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ABSTRACT 

Gout is associated with various co-morbidities including insulin resistance and type 2 

diabetes. Gout and type 2 diabetes are strongly linked to the individual components of 

metabolic syndrome. There may be shared pathogenic pathways between gout and type 2 

diabetes in which insulin resistance, obesity, hypertension and hyperuricaemia play a central 

role. 

Genetic and environmental factors play a crucial role in the development of these diseases. 

Genetic factors that are associated with type 2 diabetes and metabolic syndrome may be 

shared with gout. It was hypothesised in this study that genetic variants that influence type 2 

diabetes and metabolic syndrome also influence gout. The aim of the study was to find a 

genetic link between the two diseases by finding novel associations with gout and testing 

whether or not the effect is independent of diabetes and metabolic syndrome. 

The case-control study approach was used in this study. In this study 19 variants from 11 

genes were examined in a multi-ethnic sample of 1003 gout cases and 1244 controls from the 

NZ gout population. Two reference datasets were added to provide a comparative group: 

Framingham Heart Study (FHS) and Atherosclerosis Risk in Communities Study (ARIC). A 

combined meta-analysis was performed to increase the overall power of the association. 

Haplotype analysis was also performed and gene-gene interactions were also investigated. 

The results chapter is divided into three sections. The first section focuses on variants 

associated with type 2 diabetes. The KCNJ11 gene variant rs2285676 G allele was associated 

with a reduced risk of gout in the New Zealand European Caucasian (P=0.04, OR=0.73[0.54-

0.99]) and Western Polynesian (P=0.03, OR=0.65[0.44-0.96]) sample sets. The miRNA16A 

gene variant rs2910164 C allele was found to be associated with reduced risk of gout in the 

New Zealand European Caucasian (P=0.02, OR=0.60[0.39-0.92]) and Eastern Polynesian 

(P=0.02, OR=0.38[0.16-0.89]) sample sets. All variants either showed weak or non-

significant associations with gout. In order to establish a positive link between gout and type 2 

diabetes, replication is needed in larger cohorts. 

The second section is focused on variants associated with obesity. The MC3R gene variant, 

rs3827103 A allele was significantly associated with a reduced risk of gout in the New 

Zealand European Caucasian (P=0.0004, OR= 0.30 [0.18-0.50]) and in the mixed Eastern and 

Western Polynesian (P=0.04, OR=0.01[0.001-0.89]) sample sets. The MC4R gene variant 

rs17782313 C allele in the Western Polynesian sample set was found to be associated with a 



  

iii 

 

reduced risk of gout (P=0.01, OR=0.53[0.32-0.89]). When combined in meta-analysis, the 

Polynesian sample set was also found to be associated with a reduced risk of gout (P=0.03, 

OR= 0.73[0.55-0.98]). Another MC4R gene variant, rs17700633 (A allele), showed a 

significant association (P=0.04, OR=0.60[0.37-0.98]) with a reduced risk of gout in the 

Western Polynesian sample set. The haplotype analysis of MC4R gene variants rs17782313 

and rs921971 showed that minor alleles were associated with an increased risk of gout and the 

major alleles were associated with a decreased risk of gout. The FTO gene variant rs9922047 

C allele was associated (P=0.002, OR=2.23[145-3.43]) with an increased risk of gout in the 

Western Polynesian sample. When combined in meta-analysis, the Polynesian sample set also 

showed an increased risk for gout (P=0.003, OR=1.33[1.10-1.59]). One particular haplotype, 

GAG, of the FTO gene variants rs9922047, rs17817288 and rs9923233 was consistently 

protective against gout, independent of BMI. The results of this study indicate that obesity-

associated variants also influence gout in a manner that is independent of obesity. These genes 

are expressed in the hypothalamus of the brain and are thought to possibly influence gout by 

modulating eating behaviour. A high intake of a diet rich in purine and fructose increases 

serum urate levels, which can ultimately lead to gout. 

The third section is about PDZK1 gene variants that influence serum urate levels and 

metabolic syndrome. The T allele of rs1284300 was found to be associated with a reduced 

risk of gout (P=0.04, OR=0.44[0.20-0.99]) in the New Zealand European Caucasian sample 

set. Combined meta-analysis of the Caucasian sample set was found to be associated with a 

reduced risk of gout (P=0.009, OR=0.71[0.56-0.92]). The rs11576685 variant showed a 

reduced risk for gout in the combined meta-analysis of the Polynesian sample set (P=0.007, 

OR=0.26[0.10-0.68]). The results of the association analysis suggest that PDZK1 gene 

variants influence gout. PDZK1 was also tested for gene-gene interactions with urate 

transporters such as URAT1, ABCG2, OAT4 and NPT1, but this study did not find any 

significant interactions. 

This is the first study that has directly investigated the association of type 2 diabetes, obesity 

and metabolic syndrome variants with gout. This study has found some novel associations 

with gout, particularly with regard to the MC3R, MC4R and FTO genes, which suggests that 

metabolic syndrome variants also influence gout independent of type 2 diabetes, obesity and 

metabolic syndrome. However, to confirm these findings, these variants need to be genotyped 

in large association studies, as this will be important in exploring the role of common risk 

variants between gout and type 2 diabetes.  



  

iv 

 

ACKNOWLEDGEMENTS 

First and foremost I would like to thank Almighty Allah for His immense blessings and for 

making my dream come true. 

I would like to express my sincerest gratitude to my supervisor, Dr Tony Merriman for his 

persistent patience, kind guidance and support throughout my study. I truly appreciate his 

valuable comments and ideas whilst allowing me the room to work in my own way. I attribute 

the level of my PhD degree to his encouragement and effort and without him this thesis would 

not have been completed. 

 I would like to thank my committee members Dr Michael Black and Dr Greg Jones and also 

Prof. Kurt Krause for their valuable suggestions and support. 

It would not have been possible to write this doctoral thesis without the help and support of 

the kind people around me. I am very grateful to the members of the Merriman Laboratory, 

Marilyn Merriman, Amanda Phipps Green, Ruth Topless, Murray Cadzow, Cushla McKinney 

and Jade Hollis-Moffat. I thank you all from the bottom of my heart for your patience and 

support. In my daily work I have been blessed with a friendly and cheerful group of fellow 

students, Tash, Mansour, Aimee, Kim, Hoang, Ani, Michael, Fatin, Lela, Mohan and Angela. 

Thank you all for the good time and a very special thanks to Tanya Flynn for her immense 

support and help throughout. 

I would like to acknowledge the financial, academic and technical support from the 

University of Otago, for the Postgraduate Research Scholarship, and the Biochemistry 

department. I would also like to express my acknowledgement to all of the funds 

(Departmental funds, Division of Health Sciences) for their financial support allowing my 

participation at international conference. I would also like to acknowledge the use of a 

professional proof reading service called Proof-reading service.com during the revision of my 

thesis.  

My very special thanks to the people to whom I owe everything I am today, my parents (Dr 

Altaf Hussain and Dr Nafees Altaf), who have given me their unequivocal support and 

affection. A big thank you to my brother (Hassan Altaf), sister (Ammara Shahzad) and in-

laws for their encouragement, understanding and support. Above all, I would like to thank my 

best friend and husband Zeeshan Shaukat for his personal support and great patience at all 

times, for which my mere expression of thanks likewise does not suffice. Last, but by no 

means least, I thank my close friends Ambarish Biswas, Ammara Tasneem and Tehzeeb 

Fatima, for always being there when I needed you the most.  



  

v 

 

TABLE OF CONTENTS 

ABSTRACT --------------------------------------------------------------------------------------------------------------------------- II 

ACKNOWLEDGEMENTS --------------------------------------------------------------------------------------------------------- IV 

TABLE OF CONTENTS -------------------------------------------------------------------------------------------------------------- V 

LIST OF FIGURES ------------------------------------------------------------------------------------------------------------------ XII 

LIST OF TABLES ------------------------------------------------------------------------------------------------------------------- XVI 

ABBREVIATIONS ----------------------------------------------------------------------------------------------------------------- XIX 

CHAPTER 1: INTRODUCTION-------------------------------------------------------------------------------------------------- 1 

GENETICS OF COMPLEX DISEASES ---------------------------------------------------------------------------------------------------- 2 

Approaches to gene mapping -------------------------------------------------------------------------------------------------------- 2 

GOUT ---------------------------------------------------------------------------------------------------------------------------------- 4 

1.1- Brief history of gout --------------------------------------------------------------------------------------------------------------- 5 

1.2- Epidemiology of gout ------------------------------------------------------------------------------------------------------------- 6 

1.3- Synthesis of uric acid in the body ---------------------------------------------------------------------------------------------- 8 

1.4- Loss of uricase---------------------------------------------------------------------------------------------------------------------- 10 

1.5- Urate transport in the kidney -------------------------------------------------------------------------------------------------- 11 

1.6- Stages of gout ---------------------------------------------------------------------------------------------------------------------- 14 

1.7- Uric acid crystals and inflammation ----------------------------------------------------------------------------------------- 17 

1.8- Risk factors for gout -------------------------------------------------------------------------------------------------------------- 19 

1.9- Role of genetics in the development of hyperuricaemia and gout --------------------------------------------------- 23 

1.10- Treatment of gout --------------------------------------------------------------------------------------------------------------- 28 

1.11- Complications of gout ---------------------------------------------------------------------------------------------------------- 32 

TYPE 2 DIABETES -------------------------------------------------------------------------------------------------------------------- 33 

1.12- Control of blood glucose ------------------------------------------------------------------------------------------------------- 33 

1.13- Epidemiology of type 2 diabetes worldwide ----------------------------------------------------------------------------- 34 

1.14- Pathophysiology of type 2 diabetes ---------------------------------------------------------------------------------------- 36 

1.15- Risk factors for type 2 diabetes ---------------------------------------------------------------------------------------------- 39 

1.16- Genetics of type 2 diabetes --------------------------------------------------------------------------------------------------- 43 



  

vi 

 

LINK BETWEEN GOUT AND TYPE 2 DIABETES: --------------------------------------------------------------------------------------- 51 

METABOLIC SYNDROME ------------------------------------------------------------------------------------------------------------- 51 

1.17- Prevalence of metabolic syndrome ---------------------------------------------------------------------------------------- 52 

1.18- Gout, type 2 diabetes and metabolic syndrome ------------------------------------------------------------------------ 52 

1.19- Inverse relationship between gout and type 2 diabetes -------------------------------------------------------------- 59 

AIMS OF THE STUDY ------------------------------------------------------------------------------------------------------------------ 60 

CHAPTER 2: MATERIALS & METHODS --------------------------------------------------------------------------------------- 61 

STUDY POPULATION ----------------------------------------------------------------------------------------------------------------- 62 

2.1- Ethical approval ------------------------------------------------------------------------------------------------------------------- 62 

2.2- Study Population ------------------------------------------------------------------------------------------------------------------ 63 

SAMPLE PREPARATION --------------------------------------------------------------------------------------------------------------- 69 

2.3- Genomic DNA extraction from whole blood ------------------------------------------------------------------------------- 69 

2.4- Quality control -------------------------------------------------------------------------------------------------------------------- 70 

SNP SELECTION AND DESIGN -------------------------------------------------------------------------------------------------------- 70 

2.5- SNP selection ---------------------------------------------------------------------------------------------------------------------- 70 

2.6- Haploview for creating LD plots ---------------------------------------------------------------------------------------------- 72 

2.7- Design of primers for restriction fragment length polymorphism (RFLP) ------------------------------------------ 73 

GENERAL EXPERIMENTAL METHODS ------------------------------------------------------------------------------------------------ 77 

2.8- Preparation of the DNA plates ------------------------------------------------------------------------------------------------ 77 

2.9- Gradient PCR ----------------------------------------------------------------------------------------------------------------------- 77 

2.10- Restriction fragment length polymorphism (RFLP) -------------------------------------------------------------------- 79 

2.11- TaqMan SNP genotyping assay --------------------------------------------------------------------------------------------- 82 

VERIFICATION AND CONSTRUCTING DATA FOR ANALYSIS -------------------------------------------------------------------------- 86 

2.12- Data entry into the Haploped File ------------------------------------------------------------------------------------------ 86 

2.13- Uploading of genotypes on BC/SNPmax ---------------------------------------------------------------------------------- 86 

2.14- BC|SNPmax ----------------------------------------------------------------------------------------------------------------------- 87 

2.15- PLINK software ------------------------------------------------------------------------------------------------------------------ 87 

2.16- Uploading of genotypes ------------------------------------------------------------------------------------------------------- 87 

2.17- Affection datasets used in this study -------------------------------------------------------------------------------------- 88 



  

vii 

 

STATISTICAL ANALYSIS -------------------------------------------------------------------------------------------------------------- 89 

2.18- Association analysis of NZ gout data using PLINK version 1 --------------------------------------------------------- 89 

2.19- Extracting the SNP of interest from FHS and ARIC datasets --------------------------------------------------------- 91 

2.20- Imputation of unknown gene variants ------------------------------------------------------------------------------------- 92 

2.21- Hardy-Weinberg equilibrium ------------------------------------------------------------------------------------------------- 92 

2.22- Interpretation of P-value ------------------------------------------------------------------------------------------------------ 93 

2.23- Interpretation of Odds Ratios ------------------------------------------------------------------------------------------------ 94 

2.24- Interpretation of 95% Confidence Interval -------------------------------------------------------------------------------- 94 

2.25- Adjusting for confounding factors ------------------------------------------------------------------------------------------ 94 

2.26- Adjusting for confounding factors using SNPmax ---------------------------------------------------------------------- 95 

2.27- Haplotype association analysis using BC/SNPmax --------------------------------------------------------------------- 97 

2.28- Meta-analysis -------------------------------------------------------------------------------------------------------------------- 98 

2.29- Logistic regression for gene-gene interaction ------------------------------------------------------------------------- 100 

2.30- Buffer preparation ------------------------------------------------------------------------------------------------------------ 105 

CHAPTER 3: RESULTS & DISCUSSION: SECTION 1 --------------------------------------------------------------------- 107 

SECTION 1: TESTING TYPE 2 DIABETES RISK VARIANTS FOR A ROLE IN GOUT IN THE NZ CASE-CONTROL SAMPLE SETS. ----- 108 

PPARG ----------------------------------------------------------------------------------------------------------------------------- 108 

3.1.1-Testing the PPARG gene variant rs1801282 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 108 

TCF7L2 ----------------------------------------------------------------------------------------------------------------------------- 114 

3.1.2- Testing the TCF7L2 gene variant rs7901695 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 114 

THADA ----------------------------------------------------------------------------------------------------------------------------- 120 

3.1.3- Testing the THADA gene variant rs7578597 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 120 

KCNJ11 ---------------------------------------------------------------------------------------------------------------------------- 126 

3.1.4- Testing the KCNJ11 gene variant rs2285676 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 126 

PPARGC1A ------------------------------------------------------------------------------------------------------------------------ 132 

3.1.5- Testing the PPARGC1A gene variant rs8192678 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 132 

MIRNA16A ------------------------------------------------------------------------------------------------------------------------ 139 



  

viii 

 

3.1.6- Testing the miRNA16A gene variant rs2910164 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------ 139 

DISCUSSION: SECTION 1 ----------------------------------------------------------------------------------------------------------- 145 

3.1.7- PPARG: rs1801282 ----------------------------------------------------------------------------------------------------------- 145 

3.1.8- TCF7L2: rs7901695 ---------------------------------------------------------------------------------------------------------- 146 

3.1.9- THADA: rs7578597----------------------------------------------------------------------------------------------------------- 147 

3.1.10- KCNJ11:rs2285676 --------------------------------------------------------------------------------------------------------- 147 

3.1.11- PPARGC1A: rs8192678 ---------------------------------------------------------------------------------------------------- 148 

3.1.12- miRNA16A: rs2910164 ---------------------------------------------------------------------------------------------------- 150 

3.1.13- Summary---------------------------------------------------------------------------------------------------------------------- 151 

CHAPTER 3: RESULTS & DISCUSSION: SECTION 2 --------------------------------------------------------------------- 153 

SECTION 2: TESTING OBESITY RISK VARIANTS FOR A ROLE IN GOUT IN THE NZ CASE-CONTROL SAMPLE SETS. -------------- 154 

ADRB3 ----------------------------------------------------------------------------------------------------------------------------- 154 

3.2.1- Testing the ADRB3 gene variant rs4994 for association with gout in the NZ, FHS and ARIC case-control 
sample sets ----------------------------------------------------------------------------------------------------------------------------- 154 

MC3R ------------------------------------------------------------------------------------------------------------------------------ 161 

3.2.2-Testing the MC3R gene variant rs3827103 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------ 161 

MC4R ------------------------------------------------------------------------------------------------------------------------------ 167 

3.2.3- Testing the MC4R gene variant rs17782313 for possible association with gout in the NZ, FHS and ARIC 
case-control sample sets ----------------------------------------------------------------------------------------------------------- 167 

3.2.4- Testing the MC4R gene variant rs17700633 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------ 173 

3.2.5- Testing the MC4R gene variant rs921971 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------ 178 

3.2.6- Haplotype analysis of the MC4R gene variants rs17782313 and rs921971 ---------------------------------- 184 

FTO --------------------------------------------------------------------------------------------------------------------------------- 189 

3.2.7- Testing the FTO gene variant rs9923233 for association with gout in the NZ, FHS and ARIC case-control 
sample sets ----------------------------------------------------------------------------------------------------------------------------- 190 

3.2.8- Testing the FTO gene variant rs9922047 for association with gout in the NZ, FHS and ARIC case-control 
sample sets ----------------------------------------------------------------------------------------------------------------------------- 195 

3.2.9- Testing the FTO gene variant rs1861869 for association with gout in the NZ, FHS and ARIC case-control 
sample sets ----------------------------------------------------------------------------------------------------------------------------- 200 



  

ix 

 

3.10- Testing the FTO gene variant rs17817288 for possible association with gout in the NZ, FHS and ARIC 
case-control sample sets ------------------------------------------------------------------------------------------------------------ 205 

3.2.11- Haplotype Analysis --------------------------------------------------------------------------------------------------------- 210 

DISCUSSION: SECTION 2 ----------------------------------------------------------------------------------------------------------- 215 

ADRB3 ----------------------------------------------------------------------------------------------------------------------------- 215 

3.2.12- ADRB3:rs4994 --------------------------------------------------------------------------------------------------------------- 215 

MC3R/MC4R AND FTO---------------------------------------------------------------------------------------------------------- 217 

MC3R ------------------------------------------------------------------------------------------------------------------------------ 217 

3.2.13- MC3R: rs3827103 ----------------------------------------------------------------------------------------------------------- 217 

MC4R ------------------------------------------------------------------------------------------------------------------------------ 219 

3.2.14- MC4R: rs17782313 --------------------------------------------------------------------------------------------------------- 220 

3.2.15- MC4R: rs17700633 --------------------------------------------------------------------------------------------------------- 222 

3.2.16- MC4R: rs921971 ------------------------------------------------------------------------------------------------------------- 223 

3.2.17- Haplotype Analysis of MC4R --------------------------------------------------------------------------------------------- 224 

FTO --------------------------------------------------------------------------------------------------------------------------------- 225 

3.2.18- FTO: rs9922047 -------------------------------------------------------------------------------------------------------------- 225 

3.2.19- FTO: rs17817288 ------------------------------------------------------------------------------------------------------------ 225 

3.2.20- Haplotype analysis of FTO ------------------------------------------------------------------------------------------------ 226 

3.2.21- Summary- A role of regulation of diet in gout----------------------------------------------------------------------- 226 

RELEVANT WORK ADDED IN REVIEW ---------------------------------------------------------------------------------------------- 228 

CHAPTER 3: RESULTS & DISCUSSION: SECTION 3 ---------------------------------------------------------------------234 

SUBSECTION 1: TESTING PDZK1 GENETIC VARIANTS FOR A ROLE IN GOUT IN THE NZ CASE-CONTROL SAMPLE SETS. ------ 235 

PDZK1 ------------------------------------------------------------------------------------------------------------------------------ 235 

3.3.1- Testing the PDZK1 gene variant rs1967017 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 236 

3.3.2- Testing the PDZK1 gene variant rs1284300 for association with gout in the NZ, FHS and ARIC case-
control sample sets. ------------------------------------------------------------------------------------------------------------------ 240 

3.3.3- Testing the PDZK1 gene variant rs11576685 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 244 

3.3.4- Testing the PDZK1 gene variant rs12129861 for association with gout in the NZ, FHS and ARIC case-
control sample sets ------------------------------------------------------------------------------------------------------------------- 248 

SUBSECTION 2: PDZK1 VARIANTS AND COMPONENTS OF METABOLIC SYNDROME ------------------------------------------- 253 



  

x 

 

SUBSECTION 3: GENE-GENE INTERACTION --------------------------------------------------------------------------------------- 259 

PDZK1 AND URATE TRANSPORTERS --------------------------------------------------------------------------------------------- 259 

3.3.5- Gene-Gene interaction (OAT4 and PDZK1) ---------------------------------------------------------------------------- 260 

3.3.6- Gene-Gene interaction (URAT1 and PDZK1) -------------------------------------------------------------------------- 262 

3.3.7- Gene-Gene interaction (NPT1 and PDZK1) ---------------------------------------------------------------------------- 264 

3.3.8- Gene-Gene interaction (ABCG2 and PDZK1) -------------------------------------------------------------------------- 266 

DISCUSSION: SECTION 3 ----------------------------------------------------------------------------------------------------------- 268 

PDZK1 ----------------------------------------------------------------------------------------------------------------------------- 268 

3.3.9- PDZK1: rs1967017 ----------------------------------------------------------------------------------------------------------- 268 

3.3.10- PDZK1: rs1284300 ---------------------------------------------------------------------------------------------------------- 270 

3.3.11- PDZK1: rs11576685 -------------------------------------------------------------------------------------------------------- 271 

3.3.12- PDZK1: rs12129861 -------------------------------------------------------------------------------------------------------- 272 

GENE-GENE INTERACTION --------------------------------------------------------------------------------------------------------- 273 

3.3.13- OAT4 and PDZK1------------------------------------------------------------------------------------------------------------ 273 

3.3.14- URAT1 and PDZK1 ---------------------------------------------------------------------------------------------------------- 273 

3.3.15- NPT1 and PDZK1 ------------------------------------------------------------------------------------------------------------ 274 

3.3.16- ABCG2 and PDZK1 ---------------------------------------------------------------------------------------------------------- 274 

3.3.17- Summary---------------------------------------------------------------------------------------------------------------------- 275 

LIMITATIONS IN THE STUDY -------------------------------------------------------------------------------------------------------- 276 

1- Sample size: ------------------------------------------------------------------------------------------------------------------------- 276 

2- Power Calculations: -------------------------------------------------------------------------------------------------------------- 278 

3- Multiple testing: ------------------------------------------------------------------------------------------------------------------- 280 

4- Population Stratification: ------------------------------------------------------------------------------------------------------- 281 

5- Meta-analysis: --------------------------------------------------------------------------------------------------------------------- 282 

6- Environmental Factors: ---------------------------------------------------------------------------------------------------------- 282 

7- Epigenetic Factors ---------------------------------------------------------------------------------------------------------------- 283 

CONCLUSION -------------------------------------------------------------------------------------------------------------------- 284 

FUTURE DIRECTIONS ---------------------------------------------------------------------------------------------------------- 285 

General ---------------------------------------------------------------------------------------------------------------------------------- 285 



  

xi 

 

Specific ----------------------------------------------------------------------------------------------------------------------------------- 286 

REFERENCES --------------------------------------------------------------------------------------------------------------------- 287 

   



  

xii 

 

LIST OF FIGURES 

Figures Page # 

Figure 1.1: James Gillray, 1799 painting of gout depicting a foot being attacked- -  - --  - - - 4 

Figure 1.2: Synthesis of uric acid in the body by ribose-5-phosphate, nucleic acids and 

fructose 

9 

Figure 1.3: Transport mechanism for urate in the proximal tubule of the kidney- -  - - -- - - - 12 

Figure 1.4: Uric acid transport in the proximal renal tubule of the kidney by uric acid 

transporters 

13 

Figure 1.5: Four stages of gout- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - -  - - - 14 

Figure 1.6: Appearance of uric acid crystals under polarised light.- - - - - - - - - - - - - - - - - -  15 

Figure 1.7: Causes of hyperuricaemia- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -  15 

Figure 1.8: Acute gout of the big toe showing inflammation and redness of the affected joint  16 

Figure 1.9: Large tophaceous deposits surrounding the joints of hand - - - - - - - - - - - - - - --  17 

Figure 1.10: Uric acid crystals inflammation- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  18 

Figure 1.11: Diet that can increase or decrease the risk of gout - - - - - - - - - - - - - - - - - - - -  21 

Figure 1.12: Purine metabolism pathway showing the sites of drug action- - - - -  - - - - - - - -  30 

Figure 1.13: Beta-cell glucose-stimulated insulin release- - - - - - - - - - - - -- - - - - - - - - - - -  33 

Figure 1.14: Beta-cell dysfunction- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  37 

Figure 1.15: Beta-cell under normal and hyperglycaemic conditions- - - - - - - - - - - - - - - - -  38 

Figure 1.16: The role of leptin in improved glycaemic control- - - - - - - - - - -- - - - - - - - - - - 41 

Figure 1.17: Major genes involved in the pathogenesis of type 2 diabetes- - - - - - - - - - - - - -  44 

Figure 1.18: Activation of melanocortin receptors MC3R and MC4R- - - - - - - - - - - -  - - - -  46 

Figure 1.19: Functions of the PPARG after activation in the adipose tissue- - - - - - - - - - - -  49 

Figure 1.20: A link between gout, cardiovascular disease and the factors driving it - -  - - --  51 

Figure 1.21. Uric acid effects on adipocytes- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -  55 

Figure 1.22: Effects of high intake of fructose on various organs - - - - - - - - - - - -  - - - - - - -  58 

Figure 2.1: Framingham heart study time line over 3 generations- - - - - - - - - - - - - - - - - - -  67 

Figure 2.2: Linkage disequilibrium (LD) plot between the SNPs across the PDZK1 -  - - - - -  73 

Figure 2.3: Example of PCR optimisation for rs9923233- - - - - - - - - - - - - - - - - - - - - - - - -  78 

Figure 2.4: Gel picture of a PCR-RFLP assay rs9923233 FTO gene variant- - - - - - - - - - - -  81 

Fig 2.5: Allelic discrimination in TaqMan genotyping assay- - - - - - - - - - - - - - - - - -- - - - -  83 

Figure 2.6: Cluster plot generated from TaqMan® SNP genotyping assay for SNP 

rs3827103 

85 

Figure 2.7: An example of the haploped template file- - - - - - - - - - - - - - - - - - - - - - - - - - -  86 

Figure 2.8: Uploading of the template files to SNP/max- - - - - - - - - - - - - - - - - - - - - - - - - -  88 

Figure 2.9: Run variables for PLINK association analysis for MC4R SNPs- - -- - - - - - - - - -  90 



  

xiii 

 

Figure 2.10: Allelic association analysis for MC4R variants- - - - - - - - - - - -- - - - - - - - - - - 90 

Figure 2.11 Genotype association analysis for MC4R variants- - - - - - - - - - - - - - - - - - - - -  91 

Figure 2.12: List of confounding factors- - - - - - - - - - - - - - - - - - - -- - - -  - - - - - - - - - - - -  95 

Figure 2.13: Run variables for adjustment for MC4R SNPs- - - - - - - - - - - - - - - - - - -- - - - -  96 

Figure 2.14: Result of the MC4R variants after adjusting for confounding factor sex- -- -- - - 96 

Figure 2.15: Run variables for PLINK haplotype association analysis for MC4R SNPs 

rs17782313 and rs921971 

97 

Figure 2.16: Results of the haplotype analysis of the MC4R variants rs17782313 and 

rs921971 

98 

Figure 2.17: Interpretation of results from meta-analysis graph - - - - - - - - - - - - - - - - - - - -  99 

Figure 2.18 Example of a run of gene-gene interaction through STATA- - - - - - - - - - - - - - -  102 

Figure 2.19: Example of logistic regression between metabolic syndrome component 

(hypertension) and the PDZK1 variant rs1284300 

104 

Figure 3.1.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for PPARG 

gene variant rs1801282 

110 

Figure 3.1.B: Meta-analysis of the Polynesian case-control sample sets for PPARG gene 

variant rs1801282 

111 

Figure 3.2: Haploview-generated LD structure of the TCF7L2 SNPs in the Caucasian.-  - - 115 

Figure 3.3.A: Meta-analysis of the NZ, FHS and ARIC case control sample sets for TCF7L2 

gene variant rs7901695 

117 

Figure 3.3.B: Meta-analysis of the Polynesian case-control sample sets for TCF7L2 gene 

variant rs7901695 

118 

Figure 3.4.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for THADA 

gene variant rs7578597 

123 

Figure 3.4.B: Meta-analysis of the Polynesian case-control sample sets for THADA gene 

variant rs7578597 

124 

Figure 3.5.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for KCNJ11 

gene variant rs2285676 

129 

Figure 3.5.B: Meta-analysis of the Polynesian case-control sample sets for KCNJ11 gene 

variant rs2285676 

130 

Figure 3.6.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

PPARGC1A gene variant rs8192678 

135 

Figure 3.6.B: Meta-analysis of the Polynesian case-control sample sets for PPARGCA1 

gene variant rs8192678 

136 

Figure 3.7.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

miRNA16A gene variant rs2910164 

141 

Figure 3.7.B: Meta-analysis of the Polynesian case-control sample sets for miRNA16A gene 

variant rs2910164 

142 

Figure 3.8.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for ADRB3 

gene variant rs4994 

157 

Figure 3.8.B: Meta-analysis of the Polynesian case-control sample sets for ADRB3 gene 

variant rs4994 

158 

Figure 3.9.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for MC3R 

gene variant rs3827103 

163 



  

xiv 

 

Figure 3.9.B: Meta-analysis of the Polynesian case-control sample sets for MC3R gene 

variant rs3827103 

164 

Figure 3.10: Haploview-generated LD structure of the MC4R SNPs in the Caucasian and 

Chinese 

167 

Figure 3.11.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for MC4R 

gene variant rs17782313 

170 

Figure 3.11.B: Meta-analysis of the Polynesian case-control sample sets for MC4R gene 

variant rs17782313 

171 

Figure 3.12.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for MC4R 

gene variant rs17700633 

175 

Figure 3.12.B: Meta-analysis of the Polynesian case-control sample sets for MC4R gene 

variant rs17700633 

176 

Figure 3.13: Haploview-generated LD structure of the MC4R SNPs in the Caucasian and 

Chinese 

178 

Figure 3.14.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for MC4R 

gene variant rs921971 

181 

Figure 3.14.B: Meta-analysis of the Polynesian case-control sample sets for MC4R gene 

variant rs921971 

182 

Figure 3.15: LD plot of the MC4R two SNPs generated from our data using Plink in all the 

four datasets 

185 

Figure 3.16: LD plot of the FTO SNPs in Caucasian and Chinese- - - - - - - - - - - - - - - - - -  189 

Figure 3.17: Haploview-generated LD structure of the FTO SNPs in the Caucasian- - -- - -  190 

Figure 3.18.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for FTO 

gene variant rs9923233 

192 

Figure 3.18.B: Meta-analysis of the Polynesian case-control sample sets for FTO gene 

variant rs9923233 

193 

Figure 3.19.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for FTO 

gene variant rs9922047 

197 

Figure 3.19.B: Meta-analysis of the Polynesian case-control sample sets for FTO gene 

variant rs9922047 

198 

Fig 3.20: LD plot of the FTO SNPs in Caucasian and Chinese. - - - - - - - - - -- - - - - - - - - -  200 

Figure 3.21.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for FTO 

gene variant rs1861869 

202 

Figure 3.21.B: Meta-analysis of the Polynesian case-control sample sets for FTO gene 

variant rs1861869 

203 

Figure 3.22.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for FTO 

gene variant rs17817288 

207 

Figure 3.22.B: Meta-analysis of the Polynesian case-control sample sets for FTO gene 

variant rs17817288 

208 

Figure 3.23: LD plot of the FTO three SNPs generated from our data using Plink in all the 

four datasets. 

210 

Figure 3.24: Linkage disequilibrium plot of the selected PDZK1 gene variants- - - - - - - - - -  235 

Figure 3.25.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

PDZK1 gene variant rs1967017 

238 

Figure 3.25.B: Meta-analysis of the Polynesian case-control sample sets for PDZK1 gene 

variant rs1967017 

239 



  

xv 

 

Figure 3.25.C: Meta-analysis of the combined Caucasian and Polynesian case-control 

sample sets for PDZK1 gene variant rs1967017 

240 

Figure 3.26.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

PDZK1 gene variant rs1284300 

243 

Figure 3.26.B: Meta-analysis of the Polynesian case-control sample sets for PDZK1 gene 

variant rs1284300 

244 

Figure 3.27.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

PDZK1 gene variant rs11576685 

246 

Figure 3.27.B: Meta-analysis of the Polynesian case-control sample sets for PDZK1 gene 

variant rs11576685 

247 

Figure 3.28.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for 

PDZK1 gene variant rs12129861 

250 

Figure 3.28.B: Meta-analysis of the Polynesian case-control sample sets for PDZK1 gene 

variant rs112129861 

251 

Figure 3.28.C: Meta-analysis of the combined Caucasian and Polynesian case-control 

sample sets for PDZK1 gene variant rs12129861  

252 

Figure 4: Graph showing the relationship between the number of cases and controls 

required for 80% power. 

277 

  



  

xvi 

 

LIST OF TABLES 

Tables Page # 

Table 1.1: Urate transporter genes involved in the different phenotypes - - - - - - - - - - - - - - 24 

Table 2.1: Clinical measurements and health problems included in the questionnaire.- - -- - 63 

Table 2.2: Number of controls and cases in combined and subset datasets for different 

ethnic sample sets used in this study 
64 

Table 2.3: List of markers genotyped for Eastern Polynesian (EP) cohort grouping using 

STRUCTURE. 
65 

Table 2.4: Demographic and clinical characteristic information collected from gout cases -    66 

Table 2.5: List of the variants analysed in this study - - - - - - - - - - - - - - - - - - - - - - - - - - -  71 

Table 2.6: List of primers used in this study - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 76 

Table 2.7: Magnesium titration cocktail reaction in four different concentrations- - - - - - - -  77 

Table 2.8: Temperature and cycling requirements for gradient PCR- - - - - - - - - - - - - - - - -  78 

Table 2.9: PCR master mix reaction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 79 

Table 2.10: Temperature and cycling requirements for gradient PCR- - - - - - - - - - - - - - - - 79 

Table 2.11: Restriction enzymes used in this study with their reaction properties and 

storage conditions 
80 

Table 2.12: Reaction digest master mix per reaction - - - - - - - - - - - - - - - - - - - - - - - - - - - 81 

Table 2.13: List of SNPs for which TaqMan assay was used-- - - - - - - - - - - - - - - - - - - - -- 83 

Table 2.14: TaqMan SNP genotyping reaction mix- - - - - - - - - - - - - - - - - - - -- - - - - - - - - 84 

Table 2.15: Detail of cycle steps for the ABI 7900HT for TaqMan assay - - - - - - - - - - - - - - 84 

Table 2.16: Template file for multiple SNPs- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - 87 

Table 2.17: Template file for a single SNP- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- 87 

Table 2.18: Affection datasets used in this study- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  88 

Table 2.19: Example of the meta-analysis input file- - - - - - - - - - - - - - - - - - - - - - - - - - - - 99 

Table 2.20: Example of the input file for the gene-gene interaction- - - - - - - -  - - - - - - - - -- 101 

Table 2.21: Example of the input file for association with components of metabolic 

syndrome-  
103 

Table 3.1.A: Association analysis of PPARG variant rs1801282- - - - - - - - - - -- - - - - - - -- 109 

Table 3.1.B: PPARG variant rs1801282 association with BMI and T2D in NZ case-control 

sample sets 
112 

Table 3.2.A: Association analysis TCF7L2 variant rs7901695- - - - - - - - -- - - - - -- - - - - - - 116 

Table 3.2.B: TCF7L2 variant rs7901695 association with T2D in NZ case-control sample 

sets 
119 

Table 3.3.A: Association analysis of THADA variant rs7578597- - - - - -- - - - - - - - - - - - - - 121 

Table 3.3.B: THADA variant rs7578597 association with T2D in NZ case-control sample 

sets 
125 

Table 3.4.A: Association analysis of KCNJ11 variant rs2285676- - - - - - - - - - - - - - - - - - 127 



  

xvii 

 

Table 3.4.B: KCNJ11 variant rs2285676 association with T2D in NZ case-control sample 

sets 
131 

Table 3.5.A: Association analysis of PPARRGC1A variant rs8192678- - - - - - - - - - - - - - - 

-  
133 

Table 3.5.B: PPARRGC1A variant rs8192678 association with BMI and T2D in NZ case-

control sample sets 
137 

Table 3.6.A: Association analysis of miRNA16A variant rs2910164- - - - - - - - - - - - - - - - - 140 

Table 3.6.B: miRNA16A variant rs2910164 association with BMI and T2D in NZ case-

control sample sets 
143 

Table 3.7.A: Results of the association analysis of ADRB3 variant rs4994- - - - - - - - - - - - -  156 

Table 3.7.B: ADRB3 variant rs4994 association with BMI and T2D in NZ case-control 

sample sets 
159 

Table 3.8.A: Results of the association analysis of MC3R variant rs3827103- - - - - - - - - - - 162 

Table 3.8.B: MC3R variant rs3827103 association with BMI and T2D in NZ case-control 

sample sets 
165 

Table 3.9.A: Results of the association analysis of MC4R variant rs17782313- - - - - - - - - - 168 

Table 3.9.B: MC4R variant rs17782313 association with BMI and T2D in NZ case-control 

sample sets 
172 

Table 3.10.A: Results of the association analysis of MC4R variant rs17700633- - - - - - - - - 174 

Table 3.10.B: MC4R variant rs17700633 association with BMI and T2D in NZ case-control 

sample sets 
177 

Table 3.11.A: Results of the association analysis of MC4R variant rs921971- - - - - - - - - -- 179 

Table 3.11.B: MC4R variant rs921971 association with BMI and T2D in NZ case-control 

sample sets 
183 

Table 3.12.A: Haplotype analysis for the two MC4R SNPs, rs17782313 and rs921971- - -- - 186 

Table 3.12.B: Haplotype analysis of rs17782313 and rs921971 with BMI and T2D- - - - - - - 188 

Table 3.13.A: Results of the association analysis of FTO variant rs9923233- - - - - - - - - - -  191 

Table 3.13.B: FTO variant rs9923233 association with BMI and T2D in NZ case-control 

sample sets 
194 

Table 3.14.A: Results of the association analysis of FTO variant rs9922047- - - - - - - -- - - - 196 

Table 3.14.B: FTO variant rs9922047 association with BMI and T2D in NZ case-control 

sample sets 
199 

Table 3.15.A: Results of the association analysis of FTO variant rs1861869- - - - - - - - - - -  201 

Table 3.15.B: FTO variant rs1861869 association with BMI and T2D in NZ case-control 

sample sets  
204 

Table 3.16.A: Results of the association analysis of FTO variant rs17817288- - - - -- - - - - -  206 

Table 3.16.B: FTO variant rs17817288 association with BMI and T2D in NZ case-control 

sample sets  
209 

Table 3.17.A: Haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 

and rs9923233 
211 

Table 3.17.B: Combined haplotype analysis for the three FTO SNPs in LD, rs9922047, 

rs17817288 and rs9923233 in Caucasians and Polynesians sample sets 
212 

Table 3.17.C: Haplotype analysis of FTO SNPs rs9923233, rs17817288 and rs9922047 

with BMI and T2D 
213 



  

xviii 

 

Table 3.18: Summary of studies showing association between MC3R variant rs3827103, 

obesity and type 2 diabetes  
218 

Table 3.19: Summary of studies showing association between MC4R variant rs17782313, 

obesity and type 2 diabetes 
220 

Table 3.20: Summary of studies showing association between MC4R variant rs17700633, 

obesity and type 2 diabetes 
222 

Table 3.21: Summary of studies showing association between MC4R variant rs12970134, 

obesity and type 2 diabetes 
223 

Table S1: Results of the association analysis of FTO variant rs9923233 using TaqMan 

assay  
229 

Table S2: Results of the association analysis of FTO variant rs9922047 using TaqMan 

assay 
230 

Table S3: Results of the association analysis of FTO variant rs17817288 using TaqMan 

assay 
231 

Table S4: Haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 and 

rs9923233 using TaqMan assay. 
232 

Table S5: Comparison of the results of the allele distribution determined by the RFLP and 

TaqMan assay for the three FTO SNPs 
233 

Table 3.22: Result of the association analysis of PDZK1 variant rs1967017- - - - - - - - - - - 237 

Table 3.23: Result of the association analysis of PDZK1 variant rs1284300- - - - - - - - - - - 241 

Table 3.24: Result of the association analysis of PDZK1 variant rs11576685- - -- - - - - - - -  245 

Table 3.25: Result of the association analysis of PDZK1 variant rs12129861- - - - - - - - - - -  249 

Table 3.26: Testing the PDZK1 variant rs1967017 for possible association with 

components of metabolic syndrome in NZ case control sample sets 
254 

Table 3.27: Testing the PDZK1 variant rs1284300 for possible association with 

components of metabolic syndrome in NZ case-control sample sets 
255 

Table 3.28: Testing the PDZK1 variant rs11576685 for possible association with 

components of metabolic syndrome in NZ case-control sample sets 
256 

Table 3.29: Testing the PDZK1 variant rs12129861 for possible association with 

components of metabolic syndrome in NZ case-control sample sets 
257 

Table 3.30: OAT4 rs17300741 and PDZK1 rs1284300 genotype combination in the NZ 

case-control sample sets 
260 

Table 3.31: URAT1 rs3825018 and PDZK1 rs1284300 genotype combination in the NZ 

case-control sample sets  
262 

Table 3.32: NPT1 rs1183201 and PDZK1 rs1284300 genotype combination in NZ case-

control sample sets 
264 

Table 3.33: ABCG2 rs2231142 and PDZK1 rs1284300 genotype combination in NZ case-

control sample sets 
266 

Table 3.34: Power calculations of all the variants in the NZ case control sample sets--- - - -  279 

  



  

xix 

 

ABBREVIATIONS 

ABCG2 ATPbinding cassette, subfamily G, member 2 

ACR American college of rheumatology 

ADRB3 Adrenergic receptor Beta-3 

AGRP Agouti-related protein 

AIS Animal models of acute ischemic stroke 

Ala Alanine 

AMP Adenosine monophosphate 

ANZHT Aotearoa New Zealand health tracker 

Apo Apolipoprotein 

Arg Arginine 

ARIC Atherosclerosis risk in communities study 

ASC Apoptosis-associated speck-like protein 

ATP Adenosine triphosphate 

B-D Breslow-day 

Beta Coeff Beta coefficient 

BMI Body mass index 

BSA Bovine serum albumin 

Ca Calcium 

CARD Caspase recruitment domain 

CCF Crystal induced chemotactic factor 

CEU Caucasian (European) from UTAH, USA 

CFTR Cystic fibrosis transmembrane regulator 

CHB Han Chinese from Beijing (China) 

CHCl3 Chloroform 

Chr Chromosome 

CI Confidence interval 

CNVs Copy number variations 

COPCORD Community oriented program for the control of rheumatic diseases 

COX Cyclooxygenase enzyme 

CRP C reactive protein 

CVD Cardiovascular disease 

DAG Diacylglycerol 

ddH2O Double distilled water 

DNA Deoxyribonucleic acid 

dNTP Deoxynucleotide triphosphate 

EDTA  Ethylenediaminetetra-acetic acid 

EGIR European group for study on insulin resistance 

EP Eastern Polynesian or east Polynesian 

ER Endoplasmic reticulum 

FAM 6-carboxy-fluorescein 

FFA Free fatty acids 

FHS Framingham heart study 

Ft Fused-toe 

FTO Fat mass and obesity-associated gene 

FWER Family wise error rate 

GLP-1 Glucagon like peptide 1 



  

xx 

 

GLUT9 Glucose transporter 9 

Gly Glycine 

GMP Guanosine monophosphate 

GuHCl Guanadinium hydrochloride 

GWAS Genome wide association study 

HapMap Haplotype map 

HbA1c Glycated haemoglobin 

HDL High density lipoproteins 

HWE Hardy-Weinberg equilibrium 

Hyper Hypertension 

IDF International diabetes federation 

IKKβ Inhibitor of nuclear factor kappa-B kinase subunit beta 

IL Interleukin 

IL-1B Interleukin 1 beta 

IMP Inosine monophosphate 

IR Insulin resistance 

IR(S) Insulin receptor 

IRAK-1 Interleukin receptor-associated kinase-1 

IRS Insulin receptor signalling 

JNK c-Jun N-terminal kinases 

JPT Japanese from Tokyo, Japan 

Kb Kilo basis 

Kcl Potassium chloride 

KCNJ11 Potassium inwardly-rectifying channel, subfamily J, member 11 

LD Linkage disequilibrium 

LDL Low density lipoproteins 

LEPR Leptin receptor 

LR Likelihood ratio 

LRR Leucine-rich repeat  

LRRC16A Leucine rich repeat containing 16A 

MAF Minor allele frequency 

MAPK Mitogen activated protein kinase 

MCP-1 Monocyte chemotactic protein-1 

MCR Melanocortin receptor 

MDS Multidimensional scaling 

MGB Minor groove binder 

MgCl2 Magnesium chloride 

Min Minutes 

MIP-2 Mediators like inflammatory protein 2 

miRNA16A Micro ribonucleic acid 16 A 

miRNAs MicroRNAs 

mL Millilitre 

mM Millimolar 

mmol/L Millimoles per litre 

mRNA Messenger ribonucleic acid 

MRP1 Multidrug resistance protein-1 

MS Metabolic syndrome 

MSH Melanocyte stimulating hormone 



  

xxi 

 

MyD88 Myeloid differentiation primary response protein 88 

Na Sodium 

NaCl Sodium chloride 

NALP3 NACHT, LRR and PYD domains-containing protein 3 

NATCH NTPase domain 

NCBI National centre for biotechnology information 

NCEP-ATP III National cholesterol education program adult treatment panel III 

NF-kB Nuclear factor kappa beta cells 

ng Nanogram 

NH4Ac Ammonium acetate 
NHANES The national health and nutrition examination survey  

NHLBI National heart, lung, and blood institute 

NIH National institute of health 

NO Nitric oxide 

NPT1 Sodium phosphate cotransporter-1 

NPY Neuropeptide Y 

NSAIDS Non-steroidal anti-inflammatory drugs  

NZ New Zealand 

OAT Organic anion transporter  

OAT1 Organic anion transporter 1 

OAT3 Organic anion transporter 3 

OAT4 Organic anion transporter 4 

OR Odds ratio 

PAI-1 Plasminogen-activator inhibitor type 1 

PCA Principal component analysis 

PCR Polymerase chain reaction 

PDGF Platelet-derived growth factor 

PDZK1 PDZ domain-containing protein 1 

POMC Pro-opiomelanocortin 

PPARGC1A Peroxisome proliferator-activated receptor gamma coactivator-1 alpha 

PPARG Peroxisome proliferator-activated receptor-gamma 

PGC-1α Proliferator gamma coactivator-1alpha 

Pro Proline 

PRPP Phospho-ribosyl pyrophosphate 

PYD Pyrin domain 

RBCs Red blood cells 

RFLP Restriction fragment length polymorphism 

RNA Ribonucleic acid 

ROS Reactive oxygen species 

RR Relative risk 

Ser Serine 

Ser/Thr Serine/Threonine  

SLC2A9 Solute carrier family 2  (organic anion transporter), member 9 

SLC5A8 Solute carrier family 5 (organic anion transporter), member 8 

SLC5A12 Solute carrier family 5 (organic anion transporter), member 12 

SLC17A1 Solute carrier family 17 (organic anion transporter),  member 1 

SLC17A3 Solute carrier family 17 (organic anion transporter),  member 3 

SLC22A12 Solute carrier family 22 (organic anion transporter), member 12 

SNP Single nucleotide polymorphism 



  

xxii 

 

SUA Serum uric acid 

SUR1 Sulfonylurea receptor 1 

T2D Type 2 diabetes 

TBE Tris-borate-EDTA 

TCF7L2 Transcription factor 7-like 2 gene 

TE Tris-EDTA 

THADA Thyroid adenoma associated 

TLR Toll like receptors 

TLR4 Toll like receptor 4 

TNF Tumour necrosis factor alpha 

TRAF-6 TNF receptor associated factor 

Trigs Triglycerides 

Trp Tryptophan 

UA Uric acid 

UK United Kingdom 

 

URAT1 Urate transporter 1 

US United States 

UV Ultra violet 

Val Valine 

VLDL Very low density lipoproteins 

VSMC Vascular smooth muscle cell 

WBCs White blood cells 

WHO World health organisation 

WP Western Polynesian OR West Polynesian 

XDH Xanthine dehydrogenase 

XO Xanthine oxidase 

XOR Xanthine oxidoreductase 

YRI Yoruba from Ibadan, Nigeria 

β-cells Beta-cells 

L Microlitre 

mol Micromole 

 



1 

 

. 

 

 

 

 

 

 

 

CHAPTER 1 

INTRODUCTION 

 

  



  

2 

 

Genetics of Complex Diseases 

Complex diseases are defined as diseases that are influenced by a number of genetic and 

environmental factors (Schork, 1997). Many complex diseases such as diabetes, obesity, gout 

and cardiovascular disease have multiple genetic variants that contribute to the increased risk 

of the disease. It is important to understand the biological basis of the susceptibility of these 

diseases so that proper and effective treatments and interventions can be developed. However, 

the identification of these common gene variants has proven to be quite difficult. These 

common genetic variants only explain 10% of the variance and there is still a large component 

of heritability missing (Eichler et al., 2010). Possible explanations for this missing heritability 

are rare structural variation, epistatic interactions, genes with small effects, epigenetic factors, 

and gene–gene and gene–environment interactions.  

Approaches to gene mapping 

Gene mapping is a method by which one compares the inheritance pattern of the trait with the 

inheritance pattern of the chromosomal regions. It allows identification of the gene location 

without knowing what gene is responsible. Two approaches are used for gene discovery: 

linkage or association studies. 

In linkage studies, the trait loci that co-segregate with known genetic markers within families 

are identified. Thus, family data are a necessity (Borecki & Province, 2008). Genetic 

association studies can provide insights into the biology of complex diseases (Do et al., 2012). 

These studies are performed to determine whether or not a genetic variant is associated with 

the disease (Lewis & Knight, 2012). There are two methods that are commonly used for 

genetic association studies: family-based studies and population-based studies, which are also 

known as case-control studies (Beyene & Pare, 2013). 

Family based-studies measure the association of the transmission patterns of genetic markers 

from parents to offspring (Borecki & Province, 2008). If an allele increases the risk of having 

a disease, then that allele is expected to be transmitted to the offspring more often in 

populations with the disease. In population-based association studies, the fundamental unit of 

analysis is the single-nucleotide polymorphism (SNP). A SNP is defined as a single base pair 

change that is variable at a frequency of at least 1% across the general population. The 

frequencies of the SNP alleles are compared between unrelated controls and cases. The 
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controls are known to be unaffected and have been randomly selected from the population, 

whereas the cases are individuals who have been diagnosed with the disease. An increased 

frequency of the SNP allele in cases may increase the risk of disease. A genetic variant is 

associated with a phenotype if it has a functional effect on the trait or it is in linkage 

disequilibrium (LD) with a functional variant. LD is the non-random association of alleles at 

two or more loci in a population resulting from their close proximity on a chromosome. Many 

SNPs in the human genome are in LD with each other. Testing one variant gives information 

about others, meaning that it is not necessary to test all polymorphisms.  

In this case-control study, the candidate gene approach was used. Candidate gene studies 

focus on sets of genes for which there is prior evidence of association with the phenotype of 

interest (Lunetta, 2008). Candidate gene studies validate findings from GWAS, and also 

explore the biological and clinical interactions between genes and risk factors for complex 

diseases, such as age, gender, and other clinical and demographic characteristics. Two 

complex diseases were the focus of research: gout and type 2 diabetes. The overall goal of this 

research was to study and identify genes that could provide a possible link between gout and 

type 2 diabetes. 
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Gout 

Gout is a metabolic disease characterised by increased serum urate levels (hyperuricaemia) 

(Choi et al., 2005). Needle-shaped uric acid crystals deposit around the joints and soft tissue 

causing intense inflammation (Choi et al., 2005). The affected joint is usually hot, red, 

swollen and very painful (Rakieh & Conaghan, 2011). If not treated properly, the uric acid 

crystals can deposit under the skin, and into the bone, cartilage and tendons. Uric acid crystals 

can form large lumps known as tophi, causing significant structural damage and resulting in 

the deformation of joints and permanent joint disability (Doherty, 2009). 

(Sydenham, 1683). 

Figure 1.1: James Gillray, 1799 painting of gout depicting a foot being attacked. The image conveys a 

feeling of intense pain brought on by gout (from The Gout by James Gillray. Published May 14th 

1799., public domain) 

Thomas Sydenham (1683), the famous English physician who himself was disabled by gout 

and renal disease, described gout as a condition in which:  

“The patient goes to bed and sleeps quietly until about two in the morning when he is 

awakened by a pain which usually seizes the great toe, but sometimes the heel, the calf of the 

leg or the ankle. The pain resembles that of a dislocated bone … and this is immediately 

succeeded by a chillness, shivering and a slight fever … the pain, which is mild in the 

beginning, grows gradually more violent every hour so exquisitely painful as not to endure 

the weight of the clothes nor the shaking of the room from a person walking briskly therein.”  

Gout can be classified as primary or secondary (Wright & Pinto, 2003). Primary gout does not 

have any identifiable-acquired cause; it results from abnormal uric acid metabolism, which 
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can be due to either reduced excretion or increased production of uric acid, or by the 

combination of both (Wright & Pinto, 2003). Secondary gout is caused by the side effects of 

certain medications such as diuretics, aspirin and cyclosporine, which are used for other 

medical purposes (Choi et al., 2005).  

1.1- Brief history of gout 

Gout is the most frequently recorded medical illness in history. Gout took its name from the 

Latin word gutta which means “drop or flow” (Nuki & Simkin, 2006). In the past, it was 

known as a king’s disease as it affected socially powerful people like King George III, Gilbert 

Sheldon and Benjamin Franklin. They had easy access to rich diets including alcohol, high 

sugar and protein contents (Kamienski, 2003). Egyptians were the first who identified gout as 

“podagra” (foot pain) in 2640 BC (Schwartz, 2006). Hippocrates later identified it in the 5
th

 

century BC as an unwalkable disease and also reported the link between disease and lifestyle. 

In 1679, the Dutch scientist Antonie van Leeuwenhoek described the appearance of 

microscopic urate crystals from the tophus "It consisted of nothing but long, transparent little 

particles, many pointed at both ends and about 4 'axes' of the globules in length" (quoted in 

Janssens et al., 2008). Carl Wilhelm Scheele, a Swedish-German chemist, discovered lithic 

acid from the tophus which is now known as uric acid (Scheele, 1787). Garrod, through his 

famous 'thread test' for serum urate, found the link between crystal deposition and joint 

inflammation (Garrod, 1848). In 1897, the German scientist Emil Fischer proved that uric 

acid was derived from purine in food and drinks. His Nobel Prize in 1902 was partly awarded 

for this research.  

In 1977, the American Rheumatism Association established criteria for the classification of 

preliminary acute gout. Wallace and colleagues (1977), from the American College of 

Rheumatology (ACR), analysed data from more than 700 patients with gout, pseudogout, 

rheumatoid arthritis or septic arthritis. He formulated criteria to classify preliminary acute 

gout that requires (Wallace et al., 1977): 

A) “The presence of characteristic urate crystals in the joint fluid. 

Or 

B) A tophus proved to contain urate crystals by chemical or under microscopic polarised 

light. 

Or 



  

6 

 

C) The presence of six or more of the following clinical or laboratory phenomena. 

1). Maximum inflammation developed within one day. 

2). More than one attack of acute arthritis.  

3). Attack of monoarthritis.  

4). Redness observed over joint(s). 

5). First metatarsophalangeal joint painful or swollen.  

6). Unilateral first metatarsophalangeal joint attack. 

7). Unilateral attack involving tarsal joint.  

8). Suspected tophus.  

9). Hyperuricaemia. 

10). Asymmetric swelling within a joint.  

11). Subcortical cysts without erosions. 

12). Negative culture of joint fluid for microorganisms during joint inflammation.” 

1.2- Epidemiology of gout 

The prevalence of gout is increasing worldwide (Kleinman et al., 2007). Factors such as 

changing lifestyle, diet, obesity and drugs that increase serum urate levels are contributing to 

increase in gout in those with genetic predisposition. (Roddy & Doherty, 2010). For gout, 

there is no standard case definition (e.g. self-reported vs. physician-diagnosed) because 

studies are done in different populations using different methods of calculating prevalence 

and incidence. This makes it difficult to compare epidemiological studies of gout (Gabriel & 

Michaud, 2009). For example, self-reports of gout likely overestimate the true prevalence of 

the disease (Luk & Simkin, 2005). 

The overall number of gout sufferers among US adults was estimated to be 8.3 million in 

2007 and 2008 (Zhu et al., 2011). A regional community-based study of the Italian population 

showed a gout prevalence of 0.46% (Salaffi et al., 2005). 3.8% of the Australian aboriginal 

population aged 15 years or more were diagnosed with gout (Minaur et al., 2004). In the adult 

population of the UK, the prevalence of gout was estimated to be 1.4%, with more than 7% of 
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men older than 75 years being affected (Mikuls et al., 2005). Community Oriented Program 

for the control of Rheumatic Diseases (COPCORD) studies reported the gout prevalence to be 

0.14% in an urban population in Vietnam (Hoa et al., 2003), 0.16% in rural Thailand 

(Chaiamnuay et al., 1998) and 0.19% in Jammu, India (Mahajan et al., 2003). In north 

Pakistan, a gout prevalence of 0.23% was reported in the urban population (Farooqi & 

Gibson, 1998). A high gout prevalence was reported in Taiwanese aborigines (11.7%) (Chou 

& Lai, 1998) with 15.2% in men and 4.8% in women (Chang et al., 1997).  

1.2.1- Gout in Aotearoa (New Zealand): 

Gout was found to be rare amongst the indigenous population of New Zealand before the 

arrival of Europeans. In 1769, Captain Cook observed “[The Māori] are stout, well limbed, 

and fleshy; but not fat, they are also exceedingly vigorous and active” (quoted in Rose, 1975). 

In New Zealand, gout is on the rise (Klemp et al., 1997); the increased prevalence of gout and 

hyperuricaemia among New Zealanders is generally because of the trends in lifestyle choices 

including dietary habits and the increased use of diuretics (Klemp et al., 1997).  

1.2.2- Gout in Māori and Pacific: 

In New Zealand, both hyperuricaemia and gout are common in certain ethnic groups; 

hyperuricaemia and gout are both more common in Māori men as compared to Europeans. 

Worldwide, Māori people have the highest level of gout; one in eight Māori men were 

recorded to be affected  in 1992 (Klemp et al., 1997). The prevalence of gout was found to be 

13.9% in Māori men as compared to 5.8% of European men (Klemp et al., 1997). Similarly, 

hyperuricaemia is more common in Māori men (27.1%) than in European men (9.4%), and in 

Māori women (26.6%) than in European women (10.5%) (Smith et al., 2010). 

Similarly, Pacific people were also recognised as a large family suffering from gout (Prior, 

1981); 15% of Pacific men and 3% of Pacific women are believed to be affected by gout 

(Winnard et al., 2012). In 1967, a study of 1000 Tokelauans (migrants and non-migrants) 

showed that Tokelauans who migrated to New Zealand have a higher prevalence of gout than 

that in non-migrant Tokelauan men, with levels of 21.0 and 19.5/1000 (Prior et al., 1987). 

Pacific people have high rates of tophaceous gout and joint damage (Dalbeth et al., 2007).  

The ancient Māori kai (diet) consisted of kaimoana (seafood), kunikuni (a breed of pig), 

native birds, kumara (sweet potato), kowhitiwhiti (watercress), puha (sow thistle), ti kouka 
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(cabbage tree), aruhe (fern root), taro, and uwhi (yam) (Hargreaves, 1963). The Pacific diet 

comprised domesticated plants and animals, fruits (coconuts), seafood, root vegetables such 

as taro, yams and sweet potato, coconut, fish and bread, supplemented by rice, flour, and 

sugar (Prior et al., 1987). After European settlement, some indigenous people adopted a 

sedentary lifestyle and became reliant on poor nutrition such as fast foods and alcohol and 

also took up cigarette smoking (Gracey, 2007). Increased fructose consumption (fruit juices, 

fructose rich fruits and sugary soft drinks) may be the reason why gout is so frequent now 

(Choi & Curhan, 2008). 

The study by Prior and colleagues (1987) found that migrants are at a higher risk of getting 

gout due to the adoption of the western lifestyle and diet (Gibson et al., 1984). For example, 

on Pukapuka in the Cook Islands, alcohol is rarely consumed, but gout rates were second only 

to those of New Zealand Māori males (Prior et al., 1987). Māori and Pacific people excrete 

less uric acid (Gibson et al., 1984). Genetic studies have found that variation in the urate 

transporter genes in Polynesian people results in under-excretion of uric acid (Hollis-Moffatt 

et al., 2009; Phipps-Green et al., 2010). For example, a genetic study found the minor allele 

(A) of genetic variant rs5028843 within SLC2A9 is protective against gout and 

hyperuricaemia and that the frequency of this minor allele (A) was very low or absent in the 

modern New Zealand Māori and Pacific gout populations (Hollis-Moffatt et al., 2009). 

1.3- Synthesis of uric acid in the body 

Uric acid is synthesised by the catabolism of ribose-5-phosphate, fructose and nucleic acid. 

1.3.1- Ribose-5-phosphate: Ribose-5-phosphate is converted into Phospho-ribosyl 

pyrophosphate (PRPP), which is then transformed into Inosine monophosphate (IMP) (Op't 

Eijnde et al., 2001). In purine biosynthesis, IMP is the common intermediate, and can be 

converted to either Guanosine monophosphate (GMP) or Adenosine monophosphate (AMP) 

as needed (Zarzeczny et al., 2001). Nucleotides (AMP, GMP) are important for 

Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA) synthesis.  
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Figure 1.2: Synthesis of uric acid in the body by ribose-5-phosphate, nucleic acids and fructose. 

Figure self-generated 

1.3.2- Nucleic Acids: Guanosine monophosphate (GMP) is converted to guanosine. 

Degradation of guanosine is a two-step reaction. Firstly, the enzyme guanosine phosphorylase 

phosphorylates the nucleoside to free guanine. The next reaction is deamination by the 

enzyme guanine deaminase, which converts guanine to xanthine. The enzyme nucleotidase 

converts Adenosine monophosphate (AMP) to adenosine. The degradation of adenosine is 

also a two-step reaction. First, the enzyme adenosine deaminase acts on adenosine to yield 

IMP, which is then converted to inosine. The phosphorylation of the nucleoside degrades 

inosine to yield hypoxanthine (Hasko et al., 2002). Hypoxanthine then gets converted into 

xanthine and finally to uric acid, which is excreted in urine (Torres & Puig, 2007). 
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1.3.3- Fructose: Fructose is phosphorylated to fructose-1-phosphate in the liver by 

fructokinase (Johnson et al., 2010). The phosphorylation of fructose leads to decreased levels 

of intracellular phosphate and Adenosine triphosphate (ATP) levels, which results in the 

inhibition of protein synthesis. Adenosine monophosphate (AMP) is generated, which is 

converted to Inosine monophosphate (IMP) and eventually to uric acid (Johnson et al., 2010). 

Elevated AMP and IMP levels activate catabolic pathways, which lead to increased uric acid 

production (Steinmann, 2001). 

1.4- Loss of uricase 

Most mammals have an enzyme called uricase that causes the oxidative degradation of the 

uric acid into allantoin. Allantoin is highly soluble and is freely eliminated in the urine 

without being deposited in the body (Hayashi et al., 2000). 

Higher primates, including humans, do not have the uricase enzyme (Richette & Bardin, 

2010). During evolution, uricase was lost due to mutations in its gene that made it non-

functional. Wu and colleagues (1992) identified three mutations in the uricase gene of 

humans, chimpanzees and gorillas: two nonsense mutations, one in codon 33 and the other in 

codon 187, and the third mutation was found in the splice acceptor signal of exon 3 (Wu et al., 

1992). Uricase absence and the reabsorption of uric acid resulted in higher levels of uric acid 

in humans (Wu et al., 1989). 

1.4.1- Advantages of the loss of uricase: 

The loss of uricase has some beneficial effects that have given humans advantages over other 

species. Uric acid has antioxidant properties, it helps to maintain blood pressure and has a role 

in neuroprotection (Alvarez-Lario & Macarron-Vicente, 2010). 

1.4.1.1- Antioxidant property: Throughout the body, in biological fluids, uric acid is present 

as a natural antioxidant (Waring, 2002). Uric acid levels rises during oxidative stress to 

protect against free radical activity (Nieto et al., 2000). Ames and colleagues (1981) proposed 

that increased antioxidant capacity as a result of the loss of uricase has decreased age-specific 

cancer rates (Ames et al., 1981). Uric acid is also a powerful radical scavenger and chelator of 

metal ions, such as iron and copper, by converting them to poorly reactive forms (Glantzounis 

et al., 2005). 
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1.4.1.2- Maintaining blood pressure: Increased serum urate levels enable humans to 

maintain blood pressure during periods of low salt ingestion (Watanabe et al., 2002) and to 

maintain a vertical position (Alvarez-Lario & Macarron-Vicente, 2010). 

1.4.1.3- Neuroprotection: Uric acid protects against various diseases such as multiple 

sclerosis and neurodegenerative diseases such as Alzheimer's disease and Parkinson’s disease 

(Kutzing & Firestein, 2008). Animal models of acute ischemic stroke (AIS) have shown that 

uric acid may be neuroprotective (Yu et al., 1998). The potential neuroprotective role of uric 

acid has been found when given exogenously in patients following stroke treated with 

thrombolysis (Amaro et al., 2011). 

1.5- Urate transport in the kidney 

In the body, the kidneys play a very important role in maintaining serum urate levels (Anzai et 

al., 2007). Urate is filtered by the glomerulus; it undergoes reabsorption, secretion, and post-

secretory reabsorption in the kidneys (Cameron & Sakhaee, 2007). 

The following transporters are expressed on the apical membrane of the kidney: solute carrier 

family 22 member 12 (SLC22A12), also known as urate transporter 1 (URAT1), sodium-anion 

transporters, solute carrier family 5 member 8 (SLC5A8) and solute carrier family 5 member 

12 (SLC5A12). They provide the main source of anions needed for URAT1 function. Organic 

anion transporter 4 (OAT4), an organic anion-dicarboxylate exchanger and solute carrier 

family 2 member 9 (SLC2A9v2) (short isoform) are involved in urate reabsorption. ATP-

binding cassette sub-family G member 2 (ABCG2), sodium phosphate transporter 1 (NPT1) 

and multi drug resistance protein 1 (MRP4) are responsible for urate secretion into the lumen.  



  

12 

 

 

 

Figure 1.3: The transport mechanism for urate is localised in the proximal tubule of the kidney. In 

humans, 90% of urate is almost completely reabsorbed, and only about 5-10% is excreted. Adapted 

from http://www.jonbarron.org/article/physiology-urinary-system and http://www.beltina.org/health-

dictionary/nephron-function-kidney-definition.html 

 

http://www.jonbarron.org/article/physiology-urinary-system
http://www.beltina.org/health-dictionary/nephron-function-kidney-definition.html
http://www.beltina.org/health-dictionary/nephron-function-kidney-definition.html
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Figure 1.4: Uric acid transport in the proximal renal tubule of the kidney by uric acid transporters. 

Figure self-generated. 
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The ABCG2 gene has recently been found to have reverse transport (urate excretion) in the 

kidney (Ichida et al., 2012). Most urate transporters in the apical membrane are assembled and 

regulated by PDZ domain-containing 1 (PDZK1). Organic anion transporter 1 (OAT1) and 

organic anion transporter 3 (OAT3) are present on the basolateral side, and have the ability to 

transport urate, but the direction of the urate transport is not clear. Solute carrier family 2 

member 9 (SLC2A9v1) (long isoform), also known as glucose transporter 9 (GLUT 9), is 

involved in the exit of urate from the cell (Dalbeth & Merriman, 2009). 

1.6- Stages of gout 

Gout can be classified into four stages: asymptomatic hyperuricaemia, acute gout, inter-

critical gout and chronic tophaceous gout (van Doornum & Ryan, 2000). 

 

Figure 1.5: The four stages of gout. Figure self-generated 

Asymptomatic 
Hyperuricaemia 
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1.6.1- Asymptomatic Hyperuricaemia:  

Asymptomatic hyperuricaemia is characterised by the 

elevated serum urate levels without any outward 

symptoms. Hyperuricaemia is defined as a serum urate 

level greater than 0.42 mmol/l (Chen et al., 2007). 

Hyperuricaemia is a risk factor for gout; however, not all 

patients with hyperuricaemia develop gout (Kim et al., 

2003). Above this concentration, uric acid is 

supersaturated and forms needle-shaped crystals that 

deposit around the tissue. It is not clear if urate crystals 

are present in all patients with hyperuricaemia. In the 

blood, the solubility of uric acid is affected by other 

factors such as pH, temperature, ionic strength and binding of urate to plasma 

macromolecules (Choi & Curhan, 2008). In males, serum urate levels rise at puberty, whereas 

it remains the same until menopause in females (Snaith, 2004). The causes of hyperuricaemia 

are genetic as well as environmental (further described in later section: 1.8). Hyperuricaemia 

can result from either increased urate production, decreased renal excretion, or both (Campo 

et al., 2003).  

 

 

 

 

 

 

 

Figure 1.7: Causes of hyperuricaemia. Figure self-generated 

Figure 1.6: Appearance of uric 

acid crystals under polarised light. 

Figure reproduced with permission 

from (Samaras & Rossi, 2012), 

Copyright Massachusetts Medical 

Society. 
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The causes of overproduction can be either exogenous, such as a high intake of a purine-rich 

diet including red meat and seafood (Choi et al., 2005), fructose-containing food and drinks 

(Choi & Curhan, 2008) and alcohol use, or endogenous, including an increase in purine 

nucleotide breakdown, as in the cases of leukaemia and cytotoxic therapy (Singh et al., 2010). 

The most common cause of hyperuricaemia is the decreased renal excretion of uric acid. 

Genetic variants in urate transporters can result in decreased glomerular filtration or enhanced 

tubular reabsorption leading to hyperuricaemia. Certain drugs, e.g. cyclosporine or diuretics, 

increase the level of uric acid in the body (Luk & Simkin, 2005) whereas other drugs, e.g. 

salicylates or uricosuric, decrease the uric acid levels in the body (Spieker et al., 2002).  

1.6.1.1- Hyperuricaemia and complications: Hyperuricaemia is predictive for the 

development of gout, obesity, renal dysfunction, hypertension, hyperlipidaemia (Choi & Ford, 

2007; Boffetta et al., 2009) and endothelial dysfunction (Zoccali et al., 2006). Hyperuricaemia 

was found to be independently associated with cardiovascular mortality in a study of 5926 

patients (Fang & Alderman, 2000). High levels of serum urate are common in patients with 

metabolic syndrome (MS) and vice versa (Fraile et al., 2010). Serum urate level was found to 

increase with every component of the syndrome after adjusting for factors such as age, 

gender, creatinine clearance, alcohol and diuretic use (Ford et al., 2007).  

1.6.2- Acute gout:  

In acute gout attacks, urate crystals form in the joint, 

causing inflammation and severe pain, limited mobility, 

redness and warmth at the affected joints (van Doornum 

& Ryan, 2000). The attack often occurs at night and starts 

at the first metatarsophalangeal joint. Other common sites 

of gouty flares include: tarsal and subtarsal joints, ankles, 

knees, wrists and small joints of the hands (Rakieh & 

Conaghan, 2011). An acute gout attack can be triggered 

by stress, trauma, excess alcohol consumption, infection, 

surgery, dehydration, use of diuretics and diet (Choi et 

al., 2004).  

 

Figure 1.8: Acute gout of the big toe 

showing inflammation and redness 

of the affected joint (Clivir, 2009). 

Removed for copyright reasons 

Figure 1.8: Removed for 

copyright reasons 
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1.6.3- Intercritical gout:  

This stage is the interval between attacks (van Doornum & Ryan, 2000). The uric acid crystals 

are present at a very low level posing a constant threat for re-attack. The joint function is 

normal but over time the flares can become more frequent and can involve more joints 

(Falasca, 2006). 

1.6.4- Chronic tophaceous gout: 

 In chronic tophaceous gout mono sodium urate crystals can 

form solid deposits in the joints known as tophi. In some 

cases, tophi break through the skin and appear as white or 

yellowish-white, chalky nodules. Tophi may appear at any site 

but common sites for the appearance of tophi are digits of 

hands and feet, around the knee and tendons or around the 

helix of the ear (Grassi & De Angelis, 2012). Tophi develop 

over a period of time and vary from person to person. If left 

untreated tophi can cause bone erosion, mechanical 

obstruction of joint movement, musculoskeletal disability 

(Dalbeth & Gow, 2007), severe extensive infection, skin 

necrosis and sepsis (Lee et al., 2011).  

1.7- Uric acid crystals and inflammation 

Uric acid crystals activate innate immunity to induce the acute inflammatory response in gout 

(Akahoshi et al., 2007). The innate immunity initiates inflammation and recruits the cells of 

acquired immune system to the site of inflammation (Olive, 2012).  

1.7.1-Phase 1: Initiation phase: 

In the synovial membrane, the monocytes interact with urate crystals and produce interleukin-

1 beta (IL-1B) as an inactive promolecule cytokine (Landis et al., 2002). Urate crystals are 

ingested by the monocytes and activate the NACHT, LRR and PYD domain-containing 

protein 3 (NALP3) inflammasome, which triggers the inflammatory process (Hornung et al., 

2008). In acute gouty inflammation, the NALP3 inflammasome plays a central role (Martinon 

Figure 1.9: Large tophaceous 

deposits surrounding the index 

finger. Figure reproduced with 

permission from (Samaras & Rossi, 

2012), Copyright Massachusetts 

Medical Society 
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et al., 2006). It is composed of the intracellular pattern recognition receptor the NTPase  

domain (NACHT), leucine-rich repeat (LRR) and pyrin-paad-dapin domain (PYD)-containing 

protein -3 (NALP3), the accessory adaptor protein ASC and procaspase-1. 

 

Figure 1.10: Uric acid crystals inflammation. Phase 1 is about NALP3 inflammasome and Phase 2 is 

about IL-1R complex. Removed for copyright reasons 

The apoptosis-associated speck-like protein (ASC) adaptor contains an N-terminal pyrin-

paad-dapin domain (PYD) and caspase recruitment domain (CARD) that interacts with 

caspase-1 (Busso & So, 2010). Caspase-1 is a member of the family of inflammatory 

caspases. The cleavage of pro IL-1B into the active P17 form of IL-1B which is secreted out 

of the cell is catalysed by Caspase-1 (Martinon et al., 2006). IL-1B acts as a prototypic 

inflammatory cytokine (Dinarello, 2009). IL1B activates the production of cascade of pro-

inflammatory cytokines, IL-8, IL-6, IL-2 and tumour necrosis factor alpha (TNF). 

1.7.2- Phase 2: Amplification phase: 

The injured cells release uric acid crystals as a danger signal and are recognised by toll-like 

receptors 2 and 4 (TLR2, TLR4). These receptors are involved in triggering the innate 

immune response (Akira & Takeda, 2004). The toll-like receptors interact with the IL-1R 

signalling pathway to initiate inflammation.  

Figure 1.10: Removed for copyright reasons 
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IL-1B binds to the IL-1 receptor (IL-1R) complex. The IL-1R complex includes the adaptor 

myeloid differentiation primary response protein 88 (MyD88). MyD88 activates the 

transcription factor nuclear factor-kappa (NF-kB) and the expression of a variety of pro-

inflammatory mediators like inflammatory protein 2 (MIP-2) and interleukin 8 (IL-8) (Chen 

et al., 2006). The pro-inflammatory mediators attract immune cells such as neutrophils and 

macrophages towards the site of inflammation. The neutrophils accumulate in the joint fluid 

and synovial membrane, and the urate crystals are phagocytosed by neutrophils. Neutrophils 

release a variety of enzymes and mediators. The mediators include neutrophil cytosolic 

proteins like S100A8 and S100A9 and crystal-induced chemotactic factor (CCF) that amplify 

the inflammation reaction (Ryckman et al., 2003; Ryckman et al., 2004). Activation of 

neutrophil-derived enzymes is followed by inflammation of the synovial membrane. 

1.8- Risk factors for gout 

1.8.1- Sex:  

Young children of both sexes have equally low serum urate levels. Among adults, men have 

higher serum urate levels than premenopausal women (Luk & Simkin, 2005). Gout is very 

rare in young women, possibly due to the presence of oestrogen, which has a mild uricosuric 

effect. In women, due to the higher plasma oestrogen levels, there is higher renal clearance of 

urate. This hormone also reduces the renal urate reabsorption by reducing the expression of 

urate transporters that are involved in the reabsorption of uric acid (Terkeltaub, 2001). When 

oestrogen levels fall after the menopause, the level of uric acid rises and gout becomes more 

prevalent (Doherty, 2009). Gouty arthritis may develop in postmenopausal women that are on 

diuretics (Simkin et al., 1983). There is more equal sex distribution of gout among elderly 

patients (Mikuls et al., 2005). 

1.8.2- Age: 

For gout, ageing is an important risk factor in both men and women. This could possibly be 

due to an increase in serum urate levels mainly caused by reduced renal function; the 

increased use of diuretics and other co-morbidities are associated with gout (Doherty, 2009). 

The all-ages crude prevalence of diagnosed gout in the Aotearoa New Zealand Health Tracker 

(ANZHT) population was 2.69%. There is high prevalence of gout in older men and women 

of Māori and Pacific populations. It affects one-quarter of Pacific men and one-third of Māori 
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men aged 65 years and over. Similarly, in Māori and Pacific women, it affects between 12 and 

25% of those aged 65 years and over (Winnard et al., 2012). 

1.8.3- Ethnicity: 

Gout and hyperuricaemia are common in certain ethnic groups such as Māori and Pacific 

people of New Zealand (Winnard et al., 2012) and Taiwanese aborigines (Wang et al., 2004). 

In Taiwanese aborigines, the high prevalence of gout and hyperuricaemia was found to be 

associated with a genetic basis for familial gout (Garcia et al., 1997). In Māori and Pacific 

people of New Zealand, variation in renal urate transporter genes results in under-excretion of 

uric acid (Hollis-Moffatt et al., 2009; Phipps-Green et al., 2010). 

1.8.4- Diet rich in purines: 

Diets that are rich in purines are known to raise serum urate levels and increase the risk of 

gout (Choi et al., 2005; Hak & Choi, 2008; Choi et al., 2005). A US study found that purines 

from meat and seafood increased the risk of gout, while purines from vegetables were not 

linked to an increased risk of gout (Choi et al., 2004).  

1.8.5- Fructose consumption:  

High fructose intake has been linked to hyperuricaemia and gout (Choi & Curhan, 2008; 

Williams, 2008), insulin resistance (Wu et al., 2004), obesity (Gross et al., 2004), type 2 

diabetes (Schulze et al., 2004) and metabolic syndrome (Nakagawa et al., 2005). Choi and 

Curhan (2008) studied the relationship between fructose intake and the risk of gout in 46393 

men; they concluded that an increased intake of fructose, sugar sweetened drinks, fructose-

rich fruits (orange, apple) and fruit juices led to an increased risk of gout. The risk of getting 

gout increased by 74% in women who consumed one serving of sugar-sweetened soda in a 

day, as compared to women who consumed less than one serving in a month (Choi, 2010). 

Diet soft drinks were not found to be associated with an increased risk of gout. 
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Figure 1.11: Diets that can increase or decrease the risk of gout. Adapted from http://way-to-be-

healthy.blogspot.com.au/2013/07/joint-pain-types-and-prevention.html 

1.8.6- Alcohol intake:  

The relationship between alcohol consumption and gout has been known for a long time. In 

1876, Garrod stated that "The use of fermented liquors is the most powerful of all the 

predisposing causes of gout; nay, so powerful, that it may be a question whether gout would 

ever have been known to mankind had such beverages not been indulged in." (quoted in Fam, 

2002). Beer and liquor have been associated with increased risk of hyperuricaemia and gout 

http://way-to-be-healthy.blogspot.com.au/2013/07/joint-pain-types-and-prevention.html
http://way-to-be-healthy.blogspot.com.au/2013/07/joint-pain-types-and-prevention.html
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(Choi & Curhan, 2004). A study in gout patients has found that the consumption of alcoholic 

drinks is directly proportional to an acute gout attack (Zhang et al., 2006). Alcohol provides 

additional dietary purines such as guanosine, which promote uric acid overproduction (Choi et 

al., 2004). Alcohol consumption also results in the increased generation of lactate and 

indirectly triggers ketoacidosis (Fam, 2002; Choi et al., 2005). Keto acids not only compete 

with urate for secretion but also activate proximal tubular urate reabsorption by activating the 

organic anion exchange function of URAT1 while interfering with urinary urate secretion 

(Fam, 2002; Choi et al., 2005).  

1.8.7- Obesity: 

Obesity is defined by body mass index (BMI), which is weight in kilograms divided by height 

in metres squared. Obesity in adults is generally defined as a BMI of 30.0 or greater (Ogden et 

al., 2006). Obesity is associated with higher serum urate levels and gout (Choi et al., 2005; 

Williams, 2008). It decreases the renal excretion of urate (Emmerson, 1998). A possible 

explanation for the increase in uric acid is that obesity results in insulin resistance and 

hyperinsulinaemia, which leads to increased uric acid absorption in renal tubules (Quinones et 

al., 1995) (Please refer to the metabolic syndrome section for more detail). 

1.8.8- Organ transplant and medications: 

In renal or other organ transplant recipients, hyperuricaemia and gout are common 

complications (Sparta et al., 2006). In renal transplant, 10–25% patients are reported to have 

gout (Kang et al., 2002). The medications, e.g. diuretics and antimicrobials such as 

ketoconazole, ethambutol and pentamidine, that are given to transplant patients are associated 

with hyperuricaemia (Baroletti et al., 2004). Hyperuricaemia was found to be significantly 

more common in patients who were given cyclosporine (Neal et al., 2001). The increases in 

renal arterial vasoconstriction caused by cyclosporine reduce tubular uric acid secretion and 

inhibit the glomerular filtration rate, resulting in increased serum urate levels (Peeters & 

Sennesael, 1998). Immunosuppressive agents, e.g. cyclosporine and tacrolimus, tend to 

reduce the glomerular filtration rate, which results in under-excretion of uric acid (Pilmore et 

al., 2001). Hypouricaemic therapy should be considered early in those post-renal 

transplantation who develop gout (Stamp et al., 2006).  
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1.9- Role of genetics in the development of hyperuricaemia and gout 

Genetic studies have increased our knowledge of the pathophysiology of hyperuricaemia and 

gout (Choi, 2010). Multiple genes are involved and they play a role in the development of 

gout. Genetic variations in the urate transport genes influence serum urate levels in humans 

(Kolz et al., 2009).  

1.9.1- Urate transporter genetics:  

Genome-wide association studies have found associations between serum urate levels and 

urate transporters such as SLC2A9 (Doring et al., 2008; Li et al., 2008; Wallace et al., 2008; 

Kolz et al., 2009), ABCG2 (Dehghan et al., 2008; Kolz et al., 2009), SLC17A3 (Dehghan et 

al., 2008), SLC17A1, SLC22A11, LRRC16A, SLC22A11, (Kolz et al., 2009) and PDZK1 (Kolz 

et al., 2009; Yang et al., 2010). 

1.9.2- SLC2A9:  

The solute carrier family 2 member 9 (SLC2A9) gene is located on chromosome 4 and 

encodes the glucose transporter 9 (GLUT 9). It is highly expressed in the liver and kidneys, 

which are the main urate handling sites (Li et al., 2007). It has two isoforms, SLC2VA9v1 

(long isoform) and SLC1A9v2 (short isoform), which are expressed on the basal side and the 

apical side of the proximal renal tubule, respectively (Augustin et al., 2004). Human articular 

chondrocytes, which are a major site of uric acid deposition in gout, also express SLC2A9 

(Richardson et al., 2003). SLC2A9 transports uric acid as shown by Xenopus oocyte 

experiments (Vitart et al., 2008). Variants located in the non-coding region of SLC2A9 are 

associated with gout, and with low renal fractional excretion of uric acid, and have been 

consistently replicated across multiple populations (Dehghan et al., 2008; Doring et al., 2008; 

Li et al., 2008; Vitart et al., 2008; Wallace et al., 2008; Kolz et al., 2009; Yang et al., 2010; 

Charles et al., 2011). The effect of the variation in SLC2A9 on serum urate is stronger in 

females and accounts for 5–6% variance in the concentration of serum urate levels in women 

compared with 1–2% variance in males (Wallace et al., 2008). 
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Table 1.1: Urate transporter genes involved in the different phenotypes 

 

Genes Cellular Function 

Lead SNPs 

(effect 

allele) 

Phenotype 

SLC2A9 

(GLUT9) 

Glucose transporter, involved in 

the transport of uric acid (Vitart 

et al., 2008) 

rs7442295 

(A) 

Associated with high serum urate 

levels and increased risk of gout 

(Kottgen et al., 2013) 

rs16890979 

(C) 

Associated with reduced serum urate 

levels (Kottgen et al., 2013) 

SLC22A12 

(URAT1) 

Regulates serum urate levels 

(Enomoto et al., 2002) 

rs505802 

(T) 

Associated with reduced serum urate 

levels (Kottgen et al., 2013)  

rs1529909 

(T) 

Associated with high serum urate 

levels (Jang et al., 2008)  

rs475688 

(C) 

Associated with gout (Tu, H.P et al., 

2010) 

SLC22A11 

(OAT4) 

Involved in the transport of 

xenobiotics, endogenous 

organic anions and serum urate 

(Ekaratanawong et al., 2004). 

rs17300741 

(A) 

Associated with high serum urate 

levels (Kottgen et al., 2013) 

SLC17A1 

(NPT1) 

Involved in the renal excretion 

of urate (Iharada et al., 2010) 

rs1165196 

(C) 

Associated with high serum urate 

levels (Kottgen et al., 2013)  

rs1183201 

(A) 

Associated with the risk of gout 

(Hollis-Moffatt et al., 2011) 

ABCG2 

Drug transporter (Jonker et al., 

2005), involved in the renal and 

gut urate secretion (Woodward 

et al., 2009; Ichida et al., 2012) 

rs2231142 

(T) 

Associated with reduce transport 

efficacy of urate and increased risk of 

gout (Phipps-Green et al., 2010) 

PDZK1 

Regulates the activity of various 

receptors, transporters and ion 

channels, targets proteins to 

specific cell membranes (Anzai 

et al., 2002) 

rs12129861 

(A) 

Associated with reduced serum urate 

levels (Kottgen et al., 2013) 

rs1967017 

(T) 

Associated with increased serum urate 

levels (Kottgen et al., 2013) and 

increased risk of hypertension (van der 

Harst et al., 2010)  
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Genome-wide studies have demonstrated that the variants rs737267, rs13129697 and 

rs6449213 within introns 3–7 of SLC2A9 influence (P=1.7E-7) serum urate levels (Vitart et 

al., 2008). In Caucasian cohorts, the A allele of the intronic variant rs7442295 and the T allele 

of the surrogate marker rs11942223 within the SLC2A9 gene are associated (P=9.9E-229 and 

P=5.8E-229, respectively) with high serum urate concentrations and gout (Yang et al., 2010). 

The intronic SLC2A9 variants rs11942223, rs6855911, rs16890979, rs13124007 and 

rs6850166 are in high linkage disequilibrium (LD). The G allele of rs6855911 was 

significantly associated (P=1.80E-16) with serum urate concentrations in the Sardinia and 

Chianti cohorts. Individuals who were shown to be homozygous for the minor G allele of 

rs6855911 had a significantly lower prevalence of hyperuricaemia compared to those with 

only A alleles (Li et al., 2007). In the FHS, the major allele (C) of the nonsynonymous coding 

variant rs16890979 was found to be significantly associated (P=7.0E-168) with reduced 

serum urate levels in Caucasian (Dehghan et al., 2008).  

The C allele of rs13124007 (P=0.009; OR=1.70) and the A allele of rs6850166 (P=0.042; 

OR=1.64) were both found to be associated with increased risk of gout in the Chinese 

population (Li et al., 2012). The rs3733591 variant within the SLC2A9 gene was associated 

(P=0.004; OR=2.01) with tophaceous gout and increased serum urate levels in gout patients 

from Taiwan and Solomon Islands. Carriers of the C allele of rs3733591 variant had a higher 

risk of tophi (Tu, et al., 2010). Variant rs11942223 explained the strong role that SLC2A9 

plays in the development of gout in the NZ Māori, Pacific Island and Caucasian sample sets 

(Hollis-Moffatt et al., 2009). No evidence for an association of this variant was found with 

gout in Māori (P=0.86; OR=0.98), Eastern Polynesian (P=0.92; OR=0.99), Western 

Polynesian (P=0.36; OR=1.16) or Caucasian (P=0.13; OR=1.15) sample sets (Hollis-Moffatt 

et al., 2011). 

1.9.3- SLC22A12:  

Solute carrier family 22 member 12 (SLC22A12) is located on chromosome 11. It encodes 

human urate transporter 1 (URAT1), a member of the organic anion transporter family (OAT) 

(Riches et al., 2009). In humans, URAT1 regulates serum urate levels (Enomoto et al., 2002; 

Ichida et al., 2004). It mediates the non-voltage dependent transport of uric acid in exchange 

for organic anions across the apical membrane of proximal tubules (Taniguchi & Kamatani, 

2008). URAT1 is also a target molecule for drugs such as pyrazinamide, nicotinate, 

probenecid, and benzbromarone, which effect renal excretion of uric acid filtered in the 



  

26 

 

glomerulus (Enomoto et al., 2002; Ichida et al., 2004). URAT1 is directly inhibited by 

uricosuric drugs from the apical side, whereas antiuricosuric drugs enhance urate transport by 

URAT1 through trans-stimulation (Enomoto et al., 2002).  

Variants in the SLC22A12 gene are found to be associated with impaired urate excretion and 

high serum urate level (Graessler et al., 2006; Vazquez-Mellado et al., 2007). The T allele of 

rs505802 variant is found to be associated (P=2.0 E-9) with serum urate levels (Kolz et al., 

2009). The T allele of rs1529909 variant in SLC22A12 was associated (P=0.03) with high 

serum urate levels in male Korean subjects (Jang et al., 2008). The C allele of rs475688 

variant was found to be associated with gout (P=0.001; adjusted OR=1.84) in Han Chinese 

(Tu, H.P. et al., 2010). SLC22A12 gene polymorphisms also cause renal hypouricaemia. The 

G774A mutation in SLC22A12 was found to be associated with a reduced risk of gout in men 

and lower serum urate levels in both men and women of a Japanese cohort (Taniguchi et al., 

2005).  

1.9.4- SLC22A11:  

Solute carrier family 22 member 11 (SLC22A11) encodes the organic anion transporter 4 

(OAT4). OAT4 is located on chromosome 11 and is closely related to URAT1 (Eraly et al., 

2008). OAT4 is present on the apical membrane of renal proximal tubules. It function as a 

reabsorptive transporter in the kidney and is expressed only in higher primates, including 

humans (Ekaratanawong et al., 2004). It facilitates the reabsorption of conjugated steroids 

such as oestrone sulphate (Cha et al., 2000). It also regulates the exchange of urate through 

the apical membrane (Anzai et al., 2006). In a GWAS study, the A allele of the rs17300741 

variant was found to be associated (P=6.68E-14) with increased serum urate levels (Kolz et 

al., 2009). 

1.9.5- SLC17A1: NPT1:  

Solute carrier family 17 member 1 (SLC17A1) encodes human sodium-dependent phosphate 

co-transporter type 1 (NPT1). It is located on chromosome 2 and was the first member of the 

SLC17 type 1 phosphate transporter family to be identified (Reimer & Edwards, 2004). It is a 

voltage-driven organic anion transporter and is encoded by SLC17A1. In the human kidney, it 

is localised to the apical membrane of the proximal tubule (Reimer & Edwards, 2004). NPT1 

participates in the renal excretion of urate and non-steroidal anti-inflammatory drugs (Iharada 
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et al., 2010). Variants in the SLC17A1 gene influence serum urate levels (Dehghan et al., 

2008) and are also associated with the development of gout (Urano et al., 2010; Merriman & 

Dalbeth, 2011). 

In a genome-wide association study, the C allele of rs1165196 variant was found to be 

significantly associated (P=3.8 E-29) with serum urate levels (Dehghan et al., 2008). The C 

allele of rs1165196 was found to be significantly associated (P=0.003) with serum urate 

levels in Japanese obese male individuals (Urano et al., 2010). The A allele of rs1183201 

variant was found to be associated with gout in the NZ Caucasian and Eastern Polynesian 

sample sets (P=3.0E-6; OR=0.67 and P=3.0E-3; OR=0.74, respectively) (Hollis-Moffatt et 

al., 2011). 

1.9.6- ABCG2:  

The human ATPbinding cassette, subfamily G, member 2 (ABCG2) gene is located on 

chromosome 4. The ABC transporter family is the largest protein family and is present in all 

organisms (Dassa & Bouige, 2001). ABCG2 was initially identified as plasma protein 

involved in multidrug resistance. It is expressed in the plasma membranes of various tissues 

such as the brain, pharynx, intestine and placenta (Doyle et al., 1998). ABCG2 is a drug 

transporter that can actively excrete from the cells a wide variety of drugs, carcinogens and 

dietary toxins (Jonker et al., 2005). It is also known to provide resistance to breast cancer. 

Against the concentration gradient, ABCG2 is involved in the transport of a wide variety of 

compounds through cell membranes (Dawson & Locher, 2006). ABCG2 mediates renal urate 

secretion in the brush border membranes of kidney proximal tubule cells (Woodward et al., 

2009). 

Variants in the ABCG2 gene are significantly associated with serum urate levels and the 

increased prevalence of gout across ethnically diverse populations (Dehghan et al., 2008; 

Doring et al., 2008; Kolz et al., 2009; Phipps-Green et al., 2010; Yamagishi et al., 2010). The 

T allele of rs2231142 variant was found to be associated (P=3.3E-15; OR=1.74) with an 

increased risk of gout in Caucasian (Dehghan et al., 2008), Japanese (P=0.006; OR=2.03) 

(Yamagishi et al., 2010) and in people of Western Pacific Polynesian (Samoa, Tonga, Niue, 

Tokelau) ancestry (P= 0.001; OR=2.80) (Phipps-Green et al., 2010). Notably, no evidence of 

association was found in an Eastern Polynesian sample set. This may be because of the low 

power in the study to detect a locus of weak effect, although the locus has strong affect in 
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other ancestral groups (Phipps-Green et al., 2010). The rs2231142 variant risk allele (T) is 

likely to reduce the transport ability of urate. 

1.9.7- PDZK1:  

PDZ domain-containing protein 1 (PDZK1) is located on chromosome 1. It is expressed in the 

tissues of the adrenal cortex, kidney, liver and small intestine. For a variety of transporters 

and regulatory proteins, PDZK1 acts as a scaffolding protein (Kocher et al., 1998). It is 

involved in regulating the activity of various receptors, transporters and ion channels and in 

targeting proteins to specific cell membranes (Anzai et al., 2002).  

In recent studies, including genome wide association studies, PDZK1 gene variants have been 

associated with serum urate levels. The minor allele (A) of rs12129861 variant, which is 

located 2kb upstream of PDZK1 is associated with a reduced serum urate levels (P=5.0E-19) 

(Kolz et al., 2009). Minor allele (T) of rs1967017 variant is found to be associated (P=2.68E-

9) with increased serum urate levels (Kolz et al., 2009) and with higher systolic blood 

pressure (P=0.002) (van der Harst et al., 2010) but the same variant rs1967017 was not 

associated (P=0.96) with gout (Yang et al., 2010). Other SNPs (rs1797052, rs1298954) have 

no effect on serum urate levels (Stark et al., 2009; Polasek et al., 2010). PDZK1 

polymorphisms may be a risk factor for certain vascular diseases. The minor allele (A) of 

rs12129861 variant tends to be related (P=7.95E-5, Beta=-0.069) to higher systolic blood 

pressure (van der Harst et al., 2010). PDZK1 variants have also been found to be associated 

with metabolic syndrome (Junyent et al., 2009). 

1.10- Treatment of gout 

Gout is not life-threatening but has a significant impact on the quality of life (Doherty, 2009). 

There is currently no cure for gout, but the symptoms of gout can be relieved through lifestyle 

changes and medications and this can prevent future attacks. 

1.10.1- Dietary changes: 

1.10.1.1- Low fat dairy products: The consumption of low fat dairy products is associated 

with lower serum urate levels and with a decreased risk of gout (Choi et al., 2004; Choi et al., 

2005). Milk proteins such as casein and lactalbumin have a uricosuric effect and reduce serum 

urate levels (Garrel et al., 1991; Dalbeth et al., 2010). The consumption of low-fat dairy foods 
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is linked to a lower incidence of coronary heart disease (Hu et al., 1999), premenopausal 

breast cancer (Shin et al., 2002), colon cancer (Kampman et al., 2000) and type 2 diabetes 

(Choi et al., 2005). In experimental models of acute gout, the milk fat extract glyco-

macropeptide and G600 have shown anti-inflammatory properties (Dalbeth et al., 2010). 

1.10.1.2- Fruits: The consumption of cherry and cherry products is beneficial to individuals 

who suffer from gout (Schlesinger, 2005). Cherries are rich in phenolic compounds, including 

anthocyanins, catechins, chlorogenic acid, flavonal glycosides, and melatonin (Wang et al., 

1999). Anthocyanins shows anti-inflammatory properties by neutralising the radicals of 

reactive nitric oxide (NO) (Vanacker et al., 1995) and inhibiting cyclooxygenase activity 

(Seeram et al., 2001). 

1.10.1.3- Vegetable protein, nuts, and legumes: These food items are rich sources of protein, 

fibre, vitamins, and minerals. The consumption of vegetable protein lowers the risk of gout 

(Choi et al., 2004). The increased consumption of legumes has been linked to a lower 

incidence of coronary heart disease (Bazzano et al., 2001), stroke, cancer and type 2 diabetes 

(Fung et al., 2004). Garlic has also been widely used for gout (Hogea, 2007). 

1.10.1.4- Weight Reduction: Many gout patients are overweight and obese, and by keeping 

their weight under control can help to lower serum urate levels (Dessein et al., 2000). 

1.10.2- Treatment of acute gout by medications: 

1.10.2.1- NSAIDS: Non-steroidal anti-inflammatory drugs (NSAIDS) are the primary 

medications recommended to treat acute gout attacks (Roddy & Doherty, 2010). The aim of 

this treatment is to reduce redness, pain and inflammation (Baek et al., 2002). They work by 

inhibiting prostaglandin synthesis, which causes inflammation and pain. They inhibit 

cyclooxygenase enzymes (COX1 and COX2), which are enzymes that are necessary for the 

formation of prostaglandins (Fosslien, 2000). 

  



  

30 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.12: Purine metabolism pathway showing the sites of drug action. Figure self-generated 

The inhibition of COX-1 results in some undesirable side-effects such as gastrointestinal 

bleeding and renal failure, whereas COX-2 inhibition provides therapeutic effects in pain, 

inflammation, cancer, glaucoma, Alzheimer’s and Parkinson’s disease (Blobaum & Marnett, 

2007). Inhibition of lipooxygenase and inhibition of neutrophil activation and aggregation are 

some of the mechanisms of NSAIDS (Fam, 1998). 

NSAIDS are associated with gastrointestinal, renal and cardiovascular side effects (Primatesta 

et al., 2011). NSAID-associated adverse effects are more common in elderly patients with 

impaired renal function and gastrointestinal disease (Murray & Brater, 1990; Emery, 1996). 

1.10.2.2- Corticosteroids: Corticosteroids are effective in relieving acute gout pain. They are 

used as an alternative when the patient cannot take drugs orally, or has renal impairment or 

gastrointestinal bleeding (Keith & Gilliland, 2007). In cases where one or two joints are 

involved, intra-articular corticosteroids are beneficial (Cannella & Mikuls, 2005). 

Inflammatory cytokines are affected by corticosteroids (Schramm & Thorlacius, 2004). At 
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inflammatory sites, they down-regulate immune function (Eymontt et al., 1982), inhibit cell-

mediated immunity, reduce cellular accumulation and decrease vascular responses (Barnes, 

1998). Side effects of intra-articular corticosteroids include infection, skin atrophy, septic 

arthritis and skin depigmentation (Cole & Schumacher, 2005). Adverse effects of 

corticosteroids include hypertension and diabetes mellitus (Richette & Bardin, 2008). 

1.10.2.3- Colchicine: Colchicine is the main alkaloid of the poisonous autumn crocus plant 

and has been used to treat acute gout for over 2000 years (Schlesinger, 2004). It produces 

anti-proliferative effects and arrests cell growth by interfering with tubulin dimers 

(Schlesinger, 2004). It prevents the polymerisation of microtubules by binding to their protein 

subunits and disrupts membrane dependent functions such as chemotaxis and phagocytosis 

(Schlesinger et al., 2006). Colchicine is also suspected to interfere with leukocyte function, 

preventing lysosomal degranulation and chemotaxis (Schlesinger, 2004). During the first 12 

to 24 hours of an attack, colchicine is highly effective (Zhang et al., 2006). It is given orally. 

Colchicine inhibits urate crystal-induced activation of the NALP3 inflammasome (Terkeltaub, 

2009). Side effects of oral colchicine include nausea, vomiting, diarrhoea, abdominal pain 

(Morris et al., 2003), aplastic anaemia and neuromyopathy (Lange et al., 2001). 

1.10.2.4- Urate lowering therapy: Treatments for chronic gout are aimed at reducing serum 

urate levels no less than 0.36 mmol/l, in order to reduce frequency of acute gouty attacks, 

dissolve existing crystals and prevent formation of new ones (Mandell, 2008). Urate lowering 

therapy in gout patients is used to treat underexcretion and overproduction of uric acid. 

Treatment includes the use of uricosuric agent to promote uric acid excretion and the use of 

xanthine oxidase inhibitors to reduce uric acid production (Chohan & Becker, 2009).  

Allopurinol is a serum urate-lowering agent. It is an inhibitor of xanthine oxidase that blocks 

the conversion of hypoxanthine to uric acid (Yu et al., 2006). Allopurinol decreases serum 

urate levels in the blood and urine while increasing the excretion of uric acid (Yu et al., 2006). 

Typical dosage ranges from 100mg to 300mg daily in patients that have normal kidney 

function (Keith & Gilliland, 2007)..Side effects of allopurinol include fever, skin rash, and 

adverse renal function (Yu et al., 2006). 

Febuxostat inhibits both oxidised and reduced forms of xanthine oxidase (Takano et al., 

2005). It is metabolised in the liver and excreted by the kidney. Patients with renal 

insufficiency may not require dosage adjustments of febuxostat (Edwards, 2009). Side effects 
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of febuxostat include elevation in liver enzymes, headaches, skin rash, and diarrhoea 

(Mandell, 2008). 

Medications such as probenecid increase the amount of uric acid excreted in the urine. 

Probenecid inhibits proximal tubular uric acid reabsorption by interfering with renal urate or 

anion exchange (Enomoto et al., 2002). In patients with normal renal function, probenecid has 

been shown to be effective in reducing serum urate levels. However, in patients with renal 

impairment, it has been shown to be less effective. If the creatinine clearance rate is less than 

60ml/min, probenecid is rarely effective (Stamp et al., 2006). It also has a role in reducing 

inflammation in gout. Probenecid inhibits pannexin 1 channels, which are mainly involved in 

activation of the inflammasome (Silverman et al., 2009). The side effect of uricosuric therapy 

is the formation of uric acid stones within the kidney.  

1.11- Complications of gout 

Gout is associated with co-morbidities such as chronic kidney disease (Vazquez-Mellado et 

al., 2007), cardiovascular disease (Krishnan et al., 2006), hypertension (Choi et al., 2012), 

type 2 diabetes (Lai et al., 2012) and metabolic syndrome (Ford et al., 2002). In a UK cohort 

study (1990-1999), the prevalence of co-morbidities among gout patients were 25% for 

coronary artery disease, 24% for hypertension, and 6% for diabetes (Mikuls et al., 2005). 

Similarly, a study in the US (1996 and 1998) reported increased co-morbidities in gout 

patients as compared with those without gout (Singh & Strand, 2008). Gout management 

becomes more difficult in gout patients in the presence of multiple co-morbidities (see 

metabolic syndrome section for more detail). 
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Type 2 Diabetes 

Type 2 Diabetes is a metabolic disorder characterised by chronic hyperglycaemia caused by 

insulin resistance and beta cell dysfunction, leading to disturbances in carbohydrate, fat and 

protein metabolism (Wild et al., 2004). The International Diabetes Federation (IDF) (2007) 

described the early symptoms of diabetes including frequent thirst, urination, weight loss, 

blurred vision and slows healing of wounds. If diagnosed at an early stage it is manageable 

and patients can lead a healthy life, but if left untreated it can lead to serious complications 

such as retinopathy, neuropathy, nephropathy, heart disease and stroke (Steffes et al., 2003). 

1.12- Control of blood glucose 

Glucose is a major source of energy in fat and muscle cells. Insulin and glucagon hormones 

maintain normal glucose levels in the blood (Unger & Orci, 1981). Normal fasting glucose 

levels are 4-6mmol/L and non-fasting levels are 4-7.7mmol/L (Tirosh et al., 2005). When the 

blood glucose levels fall in the body, glucagon hormone is secreted by alpha cells (Brissova et 

al., 2005).  

 
Figure 1.13: Beta-cell glucose-stimulated insulin release. Figure self-generated. 

Blood glucose levels are maintained by glucagon, either via the breakdown of glycogen to 

glucose, or by the synthesis of glucose (Unger & Orci, 1981). Conversely, when plasma 

glucose concentration rises in the blood, pancreatic beta cells secrete insulin. Insulin 
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stimulates glucose uptake in muscles and adipocytes and reduces glucose production by 

inhibiting gluconeogenesis in the liver (Bansal et al., 2007). 

Glucose, enters the beta cells through a glucose transporter, GLUT2 (Meglasson & 

Matschinsky, 1986). Glucose is utilised during glycolysis, which results in an increase in the 

ATP/ADP ratio (Tornheim, 1997). The ATP-dependent K
+
 (KATP) channels close due to the 

increased ATP/ADP ratio, resulting in membrane depolarisation, thereby opening voltage-

gated Ca
2+

 channels (Santos et al., 1991). The inward Ca
2+

 flux ultimately triggers insulin 

secretion into the blood (Moynihan et al., 2005). In response to extracellular glucose 

concentration, the release of insulin is tightly regulated (Moynihan et al., 2005). 

1.13- Epidemiology of type 2 diabetes worldwide 

The worldwide numbers of patients aged between 20-79 years with type 2 diabetes in 2010 

was estimated to be 285 million (Shaw et al., 2010). Type 2 diabetes is on the rise in the 

United Kingdom (UK), the United States of America (USA), Australia, and New Zealand. 

Increased prevalence of obesity and metabolic syndrome are contributing to the high rise of 

type 2 diabetes (Zimmet et al., 2001). In the USA, according to the 2011 National Diabetes 

Fact Sheet, the prevalence of type 2 diabetes in the U.S. population was 8.3%. In the UK, the 

age-adjusted prevalence of type 2 diabetes in Caucasian  males and females was  3%  and  

5%, respectively (Simmons et al., 1991). The Australian Diabetes study reported that 7.4% of 

the population aged 25 or over and 20% of the population  aged over 60 had  type 2 diabetes 

in 2000 (Dunstan et al., 2002). 30% of the global diabetic population resides in developing 

countries that have rapidly growing economies, such as India and China (Parikh et al., 2011). 

The current rise in type 2 diabetes suggests that by 2025 there will be 333 million people with 

diabetes (Paul et al., 2003). 

1.13.1- Type 2 diabetes in New Zealand: 

In New Zealand, diabetes is an important health problem. In the year 2000, the New Zealand 

Health Strategy recognised it as one of the three disease priority areas. In 2010, the Ministry 

of Health estimated diabetes prevalence in NZ for those over the age of 15 to be 12.4% in 

South Asians, 7.8% in Māori, 11.6% in Pacific individuals, 5.3% in Caucasian and a national 

average of 6.1% (Dissanayake, 2008). Ethnic differences in the burden of diabetes are well 

recognised in New Zealand (Barnes et al., 2004). In indigenous people, such as Māori and 
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Pacific Island, the rate of diabetes is higher in comparison to Caucasian (Joshy & Simmons, 

2006). The estimated prevalence of diabetes among New Zealand Europeans was around 3%, 

in Māori was 5% to 10% and in Pacific people was 4% to 8% (New Zealand Guidelines 

Group, 2003). For both Māori and Pacific Island populations, diabetes is more common in 

men than woman. The development of diabetes during pregnancy in Pacific Island women 

increases the risk of diabetes in their offspring (Yapa & Simmons, 2000). The reason for a 

high prevalence of type 2 diabetes in certain ethnic groups in New Zealand may be because of 

genetic predisposition (Harmel & Mathur, 2003). The 'thrifty genes' hypothesis suggests that 

certain ethnic groups are genetically predisposed towards fat storage, obesity and insulin 

resistance (Katsilambros, 2003) and secondly by the adoption of western and sedentary 

lifestyles (Harmel & Mathur, 2003). The “thrifty gene hypothesis” was first proposed by Neel 

(1962) to explain the growing incidence of type 2 diabetes. It was proposed that in the past 

our ancestors had to go through the regular periods of famine and feast, in which the thrifty 

genotype had given them the advantage for survival. People with the thrifty genotype were 

able to store excess energy that helped them to survive the famines. In today’s modern 

environment, there is plenty of food available and the presence of the thrifty genotype may be 

disadvantageous and has contributed to an increased risk of developing type 2 diabetes and 

obesity caused by excess nutritional intake. Although many research articles have supported 

the idea of the thrifty gene hypothesis, one study has shown that the Late-Palaeolithic human 

ancestors had experienced alternating periods of famine and feast (Wendorf & Goldfine, 

1991). A study of the dietary habits of modern Native Americans showed that the descendants 

of the ancestors who experienced long periods of famine are at an increased risk for 

developing diabetes as compared to descendants from tribes that had a steady food supply 

(Wendorf & Goldfine, 1991). The ancestral environment of Polynesian populations is 

characterised by long ocean voyages, which were marked by periods of feast and famine 

during their settlement. Polynesian have a high frequency of the thrifty risk alleles due to 

positive selection, which may have likely been driven by the harsh conditions faced by their 

ancestors, thereby explaining the high prevalence of T2D and obesity in Polynesia (Baker, 

1984; Bindon & Baker, 1997). Despite these evidences, Neel’s theory is not universally 

accepted and the most common criticism about this hypothesis is the occurrence of famines 

which in the past were not that frequent. This hypothesis also failed to explain how 30% of 

the population is immune to obesity (Speakman, 2008). Alternative hypotheses have been put 

forward, for example the “drifty gene hypothesis”, which states that obesity stems from a 

genetic drift in the genes that regulate energy metabolism and control an upper limit of body 
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fatness (Speakman, 2008), and the “thrifty epigenomic hypothesis”, which states that 

epigenetic factors determines the individual’s disease risk in response to environmental 

influences, thereby establishing a predisposition for complex diseases (Stoger, 2008). 

1.14- Pathophysiology of type 2 diabetes 

1.14.1- Insulin resistance:  

The decreased ability of insulin to regulate glucose uptake, metabolism and storage in its 

target tissues such as muscle, liver and adipose is known as insulin resistance (Reaven, 1995). 

Insulin resistance is also present in individuals who do not have type 2 diabetes (DeFronzo et 

al., 1982; Caro et al., 1989). Insulin resistance is a major component of metabolic syndrome 

and can lead to major complications such as stroke, diabetes, obesity, glucose intolerance, 

dyslipidaemia, hypertension, cardiovascular disease and sleep apnoea (Grundy et al., 2005). 

1.14.2- Beta cell dysfunction:  

Prolonged exposure to high glucose and free fatty acid (FFA) levels can result in beta cell 

dysfunction (Evans et al., 2003). The presence of chronic hyperglycaemia pressurises beta 

cells to generate more insulin, but as the hyperglycaemia persists, the beta cell production of 

insulin decreases (Kahn, 1994). They exhaust slowly over a period of time resulting in no 

insulin being produced (Kahn, 1994). 
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Figure 1.14: Beta-cell dysfunction. Adapted from http://journalism.berkeley.edu/projects/transplants/ 

pancreas.html and http://durbanite.hubpages.com/hub/Anatomy-of-Skeletal-Muscles 

1.14.3- Reduced beta cell mass:  

The beta cell mass plays an important role in maintaining normal glucose levels in various 

metabolic conditions (Weir et al., 2001). Beta-cell mass is maintained through a balance of 

beta cell production and beta cell apoptosis (Bonner-Weir, 2001). A progressive decrease in 

beta cell mass is accompanied by the onset of type 2 diabetes. A decrease in the beta cell mass 

leads to reduced insulin secretion, which causes hyperglycaemia. Some studies have reported 

a reduction of 20-50% of beta cell mass in type 2 diabetes (Sakuraba et al., 2002; Butler et al., 
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2003; Deng et al., 2004), whereas others have failed to demonstrate a reduction of beta cell 

mass (Guiot et al., 2001).  

 

Figure 1.15: Beta-cell under normal and hyperglycaemic conditions. Adapted from 

http://www.informationaboutdiabetes.com/image/beta-cell.jpg 
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1.15- Risk factors for type 2 diabetes  

1.15.1- Age:  

Prevalence of type 2 diabetes increases with age (Dunstan et al., 2002). In the USA, the 

number of new cases of diabetes in people aged 65–79 years was found to be five times higher 

than in those aged less than 45 years (Blaum et al., 2007). Similarly, in the UK, diabetes 

affects 9% of Caucasian aged over 65 years (Hendra & Sinclair, 1997). The increase in type 2 

diabetes in the elderly is due to the added effects of aging on metabolism and renal function, 

low levels of physical activity and the use of drugs such as those that lower cholesterol levels 

(Kamel et al., 2001). 

In children and adolescents, type 2 diabetes is becoming more common (Fagot-Campagna et 

al., 2000). This is mainly attributed to the increased prevalence of obesity in the younger age 

group. There is an increase in prevalence of diabetes among people in and before middle age 

in developing countries (Rosenbloom et al., 1999).  

1.15.2- Gestational diabetes:  

Gestational diabetes is the impaired glucose intolerance that develops during pregnancy and 

resolves at the end of pregnancy. It is a risk factor for type 2 diabetes (Jovanovic & Pettitt, 

2001). Offspring of diabetic pregnancies tend to develop obesity in childhood (Pettitt et al., 

1988), and these individuals have been found to have lower insulin secretion compared to the 

same aged offspring of non-diabetic pregnancies. At an early age, they are at high risk of 

developing type 2 diabetes (Gautier et al., 2001). 

1.15.3- Family history:  

Type 2 diabetes is strongly heritable and family history plays an important role (Mitchell et 

al., 1995). Impaired glucose tolerance or diabetes is developed in around 15-25% individuals 

who have a first-degree relation with diabetes (Pierce et al., 1995). Type 2 diabetes is 

developed by 60-90% of monozygotic twins with a family history (Lo et al., 1991). The 

Framingham Offspring Study found that the risk of developing type 2 diabetes with single 

type 2 diabetic parents is 3.5-fold higher when compared to non-diabetic parents and 

increased to 6.0-fold with two diabetic parents (Meigs et al., 2000). Individuals with a 

diabetic family history have an increased risk of developing insulin resistance (Warram et al., 
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1990; Rothman et al., 1995), pancreatic beta cell impairment (Bonadonna et al., 2003; Thamer 

et al., 2003), central adiposity (Nyholm et al., 2004), increased inflammation (Ruotsalainen et 

al., 2006) and reduced mitochondrial function (Petersen et al., 2004; Befroy et al., 2007).  

1.15.4- Defects in insulin pathways:  

Insulin receptors, IRS-1 and IRS-2, are widely expressed in insulin-sensitive tissues. These 

receptors are important for receiving insulin signals and transcribing those signals into 

specific metabolic actions (Vollenweider et al., 2002). Defects in the insulin-signalling 

pathway can caused by impaired binding of insulin to its receptor, decreased IRS-1 tyrosine 

phosphorylation (Goodyear et al., 1995), decreased activation of PI3 kinase (Goodyear et al., 

1995; Kim et al., 1999), reduced expression of GLUT4 and the activity of intracellular 

enzymes (Pessin & Saltiel, 2000). These defects can contribute to insulin resistance in tissues 

like skeletal muscle, liver and adipose tissue. In a murine model, the inhibition of IRS-1 or 

IRS-2 genes resulted in the development of insulin resistance (Araki et al., 1994; Tamemoto 

et al., 1994) and type 2 diabetes (Withers et al., 1998).  

1.15.5- Circulating free fatty acids (FFA):  

A rise in circulating FFA is beneficial in certain situations such as pregnancy and starvation. 

High levels of FFA during pregnancy induces insulin resistance, so that valuable glucose is 

conserved for the developing foetus (Boden, 1996). FFAs can impair insulin action and 

glucose metabolism in several ways. In an insulin-resistant state, circulating FFAs levels rise 

and alter insulin receptor signalling (Boden & Shulman, 2002), reduce phosphorylation of 

IRS-1 and IRS-1-associated PI(3)K activity (Bergman & Ader, 2000), and inhibit glycogen 

synthesis, glucose uptake and glucose oxidation (Bergman & Ader, 2000). Increased 

circulating FFAs can also lead to lipotoxicity, beta-cell apoptosis (Listenberger et al., 2003) 

and the deposition of triglycerides and fatty acid metabolites in muscle and liver tissues 

(Chavez et al., 2003). High levels of FFA also cause low-grade inflammation resulting in the 

release of pro-inflammatory cytokines and vice versa (Boden, 2009).  

1.15.6- Adipocytokine (Leptin):  

Adipose tissue produces the hormone leptin, the function of which is to inhibit food intake 

and promote energy expenditure (Ahima & Flier, 2000). Leptin and its receptor inhibit insulin 

secretion (Jeon et al., 2010). Obese humans develop resistance to insulin and leptin (van den 
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Hoek et al., 2008). When leptin is given exogenously it improves insulin resistance and 

insulin sensitivity independent of the effects of food intake in murine models of type 2 

diabetes (Toyoshima et al., 2005). 

 

Figure 1.16: The role of leptin in improved glycaemic control. Leptin regulates feeding and 

homeostasis by acting on discrete neuronal pathways to reduce glucose and glucagon production and 

increase glucose uptake, ultimately leading to improved glycaemic control (Coppari & Bjorbaek, 

2012). Adapted from http://journalism.berkeley.edu/projects/transplants/ pancreas.html and 

.http://durbanite.hubpages.com/hub/Anatomy-of-Skeletal-Muscles 

1.15.7- Obesity:  

Obesity is strongly associated with insulin resistance. It is a risk factor for cardiovascular 

disease and type 2 diabetes (Qatanani & Lazar, 2007). In obese individuals, adipose tissue 

release increases the amounts of glycerol, hormones, non-esterified fatty acids, and pro-

inflammatory cytokines, which leads to insulin resistance (Saltiel & Kahn, 2001). Obesity- 

and insulin resistance-associated genes interact with environmental factors such as increased 

food intake and decreased physical activity. Excess nutrient intake simultaneously disturbs 
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multiple endocrine, inflammatory and neural pathways such as inflammatory signalling, 

endoplasmic reticulum stress, increased production of reactive oxygen species (ROS), 

mitochondrial dysfunction, accumulation of triglycerides, fatty acyl intermediates and 

activation of serine-threonine kinases (Hotamisligil, 2008). These pathways are 

interconnected with one another and when one pathway is disturbed, it leads to changes in 

other pathways (Qatanani et al., 2009), hence putting pressure on beta cells to produce more 

insulin; gradually, beta cell function declines, which results in insulin resistance and type 2 

diabetes (Hotamisligil, 2006). 

1.15.8- Mitochondrial dysfunction:  

Mitochondria are the power house of the cell. They perform a variety of functions including 

fatty acid oxidation, steroid metabolism, amino acid biosynthesis and apoptosis (Pieczenik & 

Neustadt, 2007). Mitochondrial dysfunction is associated with insulin resistance and type 2 

diabetes (Duchen, 2004). The decrease in fatty acid oxidation results in increased levels of 

fatty acyl-CoA and diacylglycerol (DAG), which activates stress-related Ser/Thr kinase 

activity and inhibits glucose transport (Lowell & Shulman, 2005). Severe insulin resistance 

decreases oxidative activity and mitochondrial ATP synthesis, thereby decreasing 

mitochondrial function (Petersen et al., 2003). 

1.15.9- Oxidative stress:  

Oxidative stress is an imbalance between highly reactive molecular species and antioxidant 

defences (Evans et al., 2002). Oxidative stress leads to the development of insulin resistance 

(Furukawa et al., 2004; Houstis et al., 2006). Levels of oxidative stress markers are increased 

in islets of donors with type 2 diabetes (Del Guerra et al., 2007). In diabetic patients, high 

levels of glucose and fatty acid increase the production of ROS (Inoguchi et al., 2000). 

Changes in ROS levels result in the activation of various kinase signalling pathways (Evans et 

al., 2003). The activated kinases such as mitogen-activated protein kinase (MAPK), c-Jun 

NH(2)-terminal kinase (JNK) and inhibitor of nuclear factor kappa-B kinase subunit beta 

(IKKβ) target the insulin signalling pathway, which can cause insulin resistance. The 

development of insulin resistance can lead to decreased glucose uptake and pancreatic beta 

cell failure (Evans et al., 2005; Gao & Zhang, 2008). 
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1.15.10- Diet:  

Dietary habits are an important lifestyle factor that predispose to type 2 diabetes, mainly 

through obesity (Hu et al., 2001). High fat diet and sugary drinks raise glucose levels 

(Beaudoin et al., 2011), which disturbs glucose tolerance and produces more inflammatory 

molecules, leading to insulin resistance (Wen et al., 2011). The consumption of white rice 

increases the risk of type 2 diabetes (Sun et al., 2010). On the other hand, a low fat diet that 

includes dairy products and high fibre diets are beneficial for people with diabetes. Whole 

grain bread and cereals, peas, brown rice, fresh fruit and vegetables are all rich sources of 

fibre and a high fibre diet has lower fat and higher carbohydrate contents. Higher 

consumption of fruits, vegetable and whole grains is associated with a reduced risk of type 2 

diabetes (Montonen et al., 2005). In diabetic patients, high intake of dietary fibre improves 

glycaemic control and decreases hyperinsulinaemia (Chandalia et al., 2000).  

1.15.11- Low physical activity:  

Low physical activity is a risk factor for type 2 diabetes (Almdal et al., 2008). By increasing 

physical activity, the onset of type 2 diabetes can be prevented or delayed (Ramachandran & 

Snehalatha, 2009). Physical exercise reduces body weight, visceral fat accumulation (Rice et 

al., 1999; Irwin et al., 2003), insulin resistance (Kelly et al., 1999; Ross et al., 2000) and 

blood pressure (Whelton et al., 2002), as well as improving glucose tolerance (Dengel et al., 

1998), and lipid profile (Kraus et al., 2002). 

1.16- Genetics of type 2 diabetes 

GWAS have revealed a large number of novel type 2 diabetes susceptibility loci (Scott et al., 

2007; Sladek et al., 2007). Some of the genes that were found to be associated with an 

increased risk of obesity and type 2 diabetes were also investigated in this study (Please refer 

to the next section). 

1.16.1- Obesity associated genes: 

Genes that have a role in obesity can also have an effect on type 2 diabetes. 

1.16.1.1- ADRB3: The beta-3-adrenergic receptor (ADRB3) is located on chromosome 8 and 

is expressed mainly in adipose tissue (Cieslak et al., 2009). ADRB3 is involved in the 
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regulation of energy balance under neural control, lipid metabolism and the transport of FFA 

to the portal vein (Choi et al., 2005). Variants in the ADRB3 gene are associated with the 

development of obesity, metabolic abnormalities (Mirrakhimov et al., 2011), insulin 

resistance, type 2 diabetes (Walston et al., 1995), hypertension (McFarlane-Anderson et al., 

1998; Gjesing et al., 2008), hyperuricaemia (Morcillo et al., 2010) and gout (Wang, B. et al., 

2011). 

 

Figure 1.17: Major genes involved in the pathogenesis of type 2 diabetes. Few have been investigated 

in this thesis. Figure self-generated 

The rs4994 (Trp64Arg) variant is a missense mutation in the ADRB3 gene. It results in the 

substitution of tryptophan to arginine at the 64
th

 codon (Walston et al., 1995). This is the most 

studied variant of this gene. The Arg64 variant of the ADRB3 gene has been associated with 

type 2 diabetes and a decreased insulin response to glucose (Walston et al., 1995). The 

pancreas is a major site of ADRB3 gene expression, and cells carrying Arg64 were found to be 

associated with decreased glucose-dependent insulin secretion (Perfetti et al., 2001). The 

rs4994 variant of ADRB3 was also significantly associated (P=0.002) with metabolic 

syndrome (Cruz et al., 2010). The variant rs4994 has a potential role in key components of 

metabolic syndrome, such as insulin resistance, dyslipidaemia (Yoshida et al., 2007) and 

hypertension (Ringel et al., 2000). Morcillo and colleagues (2010) demonstrated that in an 

adult population, the rs4994 polymorphism of the ADRB3 gene predicted the risk of 
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developing hyperuricaemia. A case-control study of Chinese male patients found the rs4994 

polymorphism to be associated (P=0.02; OR=1.95[1.22-3.13]) with an increased risk of gout 

(Morcillo et al., 2010). The Arg64/Arg64 genotype carriers had significantly higher serum 

urate levels than non-carriers (Wang, et al., 2011). 

1.16.1.2- FTO: Fat mass and obesity–associated gene (FTO) is located on chromosome 16. 

This gene was originally identified as a result of the development of the fused-toe (Ft) mutant 

mouse (Frayling et al., 2007). The Ft mouse mutation results in the deletion of several 

genomic sequences, including FTO, on mouse chromosome 8. The homozygous Ft mouse 

was embryonically lethal and showed abnormal development, including left/right asymmetry 

(van der Hoeven et al., 1994). A wide range of human tissues express FTO mRNA (Frayling 

et al., 2007). The highest levels of the FTO have been found in the brain, particularly in the 

hypothalamus and cortex area (Willer et al., 2009). FTO predisposes to obesity and is possibly 

involved in appetite regulation on the basis of its strong expression in the hypothalamus 

(Gerken, T. et al., 2007). The FTO gene has been found to be independently associated with 

hypertension (Pausova et al., 2009), cardiovascular disease (Hubacek et al., 2010), cancer 

(Nock et al., 2011), type 2 diabetes (Legry et al., 2009) and end stage renal disease (Hubacek 

et al., 2012).  

Variant rs9939609 is present in intron 1 of FTO. There are a number of variants that are in 

tight LD with rs9939609 in Caucasian, and are found to be associated with type 2 diabetes 

(Dina et al., 2007; Frayling et al., 2007). The minor A allele of rs9939609 variant was 

associated (P=9E-6; OR=1.15[1.09-1.23]) with an increased risk of type 2 diabetes in a 

GWAS of 38,759 Caucasian of European descent (Frayling et al., 2007). The minor allele A 

of rs9939609 variant was also found to be associated (P=0.013, OR=2.09[1.17-3.373]) with 

an increased risk of cardiovascular disease in the Finnish diabetes study (Lappalainen et al., 

2011). The minor allele A of variant rs8050136 was found to be associated with an increased 

risk of obesity (Hotta et al., 2008; Jang et al., 2008; Li et al., 2008). The A allele of rs1861868 

variant was found to be associated (P=0.001) with increased BMI in Caucasian (Rampersaud 

et al., 2008) and also with morbid obesity in a Spanish population (Rodriguez-Lopez et al., 

2010). 

1.16.1.3- MC4R/ MC3R: Melanocortin receptors MC3R and MC4R belong to the 

melanocortin system (Farooqi & O'Rahilly, 2008). Melanocortin receptors (MC3R and 

MC4R) are present in multiple brain regions, including the hypothalamus, and regulate body 
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weight and energy homeostasis (Mountjoy et al., 1994). 

 

Figure 1.18: Activation of melanocortin receptors MC3R and MC4R. In the hypothalamic arcurate 

nucleus, leptin induces the expression of pro-opiomelanocortin (POMC), a polypeptide precursor that 

is cleaved to generate melanocyte stimulating hormone (MSH). Activation of leptin receptors 

stimulates nerve terminals to release MSH, a ligand for MC3R and MC4R, which are expressed on 

post-synaptic neurons. Activation of MC4R reduces food intake and increases energy expenditure. 

Ghrelin induces the expression of the activating hypothalamic neuropeptide Y (NPY) and agouti-

related protein (AGRP). AGRP is an antagonist to melanocortin-3 receptor (MC3R) and 

melanocortin-4 receptor (MC4R). NPY/AGRP neuron activity leads to the increased uptake of food 

and reduced consumption of energy. Adapted from http://journalism.berkeley.edu/projects/transplants/ 

pancreas.html 
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MC4R: MC4R gene is located on chromosome 18. Common genetic variants near the MC4R 

gene  have been associated with high BMI (Loos et al., 2008) and increased insulin resistance 

in recent GWAS (Chambers et al., 2008). The genetic variants near MC4R have been 

associated with increased intakes of total energy and fat (Qi et al., 2008), snacking behaviour, 

hunger, eating large meals (Stutzmann et al., 2009) and food enjoyment (Valladares et al., 

2010). Variants rs17782313 and rs17700633 are located 188kb and 109Kb downstream of 

MC4R, respectively (Loos et al., 2008). The C allele of the MC4R variant rs17782313 

increases the risk of obesity (Loos et al., 2008). The minor C-allele of rs17782313 variant was 

found to be associated (P=0.003, OR= 1.09 [1.02–1.15]) with high BMI (Zobel et al., 2009) 

and the minor allele A of rs17700633 variant was associated (P=0.002, OR=1.16 [1.08–

1.24]) with an increased risk of obesity (Zobel et al., 2009). The rs12970134 variant was also 

found to be associated with an increased risk of type 2 diabetes (P=0.006, OR=1.26[1.07–

1.48]) and obesity (P=0.0006, OR=1.15[1.08–1.23]) (Chambers et al., 2008; Zobel et al., 

2009).  

MC3R: MC3R is located on chromosome 20. Defects in MC3R gene can result in the loss of 

expression, intracellular retention and defective receptor activation (Savastano et al., 2009). 

The missense variant Val81Ile (rs3827103) of MC3R is associated with obesity and high 

insulin levels (Lee et al., 2002; Feng et al., 2005). It is also associated (P=0.0001) with 

increased BMI in African-Americans (Feng et al., 2005). The rs3827103 variant, minor A 

allele has been related to diminished functionality and expression of the receptor; it binds 

60% less alpha-melanocortin stimulating hormone (α-MSH) showing a significant association 

with childhood obesity (Feng et al., 2005). Homozygous carriers of the minor A allele of 

rs3827103 variant developed obesity at young ages (Feng et al., 2005). 

1.16.2- Type 2 Diabetes associated genes 

1.16.2.1- THADA: Thyroid adenoma associated (THADA) is located on chromosome 2 and 

encodes the thyroid adenoma–associated protein (Rippe et al., 2003). It is possibly involved in 

apoptosis (Rippe et al., 2003). THADA controls various aspects of beta cell function and 

variants in the THADA gene have been associated with diminished insulin secretion (Simonis-

Bik et al., 2010). The rs7578597 missense variant is located in exon 24 of the THADA gene. It 

results in a threonine to alanine (T→C) amino acid change. In a meta-analysis of three GWAS 

studies of 10128 individuals of European descent, carriers of the T allele of rs7578597 variant 

were found to have a 15% increased risk (P =1.1×10−9, OR=1.15) of type 2 diabetes (Zeggini 
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et al., 2008) and reduced beta cell function (Simonis-Bik et al., 2010). The T allele of 

rs7578597 variant was also found to be associated with a reduced risk of colorectal cancer 

(P=0.006) in the multiethnic population study suggesting separate effects of this variant for 

diabetes and colorectal cancer (Cheng et al., 2011). 

1.16.2.2- TCF7L2: The Transcription factor 7-like 2 (TCF7L2) gene is located on 

chromosome 10. It encodes the transcription factor 4 (Sousa et al., 2009). TCF7L2 is part of 

the Wnt signalling pathway, which is involved in cell developmental and growth regulatory 

mechanism (Jin & Liu, 2008). TCF7L2 gene reduces glucose-induced secretion which 

contributes to the increased risk of type 2 diabetes (Villareal et al., 2010). TCF7L2 gene 

variants are also known to contribute the highest risk of type 2 diabetes (Villareal et al., 

2010). A study by Shu and colleagues (2008) reported that silencing of the TCF7L2 gene 

results in strong suppression of insulin secretion in human and mouse islets (Shu et al., 2008). 

The rs7903146 variant risk allele T has been consistently associated with type 2 diabetes in 

various ethnic populations such as European, Asian and African (Cauchi et al., 2007). The T 

allele carriers had significantly lower insulin response and secretion than CC homozygotes 

(Lyssenko et al., 2007). The same T allele of rs7903146 variant in non-diabetic individuals of 

Brazil was also associated (P=0.006 OR=2.32[1.27–4.24]) with coronary artery disease and 

cardiovascular events (Sousa et al., 2009). 

1.16.2.3- PPARG: Peroxisome proliferator-activated receptor-gamma (PPARG) is located on 

chromosome 3. It is a member of the nuclear hormone receptor superfamily (Desvergne & 

Wahli, 1999). PPARG is found in adipocytes where it is involved in adipocyte differentiation 

(Kota et al., 2005). PPARG gene is involved in glucose metabolism, angiogenesis and 

inflammation pathways (please refer to figure 1.16) (Knouff & Auwerx, 2004). Variants 

within PPARG gene have been implicated in type 2 diabetes, obesity (Snyder et al., 2004) and 

diabetic retinopathy (Malecki et al., 2008; Costa et al., 2009). The rs1801282 is a 

nonsynonymous variant in the PPARG coding sequence that results in a proline (Pro) to 

alanine (Ala) substitution at codon 12. The minor allele A of rs1801282 variant has been 

associated with high insulin sensitivity, and a decreased risk of obesity and type 2 diabetes 

(Altshuler et al., 2000). 
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Figure 1.19: Functions of PPARG after activation in adipose tissue. Adapted from 

http://corposcindosis.blogspot.com.au/2013/05/adipose-tissue.html 

1.16.2.4- KCNJ11: The potassium inwardly-rectifying channel, subfamily J, member 11 

(KCNJ11) gene is located on chromosome 11. It encodes the Kir6.2 subunit of an ATP-

sensitive potassium channel in pancreatic beta-cells. In pancreatic β-cells, the KATP channels 

consist of four Kir6.2 subunits surrounded by four sulphonylurea receptor 1 (SUR1) subunits 

(Koster et al., 2000). Activating mutations inhibit closing of the channel, which can prevent 

insulin secretion and lead to insulin-dependent neonatal diabetes (Yang et al., 2012). The 

KCNJ11 E23K (rs5219) variant is the most extensively studied type 2 diabetes risk variant 

(Florez et al., 2004). This E23K variant results in the substitution of a highly conserved 

glutamate (E) residue with lysine (K) (Riedel et al., 2005). In Caucasian, the E23K genotype 

was found to be significantly associated with reduced insulin secretion and resistance (Florez 

et al., 2004). It also affects the ATP sensitivity of the KATP channel (Schwanstecher et al., 

2002). In E23K (rs5219), the KK genotype reduced glucose-induced beta cell insulin release 

(Riedel et al., 2003). Another variant in the KCNJ11 gene, rs2285676, has also been studied 

in the Japanese and Chinese populations. The G allele of rs2285676 variant has been found to 

be associated with an increased risk of type 2 diabetes (Sakamoto et al., 2007). In a Quebec 
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family study, the G allele of rs2285676 variant was found to be associated with reduced 

insulin secretion (Ruchat et al., 2008)  

1.16.2.5- PPARGC1A: Peroxisome proliferator-activated receptor gamma coactivator-1 alpha 

(PPARGC1A) is located on chromosome 4. It is a major regulator of adipocyte, skeletal 

muscle and liver metabolism (Puigserver & Spiegelman, 2003). PPARGC1A gene has roles in 

important metabolic pathways such as those responsible for the control of energy, glucose and 

lipid homeostasis. This gene is a promising candidate gene for the metabolic and 

cardiovascular disease (Brito et al., 2009). 

The PPARGC1A variant rs8192678 (Gly482Ser) is a missense mutation located in exon 8 of 

the PPARC1A gene. The rs8192678 (Gly482Ser) variant is the most frequently studied variant 

that has shown associations with type 2 diabetes (Barroso et al., 2006), hypertension 

(Andersen et al., 2005), obesity (Ridderstrale et al., 2006), dyslipidaemia (Franks  et al., 2007) 

and insulin resistance (Fanelli et al., 2005). In the Danish population, the minor allele T of 

rs8192678 variant has been found to be associated with diabetes (Andersen et al., 2005). This 

variant has also been found to be associated with obesity in European Caucasian, particularly 

in females (Esterbauer et al., 2002). In the Pacific populations, PPARGC1A gene remains a 

candidate for the thrifty gene (Myles et al., 2011). The variant rs8192678 was associated with 

high BMI in Polynesian; the 482Ser risk allele is associated with an increased risk of 

developing type 2 diabetes in Polynesian (Myles et al., 2011). Individuals who are 

homozygous for the risk allele 482Ser showed a 60% reduction in the expression levels of 

PPARGC1A in skeletal muscle in comparison to non-carriers (Ling et al., 2008). 

1.16.2.6- miRNA16A: MicroRNAs (miRNAs) are small noncoding RNA molecules that bind 

to the 3′ untranslated region of target mRNA (Garzon et al., 2010). miRNA dysfunction is 

associated with diabetes and inflammation (Bates et al., 2009). miRNAs participate in innate 

immunity and inflammation by controlling cell growth, differentiation, proliferation, and 

death (Zhang, Z. et al., 2009). miRNA16 plays a crucial role in the regulation of toll-like 

receptor 4 (TLR4) (Methe et al., 2004). Variants in miRNA may alter miRNA expression and 

maturation, and may also change the regulatory effect of miRNA on their target genes (Wang, 

L. et al., 2011). The rs2910164 variant is located in the stem structure of miR-146a. This 

variant has shown association with different types of cancer including breast cancer (Hoffman 

et al., 2009), prostate cancer (George et al., 2011) and bladder cancer (Mittal et al., 2011). 
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Link between gout and type 2 diabetes:  

Metabolic Syndrome

 

Figure 1.20: A link between gout, cardiovascular disease and the factors driving it. This image 

depicts a man sitting in a carriage pulled by horses, with fairies around him. The man in the diagram 

is gout and the carriage is his heart, while the fairies depict fructose intake. Each horse represents the 

factor responsible for causing gout and cardiovascular disease. Figure reproduced from Jay 

Tomlinson, 2009 with permission.  

Metabolic syndrome (MS) is characterised by metabolic abnormalities that include insulin 

resistance, hyperinsulinaemia, obesity, dyslipidaemia, hyperglycaemia and hypertension 

coexisting in an individual (Eckel et al., 2005). Kylin (1923) was the first to define metabolic 

syndrome. He described metabolic syndrome as the clustering of hypertension, 

hyperglycaemia and gout (Kylin, 1923). MS has become a major health challenge worldwide. 

It is a major risk factor for the development of cardiovascular disease (Isomaa et al., 2001), 

type 2 diabetes (Wilson et al., 2005), gout (Rho et al., 2005) and stroke (Najarian et al., 2006).  

Over the past years, many sets of criteria have been suggested to define metabolic syndrome, 

including those by the World Health Organisation (WHO) in 1998 (Alberti & Zimmet, 1998), 

the European Group for study on insulin resistance (EGIR) in 1999 (Balkau & Charles, 1999), 

the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) in 

2001 and the International Diabetes Federation (IDF) in 2005. Every criterion defined the 

disorders of glucose metabolism, hypertension, dyslipidaemia and obesity as components of 

metabolic syndrome. However, they disagreed with regard to the threshold levels of these 

components and also which components should be added to define metabolic syndrome. Due 
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to this discrepancy, the prevalence of the MS in the same population may vary dramatically, 

depending on the specific diagnostic criteria considered (Day, 2007). 

1.17- Prevalence of metabolic syndrome 

The prevalence of metabolic syndrome is increasing worldwide. According to ethnicity and 

sex, the prevalence of MS may vary between populations depending on the definition used. In 

the U.S., from the National Health and Nutrition Examination Survey (NHANES III) data, the 

age-adjusted prevalence for MS over 20 years old was 22.8% in men and 22.6% in women 

(Park et al., 2003). Several European cohorts have suggested that 23% of males and 12% of 

females have metabolic syndrome according to WHO criteria (Puig & Martinez, 2008). In 

South Asia, 20–25% of the population have MS (Nestel et al., 2007) and the prevalence of 

MS was double in males compared to females (Sawant et al., 2011). 

1.17.1- Metabolic syndrome in New Zealand: 

New Zealand is experiencing a marked increase in obesity and the prevalence of metabolic 

syndrome. In Māori and Pacific people of New Zealand, metabolic syndrome components 

such as obesity (Simmons et al., 2001), hypertension (Prior, 1974), dyslipidaemia (Beaglehole 

et al., 1979), type 2 diabetes (Simmons et al., 2001) and coronary heart disease (Tipene-Leach 

et al., 1991) are quite frequent. The total prevalence of metabolic syndrome among the Māori 

and Pacific people aged 40 years or over was higher than 50%, with almost 80% having at 

least two components of metabolic syndrome (Hu et al., 2004). Māori and Pacific people are 

at a 2-2.5 increased risk of developing metabolic syndrome as compared to Caucasian 

(Gentles et al., 2007). In Māori and Pacific Island people, risk factors for the development of 

metabolic syndrome are ethnicity, age, smoking, and heart attack, past history of stroke and 

family history of diabetes (Gentles et al., 2007). 

1.18- Gout, type 2 diabetes and metabolic syndrome  

The relationships between gout and metabolic syndrome and also between type 2 diabetes and 

metabolic syndrome are well recognised. The major components of metabolic syndrome are 

risk factors for the developments of both gout and type 2 diabetes. There seems to be shared 

pathogenic pathways between gout and type 2 diabetes in which, insulin resistance, obesity, 

hyperuricaemia and hypertension play central roles. Serum urate concentrations are associated 
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with abdominal adiposity, type 2 diabetes (Niskanen et al., 2006), hypertension (Nakanishi et 

al., 2003), cardiovascular disease (Krishnan et al., 2006) and renal failure (Johnson et al., 

2005). Reaven (1993) and Zavaroni and colleagues (1993) suggested that hyperuricaemia 

should be added to metabolic syndrome. Metabolic syndrome is highly prevalent in patients 

with gout (Rho et al., 2005) and type 2 diabetes (Lorenzo et al., 2003). 86% of patients with 

gout have metabolic syndrome (Vazquez-Mellado et al., 2004).  

1.18.1- Hyperuricaemia, insulin resistance and type 2 diabetes: 

Type 2 diabetes is associated with gout (Lai et al., 2012). Insulin resistance is one of the 

potential links between the two. Yoo and colleagues (2011) reported that insulin resistance in 

gout patients is increased by 35% over individuals without gout. In a New Zealand study by 

Suppiah and colleagues (2008), a high prevalence of gout is found in patients with type 2 

diabetes (Suppiah et al., 2008). 

In different tubular segments of the kidney, insulin receptors are present (Nakamura et al., 

1983). Insulin affects both metabolic and transport functions of the renal proximal tubular 

cells. Gluconeogenesis in this portion of the nephron is inhibited by insulin. Uric acid 

reabsorption is related to the sodium tubular reabsorption (Quinones et al., 1995; Muscelli et 

al., 1996). Insulin regulates the renal reabsorption for sodium and phosphate in the proximal 

tubule. An increase in insulin concentration has been shown to enhance the renal tubular 

sodium reabsorption in humans (Tiwari et al., 2007) and the excretion of uric acid was 

increased by renal tubular sodium reabsorption (Quinones et al., 1995). In brush border 

membranes of the renal proximal tubule, insulin stimulates the urate-anion exchanger 

(URAT1) or the Na
+
-dependent anion co-transporter (NPT1) resulting in enhanced renal urate 

reabsorption (Enomoto et al., 2002; Choi et al., 2005). Insulin resistance also reduces urinary 

uric acid clearance (Facchini et al., 1991). The higher the insulin resistance, the lower the uric 

acid clearance and the higher the serum urate concentration is. Therefore, insulin can modify 

the way in which the kidneys handle uric acid, thus leading to hyperuricaemia. 

1.18.2- Hyperuricaemia, hyperglycaemia and type 2 diabetes: 

Hyperglycaemia increases the risk of hyperuricaemia (Becker & Jolly, 2006). In a Japanese 

study of 3681 male adults, high levels of serum urate were found to increase the risk of 

developing type 2 diabetes (Nakanishi et al., 2003). Hyperglycaemia is associated with an 
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increased risk of hyperuricaemia. The mechanism that links hyperglycaemia and 

hyperuricaemia is not known. The possible factors that increase the synthesis of uric acid are 

the increased activity of the hexose monophosphate shunt pathway leading to the increased 

production of purine, and those factors that decrease the excretion of uric acid by increasing 

tubular reabsorption and by inhibiting tubular secretion (Lippi et al., 2008). 

1.18.3- Hyperuricaemia, obesity and type 2 diabetes: 

Obesity increases the risk of many diseases. Adults with a body mass index (BMI) of 30 are 

considered obese. Obesity is associated with higher serum urate levels and an increased risk 

of gout (Lin et al., 2000). Obesity also leads to insulin resistance, which in turn can result in 

increased risk of developing type 2 diabetes (Haffner & Taegtmeyer, 2003). Hyperuricaemia 

is associated with insulin resistance, obesity and metabolic syndrome. 

Adiponectin has insulin-sensitising and anti-inflammatory properties (Kadowaki & 

Yamauchi, 2005). In obese subjects, adiponectin levels are low (Lihn et al., 2005). 

Adiponectin is inversely related to the blood glucose, insulin resistance and the risk of type 2 

diabetes (Hivert et al., 2008; Li et al., 2009). Uric acid can reduce the production of 

adiponectin in hyperuricaemic mice (Baldwin et al., 2011). Uric acid can enter adipocytes 

through a uric acid transporter URAT1, which is also expressed by adipocytes; it activates 

NADPH oxidase (NOX) via an unknown mechanism. Activated NOX then generates reactive 

oxygen species (ROS), which activates the pro-inflammatory signalling pathway via p38. 

Activation of this mechanism in response to uric acid is followed by an increase in the 

production of monocyte chemotactic protein 1 (MCP-1) and a decrease in the production of 

adiponectin. MCP-1 plays an important role in the development of insulin resistance and 

obesity (Kanda et al., 2006). In adipocytes, uric acid may down-regulate the expression of 

xanthine oxidoreductase (XOR), which is known to be an upstream regulator of the activity of 

PPARG. The PPARG gene regulates adipogenesis and the expression of adiponectin and is 

also an anti-inflammatory factor (Cheung et al., 2007).  
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Figure 1.21: Uric acid effects on adipocytes. Figure self-generated. 

The effect of uric acid on adipocytes is similar to that of obesity; it up-regulates pro-

inflammatory factors and reduces the adiponectin level via redox-dependent mechanisms. 

This results in low grade inflammation, insulin resistance and impaired vascular homeostasis 

(Baldwin et al., 2011). All of these factors contribute to the onset of type 2 diabetes and 

cardiovascular disease (Peelman et al., 2004; Hug & Lodish, 2005). 

Leptin can also be a connection between obesity, type 2 diabetes and hyperuricaemia 

(Fruehwald-Schultes et al., 1999). Hyperuricaemia in obese people is mainly attributed to 

impaired renal clearance of uric acid rather than overproduction (Takahashi et al., 1997). 

Leptin has been reported to alter both insulin sensitivity in pancreatic beta cells (Sivitz et al., 

1997) and insulin secretion (Kieffer & Habener, 2000) and also influence renal function. 

Leptin has diuretic activity and may directly impair uric acid excretion in the kidney (Jackson 

& Herzer, 1999).  
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1.18.4- Hyperuricaemia, hypertension and type 2 diabetes: 

Type 2 diabetes is strongly associated with hypertension and cardiovascular complications. In 

diabetic patients, hypertension is a quite common co-morbidity, affecting approximately 20-

60% of patients (Gerstein et al., 2001). In diabetic patients, hypertension can lead to 75% of 

stroke, heart attacks and coronary artery disease (El-Atat et al., 2004). Hypertension is also a 

risk factor for gout (Johnson et al., 2003; Yoo et al., 2005). Serum urate was found to be 

highly correlated with both systolic and diastolic blood pressure in children with hypertension 

(Johnson et al., 2005). In the Framingham cohort, hypertensive individuals were at a 3-fold 

increased risk of gout (Abbott et al., 1988). 

The exact role of uric acid in the development of hypertension is not known and it seems that 

more than one mechanism is involved. Endothelial dysfunction (Farquharson et al., 2002), 

platelet adhesion and aggregation, oxidative metabolism, stimulation of the renin-angiotensin 

system and pro-inflammatory mediators have been proposed (Alderman & Redfern, 2004), 

which are also influenced by insulin resistance and hyperglycaemia.  

Endothelial dysfunction is the reduction of nitric oxide (NO) bioavailability. The functions of 

NO include reducing platelet aggregation, relaxing smooth muscle and reducing vascular 

inflammation (Rabelink & Luscher, 2006). Uric acid generates oxidants via xanthine, which 

may result in endothelial dysfunction. ATP degradation to adenine and xanthine results in the 

increased production of xanthine oxidase. These oxidants react with and remove NO which 

leads to endothelial dysfunction (Johnson et al., 2003). In patients with diabetes, 

hyperuricaemia inactivates nitric oxide and reduce its bioavailability (Samant et al., 2012). 

Uric acid induces a pro-inflammatory effect. Uric acid activates mitogen-activated protein 

kinases (MAPK) that stimulate the proliferation of rat vascular smooth muscle cell (VSMC) 

(Mazzali et al., 2002), growth factors (platelet-derived growth factor (PDGF), chemokines 

(monocyte chemoattractant protein-1 (MCP-1) and inflammatory enzymes (COX-2) (Kanellis 

et al., 2003). Uric acid also up-regulates C-reactive protein (CRP). Individuals that are 

hypertensive have increased CRP levels in their blood (Ridker, 2001). Elevated CRP levels 

have also been associated with an increased risk of diabetes (Pradhan et al., 2001), insulin 

resistance, blood pressure, HDL and triglyceride levels (Yudkin et al., 1999). 
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Diuretics such as thiazide loop diuretics are used in the treatment of hypertension (Mikuls et 

al., 2005). Thiazide diuretics increase serum urate levels by decreasing uric acid excretion or 

by increasing the reabsorption of uric acid (Weinman et al., 1975; Kahn, 1988). The use of 

diuretics to control hypertension is an independent risk factor for hyperuricaemia (Weinman 

et al., 1975; Kahn, 1988). Diuretics can directly promote uric acid reabsorption by the 

proximal tubule or indirectly increase uric acid reabsorption by the proximal tubules as a 

result of diuretic-induced volume depletion (Weinman et al., 1975; Kahn, 1988). 

1.18.5- Hyperuricaemia and hypertriglyceridaemia: 

Hypertriglyceridaemia is one of the components of metabolic syndrome. High levels of 

triglycerides are commonly found in patients with type 2 diabetes. High triglycerides, 

accompanied by low HDL levels, are a marker for insulin resistance (McLaughlin et al., 

2005). Elevated free fatty acids derived from triglyceride may impair insulin sensitivity 

(Boden & Shulman, 2002) and can lead to insulin resistance. Hyperuricaemia is a risk factor 

for high triglyceride levels (Gandotra & Miller, 2008). Increased plasma concentrations of 

triglyceride, apolipoprotein B (apoB), apolipoprotein E (apoE) and decreased high-density 

lipoprotein cholesterol (HDL-C) have been demonstrated in patients with gout (Moriwaki et 

al., 1995). In population surveys, 20% to 75% of men with hyperuricaemia have 

hypertriglyceridaemia (Gibson & Grahame, 1974) and an even higher proportion of men with 

hypertriglyceridaemia have hyperuricaemia (Gibson & Grahame, 1974). 

Hypertriglyceridaemia increases serum urate levels possibly via the reduced renal clearance of 

uric acid. Plasma lipoproteins may play some role in the renal management of uric acid, as 

suggested by the relationship between the decreased renal excretion of urate and increased 

VLDL levels (Cardona et al., 2003).  

Hypertriglyceridaemia and hyperuricaemia can also be linked by a diet that is enriched in 

fructose. Fructose not only increases the endogenous production of uric acid but also induces 

de novo lipid synthesis, thereby resulting in enhanced hepatic output of triglyceride-rich 

lipoproteins (Hofmann & Tschop, 2009).  
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Figure 1.22: Effects of high intake of fructose on various organs. Adapted from 

http://diagramupdate.blogspot.com.au/2013/08/organ-diagram.html and http://epsaisite.com/human-

organs-anatomy-vector/  
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1.18.6- Fructose, gout and type 2 diabetes: 

An increase in fructose intake is positively correlated with the rise in diabetes, hypertension 

and kidney disease (Nakagawa et al., 2005). Fructose-rich diets are also associated with the 

components of metabolic syndrome (Nakagawa et al., 2006) 

1.19- Inverse relationship between gout and type 2 diabetes 

Although diabetes is considered a co-morbid condition of gout, there are studies that show an 

inverse relationship between gout and type 2 diabetes, such as the belief that having diabetes 

may actually reduce the future risk of gout. Choi and Curhan (2008) found that individuals 

with highly elevated HbA1c levels or diabetes may be at a lower risk of gout, particularly men 

(Choi & Curhan, 2008). Individuals with type 2 diabetes have lower serum urate levels, likely 

due to the uricosuric effect of glycosuria (Whitehead et al., 1992). Impaired inflammation in 

diabetes may protect against the risk of gout (Choi et al., 2005). A case-control study from a 

UK general practice database reported that the relative risk (RR) of incident gout in patients 

with diabetes was 0.67 (95% CI 0.63, 0.71) compared with patients without diabetes 

(Rodriguez et al., 2010). 
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Aims of the study 

There is a high prevalence of gout in New Zealand, and people with gout are at an increased 

risk of diabetes (Lai et al., 2012). To date, no studies have investigated the direct association 

between the genetic variants of type 2 diabetes and gout. I hypothesised that type 2 diabetes 

and metabolic syndrome associated variants may also influence gout. 

1. The first aim of my project was to find a possible genetic link between type 2 diabetes and 

gout by examining the role of type 2 diabetes variants on gout susceptibility and to determine 

whether the association is dependent or independent of type 2 diabetes. 

2. The second aim of my project was to find a possible genetic link between obesity and gout 

by examining the role of obesity-associated variants on gout susceptibility and determine 

whether the association is dependent or independent of obesity.  

3. The third aim of my project was to find a possible genetic link between metabolic 

syndrome and gout by examining the role of PDZK1 gene variants with gout, and also to look 

for gene-gene interactions between PDZK1 and the urate transporter genes. The PDZK1 gene 

variants not only influence serum urate but also metabolic syndrome. 

Variants from type 2 diabetes-, metabolic syndrome- and obesity-associated genes were tested 

using the NZ gout population sample set. The variants were also tested in populations with 

type 2 diabetes, obesity and metabolic syndrome independent of gout. 
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Study population 

2.1- Ethical approval 

In this study, the New Zealand Multi-region Ethics committee (MEC05/10/130) based in 

Wellington approved the collection of cases. The recruitment of controls was approved by the 

Lower South and Multi-region Ethics Committees (OTA/99/11/098 and MREC 05/10/130). 

The participants were made aware of the research and how the information provided would be 

used and processed in this study. They were also informed that their participation was 

voluntary. All participants gave their informed consent to use their DNA for this research and 

were told that they could withdraw at any time, following which their sample would be 

discarded.  

2.1.1- Recruitment of controls 

Controls were defined as subjects who had no self-reported history of arthritis. Individuals of 

both genders aged over 17 years were invited to join the study. Controls were recruited from 

the community nationwide. Information regarding ancestry was obtained by asking 

participants about the ancestry of their grandparents. 

2.1.2- Recruitment of cases 

Cases were defined as those subjects who had a confirmed diagnosis of gout by a 

rheumatologist fulfilling the criteria of the American College of Rheumatology (ACR) 

preliminary diagnostic criteria for acute gout (Wallace et al., 1977). Participants of both 

genders were recruited from different rheumatology outpatient clinics situated in the hospitals 

of Auckland and Christchurch, and also from the community health centres situated in 

Wellington, Rotoroa and Dunedin by trained nursing staff. Information regarding ancestry 

was obtained by asking participants about the ancestry of their grandparents. 

Participants were asked to fill in a questionnaire that included information about their 

ethnicity, occupation, family history, phenotypes (age, sex, height and waist circumference), 

diet (sugary drinks, sea food and alcohol), medications (allopurinol, colchicine, steroids and 

probenecid), clinical measurements and other health problems (shown in table 2.1).   
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Clinical Measurements Health Problems 

Blood glucose (mmol/l) Type 2 diabetes 

Cholesterol (mmol/l) Heart disease 

Triglycerides (mmol/l) Kidney disease 

High density lipids (mmol/l) Blood pressure 

Low density lipids (mmol/l) Systolic pressure (mmHg) 

Cholesterol: HDL ratio Diastolic pressure (mmHg) 

Serum urea (mmol/l) Hypertension 

Serum urate (mmol/l) Dyslipidaemia 

Serum creatinine (µmol/l) Heart problems 

Estimated glomerular filtration rate (ml/min/1.73 m2) 

Kidney problems 

Urine creatinine (mmol/l) 

Urine urate (mmol/l) 

Simkin index (mg/dl). (urinary urate x serum) 

creatinine)/urinary creatinine)/60 

Table 2.1: Clinical measurements and health problems included in the questionnaire 

2.2- Study Population 

The study design used a case-control approach. The study population included participants 

from all over New Zealand and consisted of people from different ethnicities and admixture. 

There was population stratification present between cases and controls due to non-random 

mating between groups from different populations. This has to be detected and accounted for 

in the association studies, because it can lead to false-positive results, as the association found 

could be due to the admixture rather than a disease-associated locus (Cardon & Palmer, 

2003). Therefore the studied populations were divided into five cohorts (participant’s sample 

set) based on the information provided by the participants about the ancestry of their 

grandparents in order to lessen any population stratification.  

1. NZ European Caucasian consisted of participants with British European history.  

2. The Eastern Polynesian (EP) cohort consisted of participants from Cook Island and 

NZ Māori, which was further divided into East Polynesian with high ancestry group 

(EP/N) and East Polynesian with low ancestry group (EP/Z). 

3. The Mixed East and West Polynesian group (EP/WP), the smallest dataset, consisted 

of participants with mixed East Polynesian and West Polynesian ancestry.  
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4. The Western Polynesian (WP) cohort consisted of participants from Tonga, Samoan 

and Niuean.  

Some of the participants, both cases and controls, which were collected before 2009 for 

another study, did not have complete information, i.e. some of the clinical information was 

missing. Only the controls and cases collected post-2009 had responses to all questions. As 

appropriate, they were separated into two different groups: one containing all of the cases and 

controls (combined) and the other which contained only those cases and controls with full 

clinical information (subset). Two association analyses were run for each SNP using the 

combined or subset datasets. This was done in order to ensure that there were no 

discrepancies between the groups.  

Sample sets 
Combined Subset 

Control Cases Control Cases 

NZ Caucasian 620 420 420 133 

EP/N 255 256 128 191 

EP/Z 182 59 68 49 

Mixed EP/WP 25 19 15 19 

WP 144 249 108 249 

Table 2.2: Number of controls and cases in the combined and subset datasets for different ethnic 

sample sets used in this study  

2.2.1- How the Eastern Polynesian (EP) cohort grouping was done 

To account for admixture, STRUCTURE (http://pritch.bsd.uchicago.edu/software.ht ml) was 

used to separately assign Eastern Polynesian (EP) individuals to a population. The EP case 

sample set was predominantly NZ Māori. In that sample set, 78% of cases and 93% of 

controls were of Māori descent. As compared to the EP control sample set, the proportion of 

self-reported EP grandparents was high in the EP case sample set, with an average of 3.1 EP 

grandparents in cases versus 2.5 in controls. In the EP sample set, 63 markers were genotyped 

and used as genomic controls to account for EP ancestry as described in Hollis-Moffatt et al. 

(2012). The markers chosen were spread throughout the genome. Markers from the known 

region of association with gout were excluded. To help with grouping of the EP cohort, 505 

Caucasian control participants were included in the STRUCTURE procedure. They 

represented the ancestral Caucasian population. The genotyping was done using the TaqMan 

http://pritch.bsd.uchicago.edu/software.html
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assay and was performed by the staff of the Merriman Laboratory, Department of 

Biochemistry, University of Otago. The markers used are listed in table 2.3: 

SNP Gene SNP Gene SNP Gene 

rs2075876  AIRE rs1816532 ERBB4 rs1341922 GFPT1 

rs12401573 Sema4A rs6945435 MGC87315 rs743777 IL2RB 

rs10511216 Intergenic rs12745968 FAM69A rs1539438 AP4B1 

rs729749 Ncf4 rs3738919 ITGAVr rs1130214 AKT1 

rs755622 MIF rs7901695 TCF7L2 rs7578597 THADA 

rs2043211 CARD8 rs10733113 NLRP3 rs900865 INSC/SOX6 

rs2059606 PDGS rs4129148 PsuedoY rs831628 CD59 

rs7725 GFPT2 rs573816 upstALDOB rs1929780 ALDOB 

rs12917707 UMOD rs10025373 IL8 rs1143634 IL1B 

rs11536879 TLR4 rs1205 CRP rs2812378 CCL21 

rs3014875 S10019 rs344542 C3 rs40401 IL3 

rs452204 IL1RN rs4780884 UMOD rs4781011 CIITA 

rs4804221 FCER2 rs4845622 IL6R rs4889640 ITGAM 

rs507879 CASP5 rs6005863 XBP1 rs6819597 CXCL11 

rs6835636 TLR2 rs7811892 LEP rs7842 C3AR1 

rs795467 IL18 rs8075846 CCL11 rs8122 STEAP4 

rs9639436 IL6 rs9882205 ADIPOQ rs2859491 ERAP2 

rs34724799 SLIT3 rs10511661 ADAMTSL1 rs13098550 AADAC 

rs3736187 MME rs4677396 CNTN3 rs2002406 BRE 

rs4952771 PRKCE rs2765620 C13orf18 rs3122160 HCRTR2 

rs4082190 GSDMA rs4624958 LHFPHL3 rs6839345 LRBA 

Table 2.3: List of markers genotyped for Eastern Polynesian (EP) cohort grouping using 

STRUCTURE 

The STRUCTURE result output was matched with the self-reported ancestry, and then a 

geometric mean was applied to determine the ancestry by developing a cut off value of 0.67. 

Subjects who were above this value were categorised as EP high (EP/N) and those who were 

below this value were categorised as EP low (EP/Z). 



  

66 

 

2.2.1.1- Demographic and clinical characteristics of the sample sets 

Demographic and clinical characteristics of the sample sets are described in table 2.4. In gout patients, there was an increased occurrence of 

metabolic co-morbidities as compared with controls of the same ethnicity. 

 

 

Caucasians EP/N EP/Z Mixed EP/WP WP 

Controls (n=638) Cases (n=420) Controls (n=187) Cases (n=256) Controls (n=162) Cases (n=59) Controls (n=25) Cases (n=19) Controls (n=144) Cases (n=249) 

Sex % male 41.75 83.57 32.14 74.18 32.04 86.44 19 100 56.25 93.57 

Age 44.52 61.29 43.42 55.69 41.86 54.86 39.37 39.37 38.66 46.76 

Mean  SD number of 
grandparents of stated ancestry 

- - 0.88(0.67-0.99) 0.91(0.67-0.98) 0.44(0.04-0.66) 0.43(0.08-0.66) - - 0.94(0.16-0.99) 0.97(0.55-0.99) 

Serum uric acid mmol/l 0.29(0.13-0.52) 0.39(0.13-0.69) 0.35(0.18-0.58) 0.43(0.17-0.72) 0.31(0.15-0.50) 0.39(0.26-0.55) 0.51(0.41-0.67) 0.51(0.41-0.67) 0.37(0.25-0.57) 0.45(0.19-0.76) 

Mean (range) BMI 27.71(19.4-55.8) 33.35(19.23-61.3) 32.55(19.4-77) 35.46(21.5-66.7) 31.09(19.6-56.8) 32.59(23.1-43.0) 34.38(23.9-41.6) 37.60(27.7 -62.6) 34.28(20.5-62.5) 37.31(22.1-93.2) 

Co-morbidities, % 

Type 2 Diabetes 6.55 14.79 10.79 27.56 8.92 26.08 8.69 26.31 12 15.85 

Hypertension 13.85 47.49 16.66 62.90 16.07 50 13.04 47.36 17.46 55.28 

Dyslipidaemia 15.65 52.53 11.76 55.97 13.63 55.55 9.52 55.55 12.19 52.71 

Cardiovascular disease 6.07 35.79 5.10 35.26 0.89 36.95 - 16.66 0.80 15.44 

Renal disease 2.29 19.75 0.81 30.61 2.94 28.26 - 27.77 0.95 17.01 

Table 2.4: Demographic and clinical characteristic information collected from gout cases. 
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2.2.2- Reference sample sets 

Two sample sets were used as a reference set for the comparison of results: the Framingham 

Heart study (FHS) and the Atherosclerosis Risk in Communities Study (ARIC). 

2.2.2.1- Framingham heart study (FHS) 

The Framingham Heart study (http://www.framinghamheartstudy.org/) was begun in 1948 in 

Massachusetts (Jaquish, 2007). Since 1971, it has been a project of the National Heart, Lung 

and Blood Institute, in collaboration with Boston University. This study identified the 

common risk factors contributing to the development of cardiovascular disease (CVD), which 

was achieved over a period of time by following a large number of asymptomatic participants 

for the development of CVD. They also included phenotypic data for other diseases such as 

gout, hyperuricaemia, rheumatoid arthritis, diabetes, osteoporosis, stroke, dementia, arthritis, 

eye disease and cancer.  

 

Figure 2.1: Framingham heart study timeline over 3 generations. In 1948, the Original Cohort of 

5,209 participants between the ages of 28 and 62 was enrolled in the Framingham Heart study. This 

was the first study to include men and women. In 1971, the offspring of the Original Cohort and their 

spouses were enrolled in the Offspring Study. The Third Generation participants, around 4095, with 

one parent in the Offspring Cohort, were enrolled into the Framingham Heart Study in 2002. 

Removed for copyright reasons. 

The Framingham cohort utilised the dbGap sub-studies to store their data. In this study, data 

from the Framingham SNP Health Association Resource (SHARe) Phs000342 sub-study was 

used. The GWAS platform used in the study was Affymetrix 500K mapping array which 

genotyped ~500,568 SNPs. Detailed information about the FHS and its genotyping dataset 

can be found at the dbGaP website (https:// www.ncbi.nlm.nih.gov). The rights to access the 

FHS dataset were obtained by Dr Tony Merriman through the dbGaP data access committees 

for the respective study under approval number 834; the project is called the Genetic Basis of 

Figure 2.1: Removed for copyright reasons 

 

http://www.framinghamheartstudy.org/
http://en.wikipedia.org/wiki/National_Heart,_Lung,_and_Blood_Institute
http://en.wikipedia.org/wiki/National_Heart,_Lung,_and_Blood_Institute
http://en.wikipedia.org/wiki/Boston_University
http://www.framinghamheartstudy.org/participants/original.html
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Gout. He gave access to the lab members to utilise the information for their respective studies. 

In this study, the FHS gout cohort was used as a reference sample set. The FHS gout cohort 

consisted of Offspring data and Generation 3 data. From the (FHS) Offspring dataset, 55 gout 

cases were obtained and were combined with 19 gout cases from the Generation 3 data. From 

the Offspring dataset, those self-reported gout cases were included if they had reported gout 

during survey occasions and were also on anti-gout medication. From the Generation 3 

dataset, those self-reported gout cases were included who were not taking any hypertensive 

medication. For the control sample set, unrelated participants of Caucasian ancestry were 

included. Genotypes were available for 69 gout cases and 6077 control samples. 

2.2.2.2- Atherosclerosis risk in communities study (ARIC) 

ARIC is a study of risk factors for atherosclerosis (http://www.ncbi.nlm.nih.gov). ARIC is a 

two-part study consisting of the Cohort Component and the Community Surveillance 

Component. In 1987, the Cohort Component was started, and included a cohort sample of 

11,475 Caucasians and 4,260 African-Americans aged 45-64, from four U.S. communities: 

Washington County, MD (Johns Hopkins); Forsyth County, NC (Bowman-Gray/University of 

North Carolina); Jackson, MI (University of Mississippi); and suburban Minneapolis, MN 

(University of Minnesota). These four communities were investigated for the myocardial 

infarction and coronary heart disease deaths in men and women aged 35-84 years by the 

Community Surveillance Component. ARIC is a collaborative study supported by National 

Heart, Lung, and Blood Institute (NHLBI) contracts N01-HC-55015, N01 HC-55016, N01-

HC-55018, N01-HC-55019, N01-HC-55020, N01-HC-55021, N01-HC-55022, R01 

HL087641, R01 HL59367 and R01 HL086694; National Human Genome Research Institute 

contract U01HG004402; and National Institutes of Health (NIH) contract 

HHSN268200625226C. The rights to access the ARIC dataset were obtained by Dr Tony 

Merriman through the dbGaP data access committees for the respective study under approval 

number 834 and the project is called the Genetic Basis of Gout. He gave access to the lab 

members to utilise information for their respective studies. The ARIC cohort consisted of 

6946 controls and 148 gout cases who were not taking any medication for hypertension. The 

GWAS platform used in the study was Affymetrix 6.0K mapping array which genotyped 

~934,930 SNPs.  
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Sample preparation 

2.3- Genomic DNA extraction from whole blood 

Genomic DNA was extracted from the whole blood using the phenol-chloroform method; this 

method is cheap and effective as it removes proteins from cellular extract leaving DNA 

behind. The aqueous phase contains water-soluble DNA and the organic phase contains the 

proteins (denatured by the organic solvents). The DNA was collected and further washed with 

ethanol to completely remove the proteins. Precipitated DNA was then reconstituted in 

DNAse/RNAse-free Tris EDTA (TE) buffer. The technical staff of the Merriman Laboratory 

in the Department of Biochemistry, University of Otago, carried out the extraction using the 

following steps: 

2.3.1- Lysis of red blood cells (RBCs) from whole blood 

10 ml of whole blood was collected from patients and controls in tubes containing EDTA to 

avoid coagulation. Blood was transferred to 50 ml falcon tubes and rinsed with lysis buffer to 

a total volume of 40 ml. The tubes were mixed well and centrifuged for 15 min at 2500 rpm. 

In this step, RBCs were lysed and haem was dissolved in the supernatant. The supernatant 

was discarded and the pellet was resuspended in 20 ml lysis buffer after mixing and 

centrifuged for another 15 min at 2500 rpm. The supernatant was then drained. These steps 

were repeated until the haem was completely removed and the pellet became white. This step 

is important because haem is an inhibitor of PCR and can interfere with results. DNA from 

the pellet of white blood cells (WBCs) could either be extracted immediately or frozen at -

25°C for later processing. 

2.3.2- WBCs lysis and DNA extraction 

2.3.2.1- WBC lysis and protein digestion: To the pellet, 3.5 ml of 6 mol/l guanadinium 

hydrochloride (GuHCl) was added and the solution was mixed well. Then, 250 l of 7.5 mol/l 

ammonium acetate (NH4Ac), 50 l of 10 mg/ml proteinase K and 250 l of 20% Na sarcosyl 

were added and mixed immediately. The samples were then incubated at 37°C overnight or 

kept at 55°C for 2hrs or 60°C for 1 hour.  
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2.3.2.2-Protein removal from cellular extracts: After cooling to room temperature, the 

solution was transferred to 15 ml tubes containing 2 ml pre-chilled chloroform (CHCl3). 

Tubes were vortexed and left for a min, then spun for 3 min at 2500 rpm. This resulted in the 

formation of two layers. The organic layer (bottom) contained proteins and the upper aqueous 

layer contained DNA. The upper layer was carefully collected and added to 10 ml of cold 

absolute ethanol in a 15 ml tube. The sample was mixed by inversion to precipitate the DNA 

in order to further remove proteins. It was then centrifuged at 3000 rpm for 15 min. The 

supernatant was drained and the pellet was washed with 4 ml of 70% Ethanol twice and was 

centrifuged for 5 min at 3000 rpm. The supernatant was drained and the pellet was air dried at 

room temperature overnight.  

2.3.2.3- DNA quantification and dilution: The pellet was resuspended in 200 l TE buffer of 

pH 7.5 (10 mmol/l, 0.1 mmol/l) and incubated at 55°C for 1 hour. The concentration of DNA 

was determined by optical densitometry at 260 nm using a Nanodrop Spectrophotometer 

(ND-1000) and normalised to a concentration of 200 ng/µl (diluted in 10 mM Tris/1 mM 

EDTA). The DNA samples were then boxed and stored in the freezer. Genomic DNA was 

further diluted up to 8 ng/µl with TE buffer for genotyping purposes. 

2.4- Quality control 

Eight samples from each case-control 96-well box were selected from the New Zealand 

sample set. They were aliquoted into a separate 96-well box for quality control purposes. To 

ensure correct calling for genotyping assay and no accidental plate inversion after the 

completion of every assay, the quality control boxes were genotyped. 

SNP selection and design 

2.5- SNP selection 

SNPs/variants were selected using the literature review from the genes of interest. Variants 

that had previously shown associations with type 2 diabetes, obesity, serum urate levels and 

metabolic syndrome were included in this study. Information regarding the SNP, gene, 

sequence and allele frequency was obtained using population genetics data in Ensembl 

(http://www.ensembl.org/index.html). For Māori and Pacific sample sets, the SNP and 

genotype information was estimated using data from the Han Chinese population. It is 
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generally accepted that the Oceanic population would have originated from continental East 

Asia (Phipps-Green et al., 2010). Therefore, SNP variations in the East and West Polynesian 

population would likely have similar representations with Chinese HapMap data. Gene 

variants used in this study are shown in table 2.5.  

Gene Marker Variation 

PPARG rs1801282 C/G 

KCNJ11 rs2285676 A/G 

TCF7L2 rs7901695 T/C 

THADA rs7578597 T/C 

PPARGC1A rs8192678 C/T 

miRNA16A rs2910164 C/G 

ADRB3 rs4994 A/G 

MC3R rs3827103 G/A 

MC4R 

rs17782313 T/C 

rs17700633 G/A 

rs921971 T/C 

FTO 

rs99223233 G/C 

rs9922047 G/C 

rs1861869 G/C 

rs17817288 A/G 

PDZK1 

rs1967017 T/C 

rs11576685 A/G 

rs1284300 C/T 

rs12129861 G/A 

Table 2.5: List of the variants analysed in this study 
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2.6- Haploview for creating LD plots 

The Haplotype Map (HapMap) (http://www.hapmap.org/index.html.en) is a catalogue of 

common DNA variations across the whole genome (International HapMap Consortium 2003). 

HapMap includes four populations: Yoruba from Ibadan, Nigeria (YRI), Japanese from 

Tokyo, Japan (JPT), Han Chinese from Beijing, China (CHB) and Caucasian from Utah, USA 

residents with Northern and Western European ancestry (CEU). HapMap Genome Browser 

release number 28 was used in this study. Build 35 and 36 platforms of the HapMap were 

used for generating linkage disequilibrium (LD) plots for the SNPs of interest in this study to 

see the intermarker LD with surrounding SNPs. The LD plots were generated through the 

Haploview programme version 4.2 software. The pairwise LD for SNPs across each gene was 

measured by r
2
 values (Meireles, 2007). LD between NZ Caucasian was estimated by 

structure and frequencies of Caucasian population data (CEU). LD between the East and West 

Polynesian population was estimated by structure and frequencies of Chinese population data. 

A minimum minor allele frequency (MAF) of 0.05 was chosen for inclusion of a SNP in the 

LD analysis. The r
2
 value between two markers was used for linkage disequilibrium (LD) 

assessment. If two or more variants were in complete LD, only one variant was chosen and if 

the PCR for the SNP failed due to some technical reasons such as failure to ascertain discrete 

bands to indicate an ideal annealing temperature or the formation of secondary structures due 

to a high G.C content (64%) within the primer sequences, then another SNP with 80% or 

higher LD to the other SNP was selected.  

http://www.hapmap.org/index.html.en
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Figure 2.2: Linkage disequilibrium (LD) plot between the SNPs across the PDZK1 gene in the 

Caucasian population.  Each box shows the magnitude of LD between the markers. The numbers 

inside the boxes denote r
2
 values. Black indicates strong LD (r

2
=1.0); white indicates no LD (r

2
=0); 

and grey indicates intermediate LD.  

2.7- Design of primers for restriction fragment length polymorphism 

(RFLP) 

In order to amplify the target region that encompasses a SNP of interest, suitable primers were 

designed. The sequence was downloaded from the Ensembl website. Forward and reverse 

primers were designed creating a natural allele-specific cut site. New England Biolabs cutter 

version 2.0 (http://tools.neb.com/NEBcutter2/) was used to detect the presence of naturally 

occurring restriction sites in short polymorphic sequences. Restriction fragment length 

markers were constructed on the basis that the enzyme can distinguish one of the variants. 

TTAAAAACTTGGGAGAACAAACAAACCAAGTGGTGAGGCTAATGAAGACCATTTTCAACAGA

ACCAAGTGACACAGAGTGGGAGAGTAGTTTCTGTTGACCAGTTGGAATAGATGCCTGATTTC

AGAGTTGAAGAGTGGTAGGAATGAGGGGGTAGACATAGCAAGGTAGCCTATGTTTCACTGTG

TGGCAAGACAGAATG/ATTGTGGTACCCGGTCGCTGCTAAGGAGTGCATATTGATGGATTAG

TTCAGTTCTAAGTTAATATCTACAAAAGAGATTAAGTGCTAACATAGAGATTGTCCAAAGAA

ATGGATTAGAGAGAGGATAGAAAAGGATTAATATAACAGAAGGGAGCTTGGAGCTAAGCAAG

AAGGAAACCAAGCAATGAAAATCCAAGGAGC 

Shown above is the sequence of the SNP rs17700633 of MC4R, where G is substituted for A (highlighted in blue) 

http://tools.neb.com/NEBcutter2/
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TTAAAAACTTGGGAGAACAAACAAACCAAGTGGTGAGGCTAATGAAGACCATTTTCAACAGA

ACCAAGTGACACAGAGTGGGAGAGTAGTTTCTGTTGACCAGTTGGAATAGATGCCTGATTTC

AGAGTTGAAGAGTGGTAGGAATGAGGGGGTAGACATAGCAAGGTAGCCTATGTTTCACTGTG

TGGCAAGACAGAATG/ATTGTGGTACCCGGTCGCTGCTAAGGAGTGCATATTGATGGATTAG

TTCAGTTCTAAGTTAATATCTACAAAAGAGATTAAGTGCTAACATAGAGATTGTCCAAAGAA

ATGGATTAGAGAGAGGATAGAAAAGGATTAATATAACAGAAGGGAGCTTGGAGCTAAGCAAG

AAGGAAACCAAGCAATGAAAATCCAAGGAGC 

Restriction fragment refers to the fragment of DNA of predictable size resulting from specific 

cleavage of DNA by an endonuclease. The restriction site consists of typically about 4-8 

specific sequence nucleotides. Here, the restriction enzyme was SspI, with a restriction site of 

AAT^ATT. 

Example of the normal primers: If a natural cut site (AAT^ATT shown in purple) is present 

for the restriction enzyme to cut, then forward (shown in orange) and reverse primers (shown 

in blue) were designed as follows. 

SNP: rs17700633 (MC4R) 

TTAAAAACTTGGGAGAACAAACAAACCAAGTGGTGAGGCTAATGAAGACCATTTTCAACAGA

ACCAAGTGACACAGAGTGGGAGAGTAGTTTCTGTTGACCAGTTGGAATAGATGCCTGATTTC

AGAGTTGAAGAGTGGTAGGAATGAGGGGGTAGACATAGCAAGGTAGCCTATGTTTCACTGTG

TGGCAAGACAGAATG/ATTGTGGTACCCGGTCGCTGCTAAGGAGTGCATATTGATGGATTAG

TTCAGTTCTAAGTTAATATCTACAAAAGAGATTAAGTGCTAACATAGAGATTGTCCAAAGAA

ATGGATTAGAGAGAGGATAGAAAAGGATTAATATAACAGAAGGGAGCTTGGAGCTAAGCAAG

AAGGAAACCAAGCAATGAAAATCCAAGGAGC 

Fwd Primer: GAAGAGTGGTAGGAATGAGG 

Length: 20 bp 

GC Content 50% 

Tm 52°C 

Force reverse: GTGCTAACATAGAGATTGTCC 

Length: 21 bp 

GC Content 43% 

Tm 50°C 

Restriction Enzyme: SspI AAT^ATT 

Forced primer: If a natural cut site did not exist in either of the alleles of the SNP, a forced 

primer was designed by substituting an alternative nucleotide that created a restriction enzyme 

cut site encompassing the SNP for one allele. The forced primer was 30 bp in length. 



  

75 

 

Therefore, the second primer was designed approximately 100-200 bp away in the opposite 

direction to the forced primer.  

SNP: rs17782313 (MC4R) 

Original Sequence 

GCCTAAGGGAGACTCCACCACCTGGAATGTTACTGTTGTGTGCCAGAGGAAACAGCAGGGAT

AGGGGAAACATGAAAATCCACTGGCTTTTCTAGTCTTCTCTCCACATGCTATTGGTTTAAGA

CAAGTCAAGTGGGTTACTGATTTTAAGGGCATAAGCAAGTTCTACCTACCATGTTCTTGGAA

GCAGGAAAACCAGAATATATGTGAGCATCTTTAATGACTACAACATTATAGAAGTTTAAAGC

AGGAGAGATTGTATCCT/CGATGGAAATGACAAGAAAAGCTTCAGGGGGAAGGTGACATTTA

AGTTGGAATATTATTGAGGAGTATCATTTTAGCATCTGGGATTGAGGTAGCTTTGTGAAAAT

CATGTATCTTGTAAAACTAACTAAATTTTGAAAACAAATGTTACTTGAATATAGTTGACTCT 

Here, the original sequence was A (shown in blue) and a forced primer was created by 

substituting A for G, which created a recognition site for the restriction enzyme Msp1 

(C^CGG). 

Forced Primer  

GCCTAAGGGAGACTCCACCACCTGGAATGTTACTGTTGTGTGCCAGAGGAAACAGCAGGGAT

AGGGGAAACATGAAAATCCACTGGCTTTTCTAGTCTTCTCTCCACATGCTATTGGTTTAAGA

CAAGTCAAGTGGGTTACTGATTTTAAGGGCATAAGCAAGTTCTACCTACCATGTTCTTGGAA

GCAGGAAAACCAGAATATATGTGAGCATCTTTAATGACTACAACATTATAGAAGTTTAAAGC

AGGAGAGATTGTATCCT/CGGTGGAAATGACAAGAAAAGCTTCAGGGGGAAGGTGACATTTA

AGTTGGAATATTATTGAGGAGTATCATTTTAGCATCTGGGATTGAGGTAGCTTTGTGAAAAT

CATGTATCTTGTAAAACTAACTAAATTTTGAAAACAAATGTTACTTGAATATAGTTGACTCT 

Fwd Primer: GGGCATAAGCAAGTTCTACCTACC 

Length: 24 bp 

GC Content 50% 

Tm 57°C 

Force reverse: GTGGAAATGACAAGAAAAGCTTCAGGGGGA 

Length: 30 bp 

GC Content 47% 

Tm 62°C 

Restriction Enzyme: Msp1 C^CGG 
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The primers were designed using the Oligo Calculator program 

(http://www.pitt.edu/~rsup/OligoCalc.html). Primers were also checked for GC content, 

melting temperature, self-complementary structures such as hairpin formation, self-annealing. 

The restriction enzyme determination was performed using the NEBcutter Version 2.0 

website (http://tools.neb.com/NEBcutter2/index.php). Primers were ordered from Sigma-

Aldrich, Australia, at 0.5 µM, desalted in a lyophilised form. Stocks with a concentration of 

500 ng/µl were kept at -20°C, while the working solutions were diluted to 50 ng/µl. 

Genes Markers 
Nucleotide 

Positions 
Primer Sequence 

PPARG rs1801282 3:12393125 
Fwd GGGTGAAACTCTGGGAGATTCTCCTATTGG 

Rev CCTGGAAGACAAACTACAAGAGC 

KCNJ11 rs2285676 11:17408025 
Fwd GACCTGAAACTGGCCCTCGGAG 

Rev CCAGCTCTACTTGGTCCCTGAAAAAGCACG 

MC4R 

rs17782313 18:57851097 
Fwd GGGCATAAGCAAGTTCTACCTACC 

 

Rev TCCCCCTGAAGCTTTTCTTGTCATTTCCAC 

 
rs17700633 18:57929432 

Fwd GAAGAGTGGTAGGAATGAGG 

 

Rev GGACAATCTCTATGTTAGCAC 

 
rs921971 18:57861663 

Fwd ATTTCTGTTCTCCCTTTATTATCTAGC 

Rev CACTGTAAAGAATGCATTGTAACTATCA 

FTO 

rs9922047 16:53806280 
Fwd CAAGTGCTTCCTGCCATG 

 

Rev GTAGGGAGTACTATTTTCGG 

 
rs9923233 16:53819198 

Fwd CTAAGGCTCACATCACTGTCTG 

 

Rev CTCCCACTAGCATATAAGCTCC 

 
rs1861869 16:53790181 

Fwd GAGAGGGAGATTAACAAGAAGGC 

 

Rev GAAAAGAAGCTGTTGCTGCCAC 

 
rs17817288 16:53807764 

Fwd GTAAGGACCTAGTGAAGGTTTG 

Rev TAACAAGTGTCGTCCAATTATTCCAGCAGG 

Table 2.6: List of primers used in this study  

http://www.pitt.edu/~rsup/OligoCalc.html
http://tools.neb.com/NEBcutter2/index.php
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General experimental methods 

2.8- Preparation of the DNA plates 

5 µl of DNA was added to each well of a 96-well plate and 50 µl of oil was added on top to 

avoid evaporation during PCR.  

2.9- Gradient PCR 

The PCR protocol was optimised first. The optimisation was performed using different 

magnesium concentrations and by gradually increasing the annealing temperature. Four 

different Mg
2+

 concentrations (2 mM, 3 mM, 4 mM and 5 mM) were used. A gradient PCR 

was used in order to determine the optimal annealing temperature. 

Reagent/ [Mg
2+

] 
2 mM MgCl2 

µl 

3 mM MgCl2  

µl 

4 mM MgCl2 

 µl 

5 mM MgCl2 

 µl 

Forward Primer (50 ng/µl) 0.75 0.75 0.75 0.75 

Reverse Primer (50 ng/µl) 0.75 0.75 0.75 0.75 

10X Buffer 1.50 1.50 1.50 1.50 

50 mM Mg
2+

 0.6 0.9 1.2 1.5 

4 mM dNTPs 0.75 0.75 0.75 0.75 

ddH2O 5.15 4.85 4.55 4.25 

Taq Polymerase 1 unit/µl 0.5 0.5 0.5 0.5 

DNA (8 ng/µl) 5 5 5 5 

Total 15 15 15 15 

Table 2.7: Magnesium titration cocktail reaction in four different concentrations 

The master mix was prepared according to table 2.7; 15 µl of the master mix was added to the 

plate for twelve samples each. The plate was centrifuged at 1000 rpm for 1 minute. Samples 

were amplified at different annealing temperatures using a thermocycler with a 96-sample 

gradient block that increased the annealing temperature in 1.25°C increments. PCR was 

performed on a thermocycler machine (Eppendorf Mastercycler, New South Wales, Australia 

or MJ Research, Global Medical Instrumentation Inc., Minnesota, USA). 

Thermocycler parameter requirements for PCR amplification are shown in table 2.8. The 

annealing temperature was adjusted for every primer set. 
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Step Program Temp Time 

1 Pre incubation 94°C 4 minutes 

2 Denaturing 94°C 30 seconds 

3 Annealing gradient 50-65°C 30 seconds 

4 Extension 72°C 30 seconds 

5 Repeat steps 2-4    -      35 times 

6 Extension 72°C 2 minutes 

7 End 

Table 2.8: Temperature and cycling requirements for gradient PCR 

2.9.1- Gel electrophoresis 

Agarose gel electrophoresis was used to separate and analyse DNA. 3.5% w/v agarose gel in 

1X TBE (Tris Borate EDTA) buffer was used for gel electrophoresis in this study. Ethidium 

bromide (20 mg/ml) was added to visualise the DNA under UV. 6X gel loading dye, which 

contained 40% w/v of sucrose, 0.25% w/v of bromophenol blue and 0.25% w/v of xylene 

cyanol, was used to load the DNA into the wells of the agarose gel. Ficoll (15% w/v) or 

glycerol (30% v/v) can be used instead of 40% w/v of sucrose in the DNA loading buffer. 2 µl 

of 6X loading dye was added to each sample before loading into the gel. The gel was then 

placed in the electrophoresis chamber and run for approximately 50 minutes at 150V. The 

voltage and time used depended on the size of the PCR product. Bands were visualised under 

UV light using Gel Doc Imager 3, Bio-Rad Laboratories Inc., USA. The optimal Mg
2+

 and 

annealing temperature were indicated by the most prominent band (Figure 2.3).  

 

Figure 2.3: Example of PCR optimisation for rs9923233. The assay was tested for four different Mg
2+

 

concentrations (2-5 mM) across a gradient of annealing temperatures from 50°C to 65°C. The band 

corresponding to 55°C annealing temperature and 2 mM Mg
2+

 shows good amplification and is clear 

on the agarose gel. The optimal condition for this rs9923233 assay is therefore 2 mM Mg
2+

 and 55°C 

annealing temperature. 

50°C 65°C 
1.2°C increment 
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2.9.2-Polymerase chain reaction (PCR) amplification 

Once the magnesium concentration and optimal temperature had been selected using gel 

electrophoresis, PCR was carried out on all the samples. The samples were plated out using 5 

µl of DNA (6 ng/µl) and added to a 96-well plate. They were covered with 50 µl of mineral 

oil (Sigma-Aldrich, USA). Then, 10 µl of PCR mix was added to each well of a 96-well DNA 

plate. The plates were spun at 1000 rpm for one minute and then put in the thermocycler. The 

PCR mix was prepared using reagents given in the table 2.9.  

PCR Master Mix 

Reagents 2 mM (1X) 3 mM (1X) 4 mM (1X) 5 mM (1X) 

Forward Primer (50 ng/µl) 0.75 µl 0.75 µl 0.75 µl 0.75 µl 

Reverse Primer (50 ng/µl) 0.75 µl 0.75 µl 0.75 µl 0.75 µl 

10X Buffer 1.5 µl 1.5 µl 1.5 µl 1.5 µl 

50 mM Mg
2+

 0.6 µl 0.9 µl 1.2 µl 1.5 µl 

4 mM dNTPs 0.75 µl 0.75 µl 0.75 µl 0.75 µl 

ddH2O 5.15 µl 4.85 µl 4.55 µl 4.25 µl 

Taq Polymerase 1 unit/µl 0.5 µl 0.5 µl 0.5 µl 0.5 µl 

Total 10 µl 10 µl 10 µl 10 µl 

Table 2.9: PCR master mix reaction. The master mix contains all reagents excluding template DNA. 

Step Program Temp Time 

1 Pre incubation 94°C 4 minutes 

2 Denaturing 94°C 30 seconds 

3 Annealing X °C 30 seconds 

4 Extension 72°C 30 seconds 

5 Repeat step 2-4  -   35 times 

6 Extension 72°C 2 minutes 

7 End 

 Table 2.10: Temperature and cycling requirements for PCR. Annealing temperature X°C is the 

optimised temperature, selected from the gradient PCR for each set of primers. 

2.10- Restriction fragment length polymorphism (RFLP) 

For the detection of SNP-specific restriction sites, the RFLP assay was done using specific 

restriction enzymes. A list of restriction enzymes used in this study is shown in table 2.11. 

Restriction enzymes were purchased from New England Biolabs, Ipswich, USA. 
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Enzyme Restriction Site 
Buffer for 

100% 

activity 

Activation 

Temperature 

Inactivation 

Temperature 
Storage conditions 

Bstu1 

5’…CG^CG…3’ 

3’…GC^GC…5’ 

NEB 4 
60°C for 2 

hours 
NA 

50 mM NaCl,10 mM Tris-HCl, 1 mM DTT, 

0.1 mM EDTA, 200 µg/ml BSA, 

50% glycerol, Stored at -20°C 

Msp1 

5'…C^CGG…3' 

3'…G^GCC…5' 

NEB 2, 4 37°C overnight 65°C for 20 min 

10 mM Tris-HCl, 50 mM KCl, 1 mM DTT, 

0.1 mM EDTA, 200 mg/ml BSA, 50% 

glycerol, Stored at -20°C 

Rsa1 

5'…GT^AC…3' 

3'…CA^TG…5' 

NEB 1, 2, 4 37°C overnight 65°C for 20 min 

10 mM Tris-HCl, 100 mM NaCl, 0.1 mM 

EDTA, 1 mM DTT, 200 mg/ml BSA, 50% 

glycerol, Stored at -20°C 

Taqα 1 

5'…T^CGA…3' 

3'…AGC^T…5' 

NEBuffer 

Taqα 1, 

NEB 3 

65°C for 2 

hours 
80°C for 20 min 

10 mM Tris-HCl, 300 mM KCl, 0.1 mM 

EDTA, 1 mM DTT, 500 mg/ ml BSA, 50% 

glycerol, Stored at -20°C 

Tsp509 I 

5'…^AATT…3' 

3'…TTAA^…5' 

NEB 1, 2, 3 
65°C for 2 

hours 
N/A 

10 mM Tris-HCl, 50 mM KCl, 0.1 mM 

EDTA, 1 mM DTT, 200 mg/ml BSA, 50% 

glycerol, Stored at -20°C 

SSP1 

5’…AAT^ATT…3’ 

3’…TTA^TAA…5’ 

NEB 1, 2, 4 37°C overnight 65°C for 20min 

10 mM Tris-HCl, 100 mM KCl, 1 mM EDTA, 

0.2 mg/ ml BSA, 50% glycerol, Stored at     -

20°C 

ALU1 

5’…AG^CT…3’ 

3’…AG^CT…5’ 

NEB 4 37°C overnight 65°C for 20min 

10 mM Tris-HCl, 100 mM KCl, 1 mM DTT, 

0.1 mM EDTA, 0.2mg/ml BSA, 50% glycerol, 

Stored at -20°C 

Hha1 

5’…GCG^C…3’ 

3’…C^GCG…5’ 

NEB 4 

BSA 

37°C overnight 65°C for 20 min 

10 mM Tris-HCl, 50 mM KCl, 1 mM DTT, 

1 mM EDTA, 200 µg ml BSA, 50% glycerol, 

Stored at -20°C 

HaeIII 

5’…GG^CC…3’ 

3’…CC^GG…5’ 

NEB 2, 4 37°C overnight 80°C for 20 min 

10 mM Tris-HCl, 100 mM KCl, 10 mM 2-

Mercaptoethanol, 0.1 mM EDTA, 500 µg/ 

ml BSA, 50% glycerol, Stored at -20°C 

DpnII 

5’…^GATC…3’ 

3’…CTAG^…5’ 

NEBuffer 

DpnII, NEB 

3 

37°C 65°C for 20 min 

10 mM Tris-HCl, 200 mM NaCl, 1 mM DTT, 

0.1 mM EDTA, 200 µg/ ml BSA, 

50% glycerol, Stored at -20°C 

Table 2.11: Restriction enzymes used in this study with their reaction properties and storage 

conditions 

Restriction enzyme unit (U) is defined as: complete digestion of 1 μg of substrate DNA in a 

50 μl reaction in 1 min by 1 unit of restriction enzyme. The specific restriction enzyme was 

added to the amplified DNA. The restriction enzyme mixture was prepared using the 

ingredients listed in table 2.12 and 10 µl of this mix was added to the PCR product. The plate 

was then kept at a specific incubation temperature suitable for that enzyme. If the enzyme 

needed adjuvant, such as Bovine Serum Albumin (BSA), 0.25 µl of it was added per reaction. 
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BSA is added to enhance enzyme performance by providing additional proteins that stabilise 

the enzyme.  

 
1X 1X 1X 1X 1X 1X 

5000 U/ml 5000 U/ml 5000 U/ml 5000 U/ml 5000 U/ml 5000 U/ml 

Enzyme (µl) 0.30 0.30 0.15 0.15 0.15 0.15 

Buffer (µl) 2.5 2.5 2.5 2.5 2.5 2.5 

BSA (µl)  0.25  0.25  0.25 

ddH2O (µl) 7.20 6.95 7.35 7.10 7.35 7.10 

Total 10 10 10 10 10 10 

Table 2.12: Reaction digest master mix per reaction 

Note: * When using BSA for specific reactions, the volume of ddH2O is adjusted accordingly to make 

the final volume 10l. 

The appropriate restriction enzyme will cut at the specific site of the PCR product; the 

digested products were visualised by gel electrophoresis.  

10 µl of the resulting DNA fragments mixed with 2 µl of loading dye were loaded onto the 

gel, and then separated by length through agarose by gel electrophoresis. The genotypes were 

then entered into the haploped files for each of the boxes. The genotype data were checked 

against the corresponding gel to ensure that no incorrect entries had been made. Partial 

digestion can cause samples to deviate from Hardy-Weinberg Equilibrium. 

 

Figure 2.4: Gel picture of a PCR-RFLP assay rs9923233 FTO gene variant. Each genotype is 

determined by the migration of bands. Samples 1-3 are heterozygous for allele 1 (major) and allele 2 

(minor). Samples 4 and 5 are homozygous for allele 2 and sample 6 is homozygous for allele 1. 

1      2     3     4      5     6  

http://en.wikipedia.org/wiki/Agarose_gel_electrophoresis
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2.11- TaqMan SNP genotyping assay 

TaqMan pre-designed SNP genotyping assays were used for those variants in which RFLP 

was proving difficult. This assay is highly sensitive and precise genotyping can be achieved. 

The LightCycler 480 version 15 (Roche Applied Science, Indianapolis, USA) machine was 

used for the assays. All assays are designed to work under universal reaction conditions 

(Applied Biosystems, 2006). TaqMan assays were ordered from Applied Biosystems 

(http://www.appliedbiosystems.com). 

The TaqMan assay was performed as PCR reactions using SNP-specific fluorogenic probes. 

TaqMan assays utilise two fluorogenic probes (6-FAM dye-MGB-labelled probe and VIC 

dye-MGB-labelled probe). The 5′ end of the allele 1 probe is linked to VIC dye whilst the 5′ 

end of the allele 2 probe is linked to FAM dye. The TaqMan probe is designed specifically for 

each SNP and is located between the two PCR primers. The quencher remains in close 

proximity to the fluorophore while the probe is intact, thus eliminating the fluorophore’s 

signal. During the PCR reaction, the allele-specific probe binds to the target DNA if it is 

perfectly matched to the SNP. Then, during amplification, the probe is degraded by the 

nuclease activity of the polymerase enzyme. Degradation of the probes separates the reporter 

from the quencher which results in signal emission. The accumulation of PCR products is 

detected by monitoring the fluorescent signals emitted from the reporter dye (FAM and VIC). 

The amount of each fluorescent signal indicates which allele(s) of the target region is present 

in the targeted DNA. The LightCycler® 480 Real-Time PCR System (Roche, Applied 

Sciences, Basel, Switzerland) monitors the 384 reactions for each cycle without removing any 

sample. In an SDS file, all of the data for quantitative analysis are stored at the end of 40 

cycles.  
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Fig 2.5: Allelic discrimination in the TaqMan genotyping assay. Allelic discrimination is achieved by 

the selective annealing of TaqMan MGB probes. The VIC dye attaches to targeted allele 1 (major 

allele) whilst FAM binds to targeted allele 2 (minor allele). The diagram was taken from 

http://medsci.udel.edu/cores/bcl/techniques.html  

Gene Marker Variation 

TCF7L2 rs7901695 T/C 

THADA rs7578597 T/C 

PPARGC1A rs8192678 C/T 

miRNA16A rs2910164 C/G 

ADRB3 rs4994 A/G 

MC3R rs3827103 G/A 

PDZK1 

rs1967017 T/C 

rs11576685 A/G 

rs1284300 C/T 

rs12129861 G/A 

Table 2.13: List of SNPs for which the TaqMan assay was used 

2.11.1- TaqMan assay protocol 

2 l of genomic DNA (8 ng/µl) was loaded into a 384-well PCR plate. Dried samples were 

also used, and the plate with samples was dried down at room temperature, sealed in a plastic 

bag, to avoid dust contamination. TaqMan master mix (table 2.14) was prepared for 384 

samples using a calculation of 408 reactions. 
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Reagent Volume per reaction (µl) 
2x TaqMan universal PCR master mix 

Mix 

2.73 

40x SNP assay 0.07 

ddH2O 0.2 

Total 3.00 

Table 2.14: TaqMan SNP genotyping reaction mix. 

A commercially available 2X TaqMan Universal PCR Master Mix was used, which contained 

5′ nuclease (DNA polymerase) and optimised buffer, in a reaction with the probes. 3 l of 

master mix was added to each sample in the 384-well plate and covered with an optical 

adhesive seal (Roche Applied Science, USA). The plate was centrifuged at 1000 rpm for 1 

min, and then the plate was placed on a plate holder of the machine (LightCycler 480 or ABI 

7900HT systems) to be analysed according to the manufacturer’s protocol. The TaqMan assay 

cycling protocol is given in table 2.15. 

Steps Temperature Time # of Cycle 

Pre incubation 50C 2 min 1 

Activation 95C 15 min 1 

Cycling 
95C 0.25 min 

40 
60C 1 min 

Melting 
60C 1 sec 

Continuous up to 95C 
61C increment 

Cooling 40C 0.5 min 1 

Table 2.15: Detail of cycle steps for the ABI 7900HT for TaqMan assay for 40 cycles  

2.11.2- Generation of cluster plot 

A SNP auto-caller automatically determined genotypes, and generated a graphical 

representation of results in a cluster plot. The data were analysed using LightCycler 480 

software. Each plate, with the help of the subset editor, was added to the subset. The results 

were then put in the haploped file for each box. 
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Figure 2.6: Cluster plot generated from TaqMan® SNP genotyping assay for SNP rs3827103. Using 

LightCycler software 1.5, three clusters can be identified, indicating the three possible genotypes: 

(homozygous 1/1) for allele 1 (green triangle), homozygous 2/2 for allele 2 (blue triangles); and 

heterozygous 1/2 (red triangles). If the sample was not in any of the clusters, it was considered 

unknown (purple or grey). 

2.11.3- Genotyping success rate 

The genotype sample success rate was 95% with RFLP and 99% with TaqMan. Of the 19 

variants that were studied, there were only difficulties in genotyping using RFLP with two 

variants, rs7903146 (TCF7L2) and rs12970134 (MC4R), during the primer optimisation step. 

The PCR/RFLP failed to ascertain discrete bands to indicate an ideal annealing temperature 

and MgCl2 concentration. This complication was most likely due to the formation of 

secondary structures due to a high GC content (64%) within the primer sequences. The assays 

were repeated but failed again; therefore, other variants were chosen to genotype. 
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Verification and constructing data for analysis 

2.12- Data entry into the Haploped File 

A master haploped file was made by the Merriman Lab staff and all of the information 

regarding the cases and controls was added in the correct orientation.  

 

Figure 2.7: An example of the haploped template file. The first column shows the DNA boxes. The 

second column is the ID for each individual. The third column shows the position of each sample in 

that box, while the fourth column is the filter which excludes all of the blanks. The fifth column is that 

of affection (1= controls, 2=cases). Column six onwards show the genotypes of the variants typed. 

2.13- Uploading of genotypes on BC/SNPmax 

After completing genotyping of each 96-well plate of cases and controls, the genotype data 

were put into haploped files, and then uploaded onto BC/SNPmax using PLINK in order to 

calculate allelic and genotypic frequencies and to determine whether they were in Hardy-

Weinberg equilibrium. 
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2.14- BC|SNPmax 

BC|SNPmax (provided by Biocomputing Platforms Ltd at http://www.bcplatforms.com/) 

manages and analyses large amounts of clinical phenotype data, SNP genotyping data and 

copy number variation (CNV) data. In the database, SNP quality information, marker maps, 

pedigrees and results of analysis can be stored. It has been designed to incorporate the needs 

of modern genome wide association studies. It is cost effective and more efficient for the data 

analysis, as it is easy to create subsets of patients, select markers and set up analysis runs. 

Every member of the research group can connect with the shared and up to date database thus 

increasing the productivity of the research.  

2.15- PLINK software 

PLINK is a free, and commonly used open-source whole genome association analysis toolset, 

developed by the Broad Institute. It performs a variety of basic and large-scale analyses in a 

computationally efficient manner. PLINK is linked into BC|SNPmax for conducting large-

scale genotype/phenotype analysis, including case-control analysis, haplotype analysis and 

imputations (Purcell et al., 2007). PLINK version 1 (http://pngu.mgh.harvard.edu/ 

purcell/plink/) was used for analysis of the genotyping data.  

2.16- Uploading of genotypes  

Genotyping template files were prepared by the Merriman Lab staff and every member of the 

lab was required to enter their genotype data into these files.  

PATIENT rs17782313 rs17782313 rs921971 rs921971 rs17700633 rs17700633 

G5013 T C T C G A 

G5033 T C T C G G 

Table 2.16: Template file for multiple SNPs 

PATIENT MARKER ALLELE 1 ALLELE 2 

G5001 rs3827103 G A 

G5002 rs3827103 G A 

Table 2.17: Template file for a single SNP  
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Once the files were prepared, they were ready to upload onto BC/SNPmax. 

 

Figure 2.8: Uploading the template files to SNP/max. Under the genotypes, the dataset is opened 

(gout), the template file is uploaded and a name is given to the uploaded template file 

2.17- Affection datasets used in this study 

Different affection status is created for each sample set by the Merriman lab staff (Amanda 

Phipps-Green, Ruth Topless and Tanya Flynn). Affection datasets used in this study are 

shown in table 2.18. 

No. Datasets used in this study Controls/Cases 

1 

<flyta734> Gout Affection Full Info 

CAUCASIAN 300412 

133/420 

<flyta734> Gout Affection Full Info EP/N 

300412 

128/191 

<flyta734> Gout Affection Full Info EP/Z 

300412 

68/49 

<flyta734> Gout Affection Full Info EP/WP 

300412 

15/19 

<flyta734> Gout Affection Full Info WP 

300412 

108/249 

2 <mccru29p> Caucasian Gout with post 2009 

controls 

638/420 

3 <mccru29p> Western Polynesian Gout with 

RA controls 

144/249 

4 <phiam73p> Mixed EP/WP Gout Cases and 

Controls 

25/19 

Table 2.18: Affection datasets used in this study 

1. Tanya Flynn (PhD Student) created gout affection full information datasets, which included 

all of the cases and controls that had full clinical information. The individuals included in 

these datasets had answered all of the questions on the questionnaire form. These datasets 

were used to perform second association analysis. 

2. This dataset was created by Ruth Topless (Assistant Research Fellow) and contained all of 

the gout cases and controls after 2009 for which the DNA was available. 
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3. Ruth Topless also created this dataset; it contained WP cases and controls. The controls 

also consisted of boxes that had rheumatoid arthritis (RA) controls. 

4. EP/N and EP/Z ancestry datasets created by Amanda Phipps Green (Assistant Research 

Fellow) contained information on EP/N and EP/Z cases and controls. 

5. The mixed EP/WP dataset was created by Amanda Phipps Green, which contained 

information on both mixed EP/WP cases and controls. 

Statistical Analysis 

2.18- Association analysis of NZ gout data using PLINK version 1 

The association analysis was performed using PLINK. PLINK version 1 was integrated into 

the BC/SNPmax database to visualise genotype frequencies of a particular SNP from the New 

Zealand gout study. In the analysis archive, the GWAS folder was selected where the PLINK 

case–control analysis association option was available. The following variables were entered: 

run title, affection dataset, markers name. Data with MAF >0.01, maximum minor allele 

frequency less than 0.5, and missing genotype data rate less than 1 were selected. The basic 

allele option was chosen, resulting in the Pearson P-value and OR with 95% CI.  
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Figure 2.9: Run variables for PLINK association analysis for MC4R SNPs (rs17782313, rs17700633 

and rs921971) in the Caucasian gout with post-2009 controls dataset. 

Once the run was complete, the results could be found under the result archived folder. 

2.18.1- Result output files 

Standard case-control association analysis that provided basic association information 

 

Figure 2.10: Allelic association analysis for MC4R variants 

CHR: chromosome  
BP: physical position  
A1: major allele  
F_A: frequency of A1 in cases  
F_U: frequency of A1 in controls  
A2: minor allele (based on whole sample) 
CHISQ: basic allelic test chi-square (1df)  
P: asymptotic P-value for this test  
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OR: estimated odds ratio for A1  
SE: Standard Error 

L95: (lower limit of Confidence Interval) 

U95: (Upper limit of Confidence Interval) 

PLINK offers a Cochran-Armitage trend test to examine the proportion of genotypes which 

will provide genotype counts in affected and unaffected individuals across a single SNP in the 

datasets. The process was exactly the same as that used in the PLINK case-control analysis; 

however, the Cochran-Armitage trend test option was selected. 

 

Figure 2.11:  Genotype association analysis for MC4R variants 

CHR: chromosome  

A1: minor allele (based on whole sample)  
A2: major allele  
TEST: type of test (GENO, ALLELIC)  
AFF: genotypes/alleles in cases  
UNAFF: genotypes/alleles in controls  
CHISQ: chi-squared statistic  
DF: degrees of freedom for test  
P: asymptotic P-value  

2.19- Extracting the SNP of interest from FHS and ARIC datasets 

SNPmax allowed easy access to genotyping data from SNPs identified in the FHS and ARIC 

datasets. These datasets first needed to be downloaded from online databases and uploaded to 

SNPmax. Permission to access these datasets was obtained by Dr Tony Merriman. Basic 

epidemiological information for the FHS gout and ARIC cohorts was already on file in the 

Merriman lab. FHS and ARIC gout cohorts had additional files containing the phenotype 

information for the individuals genotyped in the study. This information was downloaded 

from the website and uploaded to SNPmax by the Merriman Lab Research Assistant, Ruth 

Topless. To obtain association data for the SNP of interest in the FHS and ARIC dataset for 

comparison, the SNP region was downloaded from HapMap. A subset of markers was created 
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on BC/SNPmax giving the chromosome position and chromosome number. If the original 

SNP was not genotyped, then the imputed one was used.  

2.20- Imputation of unknown gene variants 

Imputation refers to the substitution of missing SNPs that were not genotyped directly but 

were present in a reference panel of SNPs. Imputed genotype data information was provided 

by the FHS based on the Affymetrix 500 K mapping array. The software IMPUTE version 1 

from BC/SNPmax was used, as it provides a framework for testing untyped variants for 

association with phenotypes (Guan & Stephens, 2008). The advantage of this method is that 

for the untyped SNP under study, the allelic and genotypic frequencies can be indirectly 

inferred using the information from publically available databases on multi-marker LD 

patterns (Guan & Stephens, 2008). The disadvantage of this is that if a SNP under study has a 

low minor allele frequency (<0.05) then imputation can be problematic, as a large part of the 

genome will not be adequately analysed. Secondly, increased rates of false positives can occur 

if the subjects are genotyped using different platforms (Lin et al., 2010). The 1000 Genomes 

panel of densely genotyped individuals was used as a reference to impute genotypes in the 

FHS and ARIC sample sets. The LD structure and haplotype distributions of target gene 

variants were based on all 1000 Genome individuals regardless of ethnicity. Imputation was 

used for the type 2 diabetes-associated THADA gene variant rs7578597 and for the obesity-

associated gene ADRB3 variant rs4994. 

2.21- Hardy-Weinberg equilibrium 

The Hardy-Weinberg law states that the allele and the genotype frequencies are constant 

between generations in a large random mating population. There is no mutation, migration or 

selection. This type of equilibrium is impossible in nature, but allows you to detect the few 

allele frequencies that change from generation to generation, thus determining that evolution 

is occurring. Hardy-Weinberg Equilibrium (HWE) is tested to detect any possible genotyping 

errors in a genetic association study. If there are errors in the genotyping then it will decrease 

the statistical power in linkage association studies. If the P-value was found to be higher than 

0.05, the genotype and allele frequencies of that SNP were considered in HWE. If the P-value 

was found to be less than 0.05, it was considered out of HWE. In association studies, cases 

and controls at a disease locus may be expected to show deviation from HWE (Wittke-

Thompson, 2005). The association studies are based on cases and controls which are collected 
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from the population, based on their phenotype and genetic composition. In cases, which are 

not randomly selected from the general population, the disease susceptibility genotypes and 

alleles are present in a high number, which might violate HWE (Luo et al., 2008). Departure 

from HWE can also occur by the genotyped SNP playing a role in disease susceptibility in 

particular, genetic variants having a recessive effect (Vine, 2009).  

Deviation from HWE could also be a result of either genotyping error or population 

stratification. To rule out genotyping error, the 96-well plate was reanalysed and if the 

genotyping was consistent with the previous results, meaning that there was 100% 

reproducibility, then that plate was included; if it did not match and was out of HWE, the 

plate was excluded from the study. In that case, population stratification could be the reason 

for the deviation from HWE as it increases the proportion of homozygotes in the population 

(Wigginton et al., 2005). This case-control study contains sample sets from different 

populations and had genetic diversity. The East and West Polynesian sample sets had high 

heterogeneity because of the recent Caucasian admixture. Population stratification was 

controlled by dividing the populations into subsets based on their ancestry information. 

However, even after accounting for population stratification, in the Polynesian sample sets 

there was presence of some unquantified admixture with Caucasian, which could possibly be 

responsible for deviation from HWE. The other reasons for deviation from HWE include 

factors such as limited population size, mutation selection, non-random meiotic drive and 

random genetic drift.  

2.22- Interpretation of P-value 

2.22.1- Genome-wide significance level. The conventional p-value used to indicate the 

level of statistical significance is 0.05. In GWAS studies, large multiple SNPs are tested 

simultaneously. As a result, the p-value of 0.05 is far too lenient due to the testing of multiple 

SNPs at once, meaning that there will be thousands of false positive results due to chance. 

Because of this, in order to claim statistical significance at the GWAS level, a more stringent 

threshold level of 5x10
-8 

is generally used. This value is based on the testing of 1 million 

SNPs and uses Bonferroni correction for multiple testing to avoid false positives.  

2.22.2- In this genetic association study: Statistical significance was assessed using the 

Pearson P-value. The final P-value after multiple adjustments were made was considered. If 

the P-value was greater than 0.05, it was considered non-significant. If the P-value was less 
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than 0.05, it was considered significant. In order to be certain of the association, it needs to be 

replicated in other studies. P=0.05 is a minimum threshold level if only one test is done. As 

the number of tests increases, the chances of false positive increase as well. In order to control 

for false positives, multiple testing should be applied. 

2.22.3- Multiple testing: Bonferroni correction. Multiple testing correction adjusts the 

individual P-value for each variant to keep the overall error rate to less than or equal to the 

specified P-cut-off value. In this study, Bonferroni correction was applied. Bonferroni 

correction divides the P-values by the number of markers (assuming that the markers are 

independent) (Han et al., 2009). After applying Bonferroni correction, this gave a different 

threshold level.  

2.23- Interpretation of Odds Ratios 

An OR=1 shows that allele frequency is equal in both case and control groups, indicating no 

association with disease, an OR >1 shows that the minor allele frequency is overrepresented 

in cases compared to controls, leading to an increased risk of disease, an OR <1 shows that 

the minor allele frequency is overrepresented in controls in comparison to cases, leading to a 

reduced risk of disease, and an OR=2 indicates that the strength of the risk factor is twice as 

high in cases compared with controls. 

2.24- Interpretation of 95% Confidence Interval 

A confidence interval gives a range of values for the unknown parameter. The end points of 

the confidence interval are called the upper and lower confidence limits, and define how big 

or small the true effect might be. It is conventional to create confidence intervals at the 95% 

level, meaning that 95% of the time, constructed confidence intervals should contain the true 

value of the unknown parameter. 

2.25- Adjusting for confounding factors 

Including covariates in regression models can increase false positive and false negative 

associations. In case-control association studies, if a covariate is associated with the variant, it 

may have an impact on association between the genetic marker studied and the disease. The 

inclusion of covariates in a genetic study is important to protect against spurious associations. 
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Covariates of this kind are called confounders and should be controlled (Pirinen et al., 2012). 

The two potential confounding factors, in the association studies for gout are age and sex. 

This is because old people are more likely to have gout and it is more common in males as 

compared to females.  It was important that these factors were adjusted. Every variant studied 

in this study was adjusted for sex and age. Other covariates such as BMI, type 2 diabetes, 

hypertension and triglycerides were included in the analysis if they were known to be of 

relevance to the marker being tested; e.g. variant rs17782313 of the MC4R gene has shown 

association with BMI and type 2 diabetes, so BMI and type 2 diabetes were included in the 

regression analysis along with sex and age. Information for confounding factors was obtained 

from the files prepared by Amanda Phipps-Green, Ruth Topless and Tanya Flynn. The 

information was collected from the haploped files and separated into their affection status 

containing the individual’s phenotype information for each control and case analysed. 

Merriman Lab Research assistant, Ruth Topless, saved this information as a subset in the 

BC|SNPmax programme. 

 

Figure 2.12: List of confounding factors. 

2.26- Adjusting for confounding factors using SNPmax 

From the results archive, the PLINK case-control analysis association result file of a selected 

SNP was opened. In the covariates section, the desired dataset and folder was selected. Then, 

selected variables were chosen to make adjustments. The logistic option was selected and the 
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analysis was performed. The results for different adjusted co-variables were available in the 

results archive once the run was complete. 

 

Figure 2.13: Run variables for adjustment for MC4R SNPs (rs17782313, rs17700633 and rs921971) 

in the Caucasian gout with post-2009 controls dataset. 

2.26.1-Results output file 

 

Figure 2.14: Result of the MC4R variants after adjusting for confounding factor sex. 

CHR: chromosome  
BP: physical position  
A1: minor allele (based on whole sample) 
NMISS: non-missing values 
OR: estimated odds ratio for A1  
SE: Standard Error 

L95: (lower limit of Confidence Interval) 

U95: (Upper limit of Confidence Interval) 

P: asymptotic P-value for this test 
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2.27- Haplotype association analysis using BC/SNPmax 

A haplotype is a statistically associated (i.e. in high LD) set of SNPs on a single chromatid. If 

the haplotypes are analysed together, they can give a statistically significant association for 

the overall gene and increase the power of the overall result.  

The haplotype association analysis for MC4R and FTO gene variants was performed using 

PLINK to obtain a combination of haplotypes. The same combinations of SNPs were also 

analysed in FHS and ARIC to provide a comparison with the genotyped data. The protocol for 

obtaining haplotype information from BC|SNPmax is as follows: the appropriate dataset was 

selected from the genotypes tab; the PLINK haplotype association was selected under the 

association and D header; and the following variables were entered: run title, affection status 

folder, dataset and marker map. In the ‘‘include only’’ field, the SNPs for the haplotype 

analysis were listed (see Figure 2.15). The basic allelic test for the test type was selected and 

run was pressed. The association results for different combinations of SNPs as well as for all 

of the SNPs together were available in the results archive once the run was complete.  

 

Figure 2.15:  Run variables for PLINK haplotype association analysis for MC4R SNPs (rs17782313 

and rs921971) in the Caucasian gout with post-2009 controls dataset.  
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2.27.1-Result output file 

 

Figure 2.16: Results of the haplotype analysis of the MC4R variants (rs17782313 and rs921971). 

NSNP:  Number of SNPs in this haplotype 

NHAP:  Number of common haplotypes (threshold determined by --mhf, 0.01 default) 

CHR:  Chromosome code 

BP1:  Physical position of left-most (5') SNP (base-pair) 

BP2:  Physical position of right-most (3') SNP (base-pair) 

F:    Frequency in sample 

OR:   Estimated odds ratio 

STAT: Test statistic (T from Wald test) 

P:    Asymptotic P-value 

2.28- Meta-analysis  

Meta-analysis is a set of statistical procedures designed for combining data from multiple 

studies that address a set of related hypotheses. Combining multiple studies increases the 

number of cases and the overall statistical power of the study.  Meta-analysis combines the 

study estimates of a particular effect of interest and obtains a summary estimate of effect 

(Sutton et al, 2000). Meta-analyses use two statistical models; a fixed effects model or a 

random effects model (Borenstein et al., 2010). Under the fixed effects model it is assumed 

that all studies share the same effect size and comes from a common population (Borenstein et 

al., 2010).Under the random effects model, it is assumed that the true effect can vary from 

study to study (Borenstein et al., 2010). Meta-analysis of each variant in case-control cohorts 

from different populations was performed using STATA version 8. A combined P-value and 

OR for Mantel-Haenszel were estimated for the SNP between the cohorts and to test for 

heterogeneity between the groups. The Breslow-Day test for heterogeneity was calculated 

estimating a difference between the studies. 

A text file was prepared using excel. The columns consisted of trial number, trial name, year, 

case1, control1, case0 and control0. Case1 indicates the total number of minor alleles in cases, 

control1 is the total number of minor alleles in controls, case0 is the total number of major 

alleles in cases and control0 denotes the total number of major alleles in controls. 
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Trial number Trial name Year Case 1 Control 1 Case 0 Control 0 

1 NZ Cau 2011 33 55 801 1223 

2 NZ EP 2011 0 51 134 12083 

3 NZ WP 2011 4 25 618 665 

4 FHS 2011 1 3 503 279 

Table 2.19: Example of the meta-analysis input file. 

The file was run through Rmeta program using STATA. A command line was given as metan 

case1 control1 case0 control0, or label (namevar=trialnam) for a fixed-effects model. 

"Heterogeneity test" is applied to test this assumption. A fixed effects model is invalid for a 

P-value less than 0.05, whereas a random-effects model is more suitable in that case. In this 

case, a random effects model was used in the command in STATA with a command line as 

metan case1 control1 case0 control0, or random label (namevar=trialnam). 

2.28.1- Interpretation of the meta-analysis graph 

 

Figure 2.17: Interpretation of results from a meta-analysis graph 

1. Under the study column, the studies included in this meta-analysis were listed.  
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2. The line that passes through the middle is known as the line of no effect; in the case of a 

binary outcome, it has the value of 1. 

3. The size of the boxes represents the size of the study. The lines passing through these boxes 

indicate the 95% CI. 

4. The boxes have an estimated OR and overall 95% CI known as the effect estimates. 

5. The weight (%) is the influence of the study on the overall meta-analysis result. The higher 

the percentage weight, the bigger the box will be. 

6. The diamond represents the overall result of the meta-analysis. The middle of this diamond 

is the overall OR and width is the overall 95% CI. If the diamond does not cross the line of no 

effect then the calculated difference between cases and controls is considered significant. 

2.29- Logistic regression for gene-gene interaction  

Logistic regression is a statistical method for analysing a dataset in which there are one or 

more independent variables that determine an outcome. In the analysis, the dependent variable 

is dichotomous (in which there are only two possible outcomes), and the independent 

variables are continuous (any value between a certain set of real numbers) or discrete (value 

based on a count from a set of distinct whole values). Logistic regression is widely used in the 

research, where the outcome variable is the presence or absence of a disease (Yarandi & 

Simpson, 1991) meaning that the outcome is not linearly related to the independent variables 

of the study. Logistic regression provides useful means for modeling the dependence of a 

binary variable on one or more categorical or continuous variables. The logistic regression 

model was used to detect gene-gene interaction between PDZK1 and urate transporters. Each 

variant was treated as a categorical variable using the Intercooled Stata™ software version 8.0 

(College Station, TX 77845, United States of America) to calculate the likely model of 

interaction for the investigated SNPs. 

A text file was prepared using excel. The columns consisted of affection and the variants 

under study. 
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Affection rs1183201 rs1284300 

1 2 1 

1 2 2 

2 3 2 

2 1 1 

Table 2.20: Example of the input file for the gene-gene interaction between rs1183201 (NPT1) and 

rs1284300 (PDZK1) variants; Affection represents controls and cases (1=control, 2=cases). The 

numbers in the second and third columns under the variant name represent genotypes. 1 represents 

homozygous major, 2 represents heterozygous, and 3 represents homozygous minor.  

The file was run through the Rmeta program using STATA. The relationship of the gene-gene 

interaction to gout was assessed by constructing a regression model that incorporated the 

interaction of the two gene variants. The genotypes of the two variants rs1183201 and 

rs1284300 were combined first by giving a command line of: tab affection combo, chi
2
. Once 

the genotypes were combined, another command line was given: xi:logistic affection i.combo.   
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2.29.1- Interpretation of the results 

 

Figure 2.18: Example of a run of gene-gene interaction through STATA 

1. Number of observations used in the analysis.  

2. Under the affection column are the different genotype combinations for the two 

variants under study.  

3. P>|z| - 2-tailed P-value and z-value. These were used for testing the null hypothesis 

that the coefficient is 0. A P>|z| of <0.05 indicated a significant interaction between 

the genotype combinations of the two genes. 

4. Odds Ratios of >1 are considered to show an increased risk of disease and <1 are 

considered to indicate a reduced risk of disease. 

5. [95% Conf. Interval] - 95% confidence interval for the coefficient.  

6. LR chi
2
 (3) - Likelihood ratio (LR) chi-square test. 

7. Prob > chi
2
 - Probability of obtaining chi-square. If the value of Prob>chi

2
 was <0.05, 

this indicated a significant interaction between the two genes; if not, it was considered 

non-significant, meaning that there is no gene-gene interaction between the two 

variants. 
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2.29.2- PDZK1 and Metabolic Syndrome (MS) using logistic regression analysis 

Multiple linear regression analysis was used to assess the relationship between PDZK1 

genotypes and the individual components of metabolic syndrome. All metabolic syndrome-

related phenotypes were analysed as either continuous or binary traits. Continuous variables 

are defined as a variable that is not restricted to particular values. The continuous variables 

that were used for this logistic analysis were triglycerides, BMI and serum uric acid. A binary 

variable is defined as observations (i.e., dependent variables) that occur in one of two possible 

states, often labelled as zero and one. The binary variable that was used in this analysis was 

hypertension. No adjustments were made for any urate-lowering therapy or for the treatment 

of hypertension and hyperlipidaemia. The reason for not making adjustments was that the 

information on medication data for most participants was incomplete. 

A text file was prepared using excel. The columns consisted of affection, sex, age, metabolic 

syndrome components and variant studied. 

Affection Sex Age BMI Trigly SUA Hypertension rs1284300 

1 2 45 30.97 1.34 0.18 1 3 

1 1 56 20.88 0.62 0.21 1 2 

2 2 38 31.25 2.15 0.28 2 2 

2 1 44 25.62 1.56 0.42 2 1 

Table 2.21: Example of the input file for association with components of metabolic syndrome: 

Affection column represents controls and cases (1=control, 2=cases). Second column Sex (1=male, 

2=female), third column Age. Fourth column BMI, fifth column Triglycerides. Sixth column Serum 

Uric Acid. Seventh column Hypertension (1=no, 2 hypertensive). The numbers under the variant name 

represent genotypes. 1 represents homozygous major, 2 represents heterozygous, and 3 represents 

homozygous minor.  

For the binary variable (hypertension), the logistic regression model was used and for 

continuous variables (BMI, triglycerides, serum uric), the regress model was used. STATA 

package (version 8.0) was used to perform all the analysis. The file was run through the 

Rmeta program using STATA. A command line was given as xi:logistic i.hypertension i.sex 

age bmi trigly suriacid i.affection rs1284300. Odds ratios and P-value were adjusted by 

multiple confounding factors such as sex, age, BMI, serum uric acid and triglycerides and 

were obtained separately for each variant for each of its individual components.  
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2.29.3- Interpretation of the results 

 

Figure 2.19: Example of logistic regression between components of metabolic syndrome 

(hypertension) and the PDZK1 variant rs1284300 

1. Number of observations used in the analysis. 

2. In the first column, hypertension (metabolic syndrome component) is shown with the 

associated variant (rs1284300) and the multiple variables that the association is 

adjusted for listed underneath. 

3. P>|z| - 2-tailed P-value and the z-value. They are used in testing the null hypothesis 

that the coefficient is 0. The final P>|z| was considered; if it was <0.05, this indicated 

significant association between the variant and the metabolic syndrome component 

under study, and if it was >0.05 then this was considered non-significant, meaning that 

there is no association between the metabolic syndrome component under study and 

the variant after multiple adjustments. 

4. Odds Ratio of >1 are considered to increase the risk of disease and <1 are considered 

to reduce the risk of disease. 

5. [95% Conf. Interval] - 95% confidence interval for the coefficient.  
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2.30- Buffer preparation 

10X TBE Buffer (pH 8.3) 

107.78g TRIS (890 mM) 

54.85g Boric acid (890 mM) 

7.44g EDTA (20 mM) 

Make up to 1 litre with distilled water 

1X TE Buffer 

1 ml of 1 mol/l TRIS pH7.5 (10 mM) 

20 µl of 0.5 mol/l EDTA pH 8.0 (0.1 mM) 

Make up to 100 ml with distilled water 

1X NEB1 (pH 7.0) 

10 mM Bis Tris Propane-HCl 

10 mM MgCl2 

1 mM DTT 

Stored at 25°C 

1X NEB2 (pH 7.9) 

50 mM NaCl 

10 mM Tris-HCl 

10 mM MgCl2 

1 mM DTT 

Stored at 25°C 

1X NEB3 (pH 7.9) 

100 mM NaCl 

50 mM Tris-HCl 

10 mM MgCl2 
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1 mM DTT 

Stored at 25°C 

1X NEB4 (pH 7.9) 

50 mM Potassium acetate 

20 mM Tris-acetate 

10 mM Mg-acetate 

1 mM DTT 

Stored at 25°C 

1X NEB DpnII (pH 6.0) 

100 mM NaCl 

50 mM Bis-Tris-HCl 

10 mM MgCl2 

1 mM DTT 

Stored at 25°C 

1X NEB Taq 1 (pH 8.4) 

100 mM NaCl 

10 mM Tris-HCl 

10 mM MgCl2 

Stored at 25°C. 

. 
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Section 1: Testing type 2 diabetes risk variants for a role in gout in 

the NZ case-control sample sets. 

The first section of the results concerns the study of type 2 diabetes-associated genes. Gout is 

associated with insulin resistance and type 2 diabetes (T2D) (Pillinger et al., 2010). In type 2 

diabetes patients, there is high prevalence of gout (Suppiah et al., 2008) and similarly gout 

patients have a high incidence of insulin resistance (Yoo et al., 2011). In this chapter, five 

candidate variants were studied within the genes PPARG, TCF7L2, THADA, KCNJ11 and 

PPARGC1A, which showed an association with type 2 diabetes (Barroso et al., 2006), and one 

gene, miRNA16A, which showed an association with inflammation (Zhang et al., 2009). These 

were tested for a possible association with gout in the NZ gout case-control sample sets. The 

reason for including miRNA16A was that inflammation plays an important role in the 

development of gout and type 2 diabetes. Variants were also tested for association with type 2 

diabetes (PPARG, TCF7L2, THADA, PPARGC1A and miRNA16A) and obesity (PPARG, 

PPARGC1A and miRNA16A). 

PPARG 

3.1.1-Testing the PPARG gene variant rs1801282 for association with 

gout in the NZ, FHS and ARIC case-control sample sets  

PPARG is involved in glucose metabolism, adipocyte differentiation, lipid oxidation, 

angiogenesis, inflammation and intracellular insulin-signalling (Knouff & Auwerx, 2004). 

PPARG is well-known for its association with type 2 diabetes and obesity (Snyder et al., 

2004). 

The rs1801282 (Pro12Ala) variant within the PPARG gene is a missense polymorphism 

resulting in the substitution of Alanine for Proline. The G allele (Ala) of the rs1801282 

variant has been associated with a protective effect against obesity (Bluher et al., 2003), type 

2 diabetes (Altshuler et al., 2000) and myocardial infarction (Ridker et al., 2003). The results 

of the association analysis of rs1801282 with gout are shown in table 3.1.A 
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rs1801282 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

CC CG GG G CC CG GG G 

NZ 

Cau 

Controls 515(0.809) 116(0.182) 5(0.007) 0.099 0.59 Unadjusted 0.47 0.89(0.66-1.21) 108(0.812) 24(0.180) 1(0.0.007) 0.097 0.16 Unadjusted 0.65 0.89(0.56-1.43) 

0.003 

Cases 341(0.825) 70(0.169) 2(0.004) 0.089 0.40 Multiple 0.68* 1.13(0.61-2.09)* 341(0.827) 69(0.167) 2(0.004) 0.088 0.17 Multiple 0.68 1.13(0.61-2.09) 

FHS 

Controls 3619(0.788) 918(0.199) 55(0.011) 0.111 0.20 Unadjusted 0.44 0.78(0.42-1.46) 3619(0.788) 918(0.199) 55(0.011) 0.111 0.29 Unadjusted 0.44 0.78(0.42-1.46) 

0.003 

Cases 50(0.833) 11(0.180) 0(0.000) 0.09 0.19 Multiple 0.42* 0.77(0.41-1.45)* 50(0.833) 11(0.180) 0(0.000) 0.09 0.19 Multiple 0.42 0.77(0.41-1.45) 

ARIC 

Controls 5358(0.772) 1459(0.210) 121(0.017) 0.122 0.21 Unadjusted 0.63 1.08(0.77-1.52) 5358(0.772) 1459(0.210) 121(0.017) 0.122 0.21 Unadjusted 0.63 1.08(0.77-1.52) 

0.003 

Cases 112(0.756) 33(0.222) 3(0.020) 0.131 0.22 Multiple 0.94* 1.01(0.70-1.45)* 112(0.756) 33(0.222) 3(0.020) 0.131 0.22 Multiple 0.94 1.01(0.70-1.45) 

EP/N 

Controls 160(0.874) 22(0.120) 1(0.005) 0.065 0.86 Unadjusted 0.24 1.35(0.80-2.27) 111(0.880) 14(0.111) 1(0.007) 0.063 0.13 Unadjusted 0.52 1.22(0.65-2.30) 

0.003 

Cases 212(0.837) 38(0.150) 3(0.011) 0.086 0.38 Multiple 0.65* 1.18(0.56-2.50)* 162(0.857) 25(0.132) 2(0.0.010) 0.076 0.12 Multiple 0.59 1.23(0.57-2.61) 

EP/Z 

Controls 119(0.757) 36(0.229) 2(0.012) 0.127 0.69 Unadjusted 0.01 0.32(0.12-0.83) 49(0.765) 15(0.234) 0(0.000) 0.117 0.07 Unadjusted 0.04 0.32(0.10-0.83) 

0.003 

Cases 51(0.910) 5(0.089) 0(0.000) 0.044 0.72 Multiple 0.06* 0.27(0.06-1.08)* 44(0.916) 4(0.0.083) 0(0.000) 0.041 0.15 Multiple 0.06 0.27(0.06-1.08) 

Mixed 

EP/WP 

Controls 23(0.920) 2(0.080) 0(0.000) 0.04 0.83 Unadjusted 0.77 1.33(0.17-9.92) 14(0.933) 1(0.066) 0(0.000) 0.033 0.10 Unadjusted 0.70 1.61(0.13-18.67) 

0.003 

Cases 17(0.894) 2(0.105) 0(0.000) 0.05 0.80 Multiple 0.99* -* 17(0.894) 2(0.105) 0(0.000) 0.052 0.08 Multiple 0.99 - 

WP 

Controls 129(0.908) 13(0.091) 0(0.000) 0.045 0.56 Unadjusted 0.33 0.69(0.32-1.46) 96(0.897) 11(0.102) 0(0.000) 0.051 0.06 Unadjusted 0.22 0.61(0.28-1.35) 

0.003 

Cases 233(0.935) 16(0.064) 0(0.000) 0.032 0.60 Multiple 0.18* 0.49(0.17-1.14)* 231(0.935) 16(0.0.064) 0(0.000) 0.032 0.07 Multiple 0.18 0.49(0.17-1.41) 

Table 3.1.A: Association analysis of PPARG variant rs1801282 

Allele and genotype frequencies for the variant rs1801282 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart 

Study; ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR = Odds Ratio; 95%CI 

=Confidence Interval and P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on BMI and 

T2D  

Note: In the mixed EP/WP sample set, the odds ratio and 95% CI could not be calculated. For this SNP, a significance level of P=0.003 was calculated to be 

required after Bonferroni correction for multiple testing. 
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The allele frequencies were in Hardy-Weinberg equilibrium (see table 3.1.A). After adjusting 

for confounding factors such as sex, age, T2D and BMI, there was no evidence for association 

of the PPARG variant rs1801282 with gout in the following datasets: NZ European Caucasian 

sample set (P=0.68, OR=1.13[0.61-2.09]), East Polynesian with high Polynesian ancestry 

(EP/N) sample set (P=0.65, OR=1.18[0.56-2.50]), Mixed EP/WP sample set (P=0.99) and 

West Polynesian (WP) sample set (P=0.18, OR=0.49[0.17-1.14]). There was also no evidence 

for association in the referral datasets: FHS (P=0.42, OR=0.77[0.41-1.45]) and ARIC 

(P=0.94, OR= 1.01[0.70-1.45]). However, in the East Polynesian with low Polynesian 

ancestry (EP/Z) sample set, the G allele of the rs1801282 variant was found to be associated 

with a decreased risk gout (P=0.01, OR=0.32[0.12-0.83]), but the P-value was >0.05 (P=0.06, 

OR=0.27[0.06-1.08]) and was still trending towards significance when adjusted for 

confounding factors such as age, T2D and BMI. 

3.1.1.1- Meta-analysis of the PPARG gene variant rs1801282 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.1.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PPARG gene 

variant rs1801282 
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Meta-analysis was performed by combing NZ European Caucasian, FHS and ARIC datasets. 

The fixed effects model was used, which indicated that there was no evidence of genetic 

heterogeneity between the sample sets (B-D, P=0.57). The sample sets showed no evidence 

of association of the PPARG gene variant rs1801282 with gout (P=0.63, OR=0.95[0.77-

1.18]). 

3.1.1.2- Meta-analysis of the PPARG gene variant rs1801282 combining the EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.1.B: Meta-analysis of the Polynesian case-control sample sets for the PPARG gene variant 

rs1801282 

The second meta-analysis was performed by combining the East Polynesian high ancestry 

group (EP/N), East Polynesian low ancestry group (EP/Z), Mixed East and West Polynesian 

(EP/WP), and West Polynesian (WP) datasets. The random effects model was used as there 

was some evidence of genetic heterogeneity found between the sample sets (B-D, P=0.05). 

The sample sets showed no evidence for association of the PPARG gene rs1801282 variant 

with gout (P=0.48, OR=0.78[0.39-1.57]).  
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3.1.1.3- Testing the PPARG gene variant rs1801282 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP case-

control sample sets 

Variant rs1801282 was also tested for association with T2D and BMI. Those gout cases and controls for which the information was available on T2D 

and BMI were included in the analysis. 

Sample 

Sets 

T2D BMI 

Num of 

Obs 
Adjustment P-value 

Bonferroni 

Correction 

P-value 

OR (95%CI) 
Num of 

Obs 
Adjustments P-value 

Bonferroni 

Correction 

P-value 

Beta-Coeff 

(95%CI) 

NZ Cau 
542 Unadjusted 0.079 

0.003 
0.46(0.19-1.09) 539 Unadjusted 0.303 

0.003 
-0.59(-1.74, 0.54) 

540 Multiple 0.173 0.54(0.22-1.30)  Multiple 0.329 -0.53(-1.61, 0.54) 

 

EP/N 
384 Unadjusted 0.906 

0.003 
1.03(0.55-1.93) 386 Unadjusted 0.535 

0.003 
-0.64(-2.68, 1.39) 

383 Multiple 0.594 0.83(0.43-1.61) 385 Multiple 0.335 -0.99(-3.01, 1.03) 

 

EP/Z 
131 Unadjusted 0.920 

0.003 
1.07(0.28-4.09) 131 Unadjusted 0.793 

0.003 
-0.38(-3.23, 2.47) 

130 Multiple 0.513 1.74(0.33-9.16) 130 Multiple 0.969 0.05(-2.87, 2.98) 

 

WP 
347 Unadjusted 0.139 

0.003 
0.21(0.02-1.64) 345 Unadjusted 0.302 

0.003 
1.73(-1.56, 5.02) 

345 Multiple 0.116 0.19(0.02-1.49) 345 Multiple 0.200 2.11(-1.12, 5.36) 

Table 3.1.B: PPARG gene variant rs1801282 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs1801282, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient.  

Note: Linear regression was used for categorical (type 2 diabetes) variable and regression model was used for continuous (BMI) variable. For this SNP, a 

significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing. 
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The PPARG gene variant rs1801282 did not show any significant association with T2D in the 

following datasets: NZ European Caucasian (P=0.17, OR=0.54[0.22-1.30]), EP/N (P=0.59, 

OR=0.83[0.43-1.61]), EP/Z (P=0.51, OR=1.74[0.33-9.16]) and WP (P=0.11, OR=0.19[0.02-

1.49]), both before and after adjusting for multiple covariates. 

In the case of BMI, variant rs1801282 did not show any significant association in any of the 

datasets: NZ European Caucasian (P=0.32, Beta= -0.53[-1.61, 0.54]), EP/N (P=0.33, Beta= -

0.99[-3.01, 1.03]), EP/Z (P=0.96, Beta= 0.05(-2.87, 2.98)]) and WP (P=0.20, Beta= 2.11[-

1.12, 5.36]), both before and after adjusting for multiple covariates. 
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TCF7L2 

3.1.2- Testing the TCF7L2 gene variant rs7901695 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

TCF7L2 is expressed in pancreatic beta cells, the liver, adipose tissue and the brain (Vacelak 

et al., 2012). TCF7L2 is a member of the Wnt signalling pathway. It is involved in the 

regulation of pancreatic beta-cell proliferation, differentiation and insulin secretion 

(Franceschini et al., 2012). TCF7L2 is also a critical regulator of bone erosion and formation 

in inflammatory arthritis (Rabelo Fde et al., 2010). In addition, it has been found to be 

important in kidney embryogenesis and disease (Lancaster & Gleeson, 2010).  

TCF7L2 gene variants were found to have a strong contribution towards increasing the risk of 

type 2 diabetes (Cauchi et al., 2007; Tong et al., 2009; Chauhan et al., 2010; Wen et al., 

2010). TCF7L2 variants may influence type 2 diabetes through a role in adipogenesis, 

pancreatic islet development, beta-cell survival and insulin secretary granule function (Shu et 

al., 2008). The variants that have been identified in the TCF7L2 gene are all located in the 

introns of the gene. Therefore, it is not clear whether they play a role in alternative splicing, 

gene expression or protein structure (Pang et al., 2013). 

rs7903146: The TCF7L2 gene variant rs7903146 is the most extensively analysed and 

replicated variant in type 2 diabetes association studies. The T allele of rs7903146 variant is 

associated with an increased risk of type 2 diabetes (Lyssenko et al., 2007). Individuals 

carrying the risk allele C of rs7903146 variant are at an increased risk of developing T2D 

(Florez, 2007). Initially, primers were designed for the rs7903146 variant (C/T) site. During 

the optimisation of the primers, PCR/RFLP failed to ascertain discrete bands to indicate the 

ideal annealing temperature and MgCl2 concentration. The assay was repeated but the result 

was the same; therefore, another variant (rs7901695) was chosen, which showed moderate 

LD with variant rs7903146.  
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Figure 3.2: Haploview-generated LD structure of the TCF7L2 SNPs in Caucasian. The number within 

the box indicates the r2 
value. The region of high LD is shown as dark. In the Chinese population, 

variant rs7901695 was monomorphic.  

rs7901695: The rs7901695 variant is located in intron 3. In a Spanish cohort study, this 

variant was found to be associated with an increased risk of type 2 diabetes (Gonzalez-

Sanchez et al., 2008). It was also found to influence insulin sensitivity in an Amish population 

study (Damcott et al., 2006). The results of the association analysis of rs7901695 variant with 

gout are shown in table 3.2.A 
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rs7901695 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjusted P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjusted P-value OR(95%CI) 

TT TC CC C TT TC CC C 

NZ 

Cau 

Controls 304(0.483) 264(0.419) 61(0.096) 0.306 0.77 Unadjusted 0.66 0.95(0.79-1.16) 71(0.533) 47(0.353) 15(0.112) 0.289 0.42 Unadjusted 0.77 1.04(0.77-1.41) 

0.003 

Cases 208(0.494) 175(0.415) 38(0.090) 0.298 0.99 Multiple 0.45* 1.15(0.78-1.69)* 207(0.492) 175(0.416) 38(0.090) 0.298 0.40 Multiple 0.45 1.15(0.78-1.69) 

FHS 

Controls 2126(0.462) 1979(0.430) 487(0.106) 0.321 0.44 Unadjusted 0.02 1.51(1.05-2.17) 2126(0.462) 1979(0.430) 487(0.106) 0.321 0.44 Unadjusted 0.02 1.51(1.05-2.17) 

0.003 

Cases 21(0.344) 29(0.475) 11(0.180) 0.418 0.45 Multiple 0.03* 1.48(1.03-2.13)* 21(0.344) 29(0.475) 11(0.180) 0.418 0.45 Multiple 0.03 1.48(1.03-2.13) 

ARIC 

Controls 3345(0.481) 2929(0.421) 672(0.096) 0.307 0.46 Unadjusted 0.45 1.09(0.85-1.40) 3345(0.481) 2929(0.421) 672(0.096) 0.307 0.46 Unadjusted 0.45 1.09(0.85-1.40) 

0.003 

Cases 63(0.425) 73(0.493) 12(0.081) 0.327 0.44 Multiple 0.43* 1.10(0.85-1.43)* 63(0.425) 73(0.493) 12(0.081) 0.327 0.44 Multiple 0.43 1.10(0.85-1.43) 

EP/N 

Controls 132(0.705) 50(0.267) 5(0.026) 0.16 0.93 Unadjusted 0.26 0.80(0.55-1.17) 94(0.734) 29(0.226) 5(0.039) 0.152 0.24 Unadjusted 0.72 0.92(0.58-1.44) 

0.003 

Cases 187(0.736) 66(0.259) 1(0.003) 0.133 0.05 Multiple 0.70* 1.11(0.63-1.97)* 137(0.721) 52(0.273) 1(0.005) 0.142 0.25 Multiple 0.57 1.17(0.66-2.08) 

EP/Z 

Controls 101(0.635) 45(0.283) 13(0.081) 0.22 0.05 Unadjusted 0.18 1.39(0.85-2.26) 42(0.617) 20(0.294) 6(0.088) 0.235 0.44 Unadjusted 0.09 1.62(0.90-2.90) 

0.003 

Cases 29(0.517) 22(0.392) 5(0.089) 0.285 0.82 Multiple 0.33* 1.44(0.68-3.03)* 21(0.437) 22(0.458) 5(0.104) 0.333 0.36 Multiple 0.33 1.44(0.68-3.03) 

Mixed 

EP/WP 

Controls 20(0.800) 4(0.160) 1(0.040) 0.12 0.22 Unadjusted 0.60 1.37(0.40-4.65) 13(0.866) 1(0.0.066) 1(0.066) 0.100 0.26 Unadjusted 0.48 1.68(0.38-7.39) 

0.003 

Cases 13(0.684) 6(0.315) 0(0.000) 0.157 0.41 Multiple 0.99* -* 13(0.684) 6(0.315) 0(0.000) 0.157 0.22 Multiple 0.99 - 

WP 

Controls 133(0.930) 10(0.069) 0(0.000) 0.034 0.66 Unadjusted 0.62 1.21(0.56-2.60) 100(0.925) 8(0.074) 0(0.000) 0.037 0.08 Unadjusted 0.83 1.09(0.47-2.52) 

0.003 

Cases 229(0.916) 21(0.084) 0(0.000) 0.042 0.48 Multiple 0.90* 0.94(0.35-2.51)* 228(0.919) 20(0.080) 0(0.000) 0.040 0.07 Multiple 0.90 0.94(0.35-2.51) 

Table 3.2.A: Association analysis of TCF7L2 variant rs7901695 

Allelic and genotype frequencies for the variant rs7901695 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR =Odds Ratio; 95%CI 

=Confidence Interval and P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on BMI and 

T2D 

Note: In the mixed EP/WP sample set, the odds ratio and 95% CI could not be calculated. For this SNP, a significance level of P=0.003 was calculated to be 

required after Bonferroni correction for multiple testing. 
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The allele frequencies of rs7901695 variant were found to be in Hardy-Weinberg equilibrium 

(see table 3.2.A). This study did not find an association between rs7901695 variant and gout 

in the NZ European Caucasian sample set (P=0.45, OR=1.15[0.78-1.69]) or ARIC dataset 

(P=0.43, OR=1.10[0.85-1.43]). In the FHS reference dataset, the minor allele C was shown to 

be associated with an increased risk of gout (P=0.03, OR= 1.48[1.03-2.13]). Other datasets 

including the East Polynesian with high Polynesian ancestry (EP/N) (P=0.70, OR=1.11[0.63-

1.97]), East Polynesian with low Polynesian ancestry (EP/Z) (P= 0.33, OR=1.44[0.68-3.03]), 

Mixed EP/WP sample set (P=0.99) and West Polynesian (WP) sample sets (P=0.90, 

OR=0.94[0.35-2.51]) showed no significant association with gout. The rs7901695 variant was 

not found to be associated with gout in the NZ case-control sample sets.  

3.1.2.1- Meta-analysis of the TCF7L2 gene variant rs7901695 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.3.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the TCF7L2 gene 

variant rs7901695 
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Meta-analysis was performed for the rs7901695 variant by combining NZ European 

Caucasian, FHS and ARIC datasets. The fixed effects model was used and no genetic 

heterogeneity between the sample sets was found (B-D, P=0.08). The pooled P-value and OR 

derived from the datasets indicated no significant association of the C allele of the rs7901695 

variant with gout (fixed effect model: P=0.33, OR=1.12[0.89-1.41]). 

3.1.2.2- Meta-analysis of the TCF7L2 gene variant rs7901695 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.3.B: Meta-analysis of the Polynesian case-control sample sets for the TCF7L2 gene variant 

rs7901695 

Meta-analysis of the East Polynesian high ancestry group (EP/N), East Polynesian low 

ancestry group (EP/Z), Mixed East and West Polynesian (EP/WP) and West Polynesian (WP) 

showed no evidence of association of the rs7901695 variant with gout. Using the fixed effects 

model, no genetic heterogeneity between the sample sets was found (B-D, P=0.32). The 

pooled P-value and OR derived from the datasets indicated no association (P=0.74, 

OR=1.05[0.78-1.42]) of the C allele of rs7901695 variant with gout  
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3.1.2.3- Testing the TCF7L2 gene variant rs7901695 for association with BMI and 

T2D in the NZ Caucasian, EP/N, EP/Z and WP case-control sample sets 

The TCF7L2 variant rs7901695 was also tested for association with T2D. Those gout cases 

and controls for which information was available on T2D were included in the analysis. 

Sample Sets 

T2D 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) 

NZ Cau 
550 Unadjusted 0.897 

0.003 
0.97(0.65-1.44) 

548 Multiple 0.969 0.99(0.65-1.50) 

 

EP/N 
384 Unadjusted 0.880 

0.003 
0.96(0.57-1.60) 

383 Multiple 0.871 0.95(0.54-1.67) 

 

EP/Z 
135 Unadjusted 0.092 

0.003 
1.79(0.90-3.52) 

134 Multiple 0.180 1.70(0.78-3.72) 

 

WP 
347 Unadjusted 0.461 

0.003 
1.47(0.52-4.09) 

345 Multiple 0.550 1.39(0.47-4.12) 

Table 3.2.B: TCF7L2 variant rs7901695 association with T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple 

Adjustments; gout affection, sex and age was done for rs7901695, P-value; OR=Odds Ratio; 95%CI= 95% 

Confidence Interval. 

Note: Linear regression was used for the categorical (type 2 diabetes) variable. For this SNP, a 

significance level of P=0.003 was calculated to be required after Bonferroni correction for 

multiple testing. 

The rs7901695 variant did not show any significant association with T2D in the following 

datasets: NZ European Caucasian (P=0.96, OR=0.99[0.65-1.50]), EP/N (P=0.87, 

OR=0.95[0.54-1.67]), EP/Z (P=0.18, OR=1.70[0.78-3.72]) and WP (P=0.55, OR=1.39[0.47-

4.12]), both before and after adjustment for multiple covariates. 
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THADA 

3.1.3- Testing the THADA gene variant rs7578597 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

THADA encodes the thyroid adenoma–associated protein (Rippe et al., 2003). The function of 

THADA is not well characterised, but it may have a role in apoptosis (Rippe et al., 2003). 

Variant rs7578597 has been associated with T2D, possibly by beta-cell mass reduction due to 

increased apoptosis (Zeggini et al., 2008).  

rs7578597: (T1187A) is a non-synonymous variant that resides in exon 24 of the THADA 

gene (Staiger et al., 2008). The carriers of the high risk TT genotype were found to have 

reduced beta cell mass and low beta-cell function (Simonis-Bik et al., 2010). Imputation of 

known THADA gene variants in complete LD with rs7578597 using BC|SNPmax was 

performed to generate allelic and genotypic frequencies for the ARIC subset (please refer to 

section 2.20 of materials and methods). The results of the association analysis of rs7578597 

variant with gout are shown in table 3.3.A. 
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rs7578597 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

TT TC CC C TT TC CC C 

NZ 

Cau 

Controls 484(0.773) 139(0.222) 3(0.001) 0.115 0.03 Unadjusted 0.02 0.71(0.53-0.96) 98(0.796) 23(0.186) 2(0.016) 0.109 0.15 Unadjusted 0.25 0.76(0.47-1.22) 

0.003 

Cases 351(0.837) 64(0.152) 4(0.009) 0.085 0.56 Multiple 0.09* 0.60(0.33-1.09)* 350(0.837) 64(0.153) 4(0.009) 0.086 0.16 Multiple 0.09 0.60(0.33-1.09) 

FHS 

Controls 3730(0.812) 817(0.177) 45(0.009) 0.098 0.17 Unadjusted 0.55 1.18(0.67-2.07) 3730(0.812) 817(0.177) 45(0.009) 0.098 0.17 Unadjusted 0.55 1.18(0.67-2.07) 

0.003 

Cases 49(0.803) 10(0.163) 2(0.032) 0.114 0.19 Multiple 0.33* 1.32(0.75-2.33)* 49(0.803) 10(0.163) 2(0.032) 0.114 0.19 Multiple 0.33 1.32(0.75-2.33) 

ARIC 

Controls 5558(0.800) 1302(0.187) 86(0.012) 0.106 0.18 Unadjusted 0.52 0.88(0.59-1.30) 5558(0.800) 1302(0.187) 86(0.012) 0.106 0.18 Unadjusted 0.52 0.88(0.59-1.30) 

0.003 

Cases 122(0.824) 24(0.162) 2(0.013) 0.094 0.16 Multiple 0.38* 0.82(0.54-1.26)* 122(0.824) 24(0.162) 2(0.013) 0.094 0.16 Multiple 0.38 0.82(0.54-1.26) 

EP/N 

Controls 176(0.972) 5(0.027) 0(0.000) 0.013 0.85 Unadjusted 0.60 0.72(0.20-2.51) 124(0.984) 2(0.015) 0(0.000) 0.007 0.06 Unadjusted 0.72 1.35(0.24-7.43) 

0.003 

Cases 245(0.980) 5(0.020) 0(0.000) 0.01 0.88 Multiple 0.35* 3.58(0.23-54.16)* 183(0.978) 4(0.021) 0(0.000) 0.010 0.05 Multiple 0.35 3.60(0.23-56.05) 

EP/Z 

Controls 126(0.840) 24(0.160) 0(0.000) 0.08 0.29 Unadjusted 0.62 1.20(0.57-2.54) 60(0.882) 8(0.117) 0(0.000) 0.058 0.16 Unadjusted 0.33 1.61(0.60-4.35) 

0.003 

Cases 47(0.810) 11(0.189) 0(0.000) 0.09 0.49 Multiple 0.22* 2.28(0.61-8.51)* 40(0.816) 9(0.183) 0(0.000) 0.091 0.14 Multiple 0.28 2.09(0.54-8.01) 

Mixed 

EP/WP 

Controls 22(0.956) 1(0.043) 0(0.000) 0.021 0.91 Unadjusted 0.44 2.50(0.21-28.69) 15(1.000) 0(0.000) 0(0.000) 0.000 0.46 Unadjusted 0.20 - 

0.003 

Cases 17(0.894) 2(0.105) 0(0.000) 0.052 0.80 Multiple 0.99* -* 17(0.894) 2(0.105) 0(0.000) 0.052 0.48 Multiple 0.99 - 

WP 

Controls 139(0.985) 2(0.014) 0(0.000) 0.007 0.93 Unadjusted 0.51 1.69(0.33-8.44) 106(0.981) 2(0.018) 0(0.000) 0.009 0.80 Unadjusted 0.74 1.30(0.26-6.51) 

0.003 

Cases 245(0.976) 6(0.023) 0(0.000) 0.011 0.84 Multiple 0.61* 1.66(0.23-11.70)* 243(0.975) 6(0.024) 0(0.000) 0.012 0.83 Multiple 0.61 1.66(0.23-11.70) 

Table 3.3.A: Association analysis of THADA variant rs7578597 

Allelic and genotype frequencies for the variant rs7578597 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern Polynesian and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham 

Heart Study; ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR = Odds Ratio; 

95%CI = Confidence Interval and P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on 

BMI and T2D. 

Note: In the mixed EP/WP sample set, the odds ratio and 95% CI could not be calculated. For this SNP, a significance level of P=0.003 was calculated to be 

required after Bonferroni correction for multiple testing.  
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The genotype frequencies for the rs7578597 variant, except for the NZ European Caucasian 

controls, did not deviate from Hardy-Weinberg equilibrium for the entire gout case-control 

sample sets (see table 3.3.A). Association of the minor C allele of rs7578597 was observed 

with a reduced risk of gout in the NZ European Caucasian dataset in the unadjusted model 

(P=0.02, OR=0.71[0.53-0.96]); when adjusted for multiple confounders, although non-

significant, it was still trending towards significance (P=0.09, OR=0.60[0.33-1.09]). When 

the results were compared with the association analysis of the subset dataset, no significant 

association of the minor allele C with gout in the unadjusted model (P=0.25, OR=0.76[0.47-

1.22]) was found. The overall results after all of the adjustments were found to be trending 

towards significance (P=0.09, OR=0.60[0.33-1.09]). In the referral datasets, no association 

was found in the FHS (P=0.33, OR=1.32[0.75-2.33]) and ARIC (P=0.38, OR=0.82[0.54-

1.26]) sample sets.  

There was no evidence of association with gout in the other datasets: East Polynesian with 

high Polynesian ancestry (EP/N) (P=0.35, OR=3.58[0.23-54.16]), East Polynesian with low 

Polynesian ancestry (EP/Z) (P=0.22, OR= 2.28[0.61-8.51]), Mixed EP/WP (P=0.99) and 

West Polynesian (WP) (P=0.61, OR=1.66[0.23-11.70]). The results indicate that the THADA 

variant rs7578597 did not show any association with gout. 
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3.1.3.1- Meta-analysis of the THADA gene variant rs7578597 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.4.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the THADA gene 

variant rs7578597 

Meta-analysis was performed to look for a combined association of the rs7578597 variant 

with gout between the NZ European Caucasian, FHS and ARIC datasets. The Breslow-Day 

(B-D) test indicated that there was no evidence of genetic heterogeneity between the sample 

sets (B-D, P=0.28). The fixed effects model was used in this meta-analysis. The sample sets 

showed no evidence for association (P=0.17, OR=0.84[0.65-1.08]) of the THADA variant 

rs7578597 with gout.  
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3.1.3.2- Meta-analysis of the THADA gene variant rs7578597 combining the EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.4.B: Meta-analysis of the Polynesian case-control sample sets for the THADA gene variant 

rs7578597 

Meta-analysis of the East Polynesian high ancestry group (EP/N), East Polynesian low 

ancestry group (EP/Z), Mixed East and West Polynesian (EP/WP) and West Polynesian (WP) 

group was performed. The Breslow-Day (B-D) test indicated that there was no evidence of 

genetic heterogeneity between the sample sets (B-D, P=0.76). The fixed effects model was 

used in this meta-analysis. The results showed no evidence for association (P=0.58, 

OR=1.17[0.66-2.10]) of the THADA rs7578597 variant with gout.  
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3.1.3.3- Testing the THADA gene variant rs7578597 for association with BMI and 

T2D in the NZ Caucasian, EP/N, EP/Z and WP case-control sample sets 

The THADA variant rs7578597 was also tested for association with T2D. Those cases and 

controls were included in the analysis for which information was available on T2D. 

Sample Sets 
T2D 

Num of Obs. Adjustment P-value Bonferroni Correction P-value OR (95%CI) 

NZ Cau 
538 Unadjusted 0.385 

0.003 
0.73(0.36-1.47) 

536 Multiple 0.458 0.76(0.37-1.56) 

 

EP/N 
382 Unadjusted 0.328 

0.003 
0.35(0.04-2.81) 

381 Multiple 0.371 0.37(0.04-3.16) 

 

EP/Z 
137 Unadjusted 0.590 

0.003 
0.65(0.13-3.07) 

136 Multiple 0.718 0.72(0.13-4.06) 

 

WP 
350 Unadjusted 0.884 

0.003 
0.85(0.10-7.09) 

350 Multiple 0.779 1.02(0.11-9.11) 

Table 3.3.B: THADA variant rs7578597 association with T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, Num of Obs=Number of observations used in this study; Multiple 

Adjustments; gout affection, sex and age was done for rs7578597, P-value; OR=Odds Ratio; 

95%CI=95% Confidence Interval. 

Note: Linear regression was used for the categorical variable (type 2 diabetes). For this SNP, 

significance level of P=0.003 was calculated to be required after Bonferroni correction for 

multiple testing.  

The THADA variant rs7578597 did not show any significant association with T2D in any of 

the following datasets: NZ European Caucasian (P=0.45, OR=0.76[0.37-1.56]), EP/N 

(P=0.37, OR=0.37[0.04-3.16]), EP/Z (P=0.71, OR=0.72[0.13-4.06]) and WP (P=0.77, 

OR=1.02[0.11-9.11]), both before and after adjustments for multiple covariates. 
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KCNJ11 

3.1.4- Testing the KCNJ11 gene variant rs2285676 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

Beta-cells have ATP-sensitive K
+
 channels which are composed of SUR1 and Kir6.2 subunits 

(Koster et al., 2000). KCNJ11 encodes the K
+
 channel subunit Kir6.2. KATP channel closure of 

the beta cells plays a crucial role in insulin secretion stimulated by glucose (Minami et al., 

2004). 

rs2285676: The G allele of the rs2285676 variant within KCNJ11 has been found to be 

associated with an increased risk of type 2 diabetes in the Japanese and Chinese populations 

(Sakamoto et al., 2007). In a study of a Quebec family, the G allele of variant  rs2285676 was 

found to be associated with reduced insulin secretion (Ruchat et al., 2008). The results of the 

association analysis of rs2285676 variant with gout are shown in table 3.4.A 
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rs2285676 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

AA AG GG G AA AG GG G 

NZ Cau 

Controls 289(0.458) 273(0.433) 68(0.107) 0.324 0.75 Unadjusted 0.20 1.12(0.93-1.35) 50(0.375) 57(0.428) 26(0.195) 0.409 0.40 Unadjusted 0.08 0.78(0.58-1.03) 

0.003 

Cases 187(0.445) 171(0.407) 62(0.147) 0.351 0.02 Multiple 0.03* 0.68(0.48-0.96)* 186(0.443) 171(0.408) 62(0.147) 0.352 0.41 Multiple 0.03 0.68(0.48-0.96) 

FHS 

Controls 1842(0.401) 2117(0.461) 633(0.137) 0.368 0.46 Unadjusted 0.46 0.86(0.59-1.26) 1842(0.401) 2117(0.461) 633(0.137) 0.368 0.46 Unadjusted 0.46 0.86(0.59-1.26) 

0.003 

Cases 25(0.409) 31(0.508) 5(0.081) 0.336 0.44 Multiple 0.46* 0.86(0.59-1.27)* 25(0.409) 31(0.508) 5(0.081) 0.336 0.44 Multiple 0.46 0.86(0.59-1.27) 

ARIC 

Controls 2726(0.393) 3263(0.470) 941(0.135) 0.371 0.48 Unadjusted 0.73 0.95(0.75-1.21) 2726(0.393) 3263(0.470) 941(0.135) 0.371 0.48 Unadjusted 0.73 0.95(0.75-1.21) 

0.003 

Cases 59(0.398) 71(0.479) 18(0.121) 0.361 0.47 Multiple 0.59* 0.93(0.73-1.19)* 59(0.398) 71(0.479) 18(0.121) 0.361 0.47 Multiple 0.59 0.93(0.73-1.19) 

EP/N 

Controls 73(0.390) 88(0.470) 26(0.139) 0.374 0.91 Unadjusted 0.38 1.13(0.85-1.49) 55(0.429) 56(0.437) 17(0.132) 0.351 0.47 Unadjusted 0.04 1.40(1.01-1.95) 

0.003 

Cases 91(0.365) 115(0.461) 43(0.172) 0.400 0.49 Multiple 0.34* 1.21(0.81-1.82)* 62(0.331) 88(0.470) 37(0.197) 0.433 0.45 Multiple 0.21 1.29(0.86-1.94) 

EP/Z 

Controls 62(0.382) 82(0.320) 18(0.111) 0.364 0.81 Unadjusted 0.44 0.83(0.53-1.31) 29(0.426) 31(0.455) 8(0.117) 0.345 0.46 Unadjusted 0.73 1.10(0.63-1.89) 

0.003 

Cases 27(0.473) 23(0.403) 7(0.122) 0.324 0.64 Multiple 0.44* 0.77(0.39-1.50)* 20(0.408) 22(0.448) 7(0.142) 0.367 0.45 Multiple 0.50 0.79(0.40-1.55) 

Mixed 

EP/WP 

Controls 3(0.120) 15(0.600) 7(0.280) 0.58 0.24 Unadjusted 0.58 1.28(0.53-3.12) 3(0.200) 9(0.600) 3(0.200) 0.500 0.34 Unadjusted 0.25 1.78(0.66-4.76) 

0.003 

Cases 3(0.166) 7(0.388) 8(0.444) 0.638 0.50 Multiple 0.89* 0.90(0.21-3.82)* 3(0.166) 7(0.388) 8(0.444) 0.639 0.48 Multiple 0.89 1.11(0.26-4.76) 

WP 

Controls 17(0.118) 53(0.370) 73(0.510) 0.696 0.14 Unadjusted 0.25 0.84(0.60-1.14) 6(0.056) 40(0.373) 61(0.570) 0.757 0.36 Unadjusted 0.007 0.61(0.42-0.88) 

0.003 

Cases 38(0.103) 89(0.242) 113(0.307) 0.657 0.05 Multiple 0.03* 0.65(0.44-0.96)* 38(0.159) 88(0.369) 112(0.470) 0.656 0.37 Multiple 0.05 
0.67(0.45-1.01) 

67(1.02-

2.39)*4 
Table 3.4.A: Association analysis of KCNJ11 variant rs2285676 

Allelic and genotype frequencies for the variant rs2285676 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR = Odds Ratio; 95%CI = 

Confidence Interval. P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on BMI and T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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No deviation of the genotype frequencies from Hardy-Weinberg equilibrium was observed 

except in the NZ European Caucasian cases (see table 3.4.A). There was no evidence of 

association of the G allele of rs2285676 with gout in the NZ European Caucasian sample set 

(P=0.20, OR=1.12[0.93-1.35]) in the unadjusted model. When adjusted for multiple 

confounders, the minor allele G was found to be associated with a reduced risk of gout in the 

NZ European Caucasian (P=0.03, OR=0.68[0.48-0.96]). When the results were compared 

with the association analysis of the subset dataset, in the unadjusted model, although non-

significant, the result was found to be tending towards significance (P=0.08, OR=0.78[0.58-

1.03]). After adjusting for multiple confounders, it was found to be statistically significant 

(P=0.03, OR=0.68[0.48-0.93]) with a reduced risk of gout. There was no evidence of 

association in the referral datasets FHS (P=0.46, OR= 0.86[0.59-1.27]) and ARIC (P=0.59, 

OR=0.93[0.73-1.19]) with gout.  

In the East Polynesian with high Polynesian ancestry (EP/N) sample set, no association of the 

rs2285676 variant was found (P=0.34, OR=1.21[0.81-1.82]) with gout; however, when 

compared with the association analysis of the subset dataset, the minor allele G of this variant 

was found to be associated with a reduced risk of gout in the unadjusted model (P=0.04, 

OR=1.40[1.01-1.95]). When adjusted for confounding factors, no significant association was 

found (P=0.21, OR=1.29[0.86-1.94]). 

In the West Polynesian (WP) sample set, there was no association found (P=0.25, 

OR=0.84[0.60-1.14]) for the G allele of rs2285676 variant in the unadjusted model, but after 

multiple adjustments, the Western Polynesian group showed significant association with an 

increased risk of gout (P= 0.03, OR= 0.65[0.44-0.96]). When the results were compared with 

the association analysis of the subset dataset, the minor G allele of this variant was found to 

be associated with a reduced risk of gout in the unadjusted model (P=0.007, OR=0.61[0.42-

0.88]). An overall marginal association with a reduced risk of gout (P=0.05, OR=0.67[0.45-

1.01]) was found.  

In the East Polynesian with low Polynesian ancestry (EP/Z) dataset (P=0.44, OR=0.77[0.39-

1.50]) and in the Mixed EP/WP sample set (P=0.89, OR=0.90[0.21-3.82]), no association 

with gout was found.   
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3.1.4.1- Meta-analysis of the KCNJ11 gene variant rs2285676 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.5.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the KCNJ11 gene 

variant rs2285676 

Meta-analysis of rs2285676 variant was performed on the NZ European Caucasian, FHS and 

ARIC datasets. The fixed effects model was used as there was no evidence of heterogeneity, 

which is indicated by the B-D (P=0.36). The result indicated no evidence of association with 

gout (P=0.64, OR= 1.03[0.90-1.1.9]). 
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3.1.4.2- Meta-analysis of the KCNJ11 gene variant rs2285676 combining the EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.5.B: Meta-analysis of the Polynesian case-control sample sets for the KCNJ11 gene variant 

rs2285676 

In sample sets of the East Polynesian high ancestry group (EP/N), East Polynesian low 

ancestry group (EP/Z), Mixed East and West Polynesian (EP/WP) and West Polynesian (WP) 

using the fixed effects model, no evidence of association (P=0.78, OR=0.98[0.81-17]) of the 

rs2285676 variant with gout was found. There was no evidence of genetic heterogeneity 

found between the sample sets (B-D, P=0.41). 
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3.1.4.3- Testing the KCNJ11 gene variant rs2285676 for association with BMI and 

T2D in the NZ Caucasian, EP/N, EP/Z and WP case-control sample sets 

The KCNJ11 gene variant rs2285676 was also tested for association with T2D. Those cases 

and controls for which information was available on T2D were included in the analysis. 

Sample Sets 

T2D 

Num of Obs Adjustment P-value 
Bonferroni Correction P-

value 
OR (95%CI) 

NZ Cau 
549 Unadjusted 0.659 

0.003 
0.92(0.64-1.31) 

547 Multiple 0.568 0.89(0.61-1.30) 

 

EP/N 
386 Unadjusted 0.118 

0.003 
0.75(0.53-1.07) 

385 Multiple 0.210 0.78(0.54-1.14) 

 

EP/Z 
137 Unadjusted 0.628 

0.003 
0.84(0.43-1.65) 

136 Multiple 0.769 1.12(0.50-2.51) 

 

WP 
339 Unadjusted 0.214 

0.003 
1.30(0.85-1.97) 

339 Multiple 0.323 1.24(0.80-1.94) 

Table 3.4.B: KCNJ11 variant rs2285676 association with T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, Num of Obs=Number of observations used in this study; Multiple 

Adjustments; gout affection, sex and age was done for rs2285676, P-value; OR=Odds Ratio; 

95%CI=95% Confidence Interval. 

Note: Linear regression was used for the categorical variable (type 2 diabetes). For this SNP, a 

significance level of P=0.003 was calculated to be required after Bonferroni correction for 

multiple testing. 

The KCNJ11 gene variant rs2285676 did not show any significant association with T2D in 

the NZ European Caucasian (P=0.56, OR=0.89[0.61-1.30]), EP/N (P=0.21, OR=0.78[0.54-

1.14]), EP/Z (P=0.76, OR=1.12[0.50-2.51]) and WP (P=0.32, OR=1.24[0.80-1.94]) datasets 

before or after adjustments for multiple covariates.  
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PPARGC1A 

3.1.5- Testing the PPARGC1A gene variant rs8192678 for association 

with gout in the NZ, FHS and ARIC case-control sample sets 

PPARGC1A gene encodes a protein that co-activates multiple transcription factors involved in 

the regulation of oxidative stress, the formation of new mitochondria and the oxidation of 

lipids and glucose (Brito et al., 2009). PPARGC1A is a strong biological candidate for 

metabolic and cardiovascular disease (Brito et al., 2009). In Pacific populations, the 

PPARGC1A gene is also a candidate “thrifty gene” (Myles et al., 2011). The PPARGC1A 

gene plays an important role in energy metabolism. Variants in this gene increase the risk of 

developing type 2 diabetes (Barroso et al., 2006; Nelson et al., 2007). 

rs8192678: PPARGC1A gene variant rs8192678 (Gly482Ser) is a non-synonymous coding 

variant which is the most frequently studied variant in association with type 2 diabetes 

(Barroso et al., 2006), hypertension (Andersen et al., 2005), obesity (Ridderstrale et al., 2006), 

dyslipidaemia (Franks et al., 2007) and insulin resistance (Fanelli et al., 2005). The minor T 

allele of rs8192678 variant is typically associated with an increased risk of the disease. The 

results of the association analysis of rs8192678 variant with gout are shown in table 3.5.A. 

.
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rs8192678 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 
Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 
CC CT TT T CC CT TT T 

NZ Cau 

Controls 273(0.436) 279(0.446) 73(0.116) 0.34 0.78 Unadjusted 0.53 0.94(0.78-1.13) 55(0.413) 60(0.451) 18(0.135) 0.360 0.43 Unadjusted 0.30 0.85(0.64-1.14) 

0.003 

Cases 190(0.453) 184(0.439) 45(0.107) 0.327 0.96 Multiple 0.19* 1.30(0.87-1.94)* 190(0.456) 183(0.437) 45(0.107) 0.326 0.44 Multiple 0.19 1.30(0.87-1.94) 

FHS 

Controls 1898(0.413) 2123(0.462) 571(0.124) 0.355 0.46 Unadjusted 0.75 1.05(0.73-1.53) 1898(0.413) 2123(0.462) 571(0.124) 0.355 0.46 Unadjusted 0.75 1.05(0.73-1.53) 

0.003 

Cases 21(0.344) 35(0.573) 5(0.081) 0.368 0.45 Multiple 0.88* 1.02(0.70-1.50)* 21(0.344) 35(0.573) 5(0.081) 0.368 0.45 Multiple 0.88 1.02(0.70-1.50) 

ARIC 

Controls 2662(0.396) 3228(0.480) 825(0.122) 0.363 0.48 Unadjusted 0.72 0.95(0.74-1.22) 2662(0.396) 3228(0.480) 825(0.122) 0.363 0.48 Unadjusted 0.72 0.95(0.74-1.22) 

0.003 

Cases 59(0.412) 67(0.468) 17(0.118) 0.353 0.46 Multiple 0.79* 0.96(0.74-1.25)* 59(0.412) 67(0.468) 17(0.118) 0.353 0.46 Multiple 0.79 0.96(0.74-1.25) 

EP/N 

Controls 10(0.053) 68(0.363) 109(0.582) 0.765 0.69 Unadjusted 0.86 0.98(0.71-1.33) 5(0.039) 40(0.312) 83(0.648) 0.805 0.37 Unadjusted 0.13 0.74(0.50-1.09) 

0.003 

Cases 12(0.047) 98(0.385) 144(0.566) 0.76 0.48 Multiple 0.97* 1.00(0.58-1.69)* 105(0.555) 75(0.396) 9(0.047) 0.754 0.34 Multiple 0.96 1.00(0.57-1.69) 

EP/Z 

Controls 27(0.168) 91(0.568) 42(0.262) 0.547 0.11 Unadjusted 0.23 0.77(0.50-1.19) 7(0.104) 34(0.507) 26(0.388) 0.642 0.49 Unadjusted 0.02 0.53(0.31-0.91) 

0.003 

Cases 13(0.228) 33(0.578) 11(0.192) 0.483 0.29 Multiple 0.08* 0.51(0.24-1.09)* 12(0.244) 26(0.530) 11(0.224) 0.490 0.48 Multiple 0.08 0.51(0.24-1.09) 

Mixed 

EP/WP 

Controls 4(0.160) 10(0.400) 11(0.440) 0.64 0.50 Unadjusted 0.73 0.86(0.36-2.08) 0(0.000) 6(0.400) 9(0.600) 0.800 0.47 Unadjusted 0.08 0.38(0.12-1.16) 

0.003 

Cases 4(0.210) 7(0.368) 8(0.421) 0.606 0.31 Multiple 0.78* 0.76(0.11-5.26)* 4(0.210) 7(0.368) 8(0.421) 0.606 0.42 Multiple 0.78 0.76(0.11-5.26) 

WP 

Controls 17(0.120) 64(0.453) 60(0.425) 0.653 0.86 Unadjusted 0.70 1.06(0.78-1.44) 16(0.148) 46(0.425) 46(0.425) 0.639 0.44 Unadjusted 0.46 1.13(0.81-1.58) 

0.003 

Cases 19(0.076) 129(0.516) 102(0.408) 0.666 0.01 Multiple 0.60* 1.12(0.73-1.72)* 19(0.076) 127(0.512) 102(0.411) 0.668 0.45 Multiple 0.60 1.12(0.73-1.72) 

Table 3.5.A: Association analysis of the PPARGC1A variant rs8192678 

Allelic and genotype frequencies for the variant rs8192678 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East Polynesian 

with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; ARIC = 

Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR=Odds Ratio; 95%CI = Confidence Interval. 

P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on BMI and T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  

.
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No deviation of the genotype frequencies from Hardy-Weinberg equilibrium was observed 

(see table 3.5.A). There was no evidence for association of the minor allele T of rs8192678 

with gout in the following datasets: NZ European Caucasian (P=0.19, OR=1.30[0.87-1.94]), 

East Polynesian with high Polynesian ancestry (EP/N) sample set (P=0.97, OR=1.00[0.58-

1.69]), Mixed EP/WP sample set (P=0.78, OR=0.76[0.11-5.26]), West Polynesian (WP) 

(P=0.60, OR=1.12[0.73-1.72]), FHS gout (P=0.88, OR=1.02[0.70-1.50]) and ARIC (P=0.79, 

OR=0.96[0.74-1.25]).  

However, in the East Polynesian with low Polynesian ancestry (EP/Z) sample set, there was 

no evidence of association found in the unadjusted model (P=0.23, OR=0.77[0.50-1.19]), but 

when adjusted for multiple confounders, it was found to be trending towards significance (P= 

0.08, OR= 0.51[0.24-1.09]). In the subset association analysis results, in the unadjusted 

model, the minor allele T of rs8192678 variant was found to be associated with a reduced risk 

of gout (P=0.02, OR=0.53[0.31-0.91]); however, after all of the adjustments, the result was 

the same (P=0.08, OR=0.51[0.24-1.09]).  
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3.1.5.1- Meta-analysis of the PPARGC1A gene variant rs8192678 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.6.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PPARGCA1 

gene variant rs8192678 

Combined meta-analysis of the NZ European Caucasian, FHS and ARIC datasets using fixed 

effects model showed no association of the rs8192678 variant with gout (P=0.58, 

OR=0.96[0.84-1.10]). There was no evidence of genetic heterogeneity found between the 

sample sets (B-D, P= 0.85). 
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3.1.5.2- Meta-analysis of the PPARGC1A gene variant rs8192678 combining the 

EP/N, EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.6.B: Meta-analysis of the Polynesians case-control sample sets for the PPARGCA1 gene 

variant rs8192678 

In the sample sets of the East Polynesian high ancestry group (EP/N), East Polynesian low 

ancestry group (EP/Z), Mixed East and West Polynesian (EP/WP) and West Polynesian (WP), 

no evidence of association (P= 0.64, OR=0.96[0.79-1.16]) of the rs8192678 variant with gout 

was found. The fixed effects model showed that there was no evidence of genetic 

heterogeneity between the sample sets (B-D, P= 0.69). 
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3.1.5.3- Testing the PPARGC1A gene variant rs8192678 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP 

case-control sample sets 

 The PPARGC1A variant rs8192678 was also tested for association with T2D and BMI. Those cases and controls for which information was available 

on T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustment P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
548 Unadjusted 0.602 

0.003 
0.90(0.60-1.33) 545 Unadjusted 0.426 

0.003 
-0.27(-0.95, 0.40) 

546 Multiple 0.752 0.93(0.62-1.41) 543 Multiple 0.527 -0.20(-0.85, 0.43) 

 

EP/N 
387 Unadjusted 0.813 

0.003 
0.94(0.61-1.45) 388 Unadjusted 0.342 

0.003 
0.70(-0.74, 2.15) 

386 Multiple 0.938 1.01(0.64-1.61) 387 Multiple 0.345 0.69(-0.75, 2.14) 

 

EP/Z 
135 Unadjusted 0.746 

0.003 
1.12(0.54-2.31) 135 Unadjusted 0.259 

0.003 
0.89(-0.66, 2.46) 

134 Multiple 0.692 1.17(0.52-2.61) 134 Multiple 0.182 1.10(-0.52, 2.74) 

   

WP 
349 Unadjusted 0.618 

0.003 
1.12(0.70-1.80) 347 Unadjusted 0.789 

0.003 
-0.18(-1.52, 1.16) 

349 Multiple 0.534 1.17(0.70-1.94) 347 Multiple 0.739 -0.22(-1.54, 1.09) 

Table 3.5.B: PPARGC1A variant rs8192678 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was done for rs8192678, 

P-value; OR=Odds Ratio; 95%CI=95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for the continuous variable (BMI). For this SNP, a significance 

level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  

.
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The PPARGC1A variant rs8192678 did not show any significant association with T2D in the 

following datasets: NZ European Caucasian (P=0.75, OR=0.93[0.62-1.41]), EP/N (P=0.93, 

OR=1.01[0.64-1.61]), EP/Z (P=0.69, OR=1.17[0.52-2.61]) and WP (P=0.53, OR=1.17[0.70-

1.94]), both before and after adjustments for multiple covariates.  

In the case of BMI, the rs8192678 variant did not show any significant association with BMI 

in any of the following datasets: NZ European Caucasian (P=0.52, Beta= -0.20[-0.85, 0.43]), 

EP/N (P=0.34, Beta= 0.69[-0.75, 2.14]), EP/Z (P=0.18, Beta= 1.10(-0.52, 2.74)]) and WP 

(P=0.73, Beta= -0.22[-1.54, 1.09]), both before and after adjustments for multiple covariates.   
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miRNA16A 

3.1.6- Testing the miRNA16A gene variant rs2910164 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

MicroRNAs (miRNAs) are small noncoding RNA molecules. They bind to the 3′ untranslated 

region of target mRNA (Garzon et al., 2010). miRNA dysfunction is associated with diabetes 

and inflammation (Bates et al., 2009). miRNAs participate in innate immunity and 

inflammation by controlling cell growth, differentiation, proliferation and death (Zhang, M. et 

al., 2009). miRNA16A plays a crucial role in the regulation of toll like receptor 4 (TLR4) 

(Methe et al., 2004). Variants in miRNA may alter miRNA expression, maturation, and can 

also change the regulatory effect of miRNA to their target genes (Wang, L. et al., 2011). 

rs2910164: The rs2910164 variant is located in the stem structure of miRNA16A. This variant 

has shown associations with different types of cancer including breast cancer (Hoffman et al., 

2009), prostate cancer (George et al., 2011) and bladder cancer (Mittal et al., 2011). It has 

shown to be protective against rheumatoid arthritis (RA) (Stanczyk et al., 2011). The results 

of the association analysis of rs2910164 variant with gout are shown in table 3.6.A.  
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rs2910164 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

GG GC CC C GG GC CC C 

NZ Cau 

Controls 364(0.580) 227(0.362) 36(0.057) 0.238 0.82 Unadjusted 0.06 0.81(0.65-1.01) 72(0.545) 47(0.356) 13(0.098) 0.276 0.32 Unadjusted 0.01 0.67(0.92-0.48) 

0.003 

Cases 255(0.614) 151(0.363) 9(0.021) 0.203 0.01 Multiple 0.02* 0.60(0.39-0.92)* 254(0.613) 151(0.364) 9(0.021) 0.204 0.34 Multiple 0.02 0.60(0.39-0.92) 

FHS 

Controls 2655(0.578) 1685(0.366) 252(0.054) 0.238 0.43 Unadjusted 0.84 1.04(0.68-1.57) 2655(0.578) 1685(0.366) 252(0.054) 0.238 0.238 Unadjusted 0.84 1.04(0.68-1.57) 

0.003 

Cases 32(0.524) 28(0.459) 1(0.016) 0.245 0.36 Multiple 0.88* 1.03(0.67-1.57)* 32(0.524) 28(0.459) 1(0.016) 0.245 0.245 Multiple 0.88 1.03(0.67-1.57) 

ARIC 

Controls 4091(0.589) 2439(0.351) 412(0.059) 0.235 0.35 Unadjusted 0.31 1.14(0.88-1.48) 4091(0.589) 2439(0.351) 412(0.059) 0.235 0.235 Unadjusted 0.31 1.14(0.88-1.48) 

0.003 

Cases 80(0.540) 59(0.398) 9(0.060) 0.260 0.39 Multiple 0.21* 1.18(0.90-1.56)* 80(0.540) 59(0.398) 9(0.060) 0.260 0.260 Multiple 0.21 1.18(0.90-1.56) 

EP/N 

Controls 99(0.540) 69(0.377) 15(0.081) 0.27 0.52 Unadjusted 0.72 1.05(0.77-1.42) 64(0.516) 46(0.370) 14(0.112) 0.298 0.42 Unadjusted 0.93 1.01(0.71-1.44) 

0.003 

Cases 126(0.506) 106(0.425) 17(0.068) 0.281 0.42 Multiple 0.97* 1.00(0.63-1.61)* 87(0.472) 83(0.451) 14(0.076) 0.301 0.43 Multiple 0.96 0.98(0.61-1.58) 

EP/Z 

Controls 88(0.564) 59(0.378) 9(0.057) 0.246 0.76 Unadjusted 0.12 0.64(0.37-1.12) 34(0.523) 25(0.384) 6(0.092) 0.284 0.28 Unadjusted 0.05 0.52(0.27-1.00) 

0.003 

Cases 38(0.666) 18(0.315) 1(0.017) 0.175 0.50 Multiple 0.02* 0.38(0.16-0.89)* 33(0.673) 15(0.306) 1(0.020) 0.173 0.36 Multiple 0.02 0.38(0.16-0.89) 

Mixed 

EP/WP 

Controls 10(0.416) 11(0.458) 3(0.125) 0.354 0.83 Unadjusted 0.90 0.94(0.38-2.31) 6(0.400) 7(0.466) 2(0.133) 0.366 0.46 Unadjusted 0.83 0.89(0.24-3.00) 

0.003 

Cases 8(0.421) 9(0.473) 2(0.105) 0.342 0.81 Multiple 0.57* 0.54(0.06-4.52)* 8(0.421) 9(0.473) 2(0.105) 0.342 0.45 Multiple 0.57 0.54(0.06-4.52) 

WP 

Controls 42(0.300) 70(0.500) 28(0.200) 0.45 0.90 Unadjusted 0.66 0.93(0.69-1.26) 31(0.292) 53(0.500) 22(0.207) 0.457 0.41 Unadjusted 0.58 0.91(0.66-1.26) 

0.003 

Cases 87(0.359) 100(0.413) 55(0.227) 0.433 0.06 Multiple 0.80* 0.95(0.65-1.38)* 31(0.292) 53(0.500) 22(0.207) 0.435 0.49 Multiple 0.80 0.95(0.65-1.38) 

Table 3.6.A: Association analysis of miRNA16A variant rs2910164 

Allelic and genotype frequencies for the variant rs2910164 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. OR = Odds Ratio; 95%CI = 

Confidence Interval. P-value. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information available on BMI and T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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No deviation of the genotype frequencies from Hardy-Weinberg equilibrium was observed, 

except in the NZ European Caucasian cases (see table 3.6.A). The C allele of the rs2910164 

variant was found to be associated with a reduced risk of gout in the NZ European Caucasian 

(P=0.02, OR=0.60[0.39-0.92]) and East Polynesian with low Polynesian ancestry (EP/Z) 

(P=0.02, OR= 0.38[0.16-0.89]) sample sets. In other sample sets, no association was found; 

East Polynesian with high Polynesian ancestry (EP/N) sample set (P=0.97, OR=1.00[0.63-

1.61], Mixed EP/WP sample set (P=0.57, OR=0.54[0.06-4.52], West Polynesian (WP) sample 

set (P=0.80, OR=0.95[0.65-1.38]), FHS gout (P=0.88, OR=1.03[0.67-1.57] and ARIC 

(P=0.21, OR=1.18[0.90-1.56]).  

3.1.6.1- Meta-analysis of the miRNA16A gene variant rs2910164 combining NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.7.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the miRNA16A 

gene variant rs2910164 
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Meta-analysis of the rs2910164 variant was performed on NZ European Caucasian, FHS and 

ARIC datasets, which indicated no evidence of association (P=0.80, OR=0.97[0.77-1.23]) 

within the combined datasets. A fixed effects approach was used. There was also no evidence 

of heterogeneity which is indicated by the B-D (P= 0.13). 

3.1.6.2- Meta-analysis of the miRNA16A gene variant rs2910164 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.7.B: Meta-analysis of the Polynesian case-control sample sets for the miRNA16A gene 

variant rs2910164 

In sample sets of the East Polynesian high ancestry group (EP/N), East Polynesian low 

ancestry group (EP/Z), Mixed East and West Polynesian (EP/WP) and West Polynesian (WP), 

no evidence of association with gout was found (P=0.52, OR=0.94[0.78-1.14]). No evidence 

of genetic heterogeneity was found between the sample sets using the fixed effects model (B-

D, P= 0.50). 
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3.1.6.3- Testing the miRNA16A gene variant rs2910164 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP 

case-control sample sets 

The miRNA16A variant rs2910164 was also tested for association with T2D and BMI. Those cases and controls for which information was available on 

T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
550 Unadjusted 0.391 

0.003 
0.81(0.50-1.30) 547 Unadjusted 0.909 

0.003 
0.04(-0.74, 0.84) 

548 Multiple 0.630 0.88(0.53-1.46) 545 Multiple 0.511 0.25(-0.49, 0.99) 

 

EP/N 
386 Unadjusted 0.928 

0.003 
0.98(0.66-1.44) 387 Unadjusted 0.797 

0.003 
-0.16(-1.42, 1.09) 

385 Multiple 0.998 1.00(0.65-1.51) 386 Multiple 0.749 -0.20(-1.44, 1.03) 

 

EP/Z 
136 Unadjusted 0.660 

0.003 
1.17(0.56-2.44) 136 Unadjusted 0.936 

0.003 
-0.06(-1.69, 1.56) 

135 Multiple 0.272 1.68(0.66-4.24) 135 Multiple 0.872 0.13(-1.54, 1.82) 

   

WP 
350 Unadjusted 0.929 

0.003 
1.01(0.67-1.52) 348 Unadjusted 0.085 

0.003 
-1.02(-2.19, 0.14) 

350 Multiple 0.956 0.98(0.64-1.50) 348 Multiple 0.104 -0.95(-2.10, 0.19) 

Table 3.6.B: miRNA16A variant rs2910164 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs2910164, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for the continuous variable (BMI). For this 

SNP, significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs2910164 variant did not show any significant association with T2D in the following 

datasets: NZ European Caucasian (P=0.63, OR=0.88[0.53-1.46]), EP/N (P=0.99, 

OR=1.00[0.65-1.51]) EP/Z (P=0.27, OR=1.68[0.66-4.24]) and WP (P=0.95, OR=0.98[0.64-

1.50]), both before and after adjustments for multiple covariates.  

In the case of BMI, the rs2910164 variant did not show any significant association in any of 

the datasets: NZ European Caucasian (P=0.51, Beta= 0.25[-0.49, 0.99]), EP/N (P=0.74, Beta= 

-0.20[-1.44, 1.09]), EP/Z (P=0.87, Beta= 0.13(-1.54, 1.82)]) and WP (P=0.10, Beta= -0.95[-

2.10, 0.19]), either before or after adjustments for multiple covariates. 
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Discussion: Section 1  

Gout is associated with increased insulin resistance and type 2 diabetes (Lai et al., 2012). 

Some studies have suggested that type 2 diabetes prevalence is high in gout patients (Suppiah 

et al., 2008), whereas others have shown that patients with diabetes are at a lower risk of gout 

independent of other risk factors (Rodriguez et al., 2010). In this study, six candidate variants 

within the PPARG, TCF7L2, THADA, KCNJ11, PPARGC1A and miRNA16A genes were 

studied. These variants were tested for a possible association with gout in the NZ gout case-

control sample sets. The results of these variants are discussed individually in the following 

sections.  

3.1.7- PPARG: rs1801282 

In adipocytes, the PPARG gene is abundantly expressed and plays a crucial role in adipocyte 

differentiation (Kota et al., 2005). The PPARG gene is involved in glucose metabolism, 

angiogenesis and inflammation pathways (Knouff & Auwerx, 2004). The G allele (Ala) of the 

rs1801282 variant within PPARG has been associated with a reduced risk of obesity (Bluher 

et al., 2003) and type 2 diabetes (Altshuler et al., 2000). The process of adipogenesis resulting 

in obesity requires a series of gene expression events governed by PPARG activation (Wood, 

2008). The G allele confers a 25% reduced risk of type 2 diabetes by improving insulin 

sensitivity and reducing insulin resistance (Stumvoll & Haring, 2002). Insulin resistance and 

obesity are risk factors for gout. As a consequence, the PPARG variant was chosen for 

investigation in the NZ gout case-control sample sets. 

In this study of case-control association analysis, the PPARG variant rs1801282, although 

statistically non-significant showed a trend towards reduced  risk of gout in the East 

Polynesian low ancestry group (EP/Z) (P=0.06, OR=0.27[0.06-1.08]).  In order to establish a 

genuine association this needs to be tested in a large sample set. In other sample sets, no 

association of this variant with gout was found (please refer to table 3.1.A of result section 1). 

 This variant did not show any association with BMI or T2D in any of the NZ gout case-

control sample sets. Due to the low minor allele frequency, power calculations were 

performed using a significance level of P<0.05. The power calculation revealed that the NZ 

case-control sample sets had a very low power to detect association with gout 

(ORestimate<1.5; detection rate NZ European Caucasian- 23%, EP/N-11%, EP/Z- 7%, Mixed 
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EP/WP 3% and WP-8%) (Please refer to the limitations of the study, table 3.35). The small 

sample size could be another reason for not detecting the association. A common convention 

is to obtain sufficient data to have 80% power at certain odds ratios (1.2=weak, 1.5=moderate, 

2.0=strong). The optimum sample size was also calculated to detect each of these odds ratio 

levels at different allele frequencies (please refer to the limitations of the study, figure 4). The 

low minor allele frequency and small sample size in the NZ case-control sample sets may 

have contributed to the low power to detect association. In conclusion, despite a role in type 2 

diabetes, the PPARG variant rs1801282 is not likely to have any role in gout. 

3.1.8- TCF7L2: rs7901695 

TCF7L2 is a component of the Wnt signalling pathway. It plays a role in the regulation of 

pancreatic beta-cell proliferation, differentiation and insulin secretion (Franceschini et al., 

2012). The rs7903146 (79% LD to rs7901695) variant has been found to increase the risk of 

type 2 diabetes, possibly by increased liver glucose synthesis, reduced levels of glucagon-like 

peptide 1 (GLP1) and defective processing of insulin (Loos et al., 2007; Kirchhoff et al., 

2008; Stolerman et al., 2009). The Framingham heart study of 2,512 participants found that 

the T allele of rs7903146 variant increases the risk of diabetes (Stolerman et al., 2009). The T 

allele was also found to be associated with increased insulin resistance (Wegner et al., 2008). 

In beta cells, the over expression of the TCF7L2 gene is associated with impaired insulin 

secretion both in vivo and in vitro (Lyssenko et al., 2007). Insulin increases uric acid 

reabsorption, which leads to hyperuricaemia and gout (Enomoto et al., 2002; Choi et al., 

2005). Therefore, this variant was selected for investigation in the NZ gout case-control 

sample sets. 

In this case-control study, the variant rs7901695 was not found to be associated with gout in 

the NZ sample sets (please refer table 3.2.A in result section 1). The FHS dataset was found to 

be associated with an increased risk of gout (P=0.03, OR=1.48[1.03-2.13]). The increased risk 

of gout in the FHS sample set could possibly be mediated by the increased insulin resistance. 

Insulin resistance results in high circulating insulin levels. Insulin increases the reabsorption 

of sodium and uric acid which leads to the build-up of uric acid in the body. Thus, the build-

up of uric acid can ultimately lead to gout (Alderman, 2002).  

The rs7901695 variant was not found to be associated with gout in the NZ sample sets, which 

may be due to a lack of power and the small sample size (Please refer to the limitations of the 
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study, table 3.34). The power calculation revealed that the NZ case-control sample sets had a 

very low power to detect association with gout (OR estimate<1.5; detection rate NZ European 

Caucasian- 48% , EP/N-19%, EP/Z- 10%, Mixed EP/WP 4% and WP-7%) (Please refer to the 

limitations of the study, table 3.34). 

3.1.9- THADA: rs7578597  

This gene is involved in the apoptotic pathway. THADA controls various aspects of beta cell 

function. Variants in the THADA gene have been associated with diminished insulin secretion 

(Simonis-Bik et al., 2010). The rs7578597 variant has been associated with T2D. It has been 

suggested to reduce beta-cell mass due to increased apoptosis (Loos et al., 2008). Insulin 

affects serum urate levels; therefore, this variant was included in this study for investigation in 

the NZ gout case-control sample sets. 

In this study, the rs7578597 variant was found to be trending towards a reduced risk of gout 

in the NZ European Caucasian (P=0.09, OR=0.60[0.33-1.09]) (please refer to table 3.3.A in 

result section 1). The observed P-value in this sample set does not indicate statistical 

significance, but only reflect a trend towards significance. Thus this result needs to be 

confirmed in a large sample set. In Polynesians, no evidence of association with gout was 

found in any of the sample sets.  

This study did not find any evidence of statistical significant association for the rs7578597 

variant with gout. This could possibly be due to low statistical power of the sample sets (OR 

estimate<1.5; detection rate NZ European Caucasian- 26%, EP/N-29%, EP/Z- 9%, Mixed 

EP/WP 6% and WP-17%) and could also be because of the small sample size (please refer to 

the limitations of the study, table 3.34 and figure 4).  

3.1.10- KCNJ11:rs2285676 

The KCNJ11 gene encodes for the ATP-sensitive K
+
 channel subunit Kir6.2, and has a role in 

glucose and insulin metabolism (Villareal et al., 2009). In the Japanese and Chinese 

populations, the G allele of the rs2285676 variant has been shown to be associated with an 

increased risk of type 2 diabetes (Sakamoto et al., 2007). The G allele of the rs2285676 

variant was associated with reduced insulin secretion in the Quebec family study (Ruchat et 

al., 2009). In this study, this variant was tested for association with gout in the NZ gout case-
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control sample sets. 

The results of this study revealed that the minor allele G of the rs2285676 variant was 

significantly associated with a reduced risk of gout in the NZ European Caucasian (P=0.03, 

OR=0.68[0.48-0.96]) and West Polynesian (WP) (P=0.03, OR=0.65[0.44-0.96]) sample sets 

(please refer to table 3.4.A in result section 1). When tested for association with type 2 

diabetes, it did not show association in any of the sample sets. Defects caused by variants in 

the KCNJ11 subunits result in less insulin secretion. The significant protective effect with a 

reduced risk of gout shown in the NZ European Caucasian and West Polynesian sample sets 

could possibly be as a result of reduced insulin secretion. Insulin concentration is inversely 

related to uric acid clearance (Quinones et al., 1995). Infusing insulin has been shown to 

enhance coupled sodium and uric acid reabsorption (Ter Maaten et al., 1997). Decreasing 

insulin levels might limit the reabsorption of uric acid, thereby helping to reduce serum urate 

levels.  

This study provided weak evidence that the variant rs2285676 has a role in the development 

of gout. However, there is a possibility that this could be a false positive association. Thus, in 

order to establish a genuine association, the analysis would have to be repeated with a large 

sample set. 

3.1.11- PPARGC1A: rs8192678 

The PPARGC1A gene is involved in important metabolic pathways such as the control of 

energy, glucose, and lipid homeostasis. It is considered a promising candidate gene for 

metabolic syndrome and cardiovascular disease (Brito et al., 2009). The rs8192678 variant 

within the PPARGC1A gene may alter the expression of proliferator-activated receptor-

gamma coactivator-1α (PGC-1α) and its interaction with other transcription factors that are 

necessary to regulate lipid metabolism and oxidative stress (Kim et al., 2005). In a meta-

analysis of the PPARGC1A gene variant rs8192678 of T2D in European populations, the T 

allele was found to be associated with increased (P=0.004, OR=1.11[1.04–1.20]) risk of T2D 

(Ling et al., 2008). In another study, the T allele of the rs8192678 variant was found to 

increase the risk of type 2 diabetes (P=0.001, OR=1.54[1.34-1.81]) in the Chinese Han 

population (Jing et al., 2012). The T allele of the rs8192678 variant has also been associated 

with obesity (Ridderstrale et al., 2006). Obesity and type 2 diabetes are both risk factors for 
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gout and PPARGC1A is also linked with metabolic and cardiovascular disease (Brito et al., 

2009); therefore, it was included in this study and was tested for an association with gout. 

Māori and Polynesians have certain common metabolic conditions, e.g. obesity and type 2 

diabetes (Zimmet et al., 1990). Environmental and genetic factors influence these diseases and 

it is quite likely that the genes involved in energy metabolism might have a role in disease risk 

(O'Rahilly & Farooqi, 2008). The PPARGC1A gene, which is involved in energy metabolism, 

is one such gene. One variant, rs8192678, in the PPARGC1A gene increases the risk of type 2 

diabetes. The T allele of rs8192678 variant has a high frequency in Māori (83%) and Tongan 

(59%) populations, which is consistent with this study; it has been identified as a potential 

“thrifty allele” (Myles et al., 2011). The high prevalence of type 2 diabetes and obesity in 

these populations can possibly be explained by the thrifty gene hypothesis (Neel, 1962). The 

ancestral environment of these populations is characterised by long ocean voyages which 

were marked by periods of feast and famine during their settlement. Polynesians have a high 

frequency of the thrifty risk alleles due to positive selection, which may have likely been 

driven by the harsh conditions faced by their ancestors, thereby explaining the high 

prevalence of T2D and obesity in Polynesia (Baker, 1984; Bindon & Baker, 1997). The 

positive selection of alleles promoted the storage of fat and energy that helped them to survive 

through the difficult times. The functions of the PPARGC1A gene are to integrate metabolic 

pathways such as insulin signalling, mitochondrial regulation and adaptive thermogenesis. 

These functions are important to mammalian survival during periods of starvation and 

hibernation. The other possible explanation for the presence of a high frequency of type 2 

diabetes risk alleles in Māori and Polynesian populations is that, in their ancestors, these risk 

alleles were present as neutral alleles and then gradually increased in frequency as a 

consequence of repeated founder events, subsequent population bottlenecks and genetic drift 

(Myles et al., 2011).  

The results of this study shows that in the East Polynesian low ancestry group (EP/Z) sample 

set, though not statistically significant was found to be trending towards decreased risk of 

gout (P=0.08, OR=0.51[0.24-1.09]) (please refer to table 3.5.A of result section 1). The result 

for the EP/Z sample set needs replication in a large sample set. The study by Myles and 

colleagues (2007) found that the BMI in Tongans was significantly higher (two-sided t-test 

P=0.03) than the Māori BMI. They also found an association of the T allele with age and sex, 

adjusted by BMI in Tongans (P=0.03), but not in Māori (Myles et al., 2007). In the 

Polynesians group, the frequency of the minor allele T is quite high: 76% in EP/N, 48% in 
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EP/Z, 60% in Mixed and 66% in WP, whereas it is 32% in Caucasian. Despite the high 

frequency of the thrifty allele, no association of this variant rs8192678 with gout was found. 

This could possibly be due to low statistical power in the sample sets (OR estimate<1.5; 

detection rate NZ European Caucasian- 50%, EP/N-22%, EP/Z- 13%, Mixed EP/WP 6% and 

WP-20%) and sample size (Please refer to the limitations of the study, table 3.34 and figure 

4). This study suggests that the rs8192678 variant does not have a role in gout. 

3.1.12- miRNA16A: rs2910164 

The functional variant rs2910164 affects the expression level of miRNA146A, causing 

inflammatory and autoimmune diseases (Jimenez-Morales et al., 2012). The C allele of the 

rs2910164 variant is implicated in the development of various cancers (Xu et al., 2010). It has 

been shown to be protective against rheumatoid arthritis (RA) (Stanczyk et al., 2011). This 

variant has been tested for a possible association with gout on the basis that it may affect the 

innate inflammation of gout. 

In this study, the minor allele C of the rs2910164 variant was significantly associated with a 

reduced risk of gout in the NZ European Caucasian (P=0.02, OR=0.60[0.39-0.92]). In the 

East Polynesian low ancestry group (EP/Z), it showed a significant association with a reduced 

risk of gout (P=0.02, OR=0.38[0.16-0.89]) (please refer to table 3.6.A of result section 1). 

The Caucasian ancestry may be driving the protective association with gout in the EP/Z 

sample set as this sample set has Caucasian admixture. It is comprised of individuals with 

65% or less EP ancestry as determined by genomic control markers (Hollis-Moffatt et al., 

2012).  

The C allele of the rs2910164 variant could be protecting against gout, possibly by exhibiting 

anti-inflammatory effects. The carriers of the C allele have been found to have increased 

expression of miRNA16A. A recent study by Sun and colleagues (2011), to investigate the 

effect of a drug in the mouse model for hyperuricaemia, found that the drug reduces serum 

urate levels by affecting miRNA expression (Sun et al., 2011). miRNA146A can inhibit the 

activity of the IL- 1β signalling pathway through binding to the 3'UTR of IRAK-1 and TRAF-

6, thus inhibiting the inflammatory reaction in mice with hyperuricaemia. This variant has not 

been tested for association with T2D, so the effect it has on T2D is not known. Nevertheless, 

it is quite likely that this could be a false positive association, as the observed effect is quite 

weak. 
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The variant rs2910164 showed a weakly significant association with a reduced risk of gout. 

Keeping in mind that this is a pilot study, this preliminary finding needs to be replicated in a 

large sample set in order to establish a genuine association. 

3.1.13- Summary 

To the best of my knowledge, this study is the first to test multiple T2D variants for a role in 

gout in multiethnic gout case–control sample sets. Diabetes may influence gout development 

through multiple inter-related pathways, such as insulin sensitivity, hyperglycaemia, 

hyperinsulinaemia and chronic inflammation. The initial hypothesis that the type 2 diabetes 

variants may also influence gout was not supported by the results of this study. All variants 

either showed weak or non-significant associations with gout. The stronger an observed 

association, the more likely it is to be valid, and the associations reported in this study are 

quite weak. The modest small size of the sample sets in this study likely underlies the lack of 

statistically significant associations in some groups. For some of these SNPs, there was 

limited power to detect evidence of association given the sample sizes, allele frequencies, and 

effect sizes. For all of the variants, the statistical power to detect association with gout at an 

OR of 2 or above was strong (greater than 80% except for Mixed EP/WP and WP sample 

sets), but weak (3% to 50%) at an OR of 1.2 or below. In order to find a genuine association, 

these preliminary findings need to be tested in a large cohort. 

It should be noted that the present study was limited to a single variant within a gene. One 

possibility is that these genes might harbour rare variants with large effect sizes, which would 

not be clearly identified with the common variants selected for investigation in the current 

study. Also, the possibility that other type 2 diabetes variants may influence gout risk cannot 

be excluded, for example in genes that share a common pathway between gout and type 2 

diabetes, such as ATP-binding cassette sub-family G member 8 (ABCG8), ATP-binding 

cassette sub-family G member 1 (ABCG1), cystic fibrosis transmembrane conductance 

regulator (CFTR) and leptin receptor (LEPR) (Lai et al., 2012). In recent years, the analysis of 

genetic association has shifted from the single SNP-based analysis to better approaches such 

as SNP-based haplotypes, which can be more informative. Consistent with the study by 

Rodriguez and colleagues (2010), it was found that individuals with diabetes are at a lower 

future risk of gout independent of other known risk factors. Perhaps type 2 diabetes in the 

presence of gout has a different aetiology and vice versa (Rodriguez et al., 2010). Future 
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studies should also investigate the gout-associated variants in type 2 diabetes to determine 

whether they have any influence on diabetes. 
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Section 2: Testing obesity risk variants for a role in gout in the NZ 

case-control sample sets. 

The second section of the results concerns the study of obesity associated genes and gout. 

Obesity is defined by body mass index (BMI). BMI is calculated as weight in kilograms 

divided by height in metres squared. Adults with a BMI of 30.0 or greater are considered 

obese (Ogden et al., 2006). Obesity is associated with higher serum urate levels, gout (Lin et 

al., 2000), insulin resistance and type 2 diabetes (T2D) (Lorenzo et al., 2003). Recently, a 

study found that obesity-associated variants also control serum urate levels (Lyngdoh et al., 

2012). The possible role of the obesity-related genes ADRB3, MC3R, MC4R and FTO in the 

development of gout has been studied. Each variant was also tested for association with type 2 

diabetes and obesity.  

ADRB3 

3.2.1- Testing the ADRB3 gene variant rs4994 for association with 

gout in the NZ, FHS and ARIC case-control sample sets  

Beta-3-adrenergic receptor (ADRB3) regulates lipolysis and thermogenesis (Takeuchi et al., 

2012). ADRB3 may control lipid metabolism, the storage of triglycerides and mobilisation to 

adipose tissues (Krief et al., 1993). ADRB3 variants have been found to be associated with an 

increased risk of type 2 diabetes (Lehman et al., 2006), obesity (Clement et al., 1995), 

hyperuricaemia (Morcillo et al., 2010) and gout (Wang, B. et al., 2011). 

rs4994: The rs4994 (Trp64Arg) variant was first reported by Walston and colleagues (1995) 

in Indians in type 2 diabetic patients (Walston et al., 1995). The rs4994 (G) allele encodes the 

variant Arginine. The carriers of the Arg64 variant showed decreased receptor responsiveness 

when activated by ADRB3 agonist, as compared with the Trp allele (Arner & Hoffstedt, 

2001). This variant may predispose to obesity by reduced receptor function which may lead to 

decreased lipid mobilisation from the fat depots and decreased thermogenesis in brown 

adipose tissue. The rs4994 variant has also been found to be associated with type 2 diabetes 

and metabolic syndrome in Mexicans (Cruz et al., 2010). People carrying the Arg64 allele 

secrete less insulin and have high levels of fasting glucose (Walston et al., 2000). The rs4994 

variant has also been found to be associated with gout in Chinese (Wang, B. et al., 2011). The 
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Arg64 allele carriers have a significantly higher risk for gout (Wang et al., 2011). On the basis 

of its association with obesity, type 2 diabetes, metabolic syndrome and gout, the genetic 

association of the rs4994 variant was tested in the NZ gout population case-control sample 

set. Imputation of known ADRB3 gene variants in complete LD with rs4994 using 

BC|SNPmax was performed to generate allelic and genotypic frequencies in the FHS subset 

(please refer to section 2.20 of materials and methods). Results for the association analysis of 

the rs4994 variant with gout are presented in table 3.7.A. 



  

156 

 

rs4994 
Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Fequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Fequencies MAF 
HWE Adjustments P-value OR(95%CI) 

AA AG GG G AA AG GG G 

NZ Cau 

Controls 524(0.822) 112(0.175) 1(0.001) 0.089 0.04 Unadjusted 0.483 0.89(0.65-1.22) 107(0.822) 25(0.175) 1(0.001) 0.101 0.18 Unadjusted 0.297 0.77(0.48-1.24) 

0.003 Cases 356(0.845) 62(0.147) 3(0.007) 0.08 0.85 With BMI 0.741* 0.90(0.48-1.68)* 355(0.845) 62(0.147) 3(0.007) 0.080 0.14 With BMI 0.741 0.90(0.48-1.68) 

      Multiple 0.782* 0.91(0.48-1.71)*      Multiple 0.782 0.91(0.48-1.71) 

FHS 

Controls 3926(0.854) 645(0.140) 21(0.004) 0.078 0.14 Unadjusted 0.700 0.86(0.42-1.78) 3926(0.854) 645(0.140) 21(0.004) 0.078 0.14 Unadjusted 0.700 0.86(0.42-1.78) 

0.003 Cases 53(0.868) 8(0.131) 0(0.000) 0.065 0.16 With BMI 0.585* 0.81(0.39-1.69)* 53(0.868) 8(0.131) 0(0.000) 0.065 0.16 With BMI 0.585 0.81(0.39-1.69) 

      Multiple 0.616* 0.82(0.39-1.72)*      Multiple 0.616 0.82(0.39-1.72) 

ARIC 

Controls 1418(0.821) 292(0.169) 17(0.009) 0.094 0.15 Unadjusted 0.668 0.79(0.28-2.23) 1418(0.821) 292(0.169) 17(0.009) 0.094 0.15 Unadjusted 0.668 0.79(0.28-2.23) 

0.003 Cases 22(0.846) 4(0.153) 0(0.000) 0.076 0.18 With BMI 0.778* 0.86(0.31-2.39)* 22(0.846) 4(0.153) 0(0.000) 0.076 0.18 With BMI 0.778 0.86(0.31-2.39) 

      Multiple 0.908* 0.94(0.34-2.60)*      Multiple 0.908 0.94(0.34-2.60) 

EP/N 

Controls 140(0.752) 43(0.231) 3(0.016) 0.131 0.87 Unadjusted 0.356 0.82(0.54-1.24) 95(0.752) 31(0.231) 2(0.016) 0.136 0.24 Unadjusted 0.361 0.80(0.49-1.29) 

0.003 Cases 200(0.781) 55(0.214) 1(0.003) 0.111 0.17 With BMI 0.929* 1.03(0.54-1.95)* 149(0.781) 41(0.214) 1(0.003) 0.112 0.21 With BMI 0.875 1.05(0.55-2.01) 

      Multiple 0.975* 0.98(0.51-1.90)*      Multiple 0.969 1.01(0.52-1.95) 

EP/Z 

Controls 131(0.823) 28(0.176) 0(0.000) 0.088 0.22 Unadjusted 0.827 1.08(0.52-2.25) 55(0.823) 13(0.176) 0(0.000) 0.095 0.19 Unadjusted 0.712 0.84(0.33-2.11) 

0.003 Cases 48(0.827) 9(0.155) 1(0.017) 0.094 0.45 With BMI 0.996* 1.00(0.31-3.16)* 42(0.827) 6(0.155) 1(0.017) 0.081 0.12 With BMI 0.996 1.00(0.31-3.16) 

      Multiple 0.971* 0.97(0.30-3.09)*      Multiple 0.971 0.97(0.30-3.09) 

Mixed EP/WP 

Controls 19(0.760) 6(0.240) 0(0.000) 0.12 0.49 Unadjusted 0.026 0.08(0.00-1.62) 12(0.760) 3(0.240) 0(0.000) 0.100 0.20 Unadjusted 0.046 - 

0.003 Cases 19(1.000) 0(0.000) 0(0.000) 0.000 1.00 With BMI 0.998* -* 19(1.000) 0(0.000) 0(0.000) 0.000 0.50 With BMI 0.034 - 

      Multiple 0.998* -*      Multiple 0.044 - 

WP 

Controls 135(0.950) 7(0.049) 0(0.000) 0.024 0.76 Unadjusted 0.389 1.47(0.60-3.56) 100(0.950) 7(0.049) 0(0.000) 0.032 0.06 Unadjusted 0.819 1.10(0.45-2.69) 

0.003 Cases 233(0.928) 18(0.071) 0(0.000) 0.035 0.55 With BMI 0.691* 1.26(0.40-3.95)* 231(0.928) 18(0.071) 0(0.000) 0.036 0.07 With BMI 0.691 1.26(0.40-3.95) 

      Multiple 0.858* 1.11(0.34-3.54)*      Multiple 0.858 1.11(0.34-3.54) 

Table 3.7.A: Results of the association analysis of ADRB3 variant rs4994 

Allelic and genotype frequencies for the variant rs4994 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East Polynesian 

with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; ARIC = 

Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. P-value. OR = Odds Ratio; 95%CI = 

Confidence Interval. Adjustments: multiple: adjusted for sex, age, BMI and T2D.  *= Those samples we have information available on BMI and T2D.  

Note: In the mixed EP/WP sample set the odds ratio and 95% CI could not be calculated because of the very low frequency of the minor allele G. For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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There was no (except NZ European Caucasian controls) deviation from the Hardy-Weinberg 

equilibrium (see table 3.7.A). The ADRB3 rs4994 variant did not show a significant 

association with gout in the following sample sets before and after adjusting for confounding 

factors: NZ European Caucasian (P=0.78, OR= 0.91[0.48-1.71]), East Polynesian with high 

Polynesians ancestry (EP/N) (P=0.97, OR=0.98[0.51-1.90]), East Polynesian with low 

Polynesians ancestry (EP/Z) (P= 0.97, OR= 0.97[0.30-3.09]), West Polynesian (WP) (P=0.85, 

OR=1.11[0.34-3.54]), FHS (P=0.61, OR= 0.82[0.39-1.72] and ARIC (P=0.90, OR=0.94[0.34-

2.60]).  

In the mixed EP/WP sample set, the minor allele G of variant rs4994 showed an association 

(P=0.02) with gout, but the association was lost after adjusting for confounding factors 

(P=0.99). When the results were compared with the subset, in the unadjusted as well as after 

multiple adjustments, an overall association of the minor allele G of rs4994 variant (P=0.04) 

with gout was found. This sample set is quite small and the observed association may not be 

robust. 

3.2.1.2-Meta-analysis of ADRB3 gene variant rs4994 combining the NZ European 

Caucasian, FHS and ARIC sample sets 

 

Figure 3.8.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the ADRB3 gene 

variant rs4994 
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Meta-analysis was performed on NZ European Caucasian, FHS and ARIC datasets. The 

Breslow-Day (B-D) test indicated that there was no evidence of genetic heterogeneity 

between the sample sets (B-D, P=0.97). The fixed effects model was used in this meta-

analysis. The sample sets showed no evidence for association (P=0.37, OR= 0.88[0.67-1.16]) 

of the ADRB3-rs4994 variant with gout.  

3.2.1.2- Meta-analysis of the ADRB3 gene variant rs4994 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

 

Figure 3.8.B: Meta-analysis of the Polynesian case-control sample sets for the ADRB3 gene variant 

rs4994 

Meta-analysis was also performed after combining the datasets including the East Polynesian 

with high Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry 

(EP/Z) group, Mixed East and West Polynesian (EP/WP) and Western Polynesian (WP). The 

Breslow-Day (B-D) test indicated no genetic heterogeneity between the sample sets (B-D, 

P=0.25). A fixed effects model was used in this meta-analysis. The sample sets showed no 

evidence for association (P=0.80, OR=0.95[0.61-1.48]) of the ADRB3-rs4994 variant with 

gout. 
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3.2.1.3- Testing the ADRB3 gene variant rs4994 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP case-

control sample sets 

The ADRB3 variant rs4994 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available on 

T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
550 Unadjusted 0.286 

0.003 
0.66(0.31-1.40) 547 Unadjusted 0.342 

0.003 
0.56(-0.60, 1.73) 

548 Multiple 0.506 0.76(0.35-1.65) 545 Multiple 0.139 0.82(-0.27, 1.92) 

 

EP/N 
389 Unadjusted 0.175 

0.003 
1.42(0.85-2.39) 390 Unadjusted 0.383 

0.003 
0.79(-0.98, 2.57) 

388 Multiple 0.050 1.75(1.00-3.09) 389 Multiple 0.276 0.97(-0.78, 2.73) 

 

EP/Z 
137 Unadjusted 0.334 

0.003 
0.47(0.10-2.13) 136 Unadjusted 0.738 

0.003 
-0.42(-2.96, 2.10) 

136 Multiple 0.346 0.44(0.08-2.41) 135 Multiple 0.807 -0.31(-2.86, 2.23) 

 

WP 
349 Unadjusted 0.173 

0.003 
0.24(0.03-1.85) 347 Unadjusted 0.986 

0.003 
0.03(-3.31, 3.37) 

349 Multiple 0.189 0.24(0.03-1.99) 347 Multiple 0.954 -0.09(-3.39, 3.19) 

Table 3.7.B: ADRB3 variant rs4994 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs4994, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for the continuous variable (BMI). For this 

SNP, significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The variant rs4994 did not show any significant association with T2D in the following 

datasets: NZ European Caucasian (P=0.50, OR=0.76[0.35-1.65]), EP/Z (P=0.34, 

OR=0.44[0.08-2.41]) and WP (P=0.18, OR=0.24[0.03-1.99]), both before and after 

adjustments for multiple covariates. In the EP/N group, it was not associated with T2D 

(P=0.17), but it showed marginal significance with increased risk for T2D when adjusted for 

multiple covariates (P=0.05, OR=1.75[1.00-3.09)]). This finding is consistent with that of 

Jing and colleagues (2012), who found that the C allele of ADRB3-rs4994 was associated with 

an increased risk of type 2 diabetes (P=0.006, OR=1.20[1.07-1.51]) in the Chinese Han 

population (Jing et al., 2012). 

In the case of BMI, rs4994 did not show any significant association with BMI in any of the 

datasets: NZ European Caucasian (P=0.13, Beta=0.82[-0.27, 1.92]), EP/N (P=0.27, 

Beta=0.97[-0.78, 2.73]), EP/Z (P=0.80, Beta= -0.31[-2.86, 2.23]) and WP (P=0.95, Beta= -

0.09[-3.39, 3.19]), either before or after adjustments for multiple covariates (gout affection, 

sex and age).  
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MC3R 

3.2.2-Testing the MC3R gene variant rs3827103 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

MC3R has a role in the leptin-signalling pathway. It is not only involved in weight regulation, 

energy metabolism and inflammation but also in the regulation of the cardiovascular system 

(Tao & Segaloff, 2004; Feng et al., 2005; Getting, 2006). Defects in MC3R can result in the 

loss of expression, intracellular retention and defective receptor activation (Lee et al., 2002; 

Savastano et al., 2009). Variants in MC3R have been shown to increase obesity. However, the 

results are inconsistent in different studies. A GWAS study by Thorleifsson and colleagues 

(2009) did not find a significant association between variants near MC3R and obesity 

(Thorleifsson et al., 2009). 

rs3827103: The rs3827103 (Val81Ile) variant increase the risk of childhood obesity. It is 

related to the diminished function and expression of the receptor (Feng et al., 2005). This 

variant has also shown association with high insulin levels (Dupont et al., 2001). The 

rs3827103 variant was tested for a possible association with gout in the NZ gout population 

sample set. The results of the association analysis of the rs3827103 variant with gout are 

presented in table 3.8.A 



 

162 

 

rs3827103 
Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

GG GA AA A GG GA AA A 

NZ 

Cau 

Controls 496(0.783) 127(0.200) 10(0.015) 0.116 0.20 Unadjusted 0.006 0.65(0.48-0.89) 66(0.822) 60(0.175) 7(0.001) 0.278 0.45 Unadjusted 3.18E-16 0.22(0.15-0.32) 

0.003 Cases 358(0.852) 57(0.475) 5(0.011) 0.079 0.13 With BMI 4.82E-6* 0.30(0.18-0.50)* 357(0.845) 57(0.147) 5(0.007) 0.079 0.13 With BMI 4.82E-6 0.30(0.18-0.50) 

      Multiple 4.44E-6* 0.30(0.18-0.50)*      Multiple 4.44E-6 0.30(0.18-0.50) 

FHS 

Controls 3784(0.824) 778(0.169) 30(0.006) 0.091 0.17 Unadjusted 0.967 0.98(0.52-1.84) 3784(0.824) 778(0.169) 30(0.006) 0.091 0.17 Unadjusted 0.967 0.98(0.52-1.84) 

0.003 Cases 50(0.819) 11(0.180) 0(0.000) 0.09 0.16 With BMI 0.956* 1.01(0.53-1.93)* 50(0.819) 11(0.180) 0(0.000) 0.09 0.16 With BMI 0.956 1.01(0.53-1.93) 

      Multiple 0.905* 1.04(0.54-1.97)*      Multiple 0.905 1.04(0.54-1.97) 

ARIC 

Controls 5846(0.841) 1056(0.152) 42(0.006) 0.08 0.15 Unadjusted 0.161 1.30(0.89-1.90) 5846(0.841) 1056(0.152) 42(0.006) 0.08 0.15 Unadjusted 0.161 1.30(0.89-1.90) 

0.003 Cases 120(0.810) 25(0.168) 3(0.020) 0.104 0.16 With BMI 0.136* 1.33(0.91-1.95)* 120(0.810) 25(0.168) 3(0.020) 0.104 0.16 With BMI 0.136 1.33(0.91-1.95) 

      Multiple 0.343* 1.22(0.80-1.84)*      Multiple 0.343 1.22(0.80-1.84) 

EP/N 

Controls 74(0.397) 88(0.473) 24(0.129) 0.365 0.87 Unadjusted 0.786 1.03(0.78-1.37) 48(0.752) 63(0.231) 17(0.016) 0.378 0.49 Unadjusted 0.840 1.03(0.74-1.43) 

0.003 Cases 101(0.396) 117(0.458) 37(0.145) 0.374 0.78 With BMI 0.532* 0.87(0.57-1.33)* 73(0.781) 87(0.214) 30(0.003) 0.386 0.45 With BMI 0.532 0.87(0.57-1.33) 

      Multiple 0.682* 0.89(0.58-1.38)*      Multiple 0.628 0.89(0.58-1.38) 

EP/Z 

Controls 106(0.660) 51(0.318) 3(0.018) 0.178 0.31 Unadjusted 0.631 1.14(0.66-1.95) 40(0.823) 25(0.176) 3(0.000) 0.227 0.36 Unadjusted 0.530 0.81(0.42-1.54) 

0.003 Cases 36(0.620) 21(0.362) 1(0.017) 0.198 0.36 With BMI 0.085* 0.46(0.19-1.11)* 31(0.827) 17(0.155) 1(0.017) 0.193 0.34 With BMI 0.085 0.46(0.19-1.11) 

      Multiple 0.082* 0.46(0.19-1.10)*      Multiple 0.082 0.46(0.19-1.10) 

Mixed 

EP/WP 

Controls 11(0.440) 10(0.400) 4(0.160) 0.36 0.40 Unadjusted 0.070 0.40(0.14-1.09) 8(0.760) 5(0.240) 2(0.000) 0.300 0.33 Unadjusted 0.263 0.52(0.16-1.63) 

0.003 Cases 12(0.631) 7(0.368) 0(0.000) 0.184 0.36 With BMI 0.034* 0.01(0.001-0.71)* 12(1.000) 7(0.000) 0(0.000) 0.184 0.36 With BMI 0.034 0.01(0.001-0.71) 

      Multiple 0.044* 0.01(0.001-0.89)*      Multiple 0.044 0.01(0.001-0.89) 

WP 

Controls 95(0.659) 43(0.298) 6(0.041) 0.191 0.29 Unadjusted 0.659 1.08(0.75-1.56) 75(0.950) 28(0.049) 5(0.000) 0.175 0.25 Unadjusted 0.391 1.19(0.79-1.81) 

0.003 Cases 163(0.652) 72(0.288) 15(0.060) 0.204 0.28 With BMI 0.973* 0.90(0.60-1.55)* 162(0.928) 71(0.071) 15(0.000) 0.203 0.28 With BMI 0.909 0.97(0.60-1.55) 

      Multiple 1.00* 0.99(0.62-1.61)*      Multiple 0.996 1.00(0.62-1.61) 

Table 3.8.A: Results of the association analysis of MC3R variant rs3827103 

Allelic and genotype frequencies for the variant rs3827103 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP), FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency; HWE= Hardy Weinberg Equilibrium. P-value. OR = Odds Ratio; 95%CI 

= Confidence Interval. Adjustments: multiple: adjusted for sex, age, BMI and T2D.  *= Those samples we have information available on BMI and T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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There was no deviation from Hardy-Weinberg equilibrium in either gout cases or controls 

(see table 3.8.A). In the NZ European Caucasian, the minor allele A of rs3827103 variant was 

found to be associated with a reduced risk of gout (P=4.44E-6, OR=0.30[0.18-0.50]). In FHS 

(P=0.90, OR=1.04[0.54-1.97]) and ARIC (P=0.34, OR= 1.22[0.80-1.84]) sample sets, this 

variant was not found to be associated with gout. In the East Polynesian with low Polynesian 

ancestry (EP/Z) sample set, the rs3827103 variant was found to be trending towards 

significance (P=0.08, OR=0.46[0.19-1.10]). In the Mixed East and West Polynesian sample 

set, rs3827103 was found to be significantly associated with a reduced risk of gout after 

multiple adjustments (P=0.04, OR=0.01[0.001-0.89]). In other datasets, such as the East 

Polynesian with high ancestry group (EP/N) (P=0.68, OR= 0.89[0.58-1.38]) and West 

Polynesian sample set (P=1.00, OR=0.99[0.62-1.61]), no significant association with gout 

was found.  

3.2.2.1- Meta-analysis of the MC3R gene variant rs3827103 combining the NZ 

European Caucasians, FHS and ARIC sample sets 

 

Figure 3.9.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the MC3R gene 

variant rs3827103 

Three datasets including NZ European Caucasians, FHS and ARIC were meta-analysed 
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together using a random effects model. The results indicated no evidence for association 

(P=0.77, OR=0.93[0.58-1.50]) of the rs3827103 variant with gout. There was evidence of 

heterogeneity found between the sample sets (B-D, P=0.01). 

3.2.2.2- Meta-analysis of the MC3R gene variant rs3827103 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

 

Figure 3.9.B: Meta-analysis of the Polynesian case-control sample sets for the MC3R gene variant 

rs3827103 

The Polynesian group, including East Polynesian with high Polynesian ancestry (EP/N) 

group, East Polynesian with low Polynesian ancestry (EP/Z) group, Mixed East and West 

Polynesian (EP/WP) and West Polynesian (WP), were meta-analysed together using a fixed 

effects model, which indicated no evidence for association (P=0.88, OR=1.02[0.81-1.29]) of 

the rs3827103 variant with gout. There was no evidence of heterogeneity found between the 

sample sets (B-D, P=0.30). 
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3.2.2.3- Testing the MC3R gene variant rs3827103 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP case-

control sample sets 

The MC3R variant rs3827103 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available 

on T2D and BMI were included in the analysis. 

 T2D BMI 

Sample Sets Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
549 Unadjusted 0.482 

0.003 
0.81(0.45-1.44) 546 Unadjusted 0.030 

0.003 
-1.03(-1.97, -0.09) 

547 Multiple 0.516 1.22(0.66-2.28) 544 Multiple 0.886 0.06(-0.87, 1.01) 

 

EP/N 
388 Unadjusted 0.870 

0.003 
0.96(0.66-1.40) 389 Unadjusted 0.673 

0.003 
0.25(-0.94, 1.46) 

387 Multiple 0.710 0.92(0.62-1.37) 388 Multiple 0.693 0.23(-0.95, 1.42) 

 

EP/Z 
137 Unadjusted 0.918 

0.003 
1.04(0.45-2.40) 136 Unadjusted 0.695 

0.003 
0.36(-1.45, 2.18) 

136 Multiple 0.660 0.79(0.29-2.19) 135 Multiple 0.628 0.45(-1.40, 2.31) 

 

WP 
349 Unadjusted 0.004 

0.003 
1.96(1.24-3.10) 347 Unadjusted 0.578 

0.003 
0.41(-1.05, 1.88) 

349 Multiple 0.009 1.88(1.17-3.02) 347 Multiple 0.515 0.47(-0.96, 1.92) 

Table 3.8.B: MC3R variant rs3827103 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs3827103, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for the continuous variable (BMI). For this 

SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs3827103 variant did not show any significant association with T2D in the following 

datasets: NZ European Caucasian (P=0.51, OR=1.22[0.66-2.28]), EP/N (P=0.71, 

OR=0.92[0.62-1.37]) and EP/Z (P=0.66, OR=0.79[0.29-2.19]), both before and after 

adjustments for multiple covariates (gout affection, sex and age). However, in the WP group, 

the rs3827103 variant showed association with an increased risk of type 2 diabetes in the 

Western Polynesians sample set before and after multiple adjustments (P=0.009, 

OR=1.88[1.17-3.02]). 

When investigated for an association with BMI, the rs3827103 variant in the NZ European 

Caucasian showed an association with low BMI (P=0.03, Beta= -1.03[-1.97, -0.09]), in the 

unadjusted model, but when adjusted for multiple confounding factors, the association 

(P=0.88, Beta= 0.06[-0.87, 1.01]) was lost. This is interesting, as the rs3827103 variant 

association seems to be mediated by gout and not by BMI. In other datasets, it showed no 

association with BMI: EP/N (P=0.69, Beta=0.23[-0.95, 1.42]), EP/Z (P=0.62, Beta= 0.45[-

1.40, 2.31]) and WP (P=0.51, Beta= 0.47[-0.96, 1.92]), both before and after adjustments for 

multiple covariates.  
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MC4R 

The MC4R gene is a member of the melanocortin receptor family. It regulates food intake by 

producing a satiety signal after interaction with α-MSH (MC4R agonist) or with AGRP (Lu et 

al., 1994; Huszar et al., 1997). MC4R variants have shown associations with early onset 

obesity (Loos et al., 2008). Three variants (rs17782313, rs17700633 and rs921971) from the 

MC4R gene were selected in this study. The rs17700633 was not in LD with rs17782313 and 

rs921971. 

 

Figure 3.10: Haploview-generated LD structure of the MC4R SNPs in the Caucasians and Chinese 

datasets. The number within the box indicates the r
2
 value and regions of high LD are shaded in dark.  

3.2.3- Testing the MC4R gene variant rs17782313 for possible 

association with gout in the NZ, FHS and ARIC case-control sample 

sets 

The C-allele of the rs17782313 variant is associated with an increased risk of obesity (Zobel 

et al., 2009) and type 2 diabetes (Qi et al., 2008). The association of this variant with gout was 

tested. Results of the association analysis of the rs17782313 variant with gout are presented in 

table 3.9.A. 
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rs17782313 
Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

TT TC CC C TT TC CC C 

NZ Cau 

Controls 377(0.596) 221(0.349) 34(0.053) 0.228 0.90 Unadjusted 0.259 1.12(0.91-1.37) 81(0.596) 48(0.349) 4(0.053) 0.210 0.36 Unadjusted 0.183 1.25(0.89-1.75) 

0.003 Cases 230(0.550) 167(0.399) 21(0.050) 0.25 0.24 With BMI 0.336* 1.25(0.79-1.97)* 229(0.550) 167(0.399) 21(0.050) 0.250 0.40 With BMI 0.336 1.25(0.79-1.97) 

      Multiple 0.352* 1.24(0.78-1.96)*      Multiple 0.352 1.24(0.78-1.96) 

FHS 

Controls 2899(0.613) 1580(0.336) 233(0.049) 0.217 0.33 Unadjusted 0.007 1.64(1.13-2.37) 2899(0.613) 1580(0.336) 233(0.049) 0.217 0.33 Unadjusted 0.007 1.64(1.13-2.37) 

0.003 Cases 35(0.508) 22(0.344) 10(0.147) 0.313 0.32 With BMI 0.012* 1.62(1.11-2.36)* 35(0.508) 22(0.344) 10(0.147) 0.313 0.32 With BMI 0.012 1.62(1.11-2.36) 

      Multiple 0.016* 1.59(1.09-2.32)*      Multiple 0.016 1.59(1.09-2.32) 

ARIC 

Controls 4121(0.593) 2465(0.355) 356(0.051) 0.228 0.35 Unadjusted 0.107 0.78(0.58-1.05) 4121(0.593) 2465(0.355) 356(0.051) 0.228 0.35 Unadjusted 0.107 0.78(0.58-1.05) 

0.003 Cases 101(0.682) 38(0.256) 9(0.060) 0.189 0.25 With BMI 0.124* 0.79(0.59-1.06)* 101(0.682) 38(0.256) 9(0.060) 0.189 0.25 With BMI 0.124 0.79(0.59-1.06) 

      Multiple 0.178* 0.81(0.59-1.10)*      Multiple 0.178 0.81(0.59-1.10) 

EP/N 

Controls 164(0.877) 21(0.112) 2(0.010) 0.066 0.17 Unadjusted 0.478 0.81(0.46-1.42) 113(0.877) 14(0.112) 1(0.010) 0.062 0.10 Unadjusted 0.781 1.09(0.57-2.08) 

0.003 Cases 227(0.897) 24(0.094) 2(0.007) 0.055 0.10 With BMI 0.936* 1.03(0.45-2.33)* 167(0.897) 22(0.094) 2(0.007) 0.068 0.11 With BMI 0.868 1.07(0.47-2.43) 

      Multiple 0.981* 0.98(0.42-2.33)*      Multiple 0.984 1.00(0.42-2.37) 

EP/Z 

Controls 113(0.697) 45(0.277) 4(0.024) 0.163 0.84 Unadjusted 0.226 0.67(0.35-1.28) 47(0.697) 19(0.277) 2(0.024) 0.169 0.27 Unadjusted 0.485 0.76(0.36-1.60) 

0.003 Cases 44(0.785) 11(0.196) 1(0.017) 0.116 0.70 With BMI 0.473* 0.71(0.28-1.79)* 36(0.785) 11(0.196) 1(0.017) 0.135 0.22 With BMI 0.473 0.71(0.28-1.79) 

      Multiple 0.473* 0.71(0.28-1.79)*      Multiple 0.473 0.71(0.28-1.79) 

Mixed EP/WP 

Controls 18(0.720) 7(0.280) 0(0.000) 0.14 0.41 Unadjusted 0.625 0.72(0.19-2.67) 10(0.720) 5(0.280) 0(0.000) 0.166 0.22 Unadjusted 0.458 0.58(0.14-2.41) 

0.003 Cases 15(0.789) 4(0.210) 0(0.000) 0.105 0.60 With BMI 0.468* 0.35(0.02-5.89)* 15(0.789) 4(0.210) 0(0.000) 0.105 0.21 With BMI 0.468 0.35(0.02-5.89) 

      Multiple 0.502* 0.38(0.02-6.28)*      Multiple 0.502 0.38(0.02-6.28) 

WP 

Controls 98(0.695) 40(0.283) 3(0.021) 0.163 0.73 Unadjusted 0.118 0.71(0.47-1.08) 70(0.695) 33(0.283) 3(0.021) 0.184 0.33 Unadjusted 0.036 0.62(0.40-0.97) 

0.003 Cases 193(0.778) 49(0.197) 6(0.024) 0.123 0.18 With BMI 0.014* 0.52(0.31-0.87)* 191(0.778) 49(0.197) 6(0.024) 0.124 0.21 With BMI 0.014 0.52(0.31-0.87) 

      Multiple 0.017* 0.53(0.32-0.89)*      Multiple 0.017 0.53(0.32-0.89) 

Table 3.9.A: Results of the association analysis of MC4R variant rs17782313 

Allelic and genotype frequencies for the variant rs17782313 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value; OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D.  *= Those samples we have information on BMI, T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls were found to be in HWE (see table 3.9.A). There was no 

significant association found for the rs17782313 variant in NZ European Caucasian (P=0.35, 

OR=1.24[0.78-1.96]). The minor allele C of the rs17782313 variant was found to be 

associated with an increased risk of gout in the FHS sample set (P=0.01, OR=1.59[1.09-2.32]) 

but not in the ARIC (P=0.17, OR=0.81[0.59-1.10]) sample set. There was also no association 

found in East Polynesian with high ancestry group (EP/N) (P=0.98, OR=0.98[0.42-2.33]), 

East Polynesian with low Polynesian ancestry (EP/Z) sample set (P=0.47, OR=0.71[0.28-

1.79]) and Mixed East and West Polynesian sample set (P=0.50, OR=0.38[0.02-6.28]).  

In the West Polynesian sample set, the minor allele C of rs17782313 variant in the unadjusted 

model was not associated with gout (P=0.11), but was significantly associated with a reduced 

risk of gout after multiple adjustments for confounding factors (P=0.01, OR=0.53[0.32-0.89]). 

When compared with the subset, the unadjusted model showed association with a reduced risk 

of gout (P=0.03, OR=0.62[0.40-0.97]), but the overall result was the same significant 

protective association with a reduced risk of gout (P=0.01, OR=0.53[0.32-0.89]).  
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3.2.3.1- Meta-analysis of the MC4R gene variant rs17782313 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.11.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the MC4R gene 

variant rs17782313 

The combined meta-analysis of NZ European Caucasian, FHS and ARIC datasets revealed 

that the rs17782313 variant is trending towards significance with an increased risk of gout 

(P=0.07, OR=1.12[0.78-1.60]). A fixed effects model was used and there was no 

heterogeneity found between the sample sets (B-D, P=0.08).   
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3.2.3.2- Meta-analysis of the MC4R gene variant rs17782313 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.11.B: Meta-analysis of the Polynesians case-control sample sets for the MC4R gene variant 

rs17782313 

The combined meta-analysis of Polynesian group including East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and West Polynesian (WP) was performed 

using a fixed effects model; no heterogeneity was found between the sample sets (B-D, P= 

0.97). Variant rs17782313 was found to be associated with a reduced risk of gout (P=0.03, 

OR=0.73[0.55-0.98]). 
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3.2.3.3- Testing the MC4R gene variant rs17782313 for possible association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and 

WP case-control sample sets 

The MC4R variant rs17782313 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available 

on T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
547 Unadjusted 0.216 

0.003 
0.74(0.45-1.19) 544 Unadjusted 0.722 

0.003 
0.14(-0.64, 0.92) 

545 Multiple 0.145 0.69(0.42-1.13) 542 Multiple 0.856 -0.06(-0.80, 0.66) 

 

EP/N 
388 Unadjusted 0.207 

0.003 
0.57(0.23-1.36) 389 Unadjusted 0.258 

0.003 
1.31(-0.96, 3.59) 

387 Multiple 0.204 0.55(0.22-1.37) 388 Multiple 0.273 1.25(-0.99, 3.50) 

 

EP/Z 
137 Unadjusted 0.736 

0.003 
0.84(0.30-2.28) 136 Unadjusted 0.986 

0.003 
0.01(-2.04, 2.08) 

136 Multiple 0.813 1.15(0.35-3.77) 135 Multiple 0.862 0.18(-1.91, 2.27) 

 

WP 
347 Unadjusted 0.314 

0.003 
1.33(0.76-2.32) 345 Unadjusted 0.412 

0.003 
-0.71(-2.41, 0.99) 

347 Multiple 0.347 1.33(0.73-2.41) 345 Multiple 0.767 -0.25(-1.94, 1.43) 

Table 3.9.B: MC4R variant rs17782313 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs17782313, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for the continuous variable (BMI). For this 

SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs17782313 variant did not show any significant association with T2D in the following 

datasets: NZ European Caucasian (P=0.14, OR=0.69[0.42-1.13]), EP/N (P=0.20, 

OR=0.55[0.22-1.37]), EP/Z (P=0.81, OR=1.15[0.35-3.77]) and WP (P=0.34, OR=1.33[0.73-

2.41]), both before and after adjustments for multiple covariates.  

The rs17782313 variant did not show any significant association with BMI in any of the 

datasets: NZ European Caucasian (P=0.85, Beta= -0.06[-0.80, 0.66]), EP/N (P=0.27, 

Beta=1.25[-0.99, 3.50]), EP/Z (P=0.86, Beta= 0.18(-1.91, 2.27)]) and WP (P= 0.76, Beta= -

0.25[-1.94, 1.43]), either before or after adjustments for multiple covariates. 

3.2.4- Testing the MC4R gene variant rs17700633 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

The MC4R variant rs17700633 A-allele was found to be associated with high BMI (Chambers 

et al., 2008; Zobel et al., 2009). This variant was tested for possible association with gout in 

the NZ case-control sample sets. The results of the association analysis of the rs17700633 

variant are presented in table 3.10.A 
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rs17700633 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

GG GA AA A GG GA AA A 

NZ Cau 

Controls 336(0.531) 243(0.384) 53(0.083) 0.276 0.39 Unadjusted 0.065 1.19(0.98-1.44) 75(0.531) 50(0.384) 8(0.083) 0.248 0.37 Unadjusted 0.040 1.38(1.01-1.90) 

0.003 Cases 196(0.468) 182(0.435) 40(0.095) 0.313 0.89 With BMI 0.311* 1.23(0.82-1.85)* 195(0.468) 182(0.435) 40(0.095) 0.314 0.43 With BMI 0.311 1.23(0.82-1.85) 

      Multiple 0.247* 1.27(0.84-1.92)*      Multiple 0.247 1.27(0.84-1.92) 

FHS 

Controls 2429(0.) 1912(0.) 371(0.) 0.281 0.40 Unadjusted 0.031 1.47(1.03-2.09) 2429(0.) 1912(0.) 371(0.) 0.281 0.40 Unadjusted 0.031 1.47(1.03-2.09) 

0.003 Cases 26(0.) 33(0.) 8(0.) 0.365 0.49 With BMI 0.027* 1.52(1.48-2.21)* 26(0.) 33(0.) 8(0.) 0.365 0.49 With BMI 0.027 1.52(1.48-2.21) 

      Multiple 0.022* 1.54(1.06-2.25)*      Multiple 0.022 1.54(1.06-2.25) 

ARIC 

Controls 3427(0.493) 2887(0.415) 630(0.090) 0.298 0.41 Unadjusted 0.353 0.88(0.68-1.14) 3427(0.493) 2887(0.415) 630(0.090) 0.298 0.41 Unadjusted 0.353 0.88(0.68-1.14) 

0.003 Cases 83(0.560) 49(0.331) 16(0.108) 0.273 0.33 With BMI 0.398* 0.89(0.69-1.15)* 83(0.560) 49(0.331) 16(0.108) 0.273 0.33 With BMI 0.398 0.89(0.69-1.15) 

      Multiple 0.407* 0.89(0.68-1.16)*      Multiple 0.407 0.89(0.68-1.16) 

EP/N 

Controls 106(0.569) 71(0.381) 10(0.053) 0.243 0.72 Unadjusted 0.743 1.05(0.77-1.43) 66(0.569) 55(0.381) 7(0.053) 0.269 0.40 Unadjusted 0.939 1.01(0.71-1.44) 

0.003 Cases 144(0.569) 90(0.355) 19(0.075) 0.253 0.39 With BMI 0.700* 1.09(0.68-1.74)* 100(0.569) 78(0.355) 13(0.075) 0.272 0.41 With BMI 0.557 1.15(0.71-1.84) 

      Multiple 0.650* 1.11(0.69-1.80)*      Multiple 0.543 1.16(0.71-1.88) 

EP/Z 

Controls 90(0.555) 61(0.376) 11(0.067) 0.256 0.85 Unadjusted 0.807 1.06(0.65-1.72) 35(0.555) 27(0.376) 6(0.067) 0.286 0.39 Unadjusted 0.926 0.97(0.54-1.73) 

0.003 Cases 28(0.500) 26(0.464) 2(0.035) 0.267 0.26 With BMI 0.818* 1.09(0.49-2.45)* 23(0.500) 23(0.464) 2(0.035) 0.281 0.47 With BMI 0.818 1.09(0.49-2.45) 

      Multiple 0.900* 1.05(0.46-2.40)*      Multiple 0.900 1.05(0.46-2.40) 

Mixed EP/WP 

Controls 15(0.600) 9(0.360) 1(0.040) 0.22 0.80 Unadjusted 0.851 1.11(0.40-3.00) 9(0.600) 5(0.360) 1(0.040) 0.233 0.39 Unadjusted 0.973 1.02(0.32-3.15) 

0.003 Cases 10(0.526) 9(0.473) 0(0.000) 0.236 0.17 With BMI 0.247* 4.19(0.37-47.6)* 10(0.526) 9(0.473) 0(0.000) 0.236 0.47 With BMI 0.247 4.19(0.37-47.6) 

      Multiple 0.155* 6.17(0.50-76.36)*      Multiple 0.155 6.17(0.50-76.36) 

WP 

Controls 96(0.680) 40(0.283) 5(0.035) 0.177 0.40 Unadjusted 0.564 0.89(0.60-1.31) 70(0.680) 31(0.283) 5(0.035) 0.193 0.28 Unadjusted 0.288 0.79(0.52-1.21) 

0.003 Cases 176(0.709) 64(0.258) 8(0.032) 0.161 0.51 With BMI 0.040* 0.60(0.37-0.97)* 175(0.709) 63(0.258) 8(0.032) 0.160 0.25 With BMI 0.040 0.60(0.37-0.97) 

      Multiple 0.042* 0.60(0.37-0.98)*      Multiple 0.042 0.60(0.37-0.98) 

Table 3.10.A: Results of the association analysis of MC4R variant rs17700633 

Allelic and genotype frequencies for the variant rs17700633 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information on BMI, T2D 

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls were found to be in HWE (see table 3.10.A). There was no 

significant association of the minor allele A of the rs17700633 variant found in the NZ 

European Caucasian (P=0.24, OR=1.27[0.84-1.92]), East Polynesian with high ancestry 

group (EP/N) (P=0.65, OR=1.11[0.69-1.80]), East Polynesian with low Polynesian ancestry 

(EP/Z) (P=0.90, OR= 1.05[0.46-2.40]), Mixed East and West Polynesian (P=0.15, 

OR=0.17[0.50-76.36]) or ARIC (P=0.40, OR=0.89[0.68-1.16]) datasets. However, the minor 

allele A of the rs17700633 variant was found to be associated with a reduced risk of gout in 

the West Polynesian sample set (P=0.04, OR=0.60[0.37-0.98]). In the FHS sample set, this 

variant was found to be significantly associated with an increased risk of gout (P=0.02, 

OR=1.54[1.06-2.25]).  

3.2.4.1- Meta-analysis of the MC4R gene variant rs17700633 combining NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.12.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the MC4R gene 

variant rs17700633 

Meta-analysis of NZ European Caucasian, FHS and ARIC datasets was performed using the 

random effects model, as there was little evidence of heterogeneity found between the sample 

sets (B-D, P= 0.05). There was no association found between the rs17700633 variant and 

gout (P=0.32, OR= 1.14[0.88-1.48]). 
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3.2.4.2- Meta-analysis of the MC4R gene variant rs17700633 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.12.B: Meta-analysis of the Polynesians case-control sample sets for the MC4R gene variant 

rs17700633 

Meta-analysis of the Polynesian group, including East Polynesian with high Polynesian 

ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) group, Mixed 

East and West Polynesian (EP/WP) and West Polynesian (WP), found no heterogeneity 

between the sample sets using a fixed effects model (B-D, P=0.91). There was no evidence of 

association (P=0.95, OR=1.01[0.81-1.24]) found between the rs17700633 variant and gout.  
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3.2.4.3- Testing the MC4R gene variant rs17700633 for association with BMI and T2D in the NZ Caucasian, EP/N, EP/Z and WP case-

control sample sets 

The MC4R variant rs17700633 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available 

on T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
548 Unadjusted 0.696 

0.003 
0.92(0.61-1.38) 545 Unadjusted 0.872 

0.003 
0.05(-0.64, 0.76) 

546 Multiple 0.339 0.81(0.53-1.24) 543 Multiple 0.521 -0.21(-0.80, 0.66) 

 

EP/N 
389 Unadjusted 0.809 

0.003 
1.05(0.70-1.57) 390 Unadjusted 0.524 

0.003 
0.42(-0.88, 0.44) 

388 Multiple 0.961 1.01(0.65-1.55) 389 Multiple 0.573 0.36(-0.91, 1.65) 

 

EP/Z 
136 Unadjusted 0.195 

0.003 
0.56(0.24-1.33) 135 Unadjusted 0.292 

0.003 
-0.89(-2.56, 0.77) 

135 Multiple 0.065 0.37(0.13-1.06) 134 Multiple 0.216 -1.08(-2.81, 0.64) 

 

WP 
347 Unadjusted 0.397 

0.003 
1.25(0.74-2.09) 345 Unadjusted 0.534 

0.003 
-0.49(-2.03, 1.05) 

347 Multiple 0.434 1.24(0.72-2.12) 345 Multiple 0.841 -0.15(-1.68, 1.37) 

Table 3.10.B: MC4R variant rs17700633 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs17700633, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The MC4R variant rs17700633 did not show any significant association with T2D in the 

following datasets: NZ European Caucasian (P=0.33, OR=0.81[0.53-1.24]), EP/N (P=0.96, 

OR=1.01[0.65-1.55]), and WP (P=0.43, OR=1.24[0.72-2.12]), either before or after 

adjustments for multiple covariates. In the EP/Z sample set, this variant was not associated 

with T2D in the unadjusted model, but when adjusted for multiple covariates, it showed a 

trend towards significance (P=0.06, OR=0.37[0.13-1.06]). 

In the case of BMI, the rs17700633 variant did not show any significant association with BMI 

in any of the datasets: NZ European Caucasian (P=0.52, Beta= -0.21[-0.80, 0.66]), EP/N 

(P=0.57, Beta=0.36[-0.91, 1.65]), EP/Z (P=0.21, Beta= -1.08(-2.81, 0.64)]) and WP (P= -

0.84, Beta= -0.15[-1.68, 1.37]), both before and after adjustments for multiple covariates. 

3.2.5- Testing the MC4R gene variant rs921971 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

The A allele of rs12970134 variant, was found to be associated with increased waist 

circumference, body weight and insulin resistance in Indians (Chambers et al, 2008) and in 

Danish cohorts (Loos et al, 2008). There was difficulty in genotyping this variant. During the 

optimisation of the primers via PCR/RFLP, discrete bands to indicate an ideal annealing 

temperature and MgCl2 concentration were not generated. This complication was most likely 

due to the formation of secondary structures due to a high GC content (64%) within the 

primer sequences. Another variant, rs921971, was chosen for genotype analysis, which is in 

complete LD with rs12970134 in the Caucasian population. The results of the association 

analysis of the variant rs921971 with gout are shown in table 3.11.A. 

  

Figure 3.13: Haploview-generated LD structure of the MC4R SNPs in the Caucasian and Chinese. 

Both SNPs are in complete linkage disequilibrium, as shown by the black diamond.  
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rs921971 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

TT TC CC C TT TC CC C 

NZ Cau 

Controls 373(0.590) 210(0.332) 49(0.077) 0.243 0.02 Unadjusted 0.019 1.26(1.03-1.54) 73(0.590) 52(0.332) 8(0.077) 0.255 0.39 Unadjusted 0.275 1.19(0.87-1.62) 

0.003 Cases 205(0.490) 184(0.440) 29(0.069) 0.289 0.17 With BMI 0.605* 1.11(0.73-1.69)* 204(0.490) 184(0.440) 29(0.069) 0.290 0.44 With BMI 0.605 1.11(0.73-1.69) 

      Multiple 0.530* 1.14(0.74-1.75)*      Multiple 0.530 1.14(0.74-1.75) 

FHS 

Controls 2606(0.567) 1709(0.372) 277(0.060) 0.246 0.37 Unadjusted 0.012 1.60(1.10-2.34) 2606(0.567) 1709(0.372) 277(0.060) 0.246 0.37 Unadjusted 0.012 1.60(1.10-2.34) 

0.003 Cases 28(0.459 24(0.393) 9(0.147) 0.344 0.40 With BMI 0.022* 1.54 (1.06-2.24)* 28(0.459 24(0.393) 9(0.147) 0.344 0.40 With BMI 0.022 1.54 (1.06-2.24) 

      Multiple 0.030* 1.51(1.04-2.20)*      Multiple 0.030 1.51(1.04-2.20) 

ARIC 

Controls 3840(0.) 2664(0.) 442(0.) 0.255 0.39 Unadjusted 0.316 0.86(0.66-1.14) 3840(0.) 2664(0.) 442(0.) 0.255 0.39 Unadjusted 0.316 0.86(0.66-1.14) 

0.003 Cases 91(0.614) 46(0.310) 11(0.074) 0.229 0.41 With BMI 0.365* 0.88(0.66-1.16)* 91(0.614) 46(0.310) 11(0.074) 0.229 0.41 With BMI 0.365 0.88(0.66-1.16) 

      Multiple 0.389* 0.88(0.66-1.17)*      Multiple 0.389 0.88(0.66-1.17) 

EP/N 

Controls 103(0.550) 68(0.363) 16(0.085) 0.267 0.30 Unadjusted 0.573 1.09(0.80-1.47) 62(0.550) 56(0.363) 10(0.085) 0.296 0.43 Unadjusted 0.808 0.95(0.67-1.35) 

0.003 Cases 129(0.509) 104(0.411) 20(0.079) 0.284 0.83 With BMI 0.718* 1.08(0.69-1.71)* 95(0.509) 82(0.411) 14(0.079) 0.288 0.42 With BMI 0.557 1.14(0.72-1.82) 

      Multiple 0.800* 1.06(0.66-1.69)*      Multiple 0.656 1.11(0.69-1.79) 

EP/Z 

Controls 95(0.586) 58(0.358) 9(0.055) 0.234 0.88 Unadjusted 0.069 1.54(0.96-2.47) 36(0.586) 26(0.358) 6(0.055) 0.279 0.38 Unadjusted 0.475 1.23(0.69-2.17) 

0.003 Cases 21(0.375) 34(0.607) 1(0.017) 0.321 0.05 With BMI 0.649* 1.21(0.52-2.78)* 18(0.375) 29(0.607) 1(0.017) 0.322 0.60 With BMI 0.649 1.21(0.52-2.78) 

      Multiple 0.690* 1.18(0.51-2.74)*      Multiple 0.690 1.18(0.51-2.74) 

Mixed 

EP/WP 

Controls 14(0.560) 10(0.400) 1(0.040) 0.24 0.62 Unadjusted 0.600 1.29(0.49-3.35) 7(0.560) 7(0.400) 1(0.040) 0.300 0.46 Unadjusted 0.924 0.95(0.33-2.71) 

0.003 Cases 8(0.421) 11(0.578) 0(0.000) 0.289 0.07 With BMI 0.398* 2.65(0.27-25.60)* 8(0.421) 11(0.578) 0(0.000) 0.289 0.57 With BMI 0.398 2.65(0.27-25.60) 

      Multiple 0.296* 3.63(0.32-40.94)*      Multiple 0.296 3.63(0.32-40.94) 

WP 

Controls 83(0.588) 51(0.361) 7(0.049) 0.23 0.88 Unadjusted 0.864 1.03(0.72-1.45) 58(0.588) 42(0.361) 6(0.049) 0.254 0.39 Unadjusted 0.590 0.90(0.62-1.31) 

0.003 Cases 144(0.580) 91(0.366) 13(0.052) 0.235 0.74 With BMI 0.296* 0.78(0.50-1.23)* 143(0.580) 90(0.366) 13(0.052) 0.235 0.36 With BMI 0.296 0.78(0.50-1.23) 

      Multiple 0.345* 0.80(0.51-1.26)*      Multiple 0.345 0.80(0.51-1.26) 

Table 3.11.A: Results of the association analysis of MC4R variant rs921971 

Allelic and genotype frequencies for the variant rs921971 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D. *= Those samples we have information on BMI, T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing. 
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All of the cases and controls, except for NZ European Caucasian controls, were found to be in 

HWE (see table 3.11.A). Before adjusting for confounding factors, a significant association of 

the minor allele C of rs921971 with an increased risk of gout was found in the NZ European 

Caucasian (P=0.01, OR=1.26[1.03-1.54]); however, when adjusted for multiple confounders, 

this association was no longer significant (P=0.53, OR=1.14[0.74-1.75]). When compared to 

the result from the subset analysis in the unadjusted model, it did not show any association 

with gout (P=0.27, OR=1.19[0.87-1.62]). The minor allele C of rs921971 in the FHS sample 

set showed association with an increased risk of gout after adjusting for multiple confounding 

factors (P=0.03, OR=1.51 [1.04-2.20]). 

There was no significant association in other groups: East Polynesian with high ancestry 

group (EP/N) (P=0.80, OR=1.06[0.66-1.69]), East Polynesian with low Polynesian ancestry 

(EP/Z) sample set (P=0.69, OR=1.18[0.51-2.74]), Mixed East and West Polynesian sample 

set (P=0.29, OR=3.63[0.32-40.94]), West Polynesian (P=0.34, OR=0.80[0.51-1.26]) and 

ARIC (P=0.38, OR=0.88[0.66-1.17]) datasets.  



 

181 

 

3.2.5.1- Meta-analysis of the MC4R gene variant rs921971 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.14.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the MC4R gene 

variant rs921971 

Combined meta-analysis of NZ European Caucasian, FHS and ARIC datasets revealed no 

association (P=0.27, OR=1.19[0.87-1.63]) between rs921971 and gout. A random effects 

model was used because there was evidence of heterogeneity found between the sample sets 

(B-D, P=0.02). 
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3.2.5.2- Meta-analysis of the MC4R gene variant rs921971 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

 

Figure 3.14.B: Meta-analysis of the Polynesian case-control sample sets for the MC4R gene variant 

rs921971 

Combined meta-analysis of the Polynesian group, including East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and Western Polynesian (WP), was done 

using a fixed effects model because there was no heterogeneity between the sample sets (B-D, 

P=0.55). The results revealed that there was no association (P=0.18, OR=1.14[0.94-1.40]) 

between the rs921971 variant and gout. 
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3.2.5.3- Testing MC4R gene variant rs921971 association with BMI and T2D in NZ Caucasian, EP/N, EP/Z and WP case-control 

sample sets 

Sample Sets 
T2D BMI 

Num of Obs Adjustments P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
549 Unadjusted 0.061 

0.003 
0.64(0.40-1.02) 546 Unadjusted 0.934 

0.003 
-0.03(-0.76, 0.70) 

547 Multiple 0.047 0.61(0.38-0.99) 544 Multiple 0.571 -2.00(-0.89, 0.49) 

 

EP/N 
386 Unadjusted 0.500 

0.003 
1.14(0.77-1.68) 387 Unadjusted 0.682 

0.003 
0.26(-0.99, 1.51) 

385 Multiple 0.650 1.10(0.72-1.67) 388 Multiple 0.764 0.18(-1.04, 1.42) 

 

EP/Z 
136 Unadjusted 0.375 

0.003 
0.68(0.29-1.58) 135 Unadjusted 0.857 

0.003 
-0.15(-1.90, 1.58) 

135 Multiple 0.340 0.60(0.22-1.68) 134 Multiple 0.680 -0.38(-2.20, 1.44) 

 

WP 
346 Unadjusted 0.867 

0.003 
0.95(0.57-1.59) 344 Unadjusted 0.489 

0.003 
-0.50(-1.93, 0.93) 

346 Multiple 0.850 0.94(0.55-1.61) 344 Multiple 0.656 -0.32(-1.73, 1.09) 

Table 3.11.B: MC4R variant rs921971 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs921971, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear Regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing. 
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The MC4R variant rs921971 showed a significant association towards the reduced risk of 

T2D in the NZ European Caucasian (P=0.04, OR=0.61[0.38-0.99]). In the other datasets, 

however, no association with gout was found (EP/N (P=0.65, OR=1.10[0.72-1.67]), EP/Z 

(P=0.34, OR=0.60[0.22-1.68]) and WP (P=0.85, OR=0.94[0.55-1.61])), either before or after 

adjustments for multiple covariates. 

In the case of BMI, the rs921971 variant did not show any significant association in any of 

the datasets: NZ European Caucasian (P=0.57, Beta=-2.00[-0.89, 0.49]), EP/N (P=0.76, 

Beta=0.18[-1.04, 1.42]), EP/Z (P=0.68, Beta= -0.38(-2.20, 1.44)]) and WP (P= 0.65, Beta= -

0.32[-1.73, 1.09]), before and after adjustments for multiple covariates.  

3.2.6- Haplotype analysis of the MC4R gene variants rs17782313 and 

rs921971 

Haplotype analysis of the markers in linkage disequilibrium (LD) in a region of a 

chromosome is used to assess the association between the region of interest and traits. Instead 

of separately analysing each marker, haplotype analysis is more efficient than separate 

analyses of the individual markers. The advantage of haplotype analysis is that for complex 

diseases most risk loci have a very small effect (Hindorff et al., 2009), but when grouped into 

haplotypes, they have a larger aggregated effect (Bickel et al., 2011). Secondly, more 

information can be extracted from the haplotypes about an unobserved causal variant. This is 

achieved by identifying related haplotypes that are overrepresented in cases (Beaty et al., 

2005). For this study, haplotype analysis was performed with gout, BMI and T2D by 

analysing the genotyping data with PLINK via BC|SNPmax. Only SNPs in (LD>0.50) were 

investigated in the haplotype analysis. Out of the three SNPs studied in the MC4R gene, 

rs17700633 was not included in the haplotype analysis because it was not in LD with the 

other SNPs. The other two SNPs (rs17782313, rs921971) were used in the analysis.  
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Figure 3.15: LD plot of the two MC4R SNPs generated from our data using Plink in all four datasets. 

Each box shows the magnitude of LD between the markers. The numbers inside the boxes stand for r
2
 

values. Black indicates strong LD (r
2
=1.0); white indicates no LD (r

2
=0); and grey indicates 

intermediate LD.  

Results of the haplotype analysis are summarised in table 3.12.A. 
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N
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 C
au

 

CC 0.194 0.231 0.04 1.25(1.01-1.54) 0.080 1.23(0.99-1.52) 0.179 1.21(0.65-2.24) 0.342 1.20(0.67-2.31) 0.251 1.32(0.71-2.44) 0.271 1.31(0.70-2.42) 

TC 0.050 0.058 0.48 1.14(0.77-1.67) 0.580 1.13(0.77-1.65) 0.791 1.07(0.77-1.47) 0.673 0.75(0.61-1.17) 0.296 0.67(0.39-1.15) 0.440 0.74(0.54-1.02) 

CT 0.034 0.018 0.04 0.55(0.30-0.98) 0.023 0.49(0.27-0.87) 0.012 0.40(0.33-0.50) 0.822 0.63(0.24-2.99) 0.523 0.64(0.18-2.23) 0.568 0.67(0.19-2.34) 

TT 0.720 0.692 0.16 0.87(0.71-1.05) 0.344 0.90(0.74-1.08) 0.741 0.95(0.71-1.28) 0.577 0.98(0.66-1.19) 0.767 0.94(0.70-1.26) 0.676 0.91(0.68-1.22) 

F
H

S
 CC 0.212 0.313 0.005 1.69(1.23-2.30) 0.006 1.68(1.23-2.29) 0.007 1.68(1.23-2.29) 0.010 1.64(1.20-2.23) 0.008 1.66(1.21-2.26) 0.011 1.63(1.19-2.22) 

CT 0.034 0.037 0.830 1.10(0.53-2.26) 0.561 0.70(0.34-1.44) 0.550 0.70(0.34-1.44) 0.508 0.67(0.32-1.38) 0.558 0.70(0.34-1.44) 0.520 0.68(0.33-1.40) 

TT 0.753 0.649 0.009 0.62(0.46-0.83) 0.025 0.65(0.48-0.87) 0.026 0.65(0.48-0.87) 0.037 0.67(0.49-0.90) 0.030 0.66(0.49-0.88) 0.039 0.67(0.49-0.90) 

A
R

IC
 CC 0.222 0.189 0.204 0.82(0.59-1.10) 0.241 0.83(0.59-1.15) 0.237 0.83(0.59-1.15) 0.311 0.85(0.61-1.18) 0.307 0.85(0.61-1.18) 0.228 0.83(0.59-1.15) 

CT 0.035 0.040 0.639 1.15(0.57-2.31) 0.558 1.19(0.59-2.39) 0.551 1.20(0.59-2.41) 0.755 1.11(0.55-2.23) 0.783 1.09(0.54-2.19) 0.577 1.18(0.58-2.37) 

TT 0.742 0.770 0.181 1.21(0.88-1.65) 0.227 1.18(0.86-1.60) 0.225 1.19(0.87-1.62) 0.244 1.19(0.87-1.62) 0.24 1.19(0.87-1.62) 0.216 1.19(0.87-1.62) 

E
P

/N
 

CC 0.051 0.046 0.78 0.92(0.49-1.70) 0.594 0.83(0.44-1.53) 0.761 1.14(0.61-2.11) 0.925 1.05(0.56-1.94) 0.815 1.12(0.60-2.07) 0.925 1.05(0.56-1.94) 

TC 0.216 0.237 0.46 1.13(0.82-1.55) 0.221 1.25(0.90-1.72) 0.752 1.08(0.78-1.48) 0.763 1.08(0.78-1.48) 0.801 1.06(0.77-1.45) 0.836 1.05(0.76-1.44) 

CT 0.015 0.008 0.26 0.44(0.12-1.53) 0.298 0.43(0.12-1.49) 0.801 0.76(0.22-2.67) 0.867 0.84(0.24-2.92) 0.734 0.69(0.20-2.42) 0.795 0.75(0.21-2.63) 

TT 0.716 0.707 0.75 0.95(0.70-1.27) 0.514 0.89(0.66-1.19) 0.683 0.91(0.67-1.22) 0.764 0.93(0.69-1.25) 0.773 0.93(0.69-1.25) 0.851 0.95(0.71-1.28) 

E
P

/Z
 

CC 0.139 0.113 0.48 0.79(0.41-1.51) 0.277 0.66(0.34-1.26) 0.294 0.65(0.35-1.21) 0.405 0.67(0.36-1.24) 0.465 0.70(0.38-1.30) 0.464 0.70(0-38-1.30) 

TC 0.095 0.207 0.001 2.77(1.55-4.94) 0.003 3.07(1.72-5.47) 0.002 3.76(2.73-5.17) 0.170 2.08(1.51-2.86) 0.172 2.08(1.51-2.86) 0.190 2.04(1.48-2.80) 

CT 0.024 0.002 0.58 0.65(0.32-1.39) 0.627 0.70(0.60-1.37) 0.616 0.71(0.59-1.39) 0.836 1.05(0.76-1.45) 0.831 1.06(0.76-1.59) 0.805 1.03(0.71-1.42) 

TT 0.741 0.676 0.16 0.69(0.43-1.09) 0.370 0.76(0.48-1.20) 0.264 0.68(0.51-0.92) 0.706 0.85(0.63-1.14) 0.649 0.82(0.61-1.10) 0.689 0.84(0.62-1.13) 

W
P

 

CC 0.132 0.114 0.46 0.85(0.54-1.31) 0.184 0.72(0.46-1.11) 0.335 0.78(0.42-1.44) 0.215 0.72(0.38-1.33) 0.165 0.68(0.36-1.26) 0.182 0.69(0.37-1.27) 

TC 0.097 0.120 0.33 1.27(0.79-2.03) 0.425 1.25(0.77-2.00) 0.760 1.09(0.79-1.50) 0.746 1.11(0.80-1.52) 0.905 1.04(0.75-1.43) 0.840 1.07(0.77-1.47) 

CT 0.030 0.007 0.03 0.23(0.06-0.77) 0.009 0.16(0.04-0.53) 0.002 0.11(0.03-0.38) 0.003 0.11(0.03-0.38) 0.001 0.09(0.02-0.31) 0.003 0.10(0.02-0.34) 

TT 0.739 0.757 0.56 1.11(0.79-1.54) 0.166 1.31(0.93-1.82) 0.11 1.39(1.03-1.06) 0.085 1.46(0.90-1.34) 0.046 1.57(1.16-2.10) 0.060 1.53(0.40-1.02) 

Table 3.12.A: Haplotype analysis for the two MC4R SNPs, rs17782313 and rs921971 

The consistent haplotype CT is shown in pink and the associated haplotypes are shown in green. 
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Haplotype analysis of the MC4R variants rs17782313 and rs921971 generated four 

haplotypes. The CT haplotype of rs17782313 and rs921971 was found to be associated with a 

reduced (P=0.01, OR=0.40[0.33-0.50]) risk of gout in European Caucasian, but when 

adjusted for T2D, the association (P=0.82) was lost, suggesting that the association of this 

haplotype was modulated by T2D. The CT haplotype remained insignificant (P=0.52, 

OR=0.64[0.18-2.23]) when adjusted for BMI. The results were further strengthened by the 

fact that when the CT haplotype was tested for association with T2D, it showed protective 

association with reduced risk of T2D (P=0.04, OR=0.22[0.10-0.49]). When tested for 

association with BMI, the CT haplotype showed no association with BMI. The results led to 

the conclusion that association of the CT haplotype with gout is because of the association 

with type 2 diabetes and not because of gout. Also, the CC haplotype in Caucasian was 

associated with gout in the unadjusted model (P=0.04, OR=1.25[1.01-1.54]), but the 

association was lost after adjusting for confounding factors (P=0.27, OR=1.31[0.70-2.42]).  

In the FHS sample set, the same CC haplotype was associated with an increased risk of gout 

(P=0.01, OR=1.63[1.19-2.22]) before and after the adjustments. The CC haplotype is the 

minor allele of both variants studied (rs17782313 and rs921971), and was associated with the 

increased risk of gout in the FHS sample sets for both the variants. The association with gout 

is independent of obesity and type 2 diabetes. When tested for association with BMI, the CC 

haplotype showed association (P=0.01 Beta=0.28) with an increased risk of obesity. In T2D, 

the CC haplotype showed a trend (P=0.08, OR=1.20[0.86-1.64]) towards a significantly 

increased risk of T2D. In the FHS sample set, the TT haplotype was associated (P=0.03, 

OR=0.67[0.49-0.90]) with a reduced risk of gout, both before and after adjustments. This 

association is independent of obesity and type 2 diabetes. The TT haplotype is the major allele 

of both variants studied (rs17782313 and rs921971) and is comprised of the non-risk alleles. 

The TT haplotype, when tested for association with BMI (P=0.06, Beta= -0.20) and T2D, 

showed a trend (P=0.08, OR=0.84[0.61-1.13]) towards protection against obesity and T2D, 

respectively.  

In the ARIC dataset, none of the haplotype combinations showed an association with gout. 

When the haplotypes were tested for associations with T2D and BMI, the CC haplotype 

showed an association (P=0.01, Beta=0.24) with high BMI and the TT haplotype showed an 

association for a decreased risk of BMI (P=0.002, Beta= -0.27) and T2D (P=0.04, 

OR=0.88[0.65-1.19]), respectively.  
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The EP/N sample set did not show any significant association with gout, BMI or T2D. 

In the EP/Z sample set, the TC haplotype was associated with gout in the unadjusted model 

(P=0.002, OR=3.76[2.73-5.17]); however, after adjusting for T2D, it was not associated 

(P=0.17, OR=2.08[1.51-2.86]). When tested for association with BMI and T2D, none of the 

haplotype combinations showed an association with BMI and T2D. 

In WP, the CT haplotype was found to be associated with a reduced risk of gout (P=0.003, 

OR=0.10[0.02-0.34]). C is the minor allele of rs17782313, and in the association analysis of 

rs17782313 with gout, the minor allele C was found to protect against gout in the WP sample 

sets. When tested for association with BMI and T2D, none of the haplotype combinations 

showed an association with BMI and T2D. 

The CT haplotype is reported to have a consistent protective effect in the NZ gout population. 
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Cohorts Haplotypes 
BMI T2D 

P-value Beta P-value OR(95%CI) 

NZ CAU 

CC 0.797 -0.10 0.366 0.80(0.57-1.11) 

TC 0.094 1.95 0.559 0.004(0.001-0.03) 

CT 0.829 0.15 0.043 0.22(0.10-0.49) 

TT 0.686 -0.14 0.015 1.77(1.30-2.40) 

FHS 

CC 0.016 0.28 0.084 1.20(0.86-1.64) 

TC 0.391 -0.22 0.766 1.07(0.52-2.18) 

TT 0.062 -0.20 0.080 0.84(0.61-1.13) 

ARIC 

CC 0.011 0.24 0.102 1.11(0.80-1.52) 

TC 0.146 0.31 0.731 1.05(0.51-2.14) 

TT 0.002 -0.27 0.047 0.88(0.65-1.19) 

EP/N 

CC 0.476 0.98 0.561 0.76(0.40-1.43) 

TC 0.638 1.55 0.348 0.008(0.00-0.007) 

CT 0.875 -0.11 0.542 1.15(0.84-1.57) 

TT 0.752 -0.22 0.982 1.00(0.74-1.33) 

EP/Z 

CC 0.962 -0.05 0.671 0.80(0.51.17) 

TC 0.793 15.5 0.715 7.93(635.94-9888) 

CT 0.923 -0.12 0.424 0.62(0.42-0.92) 

TT 0.912 0.10 0.331 1.53(1.13-2.06) 

WP 

CC 0.549 -0.54 0.944 1.02(0.68-1.52) 

TC 0.520 -1.59 0.038 3.83(1.27-11.51) 

CT 0.792 -0.25 0.921 0.96(0.63-1.46) 

TT 0.393 0.61 0.502 0.84(0.62-1.14) 

Table 3.12.B: Haplotype analysis of rs17782313 and rs921971 with BMI and T2D 



 

189 

 

FTO 

The function of FTO is poorly understood, but some studies have shown the potential role of 

this gene in energy homeostasis (Gerken et al., 2007). Variants in the FTO gene have been 

found to be associated with an increased risk of obesity in GWAS studies (Dina et al., 2007; 

Frayling et al., 2007). Most of the FTO SNPs associated with adiposity are intronic. They may 

alter the expression of FTO mRNA (Gerken et al., 2007). FTO variants have also been 

associated with an increased risk of type 2 diabetes, independent of BMI (Legry et al., 2009; 

Rees et al., 2011). Four variants from the FTO gene were selected (rs9923233, rs9922047, 

rs1861869 and rs17817288) for this study. There was no LD between rs1861869 and the 

other three SNPs.  

 

Figure 3.16: LD plot of the FTO SNPs in Caucasian and Chinese. Each box represents the magnitude of 

LD for markers. The numbers inside the diamonds denote the r
2
 values. 
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3.2.7- Testing the FTO gene variant rs9923233 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

rs9923233 is in complete LD with rs8050136 and rs9939609 

 

Figure 3.17: Haploview-generated LD structure of the FTO SNPs in Caucasian. Regions of high LD 

are shaded in dark. In the Chinese population, rs9923233 was not genotyped by HapMap.  

A number of SNPs are in tight LD with rs9939609 and are located in the first intron of the 

gene. This variant has been found to be associated with an increased risk of obesity (Dina et 

al., 2007; Scuteri et al., 2007) and type 2 diabetes (Dina et al., 2007; Frayling et al., 2007). 

The results of the association analysis of the FTO variant rs9923233 with gout are shown in 

table 3.13.A.  
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rs9923233 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 

AA AG GG G AA AG GG G 

NZ Cau 

Controls 238(0.374) 286(0.449) 112(0.176) 0.400 0.10 Unadjusted 0.357 0.91(0.76-1.01) 50(0.374) 63(0.449) 20(0.176) 0.387 0.47 Unadjusted 0.876 0.97(0.73-1.29) 

0.003 Cases 162(0.385) 196(0.466) 62(0.147) 0.381 0.74 With BMI 0.186* 0.77(0.52-1.13)* 161(0.385) 196(0.466) 62(0.147) 0.381 0.46 With BMI 0.186 0.77(0.52-1.13) 

      Multiple 0.161* 0.76(0.51-1.11)*      Multiple 0.161 0.76(0.51-1.11) 

FHS 

Controls 1629(0.354) 2195(0.478) 768(0.167) 0.406 0.44 Unadjusted 0.238 1.24(0.86-1.77) 1629(0.354) 2195(0.478) 768(0.167) 0.406 0.44 Unadjusted 0.238 1.24(0.86-1.77) 

0.003 Cases 20(0.327) 26(0.426) 15(0.245) 0.459 0.47 With BMI 0.328* 1.19(0.83-1.70)* 20(0.327) 26(0.426) 15(0.245) 0.459 0.47 With BMI 0.328 1.19(0.83-1.70) 

      Multiple 0.279* 1.21(0.85-1.74)*      Multiple 0.279 1.21(0.85-1.74) 

ARIC 

Controls 2455(0.353) 3342(0.481) 1144(0.164) 0.405 0.18 Unadjusted 0.819 1.02(0.81-1.29) 2455(0.353) 3342(0.481) 1144(0.164) 0.405 0.18 Unadjusted 0.819 1.02(0.81-1.29) 

0.003 Cases 51(0.344) 72(0.510) 25(0.168) 0.412 0.20 With BMI 0.986* 0.99(0.78-1.26)* 51(0.344) 72(0.510) 25(0.168) 0.412 0.20 With BMI 0.986 0.99(0.78-1.26) 

      Multiple 0.584* 0.93(0.72-1.19)*      Multiple 0.584 0.93(0.72-1.19) 

EP/N 

Controls 116(0.627) 54(0.291) 15(0.081) 0.227 0.02 Unadjusted 0.535 1.10(0.80-1.15) 81(0.627) 36 (0.291) 11(0.081) 0.226 0.28 Unadjusted 0.452 1.15(0.79-1.67) 

0.003 Cases 149(0.588) 84(0.332) 20(0.079) 0.245 0.08 With BMI 0.556* 1.14(0.73-1.78)* 109(0.588) 63(0.332) 16(0.079) 0.252 0.33 With BMI 0.446 1.19(0.75-1.86) 

      Multiple 0.689* 1.09(0.69-1.72)*      Multiple 0.597 1.13(0.71-1.77) 

EP/Z 

Controls 68(0.427) 68(0.427) 23(0.144) 0.358 0.47 Unadjusted 0.444 0.83(0.52-1.32) 30(0.427) 28(0.427) 10(0.144) 0.352 0.41 Unadjusted 0.797 1.07(0.61-1.86) 

0.003 Cases 25(0.454) 25(0.454) 5(0.090) 0.318 0.67 With BMI 0.675* 1.17(0.57-2.37)* 17(0.454) 24(0.454) 5(0.090) 0.369 0.51 With BMI 0.657 1.17(0.57-2.37) 

      Multiple 0.610* 1.20(0.58-2.50)*      Multiple 0.610 1.20(0.58-2.50) 

Mixed 

EP/WP 

Controls 15(0.600) 8(0.320) 2(0.080) 0.240 0.53 Unadjusted 0.528 0.71(0.25-2.03) 8(0.600) 6(0.320) 1(0.080) 0.266 0.40 Unadjusted 0.415 0.62(0.19-1.96) 

0.003 Cases 13(0.684) 5(0.263) 1(0.052) 0.184 0.58 With BMI 0.132* 0.19(0.02-1.64)* 13(0.684) 5(0.263) 1(0.052) 0.184 0.26 With BMI 0.132 0.19(0.02-1.64) 

      Multiple 0.112* 0.10(0.006-1.68)*      Multiple 0.112 0.10(0.006-1.68) 

WP 

Controls 100(0.709) 36(0.255) 5(0.035) 0.163 0.51 Unadjusted 0.322 1.21(0.82-1.79) 78(0.709) 27(0.255) 3(0.035) 0.152 0.25 Unadjusted 0.271 1.27(0.82-1.96) 

0.003 Cases 164(0.661) 73(0.294) 11(0.004) 0.191 0.46 With BMI 0.362* 1.27(0.75-2.15)* 164(0.661) 72(0.294) 10(0.004) 0.187 0.29 With BMI 0.362 1.27(0.75-2.15) 

      Multiple 0.337* 1.29(0.76-2.19)*      Multiple 0.337 1.29(0.76-2.19) 

Table 3.13.A: Results of the association analysis of FTO variant rs9923233 

Allelic and genotype frequencies for the variant rs9923233 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D.*= Those samples we have information on BMI, T2D  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls, except for EP/N controls, were found to be in HWE (see table 

3.13.A). There was no significant association of the minor allele G of the rs9923233 variant 

found in any of the sample sets: NZ European Caucasian (P=0.16, OR=0.76[0.51-1.11]), East 

Polynesian with high ancestry group (EP/N) (P=0.68, OR=1.09[0.69-1.72]), East Polynesian 

with low Polynesian ancestry (EP/Z) sample set (P=0.61, OR=1.20[0.58-2.50]), Mixed East 

and West Polynesian sample set (P=0.11, OR=0.10[0.006-1.68]), West Polynesian  (P=0.33, 

OR= 1.29[0.76-2.19]), FHS gout sample set (P=0.27, OR=1.21[0.85-1.74]) and ARIC (P= 

0.58, OR=0.93[0.72-1.19]).  

3.2.7.1- Meta-analysis of the FTO gene variant rs9923233 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.18.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the FTO gene 

variant rs9923233. 

Combined fixed effects meta-analysis of NZ European Caucasian, FHS and ARIC datasets 

revealed no heterogeneity between the sample sets (B-D, P=0.29). No association (P=0.90, 

OR=1.01[0.87-1.17]) was found between the rs9923233 variant and gout. 
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3.2.7.2- Meta-analysis of the FTO gene variant rs9923233 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

 

Figure 3.18.B: Meta-analysis of the Polynesian case-control sample sets for the FTO gene variant 

rs9923233. 

Combined meta-analysis of the Polynesian group, including East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and West Polynesian (WP), was done using 

a fixed effects model. There was no heterogeneity between the sample sets (B-D, P=0.55). No 

association (P=0.63, OR=1.05[0.85-1.30]) was found between the rs9923233 variant and 

gout. 

3.2.7.3- Testing FTO gene variant rs9923233 association with BMI and T2D in NZ 

case-control sample sets 

The FTO variant rs9923233 was also tested for association with T2D and BMI. Those gout 

cases and controls for which information was available on T2D and BMI were included in the 

analysis.
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Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coefficien (95%CI) 

NZ Cau 
549 Unadjusted 0.315 

0.003 
1.20(0.83-1.74) 546 Unadjusted 0.122 

0.003 
0.51(-0.13, 1.17) 

547 Multiple 0.387 1.18(0.80-1.73) 544 Multiple 0.179 0.42(-0.19, 1.04) 

 

EP/N 
388 Unadjusted 0.837 

0.003 
0.95(0.64-1.42) 389 Unadjusted 0.505 

0.003 
0.43(-0.84, 1.70) 

387 Multiple 0.735 0.93(0.61-1.40) 388 Multiple 0.608 0.32(-0.92, 1.58) 

 

EP/Z 
135 Unadjusted 0.053 

0.003 
1.97(0.99-3.93) 134 Unadjusted 0.630 

0.003 
-0.37(-1.89, 1.15) 

134 Multiple 0.065 2.17(0.95-4.96) 133 Multiple 0.631 -0.37(-1.93, 1.17) 

 

WP 
348 Unadjusted 0.454 

0.003 
1.22(0.72-2.06) 346 Unadjusted 0.132 

0.003 
1.19(-0.35, 2.74) 

348 Multiple 0.428 1.24(0.72-2.12) 346 Multiple 0.204 0.98(-0.53, 2.51) 

Table 3.13.B: FTO variant rs9923233 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs9923233, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs9923233 variant did not show any association with T2D in the following: NZ European 

Caucasian (P=0.38, OR=1.18[0.80-1.73]), EP/N (P=0.73, OR=0.93[0.61-1.40]), and WP 

(P=0.42, OR=1.24[0.72-2.12]), either before or after adjustments for multiple covariates (gout 

affection, sex and age). In the EP/Z dataset in the unadjusted model, the rs9923233 variant 

was associated with an increased risk of T2D (P=0.05, OR=1.97[0.99-3.73]). When adjusted 

for multiple covariates, although non-significant, it was still trending towards an increased 

risk of T2D (P=0.06, OR=2.17[0.95-4.96]). 

In the case of BMI, the rs9923233 variant did not show any significant association in any of 

the datasets: NZ European Caucasian (P=0.17, Beta=0.42[-0.19, 1.04]), EP/N (P=0.60, 

Beta=0.32[-0.92, 1.58]), EP/Z (P=0.63, Beta= -0.37(-1.93, 1.17)]) and WP (P= 0.20, Beta= 

0.98[-0.53, 2.51]), both before and after adjustments for multiple covariates. 

3.2.8- Testing the FTO gene variant rs9922047 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

The rs9922047 variant is located in intron 1 and was found to be associated with high BMI 

(Tiwari et al., 2007). The “C” allele of rs9922047 variant was associated with increased BMI 

in the Sorbian population residing in Germany (Tonjes et al., 2010). The results of the 

association analysis of the FTO variant rs9922047 with gout are shown in table 3.14.A. 
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rs9922047 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

GG GC CC C GG GC CC C 

NZ Cau 

Controls 189(0.297) 304(0.477) 143(0.224) 0.463 0.41 Unadjusted 0.409 1.07(0.90-1.28) 46(0.297) 61(0.477) 26(0.224) 0.424 0.45 Unadjusted 0.110 1.25(0.94-1.65) 

0.003 Cases 111(0.264) 213(0.507) 96(0.228) 0.482 0.78 With BMI 0.101* 1.37(0.93-2.01)* 111(0.264) 213(0.507) 95(0.228) 0.480 0.50 With BMI 0.101 1.37(0.93-2.01) 

      Multiple 0.087* 1.39(0.95-2.04)*      Multiple 0.087 1.39(0.95-2.04) 

FHS 

Controls 1248(0.272) 2246(0.491) 1078(0.235) 0.481 0.49 Unadjusted 0.021 0.65(0.45-0.94) 1248(0.272) 2246(0.491) 1078(0.235) 0.481 0.49 Unadjusted 0.021 0.65(0.45-0.94) 

0.003 Cases 23(0.377) 30(0.491) 8(0.131) 0.377 0.50 With BMI 0.033* 0.67(0.46-0.96)* 23(0.377) 30(0.491) 8(0.131) 0.377 0.50 With BMI 0.033 0.67(0.46-0.96) 

      Multiple 0.024* 0.65(0.45-0.94)*      Multiple 0.024 0.65(0.45-0.94) 

ARIC 

Controls 1811(0.262) 3423(0.496) 1658(0.240) 0.512 0.49 Unadjusted 0.882 1.01(0.80-1.28) 1811(0.262) 3423(0.496) 1658(0.240) 0.512 0.49 Unadjusted 0.882 1.01(0.80-1.28) 

0.003 Cases 38(0.256) 74(0.500) 36(0.243) 0.507 0.50 With BMI 0.810* 1.02(0.81-1.29)* 38(0.256) 74(0.500) 36(0.243) 0.507 0.50 With BMI 0.810 1.02(0.81-1.29) 

      Multiple 0.547* 1.07(0.84-1.37)*      Multiple 0.547 1.07(0.84-1.37) 

EP/N 

Controls 77(0.416) 84(0.454) 24(0.129) 0.356 0.98 Unadjusted 0.387 1.13(0.85-1.49) 60(0.416) 52(0.454) 16(0.129) 0.328 0.40 Unadjusted 0.139 1.28(0.92-1.79) 

0.003 Cases 99(0.391) 113(0.446) 41(0.162) 0.385 0.30 With BMI 0.228* 1.28(0.85-1.91)* 75(0.391) 81(0.446) 32(0.162) 0.385 0.43 With BMI 0.216 1.29(0.86-1.93) 

      Multiple 0.283* 1.25(0.82-1.89)*      Multiple 0.253 1.27(0.84-1.92) 

EP/Z 

Controls 67(0.421) 67(0.421) 25(0.157) 0.367 0.31 Unadjusted 0.349 1.23(0.79-1.92) 33(0.421) 25(0.421) 10(0.157) 0.330 0.36 Unadjusted 0.079 1.62(0.94-2.80) 

0.003 Cases 18(0.327) 28(0.509) 9(0.163) 0.418 0.95 With BMI 0.471* 1.28(0.64-2.55)* 14(0.327) 23(0.509) 9(0.163) 0.445 0.48 With BMI 0.471 1.28(0.64-2.55) 

      Multiple 0.484* 1.28(0.63-2.56)*      Multiple 0.484 1.28(0.63-2.56) 

Mixed 

EP/WP 

Controls 10(0.400) 11(0.440) 4(0.160) 0.380 0.74 Unadjusted 0.696 1.18(0.80-2.80) 7(0.400) 6(0.440) 2(0.160) 0.333 0.40 Unadjusted 0.459 1.45(0.53-3.93) 

0.003 Cases 8(0.421) 6(0.315) 5(0.263) 0.421 0.12 With BMI 0.886* 0.90(0.22-3.61)* 8(0.421) 6(0.315) 5(0.263) 0.421 0.31 With BMI 0.886 0.90(0.22-3.61) 

      Multiple 0.989* 1.00(0.25-4.06)*      Multiple 0.989 1.00(0.25-4.06) 

WP 

Controls 80(0.567) 43(0.304) 18(0.127) 0.280 0.07 Unadjusted 0.0008 1.70(1.24-2.34) 68(0.567) 29(0.304) 11(0.127) 0.236 0.26 Unadjusted 2.45E-5 2.16(1.50-3.10) 

0.003 Cases 90(0.362) 118(0.475) 40(0.161) 0.399 0.92 With BMI 0.0002* 2.23(1.44-3.43)* 89(0.362) 117(0.475) 40(0.161) 0.400 0.47 With BMI 0.0002 2.23(1.44-3.43) 

      Multiple 0.0002* 2.23(1.45-3.43)*      Multiple 0.0002 2.23(1.45-3.43) 

Table 3.14.A: Results of the association analysis of FTO variant rs9922047 

Allelic and genotype frequencies for the variant rs9922047 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D.*= Those samples we have information on BMI, T2D 

 Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls were found to be in HWE (see table 3.14.A). No significant 

association was found in the NZ European Caucasian (P=0.08, OR=1.39[0.95-2.04]), East 

Polynesian with high ancestry group (P=0.28, OR=1.25[0.82-1.89]), East Polynesian with 

low Polynesian ancestry (EP/Z) sample set (P=0.48, OR=1.28[0.63-2.56]), Mixed East and 

West Polynesian sample set (P=0.98, OR=1.00[0.25-4.00]) and in the ARIC (P=0.54, 

OR=1.07[0.84-1.37]) sample sets. In the West Polynesian sample set, the minor allele C of 

rs9922047 variant was associated with the increased risk of gout (P=0.0002, OR=2.23[1.45-

3.43]) and in FHS it was found to be associated with a reduced risk of gout (P=0.02, OR= 

0.65[0.45-0.94]). 

3.2.8.1- Meta-analysis of the FTO gene variant rs9922047 combining NZ European 

Caucasian, FHS and ARIC sample sets 

 

Figure 3.19.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the FTO gene 

variant rs9922047 

Meta-analysis of the NZ European Caucasian, FHS and ARIC datasets was done using the 

random effects model, as little evidence of heterogeneity was found between the sample sets 

(B-D, P=0.05). There was no association (P=0.60, OR=0.94[0.73-1.20]) found between 

rs9923233 and gout. 
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3.2.8.2- Meta-analysis of the FTO gene variant rs9922047 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

Figure 3.19.B: Meta-analysis of the Polynesian case-control sample sets for the FTO gene variant 

rs9922047 

Meta-analysis of the Polynesian group, including East Polynesian with high Polynesian 

ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) group, Mixed 

East and West Polynesian (EP/WP) and Western Polynesian (WP), was done using the fixed 

effects model. No evidence of heterogeneity was found between the sample sets (B-D, 

P=0.27). The pooled P-value showed a strong association (P=0.003, OR=1.33[1.10-1.59]) of 

the minor allele C of rs9922047 with an increased risk for gout.  
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3.2.8.3- Testing FTO gene variant rs9922047 association with BMI and T2D in NZ Caucasian, EP/N, EP/Z and WP case-control 

sample sets  

FTO variant rs9922047 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available on T2D 

and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
549 Unadjusted 0.353 

0.003 
1.19(0.82-1.72) 546 Unadjusted 0.208 

0.003 
0.41(-0.23, 1.05) 

547 Multiple 0.262 1.24(0.84-1.82) 544 Multiple 0.108 0.49(-0.10, 1.09) 

 

EP/N 
388 Unadjusted 0.392 

0.003 
1.16(0.81-1.66) 389 Unadjusted 0.806 

0.003 
0.14(-0.99, 1.28) 

387 Multiple 0.505 1.13(0.78-1.64) 388 Multiple 0.917 0.05(-1.06, 1.18) 

 

EP/Z 
135 Unadjusted 0.894 

0.003 
0.95(0.50-1.82) 134 Unadjusted 0.403 

0.003 
0.60(-0.81, 2.01) 

134 Multiple 0.440 0.73(0.34-1.59) 133 Multiple 0.556 0.43(-1.01, 1.88) 

 

WP 
349 Unadjusted 0.658 

0.003 
1.09(0.72-1.67) 347 Unadjusted 0.302 

0.003 
-0.64(-1.88, 0.58) 

349 Multiple 0.634 1.11(0.71-1.75) 347 Multiple 0.073 -1.13(-2.36, 0.10) 

Table 3.14.B: FTO variant rs9922047 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs9922047, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs9922047 variant did not show an association with T2D in the following datasets: NZ 

European Caucasian (P=0.26, OR=1.24[0.84-1.82]), EP/N (P=0.50, OR=1.13[0.78-1.64]), 

EP/Z (P=0.44, OR=0.73[0.34-1.59]) and WP (P=0.63, OR=1.11[0.71-1.75]), both before and 

after adjustments for multiple covariates. 

In the case of BMI, the rs9922047 variant did not show any significant association in the 

following datasets: NZ European Caucasian (P=0.10, Beta=0.49[-0.10, 1.09]), EP/N (P=0.91, 

Beta=0.05[-1.06, 1.18]), EP/Z (P=0.55, Beta= 0.43(-1.01, 1.88)]), both before and after 

adjustments for multiple covariates. In the WP sample set, it was not associated with BMI in 

the unadjusted (P=0.30, Beta= -0.64[-1.88, 0.58]) model, but when adjusted for multiple 

covariates, it was found to be trending towards significance (P=0.07, Beta= -1.13[-2.36, 

0.10]). 

3.2.9- Testing the FTO gene variant rs1861869 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

The A allele of rs1861868 variant was found to be associated with high BMI in Caucasian 

(Rampersaud et al., 2008). Due to technical problems, there was difficulty designing the 

primers for rs1861868; therefore, rs1861869 was chosen for analysis, which is in high LD to 

rs1861868 in CEU and CHB population. The results for the FTO variant rs1861869 with 

regard to gout are shown in table 3.15.A. 

 

Fig 3.20: LD plot of the FTO SNPs in Caucasians and Chinese. Each box shows the magnitude of LD 

between the markers. The numbers inside the boxes denote the r
2
 values. 
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rs1861869 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

GG GC CC C GG GC CC C 

NZ Cau 

Controls 167(0.262) 328(0.515) 141(0.221) 0.479 0.40 Unadjusted 0.304 1.09(0.92-1.30) 31(0.262) 71(0.515) 31(0.221) 0.500 0.53 Unadjusted 0.972 0.99(0.75-1.31) 

0.003 Cases 113(0.269) 192(0.457) 115(0.273) 0.502 0.08 With BMI 0.430* 1.15(0.80-1.67)* 114(0.269) 192(0.457) 113(0.273) 0.498 0.45 With BMI 0.430 0.86(0.59-1.24) 

      Multiple 0.400* 1.17(0.80-1.69)*      Multiple 0.400 0.85(0.58-1.23) 

FHS 

Controls 1208(0.263) 2333(0.508) 1051(0.228) 0.482 0.50 Unadjusted 0.002 0.64(0.45-0.93) 1208(0.263) 2333(0.508) 1051(0.228) 0.482 0.50 Unadjusted 0.002 0.64(0.45-0.93) 

0.003 Cases 29(0.475) 22(0.360) 10(0.163) 0.344 0.37 With BMI 0.003* 0.56(0.38-0.83)* 29(0.475) 22(0.360) 10(0.163) 0.344 0.37 With BMI 0.003 0.56(0.38-0.83) 

      Multiple 0.005* 0.57(0.39-0.84)*      Multiple 0.005 0.57(0.39-0.84) 

ARIC 

Controls 1558(0.226) 3496(0.507) 1838(0.266) 0.521 0.50 Unadjusted 0.490 1.01(0.80-1.27) 1558(0.226) 3496(0.507) 1838(0.266) 0.521 0.50 Unadjusted 0.490 1.01(0.80-1.27) 

0.003 Cases 36(0.243) 64(0.432) 48(0.324) 0.541 0.43 With BMI 0.564* 1.07(0.84-1.36)* 36(0.243) 64(0.432) 48(0.324) 0.541 0.43 With BMI 0.564 1.07(0.84-1.36) 

      Multiple 0.832* 1.03(0.80-1.31)*      Multiple 0.832 1.03(0.80-1.31) 

EP/N 

Controls 12(0.064) 46(0.248) 127(0.686) 0.811 0.04 Unadjusted 0.724 1.07(0.75-1.51) 8(0.064) 30(0.248) 90(0.686) 0.829 0.06 Unadjusted 0.158 1.36(0.88-2.12) 

0.003 Cases 13(0.051) 65(0.256) 175(0.691) 0.821 0.07 With BMI 0.119* 1.53(0.90-2.63)* 7(0.051) 38(0.256) 143(0.691) 0.862 0.31 With BMI 0.112 1.56(0.90-2.70) 

      Multiple 0.164* 1.49(0.85-2.56)*      Multiple 0.153 1.51(0.86-2.63) 

EP/Z 

Controls 31(0.194) 74(0.465) 54(0.339) 0.573 0.49 Unadjusted 0.188 0.75(0.48-1.16) 11(0.194) 31(0.465) 26(0.339) 0.611 0.45 Unadjusted 0.048 0.58(0.34-1.00) 

0.003 Cases 14(0.254) 27(0.490) 14(0.254) 0.5 0.60 With BMI 0.306* 0.68(0.33-1.40)* 12(0.254) 24(0.490) 10(0.254) 0.479 0.50 With BMI 0.306 0.68(0.33-1.40) 

      Multiple 0.301* 0.68(0.33-1.40)*      Multiple 0.301 0.68(0.33-1.40) 

Mixed EP/WP 

Controls 2(0.080) 6(0.240) 17(0.680) 0.8 0.21 Unadjusted 0.612 1.33(0.43-4.16) 2(0.080) 1(0.240) 12(0.680) 0.843 0.23 Unadjusted 0.922 1.07(0.29-4.00) 

0.003 Cases 0(0.000) 6(0.315) 13(0.684) 0.84 0.41 With BMI 0.394* 2.04(0.40-11.11)* 0(0.000) 6(0.315) 13(0.684) 0.84 0.20 With BMI 0.394 2.04(0.40-11.11) 

      Multiple 0.398* 2.04(0.39-11.11)*      Multiple 0.398 2.04(0.39-11.11) 

WP 

Controls 22(0.156) 49(0.347) 70(0.496) 0.68 0.07 Unadjusted 0.428 1.13(0.83-1.56) 16(0.156) 37(0.347) 55(0.496) 0.681 0.53 Unadjusted 0.582 1.11(0.78-1.56) 

0.003 Cases 24(0.096) 102(0.411) 122(0.491) 0.698 0.67 With BMI 0.887* 0.98(0.65-1.44)* 23(0.096) 101(0.411) 122(0.491) 0.702 0.45 With BMI 0.887 0.98(0.65-1.44) 

      Multiple 0.889* 0.98(0.65-1.44)*      Multiple 0.889 0.98(0.65-1.44) 

Table 3.15.A: Results of the association analysis of FTO variant rs1861869 

Allelic and genotype frequencies for the variant rs1861869 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D *= Those samples we have information on BMI, T2D 

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls, except for EP/N controls, were found to be in HWE (see table 

3.15.A). The rs1861869 variant was not found to be associated in the following: NZ European 

Caucasian (P=0.40, OR= 1.17[0.80-1.69]), East Polynesian with high ancestry group (EP/N) 

(P=0.16, OR=1.49[0.85-2.56]), East Polynesian with low Polynesian ancestry (EP/Z) sample 

set (P=0.30, OR=0.68[0.33-1.40], Mixed East and West Polynesian sample set (P=0.39, 

OR=2.04[0.39-11.11], West Polynesian (P=0.88, OR=0.98[0.65-1.44]) and ARIC sample sets 

(P=0.83, OR=1.03[0.80-1.31]). However, in the FHS group, the minor allele C of rs1861869 

was found to be associated with a reduced risk of gout (P=0.005, OR=0.57[0.39-0.84]).  

3.2.9.1- Meta-analysis of the FTO gene variant rs1861869 combining the NZ 

European Caucasians, FHS and ARIC sample sets 

 

Figure 3.21.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the FTO gene 

variant rs1861869 

Fixed-effects meta-analysis was performed by combining NZ European Caucasian, FHS and 

ARIC datasets. No association (P=0.57, OR= 0.94[0.73-1.20]) was found between rs1861869 

and gout. There was no significant evidence of heterogeneity found between the sample sets 

(B-D, P= 0.06).  
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3.2.9.2- Meta-analysis of the FTO gene variant rs1861869 combining EP/N, EP/Z, 

Mixed EP/WP and WP sample sets 

 

Figure 3.21.B: Meta-analysis of the Polynesians case-control sample sets for the FTO gene variant 

rs1861869 

Fixed-effects meta-analysis was done by combining the East Polynesian with high Polynesian 

ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) group, Mixed 

East and West Polynesian (EP/WP) and West Polynesian (WP) datasets. There was no 

evidence of association (P=0.84, OR=1.02[0.83-1.25]) found between the rs1861869 variant 

and gout. There was also no heterogeneity found between the sample sets (B-D, P= 0.44). 
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3.2.9.3- Testing FTO gene variant rs1861869 association with BMI and T2D in NZ Caucasian, EP/N, EP/Z and WP case-control 

sample sets  

FTO variant rs1861869 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available on T2D 

and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
550 Unadjusted 0.629 

0.003 
1.09(0.76-1.56) 547 Unadjusted 0.979 

0.003 
-0.008(-0.63, 0.62) 

548 Multiple 0.377 1.18(0.81-1.70) 545 Multiple 0.807 0.07(-0.51, 0.66) 

 

EP/N 
388 Unadjusted 0.670 

0.003 
1.10(0.69-1.75) 389 Unadjusted 0.286 

0.003 
0.79(-0.66, 2.26) 

387 Multiple 0.820 1.05(0.64-1.73) 388 Multiple 0.521 0.47(-0.98, 1.93) 

 

EP/Z 
135 Unadjusted 0.158 

0.003 
0.62(0.32-1.20) 135 Unadjusted 0.806 

0.003 
0.17(-1.26, 1.62) 

134 Multiple 0.400 0.69(0.29-1.62) 134 Multiple 0.628 0.36(-1.12, 1.86) 

 

WP 
348 Unadjusted 0.844 

0.003 
0.95(0.61-1.48) 345 Unadjusted 0.734 

0.003 
-0.21(-1.48, 1.04) 

348 Multiple 0.925 1.02(0.63-1.64) 345 Multiple 0.791 -0.16(-1.42, 1.08) 

Table 3.15.B: FTO variant rs1861869 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs1861869, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for continuous variables (BMI). For this 

SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs1861869 variant did not show association with T2D in the any of the sample sets: NZ 

European Caucasian (P=0.37, OR=1.18[0.81-1.70]), EP/N (P=0.82, OR=1.05[0.64-1.73]), 

EP/Z (P=0.40, OR=0.69[0.29-1.62]), and WP (P=0.92, OR=1.02[0.63-1.64]), either before or 

after adjustments for multiple covariates.  

In the case of BMI, the rs1861869 variant did not show any significant association in any of 

the datasets: NZ European Caucasian (P=0.80, Beta=0.07[-0.51, 0.66]), EP/N (P=0.52, 

Beta=0.47[-0.98, 1.93]), EP/Z (P=0.62, Beta= 0.36(-1.12, 1.86)]) and WP (P= 0.79, Beta= -

0.16[-1.42, 1.08]), before and after adjustments for multiple covariates.  

3.10- Testing the FTO gene variant rs17817288 for possible 

association with gout in the NZ, FHS and ARIC case-control sample 

sets 

The rs17817288 variant was shown to be associated with high BMI in the Europeans (Tonjes 

et al., 2010). The results for the FTO variant rs17817288 with gout are shown in table 3.16.A.
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rs17817288 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) Bonferroni 

Correction 

 P-value AA AG GG G HWE Adjustment P-value OR(95%CI) AA AG GG G HWE Adjustment P-value OR(95%CI) 

NZ Cau 

Controls 150(0.279) 316(0.589) 170(0.130) 0.515 0.89 Unadjusted 0.214 0.90(0.76-1.08) 38(0.279) 71(0.589) 24(0.130) 0.447 0.53 Unadjusted 0.083 1.27(0.96-1.68) 

0.003 Cases 118(0.280) 190(0.452) 112(0.266) 0.491 0.05 With BMI 0.407* 0.85(0.59-1.23)* 111(0.280) 190(0.452) 118(0.266) 0.508 0.45 With BMI 0.407 1.16(0.81-1.67) 

      Multiple 0.407* 0.85(0.59-1.23)*      Multiple 0.407 1.16(0.80-1.68) 

FHS 

Controls 1140(0.248) 2278(0.561) 1174(0.255) 0.51 0.49 Unadjusted 0.008 1.63(1.13-2.38) 1140(0.248) 2278(0.561) 1174(0.255) 0.51 0.49 Unadjusted 0.008 1.63(1.13-2.38) 

0.003 Cases 8(0.131) 30(0.491) 23(0.377) 0.62 0.50 With BMI 0.003* 1.78(0.20-2.63)* 8(0.131) 30(0.491) 23(0.377) 0.62 0.50 With BMI 0.003 1.78(0.20-2.63) 

      Multiple 0.005* 1.75(1.19-2.56)*      Multiple 0.005 1.75(1.19-2.56) 

ARIC 

Controls 1772(0.257) 3429(0.497) 1691(0.245) 0.494 0.49 Unadjusted 0.794 0.96(0.77-1.22) 1772(0.257) 3429(0.497) 1691(0.245) 0.494 0.49 Unadjusted 0.794 0.96(0.77-1.22) 

0.003 Cases 39(0.263) 74(0.500) 35(0.236) 0.486 0.50 With BMI 0.710* 0.95(0.75-1.20)* 39(0.263) 74(0.500) 35(0.236) 0.486 0.50 With BMI 0.710 0.95(0.75-1.20) 

      Multiple 0.428* 0.90(0.71-1.15)*      Multiple 0.428 0.90(0.71-1.15) 

EP/N 

Controls 49(0.264) 102(0.551) 34(0.183) 0.459 0.12 Unadjusted 0.007 0.68(0.52-0.90) 34(0.264) 69(0.556) 25(0.178) 0.464 0.40 Unadjusted 0.020 0.69(0.49-0.94) 

0.003 Cases 100(0.395) 119(0.470) 34(0.134) 0.369 0.81 With BMI 0.013* 0.58(0.38-0.89)* 39(0.263) 74(0.500) 35(0.236) 0.486 0.38 With BMI 0.014 0.58(0.38-0.90) 

      Multiple 0.018* 0.59(0.38-0.91)*      Multiple 0.020 0.59(0.38-0.92) 

EP/Z 

Controls 56(0.352) 76(0.477) 27(0.169) 0.408 0.71 Unadjusted 0.863 1.03(0.66-1.61) 26(0.352) 32(0.477) 10(0.169) 0.382 0.47 Unadjusted 0.763 1.08(0.63-1.86) 

0.003 Cases 17(0.309) 30(0.545) 8(0.145) 0.418 0.52 With BMI 0.570* 1.23(0.59-2.58)* 15(0.309) 25(0.545) 6(0.145) 0.402 0.53 With BMI 0.570 1.23(0.59-2.58) 

      Multiple 0.586* 1.22(0.58-2.58)*      Multiple 0.586 1.22(0.58-2.58) 

Mixed EP/WP 

Controls 6(0.240) 12(0.480) 7(0.280) 0.520 0.84 Unadjusted 0.157 0.53(0.22-1.27) 4(0.240) 7(0.480) 4(0.280) 0.500 0.46 Unadjusted 0.276 0.58(0.22-1.54) 

0.003 Cases 8(0.421) 8(0.421) 3(0.157) 0.368 0.67 With BMI 0.332* 0.42(0.07-2.41)* 8(0.421) 8(0.421) 3(0.157) 0.368 0.42 With BMI 0.332 0.42(0.07-2.41) 

      Multiple 0.404* 0.48(0.08-2.70)*      Multiple 0.404 0.48(0.08-2.70) 

WP 

Controls 34(0.241) 77(0.546) 30(0.212) 0.485 0.23 Unadjusted 0.002 0.63(0.47-0.85) 26(0.241) 59(0.546) 23(0.212) 0.486 0.54 Unadjusted 0.006 0.63(0.46-0.88) 

0.003 Cases 101(0.407) 107(0.431) 40(0.161) 0.376 0.18 With BMI 0.022* 0.63(0.42-0.93)* 101(0.407) 105(0.431) 40(0.161) 0.376 0.42 With BMI 0.022 0.63(0.42-0.93) 

      Multiple 0.025* 0.63(0.43-0.94)*      Multiple 0.025 0.63(0.43-0.94) 

Table 3.16.A: Results of the association analysis of FTO variant rs17817288 

Allelic and genotype frequencies for the variant rs17817288 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor Allele Frequency; 

FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence interval. HWE= Hardy 

Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D *= Those samples we have information on BMI, T2D.  

Note: For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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All of the cases and controls were found to be in HWE (see table 3.16.A). In NZ European 

Caucasian (P=0.40, OR=0.85[0.59-1.23]), East Polynesian with low Polynesian ancestry 

(EP/Z) sample set (P=0.58, OR=1.22[0.58-2.58]), Mixed East and West Polynesian (P=0.40, 

OR=0.48[0.08-2.70]) and ARIC sample sets (P=0.42, OR=0.90[0.71-1.15]), there was no 

association of rs17817288 variant with gout, but in East Polynesian with high ancestry group 

(P=0.01, OR=0.59[0.38-0.91]) and in the West Polynesian sample set (P=0.02, 

OR=0.63[0.43-0.94]), the minor allele G of rs17817288 variant was found to be associated 

with a reduced risk of gout. In the FHS (P=0.005, OR= 1.75[1.19-2.56]) sample set, the minor 

allele G of rs17817288 variant was associated with an increased risk of gout after adjustment 

with confounding factors.  

3.2.10.1- Meta-analysis of the FTO gene variant rs17817288 combining the NZ 

Caucasian, FHS and ARI sample sets 

 

Figure 3.22.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the FTO gene 

variant rs17817288 

Meta-analysis was performed using the random effects model by combining the NZ European 

Caucasian, FHS and ARIC datasets. Evidence of heterogeneity was found between the sample 

sets (B-D, P=0.02). No association (P=0.58, OR=1.08[0.82-1.43]) between the rs17817288 

variant and gout was found. 
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3.2.10.2- Meta-analysis of the FTO gene variant rs17817288 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.22.B: Meta-analysis of the Polynesians case-control sample sets for the FTO gene variant 

rs17817288 

Meta-analysis was performed using fixed effects by combining the East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and Western Polynesian (WP) datasets. No 

evidence of heterogeneity was found between the sample sets (B-D, P=0.28). The overall 

combined results showed a significant association (P=0.002, OR=0.72[0.58-0.89]) between 

the minor allele G of rs17817288 variant and a decreased risk of gout.  
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3.2.10.3- Testing FTO gene variant rs17817288 association with BMI and T2D in NZ Caucasian, EP/N, EP/Z and WP case-control 

sample sets  

FTO variant rs17817288 was also tested for association with T2D and BMI. Those gout cases and controls for which information was available on 

T2D and BMI were included in the analysis. 

Sample Sets 
T2D BMI 

Num of Obs Adjustment P-value Bonferroni Correction P-value OR (95%CI) Num of Obs Adjustments P-value Bonferroni Correction P-value Beta-Coeff (95%CI) 

NZ Cau 
549 Unadjusted 0.150 

0.003 
0.76(0.53-1.09) 546 Unadjusted 0.301 

0.003 
-0.33(-0.95, 0.29) 

547 Multiple 0.311 0.82(0.57-1.19) 544 Multiple 0.470 -0.21(-0.80, 0.37) 

 

EP/N 
389 Unadjusted 0.427 

0.003 
1.16(0.80-1.68) 390 Unadjusted 0.619 

0.003 
0.29(-0.88, 1.47) 

388 Multiple 0.193 1.29(0.87-1.91) 389 Multiple 0.332 0.57(-0.59, 1.75) 

 

EP/Z 
137 Unadjusted 0.295 

0.003 
0.68(0.33-1.38) 136 Unadjusted 0.854 

0.003 
0.13(-1.33, 1.60) 

136 Multiple 0.308 0.64(0.27-1.49) 135 Multiple 0.866 0.12(-1.35, 1.60) 

 

WP 
348 Unadjusted 0.667 

0.003 
0.91(0.59-1.39) 346 Unadjusted 0.018 

0.003 
-1.45(-2.66, -0.25) 

348 Multiple 0.937 0.98(0.62-1.54) 346 Multiple 0.067 -1.12(-2.33, 0.07) 

Table 3.16.B: FTO variant rs17817288 association with BMI and T2D in NZ case-control sample sets 

T2D; Type 2 Diabetes, BMI, Body Mass Index, Num of Obs=Number of observations used in this study; Multiple Adjustments; gout affection, sex and age was 

done for rs17817288, P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and the regression model was used for the continuous variables (BMI). For this 

SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The rs17817288 variant did not show association with T2D in the any of the sample sets: NZ 

European Caucasian (P=0.31, OR=0.82[0.57-1.19]), EP/N (P=0.19, OR=1.29[0.87-1.91]), 

EP/Z (P=0.30, OR=0.64[0.27-1.49]), and WP (P=0.93, OR=0.98[0.62-1.54]), both before and 

after adjustments for multiple covariates. 

In the case of BMI, rs17817288 did not show any significant association in any of the 

datasets: NZ European Caucasian (P=0.47, Beta= -0.21[-0.80, 0.37]), EP/N (P=0.33, 

Beta=0.57[-0.59, 1.75]), EP/Z (P=0.86, Beta= 0.12(-1.35, 1.60)]), both before and after 

adjustments for multiple covariates (gout affection, sex and age). The WP was significantly 

associated with low BMI in the unadjusted model (P=0.01, Beta=-1.45[-2.66, -0.25]), but 

when adjusted for multiple factors, the association was lost, although it was still trending 

towards significance (P=0.06, Beta= -1.12[-2.33, 0.07]). 

3.2.11- Haplotype Analysis 

Haplotype analysis of the FTO SNPs was performed. The variants that were included in this 

haplotype analysis were rs9922047, rs17817288 and rs9923233. The variant rs1861869 was 

not included in the haplotype analysis because it was not in LD with the other SNPs. Results 

of the haplotype analysis are summarised in table 3.17.A 

 

Figure 3.23: LD plot of the FTO three SNPs generated from our data using Plink in all four datasets. 

Each box shows the magnitude of LD between the markers. The numbers inside the boxes indicate the 

r
2
 values. Black indicates strong LD (r

2
=1.0); white indicates no LD (r

2
=0); and grey indicates 

intermediate LD.  
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NZ Cau 

GAC 0.030 0.026 0.584 0.85(0.37-1.91) 0.484 0.81(0.36-1.83) 0.947 0.97(0.43-2.20) 0.043 0.40(0.18-1.89) 0.034 0.38(0.17-0.82) 0.052 0.38(0.20-0.70) 0.038 0.35(0.18-0.64) 

CGG 0.031 0.049 0.042 1.56(0.78-3.09) 0.099 1.49(0.75-2.95) 0.089 1.59(0.80-3.15) 0.573 0.80(0.40-1.58) 0.651 0.83(0.41-1.64) 0.048 0.36(0.26-0.49) 0.062 0.37(0.20-0.68) 

GGC 0.363 0.353 0.755 0.97(0.73-1.28) 0.595 0.95(0.71-1.25) 0.607 0.94(0.71-1.24) 0.885 0.97(0.73-1.28) 0.774 0.94(0.71-1.24) 0.436 1.18(0.63-2.18) 0.605 1.12(0.60-2.07) 

CAG 0.426 0.429 0.773 1.03(0.78-1.34) 0.924 1.01(0.77-1.32) 0.762 0.96(0.73-1.26) 0.051 1.47(1.12-1.95) 0.047 1.50(1.14-1.96) 0.011 1.76(0.95-3.26) 0.005 1.91(1.03-3.53) 

GAG 0.058 0.035 0.021 0.59(0.30-1.14) 0.086 0.66(0.34-1.28) 0.125 0.65(0.33-1.26) 0.001 0.29(0.15-0.54) 0.0008 0.29(0.15-0.54) 0.001 0.27(0.14-0.50) 0.0004 0.22(0.11-0.40) 

GGG 0.089 0.105 0.201 1.22(0.90-1.64) 0.033 1.44(1.07-1.93) 0.008 1.71(1.27-2.30) 0.042 2.04(0.40-1.18) 0.026 2.24(1.67-3.00) 0.563 1.27(0.68-2.35) 0.351 1.50(0.81-2.77) 

FHS 

GGC 0.403 0.459 0.195 1.27(0.96-1.66) 0.224 1.25(0.95-1.63) 0.226 1.25(0.95-1.63) 0.210 1.26(0.96-1.65) 0.275 1.22(0.93-1.59)   0.230 1.25(0.95-1.63) 

CAG 0.483 0.377 0.025 0.65(0.49-0.85) 0.026 0.66(0.50-0.86) 0.027 0.66(0.50-0.86) 0.023 0.65(0.49-0.85) 0.035 0.67(0.51-0.87)   0.026 0.65(0.49-0.85) 

GAG 0.010 0.000 0.994 0.001(-) 0.994 0.001(-) 0.994 0.007(-) 0.994 0.001(-) 0.994 0.001(-)   0.994 0.0001(-) 

GGG 0.103 0.163 0.032 1.67(1.11-2.51) 0.022 1.74(1.15-2.61) 0.024 1.72(1.14-2.58) 0.026 1.71(1.13-2.57) 0.026 1.71(1.13-2.57)   0.027 1.70(1.13-2.55) 

ARIC 

GGC 0.403 0.412 0.722 1.04(0.79-1.36) 0.720 1.04(0.79-1.36) 0.716 1.04(0.79-1.36) 0.838 0.97(0.73-1.27) 0.907 1.01(0.77-1.32) 0.662 1.05(0.56-1.94) 0.678 0.94(0.71-1.23) 

CAG 0.488 0.493 0.826 1.03(0.78-1.34) 0.832 1.03(0.78-1.34) 0.836 1.02(0.78-1.33) 0.562 1.07(0.82-1.39) 0.737 1.04(0.79-1.35) 0.885 1.02(0.74-1.40) 0.486 1.09(0.83-1.42) 

GAG 0.016 0.020 0.645 1.22(0.44-3.37) 0.668 1.20(0.43-3.31) 0.669 1.20(0.43-3.31) 0.497 1.34(0.48-3.70) 0.623 1.23(0.44-3.40) 0.622 1.23(0.66-2.27) 0.472 1.36(0.49-3.76) 

GGG 0.091 0.074 0.328 0.80(0.49-1.29) 0.345 0.81(0.50-1.31) 0.345 0.81(0.50-1.31) 0.467 0.84(0.51-1.36) 0.436 0.84(0.51-1.36) 0.317 0.80(0.43-1.48) 0.554 0.87(0.53-1.41) 

EP/N 

GGC 0.207 0.238 0.262 1.19(0.86-1.64) 0.303 1.20(0.86-1.65) 0.129 1.35(0.97-1.86) 0.264 1.29(0.93-1.78) 0.282 1.29(0.93-1.78) 0.250 1.32(0.71-2.44) 0.542 1.17(0.63-2.16) 

CAG 0.319 0.333 0.554 1.09(0.82-1.44) 0.522 1.11(0.83-1.47) 0.802 1.05(0.79-1.39) 0.314 1.26(0.94-1.67) 0.374 1.23(0.92-1.63) 0.329 1.26(0.91-1.73) 0.403 1.24(0.66-2.29) 

GAG 0.135 0.036 0.0004 0.20(0.11-0.35) 0.0001 0.19(0.11-0.33) 0.0001 0.19(0.11-0.34) 0.0006 0.14(0.08-0.25) 0.0003 0.13(0.07-0.22) 0.0001 0.11(0.03-0.38) 0.0005 0.11(0.03-0.38) 

CGG 0.034 0.056 0.109 1.82(0.93-3.94) 0.154 1.78(0.91-3.47) 0.249 1.69(0.86-3.29) 0.252 1.84(0.94-3.58) 0.183 2.06(0.94-4.01) 0.072 2.79(2.07-3.74) 0.127 2.45(1.32-4.53) 

GGG 0.303 0.335 0.248 1.19(0.89-1.58) 0.351 1.17(0.87-1.55) 0.436 1.16(0.87-1.54) 0.424 1.19(0.89-1.58) 0.359 1.22(0.91-1.62) 0.827 1.05(0.77-1.42) 0.381 1.25(0.67-2.31) 

EP/Z 

GAC 0.015 0.008 0.546 0.45(0.32-0.62) 0.258 0.23(0.06-0.80) 0.837 1.35(0.39-4.64) 0.553 7.06(2.05-24.27) 0.480 10.4(3.02-35.75) 0.491 0.002(-) 0.490 0.001(-) 

GGC 0.335 0.306 0.615 0.89(0.67-1.18) 0.475 0.83(0.62-1.11) 0.556 0.84(0.63-1.12) 0.731 1.14(0.85-1.51) 0.749 1.12(0.84-1.49) 0.717 1.15(0.83-1.58) 0.595 1.24(0.90-1.70) 

CAG 0.316 0.371 0.246 1.31(0.75-2.27) 0.262 1.37(1.03-1.81) 0.325 1.36(1.02-1.80) 0.193 1.67(0.76-2.21) 0.135 1.80(1.35-2.38) 0.190 1.74(0.50-6.04) 0.196 1.77(0.50-6.15) 

GAG 0.076 0.040 0.165 0.44(0.23-0.87) 0.160 0.40(0.22-0.72) 0.452 0.59(0.33-1.05) 0.151 0.18(0.10-0.33) 0.234 0.008(0.005-0.01) 0.224 0.01(0.01-0.02) 0.226 0.01(0.01-0.01) 

CGG 0.043 0.048 0.825 1.12(0.84-1.49) 0.946 1.04(0.55-1.96) 0.611 0.71(0.37-1.34) 0.445 0.54(0.28-1.02) 0.403 0.50(0.26-0.95) 0.445 0.51(0.38-0.69) 0.335 0.42(0.31-0.56) 

GGG 0.211 0.223 0.740 1.10(0.81-1.48) 0.369 1.34(1.65-1.08) 0.749 1.12(0.90-1.38) 0.473 0.72(0.58-0.88) 0.473 0.72(0.58-0.89) 0.731 0.85(0.67-1.08) 0.723 0.84(0.66-1.07) 

WP 

GAC 0.022 0.003 0.006 0.001(0.007-0.12) 0.015 0.002(0.00-0.01) 0.011 0.002(0.001-0.01) 0.009 0.002(0.00-0.01) 0.011 0.001(0.00-0.009) 0.015 0.007(-) 0.010 0.006(-) 

GGC 0.136 0.178 0.131 1.38(0.95-2.15) 0.047 1.62(1.11-2.35) 0.016 1.92(1.32-2.78) 0.021 1.99(1.37-2.88) 0.062 1.79(1.23-2.59) 0.037 1.90(1.38-2.61) 0.062 1.72(1.25-2.36) 

CAG 0.246 0.334 0.014 1.49(1.07-2.06) 0.015 1.56(1.15-2.10) 0.016 1.60(1.18-2.15) 0.004 1.84(1.36-2.48) 0.003 1.92(1.42-2.58) 0.0002 2.43(0.69-8.44) 0.003 2.52(0.72-8.76) 

GAG 0.211 0.040 0.0002 0.12(0.06-0.18) 0.0005 0.10(0.06-0.17) 0.0001 0.10(0.06-0.16) 0.0004 0.09(0.05-0.14) 0.0004 0.09(0.05-0.15) 0.0001 0.04(0.03-0.06) 0.0005 0.05(0.03-0.07) 

CGG 0.0249 0.061 0.033 2.70(1.16-6.06) 0.041 3.02(1.43-6.35) 0.038 3.70(1.75-7.78) 0.064 3.45(1.64-7.25) 0.081 3.50(1.66-7.36) 0.072 3.76(2.78-5.08) 0.086 3.22(2.38-4.35) 

GGG 0.357 0.382 0.488 1.11(0.83-1.52) 0.731 1.06(0.88-1.26) 0.992 1.00(0.83-1.19) 0.958 0.99(0.82-1.18) 0.948 1.01(0.84-1.20) 0.724 0.92(0.66-1.07) 0.968 0.96(0.76-1.22) 

Table 3.17.A: Haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 and rs9923233 

The consistent haplotype is shown in pink and the associated haplotypes are shown in green. 
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Caucasians 

Combined 

GGC 0.402 0.390 0.446 0.88(0.77-1.01) 0.909 0.99(0.87-1.12) 0.766 0.97(0.85-1.09) 0.816 0.98(0.86-1.10) 0.740 0.97(0.85-1.09) 0.927 1.01(0.89-1.14) 0.385 1.09(0.96-1.23) 0.576 1.06(0.93-1.19) 

GGG 0.019 0.103 0.191 1.08(0.86-1.35) 0.630 1.06(0.84-1.32) 0.497 1.09(0.87-1.36) 0.261 1.16(0.92-1.45) 0.247 1.17(0.93-1.46) 0.492 1.12(0.89-1.40) 0.727 0.93(0.74-1.16) 0.946 0.98(0.78-1.22) 

CAG 0.485 0.473 0.430 0.87(0.77-1.10) 0.709 1.03(0.91-1.16) 0.602 1.04(0.92-1.17) 0.896 1.01(0.89-1.14) 0.808 1.02(0.90-1.15) 0.142 1.16(0.92-1.30) 0.145 1.16(0.92-1.31) 0.099 1.18(0.80-1.33) 

GAG 0.020 0.032 0.006 1.54(1.08-2.18) 0.044 0.67(0.47-0.95) 0.079 0.69(0.48-1.07) 0.139 0.71(0.50-1.01) 0.111 0.68(0.47-1.03) 0.003 0.43(0.30-0.61) 0.006 0.43(0.30-0.61) 0.003 0.39(0.27-0.55) 

Polynesians 

Combined 

GAC 0.016 0.004 0.005 0.11(0.04-0.30) 0.004 0.11(0.04-0.30) 0.008 0.13(0.04-0.35) 0.007 0.12(0.04-0.33) 0.005 0.10(0.03-0.27) 0.002 0.08(0.80-1.29) 0.003 0.05(0.30-0.90) 0.002 0.05(0.14-1.05) 

GGC 0.222 0.218 0.783 0.97(0.79-1.17) 0.975 0.99(0.81-1.20) 0.834 1.02(0.84-1.23) 0.396 1.11(0.91-1.34) 0.551 1.08(0.88-1.31) 0.226 1.2(0.98-1.45) 0.078 1.30(0.69-1.07) 0.237 1.21(0.99-1.47) 

CAG 0.316 0.338 0.255 1.11(0.93-1.31) 0.140 1.14(0.96-1.35) 0.151 1.16(0.97-1.37) 0.296 1.12(0.94-1.33) 0.136 1.20(0.92-1.42) 0.021 1.35(1.13-1.60) 0.010 1.41(1.18-1.67) 0.005 1.49(1.25-1.76) 

GAG 0.120 0.036 0.0001 0.24(0.16-0.34) 0.0002 0.23(0.16-0.32) 0.0001 0.21(0.14-0.29) 0.0003 0.21(0.14-0.29) 0.0001 0.17(0.11-0.24) 0.0004 0.13(0.09-0.18) 0.0003 0.10(0.07-0.14) 0.0002 0.09(0.06-0.12) 

CGG 0.033 0.057 0.006 1.76(1.17-2.62) 0.009 1.73(1.15-2.58) 0.024 1.70(1.13-2.53) 0.090 1.53(0.80-1.33) 0.019 1.99(1.33-2.97) 0.084 1.71(0.92-1.25) 0.024 2.12(1.41-3.16) 0.092 1.78(0.80-1.35) 

GGG 0.290 0.345 0.004 1.30(1.09-1.54) 0.007 1.27(1.06-1.51) 0.035 1.24(1.04-1.47) 0.061 1.23(0.13-1.46) 0.066 1.25(0.14-1.48) 0.261 1.15(0.96-1.36) 0.805 1.03(0.86-1.22) 0.468 1.11(0.93-1.32) 

Table 3.17.B: Combined haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 and rs9923233 in Caucasian and Polynesian sample sets. 
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Cohorts Haplotypes 
BMI T2D 

P-value Beta  P-value OR(95%CI) 

NZ Cau 

CAG 0.222 -0.412 0.276 0.80(0.61-1.06) 

CGG 0.724 -0.252 0.861 1.07(0.59-1.93) 

GAC 0.374 -0.757 0.353 0.55(0.25-1.21) 

GGC 0.056 0.636 0.103 1.35(0.61-1.78) 

GAG 0.440 0.565 0.759 0.87(0.48-1.58) 

GGG 0.323 -0.559 0.934 0.97(0.72-1.30) 

FHS 

CAG 0.0009 -0.427 0.836 1.02(0.78-1.33) 

GGC 0.0001 0.522 0.98 0.99(0.76-1.30) 

GAG 0.076 -0.821 0.845 0.91(0.25-3.24) 

GGG 0.730 -0.054 0.935 0.98(0.63-1.53) 

ARIC 

CAG 0.001 -0.263 0.272 0.94(0.72-1.23) 

GGC 0.0001 0.467 0.040 1.12(0.85-1.46) 

GGG 0.0003 -0.505 0.459 0.93(0.58-1.48) 

GAG 0.534 -0.198 0.031 0.55(0.17-1.77) 

EP/N 

CAG 0.602 -0.365 0.235 1.28(0.97-1.68) 

CGG 0.771 -0.455 0.666 1.21(0.66-2.18) 

GGC 0.555 0.424 0.656 0.90(0.41-1.99) 

GAG 0.672 0.487 0.438 0.75(0.34-1.64) 

GGG 0.553 -0.400 0.551 0.88(0.48-1.61) 

EP/Z 

CAG 0.676 0.380 0.415 0.71(0.53-0.95) 

CGG 0.184 2.810 0.878 1.15(0.61-2.13) 

GAC 0.219 -7.710 0.994 - 

GGC 0.645 -0.408 0.052 2.06(1.55-2.72) 

GAG 0.931 -0.169 0.293 0.29(0.15-0.53) 

GGG 0.717 -0.389 0.302 0.59(0.47-0.74) 

WP 

CAG 0.564 -0.371 0.957 1.01(0.54-1.87) 

CGG 0.295 -1.540 0.611 1.25(0.90-1.72) 

GAC 0.590 -1.910 0.414 2.29(0.65-7.96) 

GGC 0.039 1.740 0.306 1.33(0.99-1.78) 

GAG 0.006 -2.71 0.356 0.68(0.36-1.26) 

GGG 0.139 0.959 0.555 0.87(0.68-1.10) 

Table 3.17.C: Haplotype analysis of FTO SNPs rs9923233, rs17817288 and rs9922047 with BMI and 

T2D 

Haplotype analysis generated six haplotypes. In the NZ European Caucasian, the GAC and 

GAG haplotypes were found to be associated with a reduced risk of gout: P=0.03, 

OR=0.35[0.18-0.64] and P=0.0004, OR=0.22[0.11-0.40], respectively. The CAG haplotype 

was found to increase the risk of gout (P=0.005, OR=1.91[1.03-3.53]). When tested for 

association with BMI, the GGC showed an association with high BMI (P=0.05, Beta=0.63). 

None of the haplotypes showed an association with type 2 diabetes. 

In the FHS sample set, the CAG haplotype was found to be associated with a reduced risk of 

gout (P=0.02, OR= 0.65[0.49-0.85]). Another haplotype which was found to be associated 

with an increased risk of gout is GGG (P=0.02, OR=1.70[1.13-2.55]). When tested for 

association with BMI, the CAG haplotype was found be protecting against BMI (P=0.0009, 

Beta= -0.42) and the GGC haplotype was found be associated with an increased risk of BMI 

(P=0.0001, Beta= 0.52). None of the haplotypes showed an association with type 2 diabetes.  
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In the ARIC sample set, none of the haplotypes were associated with gout or type 2 diabetes. 

However, when looking for an association with BMI, the CAG and GGG haplotypes were 

found to be associated with low BMI: P=0.001 (Beta= -0.26) and P=0.0003 (Beta= -0.50), 

respectively. The GGC haplotype was found to be associated with high BMI (P=0.0001, 

Beta= 0.46).  

In EP/N, the GAG haplotype was found to be associated with a reduced risk of gout 

(P=0.0005, OR=0.11[0.03-0.38]). When tested for BMI and inhibited insulin secretion in the 

EP/N group, none of the haplotype combinations showed an association with gout.  

In EP/Z, none of the haplotype combinations showed an association with gout and BMI. 

When tested for inhibited insulin secretion in the EP/Z group, only the GGC haplotype 

combination showed an association with inhibited insulin secretion (P=0.05, OR=2.06[1.55-

2.72]).  

In the WP group, the GAC haplotype was found to be associated with a reduced risk of gout 

(P=0.01, OR=0.006). The haplotype GGC is trending towards significance with an increased 

risk of gout (P=0.06, OR= 1.72[1.25-2.36]), and the haplotype CAG was associated with an 

increased risk of gout (P=0.003, OR=2.52[0.72-8.76]). The haplotype GAG is trending 

towards a reduced risk of gout (P=0.0005, OR=0.05[0.03-0.07]), and the CGG haplotype is 

trending towards an increased risk of gout (P=0.08, OR=3.22[2.38-4.35]). When tested for an 

association with type 2 diabetes, none of the haplotypes showed an association. When tested 

for an association with BMI, the haplotype GAG showed an association with low BMI 

(P=0.006, Beta= -2.71) and the haplotype GGC showed association with high BMI (P=0.03, 

Beta=1.74). 

The combined haplotype analysis of the Caucasian and Polynesian adjusted by ethnicity 

revealed that the GAG combination is consistently protective against gout in Caucasian 

(P=0.003, OR=0.39[0.27-0.55]) and Polynesian (P=0.0002, OR=0.09[0.06-0.12]). In 

Polynesian, the GAC haplotype combination was found to be associated with a reduced risk 

of gout (P=0.002, OR=0.05[0.14-1.05]). Another haplotype combination, CAG, showed a 

significant association with an increased risk of gout (P=0.005, OR=1.49[1.25-1.76]). The 

results are interesting and a novel finding, as they show that the association of FTO variants 

with gout is independent of type 2 diabetes and obesity, suggesting the involvement of 

another possible biological mechanism.  
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Discussion: Section 2  

ADRB3 

3.2.12- ADRB3:rs4994 

The rs4994 variant is important for receptor movement and activity. The substitution at 

position 64 may lead to a lower activity of ADRB3 and induce a decrease in intracellular 

signal transduction (Pietri-Rouxel et al., 1997). The rs4994 polymorphism is associated with 

T2D, obesity, insulin resistance, hypertension (McFarlane-Anderson et al., 1998; Ringel et al., 

2000; Gjesing et al., 2008), hyperuricaemia (Morcillo et al., 2010) and gout (Wang, B. et al., 

2011), suggesting that it might play a role in the development of metabolic disorders by 

impaired lipolysis and insulin sensitivity. 

Ethnic differences in the distribution of the rs4994 variant have been reported. The G allele of 

rs4994 has a low prevalence in European study samples (Walston et al., 1995). In this study, 

the minor allele G frequency was at a low prevalence in Caucasian as well as in the 

Polynesian datasets: 8%, 11%, 9% and 3% in the NZ European Caucasian, EP/N, EP/Z and 

WP cases, respectively. In the Mixed EP/WP population, the association analysis of the 

combined dataset did not show any significant association (P=0.99) of the rs4994 variant with 

gout, but in the subset dataset, the association (P=0.04) was found (please refer to table 

3.7.A). The results of this study are different from those of Wang and colleagues (2011) in 

which they found the association (P=0.02; OR=1.95[1.22-3.13]) of the G allele of the variant 

rs4994 with an increased risk of gout in the male Chinese population (Wang et al., 2011). 

However, there were differences in the minor allele frequencies (MAF) in the populations. In 

Wang’s study, the MAF of G allele was at a frequency of 15% in cases, whereas in this study 

it was present in 8%, 11%, 9% and 3% of the NZ European Caucasian, EP/N, EP/Z and WP 

cases, respectively. The difference between the two studies may be a result of different ethnic 

backgrounds, as the risk allele is more frequent in Chinese individuals than in the NZ cohort 

(Rho et al., 2007). 

In this study, the rs4994 variant was found to be marginally associated (P=0.05, 

OR=1.75[1.00-3.09]) with an increased risk of type 2 diabetes in the EP/N sample set when 

controlled for gout affection, sex and age. These findings are consistent (P=0.006, 

OR=1.20[1.07-1.51]) with the Han Chinese study (Jing et al., 2012) and also with the 
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Mexican study, where the G allele of rs4994 variant was associated (P=0.002, OR=1.37) with 

an increased risk of metabolic syndrome, suggesting a possible role of rs4994 in components 

(insulin resistance, hypertension and dyslipidaemia) of metabolic syndrome (Cruz et al., 

2010).  

In conclusion, no evidence was found for the ADRB3 variant rs4994 being associated with 

gout in the NZ multiethnic population, possibly due to the low power of the study for this 

variant. There is a possibility that other common variants in the ADRB3 gene contribute to the 

increased risk for gout. However, other variants in this gene with a higher MAF would need 

to be tested in a larger cohort to confirm this. The ADRB3 variant rs4994 is monomorphic. 

Rare variants are those with a minor allele frequency of <1% in a population. The common 

disease-rare variant (CD/RV) hypothesis states that most common diseases are due to highly 

adverse and penetrant variants (Pritchard, 2001; Pritchard & Cox, 2002). It is unlikely that a 

few common alleles will contribute to the disease development because of the forces acting 

on human populations. In complex diseases, most of the variance is due to rare variants 

(Cirulli & Goldstein, 2010). These rare variants often have direct effects on protein function. 

They confer a stronger increase in disease risk as compared to common variants (Babron et 

al., 2012). The problem with rare variants, however, is that the association seen with them 

will not explain enough of the variance in a total population. This is because the variance is 

only driven by few individuals (Gibson, 2012). Secondly, in order to achieve a convincing 

statistical association with rare variants, a large sample size of more than 10,000 cases and 

controls is required if the risk alleles have minor allele frequencies of less than 0.1 and the 

effect size is less than the OR of 1.3 (Wang et al., 2005). Even GWAS studies do not have 

sufficient power to detect rare disease-causing variants. Therefore, many candidate gene 

association studies focus on common variants for which the minor allele frequency is 0.1 or 

higher. The likelihood of identifying a significant association with a common variant is high. 

The common disease-common variant (CD/CV) hypothesis states that complex diseases are 

caused by relatively few variants of moderate effect (Lander, 1996; Chakravarti, 1999). To 

cause complex phenotypes of the disease, many disease-causing variants with moderate effect 

will interact with each other and with various environmental factors (Lander, 1996; 

Chakravarti, 1999). With CD/CV, there are issues relating to the low statistical power to 

detect the small effects of common allele variants. Although the CD/CV has not discovered 

variants of large effect, with advancements of genome-wide genotyping technologies and 

massive population-based case-control studies, many disease-causing loci for complex 



 

217 

 

diseases with more modest effects with OR<1.5 have been identified (Altshuler et al., 2008). 

The international HapMap project is one such example.  

MC3R/MC4R and FTO 

MC3R and MC4R are part of the melanocortin system which is involved in energy 

homeostasis and food regulation. MC3R has a role in the leptin-signalling pathway. It is not 

only involved in weight regulation, energy homeostasis and inflammation, but also in 

regulation of the cardiovascular system (Tao & Segaloff, 2004; Feng et al., 2005; Getting, 

2006). The MC4R gene regulates food intake by producing a satiety signal after interaction 

with α-MSH (MC4R agonist) or with agouti-related protein (Lu et al., 1994; Huszar et al., 

1997). Variations in MC4R are associated with obesity (Young et al., 2007; Heid et al., 2008) 

and type 2 diabetes (Xi et al., 2012).  

In humans, FTO mRNA is present in various tissues (Frayling et al., 2007). FTO variants are 

associated with an increased risk of obesity in both children and adults (Dina et al., 2007; 

Frayling et al., 2007; Scuteri et al., 2007). Recently, it has been shown that variants in the 

FTO gene are independently associated with hypertension (Pausova et al., 2009), 

cardiovascular disease (Hubacek et al., 2010), cancer (Nock et al., 2011), type 2 diabetes 

(Legry et al., 2009) and end stage renal disease (Hubacek et al., 2012). MC4R and FTO 

variants are also known to influence serum urate levels (Lyngdoh et al., 2012).  

MC3R 

3.2.13- MC3R: rs3827103 

The MC3R variant rs3827103 is found in the first transmembrane helix of the MC3R protein. 

The first transmembrane helix is possibly involved in the binding of melanocortin peptides 

(Schioth et al., 1998). Mutations in this region are predicted to affect melanocortin receptor 

function. The variant rs3827103 (Val81Ile) was found to increase the risk of childhood 

obesity. It is related to the diminished function and expression of the receptor (Feng et al., 

2005). This variant has also shown an association with high insulin levels (Dupont et al., 

2001). The rs3827103 variant impairs the function of MC3R in vitro by binding ~60% less α-

MSH (Feng et al., 2005).  
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Variant Minor Allele Cohort No of samples P-Value  Study 

BMI 

rs3827103 A African-Americans 355 0.0001 - - (Feng et al., 2005) 

 BMI 

rs3827103 

A NZ Caucasian 544 0.886 Beta(95%CI) 0.06(-0.87, 1.01) 

This study 
A EP/N 388 0.693 Beta(95%CI) 0.23(-0.95, 1.42) 

A EP/Z 135 0.628 Beta(95%CI) 0.45(-1.40, 2.31) 

A WP 347 0.515 Beta(95%CI) 0.47(-0.96, 1.92) 

T2D 

rs3827103 A French Caucasians 308 0.006 OR(95%CI) 1.26(1.07-1.48)  

 T2D 

rs3827103 

A NZ Caucasian 547 0.516 OR(95%CI) 1.22(0.66-2.28) 

This study 
A EP/N 387 0.710 OR(95%CI) 0.92(0.62-1.37) 

A EP/Z 136 0.660 OR(95%CI) 0.79(0.29-2.19) 

A WP 349 0.009 OR(95%CI) 1.88(1.17-3.02) 

Gout 

rs3827103 
A FHS 69 0.905 OR(95%CI) 1.04(0.54-1.97) 

This study 
A ARIC 148 0.343 OR(95%CI) 0.34(0.80-1.84) 

 Gout 

rs3827103 

A NZ Caucasian 420 0.44E-6 OR(95%CI) 0.30(0.18-0.50) 

This study 

A EP/N 256 0.682 OR(95%CI) 0.89(0.58-1.38) 

A EP/Z 59 0.08 OR(95%CI) 0.46(0.19-1.10). 

A Mixed 19 0.04 OR(95%CI) 0.01(0.001-0.89). 

A WP 249 1.00 OR(95%CI) 0.99(0.62-1.61). 

Table 3.18: Summary of studies showing associations between the MC3R variant rs3827103, obesity 

and type 2 diabetes. 

Note: The beta-coefficient represents the change of natural log for each kg/m
2
 increase in BMI. 

In this study, the rs3827103 variant was found to be associated with a reduced risk of gout in 

the NZ European Caucasian (P=0.44E-6, OR=0.30[0.18-0.50]). In the East Polynesian with 

low Polynesian ancestry (EP/Z) sample set, the result, although non-significant, was trending 

towards significance for a reduced risk of gout (P=0.08, OR=0.46[0.19-1.10]. In the Mixed 

EP/WP group, it was significantly associated with a reduced risk of gout (P=0.04, 

OR=0.01[0.001-0.89]) (please refer to table 3.18). The association of this variant seems to be 

driven by Caucasian ancestry. In the EP/Z sample set, it may be the Caucasian ancestry 

driving towards the protective effect against gout. This is because this sample set has 

Caucasian admixture and is comprised of individuals with 65% or less Polynesian ancestry, as 

determined by the genomic control markers (Hollis-Moffatt et al., 2012). The possibility of a 

false positive result cannot be ignored and inorder to confirm an association towards reduced 

risk of gout for this variant in the EP/Z sample set needs replication in a larger sample set. 

The sample sets with greater Polynesian ancestry, EP/N and WP, showed no evidence of 

association. In this study, the A allele of the rs3827103 variant is protecting from gout in NZ 
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European Caucasian and trending towards significant protection in the EP/Z sample set, 

independent of obesity. The protective effect of the MC3R variant rs3827103 can be 

explained through decreased food intake. Ghrelin is a hormone that stimulates food intake. 

Studies in mice have shown that MC3R loss results in decreased sensitivity to ghrelin, thus 

leading to decreased levels of food intake (Shaw et al., 2005).  

In the WP sample set, the rs3827103 variant was not found to be associated with gout but 

when the association was checked against type 2 diabetes it showed significant association 

with the increased risk for inhibited insulin secretion (P=0.009, OR=1.88(1.17-3.02)]), both 

before and after adjustment for gout affection. This association with type 2 diabetes is 

therefore independent of gout. The minor allele A of the rs3827103 variant was associated 

with high insulin levels (Rutanen et al., 2007). The melanocortin system inhibits the secretion 

of insulin, possibly by a feedback loop, and defects of MC3R function can result in high levels 

of circulating insulin. Hyperinsulinaemia is a risk factor for type 2 diabetes and may increase 

the risk of diabetes through elevated insulin levels. 

MC4R 

The MC4R variants rs17782313, rs12970134 and rs17700633 are mapped between 188 and 

109 kb downstream of the MC4R gene. It is not known whether these variants are able to 

directly influence the function of MC4R. These variants may affect the expression or 

translation of MC4R (Zobel et al., 2009). 
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3.2.14- MC4R: rs17782313 

Variant 
Minor 

Allele 
Cohort 

No of 

samples 

Effect 

size 
P-Value  Study 

BMI 

rs17782313 

C Danish 14,940 0.21kg/m2 0.003 OR(95%CI) 1.12(1.04-1.20) (Zobel et al., 2009) 

C 
European 

Caucasian 
5138 0.39kg/m2 0.003 OR(95%CI) 1.19(1.01-1.29) (Qi et al., 2008) 

C Caucasian 1049 0.92kg/m2 0.002 OR(95%CI) 1.42(1.14-1.77) (Beckers et al., 2011) 

C Europeans 16,876  0.030 Beta(95%CI) 0.03(0.01-0.14) (Chambers et al., 2008) 

C Indians 1808  2.1 × 10−4 Beta(95%CI) 0.45 (0.21–0.68) (Janipalli et al., 2012) 

C Chinese 1170 0.92kg/m2 0.001 OR(95%CI) 1.15(1.08-1.21) (Cheung et al., 2011) 

BMI 

rs17782313 

C NZ Caucasian 542  0.856 Beta(95%CI) -0.06(-0.80, 0.66) 

This study 
C EP/N 388  0.273 Beta(95%CI) 1.25(-0.99, 3.50) 

C EP/Z 135  0.862 Beta(95%CI) 0.18(-1.91, 2.27) 

C WP 345  0.767 Beta(95%CI) -0.25(-1.94, 1.43) 

T2D 

rs17782313 

C 
European 

Caucasian 
5724  0.02 OR(95%CI) 1.32(1.03-1.70) (Qi et al., 2008) 

C 
Europeans and 

East Asians 

ancestry 

34,195  
2.83 × 

10−12 
OR(95%CI) 1.10(1.07-1.13) (Xi et al., 2012) 

T2D 

rs17782313 

C NZ Caucasian 545  0.145 OR(95%CI) 0.69(0.42-1.13) 

This study 
C EP/N 387  0.204 OR(95%CI) 0.55(0.22-1.37) 

C EP/Z 136  0.813 OR(95%CI) 1.15(0.35-3.77) 

C WP 347  0.347 OR(95%CI) 1.33(0.73-2.41) 

Gout 

rs17782313 
C FHS   0.016 OR(95%CI) 1.24(0.78-1.96)  

C ARIC   0.178 OR(95%CI) 0.81(0.59-1.10)  

Gout 

rs17782313 

C NZ Caucasian 420  0.352 OR(95%CI) 1.59(1.09-2.32) 

This study 

C EP/N 256  0.981 OR(95%CI) 0.98(0.42-2.33) 

C EP/Z 59  0.473 OR(95%CI) 0.71(0.28-1.79) 

C Mixed EP/WP 19  0.502 OR(95%CI) 0.38(0.02-6.28) 

C WP 249  0.017 OR(95%CI) 0.53(0.32-0.89) 

Table 3.19: Summary of studies showing associations between the MC4R variant rs17782313, obesity 

and type 2 diabetes 

Note: The beta-coefficient represents the change of natural log for each kg/m
2
 increase in BMI. 

  



 

221 

 

In this study, the minor allele C of the rs17782313 variant was found to be associated with the 

increased risk of gout (P=0.01, OR=1.59[1.09-2.32]) in the FHS sample set. The association 

observed here is independent of type 2 diabetes and BMI. The combined meta-analysis of 

Caucasian sample sets (NZ Cau, FHS and ARIC) also showed a non-significant trend towards 

an increased risk of gout (P=0.07, OR=1.12[0.78-1.60]). The increased risk of gout in 

Caucasian can possibly be explained through insulin resistance. The C allele of the 

rs17782313 variant is also found to be associated with increased insulin resistance (Chambers 

et al., 2008). Insulin resistance leads to increased serum urate levels, ultimately leading to 

gout. Having said this as the p-value did not reach statistical significance the possibility of a 

false positive cannot be ignored. However, in the West Polynesian sample set, the minor allele 

C of the rs17782313 variant was found to be significantly associated with a reduced risk of 

gout (P=0.01, OR= 0.53[0.32-0.89]) (Please refer to table 3.19). The WP sample set has 

shown no association with type 2 diabetes and BMI, suggesting that the association is 

independent of these factors. The combined meta-analysis of the Polynesian sample sets 

(EP/N, EP/Z, Mixed EP/WP and WP) showed a protective association (P=0.03, OR= 

0.73[0.55-0.98]) with a reduced risk of gout. One possible explanation for the protective 

effect of this variant in Polynesian is that the variant rs17782313 is in LD to some other 

etiological variant. Another possible explanation is that, in this sample set, this variant might 

be acting via different biological mechanisms in order to protect against gout. The different 

biological mechanism might be an epistatic interaction present between genes that is masking 

the effect of the disease-bearing gene or is altered by the effects of a second gene. In addition, 

there could be differences between genetic backgrounds, interacting with dietary and other 

lifestyle factors that are responsible for the different results between the populations.  
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3.2.15- MC4R: rs17700633 

Variant 
Minor 

Allele 
Cohort No of samples 

Effect 

size 
P-Value  Study 

BMI 

rs17700633 

A Danish 3871 0.23kg/m2 0.002 OR(95%CI) 1.16(1.08-1.56) (Zobel et al., 2009) 

A Europeans 16,876  0.020 Beta(95%CI) 0.02(0.01-0.14) (Chambers et al., 2008) 

A Caucasian 7130  0.034 Beta 0.21 (Luan et al., 2009) 

My Study: BMI 

rs17700633 

A NZ Caucasian 543  0.521 Beta(95%CI) -0.21(-0.80, 0.66) 

This study 
A EP/N 389  0.573 Beta(95%CI) 0.36(-0.91, 1.65) 

A EP/Z 134  0.216 Beta(95%CI) -1.08(-2.81, 0.64) 

A WP 345  0.841 Beta(95%CI) -0.15(-1.68, 1.37) 

Metabolic Traits: Insulin levels/Leptin Levels 

rs17700633 

A 
European 

Caucasian 
362200  0.030 OR(95%CI) 1.25 (1.02; 1.54) (Kring et al., 2009) 

A 
European 

Caucasian 
362200  0.005 OR(95%CI) 1.42 (1.12; 1.82) (Kring et al., 2009) 

My study: T2D 

rs17700633 

A NZ Caucasian 546  0..39 OR(95%CI) 0.81(0.53-1.24) 

This study 
A EP/N 388  0.961 OR(95%CI) 1.01(0.65-1.55) 

A EP/Z 135  0.065 OR(95%CI) 0.37(0.13-1.06) 

A WP 347  0.434 OR(95%CI) 0.81(0.53-1.24) 

Gout 

rs17700633 
A FHS   0.022 OR(95%CI) 1.54(1.06-2.25)  

A ARIC   0.407 OR(95%CI) 0.89(0.68-1.16)  

My study: Gout 

rs17700633 

A NZ Caucasian 420  0.247 OR(95%CI) 1.27(0.84-1.92) 

This study 

A EP/N 256  0.650 OR(95%CI) 1.11(0.69-1.80) 

A EP/Z 59  0.900 OR(95%CI) 1.05(0.46-2.40) 

A Mixed EP/WP 19  0.155 OR(95%CI) 6.17(0.50-76.36) 

A WP 249  0.042 OR(95%CI) 0.60(0.37-0.98) 

Table 3.20: Summary of studies showing associations between the MC4R variant rs17700633, obesity 

and type 2 diabetes 

Note: The beta-coefficient represents the change of natural log for each kg/m
2
 increase in BMI. 

The results of the variant rs17700633 are similar to those of the rs17782313 variant. In this 

study, the minor allele A of rs17700633 variant was found to be associated with an increased 

risk of gout (P=0.02, OR=1.54[1.06-2.25]) in the FHS sample set. The results of the 

association analysis suggest that the association observed with gout is independent of type 2 

diabetes and gout. However, in the West Polynesian sample set, the minor allele A showed a 

significant association (P=0.04, OR=0.60[0.37-0.98]) with a reduced risk of gout (Please refer 

to table 3.20). One possible explanation for the protective effect of this variant in Polynesian 

is that the variant rs17700633 is in LD with some other etiological variant. Another possible 

explanation is that, in this sample set, this variant might be acting differently with other 

biological mechanisms in order to protect against the increased risk of gout; for example 

epistatic interactions present between genes and differences between genetic backgrounds 
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interacting with dietary and other lifestyle factors. 

3.2.16- MC4R: rs921971 

Variant 
Minor 

Allele 
Cohort 

No of 

samples 

Effect 

size 
P-Value  Study 

BMI 

rs12970134 

A Danish 14,940 0.31kg/m2 0.0006 OR(95%CI) 1.15(1.08-1.23) (Zobel et al., 2009) 

A Han Chinese 930 0.18kg/m2 0.001 OR(95%CI) 1.15(1.08-1.21) (Cheung et al., 2011) 

A Indians 1149  0.0005  - (Been et al., 2009) 

BMI 

rs921971 

C NZ Caucasian 544  0.571 Beta(95%CI) -2.00(-0.89, 0.49) 

This study 
C EP/N 388  0.764 Beta(95%CI) 0.18(-1.04, 1.42) 

C EP/Z 134  0.680 Beta(95%CI) -0.38(-2.20, 1.44) 

C WP 344  0.656 Beta(95%CI) -0.32(-1.73, 1.09) 

T2D 

rs12970134 

A Europeans 4561  0.006 OR(95%CI) 1.26(1.07-1.48) (Chambers et al., 2008) 

A 
European and East 

Asian ancestry 
34,195  

2.83 × 

10−12 
OR(95%CI) 1.10(1.07-1.13) (Xi et al., 2012) 

T2D 

rs921971 

C NZ Caucasian 547  0.047 OR(95%CI) 0.61(0.38-0.99) 

This study 
C EP/N 385  0.650 OR(95%CI) 1.10(0.72-1.67) 

C EP/Z 135  0.340 OR(95%CI) 0.60(0.22-1.68) 

C WP 346  0.850 OR(95%CI) 0.94(0.55-1.61) 

Gout 

rs921971 
C FHS   0.030 OR(95%CI) 1.51(1.04-2.20)  

C ARIC   0.389 OR(95%CI) 0.88(0.66-1.17)  

Gout 

rs921971 

C NZ Caucasian 420  0.530 OR(95%CI) 1.14(0.74-1.75) 

This study 

C EP/N 256  0.800 OR(95%CI) 1.06(0.66-1.69) 

C EP/Z 59  0.690 OR(95%CI) 1.18(0.51-2.74) 

C Mixed EP/WP 19  0.296 OR(95%CI) 3.63(0.32-40.94) 

C WP 249  0.345 OR(95%CI) 0.80(0.51-1.26)* 

Table 3.21: Summary of studies showing associations between the MC4R variant rs12970134, obesity 

and type 2 diabetes 

Note: The beta-coefficient represents the change of natural log for each kg/m
2
 increase in BMI. 

There was no association found before or after adjustment for multiple factors in the NZ 

individual sample sets. In FHS, the minor allele C of the rs921971 variant was found to be 

increasing the risk of gout (P=0.03, OR=1.51[1.04-2.20]) (Please refer to table 3.21). The 

association is independent of the effects of obesity and type 2 diabetes, and this variant 

possibly increases the risk of gout through higher food intake. When tested for association 

with type 2 diabetes, the rs921971 variant showed a significant association with a reduced 

risk of type 2 diabetes in the NZ European Caucasian sample set (P=0.04, OR=0.61[0.38-

0.99]). The results are not consistent with the other studies that showed an association of the 

risk allele A with a high risk of type 2 diabetes (please refer to table 3.21). The conflicting 

results might be explained by the possibility of a difference in ethnicity; for example, in the 

study by Chambers and colleagues (2008), the participants were of 38% European ancestry 
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and 62% of Indian Asian ancestry (Chambers et al., 2008). Similarly Xi and colleagues (2012) 

also used individuals of European and East Asian ancestry and the effect size in that study 

was weak, requiring a very large sample set, in contrast to this study, which is under powered 

(Xi et al., 2012) . 

The association of the minor alleles of MC4R variants with an increased risk of gout may be 

explained by regulation of appetite. MC4R has a role in the regulation of food intake and 

energy metabolism (Qi et al., 2008). MC4R is expressed on different neurons in the brain and 

may influence food intakes and energy expenditure through distinct pathways (Balthasar et 

al., 2005). Significant associations have been reported between genetic variants near the 

MC4R gene and higher intakes of fat and total energy (Qi et al., 2008), snacking behaviour, 

hunger, eating large meals (Stutzmann et al., 2009) and food enjoyment (Valladares et al., 

2010). Persons carrying an MC4R risk variant are sensitive to “satiety signals.” As a result, 

appetite and satiety are imbalanced, leading to excess food consumption. A study by Qi and 

colleagues (2008) found that the variant rs17782313 was associated with high dietary fat and 

proteins intake (Qi et al., 2008).  

If these variants result in increased food intake, then it is possible that they also increase the 

risk of gout. Diet has a crucial role in the development of gout; increased meat, seafood and 

fructose intakes are associated with an increased risk of gout, as they lead to increased serum 

urate levels in the body that can cause gout (please refer to section 3.2.21 for more details). 

3.2.17- Haplotype Analysis of MC4R 

In the FHS sample set, the CC haplotype was associated with gout both before and after 

adjustments (P=0.01, OR=1.63[1.19-2.22]). The CC haplotype was reported to increase the 

risk of gout, but the increased risk of gout conferred by this haplotype is independent of 

obesity and type 2 diabetes. In the FHS sample set, the TT haplotype was associated with a 

reduced risk of gout before and after adjustments (P=0.03, OR=0.67[0.49-0.90]). The TT 

haplotype is the major allele of both of the variants studied (rs17782313 and rs921971) and 

comprises the non-risk alleles. The protection against gout shown by this haplotype is 

independent of obesity and type 2 diabetes. The increased risk of gout conferred by the minor 

allele C of both variants  rs17782313 and rs921971 is possibly due to appetite regulation by 

MC4R (please refer to table 3.12.A in results section 2). 
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FTO 

Variants located in the first intron of the FTO gene are found to be associated with an 

increased risk of obesity in both children and adults (Dina et al., 2007; Frayling et al., 2007; 

Scuteri et al., 2007) 

3.2.18- FTO: rs9922047 

The minor allele C of the rs9922047 variant in the NZ European Caucasian sample set was 

found to be trending towards significance with an increased risk of gout (P=0.08, OR= 

1.39[0.95-2.04]). The West Polynesian sample set, showed significant association with an 

increased risk of gout (P=0.0002, OR=2.23[1.45-3.343]). The meta-analysis of the combined 

Polynesian sample sets was significantly associated with an increased risk of gout (P=0.003, 

OR=1.33[1.10-1.59]). The association of the rs9922047 variant with gout is independent of 

obesity. The increased risk of gout could possibly be due to its effect on food intake (Tung et 

al., 2010) (Please refer to table 3.14.A in results section 2). 

3.2.19- FTO: rs17817288 

In the FHS sample set, the minor allele G of rs17817288 variant was found to be associated 

with an increased risk of gout (P=0.005, OR=1.75[1.19-2.56]). In the EP/N sample set, the 

rs17817288 variant was found to be significantly associated with a reduced risk of gout 

(P=0.01, OR=0.59[0.38-0.91]). In the West Polynesian sample, it showed significant 

association with a reduced risk of gout (P=0.02, OR=0.63[0.43-0.94]) (Please refer to table 

3.16.A in results section 2). When tested for association with BMI in the unadjusted model, 

the rs17817288 variant showed a protective association (P=0.01), and when adjusted for 

multiple factors such as gout affection, sex and age, the association was lost. The combined 

meta-analysis of the Polynesian group showed a significant protective association with a 

reduced risk of gout (P=0.002, OR=0.72[0.58-0.89]). The contrasting results between 

Caucasian and Polynesian could possibly be as a result of differential gene-environment or 

gene-gene interactions, and there could also be epigenetic factors involved.  
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3.2.20- Haplotype analysis of FTO 

Consistent haplotype combinations in sample sets 

The CAG haplotype combination is associated with an increased risk of gout (P=0.005, OR= 

1.91[1.03-3.53]) in the NZ European Caucasian and in the WP sample set (P=0.003, 

OR=2.52[0.72-8.76]). The GGG haplotype is shown to increase the risk of gout in the FHS 

(P=0.02, OR=1.70[1.13-2.55]) sample set. In the same sample set, another haplotype was 

found to be associated with a reduced risk of gout (P=0.02, OR= 0.65[0.49-0.85]). The GAG 

haplotype combination was also consistently found to be associated with a reduced risk of 

gout in the EP/N (P=0.0005, OR=0.11[0.03-0.38]) and WP (P=0.0005, OR=0.05[0.03-0.07]) 

sample sets. In the Polynesian group, the haplotype GGC was found to be consistently 

associated with an increased risk of gout (Please refer to table 3.17.A in results section 2). The 

combined haplotype analysis of the Caucasian and Polynesian, adjusted by ethnicity, revealed 

that the GAG combination is consistently found to be associated with a reduced risk of gout in 

Caucasian (P=0.003, OR=0.39[0.27-0.55]) and Polynesian (P=0.0002, OR=0.09[0.06-0.12]). 

In Polynesian, the GAC haplotype combination has shown significant association with a 

reduced risk of gout (P=0.002, OR=0.05[0.14-1.05]). Another haplotype combination, CAG, 

has shown significant association with an increased risk of gout (P=0.005, OR=1.49[1.25-

1.76]) (Please refer to table 3.17.B in results section 2). The results are interesting and the 

finding that the association of FTO variants with gout is independent of type 2 diabetes and 

obesity is novel, and suggests the involvement of another biological mechanism. 

3.2.21- Summary- A role of regulation of diet in gout 

In this section, eight risk variants from four different genes (ADRB3, MC3R, MC4R and FTO) 

were examined for their association with gout in the NZ multiethnic population. To the best of 

my knowledge, this study is the first to test multiple obesity-associated variants in a 

multiethnic gout case–control sample set.  

MC3R, MC4R and FTO are found abundantly in the hypothalamus of the brain and are 

involved in energy homeostasis (Gerken, Thomas et al., 2007). The results of this study 

indicate that the obesity-associated variants also influence gout, independent of type 2 

diabetes and obesity. Although the functional relevance of the associated MC3R, MC4R and 

FTO variants cannot be inferred from this study, it might have a different biological effect in 
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gout. A recent study has shown that obesity-associated variants FTO and MC4R control the 

serum urate levels (Lyngdoh et al., 2012). These genes are involved in diet regulation. The 

melanocortin receptors MC3R and MC4R and its ligands: Alpha-melanin-stimulating hormone 

(α-MSH) and agouti-related protein (AgRP) are considered to play a central role in the control 

of food intake. One possible hypothesis is that these genes (FTO and MC4R) might be 

increasing the risk of gout by causing the increased uptake of food. It is possible that 

increased food intake driven by these obesity-associated variants causes both increased serum 

urate levels and increased weight.  

Diet plays an important role in the pathogenesis of gout. Increased consumption of meat, 

seafood, alcohol and sugary drinks increases the risk of getting gout (Choi et al., 2004; Choi 

& Curhan, 2008). A study by Gibson and colleagues (1980) found that daily serving of 

additional meat and seafood were associated with 21% and 7% increases in the risk of gout, 

respectively (Gibson et al., 1980). This effect can be greater in gout patients due to impaired 

renal clearance. The absorption of purines results in high serum urate levels that can 

ultimately lead to gout. Fructose-containing sugary soft drinks contains large amounts of 

fructose, which is known to raise serum urate levels (Nakagawa et al., 2005). Fructose leads 

to a rapid increase of serum uric acid through the degradation of purine, ATP to ADP, which 

is a precursor of uric acid, or via increased purine synthesis (Gibson et al., 1984). 

Furthermore, fructose can indirectly increase serum urate levels by increasing insulin levels 

and insulin resistance. Nakagawa and colleagues (2006) reported a rise in serum urate and 

fasting insulin levels in rats that were fed with a dose that was rich in fructose (Nakagawa et 

al., 2006). Hence, it is possible that these variants are modulating the eating behaviour leading 

to high food intakes, which can be protein- or fructose-rich food that not only is increasing the 

insulin levels, but also results in decreased insulin sensitivity. Insulin resistance is also 

associated with gout, as it results in high reabsorption of uric acid, thus raising the levels of 

serum urate in the body, which can ultimately lead to gout. This is just a hypothesis of one 

possible mechanism that may be contributing towards the increased risk of gout. Consistent 

replications of results in multiple well-powered studies are needed to understand the 

biological effects of these variants. In conclusion, the results of this preliminary study provide 

the first direct indication of a role of MC3R, MC4R and FTO gene variants in the 

pathogenesis of gout.  
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Relevant work added in review  

In the relevant work added in review, the new association analysis (Table S1-S3) and 

haplotype analysis (Table S4) results for the three FTO SNPs (rs9923233, rs9922047 and 

rs17817288) are added. This new data is generated by TaqMan. The genotyping technique 

that was used before was RFLP.  

Association Analysis (Table S1-S3) 

Initial results for rs9923233 showed no association of this variant with gout. The new results 

using TaqMan assay also showed no association. However in case of rs9922047 and 

rs17817288 analysis, the initial results indicated that in the West Polynesian sample set, the 

minor allele C of rs9922047 variant was associated with the increased risk of gout (P=0.0002, 

OR=2.23[1.45-3.43]) and the minor allele G of rs17817288 variant was found to be 

associated with a reduced risk of gout (P=0.02, OR=0.63[0.43-0.94]) whereas the new result 

using TaqMan assay indicated no association with gout in the West Polynesian sample set of 

rs9922047 (P=0.89, OR=1.02[0.69-1.50]) and rs17817288 (P=0.84, OR=1.04[0.70-1.54]). 

Haplotype Analysis (Table S4) 

Initially the GAG haplotype showed a consistent effect towards reduced risk of gout in all the 

datasets independent of type 2 diabetes and obesity. The genotyping technique that was used 

before was RFLP. It was hypothesised that FTO is possibly playing a role in gout through 

diet. To test this hypothesis the analysis for the 3 SNPs (rs9923233, rs9922047 and 

rs17817288) was repeated. This time the genotyping method was the TaqMan which is more 

sensitive than RFLP. Unfortunately the results could not be replicated. The GAG haplotype 

that was consistently found to be associated was no longer significant. 
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Table S1: Results of the association analysis of FTO variant rs9923233 using TaqMan assay 

rs9923233 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) Bonferroni 

Correction 

P-value AA AG GG G HWE Adjustment P-value OR(95%CI) AA AG GG G HWE Adjustment P-value OR(95%CI) 

NZ Cau 

Controls 230(0.361) 293(0.459) 114(0.178) 0.408 0.11 Unadjusted 0.674 0.96(0.80-1.15) 50(0.375) 62(0.466) 21(0.157) 0.391 0.47 Unadjusted 0.798 1.03(0.78-1.37)  

Cases 150(0.357) 203(0.484) 66(0.157) 0.399 0.72 With BMI 0.760 0.95(0.71-1.28) 150(0.357) 203(0.484) 66(0.157) 0.399 0.46 With BMI 0.760 0.95(0.71-1.28) 0.003 

      Multiple 0.186 0.77(0.53-1.13)      Multiple 0.186 0.77(0.53-1.13)  

FHS 

Controls 1629(0.354) 2195(0.478) 768(0.167) 0.406 0.44 Unadjusted 0.238 1.24(0.86-1.77) 1629(0.354) 2195(0.478) 768(0.167) 0.406 0.44 Unadjusted 0.238 1.24(0.86-1.77)  

Cases 20(0.327) 26(0.426) 15(0.245) 0.459 0.47 With BMI 0.328 1.19(0.83-1.70) 20(0.327) 26(0.426) 15(0.245) 0.459 0.47 With BMI 0.328 1.19(0.83-1.70) 0.003 

      Multiple 0.279 1.21(0.85-1.74)      Multiple 0.279 1.21(0.85-1.74)  

ARIC 

Controls 2455(0.353) 3342(0.481) 1144(0.164) 0.405 0.18 Unadjusted 0.819 1.02(0.81-1.29) 2455(0.353) 3342(0.481) 1144(0.164) 0.405 0.18 Unadjusted 0.819 1.02(0.81-1.29)  

Cases 51(0.344) 72(0.510) 25(0.168) 0.412 0.20 With BMI 0.986 0.99(0.78-1.26) 51(0.344) 72(0.510) 25(0.168) 0.412 0.20 With BMI 0.986 0.99(0.78-1.26) 0.003 

      Multiple 0.584 0.93(0.72-1.19)      Multiple 0.584 0.93(0.72-1.19)  

EP/N 

Controls 111(0.613) 56(0.309) 14(0.077) 0.232 0.06 Unadjusted 0.564 1.09(0.80-1.50) 80(0.634) 35 (0.277) 11(0.087) 0.226 0.29 Unadjusted 0.404 1.17(0.80-1.70)  

Cases 148(0.580) 87(0.341) 20(0.078) 0.249 0.10 With BMI 0.847 1.03(0.72-1.47) 109(0.573) 65(0.342) 16(0.084) 0.255 0.35 With BMI 0.737 1.06(0.74-1.52) 0.003 

      Multiple 0.649 1.11(0.70-1.74)      Multiple 0.548 1.14(0.72-1.81)  

EP/Z 

Controls 56(0.366) 74(0.483) 23(0.150) 0.392 0.37 Unadjusted 0.221 0.75(0.48-1.18) 30(0.441) 27(0.397) 11(0.161) 0.360 0.31 Unadjusted 0.911 1.03(0.60-1.76)  

Cases 25(0.431) 28(0.482) 5(0.086) 0.327 0.57 With BMI 0.864 1.04(0.61-1.79) 18(0.367) 26(0.510) 5(0.102) 0.367 0.51 With BMI 0.822 1.06(0.61-1.82) 0.003 

      Multiple 0.566 1.23(0.60-2.54)      Multiple 0.550 1.24(0.60-2.55)  

Mixed 

EP/WP 

Controls 11(0.440) 12(0.480) 2(0.080) 0.320 0.51 Unadjusted 0.151 0.47(0.17-1.32) 8(0.533) 6(0.400) 1(0.066) 0.266 0.48 Unadjusted 0.415 0.62(0.19-1.96)  

Cases 13(0.684) 5(0.263) 1(0.052) 0.184 0.56 With BMI 0.195 0.41(0.10-1.58) 13(0.684) 5(0.263) 1(0.052) 0.184 0.29 With BMI 0.195 0.41(0.10-1.58) 0.003 

      Multiple 0.112 0.10(0.006-1.68)      Multiple 0.112 0.10(0.006-1.68)  

WP 

Controls 92(0.652) 42(0.297) 7(0.049) 0.198 0.50 Unadjusted 0.725 0.93(0.64-1.35) 77(0.719) 25(0.233) 5(0.046) 0.163 0.23 Unadjusted 0.432 1.18(0.77-1.81)  

Cases 164(0.663) 73(0.295) 10(0.040) 0.188 0.42 With BMI 0.634 1.10(0.72-1.69) 164(0.663) 73(0.295) 10(0.040) 0.188 0.24 With BMI 0.634 1.10(0.72-1.69) 0.003 

      Multiple 0.437 1.22(0.73-2.02)      Multiple 0.437 1.22(0.73-2.02)  

Allele and genotype frequencies for the variant rs9923233 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern Polynesian and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor 

Allele Frequency; FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence 

interval. HWE= Hardy Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D.*= Those samples we have information on 

BMI, T2D.   
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Table S2: Results of the association analysis of FTO variant rs9922047 using TaqMan assay 

rs9922047 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) Bonferroni 

Correction 

P-value GG GC CC C HWE Adjustment P-value OR(95%CI) GG GC CC C HWE Adjustment P-value OR(95%CI) 

NZ Cau 

Controls 158(0.248) 326(0.511) 153(0.240) 0.496 0.41 Unadjusted 0.640 0.95(0.80-1.14) 29(0.218) 70(0.526) 34(0.255) 0.518 0.45 Unadjusted 0.346 0.87(0.66-1.15)  

Cases 109(0.260) 213(0.508) 97(0.231) 0.485 0.78 With BMI 0.566 0.91(0.68-1.22) 109(0.260) 213(0.508) 97(0.231) 0.485 0.50 With BMI 0.566 0.91(0.68-1.22) 0.003 

      Multiple 0.726 0.93(0.64-1.36)      Multiple 0.726 0.93(0.64-1.36)  

FHS 

Controls 1248(0.272) 2246(0.491) 1078(0.235) 0.481 0.49 Unadjusted 0.021 0.65(0.45-0.94) 1248(0.272) 2246(0.491) 1078(0.235) 0.481 0.49 Unadjusted 0.021 0.65(0.45-0.94)  

Cases 23(0.377) 30(0.491) 8(0.131) 0.377 0.50 With BMI 0.033 0.67(0.46-0.96) 23(0.377) 30(0.491) 8(0.131) 0.377 0.50 With BMI 0.033 0.67(0.46-0.96) 0.003 

      Multiple 0.024 0.65(0.45-0.94)      Multiple 0.024 0.65(0.45-0.94)  

ARIC 

Controls 1811(0.262) 3423(0.496) 1658(0.240) 0.512 0.49 Unadjusted 0.882 1.01(0.80-1.28) 1811(0.262) 3423(0.496) 1658(0.240) 0.512 0.49 Unadjusted 0.882 1.01(0.80-1.28)  

Cases 38(0.256) 74(0.500) 36(0.243) 0.507 0.50 With BMI 0.810 1.02(0.81-1.29) 38(0.256) 74(0.500) 36(0.243) 0.507 0.50 With BMI 0.810 1.02(0.81-1.29) 0.003 

      Multiple 0.547 1.07(0.84-1.37)      Multiple 0.547 1.07(0.84-1.37)  

EP/N 

Controls 49(0.267) 109(0.595) 25(0.136) 0.434 0.98 Unadjusted 0.260 0.85(0.65-1.12) 34(0.269) 75(0.595) 17(0.134) 0.432 0.40 Unadjusted 0.350 0.85(0.62-1.18)  

Cases 96(0.375) 117(0.457) 43(0.167) 0.396 0.30 With BMI 0.223 0.81(0.58-1.13) 74(0.387) 83(0.434) 34(0.178) 0.395 0.43 With BMI 0.303 0.83(0.60-1.17) 0.003 

      Multiple 0.149 0.73(0.47-1.11)      Multiple 0.175 0.74(0.48-1.14)  

EP/Z 

Controls 56(0.356) 67(0.426) 34(0.216) 0.429 0.31 Unadjusted 0.856 1.04(0.67-1.59) 27(0.402) 26(0.388) 14(0.208) 0.403 0.36 Unadjusted 0.392 1.25(0.74-2.12)  

Cases 17(0.293) 31(0.534) 10(0.172) 0.439 0.95 With BMI 0.479 1.20(0.72-1.99) 14(0.285) 25(0.510) 10(0.204) 0.459 0.48 With BMI 0.475 1.20(0.72-1.99) 0.003 

      Multiple 0.813 1.08(0.55-2.13)      Multiple 0.803 1.08(0.55-2.13)  

Mixed 

EP/WP 

Controls 6(0.240) 14(0.560) 5(0.200) 0.480 0.74 Unadjusted 0.761 0.87(0.37-2.04) 4(0.266) 9(0.600) 2(0.133) 0.433 0.40 Unadjusted 0.907 1.05(0.40-2.77)  

Cases 7(0.368) 7(0.368) 5(0.263) 0.447 0.12 With BMI 0.768 1.16(0.42-3.16) 7(0.368) 7(0.368) 5(0.263) 0.447 0.31 With BMI 0.768 1.16(0.42-3.16) 0.003 

      Multiple 0.955 0.95(0.20-4.41)      Multiple 0.955 0.95(0.20-4.41)  

WP 

Controls 54(0.377) 60(0.419) 29(0.202) 0.412 0.07 Unadjusted 0.992 1.00(0.75-(1.34) 43(0.398) 43(0.398) 22(0.203) 0.402 0.26 Unadjusted 0.79 1.04(0.75-1.44)  

Cases 84(0.340) 122(0.493) 41(0.165) 0.413 0.92 With BMI 0.883 1.02(0.73-1.42) 84(0.340) 122(0.493) 41(0.165) 0.413 0.47 With BMI 0.883 1.02(0.78-1.42) 0.003 

      Multiple 0.898 1.02(0.69-1.50)      Multiple 0.898 1.02(0.69-1.50)  

Allelic and genotype frequencies for the variant rs9922047 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern Polynesian and Western Polynesian (EP/WP), West Polynesian (WP); MAF= Minor 

Allele Frequency; FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = confidence 

interval. HWE= Hardy Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D.*= Those samples we have information on 

BMI, T2D.  
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Table S3: Results of the association analysis of FTO variant rs17817288 using TaqMan assay 

rs17817288 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) Bonferroni 

Correction 

P-value AA AG GG G HWE Adjustment P-value OR(95%CI) AA AG GG G HWE Adjustment P-value OR(95%CI) 

NZ Cau 

Controls 152(0.238) 317(0.496) 169(0.264) 0.514 0.89 Unadjusted 0.660 0.96(0.81-1.14) 26(0.195) 70(0.526) 37(0.278) 0.542 0.53 Unadjusted 0.282 0.86(0.65-1.51)  

Cases 104(0.247) 209(0.497) 107(0.254) 0.504 0.05 With BMI 0.466 0.90(0.67-1.20) 104(0.247) 209(0.497) 107(0.254) 0.504 0.45 With BMI 0.466 0.90(0.67-1.20) 0.003 

      Multiple 0.749 0.94(0.64-1.36)      Multiple 0.749 0.94(0.64-1.36)  

FHS 

Controls 1140(0.248) 2278(0.561) 1174(0.255) 0.51 0.49 Unadjusted 0.008 1.63(1.13-2.38) 1140(0.248) 2278(0.561) 1174(0.255) 0.51 0.49 Unadjusted 0.008 1.63(1.13-2.38)  

Cases 8(0.131) 30(0.491) 23(0.377) 0.62 0.50 With BMI 0.003 1.78(0.20-2.63) 8(0.131) 30(0.491) 23(0.377) 0.62 0.50 With BMI 0.003 1.78(0.20-2.63) 0.003 

      Multiple 0.005 1.75(1.19-2.56)      Multiple 0.005 1.75(1.19-2.56)  

ARIC 

Controls 1772(0.257) 3429(0.497) 1691(0.245) 0.494 0.49 Unadjusted 0.794 0.96(0.77-1.22) 1772(0.257) 3429(0.497) 1691(0.245) 0.494 0.49 Unadjusted 0.794 0.96(0.77-1.22)  

Cases 39(0.263) 74(0.500) 35(0.236) 0.486 0.50 With BMI 0.710 0.95(0.75-1.20) 39(0.263) 74(0.500) 35(0.236) 0.486 0.50 With BMI 0.710 0.95(0.75-1.20) 0.003 

      Multiple 0.428 0.90(0.71-1.15)      Multiple 0.428 0.90(0.71-1.15)  

EP/N 

Controls 49(0.262) 111(0.593) 27(0.144) 0.441 0.12 Unadjusted 0.520 0.91(0.70-1.20) 32(0.251) 77(0.606) 18(0.141) 0.444 0.40 Unadjusted 0.604 0.91(0.66-1.26)  

Cases 90(0.351) 117(0.457) 49(0.191) 0.419 0.81 With BMI 0.413 0.87(0.62-1.21) 69(0.361) 82(0.429) 40(0.209) 0.424 0.38 With BMI 0.544 0.90(0.64-1.25) 0.003 

      Multiple 0.204 0.76(0.49-1.16)      Multiple 0.244 0.77(0.50-1.18)  

EP/Z 

Controls 55(0.339) 74(0.456) 33(0.206) 0.432 0.71 Unadjusted 0.763 1.06(0.69-1.63) 27(0.397) 27(0.397) 14(0.205) 0.404 0.47 Unadjusted 0.322 1.30(0.77-2.20)  

Cases 16(0.275) 32(0.551) 10(0.172) 0.448 0.52 With BMI 0.416 1.23(0.74-2.06) 13(0.265) 26(0.530) 10(0.204) 0.69 0.53 With BMI 0.408 1.24(0.74-2.07) 0.003 

      Multiple 0.911 1.04(0.52-2.07)      Multiple 0.897 1.04(0.52-2.07)  

Mixed 

EP/WP 

Controls 6(0.240) 14(0.560) 5(0.200) 0.480 0.84 Unadjusted 0.950 0.97(0.41-2.26) 4(0.266) 9(0.600) 2(0.133) 0.433 0.46 Unadjusted 0.740 1.17(0.44-3.08)  

Cases 6(0.315) 6(0.315) 7(0.368) 0.473 0.67 With BMI 0.575 1.32(0.49-3.55) 7(0.368) 6(0.315) 6(0.315) 0.473 0.42 With BMI 0.575 1.32(0.49-3.55) 0.003 

      Multiple 0.896 0.90(0.19-4.16)      Multiple 0.896 0.90(0.19-4.16)  

WP 

Controls 51(0.354) 64(0.444) 29(0.201) 0.423 0.23 Unadjusted 0.880 1.02(0.76-1.37) 40(0.370) 46(0.425) 22(0.203) 0.416 0.54 Unadjusted 0.756 1.05(0.76-1.45)  

Cases 79(0.319) 124(0.502) 44(0.178) 0.429 0.18 With BMI 0.849 1.03(0.74-1.43) 79(0.319) 124(0.502) 44(0.178) 0.429 0.42 With BMI 0.849 1.03(0.74-1.43) 0.003 

      Multiple 0.842 1.04(0.70-1.54)      Multiple 0.842 1.04(0.70-1.54)  

Allelic and genotype frequencies for the variant rs17817288 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), 

East Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern Polynesian and Western Polynesian (EP/WP), West Polynesian (WP); MAF= 

Minor Allele Frequency; FHS = Framingham Heart Study; ARIC = Atherosclerosis Risk in Communities study; P-value. OR = odds ratio; CI = 

confidence interval. HWE= Hardy Weinberg Equilibrium. Adjustments: multiple: adjusted for sex, age, BMI and T2D *= Those samples we have 

information on BMI, T2D. 
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Table S4: Haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 and rs9923233 using TaqMan assay 
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NZ Cau 

GGC 0.406 0.398 0.785 0.97 0.483 0.93 0.472 0.92 0.346 0.89 0.338 0.83 0.903 0.97 0.689 0.92 

CAG 0.494 0.485 0.741 0.97 0.837 0.98 0.558 0.93 0.666 0.95 0.856 0.96 0.968 0.99 0.801 1.05 

GAG 0.018 0.017 0.986 0.99 0.745 1.13 0.413 1.44 0.948 1.03 0.601 1.42 0.728 0.77 0.343 0.47 

GGG 0.081 0.098 0.184 1.23 0.070 1.36 0.022 1.57 0.004 1.80 0.045 1.98 0.362 1.42 0.252 1.57 

FHS 

GGC 0.403 0.459 0.195 1.27 0.224 1.25 0.226 1.25 0.210 1.26 0.275 1.22 0.031 2.22 0.230 1.25 

CAG 0.483 0.377 0.025 0.65 0.026 0.66 0.027 0.66 0.023 0.65 0.035 0.67 0.54 0.46 0.026 0.65 

GAG 0.010 0.000 0.994 0.001 0.994 0.001 0.994 0.007 0.994 0.001 0.994 0.001 0.996 0.004 0.994 0.0001 

GGG 0.103 0.163 0.032 1.67 0.022 1.74 0.024 1.72 0.026 1.71 0.026 1.71 0.970 0.97 0.027 1.70 

ARIC 

GGC 0.403 0.412 0.722 1.04 0.720 1.04 0.716 1.04 0.838 0.97 0.907 1.01   0.678 0.94 

CAG 0.488 0.493 0.826 1.03 0.832 1.03 0.836 1.02 0.562 1.07 0.737 1.04   0.486 1.09 

GAG 0.016 0.020 0.645 1.22 0.668 1.20 0.669 1.20 0.497 1.34 0.623 1.23   0.472 1.36 

GGG 0.091 0.074 0.328 0.80 0.345 0.81 0.345 0.81 0.467 0.84 0.436 0.84   0.554 0.87 

EP/N 

GGC 0.230 0.244 0.666 1.07 0.683 1.07 0.288 1.24 0.434 1.19 0.454 1.19 0.279 1.29 0.641 1.12 

CAG 0.436 0.399 0.245 0.84 0.361 0.86 0.091 0.73 0.163 0.74 0.154 0.74 0.340 0.80 0.316 0.78 

GAG 0.007 0.016 0.231 2.45 0.180 2.95 0.113 6.07 0.223 4.15 0.184 4.61 0.164 5.28 0.220 4.78 

GGG 0.326 0.340 0.699 1.06 0.048 1.04 0.733 1.07 0.646 1.10 0.618 1.11 0.655 0.89 0.716 1.10 

EP/Z 

GGC 0.377 0.324 0.349 0.80 0.606 0.87 0.990 1.00 0.706 1.13 0.683 1.16 0.725 1.14 0.582 1.24 

CAG 0.405 0.436 0.498 1.16 0.969 0.99 0.925 0.97 0.846 1.06 0.719 1.13 0.753 1.12 0.884 1.06 

GAG 0.012 0.008 0.724 0.67 0.535 0.47 0.621 0.52 0.713 0.58 0.493 0.36 0.529 0.39 0.551 0.41 

GGG 0.185 0.227 0.286 1.34 0.055 1.87 0.197 1.61 0.849 0.91 0.395 0.66 0.479 0.70 0.467 0.68 

WP 

GGC 0.184 0.186 0.891 1.03 0.938 0.98 0.643 1.11 0.579 1.14 0.390 1.26 0.321 1.30 0.487 1.22 

CAG 0.404 0.410 0.756 1.05 0.960 1.01 0.854 1.03 0.843 1.04 0.968 1.01 0.590 1.12 0.643 1.10 

GAG 0.009 0.017 0.386 1.83 0.287 2.47 0.271 2.82 0.318 2.50 0.320 4.67 0.670 1.83 0.596 2.50 

GGG 0.402 0.385 0.751 0.95 0.878 0.97 0.434 0.87 0.405 0.85 0.362 0.83 0.184 0.76 0.301 0.80 

Table S4: Haplotype analysis for the three FTO SNPs in LD, rs9922047, rs17817288 and rs9923233
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To find the reason for discrepancy the comparison of results for the three FTO variants 

between RFLP and TaqMan was done. Each genotype calling by RFLP was compared to the 

genotype calling by TaqMan. Comparison of the results of the allele distribution (please refer 

to table S5) determined by the RFLP and TaqMan assay was done and also the genotype 

concordance was calculated. The results showed the genotype concordance of 99.59% for 

rs9922047, 100% for rs9923233 and 95.56% for rs17817288 (please refer to table S5). The 

reason for low consistency for rs17817288 variant was found to be partial digestion which 

resulted in misinterpretation of genotype callings. The results from the TaqMan are 

considered correct as it is more sensitive and accurate than the RFLP. 

FTO Methods 

Genotype allele RFLP TaqMan 

rs9922047     ( Number of samples= 1982) 

AA 658 662 

AG 930 928 

GG 394 392 

Concordance = 99.59% 

rs9923233     ( Number of samples = 1954) 

GG 924 924 

GC 783 783 

CC 247 247 

Concordance = 100% 

rs17817288     ( Number of samples = 1847) 

AA 523 564 

AG 886 846 

GG 438 437 

Concordance = 95.56% 

Table S5: Comparison of the results of the allele distribution determined by the RFLP and 

TaqMan assay for the three FTO SNPs. 

Note: Number of samples varies for each SNP. The reason for this variation is that during the 

calculations the inconclusive results either for TaqMan or RFLP are not included in this comparison.  



 

234 

 

 

 

 

 

CHAPTER 3: RESULTS & 

DISCUSSION: SECTION 3 

  



 

235 

 

Subsection 1: Testing PDZK1 genetic variants for a role in gout in 

the NZ case-control sample sets. 

PDZK1 

Section 3 of the results chapter focused on the testing of PDZK1 gene variants for association 

with gout. Four SNPs were selected that had been previously found to be associated with 

serum urate levels and metabolic syndrome. This section is further divided into three 

subsections. Subsection 1 concerns the study of PDZK1 genetic variants and gout; PDZK1 

variants were tested for possible association with gout in the NZ gout case-control sample 

sets, and each variant was adjusted for confounding factors (hypertension, BMI, serum uric 

acid and triglycerides). It was important to account for them in this study to exclude the 

possibility of a confounded association. Subsection 2 presents the results of each studied 

variant for possible association with the components (hypertension, triglycerides, BMI and 

serum uric acid) of metabolic syndrome. Finally, subsection 3 presents the results of the gene-

gene interactions of PDZK1 with urate transporters (OAT4, URAT1, NPT1 and ABCG2) in 

order to determine whether there is any genetic and possible functional interaction between 

the variants of these genes (please refer to fig 1.4 of chapter 1 for more details).  

 

Figure 3.24: Linkage disequilibrium plot of the selected PDZK1 gene variants from the HapMap CEU 

and HapMap CHB population. Each diamond illustrates the degree of correlation (LD) between pairs 

of markers, which is indicated by the r
2
 value. The black diamond’s represent complete LD. White 

diamonds represents no LD and grey diamonds represent intermediate LD between the markers. Note: 

rs11576685 was not genotyped in the Chinese samples. 
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3.3.1- Testing the PDZK1 gene variant rs1967017 for association with 

gout in the NZ, FHS and ARIC case-control sample sets 

The rs1967017 minor allele (T) is found to be associated (P=3.5E-8, Beta=3.33) with 

increased serum urate levels (Yang et al., 2010) and with increased systolic blood pressure 

(P=0.002) (van der Harst et al., 2010). Results of the association analysis of PDZK1 gene 

variant rs1967017 with gout are shown in table 3.22. 
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rs1967017 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

 P-value 

Genotype Frequencies MAF 

HWE Adjustments p-value OR(95%CI) 
Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 

CC TC TT T CC TC TT T 

NZ Cau 

Controls 142(0.223) 300(0.471) 194(0.305) 0.541 0.26 Unadjusted 0.383 0.92(0.78-1.11) 42(0.223) 61(0.471) 28(0.305) 0.554 0.46 Unadjusted 0.349 0.87(0.66-1.16) 

0.01 

Cases 91(0.217) 218(0.521) 109(0.260) 0.522 0.38 Multiple 0.937* 1.02(0.62-1.66)* 108(0.217) 218(0.521) 91(0.260) 0.521 0.52 Multiple 0.937 1.02(0.62-1.66) 

FHS 

Controls 1106(0.240) 2258(0.491) 1228(0.267) 0.514 0.49 Unadjusted 0.233 0.80(0.56-1.16) 1106(0.240) 2258(0.491) 1228(0.267) 0.514 
0.49 

 

Unadjusted 0.233 0.80(0.56-1.16) 

0.01 

Cases 17(0.278) 32(0.524) 12(0.196) 0.459 0.52 Multiple 0.192* 0.79(0.55-1.13)* 17(0.278) 32(0.524) 12(0.196) 0.459 0.52 Multiple 0.192 0.79(0.55-1.13) 

ARIC 

Controls 1584(0.228) 3457(0.497) 1904(0.274) 0.523 0.49 Unadjusted 0.834 0.98(0.77-1.23) 1584(0.228) 3457(0.497) 1904(0.274) 0.523 0.49 Unadjusted 0.834 0.98(0.77-1.23) 

0.01 

Cases 34(0.229) 75(0.506) 39(0.263) 0.517 0.50 Multiple 0.837* 0.98(0.77-1.23)* 34(0.229) 75(0.506) 39(0.263) 0.517 0.50 Multiple 0.837 0.98(0.77-1.23) 

EP/N 

Controls 102(0.545) 66(0.352) 19(0.101) 0.278 0.10 Unadjusted 0.904 1.01(0.75-1.37) 66(0.545) 48(0.352) 14(0.101) 0.189 0.37 Unadjusted 0.623 0.91(0.64-1.30) 

0.01 

Cases 127(0.503) 108(0.428) 17(0.067) 0.281 0.36 Multiple 0.323* 0.72(0.37-1.38)* 97(0.503) 80(0.428) 13(0.067) 0.188 0.42 Multiple 0.323 0.72(0.37-1.38) 

EP/Z 

Controls 36(0.227) 83(0.525) 39(0.246) 0.510 0.37 Unadjusted 0.753 1.07(0.69-1.66) 16(0.227) 39(0.525) 11(0.246) 0.462 0.57 Unadjusted 0.677 1.11(0.66-1.88) 

0.01 

Cases 10(0.178) 33(0.589) 13(0.232) 0.527 0.22 Multiple 0.173* 0.44(0.13-1.43)* 10(0.178) 30(0.589) 9(0.232) 0.489 0.61 Multiple 0.218 2.12(0.63-7.05) 

Mixed 

EP/WP 

Controls 6(0.250) 14(0.583) 4(0.166) 0.458 0.39 Unadjusted 0.212 0.47(0.20-1.18) 4(0.250) 10(0.583) 0(0.166) 0.357 0.71 Unadjusted 0.559 0.73(0.25-2.08) 

0.01 

Cases 10(0.526) 7(0.368) 2(0.105) 0.289 0.64 Multiple 0.985* -* 10(0.526) 7(0.368) 2(0.105) 0.289 0.36 Multiple 0.968 - 

WP 

Controls 58(0.405) 65(0.454) 20(0.139) 0.367 0.83 Unadjusted 0.037 0.72(0.53-0.98) 44(0.405) 49(0.454) 15(0.139) 0.365 0.43 Unadjusted 0.043 0.72(0.50-0.99) 

0.01 

Cases 122(0.489) 107(0.429) 20(0.080) 0.295 0.62 Multiple 0.146* 0.71(0.45-1.12)* 122(0.489) 107(0.429) 18(0.080) 0.289 0.45 Multiple 0.146 0.71(0.45-1.12) 

Table 3.22: Result of the association analysis of PDZK1 variant rs1967017 

Allelic and genotype frequencies for the variant rs1967017 in the NZ European Caucasian, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency, OR = Odds Ratio; CI = Confidence Interval and P-value. Adjustments: 

multiple: adjusted for sex, age, hypertension, triglycerides and BMI *= Those samples we have information on BMI, hypertension, triglycerides. 

Note: The FHS and ARIC datasets are not adjusted for hypertension because there is no information available. For this SNP, a significance level of P=0.003 

was calculated to be required after Bonferroni correction for multiple testing.  
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The genotype frequencies of the rs1967017 variant were in Hardy-Weinberg equilibrium for 

all of the case and control sample sets (see table 3.18). Analysis of the rs1967017 variant 

showed that it did not influence the risk of gout in any of the studied sample sets: NZ 

European Caucasian (P=0.93, OR=1.02[0.62-1.66]), FHS gout (P=0.19, OR=0.79[0.55-1.13]) 

ARIC (P=0.83, OR=0.98[0.77-1.23]), East Polynesian with high Polynesian ancestry (EP/N) 

(P=0.32, OR=0.72[0.37-1.38]), East Polynesian with low Polynesian ancestry (EP/Z) 

(P=0.17, OR=0.44[0.13-1.43]) and Mixed EP/WP (P=0.98). In the West Polynesian (WP) 

sample set, however, the minor allele T was found to be associated with reduced risk of gout 

for the unadjusted model (P=0.03, OR=0.72[0.53-0.98]), but when adjusted for covariates, the 

association was lost (P=0.14, OR=0.71[0.45-1.12]).  

3.3.1.1- Meta-analysis of the PDZK1 gene variant rs1967017 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.25.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PDZK1 gene 

variant rs1967017 

Three datasets were meta-analysed, including NZ European Caucasian, FHS and ARIC, in 

order to obtain summary effects. The fixed effects model was used. The Breslow-Day (B-D) 

test indicated that there was no evidence of genetic heterogeneity between the sample sets (B-

D, P=0.65). The sample sets showed no evidence for association of the PDZK1-rs1967017 

variant with gout (P=0.23, OR=0.92[0.81-1.05]). 
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3.3.1.2- Meta-analysis of the PDZK1 gene variant rs1967017 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.25.B: Meta-analysis of the Polynesian case-control sample sets for the PDZK1 gene variant 

rs1967017 

The other four datasets that were meta-analysed together were East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and West Polynesian (WP). The fixed 

effects model was used. The B-D test indicated that there was no evidence of genetic 

heterogeneity between the sample sets (B-D, P=0.17). The sample sets showed no evidence 

for association of the PDZK1-rs1967017 variant with gout (P=0.28, OR= 0.87[0.67-1.13]). 
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3.3.1.3- Meta-analysis of the PDZK1 gene variant rs1967017 combining NZ 

European Caucasian and Polynesian sample sets. 

 

Figure 3.25.C: Meta-analysis of the combined Caucasian and Polynesian case-control sample sets for 

the PDZK1 gene variant rs1967017 

All six datasets were meta-analysed jointly, including NZ European Caucasian, East 

Polynesian with high Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian 

ancestry (EP/Z) group, Mixed East and West Polynesian (EP/WP), West Polynesian (WP), 

FHS and ARIC. The B-D test indicated that there was no evidence of genetic heterogeneity 

between the sample sets (B-D, P=0.42).  The fixed effects model was used in this meta-

analysis. The sample sets showed a trend towards the protective association of the PDZK1-

rs1967017 variant with a decreased risk of gout (P=0.07, OR=0.91[0.82-1.01]). 

3.3.2- Testing the PDZK1 gene variant rs1284300 for association with 

gout in the NZ, FHS and ARIC case-control sample sets. 

The rs1284300 variant is located in the first intron of the PDZK1 gene. In a study by Junyent 

and colleagues (2009), rs1284300 showed no association was shown with metabolic 

syndrome (Junyent et al., 2009). The results of the association analysis of the PDZK1 gene 

variant rs1284300 with gout are shown in table 3.23. 
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rs1284300 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

P-value 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

Genotype Frequencies MAF 
HWE Adjustments P-value OR(95%CI) 

CC TC TT T CC TC TT T 

NZ Cau 

Controls 509(0.799) 122(0.191) 6(0.009) 0.105 0.67 Unadjusted 0.025 0.70(0.51-0.95) 105(0.799) 27(0.191) 1(0.009) 0.109 0.20 Unadjusted 0.095 0.67(0.42-1.07 

0.01 

Cases 359(0.854) 58(0.138) 3(0.007) 0.076 0.68 Multiple 0.047* 0.44(0.20-0.99)* 358(0.854) 58(0.138) 3(0.007) 0.076 0.13 Multiple 0.047 0.44(0.20-0.99) 

FHS 

Controls 4102(0.893) 481(0.104) 9(0.001) 0.053 0.10 Unadjusted 0.148 0.43(0.13-1.38) 4102(0.893) 481(0.104) 9(0.001) 0.053 0.10 Unadjusted 0.148 0.43(0.13-1.38) 

0.01 

Cases 58(0.950) 3(0.049) 0(0.000) 0.037 0.05 Multiple 0.275* 0.51(0.15-1.68)* 58(0.950) 3(0.049) 0(0.000) 0.037 0.05 Multiple 0.275 0.51(0.15-1.68) 

ARIC 

Controls 5659(0.843) 1021(0.152) 32(0.004) 0.080 0.15 Unadjusted 0.376 0.80(0.50-1.29) 5659(0.843) 1021(0.152) 32(0.004) 0.080 0.15 Unadjusted 0.376 0.80(0.50-1.29) 

0.01 

Cases 124(0.867) 19(0.132) 0(0.000) 0.066 0.13 Multiple 0.244* 0.75(0.46-1.21)* 124(0.867) 19(0.132) 0(0.000) 0.066 0.13 Multiple 0.244 0.75(0.46-1.21) 

EP/N 

Controls 164(0.881) 21(0.112) 1(0.005) 0.061 0.71 Unadjusted 0.002 0.33(0.16-0.70) 113(0.881) 13(0.112) 1(0.005) 0.059 0.10 Unadjusted 0.059 0.47(0.21-1.04) 

0.01 

Cases 243(0.960) 9(0.035) 1(0.003) 0.021 0.06 Multiple 0.086* 0.21(0.03-1.25)* 181(0.960) 9(0.035) 1(0.003) 0.028 0.05 Multiple 0.086 0.12(0.03-1.25) 

EP/Z 

Controls 143(0.893) 17(0.106) 0(0.000) 0.053 0.48 Unadjusted 0.049 2.13(0.98-4.63) 61(0.893) 7(0.106) 0(0.000) 0.051 0.10 Unadjusted 0.049 2.57(0.97-6.79) 

0.01 

Cases 44(0.785) 12(0.214) 0(0.000) 0.107 0.37 Multiple 0.473* 1.88(0.33-10.74)* 37(0.785) 12(0.214) 0(0.000) 0.122 0.24 Multiple 0.461 1.91(0.33-10.84) 

Mixed 

EP/WP 

Controls 23(0.920) 2(0.080) 0(0.000) 0.046 0.83 Unadjusted 0.212 0.24(0.01-5.41) 14(0.920) 1(0.080) 0(0.000) 0.033 0.06 Unadjusted 0.256 - 

0.01 

Cases 19(1.000) 0(0.000) 0(0.000) 0.000 1.00 Multiple 0.971* -* 19(1.000) 0(0.000) 0(0.000) 0.000 0.10 Multiple 0.986 - 

WP 

Controls 136(0.944) 8(0.055) 0(0.000) 0.027 0.73 Unadjusted 0.851 1.08(0.45-2.59) 105(0.944) 3(0.055) 2(0.000) 0.013 0.09 Unadjusted 0.198 2.23(0.63-7.76) 

0.01 

Cases 234(0.939) 15(0.060) 0(0.000) 0.030 0.62 Multiple 0.397* 2.11(0.37-11.98)* 232(0.939) 15(0.060) 0(0.000) 0.030 0.06 Multiple 0.397 2.11(0.37-11.98) 

Table 3.23: Result of the association analysis of PDZK1 variant rs1284300 

Allelic and genotype frequencies for the variant rs1284300 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency, OR = Odds Ratio; CI = Confidence Interval. P-value. Adjustments: 

multiple: adjusted for sex, age, hypertension, triglycerides and BMI *= Those samples we have information on BMI, hypertension and, triglycerides. Note: The 

FHS and ARIC datasets are not adjusted for hypertension because there is no information available. 

Note: In the Mixed EP/WP sample sets the OR could not be calculated due to the absence of minor allele in the cases. For this SNP, a significance level of 

P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The distributions of the allele frequencies in gout cases and controls were in Hardy-Weinberg 

equilibrium (see table 3.19). The rs1284300 variant of PDZK1 showed significant association 

of the minor allele (T) with a reduced risk of gout in the NZ European Caucasian sample set 

(P=0.04, OR=0.44[0.20-0.99]). In the FHS (P=0.27, OR=0.51[0.15-1.68]) and the ARIC 

(P=0.24, OR=0.75[0.46-1.21]) datasets, however, this variant did not show any association 

with gout. The East Polynesian with high Polynesian ancestry (EP/N) sample set showed a 

trend towards significance (P=0.08, OR=0.21[0.03-1.25]). In the EP/Z group sample set, in 

the unadjusted model, the variant was found to be associated with an increased risk of gout 

(P=0.04, OR=2.13[0.98-4.63]), but when adjusted for other co-variants, the association was 

lost (P=0.47, OR=1.88[0.33-10.74]. In the Mixed EP/WP sample set, the minor allele C was 

non-existent in the cases and the results showed no association (P=0.98) of this variant with 

gout. The West Polynesian (WP) sample set also failed to show any association (P=0.39, OR= 

2.11[0.37-11.98]) with gout.  
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3.3.2.1- Meta-analysis of the PDZK1 gene variant rs1284300 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.26.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PDZK1 gene 

variant rs1284300 

The meta-analysis of the NZ European Caucasian, FHS and ARIC showed an overall 

association of the minor allele T with reduced risk of gout (P=0.009, OR=0.71[0.56-0.92]). 

The B-D test indicated that there was no evidence of genetic heterogeneity between the 

sample sets (B-D, P=0.61). The fixed effects model was used in this meta-analysis.  
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3.3.2.2- Meta-analysis of the PDZK1 gene variant rs1284300 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.26.B: Meta-analysis of the Polynesian case-control sample sets for the PDZK1 gene variant 

rs1284300 

Meta-analysis was performed using the following datasets: East Polynesian with high 

Polynesian ancestry (EP/N) group, East Polynesian with low Polynesian ancestry (EP/Z) 

group, Mixed East and West Polynesian (EP/WP) and West Polynesian (WP). The fixed 

effects model was used and the B-D test indicated that there was no evidence of genetic 

heterogeneity between the sample sets (B-D, P=0.06). The sample sets showed no evidence 

for association of the PDZK1-rs1284300 variant with gout (P=0.70, OR=0.82[0.29-2.29]).  

3.3.3- Testing the PDZK1 gene variant rs11576685 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

PDZK1 variant rs11576685 carriers are at an increased risk of developing metabolic 

syndrome, as they have been reported to have abdominal obesity, high levels of triglyceride 

(TG) and very low-density lipoprotein (VLDL) (Junyent et al., 2009). Results of the 

association analysis of PDZK1 variant rs11576685 with gout are shown in table 3.24 
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rs11576685 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) Bonferroni 

Correction 

P-value AA AG GG G HWE Adjusted P-value OR(95%CI) AA AG GG G HWE Adjusted P-value OR(95%CI) 

NZ Cau 
Controls 580(0.913) 54(0.085) 1(0.001) 0.044 0.86 Unadjusted 0.543 0.87(0.55-1.35) 126(0.913) 5(0.085) 0(0.001) 0.019 0.03 Unadjusted 0.126 2.07(0.79-5.37) 

0.01 
Cases 382(0.922) 32(0.077) 0(0.000) 0.038 0.40 Multiple 0.226* 3.79(0.43-33.03)* 381(0.922) 32(0.077) 0(0.000) 0.038 0.07 Multiple 0.226 3.79(0.43-33.03) 

FHS 
Controls 4548(0.990) 43(0.009) 1(0.0002) 0.004 0.09 Unadjusted 0.438 0.81(0.05-13.37) 4548(0.990) 43(0.009) 1(0.0002) 0.004 0.09 Unadjusted 0.438 0.81(0.05-13.37) 

0.01 
Cases 61(1.00) 0(0.000) 0(0.000) 0.000 0.07 Multiple 0.996* -* 61(1.00) 0(0.000) 0(0.000) 0.000 0.07 Multiple 0.996 - 

ARIC 
Controls 6383(0.923) 522(0.075) 6(0.0008) 0.038 0.10 Unadjusted 0.265 1.34(0.79-2.82) 6383(0.923) 522(0.075) 6(0.0008) 0.038 0.10 Unadjusted 0.265 1.34(0.79-2.82) 

0.01 
Cases 131(0.897) 15(0.102) 0(0.000) 0.051 0.07 Multiple 0.191* 1.43(0.83-2.45)* 131(0.897) 15(0.102) 0(0.000) 0.051 0.07 Multiple 0.191 1.43(0.83-2.45) 

EP/N 
Controls 178(0.967) 6(0.032) 0(0.000) 0.016 0.82 Unadjusted 0.133 0.35(0.08-1.44) 125(0.967) 1(0.032) 0(0.000) 0.003 0.07 Unadjusted 0.809 1.34(0.12-14.88) 

0.01 
Cases 250(0.988) 3(0.011) 0(0.000) 0.005 0.92 Multiple 0.999* -* 186(0.988) 2(0.011) 0(0.000) 0.005 0.01 Multiple 0.999 - 

EP/Z 
Controls 141(0.875) 20(0.124) 0(0.000) 0.062 0.42 Unadjusted 0.023 0.13(0.01-1.02) 64(0.875) 4(0.124) 0(0.000) 0.029 0.05 Unadjusted 0.326 0.34(0.03-3.15) 

0.01 
Cases 55(0.982) 1(0.017) 0(0.000) 0.008 0.94 Multiple 0.999* -* 47(0.982) 1(0.017) 0(0.000) 0.010 0.07 Multiple 0.999 - 

Mixed EP/WP 
Controls 24(0.960) 1(0.040) 0(0.000) 0.040 0.91 Unadjusted 0.380 0.42(0.01-10.80) 15(0.960) 0(0.040) 0(0.000) 0.000 0.11 Unadjusted - - 

0.01 
Cases 19(1.000) 0(0.000) 0(0.000) 0.000 1.00 Multiple -* -* 19(1.000) 0(0.000) 0(0.000) 0.000 0.30 Multiple - - 

WP 
Controls 139(0.978) 3(0.021) 0(0.000) 0.010 0.89 Unadjusted 0.104 0.18(0.01-1.80) 106(0.978) 0(0.021) 0(0.000) 0.000 0.19 Unadjusted 0.513  

0.01 
Cases 250(0.996) 1(0.003) 0(0.000) 0.001 0.97 Multiple 0.999* -* 248(0.996) 1(0.003) 0(0.000) 0.002 0.32 Multiple 0.999 - 

Table 3.24: Result of the association analysis of PDZK1 variant rs11576685 

Allelic and genotype frequencies for the variant rs11576685 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency, OR = Odds Ratio; CI = Confidence Interval. P-value. Adjustments: 

multiple: adjusted for sex, age, hypertension, triglycerides and BMI *= Those samples we have information on BMI, hypertension, triglycerides. 

Note: The FHS and ARIC datasets are not adjusted for hypertension because there is no information available and no second association analysis was 

performed for these datasets. In the Mixed EP/WP sample sets, the ORs could not be calculated due to the absence of the minor allele in the cases. For this SNP, 

a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
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The genotype distribution of rs11576685 was found to be in Hardy-Weinberg equilibrium, 

except for in the NZ European Caucasian controls and the EP/N cases (subset) (see table 

3.20.A). There was no evidence for association of the minor allele G of rs11576685 with gout 

in the following: NZ European Caucasian sample set (P=0.22, OR= 3.79[0.43-33.03]), FHS 

gout (P=0.99), ARIC (P=0.19, OR= 1.43[0.83-2.45]), East Polynesian with high Polynesian 

ancestry (EP/N) (P=0.99), East Polynesian with low Polynesian ancestry (EP/Z) sample set, 

Mixed EP/WP sample set and West Polynesian (WP) (P=0.99).  

3.3.3.1- Meta-analysis of the PDZK1 gene variant rs11576685 combining the NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.27.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PDZK1 gene 

variant rs11576685 

Meta-analysis of the NZ European Caucasian, FHS and ARIC sample sets was done using the 

fixed effects model. There was no evidence of genetic heterogeneity between the sample sets 

(B-D, P=0.45). The sample sets showed no evidence for association of the PDZK1-

rs11576685 variant with gout (P=0.81, OR=1.04[0.74-1.46]). 
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3.3.3.2- Meta-analysis of the PDZK1 gene variant rs11576685 combining EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.27.B: Meta-analysis of the Polynesian case-control sample sets for the PDZK1 gene variant 

rs11576685 

Meta-analysis was done on the East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed East and West Polynesian (EP/WP) 

and West Polynesian (WP) sample sets using the fixed effects model. The B-D test indicated 

that there was no evidence of genetic heterogeneity between the sample sets (B-D, P=0.84). 

The combined sample sets showed evidence for significant association of the minor allele (G) 

of PDZK1-rs11576685 variant with a reduced risk of gout (P=0.007, OR=0.26[0.10-0.68]).   
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3.3.4- Testing the PDZK1 gene variant rs12129861 for association 

with gout in the NZ, FHS and ARIC case-control sample sets  

The minor allele (A) of rs1212986 is located 2 kb upstream of the PDZK1 gene. It was found 

to be associated with reduced serum urate levels (Kolz et al., 2009) and with systolic blood 

pressure (van der Harst et al., 2010). Results of the association analysis of the PDZK1 variant 

rs12129861 with gout are shown in table 3.25. 
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rs12129861 

Sample sets 

Combined (all controls and cases) Subset (controls and cases having full clinical information) 
Bonferroni 

Correction 

P-value 

Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 
Genotype Frequencies MAF 

HWE Adjustments P-value OR(95%CI) 
GG GA AA A GG GA AA A 

NZ Cau 

Controls 171(0.268) 320(0.503) 145(0.227) 0.479 0.71 Unadjusted 0.391 0.92(0.77-1.10) 27(0.268) 73(0.503) 31(0.227) 0.515 0.55 Unadjusted 0.113 0.79(0.60-1.05) 

0.01 

Cases 117(0.279) 217(0.519) 84(0.200) 0.460 0.33 Multiple 0.788* 0.93(0.57-1.51)* 117(0.279) 217(0.519) 83(0.200) 0.459 0.52 Multiple 0.788 0.93(0.57-1.51) 

FHS 

Controls 1160(0.246) 2428(0.515) 1124(0.238) 0.496 0.51 Unadjusted 0.198 0.79(0.56-1.12) 1160(0.246) 2428(0.515) 1124(0.238) 0.496 0.51 Unadjusted 0.198 0.79(0.56-1.12) 

0.01 

Cases 19(0.283) 37(0.552) 11(0.164) 0.440 0.57 Multiple 0.812* 0.86(0.59-1.25)* 19(0.283) 37(0.552) 11(0.164) 0.440 0.57 Multiple 0.812 0.86(0.59-1.25) 

ARIC 

Controls 1857(0.267) 3497(0.503) 1591(0.229) 0.480 0.50 Unadjusted 0.701 0.95(0.75-1.20) 1857(0.267) 3497(0.503) 1591(0.229) 0.480 0.50 Unadjusted 0.701 0.95(0.75-1.20) 

0.01 

Cases 39(0.263) 79(0.533) 30(0.202) 0.469 0.53 Multiple 0.604* 0.93(0.74-1.18)* 39(0.263) 79(0.533) 30(0.202) 0.469 0.53 Multiple 0.604 0.93(0.74-1.18) 

EP/N 

Controls 128(0.699) 44(0.240) 11(0.060) 0.180 0.01 Unadjusted 0.802 1.05(0.68-1.63) 86(0.699) 34(0.240) 7(0.060) 0.188 0.26 Unadjusted 0.993 0.99(0.62-1.59) 

0.01 

Cases 71(0.669) 30(0.283) 5(0.047) 0.188 0.72 Multiple 0.812* 1.14(0.37-3.51)* 71(0.669) 30(0.283) 5(0.047) 0.189 0.28 Multiple 0.812 1.14(0.37-3.51) 

EP/Z 

Controls 55(0.364) 74(0.490) 22(0.145) 0.390 0.71 Unadjusted 0.577 0.83(0.43-1.59) 26(0.364) 31(0.490) 9(0.145) 0.371 0.46 Unadjusted 0.776 0.90(0.44-1.82) 

0.01 

Cases 8(0.347) 14(0.608) 1(0.043) 0.347 0.10 Multiple 0.952* 1.06(0.15-7.21)* 8(0.347) 14(0.608) 1(0.043) 0.347 0.60 Multiple 0.826 0.82(0.09-7.08)7 

Mixed EP/WP 

Controls 13(0.250) 10(0.583) 1(0.166) 0.250 0.58 Unadjusted 0.551 1.40(0.46-4.24) 9(0.250) 5(0.583) 1(0.166) 0.233 0.33 Unadjusted 0.495 1.53(0.44-5.26) 

0.01 

Cases 5(0.526) 5(0.368) 1(0.105) 0.358 0.34 Multiple 0.991* -* 5(0.526) 5(0.368) 1(0.105) 0.358 0.45 Multiple 0.987 - 

WP 

Controls 63(0.492) 51(0.398) 14(0.109) 0.308 0.47 Unadjusted 0.017 0.61(0.41-0.92) 46(0.492) 37(0.398) 11(0.109) 0.313 0.36 Unadjusted 0.017 0.59(0.38-0.91) 

0.01 

Cases 75(0.60) 46(0.368) 4(0.032) 0.216 0.61 Multiple 0.3397* 0.71(0.36-1.42)* 75(0.600) 45(0.368) 4(0.032) 0.213 0.39 Multiple 0.339 0.71(0.36-1.42) 

Table 3.25: Result of the association analysis of PDZK1 variant rs12129861. 

Allelic and genotype frequencies for the variant rs12129861 in the NZ European Caucasians, East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed Eastern and Western Polynesian (EP/WP), West Polynesian (WP); FHS = Framingham Heart Study; 

ARIC = Atherosclerosis Risk in Communities study. MAF= Minor Allele Frequency, OR = Odds Ratio; CI = Confidence Interval. P-value. Adjustments: 

multiple: adjusted for sex, age, hypertension, triglycerides and BMI *= Those samples we have information on BMI, hypertension, triglycerides. 

Note: The FHS and ARIC datasets are not adjusted for hypertension because there is no information available and no second association analysis was 

performed for these datasets For this SNP, a significance level of P=0.003 was calculated to be required after Bonferroni correction for multiple testing.  
 



 

250 

 

Allele frequencies of the cases and controls were in Hardy-Weinberg equilibrium (see table 

3.21.A). The results for the rs12129861 variant did not show a significant association with 

gout in any of the sample sets: NZ European Caucasian sample set (P=0.78, OR=0.93[0.57-

1.51]), FHS (P=0.81, OR=0.86[0.59-1.25]), ARIC (P=0.60, OR=0.93[0.74-1.18]), East 

Polynesian with high Polynesian ancestry (EP/N) (P=0.81, OR=1.14[0.37-3.51]), East 

Polynesian with low Polynesian ancestry (EP/Z) (P=0.95, OR=1.06[0.15-7.21]), Mixed 

EP/WP (P=0.99) and West Polynesian (WP) (P= 0.33, OR=0.71[0.36-1.42]). The variant 

rs12129861 did not show association with gout in the NZ sample sets. 

3.3.4.1- Meta-analysis of the PDZK1 gene variant rs12129861 combining NZ 

European Caucasian, FHS and ARIC sample sets 

 

Figure 3.28.A: Meta-analysis of the NZ, FHS and ARIC case-control sample sets for the PDZK1 gene 

variant rs12129861 

Meta-analysis of the NZ European Caucasian, FHS and ARIC was done using the fixed 

effects model. There was no evidence of genetic heterogeneity between the sample sets (B-D, 

P=0.68). The sample sets showed no evidence for association of the PDZK1-rs12129861 

variant with gout (P=0.18, OR=0.92[0.81-1.04]).  
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3.3.4.2- Meta-analysis of the PDZK1 gene variant rs12129861 combining the EP/N, 

EP/Z, Mixed EP/WP and WP sample sets 

 

Figure 3.28.B: Meta-analysis of the Polynesian case-control sample sets for the PDZK1 gene variant 

rs112129861 

Meta-analysis was done on the East Polynesian with high Polynesian ancestry (EP/N), East 

Polynesian with low Polynesian ancestry (EP/Z), Mixed East and West Polynesian (EP/WP) 

and West Polynesian (WP) sample sets using the fixed effects model. The B-D test indicated 

no evidence of genetic heterogeneity between the sample sets (B-D, P=0.24). The sample sets 

showed no evidence of association of the rs12129861 variant with gout (P=0.29, 

OR=0.84[0.61-1.16]). 
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3.3.4.3- Meta-analysis of the PDZK1 gene variant rs12129861 combining NZ 

European Caucasian and Polynesian sample sets 

 

Figure 3.28.C: Meta-analysis of the combined Caucasian and Polynesian case-control sample sets for 

the PDZK1 gene variant rs12129861 

All six datasets, including NZ European Caucasian, East Polynesian with high Polynesian 

ancestry (EP/N), East Polynesian with low Polynesian ancestry (EP/Z), Mixed east and west 

Polynesian (EP/WP), West Polynesian (WP), FHS and ARIC, were jointly meta-analysed. 

The B-D test indicated that there was no evidence of genetic heterogeneity between the 

sample sets (B-D, P=0.496). The fixed effects model was used in this meta-analysis. Results 

of the rs12129861 variant revealed that it was trending towards significance (P=0.06, 

OR=0.89[0.80-1.00]) with a reduced risk of gout.  
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Subsection 2: PDZK1 variants and components of Metabolic 

Syndrome 

Metabolic syndrome is prevalent among individuals with gout (Choi & Ford, 2007). 

Hyperuricaemia is associated with the components of metabolic syndrome such as 

hypertension, obesity, dyslipidaemia and hyperglycaemia (Nakagawa et al., 2006). 

Association between individual components of metabolic syndrome and the PDZK1 genetic 

variants was studied to determine whether they modulate any metabolic syndrome risk. 

Logistic regression was performed for categorical variables such as hypertension. The 

categorical variable has values that function as labels rather than as numbers. Regression 

analysis was used for continuous variables such as BMI, triglycerides and serum uric acid. 

Continuous variables are defined as variable that are not restricted to particular values. No 

adjustments were made for any urate-lowering therapy or for the treatment of hypertension 

and hyperlipidaemia. The reason for not making adjustments was that the information on 

medication data for most of the participants was incomplete. 
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rs1967017 Hypertension BMI Triglycerides Serum Uric acid 

Sample 

sets 
Adjustments 

Num of 

Obs 

Logistic P-

value 

Logistic 

OR(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

NZ Cau 
Unadjusted 543 0.157 1.19(0.93-1.53)1 542 0.606 0.17(-0.48, 0.83) 301 0.420 0.09(-0.13, 0.33) 301 0.272 0.009(-0.007, 0.02) 

Multiple 292 0.240 1.27(0.84-1.93)*8 292 0.772 -0.11(-0.86, 0.64) 292 0.809 0.02(-0.19, 0.24) 292 0.302 0.007(-0.006, 0.02) 

 

EP/N 
Unadjusted 388 0.922 0.98(0.72-1.34)1 387 0.853 -0.12(-1.39,  1.15) 252 0.217 0.21(-0.12, 0.55) 252 0.824 0.002(-0.01,  0.02) 

Multiple 235 0.090 0.62(0.36-1.07)*8 235 0.500 -0.56(-2.20,  1.07) 235 0.250 0.20(-0.14,  0.56) 235 0.768 -0.002(-0.02,  0.01) 

 

EP/Z 
Unadjusted 134 0.525 1.21(0.66-2.22)1 134 0.082 1.39(-0.17,  2.95) 68 0.605 -0.12(-0.61, 0.36) 68 0.827 0.007(-0.03,  0.03) 

Multiple 67 0.511 1.53(0.43-5.44)*8 67 0.744 -0.29(-2.08,  1.49) 67 0.746 -0.07(-0.56,  0.40) 67 0.701 0.005(-0.02,  0.03) 

 

WP 
Unadjusted 349 0.570 1.10(0.78-1.53)1 346 0.285 0.70(-0.58-1.98) 346 0.532 0.08(-0.18, 0.36) 254 0.815 -0.002(-0.02,  0.01) 

Multiple 245 0.836 0.95(0.61-1.48)*8 245 0.657 0.30(-1.03, 1.63) 245 0.560 0.08(-0.19,  0.35) 245 0.675 -0.003(-0.02, 0.01) 

Table 3.26- Testing the PDZK1 variant rs1967017 for possible association with components of metabolic syndrome in NZ case-control sample sets 

Hyper=Hypertension; BMI=Body Mass Index; Trigs=Triglycerides; SUA= Serum Uric Acid Levels. Num of Obs=Number of observations used in this study;, 

P-value; OR=Odds Ratio;95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). 

Hypertension multiple adjustments: adjusted for gout affection, sex, age, BMI, triglycerides and serum uric acid.  

BMI multiple adjustments: adjusted for gout affection, sex, age, hypertension, triglycerides and serum uric acid. 

Triglycerides multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and serum uric acid. 

Serum Uric Acid multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and triglycerides. 

For this SNP, a significance level of P=0.003 for BMI and a significance level of P=0.01 for Hypertension, Triglycerides and Serum uric acid was 

calculated to be required after Bonferroni correction for multiple testing.   
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rs1284300 Hypertension BMI Triglycerides Serum Uric acid 

Sample 

sets 
Adjustments 

Num of 

Obs 

Logistic P-

value 

Logistic 

OR(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

NZ Cau 
Unadjusted 548 0.919 1.02(0.66-1.56) 546 0.885 -0.08(-1.24, 1.07) 304 0.316 -0.19(-0.57, 0.18) 304 0.026 -0.03(-0.06, -0.004) 

Multiple 296 0.921 0.96(0.48-1.92) 296 0.291 0.65(-0.56, 1.87) 296 0.810 -0.04(-0.40, 0.31) 296 0.075 -0.02(-0.04, 0.002) 

 

EP/N 
Unadjusted 389 0.482 0.76(0.36-1.61)1 388 0.973 -0.04(-2.86, 2.76) 253 0.197 0.51(-0.27, 1.31) 253 0.655 -0.01(-0.05-,  0.03) 

Multiple 236 0.356 1.78(0.52-6.12) 236 0.674 -0.81(-4.63, 3.00) 236 0.148 0.60(-0.21, 1.43) 236 0.954 0.001(-0.04, 0.04) 

 

EP/Z 
Unadjusted 136 0.857 1.09(0.39-3.07)1 136 0.882 -0.21(-3.00, 2.58) 70 0.999 -0.0005(-0.84, 0.84) 70 0.225 0.03(-0.02, 0.10) 

Multiple 69 0.176 3.67(0.55-24.31) 69 0.713 0.58(-2.59, 3.77) 69 0.492 -0.28(-1.11, 0.54) 69 0.322 0.02(-0.02, 0.07) 

 

WP 
Unadjusted 349 0.720 1.19(0.45-3.16)1 346 0.607 0.98(-2.77, 4.74) 254 0.675 -0.17(-.99, 0.64) 254 0.360 0.02(-0.03,  0.08) 

Multiple 245 0.363 1.81(0.50-6.52) 245 0.576 1.17(-2.96, 5.32) 245 0.298 -0.44(-1.28, 0.39) 245 0.915 0.002(-0.05, 0.05) 

Table 3.27- Testing the PDZK1 variant rs1284300 for possible association with components of metabolic syndrome in NZ case-control sample sets 

Hyper=Hypertension; BMI=Body Mass Index; Trigs=Triglycerides; SUA= Serum Uric Acid Levels. Num of Obs=Number of observations used in this study;, 

P-value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). 

Hypertension multiple adjustments: adjusted for gout affection, sex, age, BMI, triglycerides and serum uric acid.  

BMI multiple adjustments: adjusted for gout affection, sex, age, hypertension, triglycerides and serum uric acid. 

Triglycerides multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and serum uric acid. 

Serum Uric Acid multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and triglycerides. 

For this SNP, a significance level of P=0.003 for BMI and a significance level of P=0.01 for Hypertension, Triglycerides and Serum uric acid was 

calculated to be required after Bonferroni correction for multiple testing.  
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rs11576685 Hypertension BMI Triglyceride Serum Uric acid 

Sample 

sets 
Adjustments 

Num of 

Obs 

Logistic P-

value 
Logistic OR(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

NZ Cau 
Unadjusted 539 0.948 1.02(0.53-1.97) 538 0.023 2.00(0.27, 3.74) 297 0.659 -0.16(-.92, 0.58) 297 0.346 -0.02(-.08, 0.02) 

Multiple 288 0.913 1.07(0.28-4.14) 288 0.173 1.69(-0.74, 4.13) 288 0.771 -0.10(-1.85, 0.93) 288 0.321 -0.02(-0.07, 0.02) 

 

EP/N 
Unadjusted 386 0.116 5.83(0.64-54.67) 385 0.168 -4.99(-12.10, 2.11) 249 0.879 -0.13(1.89, 1.62) 249 0.303 0.05(-0.04, 0.15) 

Multiple 228 - - 232 0.090 -7.02(-15.13, 1.09) 232 0.510 -0.59(-2.38, 1.19) 232 0.440 0.03(-0.05, 0.12) 

 

EP/Z 
Unadjusted 136 0.698 1.41(0.24-8.05) 135 0.597 1.34(-3.67,  6.36) 69 0.557 -0.42(-1.95, 1.09) 69 0.291 -0.06(-.17, 0.05) 

Multiple 68 0.029 119.84(1.64, 8752.63) 68 0.361 -2.74(-8.70, 3.22) 68 0.751 -0.25(-1.82, 1.32) 68 0.786 0.01(-0.07, 0.10) 

 

WP 
Unadjusted 349 0.945 0.91(0.08-10.22) 346 0.984 0.09(-9.28,  9.47) 254 0.644 -0.40(-2.14, 1.32) 254 0.333 -0.06(-0.18,  0.06) 

Multiple 245 0.770 0.68(0.05-8.29) 245 0.947 0.28(-8.32, 8.90) 245 0.539 -0.53(-2.24, 1.17) 245 0.126 -0.08(-0.19, 0.02) 

Table 3.28- Testing the PDZK1 variant rs11576685 for possible association with components of metabolic syndrome in NZ case-control sample sets 

Hyper=Hypertension; BMI=Body Mass Index; Trigs=Triglycerides; SUA= Serum Uric Acid Levels. Num of Obs=Number of observations used in this study; P-

value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for the continuous variables (BMI). 

Hypertension multiple adjustments: adjusted for gout affection, sex, age, BMI, triglycerides and serum uric acid.  

BMI multiple adjustments: adjusted for gout affection, sex, age, hypertension, triglycerides and serum uric acid. 

Triglycerides multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and serum uric acid. 

Serum uric acid multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and triglycerides. 

For this SNP, a significance level of P=0.003 for BMI and a significance level of P=0.01 for Hypertension, Triglycerides and Serum uric acid was 

calculated to be required after Bonferroni correction for multiple testing.  
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rs12129861 Hypertension BMI Triglycerides Serum Uric acid 

Sample 

sets 
Adjustments 

Num of 

Obs 

Logistic P-

value 

Logistic 

OR(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

Num of 

Obs 

Regress P-

value 

Regress Beta Coeff 

(95%CI) 

NZ Cau 
Unadjusted 543 0.039 0.76(0.59-0.98) 542 0.752 0.10(-0.56, 0.77) 302 0.253 -0.13(-0.36, 0.09) 302 0.167 -0.01(0.02,  0.08) 

Multiple 293 0.079 0.69(0.46-1.04) 293 0.371 0.34(-0.40, 1.08) 293 0.604 -0.05(-0.27,  0.16) 293 0.770 -0.002(-0.01,  0.01) 

 

EP/N 
Unadjusted 388 0.399 0.85(0.60-1.22) 387 0.968 0.02(-1.38, 1.43) 251 0.038 0.41(0.02, 0.80) 251 0.408 -0.009(-0.03, 0.01) 

Multiple 234 0.895 0.95(0.50-1.80) 234 0.586 0.51(-1.34, 2.38) 234 0.052 0.39(-0.003, 0.79) 234 0.362 -0.009(-0.03, 0.01) 

 

EP/Z 
Unadjusted 131 0.917 1.03(0.56-1.87) 131 0.908 0.09(-1.49, 1.67) 68 0.372 0.21(-0.26, 0.69) 68 0.904 0.002(-0.03,  0.03) 

Multiple 67 0.643 1.34(0.38-4.70) 67 0.775 0.26(-1.56, 2.08) 67 0.583 0.13(-0.35,  0.62) 67 0.817 0.003(-0.02,  0.03) 

 

WP 
Unadjusted 333 0.119 0.75(0.52-1.07) 332 0.042 -1.42(-2.79,  -0.05) 238 0.912 0.01(-0.27, 0.30) 238 0.474 0.007(-0.01,  0.02) 

Multiple 231 0.381 0.80(0.49-1.30) 231 0.109 -1.18(-2.63,  0.26) 231 0.698 0.05(-0.23,  0.35) 231 0.312 0.009(-0.009,  0.02) 

Table 3.29- Testing the PDZK1 variant rs12129861 for possible association with components of metabolic syndrome in NZ case-control sample sets 

Hyper=Hypertension; BMI=Body Mass Index; Trigs=Triglycerides; SUA= Serum Uric Acid Levels. Num of Obs=Number of observations used in this study; P-

value; OR=Odds Ratio; 95%CI= 95% Confidence Interval; Beta Coeff=Beta Coefficient. 

Note: Linear regression was used for the categorical variable (type 2 diabetes) and a regression model was used for continuous variables (BMI). 

Hypertension multiple adjustments: adjusted for gout affection, sex, age, BMI, triglycerides and serum uric acid.  

BMI multiple adjustments: adjusted for gout affection, sex, age, hypertension, triglycerides and serum uric acid. 

Triglycerides multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and serum uric acid. 

Serum Uric Acid multiple adjustments: adjusted for gout affection, sex, age, hypertension, BMI and triglycerides. 

For this SNP, a significance level of P=0.003 for BMI and a significance level of P=0.01 for Hypertension, Triglycerides and Serum uric acid was 

calculated to be required after Bonferroni correction for multiple testing.  
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The variant rs1967017 did not show significant association with BMI, triglycerides and serum 

uric acid in any of the sample sets. With regard to hypertension, after adjusting for multiple 

covariates in the EP/N sample set, this variable showed a trend towards significance (P=0.09, 

OR=0.62[0.36-1.07]). 

The variant rs1284300 did not show significant association with hypertension, BMI and 

triglycerides in any of the sample sets. In the NZ European Caucasian, in the unadjusted 

model, it did show an association (P=0.02, Beta= -0.03[-0.06, -0.004]) with low serum urate 

levels, but when adjusted for other factors, the statistical significance was lost (P=0.07, Beta= 

-0.02[-0.04, -0.002]). 

The rs11576685 variant did not show significant association with triglycerides and serum uric 

acid in any of the sample sets. With regard to BMI, the NZ European Caucasian in the 

unadjusted model showed a significant association (P=0.02, Beta=2.0[0.27 3.74]), but this 

association was lost once adjusted for multiple confounders (P=0.17, Beta=1.69[-0.74 4.13]). 

The EP/N sample set also showed a trend towards association (P=0.09, Beta= -7.02 [-15.13 

1.09]) with low BMI. With hypertension, in the EP/Z sample set, a significant association 

(P=0.02, OR=119.84[1.64-8752.63]) with an increased risk of hypertension was shown. 

The variant rs12129861 did not show significant association with serum uric acid in any of 

the sample sets. In the case of hypertension in the NZ European Caucasian, in the unadjusted 

model, this was found to be associated with a reduced risk of hypertension (P=0.03, 

OR=0.76[0.59-0.98]), but when adjusted for other confounding factors, the statistical 

significance was lost, although it was still trending towards significance (P=0.07, 

OR=0.69[0.46-1.04]). With triglycerides in the EP/Z sample set, in the unadjusted model, it 

showed an association (P=0.03, Beta=0.41[0.02, 0.80]) with high triglycerides, but when 

adjusted for other factors, it was found to still be statistically significant (P=0.05, Beta=0.39[-

0.003, 0.79]). In the WP sample in the unadjusted model, a protective association was shown 

(P=0.04, Beta= -1.42[-2.79, -0.05]) with low BMI, but when adjusted for other factors, the 

association was lost (P=0.10, Beta= -1.18[-2.63, 0.26]).  
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Subsection 3: Gene-gene Interaction 

PDZK1 and Urate Transporters 

Gout is likely to be influenced by complex interactions among multiple genes with diverse 

environmental factors. In kidneys, the transport of urate is controlled by various genes. 

Among them is PDZK1, which is expressed in the proximal tubular brush border membrane. 

It physically interacts with the urate transporters such as URAT1, OAT4, NPT1 and ABCG2 

(Please refer to fig 1.4 of chapter 1 for more details) (Gisler et al., 2003; Anzai et al., 2004; 

Kato et al., 2005). 

This case-control association study investigated the importance of gene-gene interplay on 

gout, and whether these genes have an interactive effect on gout risk. Four genes, NPT1, 

URAT1, OAT4 and ABCG2, all with prior evidence of association with gout, were chosen for 

analysis. The PDZK1 gene variant rs1284300 was selected for analysis because it showed an 

association with gout in the NZ gout sample sets. One variant from each of these genes (OAT4 

[rs17300741], URAT1 [rs3825018], NPT1 [rs1183201] and ABCG2 [rs2231142]) was 

selected. These variants had been genotyped by other lab members (Phipps-Green et al., 2010; 

Hollis-Moffatt et al., 2012). These genes were selected based on evidence of direct 

interactions with PDZK1 identified in the literature review (Anzai et al., 2010). PDZK1 

interacts with URAT1 and OAT4 in the proximal tubules of the kidney (Anzai et al., 2010) and 

with ABCG2 in the small intestine (Shimizu et al., 2011). The allelic and genotype 

frequencies of all variants were found to be in Hardy-Weinberg equilibrium. Logistic 

regression was used to study interactions among these variants. 
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3.3.5- Gene-Gene interaction (OAT4 and PDZK1) 

Sample sets Combination (Gene) 
Frequency 

P-value OR(95%CI) Chi2 Value P-value 
Controls                        Cases 

NZ Cau 

OAT4/PDZK1  1,1/1,1 238(0.373)                164(0.391)  1.00 1.75 0.78 

OAT4/PDZK1  1,1/1,2 61(0.095)                   35(0.083) 0.436 0.83(0.52-1.32)   

OAT4/PDZK1  1,1/2,2 2(0.003)                      1(0.002) 0.794 0.72(0.06-8.06)   

OAT4/PDZK1  1,2/1,1 168(0.263)               104(0.248) 0.505 0.89(0.65-1.23)   

OAT4/PDZK1  1,2/1,2 38(0.059)                 13(0.031) 0.038 0.49(0.25-0.96)   

OAT4/PDZK1  1,2/2,2 2(0.003)                     1(0.002) 0.794 0.72(0.06-8.06)   

OAT4/PDZK1  2,2/1,1 103(0.161)                 90(0.214) 0.178 1.26(0.89-1.79)   

OAT4/PDZK1  2,2/1,2 23(0.036)                  10(0.023) 0.240 0.63(0.29-1.36)   

OAT4/PDZK1  2,2/2,2 2(0.003)                    1(0.002) 0.794 0.72(0.06-8.06)   

FHS 

OAT4/PDZK1  1,1/1,1 2102(0.457)                    35(0.573)  1.00 0.30 0.98 

OAT4/PDZK1  1,1/1,2 253(0.055)                      2(0.032) 0.308 0.47(0.11-1.98)   

OAT4/PDZK1  1,2/1,1 1229(0.267)                   16(0.262) 0.418 0.78(0.43-1.41)   

OAT4/PDZK1  1,2/1,2 158(0.034)                      1(0.016) 0.342 0.38(0.05-2.79)   

OAT4/PDZK1  2,2/1,1 771(0.167)                      7(0.114) 0.145 0.54(0.24-1.23)   

ARIC 

OAT4/PDZK1  1,1/1,1 2775(0.413)                   64(0.447)  1.00 1.15 0.34 

OAT4/PDZK1  1,1/1,2 516(0.076)                      9(0.062) 0.437 0.75(0.37-1.52)   

OAT4/PDZK1  1,2/1,1 1622(0.241)                  24(0.167) 0.066 0.64(0.39-1.02)   

OAT4/PDZK1  1,2/1,2 296(0.044)                     2(0.013) 0.088 0.29(0.07-1.20)   

OAT4/PDZK1  2,2/1,1 1262(0.188)                  36(0.251) 0.314 1.23(0.81-1.87)   

OAT4/PDZK1  2,2/1,2 209(0.0.031)                   2(0.055) 0.185 1.65(0.78-3.50)   

EP/N 

OAT4/PDZK1  1,1/1,1 101(0.551)                 153(0.651)  1.00 0.35 0.94 

OAT4/PDZK1  1,1/1,2 11(0.060)                    5(0.021) 0.030 0.30(0.10-0.88)   

OAT4/PDZK1  1,1/2,2 1(0.005)                       1(0.004) 0.770 0.66(0.04-10.67)   

OAT4/PDZK1  1,2/1,1 54(0.295)                     64(0.272) 0.275 0.78(0.50-1.21)   

OAT4/PDZK1  1,2/1,2 9(0.049)                       3(0.012) 0.026 0.22(0.05-0.83)   

OAT4/PDZK1  1,2/2,2 6(0.032)                       9(0.038) 0.986 0.99(0.34-2.86)   

EP/Z 

OAT4/PDZK1  1,1/1,1 68(0.430)                       21(0.396)  1.00 0.53 0.76 

OAT4/PDZK1  1,1/1,2 6(0.037)                          3(0.056) 0.521 1.61(0.37-7.03)   

OAT4/PDZK1  1,1/2,2 44(0.278)                    14(0.0264) 0.940 1.03(0.47-2.23)   

OAT4/PDZK1  1,2/1,1 7(0.044)                         6(0.113) 0.094 2.77(0.84-9.17)   

OAT4/PDZK1  1,2/1,2 29(0.183)                       6(0.113) 0.435 0.66(0.24-1.83)   

OAT4/PDZK1  1,2/2,2 4(0.025)                          3(0.056) 0.269 2.42(0.50-11.73)   

WP 

OAT4/PDZK1  1,1/1,1 92(0.657)                    149(0.608)  1.00 0.21 0.64 

OAT4/PDZK1  1,1/1,2 6(0.042)                        11(0.044) 0.813 1.13(0.40-3.16)   

OAT4/PDZK1  1,1/2,2 35(0.250)                    71(0.289) 0.359 1.25(0.77-2.02)   

OAT4/PDZK1  1,2/1,1 1(0.007)                       4(0.016) 0.422 2.46(0.27-22.43)   

OAT4/PDZK1  1,2/1,2 5(0.035)                      10(0.040) 0.708 1.23(0.40-3.72)   

Table 3.30: OAT4 rs17300741 and PDZK1 rs1284300 genotype combination in the NZ gout case-

control sample sets 

In the NZ European Caucasian, only one genotype combination (OAT4/PDZK1 1,2/1,2) was 

found to be associated with a reduced risk of gout (P=0.03, OR=0.49[0.25-0.96]). No 

significant statistical gene-gene interaction was found between the rs17300741 and 

rs1284300 (χ
2
=1.75; P=0.78) variants in this sample set. 

In the FHS sample set, none of the genotype combinations showed a significant association 

with gout. No statistically significant gene-gene interaction between rs17300741 and 

rs1284300 (χ
2
=0.30; P=0.98) was found.  
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In the ARIC dataset, the genotype combination OAT4/PDZK1 1,2/1,1 showed a trend towards 

a significant association, with the protective effect on gout (P=0.06, OR=0.64[0.39-1.02]). 

Another genotype combination (OAT4/PDZK1 1,2/1,2) also showed a trend towards a reduced 

risk of gout (P=0.08, OR=0.29[0.07-1.20]). No significant statistical gene-gene interaction 

between rs17300741 and rs1284300 (χ
2
=1.15; P=0.34) was found. 

In the EP/N sample set, the genotype combination OAT4/PDZK1 1,1/1,2 showed significant 

association (P=0.03, OR=0.30[0.10-0.88]) with a reduced risk of gout. Another genotype 

combination (OAT4/PDZK1 1,2/1,2) was found to be associated with a reduced risk of gout 

(P=0.02, OR=0.22[0.05-0.83]). No statistically significant gene-gene interaction between 

rs17300741 and rs1284300 (χ
2
=0.35; P=0.94) was found. 

 In the EP/Z and WP sample sets, none of the genotype combinations showed significant 

association with gout. No gene-gene interaction was found between rs17300741 and 

rs1284300 in the EP/Z (χ
2
=0.53; P=0.76) and WP (χ

2
=0.21; P=0.64) sample sets. 
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3.3.6- Gene-Gene interaction (URAT1 and PDZK1) 

Sample sets Combination (Gene) 
Frequency 

P-value OR(95%CI) Chi2Value P-value 
Controls                        Cases 

NZ Cau 

URAT1/PDZK1  1,1/1,1 284(0.443)                188(0.447)  1.00 1.87 0.76 

URAT1/PDZK1 1,1/1,2 61(0.095)                     22(0.052) 0.022 0.54(0.32-0.91)   

URAT1/PDZK1 1,1/2,2 1(0.001)                          1(0.002) 0.771 1.51(0.09-24.29)   

URAT1/PDZK1 1,2/1,1 195(0.304)                138(0.328) 0.647 1.06(0.80-1.42)   

URAT1/PDZK1 1,2/1,2 49(0.076)                     22(0.052) 0.155 0.67(0.39-1.15)   

URAT1/PDZK1 1,2/2,2 4(0.006)                          1(0.002) 0.385 0.37(0.04-3.40)   

URAT1/PDZK1 2,2/1,1 34(0.053)                     35(0.083) 0.088 1.55(0.93-2.58)   

URAT1/PDZK1 2,2/1,2 12(0.018)                     12(0.028) 0.325 1.51(0.66-3.43)   

URAT1/PDZK1 2,2/2,2 1(0.001)                          1(0.002) 0.771 1.51(0.09-24.29)   

FHS 

URAT1/PDZK1   1,1/1,1 2075(0.451)                28(0.459)  1.00 0.48 0.49 

URAT1/PDZK1 1,1/1,2 250(0.054)                         1(0.016) 0.233 0.29(0.04-2.18)   

URAT1/PDZK1 1,2/1,1 1679(0.365)                    25(0.409) 0.722 1.10(0.64-1.89)   

URAT1/PDZK1 1,2/1,2 195(0.042)                     2(0.032) 0.709 0.76(0.17-3.21)   

URAT1/PDZK1 2,2/1,1 348(0.075)                       5(0.081) 0.898 1.06(0.40-2.77)   

ARIC 

URAT1/PDZK1  1,1/1,1 2778 (0.413)                   58(0.405)  1.00 0.20 0.90 

URAT1/PDZK1 1,1/1,2 502(0.074)                      10(0.069) 0.892 0.95(0.48-1.87)   

URAT1/PDZK1 1,2/1,1 2373(0.353)                    49(0.342) 0.955 0.98(0.67-1.45)   

URAT1/PDZK1 1,2/1,2 437(0.065)                      7(0.048) 0.511 0.76(0.34-1.69)   

URAT1/PDZK1 2,2/1,1 508(0.075)                     17(0.118) 0.092 1.60(0.92-2.77)   

URAT1/PDZK1 2,2/1,2 82(0.012)                        2(0.013) 0.831 1.16(0.28-4.86)   

EP/N 

URAT1/PDZK1  1,1/1,1 69(0.372)                  129(0.518)  1.00 0.35 0.55 

URAT1/PDZK1 1,1/1,2 14(0.075)                       5(0.020) 0.002 0.19(0.06-0.55)   

URAT1/PDZK1 1,1/2,2 1(0.005)                        1 (0.004) 0.660 0.53(0.03-8.68)   

URAT1/PDZK1 1,2/1,1 73(0.394)                    96(0.385) 0.102 0.70(0.46-1.07)   

URAT1/PDZK1 1,2/1,2 7(0.037)                         3(0.012) 0.037 0.22(0.05-0.91)   

URAT1/PDZK1 1,2/2,2 21(0.113)                    15(0.060) 0.009 0.38(0.18-7.18)   

EP/Z 

URAT1/PDZK1  1,1/1,1 72(0.447)                  28(0.491)  1.00 0.53 0.76 

URAT1/PDZK1 1,1/1,2 14(0.075)                       5(0.020) 0.002 0.19(0.06-0.55)   

URAT1/PDZK1 1,1/1,2 6(0.037)                       6(0.105) 0.127 2.57(0.76-8.64)   

URAT1/PDZK1 1,1/2,2 45(0.279)                    8(0.140) 0.078 0.45(0.19-1.09)   

URAT1/PDZK1 1,2/1,1 5(0.031)                       3(0.052) 0.570 1.54(0.34-6.89)   

URAT1/PDZK1 1,2/1,2 27(0.167)                    9(0.157) 0.729 0.85(0.35-2.04)   

WP 

URAT1/PDZK1  1,1/1,1 78(0.545)                  122(0.489)  1.00 3.09 0.21 

URAT1/PDZK1 1,1/1,2 2(0.013)                    8(0.032) 0.243 2.55(0.52-12.35)   

URAT1/PDZK1 1,1/2,2 38(0.265)               99(0.397) 0.033 1.66(1.04-2.66)   

URAT1/PDZK1 1,2/1,1 5(0.034)                    6(0.024) 0.670 0.76(0.22-2.59)   

URAT1/PDZK1 1,2/1,2 19( 0.132)              13(0.052) 0.033 0.43(0.20-0.93)   

Table 3.31: URAT1 rs3825018 and PDZK1 rs1284300 genotype combination in the NZ case-control 

sample sets.  

In the logistic regression of NZ European Caucasian, only the genotype combination 

URAT1/PDZK1 1,1/1,2 was found to be associated with a reduced risk (P=0.02, 

OR=0.54[0.32-0.91]) of gout. No statistically significant gene-gene interaction was found 

between rs3825018 and rs1284300 (χ
2
=1.87; P=0.76). 

 In the FHS and ARIC sample sets, none of the genotype combinations showed a significant 

association with gout. 
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In the EP/N sample set, the genotype combination URAT1/PDZK1 1,1/1,2 was found to be 

associated with a reduced risk of gout (P=0.002, OR=0.19[0.06-0.55]). URAT1/PDZK1 

1,2/1,2 also showed the same significant association (P=0.03, OR=0.22[0.05-0.91]) with a 

reduced risk of gout. Another genotype combination (URAT1/PDZK1 1,2/1,2) was also found 

to be associated (P=0.009, OR=0.38[0.18-7.18]) with a reduced risk of gout. No statistically 

significant gene-gene interaction was found between rs3825018 and rs1284300 (χ
2
=0.35; 

P=0.55). 

 In the EP/Z sample set, none of the genotype combinations showed an association with gout 

and there was also no significant statistical gene-gene interaction found between rs3825018 

and rs1284300 (χ
2
=0.53; P=0.76). 

In the WP sample set, the URAT1/PDZK1 combination 1,1/2,2 showed significant 

associations (P=0.03, OR=1.66[1.04-2.66]) with a reduced risk of gout. Another genotype 

combination (1,2/1,2) also showed a significant association (P=0.03, OR=0.43[0.20-0.93]) 

with a reduced risk of gout. No statistically significant interaction between rs3825018 and 

rs1284300 (χ
2
=3.09; P=0.21) was found in the WP sample set. Although no gene-gene 

interaction was found between URAT1 and PDZK1, one genotype combination 

(URAT1/PDZK1 1,2/1,2; shown in pink) showed a consistent protective effect in all of the 

sample sets. 
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3.3.7- Gene-Gene interaction (NPT1 and PDZK1) 

Sample set Combination (Gene) 
Frequency 

P-value OR(95%CI) Chi2Value P-value 
Controls                       Cases 

NZ Cau 

NPT1/PDZK1  1,1/1,1 269(0.420)                176(0.426)  1.00 2.37 0.49 

NPT1/PDZK1  1,1/1,2 57(0.089)                  30(0.072) 0.375 0.80(0.49-1.30)   

NPT1/PDZK1  1,1/2,2 2(0.003)                     1(0.002) 0.827 0.76(0.06-8.49)   

NPT1/PDZK1  1,2/1,1 149(0.233)             136(0.329) 0.030 1.39(1.03-1.88)   

NPT1/PDZK1  1,2/1,2 40(0.062)                20(0.048) 0.355 0.76(0.43-1.35)   

NPT1/PDZK1  1,2/2,2 2(0.003)                  2(0.004) 0.673 1.52(0.21-10.95)   

NPT1/PDZK1  2,2/1,1 94(0.147)                 44(0.106) 0.105 0.71(0.47-1.07)   

NPT1/PDZK1  2,2/1,2 24(0.037)                 4(0.009) 0.013 0.25(0.08-0.74)   

FHS 

NPT1/PDZK1  1,1/1,1 1965(0.427)                30(0.491)  1.00 1.49 0.50 

NPT1/PDZK1  1,1/1,2 234(0.050)                3(0.049) 0.774 0.83(0.25-2.77)   

NPT1/PDZK1  1,2/1,1 1164(0.253)               23(0.377) 0.356 1.29(0.78-2.23)   

NPT1/PDZK1  2,2/1,1 973(0.211)                 5(0.081) 0.025 0.33(0.13-0.87)   

ARIC 

NPT1/PDZK1  1,1/1,1 2746(0.412)               60(0.419)  1.00 1.76 0.41 

NPT1/PDZK1  1,1/1,2 489(0.073)           12(0.083) 0.717 1.12(0.59-2.10)   

NPT1/PDZK1  1,2/1,1 1543(0.232)                39(0.272) 0.484 1.15(0.76-1.73)   

NPT1/PDZK1  1,2/1,2 302(0.045)                  4(0.027) 0.336 0.60(0.21-1.67)   

NPT1/PDZK1  2,2/1,1 1317(0.198)               25(0.174) 0.558 0.86(0.54-1.39)   

NPT1/PDZK1  2,2/1,2 223(0.033)                   3(0.020) 0.416 0.61(0.19-1.97)   

EP/N 

NPT1/PDZK1  1,1/1,1 73(0.398)                  131(0.526)  1.00 3.14 0.20 

NPT1/PDZK1  1,1/1,2 13(0.071)                 3(0.012) 0.002 0.12(0.03-0.46)   

NPT1/PDZK1  1,1/2,2 1(0.005)                1(0.004) 0.681 0.55(0.03-9.04)   

NPT1/PDZK1  1,2/1,1 71(0.387)                 95(0.381) 0.171 0.74(0.48-1.13)   

NPT1/PDZK1  1,2/1,2 5(0.027)                4(0.016) 0.239 0.44(0.11-1.71)   

NPT1/PDZK1  1,2/2,2 18(0.098)                14(0.056) 0.030 0.43(0.20-0.92)   

EP/Z 

NPT1/PDZK1  1,1/1,1 56(0.363)                19(0.358)  1.00 2.05 0.35 

NPT1/PDZK1  1,1/1,2 7(0.045)                 4(0.075) 0.444 1.68(0.44-6.39)   

NPT1/PDZK1  1,1/2,2 54(0.350)                20(0.377) 0.814 1.09(0.52-2.26)   

NPT1/PDZK1  1,2/1,1 5(0.032)                 3(0.056) 0.463 1.76(0.38-8.10)   

NPT1/PDZK1  1,2/1,2 27(0.175)                 3(0.056) 0.093 0.32(0.08-1.20)   

NPT1/PDZK1  1,2/2,2 5(0.032)                  4(0.075) 0.234 2.35(0.57-9.69)   

WP 

NPT1/PDZK1  1,1/1,1 61(0.420)                121(0.426)  1.00 3.87 0.04 

NPT1/PDZK1  1,1/1,2 7(0.089)                     7(0.072) 0.198 0.48(0.16-1.45)   

NPT1/PDZK1  1,1/2,2 55(0.003)                95(0.002) 0.458 0.84(0.53-1.32)   

NPT1/PDZK1  1,2/1,1 1(0.233)                 7(0.329) 0.256 3.41(0.41-28.38)   

NPT1/PDZK1  1,2/1,2 17(0.062)                 10(0.048) 0.004 0.28(0.12-0.66)   

Table 3.32: NPT1 rs1183201 and PDZK1 rs1284300 genotype combination in NZ gout patients and 

controls 

In the NZ European Caucasian, the association with an increased risk of gout was observed 

for the genotype combination NPT1/PDZK1 1,2/1,1 (P=0.03, OR=1.39[1.03-1.88]). In 

contrast, the genotype combination NPT1/PDZK1 2,2/1,2 was found to be associated with a 

reduced risk of gout (P=0.01, OR=0.25[0.08-0.74]). Overall, no gene-gene interaction was 

found between rs1183201 and rs1284300 (χ
2
=2.37; P=0.49) in the NZ European Caucasian 

sample set.  

In the FHS sample set, the NPT1/PDZK1 genotype combination 2,2/1,1 (P=0.02, 

OR=0.33[0.13-0.87]) showed association with a reduced risk of gout. No statistically 
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significant gene-gene interaction was found between rs1183201 and rs1284300 (χ
2
=1.49; 

P=0.50).  

In the ARIC sample set, none of the genotype combinations showed an association with gout. 

No statistically significant gene-gene interaction was found between rs3825018 and 

rs1284300 (χ
2
=1.76; P=0.41).  

In the EP/N sample set, a significant association with reduced risk of gout was observed for 

NPT1/PDZK1 genotype combinations 1,1/1,2 (P=0.002, OR=0.12[0.03-0.46]) and 1,2/2,2 

(P=0.03, OR=0.43[0.20-0.92]). Overall, however, no statistically significant gene-gene 

interaction was found between NPT1 rs1183201 and PDZK1 rs1284300 (χ
2
=3.14; P=0.20).  

None of the genotype combinations showed an association with gout in the EP/Z sample set. 

No statistically significant gene-gene interaction was found between rs1183201 and 

rs1284300 (χ
2
=2.05; P=0.35). 

 In the WP sample set, a significant genetic interaction was found between the two genes 

(χ
2
=3.87; P=0.04). Among the genotype combinations, NPT1/PDZK1 1,2/1,2 was found to be 

associated with a reduced risk of gout (P=0.004, OR=0.28[0.12-0.66]). The combination 

NPT1/PDZK1 1,2/1,2 showed a consistent protective effect in all of the NZ datasets (shown in 

pink), whereas it was significantly associated with a reduced risk of gout in the WP sample set 

and was trending towards significance in the EP/Z sample set. 
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3.3.8- Gene-Gene interaction (ABCG2 and PDZK1) 

Sample Sets Combination (Gene) 
Frequency 

P-value OR(95%CI) Chi2 Value P-value 
Controls                        Cases 

NZ Cau 

ABCG2/PDZK1  1,1/1,1 385(0.615)                210(0.512)  1.00 1.18 0.55 

ABCG2/PDZK1  1,1/1,2 92(0.146)                   34(0.082) 0.07 0.67(0.44-1.03)   

ABCG2/PDZK1  1,1/2,2 4(0.006)                      3(0.007) 0.67 1.37(0.30-6.20)   

ABCG2/PDZK1  1,2/1,1 113(0.180)                122(0.297) 0.0001 1.97(1.45-2.68)   

ABCG2/PDZK1  1,2/1,2 24(0.038)                    19(0.046) 0.243 1.45(0.77-2.71)   

ABCG2/PDZK1  2,2/1,1 4(0.006)                     20(0.048) 0.0006 9.16(3.09-27.17)   

ABCG2/PDZK1  2,2/1,2 2(0.003)                       2(0.004) 0.54 1.83(0.25-13.10)   

FHS 

ABCG2/PDZK1  1,1/1,1 3313(0.721)                  39(0.639)  1.00 1.60 0.20 

ABCG2/PDZK1  1,1/1,2 374(0.081)                      1(0.016) 0.144 0.22(0.03-1.65)   

ABCG2/PDZK1  1,2/1,1 752(0.163)                    15(0.245) 0.085 1.69(0.92-3.08)   

ABCG2/PDZK1  1,2/1,2 94(0.020)                        2(0.032) 0.419 1.80(0.43-7.59)   

ABCG2/PDZK1  1,2/2,2 37(0.008)                        4(0.065) 0.001 9.18(3.12-27.01)   

ARIC 

ABCG2/PDZK1  1,1/1,1 4530(0.675)                    86(0.601)  1.00 1.49 0.22 

ABCG2/PDZK1  1,1/1,2 805(0.119)                    13(0.090) 0.590 0.85(0.47-1.53)   

ABCG2/PDZK1  1,2/1,1 1076(0.160)                   37(0.258) 0.003 1.81(1.22-2.67)   

ABCG2/PDZK1  1,2/1,2 205(0.030)                      5 (0.034) 0.590 1.28(0.51-3.19)   

ABCG2/PDZK1  2,2/1,1 52(0.007)                         1(0.006) 0.990 1.01(0.13-7.41)   

ABCG2/PDZK1  2,2/1,2 11(0.001)                        1(0.006) 0.136 4.78(0.61-37.50)   

EP/N 

ABCG2/PDZK1  1,1/1,1 138(0.766)                  193(0.765)  1.00 1.49 0.22 

ABCG2/PDZK1  1,1/1,2 16(0.088)                     7(0.027) 0.01 0.31(0.12-0.78)   

ABCG2/PDZK1  1,1/2,2 1 (0.005)                      1(0.003) 0.81 0.71(0.04-11.53)   

ABCG2/PDZK1  1,2/1,1 19(0.105)                    48(0.190) 0.04 1.80(1.01-3.20)   

ABCG2/PDZK1  1,2/1,2 5(0.027)                       1(0.003) 0.07 0.14(0.01-1.23)   

ABCG2/PDZK1  1,2/2,2 1(0.005)                       2(0.007) 0.77 1.43(0.12-15.92)   

EP/Z 

ABCG2/PDZK1  1,1/1,1 102(0.658)                 29(0.527)  1.00 1.34 0.24 

ABCG2/PDZK1  1,1/1,2 15(0.096)                     7(0.127) 0.32 1.64(0.61-4.40)   

ABCG2/PDZK1  1,1/2,2 35(0.225)                    13(0.236) 0.49 1.30(0.61-2.78)   

ABCG2/PDZK1  1,2/1,1 2(0.012)                       4(0.072) 0.02 7.03(1.22-40.34)   

ABCG2/PDZK1  1,2/1,2 1(0.006)                       2(0.036) 0.11 7.03(0.61-80.35)   

WP 

ABCG2/PDZK1  1,1/1,1 62(0.436)                   125(0.504)  1.00 0.23 0.89 

ABCG2/PDZK1  1,1/1,2 2(0.014)                       5(0.020) 0.800 1.24(0.23-6.57)   

ABCG2/PDZK1  1,1/2,2 61(0.429)                    50(0.201) 0.999 0.40(0.25-0.65)   

ABCG2/PDZK1  1,2/1,1 5(0.035)                      6(0.024) 0.407 0.59(0.17-2.02)   

ABCG2/PDZK1  1,2/1,2 11(0.077)                     58(0.233) 0.008 2.61(1.28-5.33)   

ABCG2/PDZK1  1,2/2,2 1(0.007)                         4(0.016) 0.544 1.98(0.21-18.12)   

Table 3.33: ABCG2 rs2231142 and PDZK1 rs1284300 genotype combination in NZ gout patients and 

controls. 

In NZ European Caucasian, the genotype combinations ABCG2/PDZK1 1,2/1,1 (P=0.0001, 

OR=1.97[1.45-2.68]) and ABCG2/PDZK1 2,2/1,1 (P=0.0006, OR=9.16[3.09-27.17]) showed 

significant association with an increased risk of gout. The other genotype combinations did 

not show any association. No statistically significant gene-gene interaction was found 

between rs2231142 and rs1284300 (χ
2
=1.18; P=0.55).  

In the FHS sample set, the genotype combination ABCG2/PDZK1 1,2/1,1 showed a trend 

towards an increased risk of gout (P=0.08, OR=1.69[0.92-3.08]), and the genotype 

combination ABCG2/PDZK1 1,2/2,2 showed significant association (P=0.001, 

OR=9.18[3.12-27.01]) with an increased risk of gout. Overall, however, no statistically 
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significant gene-gene interaction was found between rs2231142 and rs1284300 (χ
2
=1.60; 

P=0.20).  

In the ARIC sample set, the genotype combination ABCG2/PDZK1 1,2/1,1 showed significant 

association with an increased risk of gout (P=0.003, OR=1.81[1.22-2.67]). Overall, no 

statistically significant gene-gene interaction was found between rs2231142 and rs1284300 

(χ
2
=1.49; P=0.22). 

In the EP/N sample set, ABCG2/PDZK1 genotype combination 1,1/1,2 was found to be 

associated with a reduced risk of gout (P=0.01, OR=0.31[0.12-0.78]). The ABCG2/PDZK1 

genotype 1,2/1,1 showed association with an increased risk of gout (P=0.04, OR=1.80[1.01-

3.20]). No other genotype combinations showed an association with gout. No statistically 

significant gene-gene interaction was found between rs2231142 and rs1284300 (χ
2
=1.49; 

P=0.22) in the EP/N sample set.  

In the EP/Z sample set, only one genotype combination (ABCG2/PDZK1 1,2/1,1) showed a 

significant association with an increased risk of gout (P=0.02, OR=7.03[1.22-40.34]). 

Overall, no statistically significant gene-gene interaction was found between rs2231142 and 

rs1284300 (χ
2
=1.34;  P=0.24) in the EP/Z sample set.  

In the WP sample set, an association with gout was observed for the ABCG2/PDZK1 

genotype 1,2/1,2 with a reduced risk of gout (P=0.008, OR=2.61[1.28-5.33]). Overall, 

however, no statistically significant gene-gene interaction was found between rs2231142 and 

rs1284300 (χ
2
=0.23; P=0.89) in the WP sample set.  
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Discussion: Section 3 

PDZK1 

The PDZK1, utilises its four domains, to interact with urate transporters such as URAT1, 

OAT4, and NPT1 (please to refer to chapter 1 for more details) in the proximal tubules of the 

kidney. This protein is involved in regulating the activity of the urate transporters. GWAS 

have identified variants in the PDZK1 gene that regulate serum urate levels (Yang et al., 

2010). The minor allele T of the rs1967017 variant has been associated (P=3.5E-8, 

Beta=3.33) with increased serum urate levels (Yang et al., 2010) and with increased systolic 

blood pressure (P=0.002) (van der Harst et al., 2010). The minor allele (A) of PDZK1 variant 

rs12129861, was found to be associated with reduced serum urate levels (Kolz et al., 2009) 

and with systolic blood pressure (van der Harst et al., 2010). PDZK1 variants have also been 

associated with metabolic syndrome (Junyent et al., 2009). PDZK1 variant rs11576685 

carriers are at an increased risk of developing metabolic syndrome as they have been reported 

to have abdominal obesity, and high levels of triglycerides (TG) and very low-density 

lipoprotein (VLDL) (Junyent et al., 2009). Gout is caused by high serum urate levels. High 

serum urate levels are also associated with an increased risk of metabolic syndrome, obesity, 

hypertension, cardiovascular disease and type 2 diabetes (Hayden & Tyagi, 2004). PDZK1 

may represent a valuable target for unveiling the association between gout and components of 

metabolic syndrome. Due to its association with serum urate levels and metabolic syndrome, 

the PDZK1 gene was included in this study of gout. 

3.3.9- PDZK1: rs1967017 

This study did not show any significant association between the minor allele T of the 

rs1967017 variant and gout in any of the individual sample sets (Please refer to table 3.22 for 

more details). When the Caucasian and Polynesian sample sets were jointly meta-analysed, 

the sample sets showed a non-significant trend towards an association of the PDZK1-

rs1967017 variant with a reduced risk of gout (P=0.07, OR=0.91[0.82-1.01]). When tested 

for association with individual components of MS , i.e. hypertension, BMI, triglycerides and 

serum uric acid, the rs1967017 variant did not show association in any of the sample sets 

(please refer to table 3.26 for more details). 
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This study did, however, find a weak trend of the rs1967017 variant towards a reduced risk of 

gout in the combined meta-analysis. In the study by Yang and colleagues (2010), the 

rs1967017 variant, despite influencing serum urate levels, was not found to be associated with 

gout in 1,100 cases and 27,183 controls at the GWAS level.  

One possible reason for not finding an association is the differences in case ascertainment. In 

a study by Yang and colleagues (2010), the selection criteria of gout was self-reported (Yang 

et al., 2010), whereas in this study the cases were selected by ARA preliminary diagnostic 

criteria. A study by Choi and colleagues (2004) reported that only 69% men who self-reported 

as new gout cases met the requirements of the ARA classification criteria for gout (Choi & 

Curhan, 2004).  

 Another potential reason for the lack of association is that study by Yang and colleagues 

(2010) included cases that were hypertensive and were taking diuretics (Yang et al., 2010). 

These cases were included from five population-based cohorts: the AGES Study participants 

were on allopurinol treatment; the Cardiovascular Health Study included participants that 

were receiving gout medications i.e. allopurinol, colchicine and probenecid; the 

Atherosclerosis Risk in Communities Study participants were self-reported; the Framingham 

Heart Study participants were self-reported; and the Rotterdam Study participants were using 

gout medications such as allopurinol, colchicine, probenecid and benzbromarone (Yang et al., 

2010). Diuretic use has been identified as a risk factor for the development of gout (Roddy & 

Doherty, 2010). Individuals who are on allopurinol prescription are 39% more likely to have 

probable or definite gout (Harrold et al., 2007). Diuretics stimulate the urate reabsorption in 

the proximal tubule of the kidney, by directly affecting the renal transporters (Roch-Ramel et 

al., 1997). At the apical membrane, antiuricosuric drugs might exert their effect by interacting 

with the urate/anion exchangers (Roch-Ramel et al., 1997). Antiuricosuric drugs inhibit urate 

transport through the urate/anion exchangers (Roch-Ramel et al., 1997).  An inhibition of this 

pathway would result in a decreased urate secretion. Thus, at the apical membrane, the effect 

of these drugs is most probably the result of an interaction with urate transport through the 

urate/anion exchangers (Roch-Ramel et al., 1997). Inclusion of secondary gout cases could 

reduce power to detect association, since the inhibitory effect of diuretic medication on urate 

transporters might dominate over the genetic effect on gout risk. There is also a possibility 

that gene and diuretic interaction exist which might result in no association. 
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In this study, those participants that were on diuretics and were thought to have diuretic-

induced gout were excluded.  

In the study by Yang and colleagues (2010), the minor T allele of rs1967017 variant was 

associated (P=3.58E-8, Beta=3.33) with increased serum urate levels (Yang et al., 2010), 

whereas, in the study of van der Harst and colleagues (2010), the minor allele T was found to 

result in reduced serum urate levels, but increased the risk of hypertension (van der Harst et 

al., 2010). Together, gout and hypertension possibly cancel out the effect of each other, 

resulting in no association with gout being detected. 

In this study, no association was found for this variant with gout in the individual sample sets, 

but when all of the datasets were combined, there was a weak trend towards a reduced risk of 

gout that does not indicate statistical significance, but only reflect a trend towards 

significance. Thus this result needs to be confirmed on a large sample set. A possible 

explanation for not finding an association in these datasets is the low statistical power of the 

study and the small sample size subsets. Irrespective of the study by Yang et al. (2010), which 

had 80% power to detect association, this study had only 23% power to detect an association 

for an OR of 1.5 or less than 1.5. 

3.3.10- PDZK1: rs1284300 

In this study, the minor allele T of rs1284300 variant was found to be significantly associated 

(P=0.04, OR=0.44[0.20-0.99]) with a reduced risk of gout in the NZ European Caucasian 

sample set. When the NZ European Caucasian, FHS and ARIC datasets were combined for a 

meta-analysis, they showed an overall significant association with a reduced risk of gout 

(P=0.009, OR=0.71[0.56-0.92]), which was mainly driven by the NZ Caucasian sample set. 

In the Polynesian, the minor allele T was not associated with gout in the following sample 

sets: EP/Z (P=0.47, OR=1.88[0.33-10.74]) and Mixed EP/WP (P=0.97) and WP (P=0.39, 

OR=2.11[0.37-11.98]). In the EP/N sample set, the minor allele T of rs1284300 showed a 

non-significant trend towards a reduced risk of gout (P=0.08, OR=0.21[0.03-1.25]) (please 

refer to table 3.23).  

When the rs1284300 variant was tested for association with individual components of 

metabolic syndrome, i.e. hypertension, BMI, triglycerides and serum uric acid, the NZ 

European Caucasian showed a trend towards association with reduced serum urate levels 
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(P=0.07, Beta= -0.02[-0.04, 0.002]). For other datasets, however, no association was 

observed with any of the components of MS (please refer to table 3.27).  

These results suggest that the PDZK1 variant rs1284300 is associated with the reduced risk of 

gout seen in the NZ European Caucasian sample set. This could be as a result of reduced 

serum urate levels. However, the possibility of a false positive result cannot be ignored as 

there were no adjustments made for any urate-lowering therapy. The reason for not making 

this adjustment was that the information on medication data for most of the participants was 

missing and could have influenced the result. For a genuine association, these findings need to 

be replicated in larger cohorts with individuals who are not on any medications such as urate-

lowering drugs. 

3.3.11- PDZK1: rs11576685 

This study in the combined Polynesian sample sets showed a significant association of the 

minor allele G of the rs11576685 variant with a reduced risk of gout (P=0.007, 

OR=0.26[0.10-0.68]) (please refer to table 3.24). A possible explanation of a protective 

association with gout in the Polynesian group is the reduced frequency of the risk allele in this 

group. 

When tested for association with individual components of metabolic syndrome, i.e. 

hypertension, BMI, triglycerides and serum uric acid, variant rs11576685 in EP/N showed a 

non-significant trend towards an association with low BMI (P=0.09, Beta= -7.02[-15.13, 

1.09]). This could be a false positive result and needs confirmation on a large sample set. The 

EP/Z sample set showed a significant association with an increased risk of hypertension 

(P=0.02, OR=119.84[1.64-8752.63]). For other datasets, no association was observed with 

any of the components (please refer to table 3.28). It is possible that there is an association 

between the PDZK1 variant rs11576685 and lipid metabolism. The increased association with 

hypertension risk seen in the EP/Z sample set may be due to dyslipidaemia caused by low 

SRB1 levels.  

High density lipoprotein (HDL) and its receptor, scavenger receptor class B type I (SRB1), are 

involved in reverse cholesterol transport (Rigotti et al., 2003). Cholesterol is transported to the 

liver from peripheral tissues and is excreted into the bile (Rigotti et al., 2003). PDZK1 is 

essential for reverse cholesterol transport (Zhu et al., 2008; Kocher & Krieger, 2009). PDZK1 
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plays an essential role in maintaining hepatic SR-BI levels, thereby controlling HDL 

cholesterol levels and reducing the risk of atherosclerosis (Kocher et al., 2003; Zhu et al., 

2008). Evidence from mice has shown that the loss of PDZK1 expression promotes 

dyslipidaemia leading to atherosclerosis (Rigotti et al., 2003). Therefore, the association seen 

with variant rs11576685 could possibly be due to the decrease in SRB1 regulation by PDZK1.  

Although significant associations have been shown from this analysis, there is a possibility of 

false positive results as no adjustments were made for any of the treatments for hypertension. 

The reason for not making adjustments was that the information on medication data for most 

of the participants was incomplete. For a genuine association, these findings will have to be 

replicated in larger cohorts with individuals who are not on any hypertensive treatment. 

3.3.12- PDZK1: rs12129861 

This study did not show any significant association of the minor allele A of the rs12129861 

variant with gout in the individual datasets (please refer to table 3.25). This may be because of 

the low statistical power of the study for this variant. The power calculation showed that the 

NZ case-control sample set has low power to detect an association with gout 

(ORestimate<1.5; detection rate: NZ European Caucasian - 53%, EP/N - 20%, EP/Z - 7%, 

Mixed EP/WP - 5% and WP - 21%). Another limitation of this study is the small sample size 

(Please refer to the limitations of the study, table 3.34).  

When tested for an association with individual components of metabolic syndrome, i.e. 

hypertension, BMI, triglycerides and serum uric acid, the rs12129861 variant in NZ European 

Caucasian showed a non-significant trend towards association with a reduced risk of 

hypertension (P=0.07, OR=0.69[0.46-1.04]). The EP/N sample set showed a marginal 

association with increased triglycerides (P=0.05, Beta= 0.39[-0.003, 0.79]). For other 

datasets, no association was observed with any of the components of MS (please refer to table 

3.29). However, the possibility of a false positive result cannot be ignored as there were no 

adjustments made for any medications taken by the participants for the treatment of 

hypertension and hyperlipidaemia. This could have certainly influenced the results.  

In conclusion, this study did not find any association of the rs12129861 variant with gout, 

which could be due to the low power and small sample size of the study.  
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Gene-gene interaction  

In this case-control association study, gene-gene interactions were also studied in order to 

determine an interactive effect of these genes on the risk of gout.  

3.3.13- OAT4 and PDZK1 

In the kidney, OAT4 is localised at the apical membrane of renal proximal tubules, which is 

involved in urate excretion and reabsorption (Babu et al., 2002). PDZK1, along with 

NHERF1, stabilises the OAT4 protein at the cell membrane and enhances its transport activity 

(Miyazaki et al., 2005). The rs17300741 variant of OAT4 was found to be associated with low 

serum urate levels (P=1.02E-04; Beta= -0.026) (Kolz et al., 2009). In this study, the genotype 

combination 1,2/1,2 showed significant association with a reduced risk of gout in the NZ 

European Caucasian sample set (P=0.03 OR=0.49(0.25-0.96) and in the EP/N sample set, the 

genotype combinations 1,1/1,2 and 1,2/1,2 for OAT4 and PDZK1 showed significant 

association with a reduced risk of gout (P=0.03 OR=0.30[0.10-0.88], P=0.02 OR=0.22[0.05-

0.83], respectively), which is consistent with the association analysis of rs1284300 with gout. 

There is no evidence of genetic interaction found in this study. The protective effect shown by 

the major allele of rs17300741 and minor allele of rs1284300 against gout is probably due to 

the additive effect.  

3.3.14- URAT1 and PDZK1 

Although this study found no gene-gene interaction between the URAT1 variant rs3825018 

and the PDZK1 variant rs1284300, the genotype combination URAT1/PDZK1 1,2/1,2 showed 

consistent association with a reduced risk of gout in all of the sample sets (please refer to table 

3.31). This suggests that when the minor alleles from the two variants are in combination, 

they reduce the risk of gout through additive effects. URAT1 is expressed in the kidney, where 

it is thought to participate in tubular urate reabsorption. PDZK1 interacts with URAT1 in 

regulating the functional activity of URAT1-mediated urate transport in the apical membrane 

of renal proximal tubules (Anzai et al., 2004). Variants in the URAT1 gene are found to be 

associated with increased or decreased uric acid absorption. The T allele of the variant 

rs505802 is in complete LD to the rs3825018 variant and has been shown to be associated 

with reduced serum urate levels (P=2.4E-9, Beta= -0.05[-0.07, -0.03]) (Kolz et al., 2009). 

These variants possibly decrease the ability for tubular urate reabsorption, leading to reduced 
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serum urate levels, which potentially provides protection against gout.  

3.3.15- NPT1 and PDZK1 

The results have shown a significant interaction between the NPT1 rs1183201 variant and the 

PDZK1 rs1284300 variant in the West Polynesian sample set. The genotype combination 

URAT1/PDZK1 1,2/1,2 showed consistent protection against gout in all sample sets except 

ARIC. This effect is consistent in all sample sets (except ARIC) (please refer to table 3.32). 

NPT1 is localised to the apical membrane of the kidney. It is involved in the transport of urate 

and organic anions (Uchino et al., 2000). PDZK1 interacts with NPT1 via domain 1 and 3 

(Ichida, 2009). In this study, the minor allele C of rs1284300 variant was found to be 

associated with a reduced risk of gout in the NZ European Caucasian (P=0.04, 

OR=0.44[0.20-0.99]). Combined meta-analysis of Caucasian showed an association with a 

reduced risk of gout (P=0.009, OR=0.71[0.56-0.92]). In other studies by lab members, the 

association of rs1183201 with a reduced risk of gout was confirmed in both the NZ European 

Caucasian (P=3.0 × 10
-6

, OR=0.67]) and Polynesian (P=3.0 × 10
-3

, OR=0.74) groups. The 

rs1183201 variant was found to be associated with a reduced risk of gout at a genome-wide 

significance level (P=3.0 × 10
-8

, OR=0.70) (Hollis-Moffatt et al., 2011). The rs1165196 

variant is in LD with rs1183201 and rs1165196 and has been shown to affect the function of 

NPT1. In Xenopus oocytes, the minor allele T of rs1165196 was found to increase the renal 

excretion of uric acid (Iharada et al., 2010); hence, it is possible that it protects against gout 

by enhancing uric acid excretion.  

3.3.16- ABCG2 and PDZK1 

The ABCG2 variant rs2231142 codes for a glutamine to lysine substitution and has been 

reported to associate with serum urate levels and gout (Kolz et al., 2009; Yang et al., 2010). 

The study by the laboratory has shown a strong role of the rs2231142 variant in gout (Phipps-

Green et al., 2010). The minor allele T of rs2231142 variant was associated with an increased 

risk of gout in the Pacific Island samples (P<0.001, OR=2.80) and NZ European Caucasian 

samples (P=3.2 × 10
-8

, OR=2.20 [1.66–2.93]). In this study, variant rs1284300 was found to 

be associated with a reduced risk of gout in NZ European Caucasian (P=0.04, OR= 

0.44[0.20-0.99]) and showed a non-significant trend towards association with a reduced risk 

of gout in the EP/N sample set (P=0.08, OR=0.21[0.03-1.25]). Combined meta-analysis of 

Caucasian showed an association with a reduced risk of gout (P=0.009, OR= 0.71[0.56-
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0.92]). The minor allele of the ABCG2 rs2231142 variant was found to be significantly 

associated with an increased risk of gout, whereas the minor allele of rs1284300 was 

associated with a reduced risk of gout. Overall, no evidence of gene-gene interactions was 

found in this study. 

3.3.17- Summary  

The results of the association analysis study suggest that PDZK1 variants influence gout; 

however, the exact mechanism by which variants in urate transporters and PDZK1 influence 

gout is not clear. These preliminary findings need to be tested in a large cohort. This study did 

not find any significant interactions between the genes and the observed associations of the 

genotype combinations, which could be because of the additive effects of the individual 

SNPs. 
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Limitations in the study 

1- Sample size:  

This study looked at small multi-ethnic gout case-control sample sets. The advantages of 

small size studies are that they are quick with regard to enrolling patients, completing study 

questionnaires, reviewing patient medical history and performing the desired analyses 

(Hackshaw, 2008). The research question can thus be addressed in a short period of time with 

small size studies (Hackshaw, 2008). The main issue with small studies, however, is the 

interpretation of results, particularly P-values and confidence intervals. With rare variants, the 

small sample sizes may be under powered to detect true association (Lohmueller et al., 2003). 

Care should be exercised regarding the interpretation of results from small studies as they can 

produce false positive results or can overestimate the strength of the true association 

(Hackshaw, 2008). Any non-significant association that was observed could be due to the low 

sample size in each population subset (NZ Caucasian, EP/N, EP/Z and Western Polynesian). 

The standard practice is to have at least 80% power. The optimal sample size was calculated 

at certain odds ratio (1.2 = weak, 1.5 = moderate, 2.0 = strong) across different minor allele 

frequencies (0.01-0.5). The recruitment of samples is still on-going, which will increase the 

power of the study. Optimal sample size calculations at certain odds ratio across different 

minor allele frequencies are shown in figure 4. 
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Figure 4: Graph showing the relationship between the number of cases and controls required for 80% 

power. The required cases and controls (shown on the y-axis) were calculated at different allele 

frequencies (0.01-0.5) shown on the x-axis for different odds ratio; weak=1.2 (Blue), moderate=1.5 

(Red) and strong=2 (Green). The table below shows the number of cases and controls. 
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2- Power Calculations:  

For the success of genetic association studies, a sample size is required to have sufficient 

power to detect statistically significant associations. Power calculations using P<0.05 as a 

significance level revealed that the sample sets had sufficient power to detect a strong level of 

association (OR>2) with gout. However, the power of the study was limited by variants with a 

low minor allele frequency and the small sample set sizes in the NZ gout population studied. 

Power calculations of all of the variants used in this case-control association study are shown 

in table 3.34. 
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Power of detection ORestimate 

Rs1801282 Rs7901695 Rs7578597 Rs2285676 Rs8192678 

Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 

NZ Cau 23% 83% 99% NZ Cau 48% 80% 99% NZ Cau 26% 87% 99% NZ Cau 49% 99% 99% NZ Cau 50% 99% 99% 

EP/N 11% 41% 88% EP/N 19% 71% 99% EP/N 5% 13% 34% EP/N 29% 89% 99% EP/N 22% 73% 98% 

EP/Z 7% 25% 66% EP/Z 10% 36% 82% EP/Z 6% 17% 48% EP/Z 12% 46% 89% EP/Z 13% 47% 88% 

Mixed 3% 5% 11% Mixed 4% 9% 21% Mixed 3% 4% 8% Mixed 8% 24% 54% Mixed 6% 14% 32% 

WP 8% 26% 64% WP 7% 21% 55% WP 4% 9% 20% WP 19% 66% 97% WP 20% 70% 98% 

Rs2910164 Rs4994 Rs3827103 Rs17782313 Rs17700633 

Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 

NZ Cau 42% 98% 99% NZ Cau 22% 80% 99% NZ Cau 26% 88% 99% NZ Cau 41% 98% 99% NZ Cau 46% 98% 99% 

EP/N 26% 84% 99% EP/N 17% 65% 98% EP/N 29% 88% 99% EP/N 11% 42% 89% EP/N 24% 82% 99% 

EP/Z 10% 39% 84% EP/Z 6% 18% 52% EP/Z 9% 31% 77% EP/Z 8% 30% 74% EP/Z 11% 39% 85% 

Mixed 6% 14% 36% Mixed 4% 9% 21% Mixed 6% 14% 35% Mixed 4% 10% 23% Mixed 5% 12% 30% 

WP 22% 75% 99% WP 6% 17% 44% WP 17% 63% 97% WP 15% 58% 96% WP 16% 61% 97% 

Rs921971 Rs9923233 Rs9922047 Rs1861869 Rs17817288 

Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 

NZ Cau 43% 98% 99% NZ Cau 52% 99% 99% NZ Cau 53% 99% 99% NZ Cau 53% 99% 99% NZ Cau 53% 99% 99% 

EP/N 25% 84% 99% EP/N 23% 81% 99% EP/N 29% 88% 99% EP/N 19% 66% 97% EP/N 30% 89% 99% 

EP/Z 10% 37% 83% EP/Z 12% 45% 89% EP/Z 12% 46% 89% EP/Z 13% 46% 87% EP/Z 13% 47% 90% 

Mixed 5% 13% 31% Mixed 5% 13% 31% Mixed 6% 15% 36% Mixed 5% 11% 23% Mixed 6% 15% 35% 

WP 18% 68% 98% WP 15% 58% 96% WP 20% 72% 99% WP 19% 67% 97% WP 23% 77% 99% 

Rs1967017 Rs1284300 Rs11576685 Rs12129861  

Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0 Sample Set 1.2 1.5 2.0     

NZ Cau 52% 99% 99% NZ Cau 25% 85% 99% NZ Cau 1% 14% 73% NZ Cau 53% 99% 99%     

EP/N 26% 85% 99% EP/N 10% 40% 86% EP/N 5% 15% 39% EP/N 20% 75% 99%     

EP/Z 13% 47% 89% EP/Z 5% 12% 34% EP/Z 5% 14% 39% EP/Z 7% 17% 37%     

Mixed 6% 15% 36% Mixed 3% 6% 12% Mixed 3% 5% 11% Mixed 5% 13% 32%     

WP 22% 76% 99% WP 6% 18% 47% WP 4% 10% 24% WP 21% 74% 99%     

Table 3.34: Power calculations of all the variants detecting weak (OR=1.2), moderate (OR=1.5) and strong (OR=2.0) effects in the NZ case control sample sets. 
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3- Multiple testing:  

Multiple testing corrections involve the adjustment of individual P-values for every variant. 

This is done in order to keep the overall error rate to less than or equal to the specified P-cut-

off value. In order to control for false discovery rates, it is important to account for the fact 

that a large number of variants are tested (Han et al., 2009).  

Family wise error rate (FWER): This describes the probability of getting at least one false 

positive result (Terada et al., 2013). It works on minimising the type 1 error rate. It is the 

occurrence of the single type 1 error in the entire set of hypothesis being tested. Many 

statistical methods have been developed to protect against false positive results, including 

Bonferroni correction and Holm’s test.  

Bonferroni Correction: In this study, Bonferroni correction was applied. Bonferroni 

correction divides the P-values by the number of markers (assuming that the markers are 

independent) (Han et al., 2009). The main advantage of Bonferroni correction is that it is very 

easy to conduct and is very widely applicable. The disadvantage is that Bonferroni correction 

is a conservative method that is used to control FWER (Han et al., 2009).  

Permutation testing: Permutation tests are used for determining statistical significance based 

on rearrangements of the labels on the observed data points (Edgington, 1980). They are 

widely used in candidate-gene studies and GWAS, as well as in family-based association 

studies. The disadvantage of permutation testing is that it is computationally intense. 

Sidak Correction: This is derived by assuming that the individual tests are independent. The 

probability that all of the individual tests are not significant is the product of the probabilities 

that each of them are not significant (Sidak, 1967). Sidak correction is more complicated as it 

requires calculating fractional powers; therefore, Bonferroni correction is often preferred. 

Holm’s Test: This test examines each hypothesis in an ordered sequence, beginning with the 

smallest p-value, and continuing until it fails to reject a null hypothesis (Holm, 1979). It 

modifies the rejection criteria in order to enable us to control at a predetermined level the 

probability of having one or more type 1 errors. Holm’s test is more powerful than Bonferroni 

correction.  
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4- Population Stratification:  

The gout population studied had genetic diversity, and population stratification was present. 

The Caucasian population is least likely to cause problems and bias as there is no population 

admixture present. These individuals are all of British European ancestry (Wang et al., 2004). 

However, the other datasets had Caucasian admixture, which could lead to false positive 

results that can actually be due to the admixture, rather than the disease-associated locus 

(Cardon & Palmer, 2003). To account for population stratification, a structured associated 

approach was used in which populations were divided into subsets based on their ancestry 

information and then the association was investigated within the subsets. The East and West 

Polynesian sample sets had high genetic heterogeneity because of the recent Caucasian 

inheritance, which may have masked the true effect of the variants in these sample sets. This 

was accounted for by dividing the sample sets into different ethnic groups (please refer to 

materials and methods section 2.2.1 for more details). However, even after accounting for 

population stratification, there was some admixture present. For example, the EP/Z group has 

Caucasian admixture, and 65% or less Polynesian ancestry, which possibly leads to 

misleading inferences in this sample set.  

There are different methods that can be used to control for population stratification.  

Genomic Control Approach: In order to correct for population stratification, this modifies 

the test statistic association by a common factor for all SNPs (Devlin & Roeder, 1999). The 

disadvantage of this method is that it can over- or under-adjust certain SNPs depending on the 

ancestral information (Price et al., 2006). 

Structured Associated Approach: In this method, each population is divided into different 

subsets and then the association is investigated within those subsets (Pritchard et al., 2000). 

This method was used in this study. This method is useful for small datasets but for large 

studies, such as GWAS, the STRUCTURE can be computationally intensive (Price et al., 

2006). 

Principal Component Analysis (PCA): This method identifies various top principal 

components and uses them as covariates in the association analysis. This approach can be 

applied to thousands of markers. The disadvantage of PCA is that it is not suitable if 

population stratification is due to the presence of several discrete subpopulations (Liu et al., 
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2013). Another disadvantage is the fact that if the outliers are present, the results can be 

misleading. 

Multidimensional Scaling (MDS) and Clustering: This was proposed by Li and Yu (2008). 

It adds subpopulation membership information. It can be used for both large scales and 

smaller studies. It has a similar disadvantage to PCA, in that the presence of outliers the 

results can be misleading (Li & Yu, 2008). 

Mixed Models: It is a comprehensive approach for simultaneously addressing confounding 

due to population stratification and family structure (Yu et al., 2005). The models are 

relatively new and tested; however, the disadvantage is that they are computationally very 

intensive. 

5- Meta-analysis:  

Meta-analysis was performed by combing the Caucasian (NZ Caucasian, FHS and ARIC) and 

Polynesian (EP/N, EP/Z, Mixed EP/WP and WP) datasets, respectively, in order to increase 

the power of the study. Combining independent studies to generate a combined result saves a 

significant amount of time (Walker et al., 2008). However, there are some concerns when 

combining the independent studies together, and therefore including data collection, 

diagnostic differences, consistency of genotyping and other confounding factors (Rebbeck et 

al., 2004). Publication biases and different methodological problems may also be 

misinterpreted in meta-analysis (Rebbeck et al., 2004). Large differences in sample sizes 

among studies can also affect the results (Walker et al., 2008).  

6- Environmental Factors:  

In association studies, possible environmental interactions should be accounted for (Thomas, 

2010). Consideration of gene and environment interactions can improve the power for 

discovering genes that are involved in the aetiology of disease. Most association studies 

assume that genotype is an independent variable from environmental exposure (Thomas, 

2010). While investigating the genetic aspects of disease, however, one needs to take 

environmental factors (e.g. nutrition) into account.  

Environmental may influence both gout and type 2 diabetes. The gene-environment 

interactions have not been taken into account in this study. The drawback of studying gene-



 

283 

 

environment interaction is that there could be heterogeneity due to differences in the 

distribution of exposures or confounders (e.g., different diets in different regions), or 

differences in exposure or population substructure across studies (Greene et al., 2009). 

Environmental variables could have intervened to affect the study findings. Further studies 

should include environmental factors that may influence gout and type 2 diabetes. 

7- Epigenetic Factors 

An increased risk of developing type 2 diabetes and gout are associated with factors such as 

aging, obesity and reduced physical activity. However, most people do not develop the 

disease, even following exposure to these risk factors. GWAS have identified many gene 

variants that are associated with gout and type 2 diabetes susceptibility, but they explain only 

a very small percentage of the variation in these diseases. There is increasing evidence to 

suggest that epigenetic factors play a key role in the complex interplay of genetics and 

environmental factors. Epigenetics is heritable changes in gene expression and activity 

without changes in the nucleotide sequence (Bird, 2007). Epigenetic mechanisms include 

DNA methylation, histone modification, and non-coding RNAs e.g. microRNAs (Allis et al., 

2007). Some epigenetic modifications can pass from parents to offspring and from one cell 

generation to the next (Cubas et al., 1999). Epigenetics is possibly involved in the high 

incidence of type 2 diabetes, metabolic syndrome and gout. Epigenetic effects may be 

affected by the environment, and these effects can be important pathogenic mechanisms in 

complex multifactorial diseases. In this study, epigenetic factors were not studied. 

Nevertheless, it will be good to look at the possible role of epigenetic factors in the 

development of disease. 
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CONCLUSION  

Gout is a disease caused by increased serum urate levels. Gout is associated with co-

morbidities such as cardiovascular disease (Krishnan et al., 2006), hypertension (Choi et al., 

2012), metabolic syndrome (Ford et al., 2002). In addition, insulin resistance and type 2 

diabetes have also been associated with gout (Lai et al., 2012). Gout and type 2 diabetes are 

influenced by lifestyle, environment and genetic factors. A genetic approach has been taken 

to understand the biological basis of the susceptibility of these complex diseases so that the 

proper treatments and effective interventions can be developed. In this case-control 

association study, a possible genetic link between the metabolic diseases, gout and type 2 

diabetes was investigated. 

The results of this study suggest that type 2 diabetes gene variant from KCNJ11 (rs2285676) 

and miRNA16A (rs2910164) showed weak associations with a reduced risk of gout, which is 

independent of type 2 diabetes. KCNJ11 is involved in glucose-mediated insulin secretion by 

beta cells (Minami et al., 2004). In brush border membranes of the renal proximal tubule, 

insulin stimulates the urate-anion exchanger (URAT1) or the Na+dependent anion cotransporter 

(NPT1) resulting in enhanced renal urate reabsorption (Enomoto et al., 2002; Choi et al., 2005). 

The G allele of the rs2285676 variant was found to be associated with reduced insulin 

secretion (Ruchat et al., 2008), and possibly protects against gout by reducing insulin levels. 

The carriers of the C allele of rs2910164 variant have been found to have increased 

expression of miRNA16A (Wang et al., 2011), which is involved in innate inflammation 

(Zhang, Z. et al., 2009). Uric acid crystals can activate innate immunity to induce an acute 

inflammatory response (Akahoshi et al., 2007). Variant rs2910164 possibly protects against 

gout by inhibiting the IL-1B signalling pathway, which plays a crucial role in urate-induced 

inflammation. Type 2 diabetes is also associated with obesity and variants in the obesity-

associated genes MC3R, MC4R and FTO were found to be associated with gout independent 

of obesity. These variants may influence gout through high food intakes, such as the 

consumption of sugary drinks and diets rich in purines, which can raise serum urate levels 

(Choi et al., 2005; Choi & Curhan., 2008) and also contribute to insulin resistance, which has 

been previously associated with gout and type 2 diabetes. Metabolic syndrome is highly 

prevalent in patients with gout (Rho et al, 2005) and type 2 diabetes (Lorenzo et al, 2003). This 
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study provides weak evidence of association of PDZK1 variants with gout and components of 

metabolic syndrome, such as serum urate levels, hypertension and BMI. The associations 

observed here are weak. The possible reasons for having a weak effect is that these variants 

have small genetic effects or that this study does not have sufficient size or power to allow 

the detection of these associations with a strong statistical significance. On the other hand, the 

possibility of false positive results cannot be ignored, as it is quite likely that these weak 

associations may not survive any multiple testing corrections. Although this preliminary 

study does not suggest a link between gout and type 2 diabetes but did identify some 

interesting findings with obesity-associated genes that influence gout independent of obesity 

and type 2 diabetes. 

FUTURE DIRECTIONS 

Future research exploring the relationship between the two diseases should be directed in the 

following areas: 

General 

This is a preliminary study and the results of this study need to be replicated in large 

independent populations. Next generation sequencing has the potential to discover the entire 

spectrum of sequence variants in a sample of well-phenotyped individuals. The application of 

next generation sequencing will provide a great opportunity to reveal missing heritability 

explained by rare variants. This is a pilot study that tested only a handful of variants that 

influence type 2 diabetes and metabolic syndrome, on a gout population. Further studies need 

to expand the number of candidate genes and should also test the gout variants in patients 

with diabetes and metabolic syndrome. Future studies also need to include genes that are 

common between gout and type 2 diabetes, such as CFTR, ABCA1, ABCG1 (Lai et al., 2012) 

in order to get more information on the mechanisms linking type 2 diabetes, metabolic 

syndrome and the risk of gout. The question to be addressed is, are there any sets of genes 

representing a common causal pathway that can explain the underlying cause of a disease. 

That casual pathway could define a therapeutic target for these diseases. By discovering more 

genetic variants that confer disease risk, improved screening of the type 2 diabetes and gout 
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patients who are at more risk could be developed.  

Specific 

In this study, the data from MC3R, MC4R and FTO are encouraging. The hypothesis 

developed from this study that FTO and MC4R haplotypes are influencing gout possibly 

through food intake needs to be tested. This is where environment comes into the picture. The 

question is: how does diet influence gout through these genes? Diet plays an important role in 

the pathogenesis of gout, and purine rich diet and sugary drinks are common risk factors for 

gout. Gene-environment interactions should also be tested. It would be interesting to identify 

haplotypes and environmental determinants and understand how these factors interact with 

gout genetic susceptibility. More variants from the MC3R, MC4R and FTO genes need to be 

tested, as it is quite possible that other markers in these genes also influence gout. Other 

genes that are involved in the melanocortin pathway and food regulation, such as POMC, 

LEPR and ABCG1, need to be investigated as well. 
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