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Subjects  
 
All subjects of the current study were previously examined in the exome-array association studies of 
T2DM (1), blood lipid traits and CAD (2). Only those subjects who also had their blood samples 
available for measurement of circulating FGF21 levels were included in the present study. All 
participants gave written informed consent and the study protocol was approved by the Institutional 
Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster.  
 
(i) Community-based cohort:  
 
The Hong Kong Cardiovascular Risk Factor Prevalence Study (CRISPS): The community-based cohort 
included a total of 1172 Southern Han Chinese subjects from the Hong Kong Cardiovascular Risk 
Factor Prevalence Study (CRISPS) cohort (3), who were the non-CAD control subjects in our previous 
exome-chip association analysis on blood lipid traits and CAD (2). Details of the CRISPS cohort have 
been described previously (1; 2; 4). Briefly, CRISPS was first commenced as a population-based survey 
in 1995-1996. A total of 2895 unrelated Chinese subjects were randomly selected by their telephone 
numbers from the Hong Kong population. All participants were invited to undergo a comprehensive 
baseline assessment of cardiovascular risks at the Queen Mary Hospital, Hong Kong. The subjects were 
then invited for subsequent prospective follow-up visits to assess for the development of major 
cardiovascular risk factors, in 2000-2004 (CRISPS2), 2005-2008 (CRISPS3) and 2010-2012 
(CRISPS4). The latest follow-up visit (CRISPS5) has been commenced in 2016. At each assessment, 
anthropometric and demographic were collected. The participants’ medical, treatment and family 
histories of the major cardiovascular risk factors were recorded by a detailed questionnaire. Fasting 
venous blood were collected after an overnight fast for the measurement of glucose, lipids and 
biomarkers levels. FGF21 levels were measured in plasma samples collected at the second assessment 
(CRISPS2). A 75g oral glucose tolerance test (OGTT) was performed in all subjects who were not on 
treatment for diabetes.  
 
(ii) Clinic-based cohorts:  
 
The clinic-based cohort included a total of 3997 individuals recruited from the Hong Kong West 
Diabetes Registry (HKWDR) (5) and the Hong Kong Chinese Coronary Artery Disease (HK-CAD) 
study cohort (2), respectively.  
 
The Hong Kong West Diabetes Registry cohort (HKWDR; n=2884): The HKWDR was commenced in 
2008. Participants of HKWDR were type 2 diabetes (T2DM) patients who were on regular follow-up at 
the medical specialist clinics of the Hong Kong West Cluster. The participants were invited to undergo 
comprehensive clinical assessments and laboratory investigations to determine the presence of chronic 
diabetic complications and their control of diabetes. The anthropometric and demographic data of the 
study subjects were collected at each assessment. The subjects’ medical, treatment and family histories 
of cardiovascular risk factors were recorded with a detailed questionnaire. Venous blood samples were 
drawn, with informed consent, after an overnight fast, for biochemical and DNA analyses. FGF21 levels 
were measured from the stored serum samples collected at the first assessment.  
 
The Hong Kong Chinese Coronary Artery Disease study cohort (HK-CAD; n=1113): The HK-CAD 
study cohort is an on-going prospective cohort study on the clinical outcomes and risk factors in Chinese 
patients with established CAD. This cohort was first initiated in the Queen Mary Hospital, Hong Kong, 
in 2004-2005. Briefly, consecutive patients who underwent invasive coronary angiogram for assessment 
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and treatment of CAD were screened. The severity of stenosis was determined by coronary angiogram. 
Patients who suffered from significant CAD with ≥50% stenosis in one or more of the epicardial 
coronary artery were invited to participate in this cohort. Detailed demographic and anthropometric data, 
such as major cardiovascular risk factors; and drug, family and medical histories were collected during 
their hospital admission or in the outpatient clinic follow-up. Blood samples were drawn from the 
participants after an overnight fast, with written informed consent, for biochemical and genetic analyses. 
FGF21 levels were measured from the plasma samples collected at recruitment.  
 
Measurement of circulating FGF21 levels  
 
Blood FGF21 levels of subjects were measured using a human FGF21 enzyme-linked immunosorbent 
assay (ELISA) kit according to the manufacturer’s protocol (Antibody and Immunoassay Services, 
University of Hong Kong) as previously described (6). Samples were diluted 1:1 before the assay was 
conducted. The 100ul diluted samples, calibrators, and quality controls were added to the 96-well 
microtiter plates coated with an affinity-purified polyclonal anti-human FGF21 antibody. A calibration 
curve was constructed by plotting the absorbance values at 450nm against FGF21 concentrations of the 
calibrators. The FGF21 concentrations in the study samples were then determined by using the 
calibration curve. The intra- and inter-assay coefficients of variation of the FGF21 ELISA were 4 to 5% 
and 3.5 to 10.2%, respectively.  
 
Quality control of genotype data  
 
Manual curation of genotype calls was conducted for over 55,000 variants which had a GenTrain score 
of less than 0.8; or with high missingness of greater than 1%; or were shown to have poor genotype 
clustering in exome chip genotyping of more than 9000 subjects by our collaborators (7). A total of 4550 
variants were excluded from further analysis due to poor genotype clustering. Individual-level quality 
control (QC) was conducted with regard to biological relatedness, duplication, gender mismatch, and 
possible sample contamination. For detection of possible existence of non-Chinese samples, a principal 
component (PC) analysis was conducted using a panel of >20,000 independent common SNPs (minor 
allele frequency [MAF] >0.05) with outliers removed from the analysis. A scree plot showing the 
eignenvalues, which represents the relative proportion of variance explained of the first 15 principal 
components, is presented in Supplementary Figure 1. For SNP-level QC, variants with more than 2% 
missingness; or MAF of less than 0.1%; or showed significant deviation from Hardy-Weinberg 
Equilibrium (HWE) with P <1x10-5; or originally designed for the purpose of QC (e.g. fingerprint SNPs 
for sample tracking and grid SNPs for the identification of identity by descent segments) were excluded 
from the analysis  
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Supplementary Figure 1. Scree plot  
 

 
A scree plot showing the amount of variation explained by the first 15 principal components (PCs). The 
first two PCs have shown statistical significance with P-values of less than 0.05 in the Tracy-Widom 
test. 
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Supplementary Figure 2. Regional plot  
 

 
The regional plot illustrating individual SNPs at the GCKR locus and their association to circulating 
FGF21 levels. 
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Supplementary Table 1. Index SNPs with Pcombined <5x10-4 in the combined analysis for association with FGF21 levels. 
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A1: Minor allele; A2: Major allele; MAF: Minor allele frequency; SE: Standard error. The betas are reported relative to the minor allele. 
*Model 1: Adjusted for age, sex, PC1 and PC2. †Model 2: Adjusted for age, sex, BMI, PC1 and PC2. Chromosomal positions are 
presented according to human reference genome hg19. 9 


