quantified by combining signals from two accelerometers, and risk markers for T2DM in 

middle-aged men and women from urban South Africa using an isotemporal substitution 

approach. We hypothesised that replacing 30 minutes of sedentary time or LPA with the same 

amount of time in higher intensity behaviours is associated with a reduction in the risk 

markers for T2DM. 

 

Materials and methods 

Research design, setting and participants 

This cross–sectional study used data from the Middle-aged Soweto Cohort (MASC) collected 

between January 2017 and August 2018 (502 men and 527 women), as described previously 

(26). For this analysis, complete accelerometry (27) and oral glucose tolerance test (OGTT) 

data were available on 727 participants (n=403 men and n=324 women) (Figure 4.1: Sample 

selection flow chart 3).  

 

Ethical approval was granted by the Human Research Ethics Committee (HREC) Medical 

(M160604 and M160975) of the University of the Witwatersrand, Johannesburg, South Africa. 

All study procedures and possible risks were explained to participants who consented and 

signed the informed consent form prior to inclusion in the study. Data collection took place in 
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accordance with the guidelines of Helsinki at the South African Medical Research 

Council/University of the Witwatersrand Developmental Pathways for Health Research Unit, 

Chris Hani Baragwanath Hospital in Soweto, Johannesburg, South Africa. 

 

Procedures 

Physical behaviour assessment and data processing 

Physical behaviours were objectively measured using two accelerometers, an ActiGraph 

GT3X+ (AG) (ActiGraph, Pensacola, USA) on the right hip, and an activPAL (AP) (PAL 

technologies Ltd., Glasgow, UK) on the right thigh. The participants were advised to wear the 

accelerometers continuously for seven days and nights including sleep times and the weekend, 

and only to remove the ActiGraph GT3X+ during bathing or water-based activities. They were 

also requested to continue with their normal daily activities. Participants received a sleep diary 

and were asked to record their daily sleep and wake times for the same period.  

 

At the end of the seven days, participants returned the accelerometers and raw data was 

downloaded using the Actilife software (ActiGraph, Pensacola, USA) and actiPAL software 

(PAL Technologies Ltd., Glasgow, UK). Complete data from ActiGraph GT3X+ and activPAL 

for four to seven days was obtained by a combination of processing scripts (PAMPRO) and 

post-processing scripts (28). The raw tri-axial signals from the two accelerometers were 

calibrated to local gravity (29) and acceleration and pitch angles converted to minute-by-minute 

time series. The signals were combined with the self-reported sleep times and reported at 

participant level to estimate total volume and time spent in postures and intensities of 

behaviours. The behaviour outcomes were summarised as total movement volume (Euclidian 
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norm minus one, ENMO expressed as milli-g (mg)), time spent in sleep, and awake time in 

sitting/lying, standing, LPA, and MVPA, all in minutes per day (min/day). Details of the 

objectively measured PA data acquisition, processing, development of the algorithm and 

classification are described elsewhere (26).  

 

Measures of type 2 diabetes mellitus risk markers 

From each participant, blood samples were drawn after an overnight fast for determination of 

plasma glucose, serum insulin, C–peptide, and glycated haemoglobin (HbA1c). Participants 

then underwent a standard oral glucose tolerance test (OGTT). Participants ingested 75g 

anhydrous glucose in 250ml water and then 5ml blood samples were drawn every 30 minutes 

for 2 hours. Randox RX Daytona Chemistry Analyser (Randox Laboratories Ltd., London, UK) 

was used to measure plasma glucose concentrations and D–10TM Haemoglobin Analyser (Bio–

Rad Laboratories, Inc. USA) was used to measure HbA1c concentrations. Immulite® 1000 

Immunoassay System (Siemens Healthcare Diagnostics, Tarrytown, NY) was used to measure 

serum insulin and C-peptide concentrations.  

 

The homeostasis model assessment (HOMA-IR) was used to estimate fasting insulin resistance 

(30). Insulin sensitivity was estimated by the Matsuda Index for participants with complete 

OGTT results, and the composite insulin sensitivity index for those with data at 0 and 120 

minutes (31,32). Insulin secretion was calculated as the C-peptide index, which was the ratio 

of the increment in C-peptide to glucose during the first 30 minutes of the OGTT. The oral 

disposition index (oDI), an estimate of beta-cell function, was calculated as a product of C-

peptide index and Matsuda index (33). Basal insulin clearance were estimated as fasting C-
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peptide/insulin concentrations, and postprandial insulin clearance was estimated from the 

incremental area under the curve (iAUC) of C-peptide to iAUC insulin using the trapezoidal 

method. 

 

Sociodemographic questionnaires 

Questionnaires were completed on Research Electronic Data Capture (REDCap) (34) and 

included data on age, marital status (married/unmarried), highest level of education attained (no 

formal schooling/elementary school, secondary school, and tertiary education), 12 item 

household assets (electricity, television, radio, motor vehicle, fridge, washing machine, 

telephone/cell phone, microwave, bicycle, tablet/laptop/personal desktop, DSTV/satellite TV, 

Mnet) classified into 3 categories (0-4 for category 1, 5-8 for category 2 and 9-12 for category 

3) and employment status (employed/not employed).  

 

Anthropometry and body composition 

Weight was measured with a TANITA digital scale (model: TBF-410, TANITA Corporation, 

US) to the nearest 0.1 kg. Height was measured with a wall-mounted stadiometer (Holtain, UK) 

to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight (kg)/(height in m)2. 

Sub-total fat mass (FM, kg) (total fat mass minus the head) was measured with a Hologic QDR 

4500A dual–energy x-ray absorptiometry (DXA) machine (Hologic Inc., Bedford, USA) and 

analysed with APEX software version 13.4.2.3 according to standard procedures. Fat mass 

index (FMI) was calculated as sub-total fat mass (kg)/height2 (m2). Abdominal visceral adipose 

tissue (VAT) and subcutaneous adipose tissue (SAT) areas were estimated from DXA, as 

described elsewhere (35) .  
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HIV/AIDS tests 

Pre- and post-HIV counselling was provided and an HIV antibody test, Wondfo One Step 

HIV–1/2 Whole Blood/Serum/Plasma: Test 2 lines (Guanghu Wondfo Biotech Co., Ltd) was 

completed for all consented participants, except those previously known as HIV positive. 

Newly diagnosed HIV positive participants were referred to an HIV clinic for follow up and 

retained in the study. Participants were subsequently categorised into HIV negative (HIV-) or 

HIV positive (HIV+). 

 

Statistical analysis 

Data was analysed using Stata 15.1/IC (StataCorp, College Station, TX, USA). Shapiro-Wilk 

test and Q-Q probability plots were used to assess distribution and ascertain skewness and 

kurtosis of the data. Variables were summarised as count (percentages) for categorical data, 

mean (standard deviation) if normally distributed continuous data, and median (25th–75th 

percentiles) if not normally distributed continuous data. Student’s t-tests were used to explore 

the sex differences for normally distributed continuous data, and Mann-Whitney U and 

Kruskal-Wallis tests were used to compare skewed continuous data. Multivariable robust 

regression analyses were used to explore the relationship between total movement volume and 

outcome variables (fasting and 2-hr glucose, insulin sensitivity, basal insulin clearance, and 

beta-cell function) and covariates which have been shown in the literature to be associated with 

the outcomes were included. In model 1, age was included as a covariate, in model 2; age, HIV 

status, education, asset category and employment were included as covariates; in model 3, FMI 
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was added to covariates in model 2; while in model 4, VAT was included with the covariates 

from model 3.  

 

Isotemporal substitution modelling was used to estimate the effect of replacing time spent in 

one physical behaviour (sleep, sitting/lying, standing, LPA and MVPA) with another (14); 

specifically, we ascertained the theoretical effect of reallocating 30 minutes of one physical 

behaviour to 30 minutes of another physical behaviour on the glucose and insulin measures 

listed previously. Regression coefficients (and 95%CI) represent the replacement of one 

physical behaviour with another, while other behaviours remain constant for the same time.  

Isotemporal substitution models were adjusted for age, HIV status, education, asset category 

and employment (model 2 in total movement volume robust regression analyses), and then 

subsequently for FMI. Due to marked differences in levels of PA and adiposity between men 

and women (table 4.1), all analyses were stratified by sex. A p–value of <0.05 was considered 

significant and 95% CI stated. 

 

 

Results 

Sample characteristics 

Physical behaviours, body fat, and measures of glycaemia and insulin dynamics for the whole 

sample, and men and women separately, are presented in Table 4.1.  Men and women were of 

similar age (~53 years) and a similar proportion were living with HIV (21.1% vs. 19.8%, 

p=0.657). Women had higher BMI and DXA-derived measures of fat mass, FMI, VAT and 

SAT than men (all p<0.001).  

 



84 

 

There were no sex differences in LPA or sleep time, but men had higher total movement volume 

(mg) and spent more time in MVPA than women (both p<0.001). Men spent more time 

sitting/lying and less time standing than women (both p<0.001). There were no sex differences 

in fasting or 2-hour glucose, while all the measures of insulin dynamics were different between 

the sexes, with women having higher HOMA-IR, insulin secretion and beta-cell function, and 

lower insulin sensitivity and basal insulin clearance than men.   

 

Associations between total movement volume and measures of glycaemia and insulin 

dynamics  

In men and women, total movement volume was inversely associated with fasting glucose and 

positively associated with insulin sensitivity in models adjusted for age, HIV status and socio-

economic status (SES) (Table 4.2). After adjusting for FMI and VAT these associations were 

no longer significant. In men only, total movement volume was also inversely associated with 

2-h glucose, but after adjusting for FMI and VAT this association was no longer significant. In 

women only, total movement volume was also significantly associated with basal insulin 

clearance, and this remained significant when adjusting for FMI and VAT. There was no 

association between total movement volume and beta-cell function in either men or women. 

 

Isotemporal substitution of physical behaviours in men  

Replacing 30 minutes of sitting/lying, standing or LPA with 30 minutes of MVPA was 

associated with 1.2–1.4 mmol/L lower fasting glucose and 12.3–13.4 mgl2/mUmin higher 

insulin sensitivity in men (Table 4.3 and 4.4). Replacing 30 minutes of sitting/lying with the 

same amount of time standing or in MVPA was associated with 1.4 mmol/L and 3.3 mmol/L 
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lower 2-hour glucose, respectively. Although replacing 30 minutes of LPA with the same 

amount of time in MVPA was associated with 3.5 mmol/L lower 2-hour glucose, it was also 

associated with 1.6 mmol/L lower 2-hour glucose when replaced by standing. Replacing 30 

minutes of sitting/lying and LPA with the same amount of time in MVPA was associated with 

17 mIU/mmol and 19.1 mIU/mmol higher beta-cell function, respectively. Replacing physical 

behaviours was not associated with basal insulin clearance in men.  

 

After further adjusting for FMI, the associations between physical behaviours and fasting 

glucose, insulin sensitivity, and beta-cell function were no longer significant (data not shown). 

However, replacing 30 minutes of sitting/lying with 30 minutes of standing time (1.3 mmol/L, 

CI: 0.4–2.2, p=0.003) and replacing 30 minutes of standing with the same amount of LPA time 

(1.7 mmol/L, CI: 0.4–3.0, p=0.007) both remained significantly associated with 2-hour glucose 

after adjusting for FMI. 

 

Isotemporal substitution of physical behaviours in women 

Replacing 30 minutes of sitting/lying with standing or LPA were associated with 0.5 mmol/L 

and 0.8 mmol/L lower fasting glucose, respectively, but were not associated with 2-hour 

glucose. Replacing 30 minutes of sitting/lying with the same amount of time standing was 

associated with 3.2 mgl2/mUmin higher insulin sensitivity, 0.05 ng/mIU higher basal insulin 

clearance, and 11.3 mIU/mmol higher beta-cell function. Replacing 30 minutes of sitting/lying 

or standing or LPA with the same amount of time in MVPA was associated with 0.25–0.30 

ng/mIU higher basal insulin clearance (Table 4.3 and 4.4).  
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After further adjusting for FMI, the associations with fasting glucose, 2-hour glucose, and 

insulin sensitivity were no longer significant (data not shown). In contrast, the significant 

associations with basal insulin clearance were maintained when 30 minutes of sitting/lying 

(0.21 ng/mIU, CI: 0.41–0.02, p=0.029) or standing (0.19 ng/mIU, CI: 0.39–0.002, p=0.048) 

were replaced by MVPA. Replacing 30 minutes of sitting/lying with the same amount of 

standing was also still associated with higher beta-cell function (8.68 mIU/mmol, CI: 0.93–

16.44, p=0.028) after adjusting for FMI. 

 

Discussion 

 

This study in a middle-aged African population of men and women showed that physical 

activity was associated with lower risk for T2DM. In support of our hypothesis, we showed that 

replacing 30 minutes of sedentary time or LPA with the same amount of time in higher intensity 

behaviours was associated with a reduction in the risk markers for T2DM. Specifically, 

substituting 30 minutes of awake sitting/lying, standing or LPA with the same amount of time 

in MVPA in men was associated with lower fasting glucose and higher insulin sensitivity, both 

well-accepted indicators of T2DM risk. In women, just replacing 30 minutes of sitting/lying 

with the same amount of time standing was associated with lower fasting glucose and higher 

insulin sensitivity. We have also shown that the associations between physical behaviours and 

these measures of T2DM risk are mediated by adiposity in both men and women.  

 

In both men and women our study showed that total movement volume was associated with 

lower fasting glucose and higher insulin sensitivity, and in men only was also associated with 

lower 2-hr glucose, although none of these associations remained significant after adjusting for 

adiposity. Physical activity through its effects on multiple organs and systems is associated with 
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improved insulin sensitivity and glycaemia (5,36). Data from the EPIC-InterAct case-control 

study of incident T2DM reported a significant reduction in the risk of developing T2DM in men 

and women who had higher levels of physical activity (37). Indeed, epidemiological studies 

have shown that PA reduces the risk of insulin resistance and T2DM in healthy individuals and 

appropriate exercise training is an effective intervention for individuals at risk of T2DM 

(38,39). Physical activity can reduce the risk of T2DM in men and women with high body mass 

index and elevated glucose levels. Even relatively modest exercise can stimulate immediate and 

persistent insulin sensitivity the next day in adults at risk of T2DM (40). The men in our study 

completed on average 410 minutes of MVPA/week while average MVPA/week in the women 

was 240 minutes, which may account for the additional effect of PA on postprandial glucose 

uptake, with skeletal muscle being the major site of uptake. Extensive literature has explored 

the association between objectively measured physical activity and measures of T2DM risk 

(4,8,9). Not all of these studies have accounted for adiposity, while others have found the 

association to be mediated by adiposity (36), and still other studies have found the significant 

association between PA and T2DM remains after adjusting for adiposity (37,41). The 

differences in the results may be due to marked heterogeneity in research designs and 

assessment of physical behaviours and T2DM risk. In our study, the associations between PA 

and T2DM risk in both men and women were mediated by total adiposity. Balkau et al. reported 

that objectively measured daily total activity and the association with insulin sensitivity in 

healthy adult men and women between 30–60 years remains even after adjusting for overall 

body mass index or abdominal adiposity (42).  
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Using the combination of signals from two accelerometers for objective measurement of 

physical behaviours, we used isotemporal substitution to account for the displacement of time 

in particular behaviours within a 24-hr day (11,14). We showed that replacing sitting/lying with 

standing time was only associated with lower 2-hour glucose in the men, while in women, 

replacing sitting with the same amount of time standing was associated with improvements in 

fasting glucose, insulin sensitivity, insulin clearance and beta-cell function. This difference 

when modelling the hypothetical effect of posture change resulting in all aspects of insulin 

dynamics being affected in women compared to only post-prandial glucose in men may be due 

to the higher adiposity in women. An Australian study in men and women (36-80 years) using 

the isotemporal substitution approach, showed that replacing sitting with standing for 2 h/day 

was associated with 2% lowering of fasting plasma glucose in both men and women (43). These 

differences may be accounted for by the vast disparities in adiposity between men and women 

in our study compared to the study in Australia. 

 

Replacing sedentary time i.e. sitting or standing with movement, irrespective of intensity, has 

been associated with a wide array of health benefits. Yates et al., reported that reallocating 30 

minutes per day of sedentary time to LPA and MVPA was associated with a 5% and 18% 

difference in insulin sensitivity (Matsuda-ISI) in adult men and women of average age 65 years 

after adjusting for ethnicity, sex, age, medication, social deprivation and BMI (44). In a South 

African study, LPA has been shown to be associated with reduced cardiovascular disease risk 

(45) and has also been included in the recent WHO recommendations for physical activity (46). 

Interestingly in this study, the only significant associations when replacing sedentary behaviour 

with LPA was a decrease in fasting glucose in the women only when replacing sitting with 
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LPA, and an increase in 2-hour glucose in the men when replacing standing with LPA. The 

men and women in this study spent an average of 2 hours a day in LPA, and previous studies 

in similar populations has shown that this is largely time spent in incidental activity or walking 

for transport rather than leisure time activity which is typically low in populations from low 

and middle income countries (18,47). As physical behaviours have been accurately measured 

in this study by combining the signals from two accelerometers, it can be concluded time spent 

in LPA in this population is not sufficient to influence diabetes risk significantly. 

 

Time spent in higher intensity physical activity, in many studies described as MVPA, has been 

repeatedly shown in the literature to be associated with lower T2DM risk (3,6,48). In this study 

replacing sitting/lying, standing and LPA with MVPA was associated with improvements in 

the measures of T2DM risk in men including a decrease in fasting glucose and 2-h glucose, and 

an increase in insulin sensitivity and beta cell function. In contrast in the women, replacing 

sitting/lying, standing and LPA with MVPA was only associated with an increase in basal 

insulin clearance. Although we did not specifically examine time spent in vigorous intensity 

physical activity, previous research has shown that SA men spend more time in higher intensity 

activity than women (49), which may have explained the greater associations between MVPA 

and diabetes risk in men than women. Another explanation may be the ‘legacy effect’ of earlier 

patterns of activity which have been shown to be higher in men compared to women throughout 

adolescence in a longitudinal South African cohort (47), and which may then result in 

alterations in muscle physiology and improved cardiorespiratory fitness that may be maintained 

into adulthood. This is consistent with the higher levels of cardiorespiratory fitness in young 

adult men compared to women from Soweto (49), and another study from Cape Town that 
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reported very low levels of cardiorespiratory fitness in young women (45). Indeed, 

cardiorespiratory fitness, and not objectively measured MVPA, has previously been associated 

with higher insulin sensitivity in black African women (45). Results from an exercise 

intervention study in black African women with obesity and low baseline levels of 

cardiorespiratory fitness demonstrated that 12 weeks of intensive training only resulted in a 

small improvement in insulin sensitivity with no changes in glycaemia (50). This may be 

explained by low levels of fitness and high levels of obesity and insulin resistance in these 

women (45).       

 

Another novel finding of the study was the improvement in insulin clearance when replacing 

sitting/lying, standing, and LPA, with MVPA, in women only. Previous research has shown 

that black South African women have low insulin clearance compared to their European 

counterparts, which contributes to their characteristic hyperinsulinemia (51). Further, we 

showed that women had lower insulin clearance compared to men. It is still unclear if low 

insulin clearance and/or the resultant hyperinsulinemia is a compensatory response to low 

insulin sensitivity or is the driver of T2D in the Black African women (51). Nonetheless, this is 

the first study to show that MVPA is associated with higher insulin clearance, independent of 

the effects of adiposity, and that this association is specific to women and not observed in men. 

Prospective studies are required to investigate whether an increase in insulin clearance, and 

consequently a reduction in hyperinsulinemia, does confer reduced risk from T2D in black 

Africans.  
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The strengths of this study included the combination of signals from two accelerometers for 

objective measurement of physical behaviours. Most studies have used regression analysis to 

determine the associations between PA and diabetes risk. Our study used isotemporal 

substitution and 30 minutes as this links closely with public health recommendations. These 

results highlight the importance of measuring different physical activity behaviours, which are 

differentially associated with glycaemia and insulin dynamics. Notably, we included both men 

and women and showed differences in the relationship between physical activity behaviours 

and diabetes risk. The cross-sectional design is a limitation of the study. Self-reported sleep 

diaries are prone to recall bias, and social desirability coupled with reporting of time in bed, 

rather than sleep duration, may introduce misclassification. However, the accelerometry adjunct 

to sleep diaries assisted in verifying the sleep classification.  

 

In conclusion, this study provides novel evidence on the potential benefits of engaging in more 

active behaviours on risk factors for T2DM in men and women. This is critical in public health 

given the high amount of time spent sitting/lying and standing in our study population. Further, 

longitudinal and intervention research is required to determine whether the effects of different 

intensity physical behaviours are sex-specific and need to be taken into account when designing 

public health interventions to reduce non-communicable disease risk.  
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Table 4.1: Body fat distribution and physical behaviours in men and women 

Characteristic   n Men (n=403) Women (n=324) p-value 

Age (years) 727 53.3±6.2 53.7±5.9   0.450 

Height (cm) 727 171.1±6.5 158.3±6.1 <0.001 

Weight (kg) 727 73.7±17.7 83.5±18.8 <0.001 

BMI (kg/m2) 727 25.2±5.8 33.3±7.0 <0.001 

Accelerometry (minutes/day)             

LPA 727 116.5±77.4 121.3±49.6   0.333 

MVPA 727 58.6±42.8 34.3±23.2 <0.001 

Sitting/lying  675 645.9±124.0 613.9±128.7   0.001 

Standing  675 197.5±86.7 258.1±99.3 <0.001 

Sleep 727 421.0±84.3 409.5±75.9   0.057 

Total movement volume (mg) 727 15.1±6.0 12.4±3.5 <0.001 

DXA     

Fat Mass (FM, kg)  692 19.2±8.4 36.5±10.7 <0.001 

Fat Mass Index (FMI, kg/m2)  692 6.6±2.9 14.6±4.2 <0.001 

VAT (cm2)  692 83.4±42.8 102.7±43.7 <0.001 

SAT (cm2)  692 194.4±122.0 456.9±149.1 <0.001 

Glycaemia and insulin dynamics     

Fasting glucose (mmol/L)  725 5.0±1.0 5.1±0.9   0.692 

2-h glucose (mmol/L)  720 5.9±2.5 6.3±2.3   0.064 

Fasting insulin (mIU/ml)  723 5.1 (2.1–10.3) 8.9 (5.2–14.5) <0.001 

Fasting C–peptide (ng/ml)  723 1.5 (1.1–2.3) 1.8 (1.3–2.5) <0.001 

HOMA–IR  723 1.1 (0.5–2.3) 1.9 (1.1–3.4) <0.001 

Insulin sensitivity (mgl2/mUmin)  719 7.5 (4.0–14.0) 5.0 (3.1–8.2) <0.001 

Insulin secretion (ng/mmol)  628 2.3 (1.3–3.8) 3.1 (1.8–5.1) <0.001 

Basal insulin clearance (ng/mIU) 723 0.29 (0.20–0.40) 0.20 (0.15–0.26) <0.001 

Beta-cell function (mIU/mmol)  610 107.0 (56.6–195.2) 138.2 (61.1–251.3)   0.046 

Values for DXA, glycaemia and insulin dynamics are mean±standard deviation (SD) or median (25th – 75th) 

HOMA–IR: Homeostasis model assessment of insulin resistance 
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Table 4.2:  Multiple robust regression analyses of total movement volume and measures of glycaemic and insulin dynamics  

  Men Women 

Model 1  n    β 95%CI β 95%CI 

Fasting glucose (mmol/L)  725 -0.014 -0.028 to -0.003 -0.031 -0.054 to -0.009 
2-h glucose (mmol/L)  720 -0.033 -0.063 to -0.002 -0.052 -0.109 to 0.004 

Insulin sensitivity (mgl2/mUmin)  719  0.240  0.138 to 0.343  0.162 0.049 to 0.275 

Basal insulin clearance (ng/mIU)  723  0.001 -0.001 to 0.003  0.004 0.002 to 0.006 

Beta-cell function (mIU/mmol)  628  0.129 -0.079 to 0.338  0.336 -0.095 to 0.768 

Model 2       

Fasting glucose (mmol/L)  726 -0.014 -0.027 to -0.0004 -0.026 -0.050 to -0.002 
2-h glucose (mmol/L)  720 -0.033 -0.065 to 0.002 -0.042 -0.103 to 0.018 

Insulin sensitivity (mgl2/mUmin)  719  0.199  0.096 to 0.301  0.138 0.022 to 0.255 

Basal insulin clearance (ng/mIU)  723  0.001 -0.002 to 0.003  0.005 0.002 to 0.007 

Beta-cell function (mIU/mmol)  628  0.168 -0.049 to 0.385  0.393 -0.070 to 0.855 

Model 3       

Fasting glucose (mmol/L)  690 -0.006 -0.019 to 0.008 -0.019 -0.041 to 0.008 

2-h glucose (mmol/L)  685 -0.007 -0.038 to 0.025 -0.011 -0.073 to 0.050 

Insulin sensitivity (mgl2/mUmin)  684  0.073 -0.015 to 0.161 0.071 -0.059 to 0.201 

Basal insulin clearance (ng/mIU)  688 -0.001 -0.003 to 0.002 0.003 0.0001 to 0.005 
Beta-cell function (mIU/mmol)  599 -0.006 -0.227 to 0.215 0.306 -0.194 to 0.807 

Model 4       

Fasting glucose (mmol/L)  690 -0.004 -0.018 to 0.009 -0.013 -0.037 to 0.011 

2-h glucose (mmol/L)  685 -0.0003 -0.0311 to 0.0317  -0.003 -0.062 to 0.057 

Insulin sensitivity (mgl2/mUmin)  684  0.053 -0.034 to 0.141 0.072 -0.052 to 0.195 

Basal insulin clearance (ng/mIU)  688 -0.001 -0.003 to 0.002 0.003 0.0001 to 0.005 
Beta-cell function (mIU/mmol)  599 -0.061 -0.286 to 0.164 0.236 -0.241 to 0.713 

 

Beta coefficients represent the difference in the outcomes listed per 1 mg difference in movement volume; bold represents significant 

associations. 

Model 1: included age 

Model 2: included age, HIV status, education, asset category and employment,  

Model 3: included age, HIV status, education, asset category and employment and FMI,  

Model 4: included age, HIV status, education, asset category and employment, FMI and VAT 
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Table 4.3: Associations of reallocating 30 minutes of physical behaviours on glycaemia for men and women  

      β 95%CI     β 95%CI 

 Fasting glucose (mmol/L)  Men (n=372)  Women(n=301) 

From SITTING/LYING to: SLEEP -0.106 -0.561 to 0.348 -0.435 -0.956 to 0.085 

 STANDING -0.317 -0.270 to 0.534 -0.547 -0.908 to -0.187 

 LPA -0.062 -0.528 to 0.040 -0.790 -1.553 to -0.028 
 MVPA -1.254 -2.148 to -0.359  0.389 -1.287 to 2.064 

From STANDING to: SLEEP -0.238 -0.810 to 0.333  0.112 -0.458 to 0.681 

 SITTING/LYING -0.132 -0.534 to 0.270  0.547 0.187 to 0.908 

 LPA -0.194 -0.781 to 0.392 -0.242 -1.114 to 0.629 

 MVPA -1.386 -2.338 to -0.433  0.937 -0.795 to 2.667 

From LPA to:  SLEEP -0.044 -0.583 to 0.494  0.355 -0.510 to 1.220 

 SITTING/LYING  0.062 -0.404 to 0.529  0.790 0.028 to 1.553 
 STANDING  0.194 -0.392 to 0.781  0.242 -0.629 to 1.114 

 MVPA -1.191 -2.243 to -0.139  1.179 -0.868 to 3.227 

From MPVA to: SLEEP  1.147 0.177 to 2.117 -0.824 -2.620 to 0.971 

 SITTING/LYING  1.254 0.359 to 2.148 -0.389 -2.065 to 1.286 

 STANDING  1.385 0.433 to 2.338 -0.936 -2.669 to 0.795 

 LPA  1.191 0.139 to 2.243  -1.179 -3.227 to 0.868 

 2-h glucose (mmol/L)  Men (n=371)  Women(n=298) 

From SITTING/LYING to: SLEEP -1.297 -2.325 to -0.269 -1.198 -2.253 to 0.126 

 STANDING -1.385 -2.293 to -0.476 -0.877 -1.791 to 0.035 

 LPA  0.199 -0.854 to 1.253 -1.203 -3.134 to 0.726 

 MVPA -3.261 -5.289 to -1.232 1.102 -3.147 to 5.349 

From STANDING to: SLEEP 0.087 -1.204 to 1.380 -0.320 -1.768 to 1.127 

 SITTING/LYING 1.385 0.476 to 2.293 0.877 -0.035 to 1.791 

 LPA  1.584 0.259 to 2.909 -0.325 -2.534 to 1.882 

 MVPA -1.875 -4.033 to 0.282 1.980 -2.415 to 6.376 

From LPA to: SLEEP -1.496 -2.838 to -0.279 0.005 -2.190 to 2.201 

 SITTING/LYING -0.199 -1.253 to 0.854 1.203 -0.726 to 3.134 

 STANDING -1.584 -2.909 to -0.259 0.325 -1.882 to 2.534 

 MVPA -3.460 -5.845 to -1.075 2.306 -2.882 to 7.494 

From MVPA to: SLEEP 1.963 -0.237 to 4.165 -2.300 -6.864 to 2.262 

 SITTING/LYING 3.261 1.232 to 5.289 -1.102 -5.351 to 3.147 

 STANDING 1.875 -0.282 to 4.033 -1.980 -6.376 to 2.415 

 LPA 3.460 1.075 to 5.845 -2.306 -7.494 to 2.882 

 

Models are adjusted for age, HIV status, education, asset category and employment; bold represents significant associations.   
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            Table 4.4: Associations of reallocating 30 minutes of physical behaviours on insulin dynamics for men and women  

 β 95%CI β 95%CI 

Insulin Sensitivity (mgl2/mUmin)  Men (n=371)  Women (n=297) 

From SITTING/LYING to:   SLEEP 2.507 -0.988 to 6.003 -0.986 -3.631 to 1.658 

                                               STANDING -0.685 -3.775 to 2.403 3.229 1.404 to 5.054 
                                               LPA 0.366 -3.217 to 3.951 -0.054 -3.907 to 3.798 

                                               MVPA 12.714 5.819 to 19.610 6.866 -1.612 to 15.345 

From STANDING to:            SLEEP 3.193 -1.201 to 7.587  -4.216 -7.105 to -1.326 

                                               SITTING/LYING 0.685 -2.403 to 3.775 -3.229 -5.054 to -1.404 
                                               LPA 1.052 -3.452 to 5.557 -3.284 -7.692 to 1.124 

                                               MVPA 13.400 6.063 to 20.738 3.636 -5.136 to 12.409 

From LPA to:                          SLEEP 2.140 -1.997 to 6.279  -0.932 -5.316 to 3.452 

                                                SITTING/LYING -0.366 -3.951 to 3.217 0.054 -3.798 to 3.907 

                                                STAND -1.052 -5.557 to 3.452 3.284 -1.124 to 7.692 

                                                MVPA 12.348 4.239 to 20.457  6.920 3.431 to 17.272 

From MVPA to:                     SLEEP -10.207 -17.691 to -2.722 -7.852 -16.960 to 1.254 

                                               SITTING/LYING -12.714 -19.610 to -5.818 -6.866 -15.345 to 1.612 

                                               STANDING -13.400 -20.738 to -6.063 -3.636 -12.409 to 5.136 

                                               LPA -12.348 -20.457 to -4.239 -6.920 -17.272 to 3.431 

Basal Insulin Clearance (ng/mIU)  Men (n=371)  Women (n=300) 

From SITTING to:                 SLEEP 0.030 -0.052 to 0.113 -0.009 -0.070 to 0.051 

                                                STANDING -0.003 -0.077 to 0.069 0.048 0.006 to 0.090 

                                                LPA 0.008 -0.076 to 0.093 0.014 -0.074 to 0.104 

                                                MVPA 0.026 -0.137 to 0.190 0.298 0.101 to 0.495 

From STANDING to:             SLEEP 0.034 -0.069 to 0.138 -0.058 -0.125 to 0.008 

                                                SITTING/LYING 0.003 -0.069 to 0.077 -0.048 -0.090 to -0.006 

                                                LPA 0.012 -0.094 to 0.119 -0.033 -0.136 to 0.068 

                                                MVPA 0.030 -0.143 to 0.204 0.250 0.046 to 0.453 

From LPA to:                          SLEEP 0.022 -0.076 to 0.120 -0.024 -0.126 to 0.077 

                                                SITTING/LYING -0.008 -0.093 to 0.076 -0.014 -0.104 to 0.074 

                                                STANDING -0.123 -0.119 to 0.094 0.033 -0.068 to 0.136 

                                                MVPA 0.018 -0.174 to 0.210 0.284 0.043 to 0.524 

From MVPA to:                      SLEEP 0.004 -0.173 to 0.181 -0.308 -0.519 to -0.097 

                                                SITTING/LYING -0.026 -0.190 to 0.137 -0.298 -0.495 to -0.101 

                                                STANDING -0.030 -0.204 to 0.143 -0.250 -0.453 to -0.046 

                                                LPA -0.018 -0.210 to 0.174 -0.284 -0.524 to -0.043 

Beta-cell function (mIU/mmol)  Men (n=329)  Women (n=256) 

From SITTING/LYING to:    SLEEP 3.505 -3.687 to 10.698 -1.843 -11.917 to 8.231 
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                                                STANDING 3.827 -2.535 to 10.191 11.304 4.210 to 18.397 

                                                LPA -2.088 -9.269 to 5.091 2.960 -12.031 to 17.951 

                                                MVPA 16.996 2.886 to 31.104 8.607 -23.341 to 40.556 

From STANDING to:            SLEEP 0.322 -9.519 to 8.874 -13.147 -24.246 to -2.048 

                                               SITTING/LYING -3.827 -10.191 to 2.535 -11.304 -18.397 to -4.210 

                                               LPA -5.915 -15.069 to 3.237 -8.343 -25.643 to 8.955 

                                               MVPA 13.168 -1.790 to 28.127 -2.696 -35.778 to 30.384 

From LPA to:                         SLEEP 5.593 -2.715 to 13.903 -4.803 -21.936 to 12.329 

                                               SITTING/LYING 2.088 -5.093 to 9.269 -2.960 -17.951 to 12.031 

                                               STANDING 5.915 -3.237 to 15.069 8.343 -8.955 to 25.643 

                                               MVPA 19.084 2.562 to 35.606 -5.647 -33.324 to 44.618 

From MVPA to:                     SLEEP -13.491 -28.962 to 1.980 -10.450 -44.714 to 23.813 

                                               SITTING/LYING -16.996 -31.106 to -2.886 -8.607 -40.556 to 23.341 

                                               STANDING -13.168 -28.127 to 1.790 2.696 -30.384 to 35.778 

                                               LPA -19.084 -35.606 to -2.562 -5.647 -44.618 to 33.324 

            

             Models adjusted for age, HIV status, education, asset category and employment
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Figure 4.1: Sample selection flow chart 3 

 

 

 

 

 

 

 

 

 

 

Total: n = 1 029 

 

Men: n=502 & women: n=527 

 

 

Total: n=906 

 

Men: n=457 & women: n=449 

 

 

 

Final sample size for this analysis: n=727 

 

Men (n=403) & Women (n=324) 

                     

Incomplete physical activity data  

 

(n=109) 

 

Incomplete data n=123 

 

Self-reported diabetes and/or  

FBG11.1 mmol/l (n=65) 

  

Haemolysed blood (n=5) 
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CHAPTER 5 

 

SUMMARY CONCLUSIONS AND RECOMMENDATIONS 

 

This thesis aimed to determine whether markers of type 2 diabetes mellitus risk are different 

between middle-aged Black South Africa men and women, and between women at different 

stages of the menopause transition, and whether there are sex-specific associations between 

these T2DM markers and body fat distribution and physical behaviours. 

 

The key findings relating to the specific objectives are summarised below in table 5.1. 
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5.1 Summary of the objectives and key findings 

Table 5.1: Summary of objectives and key findings 

 Chapter Objectives Key findings 

2 To explore sex differences in insulin 

sensitivity, secretion, clearance and 

beta-cell function, and sex-specific 

associations with total and regional 

fat distribution 

 Mean body mass index and fat mass were higher 

in women than men and a larger proportion of 

women than men presented with obesity (70.2% 

vs. 26.6%). 

 After adjusting for differences in body fat, 

insulin sensitivity, secretion and beta cell 

function were lower in men compared to women, 

while insulin clearance was not different. 

 The strength of the association between total 

adiposity and measures of T2DM risk were 

greater in men than women. 

3 To describe differences in total and 

regional adiposity, and glycaemic 

and insulin measures, between pre-

menopausal and early and late post-

menopausal Black South African 

women 

 Body mass index and total and regional 

adiposity measures were similar between the 

menopausal groups. 

 HbA1c and iAUC for glucose were significantly 

higher in the late post-menopausal than the pre-

menopausal group but this was no longer 

significant after adjusting for age. 

 Despite similarities in insulin sensitivity and 

clearance between the menopausal groups, 

insulin secretion and beta cell function were 
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higher in the early compared to the late post-

menopause group before and after adjusting for 

age. 

4 To determine the associations 

between physical behaviours and 

measures of T2DM risk in middle-

aged Black South African men and 

women using isotemporal 

substitution. 

 Total movement volume was associated with 

lower fasting and 2-h glucose concentrations and 

with higher insulin sensitivity, basal insulin 

clearance and beta-cell function, however these 

associations were not independent of fat mass. 

 In men, replacing 30 minutes of sitting/lying, 

standing or LPA with the same amount of 

MVPA time was associated with lower fasting 

glucose and higher insulin sensitivity.  

 In women, substituting sitting/lying with the 

same amount of standing time or LPA was 

associated with lower fasting glucose. 

Substituting 30 minutes sitting/lying with the 

same amount of standing time was also 

associated with higher insulin sensitivity, and 

substituting 30 minutes of sitting/lying, standing 

or LPA with the same amount of MVPA time 

was associated with higher basal insulin 

clearance in women. 
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5.2 Summary of results 

 

The findings of this thesis have provided insights on insulin sensitivity, secretion, clearance 

and beta-cell function in middle-aged Black SA men and women. The first study (chapter 2) 

of this thesis showed that although men have a lower mean BMI than women they have a more 

“unfavourable” fat distribution ie. more central fat mass and less peripheral fat mass. Related 

to their higher BMI, women have lower insulin sensitivity and a higher compensatory insulin 

response due to higher insulin secretion than men. However, for the same level of body fatness, 

Black South African men are less insulin sensitive and have lower insulin secretion and beta-

cell function than women. Further the strength of the association between adiposity and T2DM 

risk is greater in men compared to women which suggests that with increasing adiposity, 

particularly an increase in central adiposity, Black SA men may have an increased risk for 

T2DM when compared to their female counterparts.  

 

The second study (chapter 3) explored the menopausal transition in the women to determine 

whether there were differences in body fat distribution and markers of T2DM risk between 

women at different stages of the menopausal transition. The mean BMI of the women in this 

study was over 30 kg/m2 which could explain why there were no differences in either total or 

regional adiposity between the menopausal groups. Interestingly however both insulin 

secretion and beta cell function were lower in the late compared to the early post-menopausal 

women, even after adjusting for age, which may explain the higher postprandial glycaemia in 

this group, although this difference was not independent of age. Commensurate with previous 

studies in SA including mainly pre-menopausal women, we show that middle-aged Black SA 

women have low insulin sensitivity and present with hyperinsulinaemia, due to a reduced 

insulin clearance and high insulin secretion. However, with increasing age, and the transition 
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to the late post-menopausal period, insulin secretion, and not clearance declines. The decrease 

in beta cell function corresponds to an increase in glycaemia and risk for T2DM. Accordingly, 

interventions to reduce the burden on the beta-cell are required for the prevention of T2DM in 

Black African women. 

 

Finally, the third study (chapter 4) explored the associations between physical behaviours and 

measures of T2DM risk markers. Total movement volume was inversely associated with 

measures of fasting and 2-h glucose and directly associated with insulin sensitivity, basal 

insulin clearance and beta-cell function independent of body fat mass. This study provides 

novel evidence on the potential benefits of engaging in more active behaviours on risk factors 

for T2DM in our sample of Black, South African men and women which is critical in public 

health given the high amount of sedentary behaviour in our study population. However, the 

intensity of the physical behaviours necessary in order to improve the T2DM risk profiles of 

men and women seems to differ. While women only need to replace sitting/lying with a more 

active physical behaviour, men are required to replace less active behaviours with MVPA in 

order to reduce risk. But at the same time, men sit more which could be very problematic. This 

may have implications for public health practitioners, clinicians and policy makers in designing 

interventions, prevention and education programmes to reduce the health burden from diabetes 

and its complications in a population, although intervention studies are required. These 

programmes should target individuals at risk early enough to reduce the economic and adverse 

health risk outcomes from diabetes later on in life.  

 

The results have clinical implications. With the general upward trend in adiposity especially 

central adiposity Black South African men are at increased risk of T2DM than women. 

Menopausal transition in Black women with high prevalence of overweight and obesity is 
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accompanied by lower insulin secretion in late post-menopausal women which may explain 

higher postprandial glycaemia and lower insulin secretion with increasing age. Engaging in 

more active behaviours has potential benefits on the risk factors for T2DM in men and women.    

 

5.3 Strengths and limitations of the thesis 

5.3.1 Strengths  

One of the major strengths of this thesis was the inclusion of very accurate and robust measures 

of the various exposures and the markers of T2DM risk. This included measuring body 

composition and regional adiposity using dual energy x-ray absorptiometry (DXA), and the 

oral glucose tolerance test to measure the various markers of T2DM risk. Equal numbers of 

men and women were included in this study and sex comparisons in risk factors and markers, 

for which there is a dearth of information were used. Further, the use of objective measure of 

physical behaviours by combining the signals from two accelerometers which was shown to be 

accurate in describing and distinguishing postural changes particularly lying/sitting to standing. 

Validated questionnaires were used to collect data on potential confounders such as 

sociodemographic, asset category and employment, and lifestyle factors.  

 

The statistical analyses explored sex-specific associations and differences were also a strength 

of this thesis. The Z–scores were derived for total as well as regional adiposity measures for 

the combined sample and stratified by sex using Fisher’s and Yate’s transformation which 

permitted the determination of risk magnitude per 1 SD change to directly compare 

relationships between different regional adiposity measures and glycaemic and insulin 

dynamics. Further, for the physical behaviours analyses, isotemporal substitution was used, 

and 30 minutes was selected to link better to public health messaging and recommendations. 
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By using the isotemporal substitution approach the theoretical effect of reallocating 30 minutes 

of one physical behaviour to 30 minutes of another physical behaviour was determined. 

Accordingly, regression coefficients and 95% confidence interval represented the replacement 

of one physical behaviour with another when the other behaviours remain constant over the 

same time, adjusted for potential confounders. Robust regression analysis which is less 

sensitive to not normally distributed data and outliers than standard linear regression was used. 

These analyses were stratified by sex due to differences in levels of physical activity and 

adiposity in men and women. 

 

Our sample reflects Black South Africans and our findings are generalizable to middle-aged 

Black South African populations. 

  

5.3.2 Limitations  

This a cross-sectional study and causal conclusions cannot be made from the results. Another 

limitation of this study was the exclusion of the HIV positive participants as it is well accepted 

that body fat distribution as well as insulin sensitivity and response may be influenced by not 

only the infection itself but also the effects of and duration of ART. Although the sex 

differences in obesity and total adiposity may be seen as a limitation due to marked differences 

in men and women, it reflects the status of obesity within South Africa and the sub-Saharan 

African region(236) (233), and adjustments for total body fatness and the calculation of z-

scores were used in the analyses. Also, the premenopausal women were not tested at a specific 

time during their menstrual cycle, which is noted as a limitation of the study. Furthermore, the 

findings relate to middle-aged Black SA men and women may not be generalizable to the 

general Black African populations. Although detailed measures of physical behaviours were 
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used, the influence of dietary intake was not explored, which impacts on body composition and 

T2DM risk. Medication use, comorbidity, socio-economic status, tobacco consumption, 

alcohol intake and family history were not adjusted for in the analysis. The large confidence 

intervals of some variables reflecting large variability in the results is also another limitation 

of this thesis. However, the findings add to our understanding of the pathophysiology of T2DM 

in Black men and women. Direct measures of insulin sensitivity and response by the Gold 

standard or FSIVGTT was not done however, these have been shown to correlate closely with 

the OGTT used in this study (46). Moreover, they provide a more physiological assessment 

and may be more appropriate in Black African populations who present with a 

hyperinsulinaemic response to glucose (15). 

 

5.4 Future research and recommendations 

This study has highlighted sex-specific differences in the associations between body fat and its 

distribution, and objectively measured physical behaviours, and markers of T2DM in Black 

men and women. I have also shown differences in some of these markers between men and 

women, as well as between menopausal groups. After this study I propose the following to fill 

in the research gaps: 

 

Prospective studies to measures the change in body composition and physical behaviours in 

both men and women and how these are associated, not only with markers of T2DM risk but 

also the disease itself, which is expected to increase in prevalence with increasing age. 

 

The prevalence of HIV is about 20% in SA. HIV positive individuals should be included in 

future studies to elucidate the influence of HIV infection, ART and duration on ART on body 

fat distribution and its association with insulin sensitivity and response. 
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Given the disparate socio-economic conditions among South Africans, future studies should 

include measures of dietary intake that impact body fatness and risk for T2DM, especially as 

African populations transition to “western’’ lifestyles. Other ethnic groups whose body 

composition, fat distribution, insulin sensitivity and response may not be same as Black SA 

men and women should be included in future studies for comparison and generalisability. 

 

Further research should also include genetic traits, epigenetics and other environmental factors 

such as higher levels of walkability, green space and increased levels of noise and air pollution 

which remain largely unexplored and may influence glycaemic and insulin dynamics. 

 

5.5 Conclusions 

My thesis is based on middle-aged Black South African men and women living in Soweto, 

Johannesburg, South Africa. This thesis has demonstrated the importance of body composition 

and body fat distribution in insulin sensitivity and response, and at the same time how physical 

behaviours and the menopausal transition can influence insulin sensitivity and response. It 

demonstrates the sex differences in T2DM risk and highlights future risks associated with 

increasing adiposity especially in men. With increasing urbanisation, the changing lifestyle of 

many citizens with a tendency to consume a westernised diet and increase sedentary behaviour 

is likely that the increase in the prevalence of overweight and obesity and further exacerbate 

the burden of T2DM. 

 

This thesis contributes to our understanding of insulin sensitivity, insulin secretion, insulin 

clearance and beta-cell function in Black South African men and women, the results of which 

may provide information to be used in the formulation of population-specific prospective 
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studies to better understand insulin sensitivity and response and at the same time provide 

evidence-informed interventions to reduce the bourgeoning epidemic of T2DM in a population 

at risk. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



113 

 

References 

1.  WHO. NONCOMMUNICABLE DISEASES COUNTRY PROFILES 2018. Geneva; 

2018.  

2.  WHO. Report of the WHO Independent High-Level Commission on ­ ­ 

Noncommunicable Diseases. Geneva; 2018.  

3.  IDF. IDF Diabetes Atlas, 10th Edition 2021. Brussels; 2021.  

4.  IDF. IDF Diabetes Atlas, 9th Edition 2019. Brussels; 2019.  

5.  Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, et al. Global, 

regional, and national incidence, prevalence, and years lived with disability for 301 

acute and chronic diseases and injuries in 188 countries, 1990-2013: A systematic 

analysis for the Global Burden of Disease Study 2013. Lancet. 2015.  

6.  StatsSA. Mortality and causes of death in South Africa, 2016: Findings from death 

notification. 2019.  

7.  Erzse A, Stacey N, Chola L, Tugendhaft A, Freeman M, Hofman K. The direct 

medical cost of type 2 diabetes mellitus in South Africa: a cost of illness study. Glob 

Health Action. 2019;12(1).  

8.  Peer N, Steyn K, Lombard C, Lambert E V., Vythilingum B, Levitt NS. Rising 

Diabetes Prevalence among Urban-Dwelling Black South Africans. PLoS One. 

2012;7(9).  

9.  Shisana O, Labadarios D, Rehle T, Simbayi L, Zuma K, Dhansay A, et al. South 

African National Health and Nutrition Examination Survey (SANHANES-1). Igarss 

2014. 2013. 1–5 p.  

10.  Shisana, O, Rehle, T, Simbayi LC, Zuma, K, Jooste, S, Zungu N, Labadarios, D, 

Onoya DEA. South African National HIV Prevalence, Incidence and Behaviour 

Survey, 2012. HSRC Press. 2014;194.  

11.  Levitt NS, Steyn K, Dave J, Bradshaw D. Chronic noncommunicable diseases and 

HIV-AIDS on a collision course : relevance for health care delivery , particularly in 

low-resource settings — insights from South Africa 1 – 4. 2011;94(1):1690–6.  

12.  Joel A. Dave, Estelle V. Lambert, Motasim Badri, Sacha West, Gary Maartens NSL. 

Effect of Nonnucleoside Reverse Transcriptase Inhibitor–Based Antiretroviral Therapy 

on Dysglycemia and Insulin Sensitivity in South African HIV-Infected Patients. J 

Acquir Immune Defic Syndr. 2011;57:284–9.  

13.  Rosella LC, Mustard CA, Stukel TA, Corey P, Hux J, Roos L, et al. The role of 

ethnicity in predicting diabetes risk at the population level. Ethn Heal. 

2012;17(4):419–37.  

14.  Goedecke JH, Olsson T. Pathogenesis of type 2 diabetes risk in black Africans: a 

South African perspective. J Intern Med. 2020;1–11.  

15.  Chatterjee R, Maruthur NM, Edelman D. Novel Risk Factors for Type 2 Diabetes in 

African-Americans. Curr Diab Rep. 2015;15(103).  

16.  Prioreschi A, Ware LJ, Draper CE, Lye S, Norris SA. Contextualising individual, 

household and community level factors associated with sugar-sweetened beverage 

intake and screen time in Soweto, South Africa. J Hunger Environ Nutr. 

2022;00(00):1–17.  

17.  Tokarz VL, MacDonald PE, Klip A. The cell biology of systemic insulin function. J 

Cell Biol. 2018;217(7):1–17.  

18.  Michael Weiss, Donald F Steiner LHP. Insulin Biosynthesis, Secretion, Structure, and 

Structure-Activity Relationships. 2014.  

19.  Janus A, Szahidewicz-Krupska E, Mazur G, Doroszko A. Insulin resistance and 

endothelial dysfunction constitute a common therapeutic target in cardiometabolic 



114 

 

disorders. Mediators Inflamm. 2016;2016.  

20.  Gerich JE. Role of insulin resistance in the pathogenesis of Type 2 (non-insulin-

dependent) diabetes mellitus. Baillieres Clin Endocrinol Metab. 1988;2(2):307–26.  

21.  DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. Med Clin North Am. 

2004;88(4):787–835.  

22.  Alan R S. New perspectives into the molecular pathogenesis and treatment of type 2 

diabetes. Cell. 2001;104(4):517–29.  

23.  Nesher R, Casa L, Litvin Y, Sinai J, Rio G Del, Pevsner B, et al. Insulin deficiency and 

insulin resistance in Type 2 (non‐insulin‐dependent) diabetes: quantitative 

contributions of pancreatic and peripheral responses to glucose homeostasis. Eur J Clin 

Invest. 1987;17(3):266–74.  

24.  Arner P, Pollare T, Lithell H. Different aetiologies of Type 2 (non-insulin-dependent) 

diabetes mellitus in obese and non-obese subjects. Diabetologia. 1991;34(7):483–7.  

25.  Rahman MS, Hossain KS, Das S, Kundu S, Adegoke EO, Rahman MA, et al. Role of 

insulin in health and disease: An update. Int J Mol Sci. 2021;22(12):1–19.  

26.  Cavaghan MK, Ehrmann DA, Polonsky KS. Interactions between insulin resistance 

and insulin secretion in the development of glucose intolerance. J Clin Invest. 

2000;106(3):329–33.  

27.  Kahn SE. The importance of the β-cell in the pathogenesis of type 2 diabetes mellitus. 

Am J Med. 2000;108(6 SUPPL. 1):2–8.  

28.  Porte D. Banting lecture 1990. Beta-cells in type II diabetes mellitus. Diabetes. 

1991;40(2):166–80.  

29.  Van Der Merwe MT, Crowther NJ, Schlaphoff GP, Gray IP, Joffe BI, Lönnroth PN. 

Evidence for insulin resistance in black women from South Africa. Int J Obes. 

2000;24(10):1340–6.  

30.  Julia H. Goedecke, Joel A. Dave, Mirjam V. Faulenbach KM. Insulin response in 

relation to insulin sensitivity: An appropriate β-cell response in black South African 

women. Vol. 32, Diabetes Care. 2009. p. 860–5.  

31.  Goedecke JH, Levitt NS, Lambert E V, Utzschneider KM, Faulenbach M V., Dave JA, 

et al. Differential effects of abdominal adipose tissue distribution on insulin sensitivity 

in black and white South African women. Obesity. 2009;17(8):1506–12.  

32.  Kahn SE, Prigeon RL, McCulloch DK, Boyko EJ, Bergman RN, Schwartz MW, et al. 

Quantification of the relationship between insulin sensitivity and β- cell function in 

human subjects: Evidence for a hyperbolic function. Diabetes. 1993;42(11):1663–72.  

33.  Mather KJ, Chen M, Hannon TS. Linearization of the Disposition Index equation 

allows evaluation of secretion-sensitivity coupling slopes. J Diabetes Complications. 

2020;34(7):107589.  

34.  Bergman RN, Phillips LS, Cobelli C. Physiologic evaluation of factors controlling 

glucose tolerance in man. Measurement of insulin sensitivity and β-cell glucose 

sensitivity from the response to intravenous glucose. J Clin Invest. 1981;68(6):1456–

67.  

35.  Utzschneider KM, Prigeon RL, Carr DB, Hull RL, Tong J, Shofer JB, et al. Impact of 

Differences in Fasting Glucose. Diabetes Care. 2006;29(2).  

36.  Retnakaran R, Shen S, Hanley AJ, Vuksan V, Hamilton JK, Zinman B. Hyperbolic 

relationship between insulin secretion and sensitivity on oral glucose tolerance test. 

Obesity. 2008;16(8):1901–7.  

37.  Kodama K, Tojjar D, Yamada S, Toda K, Patel CJ BA. Ethnic Differences in the 

Relationship Between Insulin Sensitivity and Insulin Response. A systematic review 

and meta-analysis. Diabetes Care. 2013;36(6):1789–96.  

38.  DeFronzo R, Deibert D, Hendler R, Felig P, Soman V. Insulin sensitivity and insulin 



115 

 

binding to monocytes in maturity-onset diabetes. J Clin Invest. 1979;63(5):939–46.  

39.  DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: A method for 

quantifying insulin secretion and resistance. Am J Physiol Endocrinol Metab 

Gastrointest Physiol. 1979;6(3).  

40.  Otten J, Ahrén B, Olsson T. Surrogate measures of insulin sensitivity vs the 

hyperinsulinaemic-euglycaemic clamp: A meta-analysis. Diabetologia. 

2014;57(9):1781–8.  

41.  Simonson DC. Surrogate measures of insulin resistance: does one size fit all? 

Diabetologia. 2014;58(2):207–10.  

42.  Mather KJ, Hunt AE, Steinberg HO, Paradisi G, Hook G, Katz A, et al. Repeatability 

characteristics of simple indices of insulin resistance: Implications for research 

applications. J Clin Endocrinol Metab. 2001;86(11):5457–64.  

43.  Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 

Homeostasis model assessment: insulin resistance and β-cell function from fasting 

plasma glucose and insulin concentrations in man. Diabetologia. 1985;28(7):412–9.  

44.  Radziuk J. Insulin sensitivity and its measurement: Structural commonalities among 

the methods. J Clin Endocrinol Metab. 2000;85(12):4426–33.  

45.  Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes 

Care. 2004.  

46.  Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose 

tolerance testing: Comparison with the euglycemic insulin clamp. Diabetes Care. 

1999;22(9):1462–70.  

47.  DeFronzo RA, Matsuda M. Reduced time points to calculate the composite index. Vol. 

33, Diabetes Care. 2010. p. 2010.  

48.  Abdul-Ghani MA, Matsuda M, Balas B, DeFronzo RA. Muscle and liver insulin 

resistance indexes derived from the oral glucose tolerance test. Diabetes Care. 

2007;30(1):89–94.  

49.  Abdul-Ghani MA, Williams K, DeFronzo RA, Stern M. What is the best predictor of 

future type 2 diabetes? Diabetes Care. 2007;30(6):1544–8.  

50.  Tura A, Kautzky-Willer A, Pacini G. Insulinogenic indices from insulin and C-peptide: 

Comparison of beta-cell function from OGTT and IVGTT. Diabetes Res Clin Pract. 

2006;72(3):298–301.  

51.  Utzschneider KM, Prigeon RL, Faulenbach M V., Tong J, Carr DB, Boyko EJ, et al. 

Oral Disposition index predicts the development of future diabetes above and beyond 

fasting and 2-h glucose levels. Diabetes Care. 2009;32(2):335–41.  

52.  Kim SH, Silvers A, Viren J, Reaven GM. Relationship between insulin sensitivity and 

insulin secretion rate: not necessarily hyperbolic. Diabet Med. 2016;33(7):961–7.  

53.  Patarrão RS, Wayne Lautt W, Paula Macedo M. Assessment of methods and indexes 

of insulin sensitivity. Rev Port Endocrinol Diabetes e Metab. 2014;9(1):65–73.  

54.  Pisprasert V, Ingram KH, Lopez-Davila MF, Munoz AJ, Garvey WT. Limitations in 

the use of indices using glucose and insulin levels to predict insulin sensitivity: Impact 

of race and gender and superiority of the indices derived from oral glucose tolerance 

test in African Americans. Diabetes Care. 2013;36(4):845–53.  

55.  Polonsky KS, Rubenstein AH. C-peptide as a measure of the secretion and hepatic 

extraction of insulin. Pitfalls and limitations. Vol. 33, Diabetes. 1984. p. 486–94.  

56.  Leighton E, Sainsbury CA, Jones GC. A Practical Review of C-Peptide Testing in 

Diabetes. Vol. 8, Diabetes Therapy. Springer Healthcare; 2017. p. 475–87.  

57.  Piccinini F, Bergman RN. The measurement of insulin clearance. Diabetes Care. 2020 

Sep 1;43(9):2296–302.  

58.  Shisana, O, Rehle, T, Simbayi LC, Zuma, K, Jooste, S, Zungu N, Labadarios, D, 



116 

 

Onoya D et al. South African National HIV Prevalence, Incidence and Behaviour 

Survey, 2012. HSRC Press. Cape Town; 2014.  

59.  Goedecke JH, George C, Veras K, Peer N, Lombard C, Victor H, et al. Sex differences 

in insulin sensitivity and insulin response with increasing age in black South African 

men and women. Diabetes Res Clin Pract. 2016;122:207–14.  

60.  Goedecke JH, Mendham AE, Clamp L, Nono Nankam PA, Fortuin-De Smidt MC, 

Phiri L, et al. An exercise intervention to unravel the mechanisms underlying insulin 

resistance in a cohort of black south african women: Protocol for a randomized 

controlled trial and baseline characteristics of participants. J Med Internet Res. 

2018;20(4):1–19.  

61.  Melony C Fortuin-de Smidt, Amy E Mendham, Jon Hauksson, Ali Alhamud DS, Olah 

Hakim, Jeroen Swart, Louise M Goff, Steven E Kahn TO and JHG. β-cell function in 

black South African women: exploratory associations with insulin clearance, visceral 

and ectopic fat. Endocr Connect. 2021;10(5):550–60.  

62.  Goedecke JH, Levitt NS, Evans J, Ellman N, Hume DJ, Kotze L, et al. The role of 

adipose tissue in insulin resistance in women of African ancestry. Vol. 2013, Journal 

of Obesity. 2013.  

63.  Chantler S, Dickie K, Micklesfield LK, Goedecke JH. Longitudinal Changes in Body 

Fat and Its Distribution in Relation to Cardiometabolic Risk in Black South African 

Women. Metab Syndr Relat Disord. 2015;13(9):381–8.  

64.  Ladwa M, Hakim O, Amiel SA, Goff LM. A Systematic Review of Beta Cell Function 

in Adults of Black African Ethnicity. J Diabetes Res. 2019;2019.  

65.  Thomas DD, Corkey BE, Istfan NW, Apovian CM. Hyperinsulinemia : An Early 

Indicator of Metabolic Dysfunction. 2019;3(February):1727–47.  

66.  Goedecke JH, Mtintsilana A, Dlamini SN, Pascal Kengne A. Type 2 diabetes mellitus 

in African women. Diabetes Res Clin Pract. 2017;123:87–96.  

67.  Mtintsilana A, Micklesfield LK, Chorell E, Olsson T, Goedecke JH. Fat redistribution 

and accumulation of visceral adipose tissue predicts type 2 diabetes risk in middle-

aged black South African women: a 13-year longitudinal study. Nutr Diabetes. 

2019;9(1).  

68.  Schorr M, Dichtel LE, Gerweck A V., Valera RD, Torriani M, Miller KK, et al. Sex 

differences in body composition and association with cardiometabolic risk. Biol Sex 

Differ. 2018;9(1):1–10.  

69.  Bredella MA. Sex differences in body composition. Adv Exp Med Biol. 2017;1043:9–

27.  

70.  Power ML, Schulkin J. Sex differences in fat storage, fat metabolism, and the health 

risks from obesity: Possible evolutionary origins. Br J Nutr. 2008;99(5):931–40.  

71.  NDoH, Stats SA S& I. South Africa Demographic and Health Survey 2016. Pretoria; 

2019.  

72.  Kautzky-Willer A, Harreiter J. Sex and gender differences in therapy of type 2 

diabetes. Diabetes Res Clin Pract. 2017;131:230–41.  

73.  Geer EB, Shen W. Gender differences in insulin resistance, body composition, and 

energy balance. Gend Med. 2009;  

74.  Færch K, Borch-Johnsen K, Vaag A, Jørgensen T, Witte DR. Sex differences in 

glucose levels: A consequence of physiology or methodological convenience? the 

Inter99 study. Diabetologia. 2010;53(5):858–65.  

75.  Anderwald C, Gastaldelli A, Tura A, Krebs M, Promintzer-Schifferl M, Kautzky-

Willer A, et al. Mechanism and effects of glucose absorption during an oral glucose 

tolerance test among females and males. J Clin Endocrinol Metab. 2011;96(2):515–24.  

76.  Goedecke JH, Keswell D, Weinreich C, Fan J, Hauksson J, Victor H, et al. Ethnic 



117 

 

differences in hepatic and systemic insulin sensitivity and their associated determinants 

in obese black and white South African women. Diabetologia. 2015;58(11):2647–52.  

77.  Kautzky-Willer A, Brazzale AR, Moro E, Vrbíková J, Bendlova B, Sbrignadello S, et 

al. Influence of increasing BMI on insulin sensitivity and secretion in normotolerant 

men and women of a wide age span. Obesity. 2012;20(10):1966–73.  

78.  Nuutila P, Knuuti MJ, Mäki M, Laine H, Ruotsalainen U, Teräs M, et al. Gender and 

insulin sensitivity in the heart and in skeletal muscles: Studies using positron emission 

tomography. Diabetes. 1995;44(1):31–6.  

79.  Wright AK, Welsh P, Gill JMR, Kontopantelis E, Emsley R, Buchan I, et al. Age-, 

sex- and ethnicity-related differences in body weight, blood pressure, HbA1c and lipid 

levels at the diagnosis of type 2 diabetes relative to people without diabetes. 

Diabetologia. 2020;63(8):1542–53.  

80.  Davidson FE, Matsha TE, Erasmus RT, Kengne AP, Goedecke JH. Associations 

between body fat distribution and cardiometabolic risk factors in mixed-ancestry South 

African women and men. Cardiovasc J Afr. 2019;30(6):321–30.  

81.  Keswell D, Tootla M, Goedecke JH. Associations between body fat distribution, 

insulin resistance and dyslipidaemia in black and white South African women. 

Cardiovasc J Afr. 2016;27(3):177–83.  

82.  López M, Tena-Sempere M. Estrogens and the control of energy homeostasis: A brain 

perspective. Trends Endocrinol Metab. 2015;26(8):411–21.  

83.  DM Kelly TJ. Testosterone and obesity. Obes Rev. 2015;16:581–606.  

84.  Carr MC. The emergence of the metabolic syndrome with menopause. J Clin 

Endocrinol Metab. 2003;88(6):2404–11.  

85.  Rebecca K. Stellato, Henry A. Feldman, Osama Hamdy, Edward S. Horton JBM. 

Testosterone, Sex Hormone-Binding Globulin, and the Development of Type 2 

Diabetes in Middle-Aged Men. Diabetes Care. 2000;23(4):1–5.  

86.  Laaksonen DE, Niskanen L, Punnonen K, Nyyssönen K, Tuomainen TP, Valkonen 

VP, et al. Testosterone and Sex Hormone-Binding Globulin Predict the Metabolic 

Syndrome and Diabetes in Middle-Aged Men. Diabetes Care. 2004;27(5):1036–41.  

87.  IDF. IDF Diabetes Atlas, 8th Edn 2017. IDF. Brussels; 2017.  

88.  WHO. Global Report on Diabetes. Vol. 978, WHO. Geneva; 2016.  

89.  Refaie MR, Sayed-Ahmed NA, Bakr AM, Abdel Aziz MY, El Kannishi MH, Abdel-

Gawad SS. Aging is an Inevitable Risk Factor for Insulin Resistance. J Taibah Univ 

Med Sci. 2006;1(1):30–41.  

90.  Franceshi C, Bonafe M, Valensin S, Olivieri F, De Luca M, Ottaviani E  et al. 

Inflamm-aging: An Evolutionary Perspective on Immunosenescence. Ann New York 

Acad Sci. 2000;908:244–54.  

91.  Meneilly GS, Elahi D. Metabolic alterations in middle-aged and elderly lean patients 

with type 2 diabetes. Diabetes Care. 2005;28(6):1498–9.  

92.  Maedler K, Schumann DM, Schulthess F, Oberholzer J, Bosco D, Berney T, et al. 

Aging correlates with decreased β-cell proliferative capacity and enhanced sensitivity 

to apoptosis: A potential role for fas and pancreatic duodenal homeobox-1. Diabetes. 

2006;55(9):2455–62.  

93.  Scheen AJ. Diabetes mellitus in the elderly: Insulin resistance and/or impaired insulin 

secretion? Diabetes Metab. 2005;31(SPEC. ISS. 2):5S27–34.  

94.  Petersen KF, Befroy D, Dufour S, Dziura J, Ariyan C, Rothman DL, et al. 

Mitochondrial dysfunction in the elderly: Possible role in insulin resistance. Science 

(80- ). 2003;300(5622):1140–2.  

95.  Kirkland TTJL. Aging, Cell Senescence, and Chronic Disease Emerging Therapeutic 

Strategies. J Am Med Assoc. 2018;320(13):1319–20.  



118 

 

96.  Gobal FA, Mehta JL. Management of dyslipidemia in the elderly population. Ther Adv 

Cardiovasc Dis. 2010;4(6):375–83.  

97.  Sawabe M, Tanaka N, Nakahara K, Hamamatsu A, Chida K, Arai T, Harada K, 

Inamatsu T, Ozawa T, Naka MM MS. High lipoprotein(a) level promotes both 

coronary atherosclerosis and myocardial infarction: a path analysis using a large 

number of autopsy cases. Heart. 2009;95(24):1997–2002.  

98.  Fanelli C, Calderone S, Epifano L, De Vincenzo A, Modarelli F, Pampanelli S, et al. 

Demonstration of a critical role for free fatty acids in mediating counterregulatory 

stimulation of gluconeogenesis and suppression of glucose utilization in humans. J 

Clin Invest. 1993;92(4):1617–22.  

99.  Toth MJ, Tchernof A. Lipid metabolism in the elderly. Eur J Clin Nutr. 2000;54:S121–

5.  

100.  Chia CW, Egan JM, Ferrucci L. Age-related changes in glucose metabolism, 

hyperglycemia, and cardiovascular risk. Circ Res. 2018;123(7):886–904.  

101.  Seidell JC, Halberstadt J. The global burden of obesity and the challenges of 

prevention. Ann Nutr Metab. 2015;66(suppl 2):7–12.  

102.  Kengne AP, Bentham J, Zhou B, Peer N, Matsha TE, Bixby H, et al. Trends in obesity 

and diabetes across Africa from 1980 to 2014: An analysis of pooled population-based 

studies. Int J Epidemiol. 2017;46(5):1421–32.  

103.  Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin 

resistance and type 2 diabetes. Nature. 2006;444(7121):840–6.  

104.  Ahmed B, Sultana R, Greene MW. Adipose tissue and insulin resistance in obese. 

Biomed Pharmacother. 2021;137(December 2020):111315.  

105.  Wondmkun YT. Obesity, insulin resistance, and type 2 diabetes: Associations and 

therapeutic implications. Diabetes, Metab Syndr Obes Targets Ther. 2020;13:3611–6.  

106.  Goedecke JH, Micklesfield LK. The effect of exercise on obesity, body fat distribution 

and risk for type 2 diabetes. Med Sport Sci. 2014;60(September):82–93.  

107.  Larsson B, Svardsudd K, Welin L, Eriksson H, Wilhelmsen L, Bjorntorp P, et al. The 

Influence of Body Fat Distribution on the Incidence of Diabetes Mellitus. 13.5 Years 

of Follow-up of the Participants in the Study of Men Bon in 1913. Diabetes. 

1985;34(October):1055–8.  

108.  Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of abdominal 

adiposity and overall obesity in predicting risk of type 2 diabetes among men. Am J 

Clin Nutr. 2005;81(3):555–63.  

109.  Preis SR, Massaro JM, Robins SJ, Hoffmann U, Vasan RS, Irlbeck T, et al. Abdominal 

subcutaneous and visceral adipose tissue and insulin resistance in the framingham 

heart study. Obesity. 2010;18(11):2191–8.  

110.  Kautzky-Willer A, Harreiter J, Pacini G. Sex and gender differences in risk, 

pathophysiology and complications of type 2 diabetes mellitus. Vol. 37, Endocrine 

Reviews. 2016. p. 278–316.  

111.  De Mutsert R, Gast K, Widya R, De Koning E, Jazet I, Lamb H, et al. Associations of 

Abdominal Subcutaneous and Visceral Fat with Insulin Resistance and Secretion 

Differ between Men and Women: The Netherlands Epidemiology of Obesity Study. 

Metab Syndr Relat Disord. 2018;16(1):54–63.  

112.  Gradidge PJL, Norris SA, Jaff NG, Crowther NJ. Metabolic and body composition risk 

factors associated with metabolic syndrome in a cohort of women with a high 

prevalence of cardiometabolic disease. PLoS One. 2016;11(9):1–13.  

113.  Goedecke JH, Evans J, Keswell D, Stimson RH, Livingstone DEW, Hayes P, et al. 

Reduced gluteal expression of adipogenic and lipogenic genes in black South African 

women is associated with obesity-related insulin resistance. J Clin Endocrinol Metab. 



119 

 

2011;96(12):2029–33.  

114.  Goedecke JH, Chorell E, Livingstone DEW, Stimson RH, Hayes P, Adams K, et al. 

Glucocorticoid receptor gene expression in adipose tissue and associated metabolic 

risk in black and white South African women. Int J Obes (Lond). 2014;39(May):1–9.  

115.  Smith AD, Crippa A, Woodcock J, Brage S. Physical activity and incident type 2 

diabetes mellitus: a systematic review and dose–response meta-analysis of prospective 

cohort studies. Diabetologia. 2016;59(12):2527–45.  

116.  Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and the risk of 

type 2 diabetes: A systematic review and dose-response meta-analysis. Eur J 

Epidemiol. 2015;30(7):529–42.  

117.  Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Rubin RR, et al. 

Exercise and type 2 diabetes: The American College of Sports Medicine and the 

American Diabetes Association: Joint position statement. Diabetes Care. 2010;33(12).  

118.  Lavie CJ, Johannsen N, Swift D, Sénéchal M, Earnest C, Church T, et al. Exercise is 

medicine - the importance of physical activity, exercise training, cardiorespiratory 

fitness and obesity in the prevention and treatment of type 2 diabetes. Eur Endocrinol. 

2014;10(1):18–22.  

119.  Jelleyman C, Edwardson CL, Henson J, Gray LJ, Rowlands A V., Khunti K, et al. 

Associations of Physical Activity Intensities with Markers of Insulin Sensitivity. Med 

Sci Sports Exerc. 2017;49(12):2451–8.  

120.  Bird SR, Hawley JA. Update on the effects of physical activity on insulin sensitivity in 

humans. Vol. 2, BMJ Open Sport and Exercise Medicine. 2017. p. 1–26.  

121.  Bird SR, Hawley JA. Exercise and type 2 diabetes: New prescription for an old 

problem. Maturitas. 2012;72(4):311–6.  

122.  Fortuin-De Smidt MC, Mendham AE, Hauksson J, Hakim O, Stefanovski D, Clamp L, 

et al. Effect of exercise training on insulin sensitivity, hyperinsulinemia and ectopic fat 

in black South African women: A randomized controlled trial. Eur J Endocrinol. 

2020;183(1):51–61.  

123.  InterAct Consortium, Ekelund U, Palla L, Brage S, Franks PW, Peters T, Balkau B, 

Diaz MJ, Huerta JM, Agnoli C, Arriola L, Ardanaz E, Boeing H, Clavel-Chapelon F, 

Crowe F, Fagherazzi G, Groop L, Føns Johnsen N, Kaaks R, Khaw KT, Key TJ, de 

Lauzon-Guillain WN. Physical activity reduces the risk of incident type 2 diabetes in 

general and in abdominally lean and obese men and women: The EPIC-InterAct study. 

Diabetologia. 2012;55(7):1944–52.  

124.  Dempsey PC, Owen N, Yates TE, Kingwell BA, Dunstan DW. Sitting Less and 

Moving More: Improved Glycaemic Control for Type 2 Diabetes Prevention and 

Management. Curr Diab Rep. 2016;16(11).  

125.  Dunstan DW, Owen N. Less Sitting for Preventing Type 2 Diabetes. Diabetes Care. 

2021;21–3.  

126.  Marmot A, Ucci M. Sitting less, moving more: The indoor built environment as a tool 

for change. Build Res Inf. 2015;43(5):561–5.  

127.  Hu G, Lindström J, Valle TT, Eriksson JG, Jousilahti P, Silventoinen K, et al. Physical 

Activity, Body Mass Index, and Risk of Type 2 Diabetes in Patients with Normal or 

Impaired Glucose Regulation. Arch Intern Med. 2004;164(8):892–6.  

128.  Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. 

Sedentary time in adults and the association with diabetes, cardiovascular disease and 

death: Systematic review and meta-analysis. Diabetologia. 2012;55(11):2895–905.  

129.  Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary 

time and its association with risk for disease incidence, mortality, and hospitalization 

in adults a systematic review and meta-analysis. Vol. 162, Annals of Internal 



120 

 

Medicine. 2015. p. 123–32.  

130.  Ekelund U, Tarp J, Fagerland MW, Johannessen JS, Hansen BH, Jefferis BJ, et al. 

Joint associations of accelero-meter measured physical activity and sedentary time 

with all-cause mortality: a harmonised meta-analysis in more than 44 000 middle-aged 

and older individuals. Br J Sports Med. 2020;54(24):1499–506.  

131.  Patterson R, McNamara E, Tainio M, de Sá TH, Smith AD, Sharp SJ, et al. Sedentary 

behaviour and risk of all-cause, cardiovascular and cancer mortality, and incident type 

2 diabetes: a systematic review and dose response meta-analysis. Eur J Epidemiol. 

2018;33(9):811–29.  

132.  Mlangeni L, Makola L, Naidoo I, Chibi B, Sokhela Z, Silimfe Z, et al. Factors 

Associated with Physical Activity in South Africa: Evidence from a National 

Population Based Survey. Open Public Health J. 2018;11(1):516–25.  

133.  Dickie K, Micklesfield LK, Chantler S, Lambert E V, Goedecke JH. Meeting physical 

activity guidelines is associated with reduced risk for cardiovascular disease in black 

South African women; a 5.5-year follow-up study. BMC Public Health. 

2014;14(1):498.  

134.  Gradidge PJ-L, Crowther NJ, Chirwa ED, Norris S a, Micklesfield LK. Patterns, levels 

and correlates of self-reported physical activity in urban black Soweto women. BMC 

Public Health. 2014;14(1):934.  

135.  Chantler S, Dickie K, Micklesfield LK, Goedecke JH. Determinants of change in body 

weight and body fat distribution over 5.5 years in a sample of free-living black South 

African women. Cardiovasc J Afr. 2016;27(6):367–74.  

136.  Coetzee A, Beukes A, Dreyer R, Solomon S, van Wyk L, Mistry R, et al. The 

prevalence and risk factors for diabetes mellitus in healthcare workers at Tygerberg 

hospital, Cape Town, South Africa: a retrospective study. J Endocrinol Metab Diabetes 

South Africa. 2019;24(3):77–82.  

137.  Adedokun AO, Ter Goon D, Owolabi EO, Adeniyi OV, Ajayi AI. Prevalence, 

awareness, and determinants of type 2 diabetes mellitus among commercial taxi 

drivers in buffalo city metropolitan municipality South Africa: A cross-sectional 

survey. Medicine (Baltimore). 2019;98(9):e14652.  

138.  Mutyambizi C, Booysen F, Stokes A, Pavlova M, Groot W. Lifestyle and socio-

economic inequalities in diabetes prevalence in South Africa: A decomposition 

analysis. PLoS One. 2019;14(1):1–21.  

139.  Dowd KP, Szeklicki R, Minetto MA, Murphy MH, Polito A, Ghigo E, et al. A 

systematic literature review of reviews on techniques for physical activity 

measurement in adults: A DEDIPAC study. Vol. 15, International Journal of 

Behavioral Nutrition and Physical Activity. International Journal of Behavioral 

Nutrition and Physical Activity; 2018. 1–33 p.  

140.  Demetriou C, Ozer BU, Essau CA. Self-Report Questionnaires. Encycl Clin Psychol. 

2015;(January):1–6.  

141.  Sasai H. Assessing sedentary behavior using wearable devices: An overview and 

future directions. J Phys Fit Sport Med. 2017;6(3):135–43.  

142.  Rosenberger ME, Buman MP, Haskell WL, McConnell M V., Carstensen LL. Twenty-

four Hours of Sleep, Sedentary Behavior, and Physical Activity with Nine Wearable 

Devices. Med Sci Sports Exerc. 2016;48(3):457–65.  

143.  Edwardson CL, Rowlands A V., Bunnewell S, Sanders J, Esliger DW, Gorely T, et al. 

Accuracy of posture allocation algorithms for thigh- and waist-worn accelerometers. 

Med Sci Sports Exerc. 2016;48(6):1085–90.  

144.  Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm for 

physical activity epidemiology and weight change. Am J Epidemiol. 2009;170(4):519–



121 

 

27.  

145.  Mekary RA, Ding EL. Isotemporal substitution as the gold standard model for physical 

activity epidemiology: Why it is the most appropriate for activity time research. Int J 

Environ Res Public Health. 2019;16(5):11–3.  

146.  Healy GN, Winkler EAH, Owen N, Anuradha S, Dunstan DW. Replacing sitting time 

with standing or stepping: Associations with cardio-metabolic risk biomarkers. Eur 

Heart J. 2015;36(39):2643–9.  

147.  Henson J, Davies MJ, Bodicoat DH, Edwardson CL, Gill JMR, Stensel DJ, et al. 

Breaking Up Prolonged Sitting with Standing or Walking Attenuates the Postprandial 

Metabolic Response in Postmenopausal Women: A Randomized Acute Study. 

Diabetes Care. 2016;39(1):130–8.  

148.  Duvivier BMFM, Schaper NC, Bremers MA, van Crombrugge G, Menheere PPCA, 

Kars M, et al. Minimal Intensity Physical Activity (Standing and Walking) of Longer 

Duration Improves Insulin Action and Plasma Lipids More than Shorter Periods of 

Moderate to Vigorous Exercise (Cycling) in Sedentary Subjects When Energy 

Expenditure Is Comparable. PLoS One. 2013;8(2).  

149.  Edwardson CL, Henson J, Bodicoat DH, Bakrania K, Khunti K, Davies MJ, et al. 

Associations of reallocating sitting time into standing or stepping with glucose, insulin 

and insulin sensitivity: A cross-sectional analysis of adults at risk of type 2 diabetes. 

BMJ Open. 2017;7(1):1–9.  

150.  Del Pozo-Cruz B, Gant N, Del Pozo-Cruz J, Maddison R. Relationships between sleep 

duration, physical activity and body mass index in young New Zealanders: An 

isotemporal substitution analysis. PLoS One. 2017;12(9).  

151.  Mekary RA, Lucas M, Pan A, Okereke OI, Willett WC, Hu FB, et al. Isotemporal 

substitution analysis for physical activity, television watching, and risk of depression. 

Am J Epidemiol. 2013;178(3):474–83.  

152.  Buman MP, Winkler EAH, Kurka JM, Hekler EB, Baldwin CM, Owen N, et al. 

Reallocating time to sleep, sedentary behaviors, or active behaviors: Associations with 

cardiovascular disease risk biomarkers, NHANES 2005-2006. Am J Epidemiol. 

2014;179(3):323–34.  

153.  Winters-van Eekelen E, van der Velde JHPM, Boone SC, Westgate K, Brage S, Lamb 

HJ, et al. Objectively Measured Physical Activity and Body Fatness. Vol. Publish Ah, 

Medicine & Science in Sports & Exercise. 2021.  

154.  Yates T, Henson J, Edwardson C, Dunstan D, Bodicoat DH, Khunti K, et al. 

Objectively measured sedentary time and associations with insulin sensitivity: 

Importance of reallocating sedentary time to physical activity. Prev Med (Baltim). 

2015;76:79–83.  

155.  Ekblom-Bak E, Ekblom Ö, Bergström G, Börjesson M. Isotemporal substitution of 

sedentary time by physical activity of different intensities and bout lengths, and its 

associations with metabolic risk. Eur J Prev Cardiol. 2015;23(9):967–74.  

156.  Shi L, Shu XO, Li H, Cai H, Liu Q, Zheng W, et al. Physical activity, smoking, and 

alcohol consumption in association with incidence of type 2 diabetes among middle-

aged and elderly Chinese men. PLoS One. 2013;8(11).  

157.  Vinet A, Obert P, Dutheil F, Diagne L, Chapier R, Lesourd B, et al. Impact of a 

lifestyle program on vascular insulin resistance in metabolic syndrome subjects: The 

RESOLVE study. J Clin Endocrinol Metab. 2015;100(2):442–50.  

158.  Sliwinska-Mosson M, Milnerowicz H. The impact of smoking on the development of 

diabetes and its complications. Diabetes Vasc Dis Res. 2017;14(4):265–76.  

159.  Baek W, Lee JW, Lee HS, Han D, Choi SY, Chun EJ, et al. Concurrent smoking and 

alcohol consumers had higher triglyceride glucose indices than either only smokers or 



122 

 

alcohol consumers: a cross-sectional study in Korea. Lipids Health Dis. 2021;20(1):1–

11.  

160.  Yu M, Xu CX, Zhu HH, Hu RY, Zhang J, Wang H, et al. Associations of cigarette 

smoking and alcohol consumption with metabolic syndrome in a male chinese 

population: A cross-sectional study. J Epidemiol. 2014;24(5):361–9.  

161.  Faidon Magkos, Mary Yannakoulia, Jean L. Chan CSM. Management of the 

Metabolic Syndrome and Type 2 Diabetes Through Lifestyle Modification. Annu Rev 

Nutr. 2009;29:223–56.  

162.  Lin YH, Huang H. Eight-week of low-intensive lifestyle modification does improve 

insulin resistance in adults with metabolic syndrome. Diabetes, Metab Syndr Obes 

Targets Ther. 2019;12:613–21.  

163.  Foy CG, Bell RA, Farmer DF, Goff DC, Wagenknecht LE. Smoking and Incidence of 

Diabetes Among U.S. Adults. Diabetes Care. 2005;28(10):2501–7.  

164.  Will JC, Galuska DA, Ford ES, Mokdad A, Calle EE. Cigarette smoking and diabetes 

mellitus: Evidence of a positive association from a large prospective cohort study. Int J 

Epidemiol. 2001;30(3):540–6.  

165.  Yuan S, Xue HL, Yu HJ, Huang Y, Tang BW, Yang XH, et al. Cigarette smoking as a 

risk factor for type 2 diabetes in women compared with men: A systematic review and 

meta-analysis of prospective cohort studies. J Public Heal (United Kingdom). 

2019;41(2):E169–76.  

166.  Beziaud F, Halimi JM, Lecomte P, Vol S, Tichet J. Cigarette smoking and diabetes 

mellitus. Diabetes Metab. 2004;30(2):161–6.  

167.  Kawakami N, Takatsuka N, Shimizu H, Ishibashi H. Effects of smoking on the 

incidence of non-insulin-dependent diabetes mellitus: Replication and extension in a 

Japanese cohort of male employees. Am J Epidemiol. 1997;145(2):103–9.  

168.  Nakanishi N, Nakamura K, Matsuo Y, Suzuki K, Tatara K. Article Cigarette Smoking 

and Risk for Impaired Fasting Glucose and. Ann Intern Med. 2000;1997(14):183–91.  

169.  Goya Wannamethee S, Gerald Shaper A, Perry IJ. Smoking as a modifiable risk factor 

for type 2 diabetes in middle-aged men. Diabetes Care. 2001;24(9):1590–5.  

170.  Sliwińska-Mossoń M, Milnerowicz H, Jabłonowska M, Milnerowicz S, Nabzdyk S RJ. 

The effect of smoking on expression of IL-6 and antioxidants in pancreatic fluids and 

tissues in patients with chronic pancreatitis. Pancreatology. 2012;12(4):295–304.  

171.  Milnerowicz, Halina; Śliwińska-Mossoń, Mariola; Rabczyński, Jerzy; Nowak, Marcin; 

Milnerowicz S. Dysfunction of the Pancreas in Healthy Smoking Persons and Patients 

With Chronic Pancreatitis. Pancreas. 2007;34(1):46–54.  

172.  Eliasson B, Attvall S, Taskinen MR, Smith U. The insulin resistance syndrome in 

smokers is related to smoking habits. Arterioscler Thromb. 1994;14(12):1946–50.  

173.  Targher G, Alberiche M, Zenere MB, Bonadonna RC, Muggeo M, Bonora E. Cigarette 

smoking and insulin resistance in patients with noninsulin- dependent diabetes 

mellitus. J Clin Endocrinol Metab. 1997;82(11):3619–24.  

174.  Eliasson B, Mero N, Taskinen MR, Smith U. The insulin resistance syndrome and 

postprandial lipid intolerance in smokers. Atherosclerosis. 1997;129(1):79–88.  

175.  Facchini FS, Hollenbeck CB, Jeppesen J, IdaChen YD RG. Insulin resistance and 

cigarette smoking. Lancet. 1992;339(8802):1128–30.  

176.  Eliasson B, Taskinen MR SU. Long-term Use of Nicotine Gum Is Associated With 

Hyperinsulinemia and Insulin Resistance. Circulation. 1996;94:878–881.  

177.  Ronnemaa T, Rônnemaa EM, Puukka P, Pyorälä MK, Laakso M. Smoking is 

independently associated with high plasma insulin levels in nondiabetic men. Diabetes 

Care. 1996;19(11):1229–32.  

178.  Wannamethee SG, Shaper AG, Perry IJ, Alberti KGMM. Alcohol consumption and 



123 

 

the incidence of type II diabetes. In: Journal of Epidemiology and Community Health. 

2002. p. 542–8.  

179.  Kim SJ, Kim DJ. Alcoholism and diabetes mellitus. Diabetes Metab J. 

2012;36(2):108–15.  

180.  Wan Q, Liu Y, Guan Q, Gao L, Lee KO, Zhao J. Ethanol feeding impairs insulin-

stimulated glucose uptake in isolated rat skeletal muscle: Role of Gs α and cAMP. 

Alcohol Clin Exp Res. 2005;29(8):1450–6.  

181.  Steiner JL, Crowell KT, Lang CH. Impact of alcohol on glycemic control and insulin 

action. Biomolecules. 2015;5(4):2223–46.  

182.  McKinlay J, Marceau L. US public health and the 21st century: Diabetes mellitus. 

Lancet. 2000;356(9231):757–61.  

183.  Koppes LLJ, Dekker JM, Hendriks HFJ, Bouter LM, Heine RJ. Moderate alcohol 

consumption lowers the risk of type 2 diabetes: A meta-analysis of prospective 

observational studies. Diabetes Care. 2005;28(3):719–25.  

184.  M. Wei, L. Gibbons, T. Mitchell, J. Kampert SB. Alcohol Intake and Incidence of 

Type 2 in Men. Diabetes Care. 2000;23(1):18–24.  

185.  Kao WHL, Puddey IB, Boland LL, Watson RL, Brancati FL. Alcohol consumption 

and the risk of type 2 diabetes mellitus: Atherosclerosis Risk in Communities Study. 

Am J Epidemiol. 2001;154(8):748–57.  

186.  Howard, Barbara LJsR, Deckelbaum RJ, Erdman JW, Kris-etherton P, Goldberg IJ, 

Kotchen T a, et al. AHA Dietary Guidelines. Revision 2000: A Statement for 

Healthcare Professional From the Nutrition Committee of the American Heart 

Association. Circulation. 2000;102:2284–96.  

187.  Augustin LSA, Kendall CWC, Jenkins DJA, Willett WC, Astrup A, Barclay AW, et al. 

Glycemic index, glycemic load and glycemic response: An International Scientific 

Consensus Summit from the International Carbohydrate Quality Consortium (ICQC). 

Nutr Metab Cardiovasc Dis. 2015;25(9):795–815.  

188.  Welsh JA, Sharma A, Cunningham SA, Vos MB. Consumption of added sugars and 

indicators of cardiovascular disease risk among US adolescents. Circulation. 

2011;123(3):249–57.  

189.  Rippe JM, Angelopoulos TJ. Relationship between added sugars consumption and 

chronic disease risk factors: Current understanding. Nutrients. 2016;8(11).  

190.  Srour B, Fezeu LK, Kesse-Guyot E, Allès B, Méjean C, Andrianasolo RM, et al. Ultra-

processed food intake and risk of cardiovascular disease: Prospective cohort study 

(NutriNet-Santé). BMJ. 2019;365.  

191.  Kousignian I, Sautereau A, Vigouroux C, Cros A, Kretz S, Viard JP, et al. Diagnosis, 

risk factors and management of diabetes mellitus in HIV-infected persons in France: A 

real-life setting study. PLoS One. 2021;16(5):e0250676.  

192.  Mikhail N, Cope D, Brown TT, Cole SR, Li X. Antiretroviral therapy and the 

prevalence and incidence of diabetes [2] (multiple letters). Vol. 165, Archives of 

Internal Medicine. 2005. p. 2536–7.  

193.  Paik IJ, Kotler DP. The prevalence and pathogenesis of diabetes mellitus in treated 

HIV-infection. Best Pract Res Clin Endocrinol Metab. 2011;25(3):469–78.  

194.  Johnson LF, Mossong J, Dorrington RE, Schomaker M, Hoffmann CJ, Keiser O, et al. 

Life Expectancies of South African Adults Starting Antiretroviral Treatment : 

Collaborative Analysis of Cohort Studies. 2013;10(4).  

195.  Meintjes G, Moorhouse, Michelle A Carmona S, Davies N, Dlamini S, van Vuuren C, 

Manzini T, et al. Adult antiretroviral therapy guidelines 2017 Antiretroviral drugs : 

Classes and mechanisms of action Antiretroviral drugs currently. South Afr J HIV 

Med. 2017;18(1):1–24.  



124 

 

196.  Goedecke JH, Micklesfield LK, Levitt NS, Lambert E V., West S, Maartens G, et al. 

Effect of different antiretroviral drug regimens on body fat distribution of HIV-

infected South African women. AIDS Res Hum Retroviruses. 2013;29(3):557–63.  

197.  Dave JA, Lambert E V, Badri M, West S, Maartens G, Levitt NS. Effect of 

nonnucleoside reverse transcriptase inhibitor-based antiretroviral therapy on 

dysglycemia and insulin sensitivity in South African HIV-Infected Patients. J Acquir 

Immune Defic Syndr. 2011;57(4):284–9.  

198.  Dillon DG, Gurdasani D, Riha J, Ekoru K, Asiki G, Mayanja BN, et al. Association of 

HIV and ART with cardiometabolic traits in sub-Saharan Africa: A systematic review 

and meta-analysis. Int J Epidemiol. 2013;  

199.  Raphael D, Anstice S, Raine K, McGannon KR, Kamil Rizvi S, Yu V. The social 

determinants of the incidence and management of type 2 diabetes mellitus: are we 

prepared to rethink our questions and redirect our research activities? Leadersh Heal 

Serv. 2003;16(3):10–20.  

200.  Brown AF, Ettner SL, Piette J, Weinberger M, Gregg E, Shapiro MF, et al. 

Socioeconomic position and health among persons with diabetes mellitus: A 

conceptual framework and review of the literature. Epidemiol Rev. 2004;26:63–77.  

201.  Chaufan C, Weitz R. The Elephant in the Room: The Invisibility of Poverty in 

Research on Type 2 Diabetes. Humanity Soc. 2009;33(1–2):74–98.  

202.  Drewnowski A. Obesity, diets, and social inequalities. Nutr Rev. 2009;67(SUPPL. 1).  

203.  Kim YJ, Jeon JY, Han SJ, Kim HJ, Lee KW, Kim DJ. Effect of socio-economic status 

on the prevalence of diabetes. Yonsei Med J. 2015;56(3):641–7.  

204.  Chaturvedi N, Jarrett J, Shipley MJ, Fuller JH. Socioeconomic gradient in morbidity 

and mortality in people with diabetes: Cohort study findings from the Whitehall study 

and the WHO multinational study of vascular disease in diabetes. Br Med J. 

1998;316(7125):100–5.  

205.  Agardh E, Allebeck P, Hallqvist J, Moradi T, Sidorchuk A. Type 2 diabetes incidence 

and socio-economic position: A systematic review and meta-analysis. Int J Epidemiol. 

2011;40(3):804–18.  

206.  Kim SR, Han K, Choi JY, Ersek J, Liu J, Jo SJ, et al. Age- And sex-specific 

relationships between household income, education, and diabetes mellitus in Korean 

adults: The Korea national health and nutrition examination survey, 2008-2010. PLoS 

One. 2015;10(1):1–15.  

207.  Saydah S. Socioeconomic Status and Risk of Diabetes-Related Mortality in the U . S . 

Public Health Rep. 2016;125(3):377–88.  

208.  Connolly V, Unwin N, Sherriff P, Bilous R, Kelly W. Diabetes prevalence and 

socioeconomic status: A population based study showing increased prevalence of type 

2 diabetes mellitus in deprived areas. J Epidemiol Community Health. 

2000;54(3):173–7.  

209.  Brancati FL, Whelton PK, Kuller LH, Klag MJ. Diabetes mellitus, race, and 

socioeconomic status: A population-based study. Ann Epidemiol. 1996;6(1):67–73.  

210.  Hill J, Nielsen M, Fox MH. Understanding the social factors that contribute to 

diabetes: a means to informing health care and social policies for the chronically ill. 

Perm J. 2013;17(2):67–72.  

211.  Wilkinson R, Marmot M. Social Determinants of Health: the Solid Facts. World Heal 

Organ. 2003;2(2):1–33.  

212.  Sonia JL, Suzanne K, Michael JM, Bruce SM. Child’s stress hormone levels correlate 

with mother’s socioeconomic status and depressive state. Biol Psychiatry. 

2000;48(10):976–80.  

213.  Lynch JW, Kaplan GA SJ. Why do poor people behave poorly? Variation in adult 



125 

 

health behaviours and psychosocial characteristics by stages of the socioeconomic 

lifecourse. Soc Sci Med. 1997;44(6):809–19.  

214.  Adler NE, Stewart J. Reaching for a Healthier Life: Facts on Socioeconomic Status 

and Health in the US. Environ Health Perspect. 2007;120(4):1619–26.  

215.  McEwen B. Stress, adaptation, and disease: Allostasis and allostatic load. New York; 

1998.  

216.  Adeniyi OV, Longo-Mbenza B, Ter Goon D. Female sex, poverty and globalization as 

determinants of obesity among rural South African type 2 diabetics: A cross-sectional 

study. BMC Public Health. 2015;15(1):1–8.  

217.  Bradshaw D, Steyn K. Poverty and chronic diseases in South Africa. Tygerberg, South 

Africa: Burden of Diseases Research Unit. 2001.  

218.  Raphael D, Daiski I, Pilkington B, Bryant T, Dinca-Panaitescu M, Dinca-Panaitescu S. 

A toxic combination of poor social policies and programmes, unfair economic 

arrangements and bad politics: The experiences of poor Canadians with Type 2 

diabetes. Crit Public Health. 2012;22(2):127–45.  

219.  Harlow SD, Gass M, Hall JE, Lobo R, Maki P, Rebar RW, et al. Executive summary 

of the Stages of Reproductive Aging Workshop +10: Addressing the unfinished 

agenda of staging reproductive aging. Climacteric. 2012;15(2):105–14.  

220.  Burger HG, Dudley EC, Robertson DM, Dennerstein L. Hormonal changes in the 

menopause transition. Recent Prog Horm Res. 2002;57:257–75.  

221.  Sutton-Tyrrell K, Zhao X, Santoro N, Lasley B, Sowers M, Johnston J, et al. 

Reproductive hormones and obesity: 9 years of observation from the study of women’s 

health across the nation. Am J Epidemiol. 2010;171(11):1203–13.  

222.  Tsutomu Douchi, Shinako Yamamoto, Nobuyuki Yoshimitsu, Tetsuo Andoh, Takashi 

Matsuo YN. Relative contribution of aging and menopause to changes in lean and fat 

mass in segmental regions. Maturitas. 2002;42:301–6.  

223.  Karvonen-Gutierrez C, Kim C. Association of Mid-Life Changes in Body Size, Body 

Composition and Obesity Status with the Menopausal Transition. Healthcare. 

2016;4(3):42.  

224.  Svendsen OL, Hassager C, Christiansen C. Age- and menopause-associated variations 

in body composition and fat distribution in healthy women as measured by dual-energy 

x-ray absorptiometry. Metabolism. 1995;44(3):369–73.  

225.  Zamboni M, Armellini F, Milani MP, De Marchi M, Todesco T, Robbi R, Bergamo-

Andreis IA BO. Body fat distribution in pre- and post-menopausal women: metabolic 

and anthropometric variables and their inter-relationships. Int J Obes Relat Metab 

Disord. 1992;16(7):495–504.  

226.  Bjorkelund C, Lissner L, Andersson S, Lapidus L BC. Reproductive history in relation 

to relative weight and fat distribution. Int J Obes Relat Metab Disord. 

1996;20(3):2013–9.  

227.  El Khoudary SR. HDL and the menopause. Vol. 28, Current Opinion in Lipidology. 

2017. p. 328–36.  

228.  El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer RD, et al. 

Menopause Transition and Cardiovascular Disease Risk: Implications for Timing of 

Early Prevention: A Scientific Statement from the American Heart Association. 

Circulation. 2020;506–32.  

229.  Roa-Díaz ZM, Raguindin PF, Bano A, Laine JE, Muka T, Glisic M. Menopause and 

cardiometabolic diseases: What we (don’t) know and why it matters. Maturitas. 

2021;152:48–56.  

230.  Walton C, Godsland IF, Proudler AJ, Wynn V, Stevenson JC. The effects of the 

menopause on insulin sensitivity, secretion and elimination in non‐obese, healthy 



126 

 

women. Vol. 23, European Journal of Clinical Investigation. 1993. p. 466–73.  

231.  Narayan KMV, Boyle JP, Thompson TJ, Sorensen SW, Williamson DF. Lifetime Risk 

for Diabetes Mellitus in the United States. J Am Med Assoc. 2003;290(14):1884–90.  

232.  Lindheim SR, Buchanan TA, Duffy DM, Vijod MA, Kojima T, Stanczyk FZ LR. 

Comparison of estimates of insulin sensitivity in pre- and postmenopausal women 

using the insulin tolerance test and the frequently sampled intravenous glucose 

tolerance test. J Soc Gynecol Investig. 1994;1(2):150–4.  

233.  Muchanga Sifa MJ, Lepira FB, Longo AL, Sumaili EK, Makulo JR, Mbelambela EP, 

Tozin R, Ngatu NR SN. Prevalence and predictors of metabolic syndrome among 

Congolese pre- and postmenopausal women. Climateric. 2014;17(4):442–8.  

234.  Kow F, Arthur N, Adu-frimpong M, Osei-yeboah J, Mensah FO, Owusu L. The 

prevalence of metabolic syndrome and its predominant components among pre-and 

postmenopausal Ghanaian women. BMC Res Notes. 2013;6(446).  

235.  Jaff NG, Norris SA, Snyman T, Toman M, Crowther NJ. Body composition in the 

Study of Women Entering and in Endocrine Transition (SWEET): A perspective of 

African women who have a high prevalence of obesity and HIV infection. Metabolism. 

2015;64(9):1031–41.  

236.  Ramsay M, Crowther NJ, Agongo G, Ali SA, Asiki G, Boua RP, et al. Regional and 

sex-specific variation in BMI distribution in four sub-Saharan African countries: The 

H3Africa AWI-Gen study. Glob Health Action. 2018;11(sup2).  

 

 

 



127 

 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



128 

 

APPENDIX A: PLAGIARISM DECLARATION 

 
PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS  

SENATE PLAGIARISM POLICY:  

I, NYUYKI Clement Kufe (Student number: 395736) am a student registered for the degree of 

Doctor of Philosophy (PhD) in the academic year 2022.  

  

I hereby declare the following:  

- I am aware that plagiarism (the use of someone else’s work without their 

permission and/or without acknowledging the original source) is wrong.  

- I confirm that the work submitted for assessment for the above degree is my 

own unaided work except where I have explicitly indicated otherwise.  

- I have followed the required conventions in referencing the thoughts and ideas 

of others.  

- I understand that the University of the Witwatersrand may take disciplinary 

action against me if there is a belief that this is not my own unaided work or that I 

have failed to acknowledge the source of the ideas or words in my writing.  

- I have included as an appendix a report from “Turnitin” (or other approved 

plagiarism detection) software indicating the level of plagiarism in my research 

document.  

  

  

Signature:    Date: 31st August 2022________________  
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APPENDIX I: INFORMATION SHEET AND INFORMED CONSENT 
  
 

 
PARTICIPANT INFORMATION SHEET 1 

 
Determinants of insulin sensitivity in middle-aged black South African men and women: the role 

of sex hormones, inflammation, glucocorticoids and lifestyle factors 

 
Invitation 
 
Hello, my name is Clement NYUYKI and I am a PhD Student at the MRC/Wits 
Developmental Pathways for Health Research Unit (DPHRU) from the University of the 
Witwatersrand. 
 
I would like to invite you to participate in the research study entitled; Determinants of insulin 
sensitivity in middle-aged black South African men and women: the role of sex hormones, 
inflammation, glucocorticoids and lifestyle factors. Before, agreeing to participate, it is 
important that you understand the purpose of the study, the study procedures, benefits and 
risks as well as your right to withdraw from the study at any time. If you have any questions, 
do not hesitate to ask me. You should not agree to take part unless you are satisfied with all 
the procedures involved. If you decide to take part in this study, you will be asked to sign this 
document to confirm that you understand the study. You will also be given a copy to keep. 
 
Why is the study being done? 
 
Studies have shown that body composition (the amount of muscle and fat in your body) and 
body fat distribution (where the fat is located in your body, for example, fat around your 
stomach) changes as one gets older, and that this is associated with an increased risk of 
certain diseases such as type 2 diabetes (sugar disease). However, most of these studies 
were undertaken in white populations from developed countries. It is important to study this 
in the black African population as many factors such as socio-economic status, physical 
activity and nutrition, are specific to this population, and may have an important impact on 
how your body works and how this changes with aging. Further, it is not known how body fat 
distribution and the risk of diabetes is affected by HIV infection, which is known to change 
body fat and its distribution. This study will examine different changes that happen in the 
body with aging and how these influence body fat distribution and type 2 diabetes risk in 
middle-aged black men and women.  The factors that we are interested in examining include 
male and female sex hormones (for example, testosterone and oestrogen), inflammatory 
markers (involved in the immunity) and circulating cortisol (stress hormone).  
 
Who can participate? 
We are going to be testing women who participated in the Birth to Twenty Study of Women 
Entering and in Endocrine Transition (SWEET study) between 2011 and 2014, and men who 
participated in the H3Africa/AWIGEN study in 2014.   
 
You will only be eligible for this follow-up study if you participated in these studies. 
 
What will happen if you decide to take part in the study? 
 
If you meet the criteria and decide to take part in the study, you will be required to complete 
two testing sessions described below, at DPHRU at Chris Hani Baragwanath Academic 
Hospital in Soweto.  
You are under no obligation to take part in the study and are not required to give a reason if 
you do not wish to participate.  If you decide to take part in the study, you are free to withdraw 

Participant’s Code: 
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at any time and without giving a reason and without prejudice. If you decide to withdraw from 
the study, we will discuss with you what will happen to any information or samples that you 
have provided. If the incomplete samples and information can usefully contribute to the study, 
we will ask your permission to store them and use them in our analysis. Alternatively, on your 
request all your information and samples will be destroyed.  
 
Testing Session 1: Testing at any time of the day and will take 2 hours of your time.  
 
You will be requested to complete a series of questionnaires in two visits (40 pages) by 
interview, which will include questions on measures of socioeconomic status (i.e. housing, 
employment and income), personal and family history of disease (e.g. diabetes, obesity, high 
blood pressure, and cardiovascular disease), reproductive history, access to food, and stress.  
In addition, questions on lifestyle factors, including smoking and alcohol intake, medication 
and supplement use will be included. Furthermore, your dietary food intake over the past 7 
days will be measured using a questionnaire that lists all possible foods. You will also be asked 
to wear two small devices, one on your hip and one on your thigh, for 7 days to measure your 
physical activity and sedentary time. Your weight and height will be measured, as well as your 
waist and hip circumferences. In addition, you be required to undergo a scan to measure your 
body fat, muscle mass, and bone density, using a special X-ray scan. If there is any risk that 
you may be pregnant, you will be requested to have a pregnancy test prior to the scan, as the 
scan will expose you to a small amount of radiation. Your blood pressure will also be measured 
and you will also be requested to have an HIV test. You will also be required to bring your ID 
document, clinic card as well as any medication that you are currently taking. 
 
Further details of these procedures are provided below:  
 
Demographic, socioeconomic status and lifestyle questionnaire 
 
You will be asked questions about various measures of social and economic status (e.g. if you 
are employed or not, what do you do at work, your source (s) of income) and questions about 
whether there are people in your family with diseases such as high blood pressure or heart 
problems. You will also be asked questions about your personal health, stress and 
reproductive history. In addition questions on lifestyle factors including smoking and alcohol 
intake, medication and supplement use will be included. We will fill in the answers for you. 
You can skip any questions that make you uncomfortable.  
 
Food frequency questionnaire (FFQ)  
 
You will also be asked to fill in a food frequency questionnaire to measure your usual dietary 
intake (what you normally eat). This questionnaire will give us a sense of what and how much 
you have eaten over the last week. In addition, we will ask you a few questions about your 
food security, in other words, your access to food and if you or your family ever experience 
periods of hunger.  
  
Body composition and DXA (dual-energy X-ray absorptiometry) measurements 
Your weight, height, waist and hip circumference will be measured as part of your body 
composition assessment. In addition, you will undergo a special X-ray scan (DXA) that will tell 
us about your muscle mass, body fat and bone density. The scan will take approximately 20 
minutes to perform during which you will lie quietly on the scanning table in a medical gown 
provided. You will be asked whether or not you are pregnant. If there is any possibility that 
you may be pregnant please tell the technician and we will perform a pregnancy test. If you 
are pregnant, you will not have the scan. The only risk associated with the DXA scan is 
exposure to radiation. However, the radiation exposure with a DXA scan is less than half that 
of a chest x-ray.   
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Blood pressure:  

After a 5-minute relaxation period, blood pressure will be measured 3 times in a row, 

separated by 5 minutes of relaxation between readings. A standard blood pressure monitor 

will be used.  

 
Physical activity 
 
You will be asked to wear two motion sensors (accelerometer and activPAL) for 7 days, to 
measure your activity and sedentary patterns. They are the size of a small matchbox, and one 
is worn on the waist with a lightweight belt and the other is attached to the thigh using a 
waterproof plaster. You will be instructed on how to use the monitors. There are no side-effects 
associated with wearing the monitors.  
 
HIV test 
 
We would like to test your HIV status. This is very important as it may have effects on your 
body composition, risk for diabetes and the factors that we will measure in your blood. The 
HIV test is voluntary, however If you have previously been tested as HIV positive this is not 
necessary. If you refuse the test, you will not be able to participate in the study. It is also 
important to note that if you decide to test, you will be given pre-test counseling. This test is 
always strictly confidential and can only happen if you agree. There is no way in which anyone 
can link your HIV status to your name as all results in this study are coded with a number. No 
one including your doctor, family, or work colleagues will be told about this test without your 
permission. The advantage of a rapid test is that you do not have to return to get your test 
result. Results will be available when you check out, after all the other tests, measurements 
and questionnaires are completed.  

You will have your finger pricked with a sterile needle and the drop of blood (less than 0.5ml) 
will be tested on specific HIV testing kits to check for HIV antibodies. Test results will be given 
to you in private by a registered trained counsellor. If the report states negative it means that 
there are no antibodies to HIV. The window period will be explained. If the report states 
positive, it means that you are HIV positive and that there are antibodies to HIV. You will be 
given a letter to refer you to a clinic specialising in HIV treatment and you will be given a 
second test at the clinic to confirm this result.  Sometimes we cannot clearly tell if the results 
are negative or positive. We will then refer you to a clinic specialising in HIV treatment and 
you will be given a second test at the clinic to confirm this result. 

There is a chance that some of the questions in the questionnaire might trigger some 
emotional distress. If this happens, we will refer you to our counselling nures on site and she 
will make the necessary appointment for you to see a psychologist at the Psychology Unit at 
Chris Hani Baragwanath Hospital  

Testing session 2: Testing in the early morning (between 7:30 and 8:00 am) and will take 

2½ hours of your time 
 
You will be requested to visit the DPHRU offices at the Chris Hani Barangwanath Academic 
Hospital between 7:30 and 8:00 am in the morning approximately 7 days after testing session 
1, but after an overnight fast (nothing to eat or drink, except water, from 10pm the night before). 
You will be asked to donate a sample of blood and then undergo an oral glucose tolerance 
test (OGTT) to determine whether you are at risk for developing diabetes. You will also be 
required to return the two physical activity monitors that were given to you in the first testing 
session. 
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Blood sampling and oral glucose tolerance test (OGTT) 
 
Blood sampling and the OGTT can only be performed in the morning after an overnight fast. 
Therefore it is important that you do not eat or drink anything (except water) from 10 PM the 
night before, or for 10-12 hours before your test begins. You are not allowed to take any 
medication, food or drink, chew gum or sweets, before your blood test.  
 
Blood sampling will be performed by inserting a small plastic tube into a vein in your arm and 
a small plastic tap or valve will be attached onto it so that blood samples can be drawn before 
the 2 hour OGTT test.  The first blood sample (50 ml) will be drawn for the measurement of 
blood lipids (fats), glucose (sugar) and various hormones (e.g. insulin and cortisol) and 
inflammatory markers in the fasted state (i.e. before you eat anything).  You will then be asked 
to drink a cup of water containing 75 g of glucose (sugar). Thereafter, blood samples (5 ml or 
1 teaspoon each) will be drawn from your arm at 30, 60, 90 and 120 minutes after the glucose 
ingestion (total 20ml, 4 teaspoons) for the later measurement of changes in glucose and 
insulin levels. After your test we will give you something to eat and drink.  
 
What are the risks and discomforts of this study? 
 
There are no risks or discomforts associated with the administration of the questionnaires. 
Strict confidentiality of results will be maintained. Your name will be removed from all data, 
and you will be assigned a number, which will be used to identify data relating to you.  All 
records will be kept in a locked room and in a secure computer database in the research 
unit.  Your name will not be used in any publication of the results. 
 
There are no risks associated with the use of the physical activity monitors. The only risk 
associated with the DXA scan is exposure to radiation. However, the radiation exposure with 
a DXA scan is less than half that of a chest x-ray (11.3 microSieverts).   
 
There are no appreciable risks associated with the fasting blood sampling and OGTT, other 
than those associated with routine blood sampling.  Sometimes when blood is taken you may 
feel a prick at the place where the needle enters your body. Afterwards there may be a little 
bruise, and pain (which are associated with normal blood sampling), and in very unusual 
circumstances, local infection. Very occasionally participants may 'faint'. This is a stress 

response to a trigger (e.g. the sight of blood) and has no long-term effects. This test is used 

routinely for both research and medical purposes. The total amount of blood drawn will be 70 
ml, which is substantially less (1/7th) than that of a standard blood donation (500 ml). All 
procedures will be supervised and carried out by a nursing sister and appropriately trained 
medical personnel using sterile techniques to minimise any risks of infection.   
 
If we discover that you have any health problems based on our tests, you will be contacted 
and referred to the appropriate clinic for treatment and/or management. 
 
Are there any benefits to you for being in the study? 
 

You will receive your own results from the study, including your body composition (e.g. 

muscle and fat mass), your blood pressure, lipids (fats in your blood) and glucose tolerance 

(your risk for diabetes). In addition, you will contribute to our understanding of the how body 

fat distribution and the risk for type 2 diabetes differs between black South African men and 

women (pre-menopausal and post-menopausal), with and without HIV. This information can 

be used to provide evidence for future strategies for the prevention, treatment and 

management of diabetes risk in middle-aged black South Africans. 
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What will happen when the study is over? 
 
Detailed analysis of the samples will take some time, but once these analyses have been 
completed, the final results of the study will be shared with you. In addition, the results of the 
study will be published in scientific journals and to complete a PhD thesis report, as well as in 
the local media. Your name will not be used in any publication of the results. You may be 
contacted for a follow-up study. 
 

Will you receive reimbursement for transport? 

You will receive R150 to cover transport costs to DPHRU for each of the two testing 

sessions.  The transport money will be paid to you at the end of each session. 

 
Who will see the information that is collected about you during the study? 
 
Strict confidentiality of results will be maintained. Your name will be removed from all data, 
and you will be assigned a number, which will be used to identify data relating to you.  All 
records will be kept in a locked room and in a secure computer database in the research 
unit.  Your name will not be used in any publication of the results. 
 
Storage of BLOOD samples 

Blood samples for biochemical analysis will be temporarily stored in the DPHRU laboratory at 
Chris Hani Baragwanath Academic hospital 
 
Who do I contact if I have any questions about the study? 
 
If you have any questions or you experience any problems during or after the tests, please 
contact NYUYKI Clement Kufe (PhD student in Wits, working here) or a representative of the 
Human Research Ethics Committee.  
 
NYUYKI Clement KUFE (PhD student) 
Principal Investigator 
MRC/Wits Developmental Pathways for Health Research Unit 
Chris Hani Baragwanath Hospital, Soweto Johannesburg  
Tel: 063 092 6943 (cell) 
Email : kufekle@yahoo.co.uk / nyuyki.kufe@students.wits.ac.za  
 
Human Research Ethics Committee contact details: 
Prof P Cleaton-Jones, Tel 011 717 2301, email: peter.cleaton-jones1@wits.ac.za or Ms 
Zanele Ndlovu/ Mr Rhulani Mkansi/ Mr Lebo Moeng Administrative Officers 011 717 
2700/2656/1234/1252 zanele.ndlovu@wits.ac.za; Rhulani.mkansi@wits.ac.za; and 
Lebo.moeng@wits.ac.za 
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INFORMED CONSENT 1 
 

Determinants of insulin sensitivity in middle-aged black South African men and 

women: the role of sex hormones, inflammation, glucocorticoids and lifestyle factors    
 

Consent to participate in the study: 
 
“I, _________________________, hereby give consent to participate in this research trial to 
be conducted by DPHRU, within the Department of Paediatrics at the University of 
Witwatersrand.   
 
I understand that the study will involve completion of questionnaires by interview, an HIV test, 
routine body measurements (i.e. height, weight, hip and waist circumference), an X-ray scan 
to measure my body fat and muscle mass, and bone density, blood pressure, collection of 
blood samples after an overnight fast (10-12 hours) and during a 2-hour oral glucose tolerance 
test, as well as wearing an accelerometer and ActivPAL for 7 days to measure physical activity 
and sedentary time, respectively.  The purpose and all the details of this study have been 
explained to me.  
 
I have read and have had explained to me the procedures described. I have had an 
opportunity to ask questions and my questions have been answered in a satisfactory way. 
 
I understand that all the information collected during the study will be treated with the 
strictest confidentiality and will only be used for scientific research purposes. All samples will 
be kept in a freezer in a secure facility with access limited to research personnel. All records 
will be kept in a locked room and in a secure computer database in the research unit.  My 
name will not be used in any publication of the results.  I understand that for data verification 
and quality control purposes regulatory authorities and/or members of the Wits Human 
Research Ethics Committee (Medical) may be allowed access to my personal data under 
conditions of strict confidentiality.  
 
I understand that I may be contacted for a follow-up study. 
 
 
I agree to participation in the study on the condition that: 
 
1. I can withdraw voluntarily from the study at any time and that no adverse consequences 

will follow on withdrawal from the study. 
 
2. I have the right not to answer any or all questions posed in the questionnaire. 
 
3. The University of the Witwatersrand’s Human Research Ethics committee has approved 

the study protocol and procedures. 
 
4. All results will be treated with the strictest confidentiality. 
 
5. Only group results, and not my individual results, will be published in scientific journals 

and in the media. 
 
6. The study scientific team are committed to treating participants with respect and privacy 

through interviews conducted in private and follow-up counselling available on request.   
 

Participant’s Code: 
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7. I will receive a referral note to psychological services if I experience any psychological 
distress during the study. 

 
I have read the information, or it has been read to me. I have had the opportunity to ask 
questions about it and my questions have been answered to my satisfaction. I consent 
voluntarily and understand that I have the right to withdraw my consent without this 
affecting the current research study or my medical care.  
 
Print Name of Participant _________________________  
 
Signature of Participant ___________________________  
 
Date ___________________________  
 
 
 
I have accurately read or witnessed the accurate reading of the consent form to the 
potential participant, and the individual has had the opportunity to ask questions. I 
confirm that the individual has given consent freely.  
 
 
RESEARCH ASSISTANT: 
 
 

Printed Name                                             Signature/Mark            Date and Time 
 
 
Copy provided to participant _______ (initialed by researcher) 
 
 
WITNESS: (If applicable) 
 
 

Printed Name                                                      Signature/Mark      Date and Time 
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PARTICIPANT INFORMATION SHEET 2 

 
INFORMED CONSENT 2 

 

Determinants of insulin sensitivity in middle-aged black South African men and 

women: the role of sex hormones, inflammation, glucocorticoids and lifestyle factors 
 
Certificate of Consent: 
 
1) If any of the BLOOD that I have provided for this research project is unused or leftover 

when the project is completed  

☐ I give permission for my blood sample to be stored indefinitely  
 
AND if my blood sample is to be stored: 
􀂆 I give my permission for my blood sample to be stored and used in future research of 

any type, which has been properly approved  
 
AND if any research on my blood sample cannot easily be done in South Africa: 
􀂆 I give my permission for a portion of my blood sample to be sent out of the country for 

analysis if appropriately approved 
 

I have read the information, or it has been read to me. I have had the opportunity to ask 
questions about it and my questions have been answered to my satisfaction. I consent 
voluntarily and understand that I have the right to withdraw my consent without this 
affecting the current research study or my medical care.  
 
Print Name of Participant _________________________  
 
Signature of Participant ___________________________  
 
Date ___________________________  
 
I have accurately read or witnessed the accurate reading of the consent form to the 
potential participant, and the individual has had the opportunity to ask questions. I 
confirm that the individual has given consent freely.  
 
RESEARCH ASSISTANT: 
 
 

Printed Name                                             Signature/Mark             Date and Time 
 
 
Copy provided to participant _______ (initialed by researcher) 
 
 
WITNESS: (If applicable) 
 
 

Printed Name                                                      Signature/Mark     Date and Time 

 

Participant’s Code: 
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INFORMED CONSENT 3 
 

Determinants of insulin sensitivity in middle-aged black South African men and 

women: the role of sex hormones, inflammation, glucocorticoids and lifestyle factors 
 
The information around the blood sample taken from me is clear and the purpose of consent 
is for me to inform the study what they can or cannot do with these samples.   
 
I understand that all procedure/tests on the stored blood will be approved by the Human 
Research Ethics Committee of the University of the Witwatersrand. 
 

YES    NO 
 
I am in agreement that my blood sample may be stored and used for the purposes described 
above.  
 

YES    NO 
 
I am in agreement that the data generated from my blood sample may be made available as 
stated above.   

YES    NO 
 
I am in agreement that the information I have supplied in the list of questions and the 
information from the tests and measurements taken from me may be used as stated above.   

YES    NO 
 
I agree that a small volume of my blood sample may be sent out of the country if the 
research cannot easily be done in South Africa. 
 

YES    NO 
 

I agree that an portion of my blood sample may be stored in a biobank (laboratory) and that 
some data may be stored in a database as stipulated and that these may be shared 
according to the processes and procedures by using my study code or another code that de-
identifies my sample and data.  

 
YES    NO 

 
I understand that every time a new study is done on my blood sample, permission will be 
obtained from the ethics committee for the study to make sure that it is used only for the 
purposes stated above.  
 

YES    NO 
  
 
I understand that I will not benefit directly from the research done on my blood sample.  
 

YES    NO 
I understand that I may withdraw from the study at any time.  
 

YES    NO 
 

Participant’s code: 
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PARTICIPANT 
 
_____________________________________________________________ 
Printed name                                       Signature/Mark              Date and Time 
 
 
RESEARCH ASSISTANT: 
 
 

Printed Name                                    Signature/Mark                 Date and Time 
 
 
Copy provided to participant _______ (initialed by researcher) 
 
 
WITNESS: (If applicable) 
 

Printed Name                                   Signature/Mark                 Date and Time 
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HIV COUNSELLING FORM AND INFORMED CONSENT 

 
 
Hello! My name is ______________________. First, we would like to discuss some matters 
with you. Information collected will be not be used in any identification form outside this 
facility. Therefore confidentiality will be maintained. We will provide you with information you 
need to know about HIV and AIDS. This will then be followed by information to help you 
understand your risk exposure to HIV and then you could be able to take an HIV test.  

 
CLIENTS HIV HISTORY 

 

Have you been tested for 
HIV before? 

Yes No If Yes, when did you 
test? 
 
 
What was the HIV 
results 

 
 
 
Negative  

 
 
 
Positive 

If positive, do you have a 
copy of the results 

 
Yes  

 
No 

If no, would you like to 
do another test? 

No  Yes 

What was your reason 
for testing 

 
Illness 

 
Insurance 

Partner 
died 

Pregnancy 
( Females 
Only) 

Employment General 
Check 
up 

If other please state 
reason 

 

 
CLIENT SUPPORT SYSTEM 

 

Have you ever had a loss in your 
life? 

Yes No  

If yes, Who  

 When  

If the test is HIV positive, will you 
tell someone? 

Yes No If Yes 
Who? 

 

Who else will you tell if you are 
HIV positive?  

Family Partner Friend Other 
(State) 

 

How will you tell this person you 
trust? 

 

Do you think you will get support 
from that person? 

Yes  No Would you like us to 
offer support? 

Yes  
 

No 

 
PRE COUNSELLING SESSION 

 
UNDERSTANDING HIV AND AIDS 

 
COUNSELLOR TO USE CUE CARDS FOR COUNSELLING 

 

Understanding of HIV/AIDS, client 
should be explaining mode of 
transmission and exchange of 
fluids. 

 Meaning of Window Period 
(What is it?) 

 

Benefits for HIV Testing   Importance of knowing ones 
HIV status 

 

Participant’s code: 
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(What does it mean?) 

Meaning of HIV testing  Meaning of HIV Negative 
Result 

 

Meaning of Confidentiality. 
(Counsellor to clarify 
confidentiality) 

 Meaning of HIV Positive Result  

  Perception of risk to HIV 
exposure. (Does the client 
think they are at risk to HIV 
infection?) 

 

 
 

HIV TESTING 
 
Counsellor:  Explain rapid testing processes. A rapid test for HIV will be done by the DPHRU 
lab. About a teaspoon full of blood will be collected (5ml to 10ml) and tested on specific HIV 
testing kits to check for HIV antibodies. Test results will be given to you in private when you 
check out today by a registered trained counsellor. If the report states negative it means that 
there are no antibodies to HIV. The window period will be explained. If the report states 
positive, it means that you are HIV positive and that there are antibodies to HIV. You will be 
given a letter to refer you to a clinic specialising in HIV treatment and you will be given a 
second test at the clinic to confirm this result.  Sometimes we cannot clearly tell if the results 
are negative or positive. We will then repeat the test and if it is still indeterminate we will refer 
you to a clininc for a second testing that will help confirm the results                                                                
                                                               

 
PATIENT CONSENT 

 
I agree to have the HIV Rapid test. The procedure to be carried out has been explained to 
me. The possible discomforts, risks and benefits involved in taking part in the test have also 
been described to me. I understand that I can leave the study at any point. I also understand 
that if I have any questions concerning the test then the investigator will explain these to me. 
 
Date: ___________________________     Patient: __________________________   
 
Contact details of researchers: 
 

NYUYKI Clement KUFE (PhD student) 
Principal Investigator 
MRC/Wits Developmental Pathways for Health Research Unit 
Chris Hani Baragwanath Hospital 
Soweto Johannesburg  
Tel: 063 092 6943 (cell) 
Email : kufekle@yahoo.co.uk / nyuyki.kufe@students.wits.ac.za  
 
Human Research Ethics Committee contact details: 
Prof P Cleaton-Jones, Tel 011 717 2301, email peter.cleaton-jones1@wits.ac.za  or Ms 
Zanele Ndlovu/ Mr Rhulani Mkansi/ Mr Lebo Moeng Administrative Officers 011 717 
2700/2656/1234/1252 zanele.ndlovu@wits.ac.za; Rhulani.mkansi@wits.ac.za; and 
Lebo.moeng@wits.ac.za 
 
 
 
 

mailto:julia.goedecke@mrc.ac.za
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POST TEST COUNSELING SESSION 
 
NB.   COUNSELOR: Identify Client with Name and ID number against HIV Test Results 
 

 
HIV NEGATIVE TEST RESULT 

We spoke earlier about what HIV positive and HIV negative results mean. Explain 
again. Your results are back and you are HIV negative; you do not have the HIV virus 
in your body 

 
 

COUNSELORS KEY TASKS CLIENTS NOTES COMMENTS 

Explain the implications of the 
negative test result 

  

Identify and prioritize the behaviours 
that correspond to the client’s risk 

  

Motivate the client to develop a risk 
reduction plan 

  

Encourage clients to discuss their 
HIV status with current and future 
partners 

  

  
 

POST TEST COUNSELLING 
 

HIV POSITIVE TEST RESULTS 
We spoke earlier about what HIV positive and HIV negative results mean. Explain 
again. Your results are back and you are HIV positive; you do have the HIV virus in 
your body 
 
 

COUNSELORS KEY TASKS CLIENTS NOTES COMMENTS 

Inform client that the test results are 
available 

  

Provide results clearly and simply   

Review the meaning of the result  
 

 

Allow the client time to absorb the meaning 
of the result 

 
 
 

 

Explore the client’s understanding of the 
result 

 
 
 

 

Assess how client is coping with the result  
 
 

 

Acknowledge the challenges of dealing 
with an initial positive result 

 
 
 

 

Participant’s code: 
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IDENTIFY SOURCES OF SUPPORT 

                       
 

COUNSELORS KEY TASKS CLIENTS 
NOTES 

COMMENTS 

Identify current health care resources   

Address the need for health care providers to know 
client’s test result 

  

Explore client’s access to medical services   

Identify needed medical referrals   

Discuss situations in which the client may want to 
consider protecting his or her own confidentiality 

  

Discuss options of support groups (i.e. post test 
club) 

  

Provide appropriate referrals   

 
 
 

REFERRAL TO OTHER PROGRAMS 
 
Refer the client with letter to Thandekile Essien and the clinic (ZAZI VCT service at 
Baragwanath Hospital); she will then ensure that the client has the appropriate 
support. 
 
 
COUNSELLORS NOTES: 
 
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________ 

 

Counsellor’s Signature:…………………………………… 
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APPENDIX J: QUESTIONNAIRE 

 

 

 
 

  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Components Tick 

Study information sheet 
 

Consent form 
 

ID COPY  
 

Participant Questionnaire 
 

Food Frequency Questionnaire 
 

Anthropometric Measurements 
 

DXA scan  
 

Fasting bloods samples  
 

OGTT  

Accelerometer (ActiGraph) 
 

ActivPAL  

Dietary intake 
 

Payment 
 

Feedback (comment) 
 

Date : __________________________________ 

Signature: _______________________________ 

University of the Witwatersrand, Johannesburg 
Developmental Pathways for Health Research Unit 

        Department of Paediatrics and Child Health 

Determinants of insulin sensitivity in middle-aged black South African men and women: the role 

of sex hormones, inflammation, glucocorticoids and lifestyle factors 

PARTICIPANT QUESTIONNAIRE 

 

DATE:   Day          Month  Year     
 
 
BTT ID NUMBER:       
 

BONE ID NUMBER:     
 

 

    

  

 

 



152 

 

 

 
 
 

 
IDENTIFICATION AND CONTACT DETAILS 

 
Name   
 
ID number:  ________________________________________________ 
 
Date of Birth : _____________________     Age:   __________   
 
Physical Address: __________________________________________ 
 
 __________________________________________________________ 
 
 
Postal Address:  _____________________________________________ 
 
__________________________________________________________ 
 
E-mail: ____________________________________________________ 
 
 
Tel No’s:  _____________ (h)  ___________(w)  ____________  
 
(Cell) _____________ 
 
 
Contact details of a relative or a friend who will always know where 

you live: 

 
Alternative contact Person: ______________________   
 
Relationship:______________ 
 
Tel No’s:  _____________ (h)  ___________(w)  ____________  
 
(Cell) _____________ 
 
 

TO BE KEPT SEPARATE FROM QUESTIONNAIRE DATA 
 
 
 

 

 
SUBJECT 

CODE: 
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1. CURRENT MARITUS STATUS ( tick option that applies) 

 

Single  

Married/cohabiting  

Widowed  

Separated/Divorced  

 
2. HIGHEST LEVEL OF EDUCATION ATTENDED (tick options that applies) 
 

No education  

Grade 1-2  

Std (1-3) Grade (3-5)  

Std (4-5) Grade (6-7)  

Std (6-7) Grade (8-9)  

Std (8) Grade (10)  

Std ( 9) Grade (11)  

Matric Grade (12)  

Post Matric qualification  

Diploma  

Tertiary education (university / technikon)  

 
 

3. CAREGIVER’S CONFIRMATION DETAILS 
 

SECTION A: DEMOGRAPHIC AND SOCIEO-ECONOMIC DETAILS  



154 

 

Question Answer 

Where were you born? (City/Town & Province SA) (Country & 
Rural/Urban) 

 

Where did you spend most of your school years, which 
includes primary and high school? 

 

How many years have you been living in Gauteng?  

 
4. GENERAL HOUSEHOLD INFORMATION 

 

Questions Answers 

4.1 How many people live in your house including you?  

4.2  How many rooms are in your house (including kitchen, dining room, 
bedrooms, excluding bathrooms) 

 

4.3 How many bathrooms are in your house?  

4.4 How many rooms are there for sleeping?  

5. WHICH OF THE FOLLOWING DO YOU HAVE IN YOUR HOUSEHOLD (Tick for YES and X for NO)? 

Electricity  Television  Radio  

Motor vehicle  Fridge  Washing machine  

Telephone/Cell phone  Microwave  Bicycle  

Tablet/Laptop/Personal 
Desktop 

 DSTV/Satellite  MNet  

 
6. HOW WOULD YOU DESCRIBE YOUR HOME (tick the one that best describes it)? 

 

House 
 

 Flat/Cottage/Townhouse  Residence/hostel  

Shack/Zozo 
 

 Government housing (e.g. 
municipal/RDP housing) 

 Room in backyard of 
house (or shared house) 
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7. WHAT ARE THE WALLS OF YOUR HOUSE MADE OF? (tick appropriate box) 
 

Brick/concrete 
 

 Mud/ cement   Plastic/cardboard  

Clay/Mud  Corrugated iron/zinc  Other  

Prefab  Plaster/finished    

 
8. WHAT IS THE ROOF OF YOUR HOUSE MADE OF? (tick appropriate box) 
 

Straw/Thatch  Galvanised iron  Other (specify)  

Earth/sand/Mud  Wood/planks    

Concrete  Tiles/slates    

 
9. WHAT IS THE FLOOR OF YOUR HOUSE MADE OF (tick one box only) 
 

Earth/sand/mud  Stone/Brick  Cement  

Wood  Vinyl/linoleum  Other  

Carpet  Ceramic tiles    

 
10.  WHAT IS THE MAIN SOURCE OF DRINKING WATER IN THE HOUSE? (Tick one box only) 

 

Bottled water  Protected dug out 
well 

 Public tap/standpipe  

Running water (tap 
water) 

 Unprotected dug well  Tanker truck/cart with 
small tank 

 

Piped water into 
yard/plot 

 Protected spring  Piped water into 
dwelling 
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Surface water  Rain water  Other  

 
 
11.  WHAT IS THE TYPE OF TOILET FACILITY IN THE HOUSE (tick one box only) 
 

Flush to piped sewer system  Protected dug out well  Bucket system  

Flush to septic tank  Ventilated improved pit (VIP) latrine  Other  

Traditional pit toilet   No facility or bush or field    

 
 
12. HOUSEHOLD FOOD INSECURITY ACCESS SCALE 
 

1. In the past four weeks, did you worry that your household would not have enough 
food? 

1. No 2. Rarely 3. Sometimes 4. Often 

2.  In the past four weeks, were you or any household member not able to eat the kinds 
of foods you preferred (i.e. VEGETABLES, FRUIT, MEAT/CHICKEN NOT “luxury” food 
such as pizza, burgers or fried chicken ) because of a lack of resources? 

1. No 2. Rarely 3. Sometimes 4. Often 

3. In the past four weeks, did you or any household member have to eat a limited variety 
of foods (e.g. Pap with NO meat OR pap with sweetened water) due to a lack of 
resources? 

1. No 2. Rarely 3. Sometimes 4. Often 

4. In the past four weeks, did you or any household member have to eat some foods that 
you really did not want to eat because of a lack of resources to obtain other types of 
food? 

1. No 2. Rarely 3. Sometimes 4. Often 

5. In the past four weeks, did you or any household member have to eat a smaller meal 
than you felt you needed because there was not enough food? 
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1. No 2. Rarely 3. Sometimes 4. Often 

6. In the past four weeks, did you or any other household member have to eat fewer 
meals in a day because there was not enough food? 

1. No 2. Rarely 3. Sometimes 4. Often 

7. In the past four weeks, was there ever no food to eat of any kind in your household 
because of lack of resources to get food? 

1. No 2. Rarely 3. Sometimes 4. Often 

8. In the past four weeks, did you or any household member go to sleep at night hungry 
because there was not enough food? 

1. No 2. Rarely 3. Sometimes 4. Often 

9. In the past four weeks, did you or any household member go a whole day and night 
without eating anything because there was not enough food? 

1. No 2. Rarely 3. Sometimes 4. Often 

 
 
 
 
 
 
13. EMPLOYMENT AND INCOME 

 

 
13. 1 Are you currently employed? (tick) 

   

 
 13.2 If YES TO 13.1, what type of 
employment? 

 

 
13.3 If YES to 13.1, which best describes the work that you are employed to do? (tick 
relevant option) 
 

YES NO 

FORMAL INFORMAL 
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15.4 Other household incomes (tick appropriate box): 
 

Grants( PLUS number of people receiving grant)  

Child support grant  Support from a partner  

Disability grant  Support from family  

Care dependency Grant  Other (specify)  

Grants for older persons    

Foster care grant    

 
Income is a sensitive question to many people. However, it is very important for the study to have an 
idea of your monthly income. 

 
13. 5 Monthly Household Income (including  all sources of income e.g. grant, spousal 
support or family support) (Tick appropriate range):  
 

R 1 to 2499  R 10 000 to 14 999  No income  

R 2500 to 4999  R 15 000 to 19 999  Not willing to disclose  

R 5000 to 7499  R 20 000 to 29 999    

R 7500 to 9999  Give other range    

 

Skilled manual work (i.e. sewing, beadwork, arts and craft, 
administrative assistants) 

 

Unskilled manual work (i.e. hotel maids, cleaner, sweepers or farm 
worker, domestic work) 

 

Clerical support, service or sales (i.e hairdresser, taxi service)  

Managerial/professional  

Own business   

Other (specify)  
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13.6 How many people do you support with this income? _______Adults 
__________Children 
 

 
 

 
 
 
 

 

 
1. Are you pregnant? 

 
 

2. Have you had a hysterectomy (i.e. ovaries removed)?  
 

2.1  If YES, what date was it?______________________________ 
 
3. Do you have regular periods?  

 
3.1 If YES to 3, when was the start date of your last menstrual period? 
 
3.2 If NO to 3, when was your LAST period? 
 

3 months ago 6 months ago 1 year ago More than 1 year 

 
3.3 How would you classify your menopausal stage? 
 

Pre-menopausal   

Peri-menopausal “menopausal transition” e.g. menstrual irregularity, hot flashes, 
mood changes  

 

SECTION B: GENERAL HEALTH 

Y N 

Y N 

Y N 

Y N 
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Post-menopausal (e.g. 12 month period without menstruation)  

 
4. How many children do you have?_______________________________ 

 
5. How many pregnancies have you had? __________________________ 

 
6. When was your last pregnancy?_______________________________ 

 
7. Contraception and fertility control 

 
Contraceptive method Tick the appropriate box 

(give name where appropriate) 
Duration 

None   

Oral contraceptive pill   

Injection (state frequency of injection)   

Female sterilisation   

IUD “Intra-Uterine Device” loop   

Patch    

Other and specify   

 
8. MEDICATION AND SUPPLEMENT USE 

 
 
8.1  

 
Do you use any medicine regularly or daily that a doctor or 
nurse has prescribed? 

 
YES .............................  
NO ...............................  
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8.2 Please provide the following information of your medication (s): 

Name of medication(s)?   

What are they used for? 

What is the dosage and frequency of use of use? 
(e.g. 3 tablets per day) 

What long have you been using the medication?  

 

 

 

 

 

 

 

 

8.3 Do you use nutritional or other supplements?  

 

YES .............................  
NO ...........................  
 

8.4 If YES to 8.3, Name the supplement, what is it used for, dosage, 
frequency and duration of use. 

 

 

 

 

8.5 Do you use any herbal medicine? YES .............................  
NO ...........................  
 

8.6 Name of herbal medicine, what you are using for, state the 
dosage, frequency and duration of use. 

 
 
 
 

Examples of medical conditions that you could be 
using the medication (s) for: 

high blood pressure, heart attack or angina (chest 
pains), stroke, high cholesterol (fats in the blood), 
diabetes, emphysema, bronchitis, asthma, osteoporosis, 
TB, epilepsy, cancer OR state don’t know if you are 
unsure what the medication is used for) 

 



162 

 

 
 

8.7 Have you been sick in the past week?    YES .............................  
NO ...........................  
 

8.8 If YES, what sickness? 

 

8.8.1 Did you take medicine? (yes/no) 

 

What medication(s) did the nurse or doctor prescribe you? State 
the dosage, frequency and duration of use.  

 
YES .............................  
 
NO ...........................  
 
 
 

 
 
9. CLINICAL CONDITIONS 

 
 

 
NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

 

9.1 

 

Would you say your health is poor, average, good, or very good/excellent? 

POOR .............................................................................  

AVERAGE  ...................................................................  

GOOD ............................................................................  

VERY GOOD/EXCELLENT ........................................  

 

9.2 

 

Do you personally think that you are underweight, normal weight or 

overweight? 

 

UNDERWEIGHT ..........................................................  

NORMAL WEIGHT .....................................................  

OVERWEIGHT. ............................................................  

OBESE.................................................................................... 

DON’T KNOW ..............................................................  

 

 

Has a doctor or nurse or health worker at a clinic or at hospital told you that 

you had or have any of the following conditions: 

 

 
9.3 

 
High Blood Pressure?  

 
YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
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NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

 
 

9.4 

 
 

Heart attack or angina (chest pains)? 

 
 
YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.5 

 
 

Stroke? 

 
 
YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.6 

 
 

High blood cholesterol or fats in the blood? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.7 

 
 

Diabetes or Blood Sugar? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.8 

 
 

Emphysema/Bronchitis? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.9 

 
 

Asthma? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.10 

 
 

Sore joints, e.g. Arthritis, gout? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.11 

 
 

Osteoporosis? 

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
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NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

 

9.12 

 

Epilepsy / fits? 

 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 
 

9.13 

 
 

TB?                                   

 
 

YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  
 

9.14 
 

How many episodes of TB have you ever been treated for? 
 

  

NUMBER OF TB EPISODES……….................................  

 

Are you currently on TB medications?  

…………………………....................................................... 

When was your last TB episode: …………………………………............................. 

 
 

9.15 

 

 
Cancer? 

 
YES ................................................................................  

NO ..................................................................................  

DON’T KNOW ..............................................................  

 

If yes, what?  ………………………………………………………... 

 
 

 
 
10. FAMILY AND MEDICAL HISTORY  

 
 

NO. 
 

QUESTIONS AND FILTERS 
 

CODING CATEGORIES 
 
 

 
Now I would like to ask you about your family.  

Do you have a close blood relative (father, 

mother, brother, sister or child) who has ever 

had any of the following conditions: 
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NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

 

10. 1 

 

High Blood Pressure?   

YES .............................................................  

NO ...............................................................  

DON’T KNOW ...........................................  

 

If yes, who?  

…………………………………………… 

……………………………………………

……………………………………………

…………………………………………… 
 
 

10.2 

 
 

Heart attack or angina or chest pain when 

exerting himself/herself? 

 

 

YES .............................................................  

NO ...............................................................  

DON’T KNOW ...........................................  

 

If yes, who………………………………… 

…………………...………………………

……………………………………………

……………………………………………

…………………………….... 
 
 

10.3 

 
 

Was this relative younger or older than 50 years 

old when they first had a heart attack, angina or 

chest pain? 

 

 

YOUNGER THAN 50 YEARS ..................  

……………………………………………

…………………………… 

OLDER THAN 50 YEARS ........................  

…………………………………………...

……………………………… 

DON’T KNOW ...........................................  

……………………………………………

………………………….............................. 
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NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

 
 

10.4 

 
 

Stroke? 

 

YES .............................................................  

NO ...............................................................  

DON’T KNOW ...........................................  

 

If yes, who? 

…………………………………………… 

……………………………………………

……………………………………………

……………………………………………

…………………………………………… 
 
 
 

10.5 

   Diabetes? 
YES .............................................................  

NO ...............................................................  

DON’T KNOW ...........................................  

 

If yes, who?  

…………………………………………… 

……………………………………………

……………………………………………

…………………………………………… 

Adult/ child onset?  

…………………………………………… 

……………………………………………

…………………………………………… 
 
 

10.6 
 
 
Obesity? 
 
(Were they abnormally large?  Or have difficulty 
moving?) 

YES .............................................................  

NO ...............................................................  

DON’T KNOW ...........................................  

 

If yes, who?  

…………………………………………… 

……………………………………………

……………………………………………

……………………………………………
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NO. 

 
QUESTIONS AND FILTERS 

 
CODING CATEGORIES 

……………………………………………

……………………………………………

……………………………………………

…………………………………………… 
 

 
 
 
 

 
 
 
 
 
 
 

 
  

1. TOBACCO USE (WHO STEPwise Questionnaire) 

1.1 Do you currently smoke any tobacco products, such as 

cigarettes, cigars, or pipes? 

 
YES ...........................................................  

NO .............................................................  

1.2 Do you currently smoke tobacco products daily? 
 
YES ...........................................................  

NO .............................................................  

1.3 How old were you when you first started smoking daily?  

YEARS OLD _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

 

IF “YOU DON’T REMEMBER”, ............  

1.4 If you do not remember how old you were, do you 

remember how long ago it was? 
 

WEEKS AGO_ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_──    

MONTHS AGO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _     

YEARS AGO_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

 1.5 On average, how many of the following items do you smoke 

each day? 
  

MANUFACTURED CIGARETTES _ _ _ 

_ _ 

 

SECTION C: LIFESTYE  
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 (CHECK EACH ITEM, IF NOT SMOKING AN ITEM, 

CODE 00) 

  

HAND-ROLLED CIGARETTES _ _ _ _ 

_  

 
    

PIPES FULL OF TOBACCO _ _ _ _ _ _ 

_ _ _ _ _  

 
    

CIGARS/CHEROOTS/CIGARILLOS _ _  

_  _ _ _ _  

 
  

 
OTHER_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

1.6 In the past, did you ever smoke daily? 
 
YES ...........................................................  

NO .............................................................  

1.7 How long ago did you stop smoking daily?   

WEEKS AGO_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

   

  

MONTHS AGO _ _ _ _ _ _ _ _ _ _ _ _ _ 

_  

 

  

YEARS AGO_ _ _ _ _ _ _ _ _ _ _ _ _ __  

 

  

  

 
 

2.  Do you use snuff? 

 

 2.1 IF YES, how often do you use snuff? 

Once a day  

Twice a day  

Three times a day  

More than three times a day  

Other: Specify ____________________  

 
3. Do you use e-cigarettes (electronic cigarettes?) 

 

 3.1 IF YES, how often do you use e-cigarettes? 
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Once a day  

Twice a day  

Three times a day  

More than three times a day  

Other: Specify ____________________  

 
 
4.  ALCOHOL INTAKE 

 
1 standard drink is equal to 10 g of pure alcohol: 

 200 ml of beer 
 1 glass of wine 
 1 tot (25 ml) spirits 
 1 small glass (50ml) of sherry/port  

 
4.1 How often do you have a drink containing alcohol?  

 
 
 
 
 

4.2 On a typical WEEK day, how many drinks containing alcohol do you drink? (how many standard drinks) 
 

 
 
 
 

4.3 On a typical WEEKEND day, how many drinks containing alcohol do you drink? (how many standard drinks) 
 

Never  2-3 times per week  

Monthly or less  4 or more times per week  

2-4 times per month    

1 or 2  7, 8 or 9  

3 or 4  10 or more  

5 or 6  0  
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Date of testing:  _____________________ Time of testing:  ___________________ 
 
Time of last meal/drink:  ______________      Hours fasted:  _______________ 
 
How would you describe your health TODAY? (How are you feeling?):  
 
Good                      Fair                          Poor   
 
If POOR, explain why:  _______________________________________________________________________ 

 
 

Date of last menstrual cycle: ____________________________________________ 
 

 
OGTT: 
 
Fasting blood sample:    Tubes 5  x SST – 27 epp (500µL each); 3 x EDTA – 9 epp (500µL each); 1 x LH – 1 epp (500 µL); 1 x 
FO – 1 epp (500µL) 
 

Drink:      Time:  ________________    Comments: ______________________ 
 

30 min:     Time:  ________________   Comments: _________________________ 
 

60 min    Time:  ________________     Comments: _________________________ 
 

1 or 2  7, 8 or 9  

3 or 4  10 or more  

5 or 6  0  

SECTION D: Clinical measurements (OGTT, Anthropometry, DXA and BP) 
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90 min:     Time:  ________________   Comments: ________________________ 
 

120 min:     Time:  _______________  Comments: _________________________ 
 
 

DXA:    Full Body      Half Body 
 
Comments: ___________________________________________________________________ 
 

Anthropometry (1)            (2) (3) 

 Height (cm) 

 Weight (kg) 

 Waist (cm) 

 Hip (cm) 

 

 

BLOOD PRESSURE  (1)          (2)    (3) 

 SYSTOLIC BP 

 DIASTOLIC BP 

 PULSE 

 TIME OF BP 

 
 
 
 
 

   

   

   

h 
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HIV RAPID TEST 

 
Name   
 
ID number:  __________________________________________________ 
 
Date of Birth _______________________     Age:   __________   
 
Physical  Address: _____________________________________________ 
 
 ____________________________________________________________ 
 
You can only take the HIV test if you have signed the HIV consent 
form. 

 
Have you signed the HIV consent? 

 

YES NO 

 
HIV test results ( click appropriate box) 

 
 
 
 
 

 
 

TO BE KEPT SEPARATE FROM QUESTIONNAIRE DATA 
 
 
 

Negative  

Positive  

 

 
SUBJECT 

CODE: 
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PHYSICAL ACTIVITY SHEET 
 
 
1. Accelerometer 
 

1.1 Serial number of the monitor:_____________________ 
 
1.2 Date collected:__________________________ 
 
1.3 Date returned:__________________________ 

 
 

RECORDING 
DAY 

 

Intensity 

 Total moderate intensity Total vigorous intensity Moderate-to-vigorous intensity 

DAY 1    

DAY 2    

DAY 3    

DAY 4    

DAY 5    

DAY 6    

DAY 7    

 
 
2. ActivPAL 
 

1.1 Serial number of the monitor:_____________________ 
 
1.2 Date collected:__________________________ 
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1.3 Date returned:__________________________ 
 
 

RECORDING DAY Sedentary time 

DAY 1  

DAY 2  

DAY 3  

DAY 4  

DAY 5  

DAY 6  

DAY 7  
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PARTICIPANT:                       DATE:  
 

 
 
 
RESEARCH ASSISTANT:      DATE:  
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APPENDIX K: SLEEP DIARY 

 

Adults Study_Sleep Diary 

SUBJECT CODE:  
    

Name: 
      

 *Please write in this diary on all the days that you wear the accelerometer* 

Date Wake-up 

time 

Bed time Did you 

nap? 

Nap start 

time 

Nap end 

time 

Did you 

work? 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

      Yes / No     Yes / No 

Example 6am 10:30pm Yes 3pm 4:30pm Yes 
       

Notes: 
      

Wake-up 

time: 

The time on the clock when you open your eyes in the morning, and are ready to get out 

of bed 

Bed time: The time on the clock at night when you close your eyes to start trying to sleep 
 

Napping: Any time during the day when you lie down, close your eyes, and try to sleep 
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