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ABSTRACT

Introduction: Contribution of genetic predisposition to risk prediction of type
2 diabetes mellitus (T2DM) was investigated, and genotype variation was
tested for gene-environment interaction effect using a prospective study in
middle-aged adults in South Korea.

Methods: From a community cohort of 6,910 subjects with 8 years” follow-
up, genetic predisposition score with subsets of 4, 16, 36 selected single
nucleotide polymorphisms (SNP) (genetic predisposition score, GPS) in
association with T2DM were determined, and their effect was evaluated using
risk prediction models. Also, genetic and environmental factors were tested
for their interaction effect on T2DM risk.

Results: Sixteen SNPs were found to be in significant association with T2DM
in the study population, and hazard ratios of GPSs above median risk allele
scores were 1.19 (95% confidence intervals: 1.04-1.36), 1.23 (1.08-1.41), 1.42
(1.19-1.70) with GPS-4, GPS-16, GPS-36, respectively. Significant changes
in C-statistics for discrimination were observed in both subject groups tested
with GPS-16 and GPS-36, and while significant net reclassification index
(NRI) in subpopulations weakened upon addition of glycated hemoglobin
(HbAXLc) in subjects with GPS-4, those with information on GPS-16 and GPS-
36 remained robust. Significant positive gene-environment interactions by
additional scales were observed for GPS-16 and GPS-36 with environmental
variables such as family history of DM, high-density lipoprotein cholesterol

and HbAlc, and multiplicative scales were also significant for family history
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of DM.

Conclusions: From a cohort of middle-aged Koreans, subjects with genetic
predisposition information on multiple numbers of SNPs showed significant
model discrimination and reclassification, even after adjusting for HbAlc, a
stronger predictor for T2DM risk. For gene-environment interaction, although
some effect is suggested from the results of the current study, further
investigations with larger number of subjects or in an independent population

IS suggested.

Keywords: Diabetes mellitus, gene-envrionment interaction; genetic
predisposition; risk prediction
Student number: 2012-31144

v



CONTENTS

ADSTFACT ... ii
(0] 01 (=] | KT TP UPPRP PO v
List of tables and fIQUIES..........coooviiiiiiiie e Vil
L INTrOAUCTION ..o 11
1.1 Effect of genetic predisposition on T2DM prediction................ 11
1.2 Gene-environment iNteractions...........cccocveeiieeeinieesniee e 16
1.3 HYPOTNESES ...ttt 17
2. Material and Methods ..........cccooiiiiiiiiiiii e 18
2.1 StUAY SUDJECT ... 18
2.2 Case defiNitioN .........oooiiiiiiiii e 21
2.3 SNP SEIECTION......coiiiiiiiiie e 21
2.4 Statistical analysiS........ccoovuiiiiiiiiiie e 22
2.5 Ethical statement..........ccooviiiiiiii 25
3L RESUILS o 26
3.1 Risk loci CharacteristiCs...........ccceiuiiiiiiiiiiiie e 26
3.2 Subject characteristics at baseling ...........ccccceeeviviec e, 30

3.3. Evaluation of effect of genetic predisposition on T2DM risk

[T =T0 [ o1 [0 o 1P TPRRPPR 35
3.4 Evaluation of gene-environment interaction on risk of
T2DM INCIOBNCE ...ttt 54
4. DISCUSSION  .oiitiiiitiie e eiiee ettt ettt ettt e e st e e e bt e e e beeeaneeeenneee s 87
4.1. Effect of genetic predisposition on T2DM risk prediction ....... 87
4.2 SNP selection/validation .............cccooveiiiiiiiiieiiiee e 90
4.3. Significant genotypes in the study population.......................... 91
4.4. Gene-environment interaction effect ...........cccoooceeviiiiiin e, 93
A5, LIMITALIONS ..ottt 94



5. Conclusion
6. References
7. Abstract in

......................................................................................... 95
............................................................................................ 96
Q0] =71 o T 104
vi
-':'x_-i e 1_.!i ""i T.'i



LIST OF TABLES AND FIGURES

Table 1. Characteristics of studies on influence of GPS on T2DM risk .............. 14
Table 2. Characteristics of selected risk loci for type 2 diabetes mellitus. .......... 27
Table 3. Baseline characteristics of all study subjects...........ccceviveiveniennnnn. 31
Table 4. Baseline characteristics of study subpopulations, case-only ................. 33

Table 5. Risk (HRs and 95% CI) of T2DM incidence with GPSs across
different SUDPOPUIALIONS ...........coiiiiiiiii e 37

Table 6. Association between model variables and GPS, by linear or logistic

FEQreSSION ANAIYSIS. ......viiiiii et e e srbe e e erre s 40

Table 7. C-statistics in association between each model variable and incident

T2DM, with reference model as baseline age. .........cccooeevvieiie e, 43

Table 8. Discrimination evaluation of T2DM risk prediction with GPSs

across different sUbpPOPUIALIONS ..........cccoviiiiic i 45

Table 9. Reclassification evaluation of T2DM risk prediction with GPSs

across different SUbpPOPUIALIONS..........cccoviiiiiii i 49

Table 10a. Reclassification of predicted risk of incident T2DM between
cases and non-cases, with GPS-36 in Subpopulation C (N=3,045)..............c...... 51

Table 10b. Reclassification of predicted risk of incident T2DM between
cases and non-cases, with GPS-16 in Subpopulation C (N=3,045)..................... 52

Vil



Table 10c. Reclassification of predicted risk of incident T2DM between
cases and non-cases, with GPS-16 in Subpopulation B (N=5,365).............c....... 53

Table 11. Effect of selected variables on T2DM incidence in low or high risk

groups, across quartiles of GPS-36 0r GPS-16..........ccccocveeviieiiieesee e 56

Table 12a. Effect of interaction between GPSs and age on the risk of T2DM

(10163 [0 (=] o (oY TR RTRTTTRRRTRRTRRT 61

Table 12b. Measure of interaction between GPSs and age. .........cccceevvveeecvveenen. 62

Table 13a. Effect of interaction between GPSs and family history of DM on
the risk of T2DM INCIAENCE. ....c.veeiviiiiie e 64

Table 13b. Measure of interaction between GPSs and family history of DM...... 65

Table 14a. Effect of interaction between GPSs and regular physical exercise
on the risk Of T2DM INCIABNCE ......vevviiiiiiiiieiie s 67

Table 14b. Measure of interaction between GPSs and regular physical

BB CISE. +vvetiieeeeeeeeeeee ettt ettt ettt ettt teetett ettt et e et tet et e ettt ettt ee ettt et et eeetree et teeeereerereereareaees 68

Table 15a. Effect of interaction between GPSs and BMI on the risk of
T2DM INCIOBNCE. ...eeieiiiiieeeeeee ettt ettt ettt ettt ettt ettt e et et e e e e e e e e eereeeeeees 70

Table 15b. Measure of interaction between GPSs and BMI ..........cccccccvvvvivinnnnn, 71

Table 16a. Effect of interaction between GPSs and HDL-cholesterol on the
FISK OF T2DIM INCIABNCE. ... 73

Table 16b. Measure of interaction between GPSs and HDL-cholesteroal............. 74

viii



Table 17a. Effect of interaction between GPSs and TG on the risk of T2DM

([T T0 [T o< 76

Table 17b. Measure of interaction between GPSsand TG.. .......ccoeeevvveevvveennnnnnn, 77

Table 18a. Effect of interaction between GPSs and FPG on the risk of T2DM

([aTo1 L0 [T oL TR 79

Table 18b. Measure of interaction between GPSs and FPG. .........cccccccvvvviiinin.. 80

Table 19a. Effect of interaction between GPSs and HbAlc on the risk of
T2DM INCIOBNCE. ..ceeeeeeeeeeeeee ettt eeees 83

Table 19b. Measure of interaction between GPSs and HbALC. ..., 84

Table 20. Sample size calculation testing interaction effect of binary

variables for Cox proportional hazards regression...........ccccovveeviieevieeeivee e, 86
Figure 1 Flow chart showing selection of subjects included in the analysis........ 20
Figure 2. Suggested function of genes associated with T2DM in GWA
studies. References indicate the first association results for variants with

unknown function or the reports for the physiologic functional analysis
(Excerpt from Kwak SH et al., 2013) ......cccccooiiiiiii e 92

1X



AP

AUC

Cl

DBP

FPG

GPS

GWAS

HbAlc

HDL-C

HR

IDI

KoGES

NRI

OR

P/E

RAF

RERI

RR

SBP

SNP

T2DM

LIST OF ABBREVIATIONS

attributable proportion

area under the curve

confidence interval

diastolic blood pressure

fasting plasma glucose

genetic predisposition score
genome-wide association studies
glycated hemoglobin Alc
high-density lipoprotein cholesterol
hazard ratio,

integrated discrimination improvement
Korean Genome and Epidemiology Study
net reclassification improvement
odds ratio

physical exercise

risk allele frequency

relative excess risk due to interaction
relative ratio

synergy index

systolic blood pressure

single nucleotide polymorphisms

type 2 diabetes mellitus

10



INTRODUCTION

Although type 2 diabetes mellitus (T2DM), a prevalent and complex
disease, is known to be caused by combinations of genes and environmental
factors, the genetic contribution is not yet fully comprehended. Dozens of
single nucleotide polymorphisms (SNPs) in association with T2DM were
identified by genome-wide association studies (GWAS), such as PPAR,
KCNJ11, TCF7L2, CDKAL1, CDKN2A/B, and FTO[1, 2]. Contribution of
SNPs to development of T2DM, however so far, have been shown to be
limited, with reported estimates of genetic contribution to heritability for
T2DM unveiled by GWAS as 6-15 %.

Accordingly, recommended research expansion are directed to
investigating the genetic contribution with increased diversity such as
different ethnicities, or to undiscovered genetic field such as rare alleles or

copy-number variations, and interaction analyses[3, 4].

1. Effect of genetic predisposition on T2DM prediction

Genetic predisposition, expressed in scores of combined risk alleles

of SNPs discovered from GWAS, is a concept used in researches on utilizing

genotype information for practical use, including construction of risk

prediction models[5-7].
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So far, reports on genetic predisposition, compared to common non-
genetic risk factors, have been shown to contribute to inconsistent or limited
improvement in prediction ability on risk of T2DM incidence[3, 8]. Some
well-known prospective studies with relatively long periods of follow-up and
information on multiple numbers of SNPs have also examined on this issue
(Table 1).

In Framingham Offspring Study, the first investigation on subjects at
Period 1 to 3 showed non-significant improvement in discrimination or
reclassification (P for contrast in change in area under the curve (AAUC) =
0.49; P for net reclassification index (NRI), 0.17), although the effect of the
multiple SNPs were significant (hazard ratio (HR) (95% confidence interval
(CD): 1.11 (1.05-1.17)[5]. In a more recent study with subjects at Period 1 to
4 and with increased number of tested SNPs, authors reported significant NRI
at subjects under 50 years of age at baseline (NRI 10.2 %, P = 0.001),
suggesting for importance of genotype information, especially in the younger
population[9]. This hypothesis was also supported by another cohort study on
young adults that showed significant improvement in reclassification
(continuous NRI (95% CI): 0.285 (0.126-0.433))[10]. In other well-
documented studies in Scandinavia and Britain, significant AAUCs were
reported, although reclassification was omitted or was found to be non-
significant[6, 7]. Although not a community cohort, a recent case-registry on
gestational DM patients in South Korea with genotype information on 48
SNPs reported significant shift of AUC (0.741 to 0.775, P = 0.015) and of

NRI improvement (0.430 (0.218-0.642)). Although results may be
12



exaggerating when interpreting to the general population, these results
nonetheless may suggest influence of genetic variation on predicting risk of
T2DM incidence[11]. Results form case-cohort or case-control studies are few
in number and also inconsistent, while few studies are subjected to Asian
population[12-14].

In addition to the ongoing research reports that are mostly based on
Caucasian  population[15], evaluating the significance of genetic
predisposition on the predictive performance on T2DM incidence to wider
characteristic range of study populations including non-European subjects has
been strongly suggested[16]. Moreover, to my knowledge, investigation of
genetic predisposition on T2DM prediction ability in South Koreans at a
community level has not been carried out previously. The current study is also
one of the few researches that examined combined genetic and non-genetic
dataset from a large prospective study constructed to represent national-level

health status.
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Table 1. Characteristics of studies on influence of GPS on T2DM risk

; ; No. HR/OR R Reclassificati
(AL, Study name Pogulalt_lon Ff U d Il i Variables tested of (95% CI) by Sl on (NRI/IDI,
yr at baseline  perio T2DM SNPs  GPS (AUC) P/95% Cl)
. FOS Lo
'gf‘:lgs B (Framingham (N=2.377) 28yrs. 255 %g'\e/i Sé),i}”faﬁp'g h;ggryHoéL_C g LU 0.900 — 0.901 2.13%
N Offspring Study); o yrs. (10.7%) ' ' ' ’ ' (1.05-1.17) (P =0.49) (P=0.17)
2008 [5] - TG
Period 1-3
Lyssenko  MPP(Malmo family history of DM, BMI, 112
Vyet ol Preventive (N=18.831) 235 2,201 liver enzymes, current 1 (1.08-1.15) 074 —»0.75 N/A
2008 [‘7’] Project), Botnia _’ yIs. (11.7%) smoking, insulin deposition 0.94 (P =0.0001)
study index (0.84-1.04)
de FOS 1.15 0.903 —» 0.906 1.8%
I\\(/I;ggsel- (Framingham 4?:12‘7 1;?350{?]_ 346 sex, family history of DM, 40 (1.09-1.22) (P=0.04) (P=02)
Offspring Study); > P (12.8%) BMI, FPG, SBP, HDL-C, TG <50 vrs: 104 <20yrs: 0.908 <50 yrs:
JM et al., . (N=3,471) time yrs. L. — 0911 10.2%
Period 1-4 (1.13-1.36) . 2%
2011 [9] e (P=0.3) (P =0.001)
Cambridge risk score: age, 1.1%
sex, family history of DM, 0.72 - 0.73 .
Talmud Whitehall 1 35-55 yrs. 302 BMI, smoking, drug treatment [OR’. (P=0.66)
PJetal., _ 10 yrs. : i 20 unadjusted]
2010 [6] Study (N=5,535) (5.5%)  FOS risk score: age, sex, 2.3 (1.5-3.8) 0.2%
parental history of DM, BMI, T 0.78 — 0.78 (F.> =°0 94)

HDL-C, TG, FPG

14



Table 1. Characteristics of studies on influence of GPS on T2DM risk (continued)

; F/U ; R Reclassificati
Author, Population - Incident . No. of HR/OR (95% C-statistics
yr SHUEY S at baseline gerlo T2DM VRIS G i SNPs  CI) by GPS (AUC) 3795221@()”3"
Vassy CARDIA age, sex, race, parental
JLetal, (CoronaryArtery 18-30yrs. 239 215 h?st’or (;f DN’I pBMI MAP 38 1.08 0.824 — 0.829 [cNRI] 0.285
2012 Risk Development (N=2439)  yrs. (8.8%) y ' ' ' (1.04-1.13) (P=0.26) (0.126-0.433)
. FPG, HDL-C, TG
[10] in Young Adults)
Kwak age, family history of DM
SHet — Registryof GDM \ qor  med. 116 ?e_’ o n;’nc B,\%I MAP. 48 1.66 0.741 — 0.775 [cNRI] 0.430
al., 2013 women - 45mo.  (29.4%) ?nsulljin gnancy ' ' (1.30-2.13) (P=0.015) (0.218-0.642)
[17]
Schulze German DRS(i.e. lifestyle), 82852 - [IDI] 0.0014
579 cases, FPG, HbAlc o (P=0.36)

MB et EPIC-Potsdam (P=0.7361)

i 7963 N/A  N/A . 20 N/A
al., 2009  Study; case-cohort controls German DRS(i.e. lifestyle), 0.9000 — [IDI] 0.0015
[12] FPG, HbAlc, HDL-C, 0.9002 (P=0 0'3 2)

GTP, ALT, hs-CRP (P=0.6868) e
Tam 5,882 N/A (selected by N/A
CHT et g?;b%tfsorll?% istry:  CaSes, N/A N/A school(adolescent), 8 (individual N/A 11.0%
al., 2013 case cohort gistry: 2,569 occupation group(adult), ORs: 1.07 to (P <.0001)
[13] controls age group(elderly)) 2.09)
GPS-49: 1.13
:\r/?zinatira Multi-center gaielzs (1.11-1.15) 0.768 —0.773
B - ’ N/A  N/A age, sex, BMI 49 (GPS-10 — N/A
2013 registry 1,786 GPS-10: 1.26
- L GPS-49)

[14] controls (1.22-1.31)

NA, not applicable; N/A, not available

15



2. Gene-environment interactions

As a leap from common alleles, suggestions on investigating genetic
contribution on development of T2DM have extended to rare/minor allele
frequency, copy-number variations (CNVSs), epigenetics, or gene-gene
interactions and gene-environment interaction[3, 18]. While most of the
prominent recommendations usually demand multiple large-scale datasets,
number of subjects needed to test for interaction effect may depend on the
size of the effect estimate, fraction proportion of cases over the subgroups of
gene-gene or gene-environment risk groups[19].

Meanwhile, a few studies have also reported some interaction effect
between behavioral risk factors and genetic polymorphisms, as well as
significant effect of lifestyle intervention in subjects with high genetic risk[3,
20]. The current research is tended to thoroughly investigate on the genetic
variation information in the study population, and there is sufficient
information on environmental variables in the analyzing dataset. Thus,
expanding the research to confirming the influence of gene-environment (g*e)
interaction on the present population of interest may be prospective, as any
g*e interaction effect discovered in the population may be of practical value

in the extent of policy making.

16



3. Hypotheses

With the incidence of T2DM as the outcome, two hypothesis was
formulated using a well-designed prospective data from a community-based
cohort study of middle-aged South Koreans. First, that contribution of
information on genetic variants would significantly influence risk prediction
ability of T2DM incidence; for this hypothesis, an 8-years prediction model
was constructed. Second, that there would be a significant g*e interaction
between the investigated genetic variants and known environmental factors in
the same study population; for this hypothesis, information on genetic
variation validated from the first hypothesis as well as baseline variables of

the study subjects were tested.
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MATERIALS AND METHODS

1. Study subject

The Ansung-Ansan Cohort Study, one of the three prospective
community-based cohort studies from the Korean Genome and Epidemiology
Study (KoGES), begun with 10,038 subjects aged 40 to 69 years at baseline
(2001-2003). Whole-genome sequencing using Affymetrix 500K Array
(Affymetrix, Santa Clara, CA, USA) was performed in 8,842 randomly
selected subjects during the baseline investigation period, and unphased
genotypes were imputed with Japanese+Chineses HapMap phase 2 haplotype
panel using IMPUTE version 2 (http://mathgen.stats.ox.ac.uk/impute).
Follow-up studies are carried out in 2-year intervals, at 2003-2005, 2005-2007,
and so on. In this study, 8-years follow-up data was used, collected biennially
until the 4th follow-up (2009-2011). Details regarding the KoGES, including
methods and quality control for the genotyping, have been described in
previous reports[21, 22].

At baseline, 2 subjects without any information needed for T2DM
definition, 683 subjects with history of DM diagnosis/treatment or in current
oral hypoglycemic medication/insulin therapy for DM, and 544 subjects with
glycated hemoglobin (HbAlc) >6.5% or fasting plasma glucose (FPG) >7.0
mM/I or plasma glucose level 2-h after ingestion of 75g oral glucose load (2

hr-OGTT) >11.1mM/l were excluded. From 8,809 subjects at baseline, 954

18



(10.8%) subjects were eliminated due to follow-up loss after fourth follow-up
in 2009-2011. Of the remaining 7,855 subjects, another 945 (12.0%) subjects
who had not been selected for genotyping procedures at baseline were

excluded. Thus 6,910 subjects remained for analysis (Figure 1).
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Ansung-Ansan Cohort Study
subjects enrolled at baseline (N=10,038)

(1) Excluded at baseline

(2) Excluded during follow-up

- follow-up loss after 8 years (n=954)

(3) Excluded before analysis

Study subjects for analysis (N=6,910)

- No information needed for T2DM definition (n=2)
- DM diagnosis/treatment history,

or in current oral hypoglycemic medication/insulin therapy for DM (n=683)
- HbAle =6.5% or FPG =7.0 mM/1 or 2 hr-OGTT >11.1 mM/1 (n=544)

- not selected for genotyping procedures at baseline (n=945)

|
v

v

v

<Subpopulation A>
6,197 subjects with
information on GPS-4

<Subpopulation B>
5,365 subjects with
information on GPS-16

<Subpopulation C>
3,045 subjects with
information on GPS-36

Figure 1. Flow chart showing selection of subjects included in the analysis.
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2. Case definition

Incident T2DM cases at each follow-up was identified as
corresponding to at least one of the following definitions: HbAlc >6.5 %,
FPG >7.0 mM/I, 2 hr-OGTT >11.1mM/I, or in treatment state for T2DM with
insulin or oral hypoglycemic medication since the last follow-up or two years’

period.

3. SNP selection

Approximately sixty SNPs have been reported to be in association
with T2DM in Korean or East Asian population, from GWAS meta-analysis or
candidate gene analysis that partly or entirely used KoGES baseline data[21,
23, 24]. In this study, PLINK 1.7 (http://pngu.mgh.harvard.edu/purcell/plink/)
was used to extract relevant SNPs from the raw genotype data of Ansung-
Ansan population, from both genotyped and imputed sequencing datasets.
Haploview (https://www.broadinstitute.org/scientific-
community/science/programs/medical-and-population-
genetics/haploview/haploview) and TagSNP
(http://snpinfo.niehs.nih.gov/snpinfo/snptag.htm) was used to calculate rare
allele frequency (RAF) and test for linkage disequilibrium of extracted SNPs.
Odds ratios (OR) and 95% confidence intervals (Cl) of risk alleles of each
SNPs on baseline or incident T2DM in the 8,842 cohort population was

analyzed using logistic regression analyses.
21



A score system for scaling the concept of genetic predisposition was
constructed using numbers of risk alleles of selected SNPs. The combinations
of scores were set as ‘genetic predisposition scores (GPSs)’, ranging from 0 to
number of selected SNPs multiplied by 2. Thus, higher GPS indicate a higher
genetic predisposition to T2DM[25]. Different subsets of GPSs were
constructed based on p-values or false discovery rate (FDR) of each SNP’s

effect on T2DM risk.

4. Statistical analysis

Cox’s proportional hazard functions were used to estimate HR and
their 95% ClIs of risk of T2DM incidence in the study population. For
selection of variables in the prediction model, selection procedures were
carried out using the survival analysis. First, all a priori covariates were tested
in a univariate Cox regression model at significant level of p-value <0.2, then
all significant and non-significant covariates in multivariate Cox regression
models were fitted with p-values <0.15 required for inclusion in backward and
forward selection procedures, respectively. Finally, stepwise selection with the
selected covariates with p-value <0.15 was used to attain the main-effects
model. Likelihood ratio test was used for all covariate inclusion/exclusion
decisions[26]. Modeling was carried out in each subpopulation of study
subjects grouped by availability of information on the various GPSs.

From the full model with all selected variables, each model variables

were investigated for their relationship with different GPSs in different
22



subpopulations using linear or logistic regression analysis. Also, to set the
order of subset models for variable adjustments, discrimination statistics upon
addition of each variable in comparison to a base model in the logistic
function, with incident DM cases as the independent variable, was analyzed.

For all prediction models, discrimination and risk reclassification
were evaluated after adjusting for GPS in the models. At the same time, tested
models were divided in subsets in accordance with previous literature[5, 10].
C-statistics were used to test for model discrimination, and NRI was analyzed
to examine risk reclassification upon addition of selected risk alleles[27].

For gene-environment interaction analyses, all selected variables in
the hazard function model were tested as possible environmental factors.
Multiplicative interaction was calculated using p-values for trend as well as p-
values for interaction in the survival function, and relative excess risk due to
interaction (RERI), attributable proportion (AP), and synergy index (S) by
logistic regression analysis were also calculated to determine additive
interaction[28-31]. Applied from the literature, equations for the additive

interaction scales are as follows[32, 33]:

RERI = RRg+g+ - RRg+e. - RRge+ +1

AP = RERI

RRG+E+

S= RRp+p+—1
(RRG4+g-—1) + (RRG-g+—1)

23



where RRg:e+, RRg+e, RRge+ are relative risk of T2DM incidence when
genetic (G) and environmental (E) factors are present/absent or at high/low
risk (+/-). RERI would indicate part of the total effect due to interaction;
RERI equal to 0 means no interaction, while >0 and <0 would mean positive
and negative interactions, respectively (range, - o to +x). AP refers to
proportion of the combined effect due to interaction, and result interpretations
are same as RERI (range, -1 to +1). S would indicate ratio of combined effect
over individual effects; S equal to 1 means no interaction, while >1 and <1
means positive and negative interactions, respectively (range, 0 to +o0).

The analyzed multiplicative interaction effect was used to test the sample
size[19]. In brief, with X; and X, as binary variables tested for interaction,
the total number of subjects (n) required to achieve a power of 1 - £ at type |

error rate « for a two-sided test is as follows:

(z1-a/2 + z1-B)2G

n=
[log(0)]2y(1 - p)p(1 - p2)

w : proportion of subjects with incident T2DM

~ _ i 91-q9)
p = COr(Xe,Xz) = (P1 - Po) X [ 5—>

p=Pr(X;=1),g=Pr(X;=1)
po=Pr(X; =1|X,=0)
p1=Pr(X; =1|X, =1)

G = [1-90-p0po+4q@ - pHpij2
(1 -—a)q(1 - p0)po(1 - pl)pl
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A two-tailed p-value <0.05 indicated statistical significance. Statistical
analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA), Stata/SE 13.0 (StataCorp LP, College Station, TX, USA), and R

version 3.1.0 (http://cran.rproject.org).

5. Ethical statement

Informed written consent was obtained from all participants, and the

study protocol was approved by the institutional review board of the Korea

Centers for Disease Control and Prevention (KCDC) as well as Seoul

National University Hospital (IRB No. 1306-046-495).
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RESULTS

1. Risk loci characteristics

Thirty-eight SNPs reported relevant with T2DM were extracted from
the whole genome sequencing data of Ansung-Ansan cohort. By logistic
regression analysis, 17 SNPs, rs7593730 (RBMS1; HR 1.10 (95% CI 1.003-
1.21)), rs1470579 (IGF2BP2; 1.13 (1.05-1.21)), rs1801282 (PPARG; 1.19
(1.01-1.40)), rs7754840 (CDKAL1; 1.22 (1.14-1.30)), rs9465871 (CDKALL;
1.21 (1.13-1.29)), rs864745 (JAZF1; 1.11 (1.03-1.20)), rs10811661
(CDKN2A/B; 1.15 (1.08-1.24)), rs5015480 (HHEX; 1.13 (1.04-1.23)), rs5215
(KCNJ11; 1.08 (1.003-1.16)), rs1359790 (SPRY2; 1.10 (1.02-1.18)),
rs6780569 (UBE2E2; 1.12 (1.02-1.23)), rs7756992t (CDKALL; 1.22 (1.13-
1.31)), rs4607517 (GCK; 1.14 (1.05-1.24)), rs13266634 (SLC30A8; 1.10
(1.03-1.18)), rs7903146 (TCF7L2; 1.30 (1.05-1.61)), rs1552224 (CENTD2;
1.17 (1.01-1.36)), rs2237892 (KCNQ1; 1.20 (1.11-1.29)) showed significant
association with T2DM incidence in the subjects (Table2). Four of the 17
SNPs, rs7754840, rs9465871, rs10811661, rs7756992, and rs2237892,
remained robust even after testing for false discovery rate (FDR) value of

0.00011 (Table 2).
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Table 2. Characteristics of selected risk loci for type 2 diabetes mellitus

Reported

Reported

1 0
SNP Chr Locus 5 IIZIke casRe'/At\:f)r?tfrol in gr?s;gi-sﬁngelgng .OR (95%.(:')* O R (95%.C|)
in East Asians in Caucasians

18 SNPs analyzed by Affymetrix 500K

rs10923931 1 NOTCH2 T 0.04/0.03 1.05 (0.86-1.29) 1.05 (0.92-1.20) 1.13 (1.08-1.17) [1]
rs7593730 2 RBMS1 C 0.83/0.83 1.1(1.003-1.21) 1.03 (0.97-1.09) 1.11 (1.08-1.16) [34]
rs1470579 3 IGF2BP2 C 0.33/0.31 1.13 (1.05-1.21) 1.13 (1.08-1.19) 1.17 (1.11-1.23) [35]
rs1801282 3 PPARG C 0.96/0.95 1.19 (1.01-1.4) 1.13 (1.01-1.28) 1.14 (1.08-1.20) [35]
rs4607103 3 ADAMTS9 C 0.62/0.61 1.06 (0.99-1.14) 0.99 (0.95-1.04) 1.09 (1.06-1.12) [1]
rs831571 3 PSMD6 C 0.63/0.63 1.05 (0.98-1.13) 1.09 (1.06-1.12) NA
rs7754840 6 CDKAL1 C 0.48/0.47 1.22 (1.14-1.3) 1.20 (1.14-1.25) 1.12 (1.08-1.16) [36]
rs9465871 6 CDKAL1 C 0.56/0.54 1.21 (1.13-1.29) 1.14 (1.09-1.18) NA
rs864745 7 JAZF1 T 0.74/0.72 1.11 (1.03-1.2) 1.06 (1.00-1.12) 1.10 (1.07-1.13) [1]
rs10811661 9 CDKN2A/B T 0.58/0.56 1.15 (1.08-1.24) 1.21 (1.14-1.28) 1.20 (1.14-1.25) [36]
rs10906115 10 CDC123/CAMK1D A 0.54/0.53 1.05 (0.98-1.13) 1.09 (1.04-1.14) 1.13 (1.08-1.18) [24]
rs5015480 10 HHEX C 0.19/0.19 1.13 (1.04-1.23) 1.16 (1.1-1.23) 1.19 (1.11-1.28) [37]
rs5215 11 KCNJ11 C 0.41/0.39 1.08 (1.003-1.16) 1.13 (1.08-1.18) 1.14 (1.10-1.19) [38]
rs1531343 12 HMGA2 C 0.11/0.11 1.06 (0.95-1.18) 1.06 (0.99-1.14) 1.10 (1.07-1.14) [2]
rs7961581 12 TSPAN8/LGR5 C 0.22/0.23 0.99 (0.91-1.07) 1.01 (0.95-1.06) 1.09 (1.06-1.12) [1]
rs1359790 13 SPRY?2 G 0.71/0.7 1.1(1.02-1.18) 1.02 (0.97-1.08) 1.15 (1.10-1.20) [24]
rs1436955 15 C2CD4A/C2CD4B C 0.7/0.69 1.06 (0.98-1.14) 1.13 (1.06-1.21) NA
rs9939609 16 FTO A 0.87/0.88 1(0.9-1.11) 1.15 (1.08-1.22) 1.15 (1.09-1.23) [39]
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Table 2. Characteristics of selected risk loci for type 2 diabetes mellitus (continued)

SNP Chr Locus Risk RAF of . OR (95% CI) Repgrted OR (.95%3 Repqrted OR (95%
allele  case/control  in Ansan-Anseong Cl) in East Asians ClI) in Caucasians

20 SNPs from HapMap imputation
rs340874 1 PROX1 C 0.37/0.35 1.06 (0.99-1.15) 1.08 (1.03-1.14) 1.07 (1.05-1.09) [40]
rs243021 2 BCL11A A 0.67/0.66 1.03 (0.96-1.11) 1.05 (1.00-1.10) 1.08 (1.06-1.10) [2]
rs2943641 2 IRS1 C 0.94/0.95 0.99 (0.85-1.15) 1.12 (1.03-1.22) 1.19 (1.13-1.25) [41]
rs6780569 3 UBEZ2E2 G 0.83/0.81 1.12 (1.02-1.23) 1.13 (1.07-1.20) 1.21 (1.14-1.30) [42]
rs10010131 4 WFS1 G 0.98/0.98 0.92 (0.72-1.17) 1.00 (0.91-1.10) 1.11 (1.05-1.16) [43]
rs7756992t 6 CDKAL1 G 0.56/0.54 1.22 (1.13-1.31) 1.14 (1.09-1.18) 1.19 (1.13-1.27) [44]
rs2191349 7 DGKB T 0.68/0.68 1.07 (0.99-1.16) 1.11 (1.05-1.16) 1.06 (1.04-1.08) [40]
rs4607517 7 GCK A 0.23/0.21 1.14 (1.05-1.24) 1.03 (0.97-1.09) 1.07 (1.05-1.10) [40]
rs972283 7 KLF14 G 0.7/0.69 1.02 (0.94-1.1) 0.99 (0.93-1.06) 1.07 (1.05-1.10) [2]
rs13266634 8 SLC30A8 C 0.59/0.59 1.1 (1.03-1.18) 1.11 (1.06-1.16) 1.15 (1.12-1.19) [45]
rs896854 8 TP53INP1 T 0.29/0.29 1.001 (0.93-1.08) 1.07 (1.02-1.12) 1.06 (1.04-1.09) [2]
rs13292136 9 CHCHD9 C 0.9/0.89 1.05 (0.94-1.18) 0.99 (0.92-1.07) 1.11 (1.07-1.15) [2]
rs12779790 10 CDC123/CAMK1D G 0.11/0.1 1.09 (0.97-1.22) 1.12 (1.02-1.23) 1.11 (1.07-1.14) [1]
rs7903146 10 TCF7L2 T 0.03/0.02 1.3 (1.05-1.61) 1.16 (1.02-1.31) 1.37 (1.31-1.43) [36]
rs10830963 11 MTNR1B G 0.44/0.44 1.06 (0.99-1.14) 0.99 (0.93-1.06) 1.09 (1.06-1.12) [40]
rs1552224 11 CENTD2 A 0.94/0.94 1.17 (1.01-1.36) 1.16 (1.06-1.27) 1.14 (1.11-1.17) [2]
rs2237892 11 KCNQ1 C 0.64/0.6 1.2 (1.11-1.29) 1.17 (1.11-1.23) 1.40 (1.34-1.47) [46]
rs231362 11 KCNQ1 G 0.89/0.88 1.06 (0.95-1.19) 1.10 (1.00-1.20) 1.08 (1.06-1.10) [2]
rs2334499 11 INS/IGF2B T 0.82/0.82 1.01 (0.92-1.1) NA 1.35 (NA) [47]
rs7172432t 15 C2CD4A/C2CD4B A 0.55/0.55 1.04 (0.97-1.12) 1.09 (1.04--1.15) 1.14 (1.09-1.20) [42]
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NA, not available. Adjusted for age, sex, and body mass index.
*Referred from Cho YS et al., 2012[21], Ryoo H et al., 2011[23], and Shu XO et al., 2010[24].
TRs7756992 and rs 7172432 are in linkage with rs9465871(|D'=0.977) and rs1436955(|D'=1), respectively.

SNPs under false discovery rate (FDR) = 0.00011 are underlined.
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In constructing GPS, rs7756992 and rs7172432 were eliminated as
they showed strong linkage with rs9465871 (D'=0.977, r°=0.933) and
rs1436955 (D'=1, r°=0.627), respectively.

Three sets of GPSs were constructed with differently selected SNPs,
i.e. () GPS-4 with four SNPs in significant association with T2DM in our
study subjects, at p-values less than FDR (i.e. < 0.00011) (range 0-8); (ii)
GPS-16 with 16 SNPs in significant association at p-values <0.05 (range O-

32); (i) GPS-36, with all tested SNPs (range 0-72).

2. Subject characteristics at baseline

Mean age of subjects were 51.8 years at baseline, and males
accounted for 47.1 % of the total 6,910 study subjects, and over the 8-year
follow-up, 1,240 (17.9 %) were defined as incident T2DM cases. As well as
variables tested for prediction modeling (i.e. age, body mass index [BMI],
triglyceride [TG], high-density lipoprotein cholesterol [HDL-C], etc.) GPSs
were higher in incident diabetic cases compared to those who remained non-
diabetic (p-values <.005). T2DM incident cases were older, had higher BMI,
TG, FPG, HbAlc and lower HDL-C compared to non-cases. Cases also
showed relatively higher risk allele scores, and higher proportion of

hypertension (HTN), family history of DM, and so on (Table 3).
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Table 3. Baseline characteristics of all study subjects

All Case Control P-diff
(N=6,910) (n=1,240) (n=5,670)

Mean+SD

Age (years) 51.774#8.79 53.4+8.78 51.41+8.76 <.0001
Body mass index (kg/m®)  24.47+3.02 25.04+3.21 24.34+2.96 <.0001
HDL cholesterol (mM/L)  1.17+#0.26  1.13+0.26 1.17#0.26 <.0001
Triglyceride (mM/L) 1.76£1.1  2.09+1.29 1.69+1.04 <.0001
Fasting glucose (mM/L) 4.61+0.5 4.88+0.61 4.56+0.45 <.0001
HbAlc (%) 5.55+0.35 5.77+0.36 5.51+0.33 <.0001
Risk alleles of 4 SNPs 437+1.67 4.51+1.67 4.34+x1.66 0.0019
Risk alleles of 8 SNPs 17.72+251 17.63+2.52 18.15+2.42 <.0001
Risk alleles of 36 SNPs 40.54+3.53 41.07£3.58 40.43+3.51 0.0002
Average SBP (mmHg) 120.7+18.2 125.0+18.8 119.8+18.0 <.0001
Average DBP (mmHg) 80.0+11.4 82.31+115 79.47+11.3 <.0001
Average WC (cm) 82.13+8.68 84.16+8.78 81.68+8.6 <.0001
Average HC (cm) 93.47+5.91 94.32+5.98 93.29+5.87 <.0001
Frequency (%)

Sex, male 3251 (47.1) 642 (19.7) 2609 (80.3) 0.0002
Current smoking, yes 1702 (24.9) 332 (19.5) 1370 (80.5) 0.0529
Current drinking, yes 3292 (48) 612 (18.6) 2680 (81.4) 0.1829
Regular exercise, no 4001 (58.5) 768 (19.2) 3233(80.8) 0.0027
Family history of DM, yes 719 (10.4) 174 (24.2) 545 (75.8) <.0001
Hypertension, yes 1982 (28.7) 490 (24.7) 1492 (75.3) <.0001
Metabolic syndrome, yes 2256 (32.7) 599 (26.6) 1657 (73.4) <.0001
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Different number of subjects had available information on various
GPSs, i.e. subsets of 6,197 subjects, 5,365 subjects, and 3,045 subjects had
full information on GPS-4, GPS-16 and GPS-36, respectively. Thus, for
carrying out further statistical analyses, we divided the total 6,910 subjects
into Subpopulation A, B, and C, with the respective number of subjects with
available information on GPS-4, GPS-16 and GPS-36 (Figure 1).

To investigate for any disparity in baseline characteristics among
different subpopulations in comparison to total study subjects, we tested for
statistical difference between cases with and without information for various
GPSs in the three subpopulations. By t-test or chi-square analysis, p-values
for difference in baseline characteristics of cases in Subpopulations A, B, and
C in comparison to total number of subjects (N = 6,910) minus the
subpopulations (numbers of compared subjects: (i) n = 713; (ii) n = 1,545;
(iii) n = 3,865) were generally >0.05, except for current smoking, average hip
circumferences in testing for cases with GPS-4 (P = 0.0413), GPS-16 (P =
0.0032) and GPS-36 (P = 0.0157) information, respectively. Additional
analysis on comparing Subpopulation C with subjects from Subpopulation B
minus Subpopulation C ((iv) n = 2,320) also showed non-significant

differences of baseline characteristics (Table 4).
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Table 4. Baseline characteristics of study subpopulations, case-only

Testing for cases with GPS-4 information

Testing for cases with GPS-16 information

Subpopulation A

(i) Total subjects —
Subpopulation A

P-diff

Subpopulation B

(ii) Total subjects —
Subpopulation B

P-diff

(N=6,197) (n=713) (N=5,365) (n=1,545)

Mean+SD

Age (years) 53.42+8.79 53.22+8.74 0.7961 53.51+8.76 53.07+8.86 0.4463
Body mass index (kg/m®) 25.06+3.19 25.44+3.71 0.2296 25.05+3.19 25.27+£3.44 0.2948
HDL cholesterol (mg/dL) 43.67+9.86 44.52+10.57 0.3294 43.48+9.86 44.63+10.16 0.0795
Triglyceride (mg/dL) 184.6+116 185.4+96.83 0.9267 185.1+117.7 183.5+101.8 0.8135
Fasting glucose (mg/dL) 87.86+11.09 87.93+10.71 0.9481 87.88+11.1 87.83+10.86 0.9395
HbAlc (%) 5.77+0.36 5.75+0.38 0.6143 5.77+0.35 5.75+0.38 0.2281
Average SBP (mmHg) 124.9+18.81 125.9+18.5 0.5387 124.7+18.73 126.1+18.89 0.2546
Average DBP (mmHg) 82.32+11.56 82.31+10.94 0.9921 82.03+£11.29 83.18+12.01 0.1276
Average WC (cm) 84.08+8.65 84.76+9.69 0.3752 84.1+8.58 84.35+9.34 0.6669
Average HC (cm) 94.24+5.91 94.9+6.48 0.2063 94.03+5.9 95.19+6.15 0.0032
Frequency (%)

Sex, male 562 (51.5) 80 (53.7) 0.6177 473 (50.9) 169 (54.3) 0.2955
Current smoking, yes 302 (28.1) 30 (20.1) 0.0413 256 (27.9) 76 (24.6) 0.2518
Current drinking, yes 545 (50.4) 67 (45) 0.2125 464 (50.4) 148 (47.9) 0.4501
Regular exercise, no 682 (62.9) 86 (57.7) 0.2199 567 (61.4) 201 (64.8) 0.2842
Family history of DM, yes 149 (13.7) 25 (16.8) 0.3037 125 (13.5) 49 (15.8) 0.3122
Hypertension, yes 428 (39.2) 62 (41.6) 0.5773 354 (38.1) 136 (43.7) 0.0792
Metabolic syndrome, yes 589 (54) 77 (51.7) 0.5961 492 (53) 174 (55.9) 0.3605
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Table 4. Baseline characteristics of study subpopulations, case-only (continued)

Testing for cases with GPS-36 information

Subpopulation C

(iii) Total subjects —
Subpopulation C

P-diff

(iv) Subpopulation B —
Subpopulation C

P-diff

(N=3,045) (n=3,865) (n=2,320)

Mean+SD

Age (years) 53.75+8.76 53.14+8.8 0.2313 53.2+8.76 0.3439
Body mass index (kg/m®) 25.03+3.13 25.16+3.35 0.4904 25.07+3.28 0.8401
HDL cholesterol (mg/dL) 43.57+10.08 43.92+9.85 0.5356 43.38+9.59 0.7750
Triglyceride (mg/dL) 191.2+130.7 180+99.62 0.0992 177.3+98 0.0634
Fasting glucose (mg/dL) 88.16+11.35 87.66+10.81 0.4320 87.53+10.79 0.3921
HbAlc (%) 5.78+0.35 5.76+0.37 0.1951 5.76+0.36 0.4116
Average SBP (mmHg) 125.5+18.44 124.7+19.01 0.5036 123.7+19.06 0.1556
Average DBP (mmHg) 82.44+10.94 82.22+11.87 0.7443 81.5+11.73 0.2088
Average WC (cm) 83.92+8.21 84.35+9.17 0.3860 84.34+9.05 0.4578
Average HC (cm) 93.84+5.91 94.67+6.01 0.0157 94.28+5.88 0.2652
Frequency (%)

Sex, male 264 (50.5) 378 (52.7) 0.4355 209 (51.5) 0.7625
Current smoking, yes 140 (27.4) 192 (26.9) 0.8442 116 (28.6) 0.6769
Current drinking, yes 260 (50.5) 352 (49.2) 0.6643 204 (50.2) 0.9426
Regular exercise, no 317 (61.2) 451 (63.1) 0.5016 250 (61.7) 0.8693
Family history of DM, yes 69 (13.2) 105 (14.6) 0.4676 56 (13.8) 0.7905
Hypertension, yes 208 (39.8) 282 (39.3) 0.8757 146 (36) 0.2359
Metabolic syndrome, yes 282 (53.9) 384 (53.6) 0.8992 210 (51.7) 0.5063
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3. Evaluation of effect of genetic predisposition on T2DM risk

prediction

Different subpopulations with various GPSs resulted in selecting
different model variables for risk prediction by the survival functions. For
GPS-4, age, BMI, family history of T2DM, hypertension history, regular
physical exercise, and clinical indices such as HDL-cholesterol, triglyceride,
FPG, and HbAlc as well as GPS-4 were selected in Subpopulation A (N =
6,197), while HTN history was omitted in Subpopulation B (N= 5,365), and
HTN history plus HDL-cholesterol was unselected in Subpopulation C (N =
3,045). For GPS-16, age, BMI, family history of T2DM, regular physical
exercise, HDL-cholesterol, triglyceride, FPG, HbAlc were selected in both
Subpopulations B and C, while for GPS-36, all variables in the case of GPS-
16 except for HDL-cholesterol were selected. The HRs and 95% Cls of each
model variables, including the GPSs, in the three subpopulations are shown in
Table 5.

Hazard ratios for T2DM incidence for GPS-4, as a binary variable by
median number of risk alleles (i.e. below or above 3 risk allele scores), are
1.19 (1.04-1.36), 1.19 (1.02-1.38), and 1.07 (0.88-1.30) in Subpopulations A,
B, and C, respectively (1.05 (1.01-1.09), 1.06 (1.02-1.10), and 1.04 (0.98-1.09)
with GPS-4 as a continuous variable by per risk allele increase, respectively).
Because the effect estimates of GPS-4 were not significant in Subpopulation
C, further analysis for investigating influence of GPS-4 was not carried out in

this subpopulation. Estimates for T2DM risk above median (>17 risk allele
35
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scores) of GPS-16 are 1.23 (1.08-1.41) and 127 (1.06-1.52) in
Subpopulations B and C, respectively (1.07 (1.04-1.09) and 1.08 (1.04-1.11)
per risk allele increase, respectively). For GPS-36 in Subpopulation C, HRs
were 1.42 (1.19-1.70) and 1.04 (1.02-1.07) for T2DM risk upon treating GPS-
36 as categorical (i.e. below or above 40 risk allele scores) and continuous
variables, respectively. Apart from GPSs, all selected variables showed
significant protective or harmful relationship with risk of T2DM incidence

over the follow-up of 8 years in the Ansung-Ansan cohort.
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Table 5. Risk (HRs and 95% CI) of T2DM incidence with GPSs across different subpopulations

with GPS-4
Subpopulation A Subpopulation B Subpopulation C
(N=6,197) (N=5,365) (N=3,045)

Age
Family history of T2DM (Ref: No) Yes
HTN history (Ref: No) Yes
Regular exercise (Ref: Yes) No
BMI (Ref: <23 kg/m3) 23-25
25-30
>30
HDL-C (Ref: >50 mg/dL) <35
35-49
Triglyceride (Ref: <120 mg/dL) 120-150
>150
FPG (Ref: 90-100 mg/dL) <90
>100
HbAlc (Ref: <5.5 %) >5.5
GPS, binary (Ref: <median) >median

GPS, continous

1.02 (1.01-1.03)
1.35 (1.13-1.61)
1.18 (1.03-1.35)
0.78 (0.69-0.89)
1.06 (0.90-1.24)
1.13 (0.96-1.33)
1.42 (1.06-1.91)
1.29 (1.05-1.60)
1.11 (0.95-1.30)
1.21 (1.004-1.46)
1.72 (1.47-2.00)
0.55 (0.47-0.63)
2.37 (1.94-2.90)
1.98 (1.69-2.31)
1.19 (1.04-1.36)
1.05 (1.01-1.09)

1.02 (1.01-1.03)
1.33 (1.10-1.62)
n/a
0.81 (0.7-0.92)
1.10 (0.92-1.30)
1.11 (0.93-1.33)
1.72 (1.25-2.35)
1.33 (1.06-1.67)
1.11 (0.94-1.32)
1.21 (0.99-1.48)
1.71 (1.45-2.03)
0.55 (0.47-0.65)
2.55 (2.05-3.17)
1.96 (1.66-2.33)
1.19 (1.02-1.38)
1.06 (1.02-1.10)

1.03 (1.01-1.04)
1.29 (0.99-1.68)
n/a
0.78 (0.65-0.94)
1.15 (0.91-1.46)
1.17 (0.92-1.50)
1.79 (1.18-2.72)
n/a
n/a
1.32 (1.01-1.74)
1.96 (1.57-2.46)
0.57 (0.46-0.71)
3.18 (2.39-4.22)
2.06 (1.65-2.58)
1.07 (0.88-1.30)
1.04 (0.98-1.09)

Median value of GPS-4 is 3 risk allele score. n/a, not applicable.
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Table 5. Risk (HRs and 95% CI) of T2DM incidence with GPSs across different subpopulations (continued)

with GPS-16 with GPS-36
Subpopulation B Subpopulation C Subpopulation C
(N=5,365) (N=3,045) (N=3,045)

Age
Family history of T2DM (Ref: No) Yes
HTN history (Ref: No) Yes
Regular exercise (Ref: Yes) No
BMI (Ref: <23 kg/m3) 23-25
25-30
>30
HDL-C (Ref: >50 mg/dL) <35
35-49
Triglyceride (Ref: <120 mg/dL) 120-150
>150
FPG (Ref: 90-100 mg/dL) <90
>100
HbAlc (Ref: <5.5 %) >5.5
GPS, binary (Ref: <median) >median

GPS, continous

1.02 (1.01-1.03)
1.33 (1.09-1.61)
n/a
0.80 (0.70-0.92)
1.11 (0.93-1.32)
1.13 (0.94-1.35)
1.79 (1.31-2.44)
1.32 (1.05-1.66)
1.10 (0.93-1.30)
1.23 (1.00-1.50)
1.74 (1.48-2.05)
0.55 (0.47-0.65)
2.57 (2.07-3.19)
1.95 (1.65-2.31)
1.23 (1.08-1.41)
1.07 (1.04-1.09)

1.03 (1.02-1.04)
1.28 (0.98-1.66)
n/a
0.79 (0.66-0.95)
1.15 (0.91-1.45)
1.17 (0.92-1.49)
1.85 (1.23-2.80)
1.27 (1.06-1.52)
1.08 (1.04-1.11)
1.32 (1.01-1.72)
1.97 (1.60-2.43)
0.57 (0.46-0.71)
3.20 (2.41-4.26)
2.03 (1.62-2.54)
1.27 (1.06-1.52)
1.08 (1.04-1.11)

1.03 (1.02-1.04)
1.30 (1.00-1.69)
n/a
0.78 (0.65-0.93)
1.17 (0.93-1.48)
1.20 (0.94-1.52)
1.94 (1.28-2.93)
n/a
n/a
1.31 (1.00-1.71)
1.98 (1.61-2.44)
0.58 (0.46-0.72)
3.27 (2.46-4.34)
2.03 (1.63-2.54)
1.42 (1.19-1.70)
1.04 (1.02-1.07)

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively. n/a, not applicable.
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Results in which the ‘environmental factors (selected variables other
than the genetic factor, i.e. GPS)’ in the model were tested for their
relationship with GPSs in different subpopulations by regression analysis,
with each factor and GPS as independent and dependent variables, are shown
in Table 6. Although not all associations showed statistical significance or a
certain pattern of consistency, positive relationship was observed for both
FPG and HbAlc with GPSs across all subpopulations (all P values for
association between HbAlc and GPSs, <.0001; P values for FPG, <.01 in

Subpopulations A and B, and <.0001 in Subpopulation C).
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Table 6. Association between model variables and GPS, by linear or logistic regression analysis

Subpopulation A (N=6,197)

Subpopulation B (N=5,365)

GPS-4 GPS-4 GPS-16
Beta(SE) / OR(95%Cl) P Beta(SE) / OR(95%Cl) P Beta(SE) / OR(95%Cl) P
Age Crude -0.073 (0.055) 0.1887 -0.053 (0.06) 0.3773 -0.039 (0.065) 0.5472
Adjusted -0.074 (0.06) 0.2162 -0.132 (0.068) 0.0522 -0.087 (0.061) 0.154
BMI Crude 0.145 (0.051) 0.0045 0.173 (0.052) 0.0009 0.038 (0.067) 0.5731
Adjusted 0.125 (0.055) 0.022 0.156 (0.056) 0.0051 0.037 (0.069) 0.5879
HDL-cholesterol Crude 0.112 (0.077) 0.1479 0.023 (0.072) 0.751 0.142 (0.074) 0.0558
Adjusted 0.177 (0.083) 0.0334 0.098 (0.077) 0.2024 0.066 (0.069) 0.3387
TG Crude -0.994 (0.746) 0.1827 -0.824 (0.688) 0.2315 0.12 (0.068) 0.0763
Adjusted -0.77 (0.793) 0.3312 -0.528 (0.729) 0.469 0.114 (0.071) 0.1072
FPG Crude 0.291 (0.068) <.0001 0.212 (0.065) 0.0012 0.292 (0.065) <.0001
Adjusted 0.271 (0.073) 0.0002 0.185 (0.07) 0.0086 0.199 (0.063) 0.0015
HbAlc Crude 0.015 (0.003) <.0001 0.014 (0.002) <.0001 0.014 (0.003) <.0001
Adjusted 0.015 (0.003) <.0001 0.014 (0.003) <.0001 0.012 (0.002) <.0001
Family history of DM  Crude 1.24 (1.03-1.49) 1.16 (0.95-1.41) 1.05 (0.84-1.33)
Adjusted 1.19 (0.99-1.43) 1.12 (0.92-1.37) 1.16 (0.91-1.47)
HTN history Crude 0.9 (0.8-1.01) n/a n/a
Adjusted 0.94 (0.82-1.06) n/a n/a
Physical exercise Crude 1.04 (0.93-1.16) 1.02 (0.91-1.15) 0.92 (0.79-1.06)
Adjusted 1.03 (0.92-1.15) 1.02 (0.9-1.15) 1.01 (0.87-1.17)

40



Table 6. Association between model variables and GPS, by linear or logistic regression analysis (continued)

Subpopulation C (N=3,045)

GPS-16 GPS-36
Beta(SE) / OR(95%Cl) P Beta(SE) / OR(95%Cl) P

Age Crude -0.011 (0.048) 0.8165 -0.046 (0.046) 0.3137

Adjusted -0.069 (0.045) 0.1262 -0.11 (0.043) 0.0105
BMI Crude 0.092 (0.05) 0.0682 0.143 (0.067) 0.0322

Adjusted 0.137 (0.051) 0.0078 0.149 (0.068) 0.0295
HDL-cholesterol Crude 0.056 (0.055) 0.3116 n/a

Adjusted 0.015 (0.051) 0.7645 n/a
TG Crude -0.027 (0.051) 0.6036 0.081 (0.068) 0.2294

Adjusted -0.04 (0.053) 0.4543 0.057 (0.07) 0.4155
FPG Crude 0.271 (0.048) <.0001 0.267 (0.046) <.0001

Adjusted 0.204 (0.047) <.0001 0.205 (0.044) <.0001
HbAlc Crude 0.013 (0.002) <.0001 0.01 (0.002) <.0001

Adjusted 0.01 (0.002) <.0001 0.008 (0.002) <.0001
Family history of DM Crude 1.22 (1.02-1.46) 1.05 (0.84-1.33)

Adjusted 1.19 (0.99-1.43) 1.01 (0.8-1.28)
HTN history Crude n/a n/a

Adjusted n/a n/a
Physical exercise Crude 0.95 (0.85-1.06) 0.92 (0.79-1.06)

Adjusted 0.95 (0.85-1.06) 0.9 (0.77-1.04)

Crude model, adjusted for all selected variables in the relevant subpopulation and GPS, except for the tested independent variable itself.

n/a, not applicable, as the variable is not included in the corresponding model.
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Evaluation on discrimination by each model variables in comparison
to a crude model with age at baseline in each subpopulation is also
investigated, with GPSs also considered in the evaluation. Across all
subpopulations, FPG showed greatest increase in AUC, with AAUC of 0.0942,
0.0900, and 0.0943, all P for contrast <.0001) in Subpopulations A, B, and C,
respectively, followed by HbAlc (AAUC = 0.0699, 0.0683, 0.0741, all P-
contrast <.0001) and TG (AAUC = 0.0644, 0.0623, 0.0639, all P-contrast
<.0001). Change of AUC for GPSs were relatively trivial and showed
inconsistent significance across the three subpopulations (GPS-4 in
Subpopulation A, AAUC =0.0015, P-contrast = 0.5601; GPS-16 in
Subpopulation B, AAUC = 0.0147, P-contrast = 0.0184; GPS-36 in

Subpopulation C, AAUC = 0.0151, P-contrast = 0.0857) (Table 7).
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Table 7. C-statistics in association between each model variable and incident T2DM, with reference model as baseline age.

Subpopulation A (N=6,197)

Subpopulation B (N=5,365)

Subpopulation C (N=3,045)

AUC(95% ClI) P-contrast AUC(95% ClI) P-contrast AUC(95% ClI) P-contrast
e 0.5653 0.5675 0.5779
9 (0.5469-0.5837) (0.5476-0.5873) (0.5517-0.6040)

0.5778 0.5799 0.5869

F/Hx of DM (0.5593-0.5962) 0.0302 (0.5601-0.5997) 0.0476 (0.5607-0.2077) 0.2077

. 0.5913
HTN history (0.5729-0.6098) 0.0001 n/a n/a
. . 0.5798 0.5237 0.5254

Physical exercise (0.5612-0.5985) 0.0229 (0.5063-0.541) <0001 (0.5022-0.5485) <0001
0.5939 0.5983 0.6108

BMI (0.5755-0.6123) 0.0003 (0.5781-0.6185) 0.0003 (0.5841-0.6374) 0.0018
0.5836 0.5880

HDL-C (0.5654-0.6018) 0.0058 (0.5684-0.6077) 0.0042 n/a
0.6297 0.6298 0.6418

TG (0.6119-0.6475) <0001 (0.6105-0.649) <0001 (0.6163-0.6674) <0001
0.6595 0.6575 0.6722

FPG (0.6409-0.6781) <0001 (0.6373-0.6777) <0001 (0.6455-0.6988) <0001
0.6352 0.6358 0.6520

HbAlc (0.618-0.6523) <0001 (0.6173-0.6543) <0001 (0.6271-0.6768) <0001

GPS* 0.5668 0.5601 0.5822 0.0184 0.5930 0.0857

(0.5484-0.5853)

(0.5624-0.6019)

(0.5664-0.6197)

* GPSs relevant to Subpopulations A, B, and C are GPS-4, GPS-16, and GPS-36, respectively.
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Finally, influence of genotype information on the prediction ability
for risk of T2DM incidence was evaluated by investigation on improvements
in discrimination (Table 8) and reclassification (Tables 9 & 10) by the models
upon addition of GPS. The full models with all selected variables were
divided into five subset models, with addition of BMI, TG, FPG and HbAlc
in stages, upon judgment by estimated effect scale and statistical significance
investigated previously (Tables 6 & 7).

For discrimination evaluation, addition of GPS-4 did not show
significant change in C-statistics, in both Subpopulations A and B (P-contrast
= 0.4905 and 0.6101 in the fully adjusted model (Model 5) in Subpopulations
A and B, respectively). Addition of GPS-16 in various subset models showed
statistically significant discrimination in both Subpopulations B and C, except
for a borderline significance with Model 5 in Subpopulation B (P-contrast =
0.0697 and 0.0297 in Subpopulations B and C, respectively). For GPS-36,
addition of the genotype variation also showed significant change in C-
statistics (P-contrast = 0.0190). The significant or borderline-significant
discrimination statistics in GPS-16 and GPS-36, calculated by AAUC, were
0.0028, 0.0050, and 0.0069 for GPS-16 in Subpopulation B and C, and GPS-

36 in Subpopulation C, respectively (Table 8).
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Table 8. Discrimination evaluation of T2DM risk prediction with GPSs

across different subpopulations

Subpopulation A (N=6,197)

Without GPS (Ref)

With GPS-4

AUC (95% CI)

AUC (95% CI)

P-contrast

Model 1
Model 2
Model 3
Model 4
Model 5

0.6219 (0.6036-0.6401)
0.6329 (0.6147-0.6512)
0.6568 (0.6392-0.6745)
0.7066 (0.6889-0.7243)
0.7264 (0.7091-0.7436)

0.6253 (0.6072-0.6435)
0.6371 (0.6189-0.6553)
0.6610 (0.6435-0.6785)
0.7083 (0.6907-0.7259)
0.7271 (0.7099-0.7443)

0.1586
0.0859
0.0377
0.2174
0.4905
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Table 8. Discrimination evaluation of T2DM risk prediction with GPSs across different subpopulations (continued)

Subpopulation B (N=5,365)

Without GPS (Ref) With GPS-4 Without GPS (Ref) With GPS-16

AUC (95% Cl) AUC (95% Cl) P-contrast AUC (95% CI) AUC (95% Cl) P-contrast
Model 1  0.6053 (0.5855-0.625)  0.6082 (0.5886-0.6279)  0.3379 0.6067 (0.5868-0.6265)  0.6152 (0.5953-0.635)  0.0006
Model 2 0.6232 (0.6033-0.6432)  0.6276 (0.6077-0.6476)  0.1111 0.6232 (0.6033-0.6432) 0.6334 (0.6135-0.6533)  0.0102
Model 3  0.6513 (0.6322-0.6704)  0.6549 (0.6359-0.6739)  0.1008 0.6513 (0.6322-0.6704)  0.6590 (0.6401-0.678)  0.0113
Model 4 0.7035 (0.6843-0.7226)  0.7052 (0.6861-0.7242)  0.2445 0.7035 (0.6843-0.7226) 0.7076 (0.6887-0.7266)  0.0453
Model 5 0.7236 (0.7049-0.7423)  0.7242 (0.7056-0.7428)  0.6101 0.7236 (0.7049-0.7423) 0.7264 (0.7079-0.7449)  0.0697
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Table 8. Discrimination evaluation of T2DM risk prediction with GPSs across different subpopulations (continued)

Subpopulation C (N=3,045)

Without GPS (Ref) With GPS-16 Without GPS (Ref) With GPS-36

AUC (95% Cl) AUC (95% Cl) P-contrast AUC (95% CI) AUC (95% Cl) P-contrast

Model 1  0.6063 (0.5802-0.6325) 0.6178 (0.5918-0.6438) 0.0039 0.5984 (0.5719-0.625) 0.6154 (0.5891-0.6418)  0.0003
Model 2 0.6275 (0.6012-0.6538)  0.6392 (0.613-0.6653) 0.0423 0.6251 (0.5986-0.6516) 0.6433 (0.6172-0.6693)  0.0093
Model 3  0.6628 (0.6373-0.6883) 0.6727 (0.6477-0.6977) 0.0218 0.6622 (0.6367-0.6878) 0.6747 (0.6496-0.6998)  0.0158
Model 4 0.7173 (0.6918-0.7428) 0.7239 (0.6988-0.7490) 0.0283 0.7173 (0.6918-0.7428) 0.7258 (0.7007-0.7509)  0.0174
Model 5 0.7394 (0.7148-0.7641)  0.7444 (0.7200-0.7688) 0.0297 0.7397 (0.715-0.7644)  0.7466 (0.7222-0.7709)  0.0190

Modeling in Subpopulation A; model 1, adjusted for age, family history of DM, regular physical exercise, HDL-cholesterol, and HTN; model
2, adjusted for model 1 variables plus BMI; model 3, adjusted for model 2 variables plus TG; model 4, adjusted for model 3 variables plus
FPG; model 5, adjusted for model 4 variables plus HbAlc.

Modeling in Subpopulation B; similar to modeling in Subpopulation A, except for HTN excluded from the initial model stage.

Modeling in Subpopulation C; similar to modeling in Subpopulation B, except for HDL-C excluded from the initial model stage in subjects
with addition of GPS-36 information.
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Evaluation for improvement in reclassification upon addition of
GPSs with modeling in stages is shown in Table 9.

Reclassification improvements upon addition of GPS-4 showed
significant NRI estimates, but the statistical significance disappeared when
HbAlc was finally added in the full model, Model 5 (P = 0.1184 and 0.2613
in Subpopulations A and B). In case of GPS-16 and GPS-36, positive NRI
estimates remained significant across all subset models, even at adjustment
for HbAlc. Estimated NRIs in Model 5 upon addition of GPS-16 in both
Subpopulations B and C, as well as GPS-36 in Subpopulation C, were 3.4 %

(P = 0.0059), 4.9 % (P = 0.0073), and 6.2 % (P = 0.0019), respectively.
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Table 9. Reclassification evaluation of T2DM risk prediction with GPSs across different subpopulations

Subpopulation A (N=6,197) Subpopulation B (N=5,365) Subpopulation C (N=3,045)

With GPS-4 With GPS-4 With GPS-16 With GPS-16 With GPS-36

NRI (SE) P NRI (SE) P NRI (SE) P NRI (SE) P NRI (SE) P
Model 1 4.6 (1.4) 0.0014 5.6 (1.7) 0.0009 10.3(2.1) <.00001 13 (2.8) <.00001 13(3.1) <.0001
Model 2 7.6 (1.4) <.00001 4.8 (1.6) 0.0022 8.7(2) <.0001 10.1 (2.8) 0.0002 14.4 (3.1) <.00001
Model 3 3.2(1.4) 0.0194 5(1.5) 0.0006 7.9(1.9) <.0001 8(2.5) 0.0013 12.1(2.8) <.0001
Model 4 4.7 (1.2) <.0001 1.8(1.2) 0.1211 4.7 (1.5) 0.0021 7.5(2.2) 0.0007 7.9 (2.4) 0.0009
Model 5 1.7 (1.1) 0.1184 1.2(1.1) 0.2613 3.4(1.2) 0.0059 49 (1.8) 0.0073 6.2(2) 0.0019

Risk classification in NRI analysis: 10%, 15%, 20%.

Modeling in Subpopulation A; model 1, adjusted for age, family history of DM, regular physical exercise, HDL-cholesterol, and HTN; model
2, adjusted for model 1 variables plus BMI; model 3, adjusted for model 2 variables plus TG; model 4, adjusted for model 3 variables plus
FPG; model 5, adjusted for model 4 variables plus HbAlc.

Modeling in Subpopulation B; similar to modeling in Subpopulation A, except for HTN excluded from the initial model stage.

Modeling in Subpopulation C; similar to modeling in Subpopulation B, except for HDL-C excluded from the initial model stage in subjects
with addition of GPS-36 information.
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With the significant GPSs and subpopulations, additional manual
calculation for reclassification was carried out, with investigated groups in
order of previously estimated NRI (Tab le 9), and results are shown in Table
10 (a-c). Upon addition of GPS-36, net of correctly reclassified risk in
incident T2DM cases and non-cases were 0.4 % and 2.2 %, summing up to a
total of 2.6 %, which correspond to 95% CI (2.3-10.1 %) of the analyzed NRI.
For GPS-16, net of correctly reclassified risk in cases and non-cases were 0.0 %
and 1.9 % in Subpopulation C, and 0.2 % and 0.5 % in Subpopulation B. The
sum of net correctly reclassified equaled to 1.9 % and 0.8 % for
Subpopulations C and B. The calculated estimate corresponds to analyzed 95%
Cl in case of Subpopulation C (1.4-8.4 %), but results are inconsistent with

the analyzed 95% CI in Subpopulation B (1.0-5.8 %).
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Table 10a. Reclassification of predicted risk of incident T2DM between cases and non-cases, with GPS-36 in Subpopulation C
(N=3,045)

Incident DM at 8yrs f/u, or predicted risk Predicted risk (with GPS-36) Reclassified Net correctly
(without GPS-36) <10% 10-15% 15-20% >20%  Increased risk Decreased risk  reclassified (%)
DM cases (n=505)
<10% 64 13 42 40 0.4
10-15% 10 40 12
15-20% 10 40 17
>20% 20 279
Non-DM (n=2,453)
<10% 951 87 261 316 2.2
10-15% 121 270 86
15-20% 98 134 88
>20% 97 521
Net reclassification index 2.6
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Table 10b. Reclassification of predicted risk of incident T2DM between cases and non-cases, with GPS-16 in Subpopulation C
(N=3,045)

Incident DM at 8yrs f/u, or predicted risk Predicted risk (with GPS-16) Reclassified Net correctly
(without GPS-16) <10% 10-15% 15-20% >20%  Increased risk Decreased risk  reclassified (%)
DM cases (n=505)
<10% 66 13 34 34 0
10-15% 10 42 10
15-20% 11 45 11
>20% 13 284
Non-DM (n=2,453)
<10% 964 74 210 257 1.9
10-15% 92 321 63
15-20% 75 174 73
>20% 90 527
Net reclassification index 1.9

52



Table 10c. Reclassification of predicted risk of incident T2DM between cases and non-cases, with GPS-16 in Subpopulation B
(N=5,365)

Incident DM at 8yrs f/u, or predicted risk Predicted risk (with GPS-16) Reclassified Net correctly
(without GPS-16) <10% 10-15% 15-20% >20%  Increased risk Decreased risk  reclassified (%)
DM cases (n=905)
<10% 110 16 52 50 0.2
10-15% 9 102 22
15-20% 15 89 14
>20% 26 502
Non-DM (n=4,328)
<10% 1519 100 335 358 0.5
10-15% 133 682 119
15-20% 109 423 116
>20% 116 1011
Net reclassification index 0.8
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4. Evaluation of gene-environment interaction on risk of T2DM

incidence

For GPS-16 and GPS-36 in Subpopulations B and C that showed
significant discrimination and reclassification statistics, all ‘environmental
factors (i.e. age, family history of DM, regular physical exercise BMI, HDL-C,
FPG, TG, HbA1c)’ in the relevant prediction model were tested for interaction
analysis.

Before statistical analysis with application of interaction terms, HRs
and 95% Cls of environmental factors, stratified into a binary variable of low
or high risk, on risk of T2DM incidence across GPS quartiles were
investigated to test for trend. In general, P for trend was significant across all
GPSs and subpopulations in case of age, family history of DM, regular
physical exercise, BMI, and HDL-C while increase in HRs were observed
across GPS quartiles, in both low and high risk groups. In case of TG and
FPG, HRs over GPS quartiles were statistically significant in low risk groups
(i.e. TG <150 mg/dL, FPG <100 mg/dL), and P-trends were also only
significant in the low risk groups (TG; P-trend = 0.0006, <.0001, and <.0001
in low risk groups with GPS-36, and GPS in Subpopulations C and B; FPG,
P-trend = 0.0003, <.0001, and <.0001 in high risk groups with GPS-36, and
GPS in Subpopulations C and B).). For HbAlc, significant HRs and P-trends

were observed in the high risk group (i.e. HbAlc >5.5 %) (P-trend = 0.0025,
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0.0005, and <.0001 in high risk groups with GPS-36, and GPS in

Subpopulations C and B) (Table 11).
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Table 11. Effect of selected variables on T2DM incidence in low or high risk groups, across quartiles of GPS-36 or GPS-16

With GPS-36 in Subpopuation C

With GPS-16 in Subpopulation C

With GPS-16 in Subpopulation B

(N=3,045) (N=3,045) (N=5,365)
Low risk High risk Low risk High risk Low risk High risk

Age Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
Q2 0.68 (0.40-1.15) 1.18 (0.80-1.73) 1.56 (0.94-2.58)  1.33 (0.91-1.95) 1.22 (0.86-1.73)  1.49(1.13-1.98)
Q3 1.07 (0.70-1.63)  1.46 (1.03-2.06) 1.58 (0.96-2.58)  1.36 (0.94-1.97) 1.36 (0.97-1.90) 1.41(1.07-1.87)
Q4 1.32(0.88-1.99) 1.43 (1.00-2.03) 2.05(1.25-3.36) 1.62 (1.11-2.36) 1.58 (1.12-2.22)  1.73 (1.30-2.30)

P-trend 0.0522 0.0075 0.0014 0.0148 0.0033 0.0002

F/Hx of Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
DM Q2 0.90 (0.64-1.24)  1.41 (0.59-3.37) 1.58 (1.15-2.18)  0.54 (0.21-1.41) 1.49 (1.18-1.88)  0.79 (0.41-1.52)
Q3 1.26 (0.95-1.67)  1.46 (0.65-3.29) 1.46 (1.06-2.00) 1.31 (0.58-2.96) 1.42 (1.12-1.79)  1.17 (0.64-2.14)
Q4 1.24 (0.93-1.65)  2.50 (1.16-5.40) 1.76 (1.27-2.43)  1.63 (0.73-3.64) 1.68 (1.33-2.12) 1.52 (0.84-2.75)

P-trend 0.0089 0.0494 0.0009 0.0268 <.0001 0.0288

Regular Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
P/E Q2 1.73 (1.01-2.97) 0.71 (0.48-1.04) 1.75(1.06-2.87) 1.23(0.84-1.81) 1.63(1.14-2.33)  1.24 (0.94-1.64)
Q3 2.22 (1.35-3.63) 1.02 (0.74-1.41) 2.03 (1.25-3.31) 1.21(0.83-1.76) 1.49 (1.04-2.13)  1.35(1.03-1.77)
Q4 2.03(1.25-3.32) 1.18 (0.86-1.63) 1.75(1.06-2.90)  1.81 (1.25-2.63) 1.66 (1.16-2.38)  1.68 (1.28-2.21)

P-trend 0.005 0.0422 0.022 0.0007 0.0081 <.0001
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Table 11. Effect of selected variables on T2DM incidence in low or high risk groups, across quartiles of GPS-36 or GPS-16 (continued)

With GPS-36 in Subpopuation C

With GPS-16 in Subpopulation C

With GPS-16 in Subpopulation B

(N=3,045) (N=3,045) (N=5,365)
Low risk High risk Low risk High risk Low risk High risk

BMI Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
Q2 0.83(0.53-1.30) 1.11(0.73-1.67) 1.15(0.76-1.75)  1.73 (1.13-2.64) 1.20 (0.88-1.65)  1.54 (1.14-2.09)
Q3 1.25(0.86-1.81)  1.27 (0.87-1.85) 1.43 (0.96-2.14)  1.45(0.95-2.20) 1.33(0.98-1.80)  1.43 (1.06-1.93)
Q4 1.29 (0.89-1.86)  1.44 (0.99-2.09) 1.60 (1.07-2.40)  1.87 (1.22-2.89) 1.60 (1.19-2.16)  1.63 (1.20-2.23)

P-trend 0.0313 0.025 0.003 0.0144 0.0002 0.0048

HDL Q1 n/a n/a 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
-C Q2 n/a n/a 1.15(0.73-1.83)  1.65(1.11-2.47) 1.39 (1.00-1.93)  1.38(1.03-1.86)
Q3 n/a n/a 1.35(0.87-2.10)  1.55 (1.04-2.30) 1.32(0.95-1.84)  1.44 (1.08-1.92)
Q4 n/a n/a 1.59 (1.02-2.49)  1.94 (1.30-2.91) 1.50 (1.08-2.10)  1.80 (1.35-2.40)

P-trend 0.0061 0.0036 0.0119 <.0001

TG Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
Q2 1.05 (0.65-1.68)  0.88 (0.59-1.32) 1.72 (1.05-2.84)  1.29 (0.88-1.89) 1.38(0.99-1.92)  1.41 (1.05-1.89)
Q3 1.24 (0.81-1.89)  1.31(0.93-1.85) 2.14 (1.33-3.45)  1.10(0.75-1.61) 154 (1.11-2.14)  1.30(0.97-1.73)
Q4 1.71 (1.14-2.56)  1.13 (0.79-1.62) 2.40 (1.49-3.86)  1.48(1.00-2.19) 1.86 (1.34-2.57)  1.55(1.15-2.08)

P-trend 0.0006 0.1754 <.0001 0.1755 <.0001 0.0159
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Table 11. Effect of selected variables on T2DM incidence in low or high risk groups, across quartiles of GPS-36 or GPS-16 (continued)

With GPS-36 in Subpopuation C

With GPS-16 in Subpopulation C

With GPS-16 in Subpopulation B

(N=3,045) (N=3,045) (N=5,365)
Low risk High risk Low risk High risk Low risk High risk
FPG Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
Q2 1.01 (0.73-1.40)  0.81 (0.32-2.02) 1.59 (1.15-2.20)  0.63 (0.28-1.44) 1.35(1.07-1.70)  1.52 (0.76-3.02)
Q3 1.29 (0.97-1.72)  1.45(0.70-3.03) 1.65(1.19-2.27)  0.86 (0.40-1.85) 1.45(1.16-1.82)  1.25(0.63-2.49)
Q4  1.43(1.07-1.90) 1.40(0.68-2.86) 2.03(1.47-2.81)  0.85(0.38-1.86) 1.72 (1.37-2.17)  1.45(0.73-2.90)
trIZr-1d 0.0003 0.4433 <.0001 0.7073 <.0001 0.5396
HbA1 Q1 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref). 1 (Ref).
c Q2  0.64(0.33-1.25) 1.08 (0.76-1.53) 1.02 (0.57-1.82)  1.57 (1.10-2.25) 0.84 (0.55-1.28)  1.65 (1.27-2.14)
Q3 0.92(0.53-1.58) 1.45(1.07-1.97) 0.87 (0.48-1.59)  1.65(1.17-2.33) 0.83(0.54-1.27)  1.64 (1.27-2.12)
Q4  1.29(0.75-2.19) 1.43(1.05-1.95) 1.58 (0.90-2.77)  1.86 (1.31-2.65) 1.28 (0.84-1.93)  1.86 (1.44-2.41)
trIZr-1d 0.2321 0.0025 0.0935 0.0005 0.1375 <.0001

Estimates in HRs and 95% Cls, and adjusted for other tested variables included in the full model.

Low vs. high risk groups by variables: age, <50yrs vs. >50 yrs; regular physical exercise, yes vs. no; F/Hx of DM, no vs. yes; BMI, <25 kg/m3
vs. >25 kg/m3; FPG, <100 mg/dL vs. >100 mg/dL; TG, <150 mg/dL vs. >150 mg/dL; HbAlc, <5.5% vs. >5.5%.
Quartile groups of risk allele scores: 0~37/38~39/40~42/ >43 and 0~15/16-17/18~19/>20 for GPS-36 and GPS-16, respectively.
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Investigation on gene*environment (g*e) interaction effect began
with treating genetic and environmental factors to a 2x2 stratification for each
examined GPS in the corresponding subpopulation. Hazard ratios and their 95%
Cls were calculated in two ways; firstly by the 2x2 stratification with group of
low environmental risk and low GPS risk group as the reference, secondly by
setting low genetic/environmental risk as within-strata reference in deriving
estimates for both risk groups of environmental/genetic factors, vice versa
(Tables 12a to 19a). Measures of interaction, in both multiplicative and
additive scales, are arranged in Tables 12b to 19b. Multiplicative interaction
was analyzed using the hazard function. For additive interaction, RERI, AP,
and S with their 95% ClIs were derived. Several statistical packages were tried
in testing for additive interaction, and after reviewing robustness of the
outcomes, results analyzed by package “add_int” derived from logistic
regression in Stata/SE 13.0 was selected. By this method, parameter estimates
were attained by bootstrapping for 500 loops.

Table 12a shows age as a dichotomous variable divided by below or
above 50 years old, while GPSs are also dichotomized as below or above
median (17 and 40 risk allele scores for GPS-16 and GPS-36, respectively). In
2x2 stratification with group age <50 years and GPSs <median as a reference,
all three high/low, low/high, or high/high genetic/environmental (g/e) risk
groups (i.e. GPS >median/age <50 years, GPS<median/age >50 years, or GPS
>median/age >50 years) showed significant HRs >1, with highest HRs at
high/high g/e risk groups (2.26 (1.72-2.97), 2.09 (1.25-2.01), and 1.84 (1.50-

2.26) for GPS-36 and GPS-16 in two Subpopulations C and B). When
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stratified by GPSs, HRs for high risk of age >50 years were also significant in
both groups of high/low GPSs, but greater HR in high g risk in comparison to
low g risk was observed only in Subpopulation C tested for GPS-36 (1.60
(1.20-2.12) in GPS-36 <40 vs. 1.69 (1.32-2.15) in GPS-36 >40). When
stratified by age groups, HRs for high risk of GPSs >median were not as
consistently significant as in the vice versa. By statistical significance at P
<.05, HRs in subjects tested with GPS-36 were only significant, and greater
HR in high e risk was also observed only in the same subjects (1.34 (1.01-
1.79) in age <50 years vs. 1.42 (1.13-1.77) in age >50 years).

Measures of interaction in multiplicative interaction were not
significant in both GPS-36 and GPS-16 in the two subpopulations. In additive
scale, subjects tested with GPS-36 information showed significantly positive
RERI (0.63 (95% LCI, UCI: 0.01, 1.26) and AP (24 % (2 %, 46 %)). (Table

12b).
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Table 12a. Effect of interaction between GPSs and age on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI) for GPS
>median within strata of

case/n HR (95% CI), P case/n HR (95% CI), P age
GPS-36 (Subpopulation C, N=3,045)
Age <50 yrs 85/734 1 (Ref) 113/774 1.34 (1.01-1.79), P=0.045  1.34 (1.01-1.79), P=0.045
Age >50 yrs 138/795 1.60 (1.20-2.12), P=0.001 187/742 2.26 (1.72-2.97), P<.0001  1.42 (1.13-1.77), P=0.002
HR(95% Cl) for age 250 yrs 1.60 (1.20-2.12), P=0.001 1.69 (1.32-2.15), P<.0001
within strata of GPS-36
GPS-16 (Subpopulation C, N=3,045)
Age <50 yrs 76/689 1 (Ref) 122/819 1.32(0.98-1.77), P=0.063  1.32 (0.98-1.77), P=0.063
Age >50 yrs 132/730 1.72 (1.28-2.31), P<.0001 193/807 2.09 (1.58-2.77), P<.0001  1.22 (0.97-1.52), P=0.091

HR(95% CI) for age >50 yrs

within strata of GPS-16

GPS-16 (Subpopulation B, N=5,365)
Age <50 yrs 143/1223
Age 250 yrs 235/1295

HR(95% CI) for age >50 yrs
within strata of GPS-16

1.72 (1.28-2.31), P<.0001

1 (Ref)
1.57 (1.26-1.94), P<.0001

1.57 (1.26-1.94), P<.0001

1.58 (1.25-2.01), P<.0001

223/1409 1.30 (1.05-1.61), P=0.016
328/1438 1.84 (1.5-2.26), P<.0001

1.42 (1.19-1.7), P<.0001

1.30 (1.05-1.61), P=0.016
1.18 (0.99-1.39), P=0.062

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 12b. Measure of interaction between GPSs and age.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 1.06 (0.73-1.52) 0.92 (0.64-1.33) 0.91 (0.69-1.19)
Additive scale: RERI (95% LCI, UCI) 0.63 (0.01, 1.26) 0.27 (-0.37,0.9) 0.08 (-0.39, 0.56)
Additive scale: AP (95% LCI, UCI) 0.24 (0.02, 0.46) 0.1 (-0.14,0.34) 0.04 (-0.17,0.24)
Additive scale: S (95% LCI, UCI) 1.62 (-0.31, 3.54) 1.19 (0.43, 1.96) 1.07 (0.61, 1.53)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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Table 13a shows family history of DM (F/Hx of DM) as the
dichotomous variable divided by yes or no, and GPSs are also dichotomized
by the median. In 2x2 stratification with group with no F/Hx of DM and GPSs
<median as a reference, all three subject groups showed non-significant HRs
in low/high g/e groups, i.e. HRs for stratified group with GPS below median
and with F/Hx of DM were not statistically significant, while other groups
with high/low and high/high g/e show increased HRs with P <.0001 at
high/high g/e groups. Highest HRs were observed at high/high g/e risk groups
(1.91 (1.35-2.72), 1.83 (1.33-2.52), and 1.73 (1.36-2.21) for GPS-36 and
GPS-16 in two Subpopulations C and B). Hazard ratios for high risk of F/Hx
of DM stratified by GPS were significant at GPS >medium risk allele scores,
and estimates for high risk of GPS stratified by F/Hx of DM were mostly
significant or borderline-significant. In both, high g or e risk group in
stratification of e or g showed higher HRs than in low g or e risk groups (e.g.
0.87 (0.54-1.42) in GPS <median vs. 1.57 (1.15-2.14) in GPS >median for
subjects tested for GPS-16 in Subpopulation C, at high risk in F/Hx of DM;
1.17 (0.96-1.41) in F/Hx of DM (-) vs. 2.10 (1.22-3.59) in F/Hx of DM at
GPS-16 >17).

Significant measures of interaction were observed in subjects tested
for GPS-16 in Subpopulations B and C. In Subpopulation B, AP was
positively significant (30 % (4 %, 57%)). In Subpopulation C, both
multiplicative and additive interaction scales showed positive interactions; HR
by g*e interaction was 1.80 (1.01-3.19), whereas RERI and AP were found to

be 1.01 (0.12, 1.89) and 45 % (14 %, 75 %) (Table 13b).
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Table 13a. Effect of interaction between GPSs and family history of DM on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of F/Hx of DM

GPS-36 (Subpopulation C, N=3,045)

F/Hx of DM, no 194/1373 1 (Ref) 260/1354 1.36 (1.13-1.65), P=0.002  1.36 (1.13-1.65), P=0.002
F/Hx of DM, yes 29/156  1.20 (0.81-1.79), P=0.360 40/162  1.91 (1.35-2.72), P<.0001  1.59 (0.98-2.57), P=0.060
uﬁé?r??rgt%?gggghﬂm 1.20 (0.81-1.79), P=0.360 1.40 (1.00-1.97), P=0.051

GPS-16 (Subpopulation C, N=3,045)

F/Hx of DM, no 189/1284 1 (Ref) 265/1443 1.17 (0.96-1.41), P=0.114  1.17 (0.96-1.41), P=0.114
F/Hx of DM, yes 19/135 0.87 (0.54-1.42), P=0.587 50/183  1.83(1.33-2.52), P<.0001 2.1 (1.22-3.59), P=0.007
w:frg?r??rgtg;?r(g's_l )iGDM(Jr) 0.87 (0.54-1.42), P=0.587 1.57 (1.15-2.14), P=0.004

GPS-16 (Subpopulation B, N=5,365)

F/Hx of DM, no 338/2283 1 (Ref) 466/2529 1.18 (1.02-1.36), P=0.022  1.18 (1.02-1.36), P=0.022
F/Hx of DM, yes 40/235  1.11 (0.8-1.56), P=0.527 85/318 1.73(1.36-2.21), P<.0001  1.55 (1.06-2.27), P=0.023

HR(95% CI) for F/Hx DM(+)
within strata of GPS-16

1.11 (0.8-1.56), P=0.527

1.46 (1.16-1.86), P=0.002

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.
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Table 13b. Measure of interaction between GPSs and family history of DM.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 1.17 (0.69-1.96) 1.80 (1.01-3.19) 1.31 (0.88-1.97)
Additive scale: RERI (95% LCI, UCI) 0.11 (-0.89, 1.11) 1.01 (0.12, 1.89) 0.64 (-0.03, 1.31)
Additive scale: AP (95% LCI, UCI) 0.05 (-0.46, 0.57) 0.45 (0.14, 0.75) 0.30 (0.04, 0.57)
Additive scale: S (95% LCI, UCI) 1.12 (-14.59, 16.82) 5.11 (-157.76, 167.98) 2.33 (-45.0, 49.67)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.

65



Table 14a shows regular physical exercise (regular P/E) as the
dichotomous variable divided by yes or no, and GPSs are also dichotomized
by the median. In 2x2 stratification with group with no regular P/E and GPSs
<median as a reference, all HRs in high/low, low/high and high/high g/e risk
groups are significant in subjects tested for GPS-36, while only high/high g/e
risk groups showed statistical significance in subjects tested for GPS-16.
Highest HRs were observed at high/high g/e risk groups (1.84 (1.40-2.42),
1.60 (1.22-2.08), and 1.49 (1.22-1.81) for GPS-36 and GPS-16 in two
Subpopulations C and B). When stratified by GPSs, HRs for high risk of P/E
showed increased estimate from GPS <median to GPS >median in subjects
tested for GPS-16 in Subpopulation B (1.16 (0.94-1.43) in GPS <17 vs. 1.31
(1.10-1.57) in GPS >17). The same subjects, when stratified by P/E, showed
increased HR from non-regular to regular P/E at GPSs >median (1.13 (0.91-
1.40) in no regular P/E vs. 1.29 (1.08-1.52) in regular P/E).

For measure of interaction, neither multiplicative nor additive scales

showed statistically significant estimates (Table 14b).

66



Table 14a. Effect of interaction between GPSs and regular physical exercise on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of regular P/E

GPS-36 (Subpopulation C, N=3,045)

Regular P/E, yes 77/633 1 (Ref) 124/661 1.51 (1.13-2.01), P=0.005  1.51 (1.13-2.01), P=0.005
Regular P/E, no 142/877 1.39 (1.04-1.85), P=0.024 175/838 1.84 (1.40-2.42), P<.0001  1.32 (1.06-1.66), P=0.014
uﬁé?r??rgg (I?rGITD/E(;E)S 1.39 (1.04-1.85), P=0.024 1.22 (0.96-1.54), P=0.099

GPS-16 (Subpopulation C, N=3,045)

Regular P/E, yes 81/604 1 (Ref) 120/690 1.27 (0.96-1.69), P=0.097  1.27 (0.96-1.69), P=0.097
Regular P/E, no 124/796 1.28 (0.96-1.71), P=0.087 193/919 1.60 (1.22-2.08), P=0.001  1.24 (0.99-1.57), P=0.064
uﬁé?r??rgig ;?rGPP/g(Ig 1.28 (0.96-1.71), P=0.087 1.25 (0.99-1.59), P=0.059

GPS-16 (Subpopulation B, N=5,365)

Regular P/E, yes 148/1043 1 (Ref) 208/1214 1.13 (0.91-1.40), P=0.255  1.13(0.91-1.40), P=0.255
Regular P/E, no 226/1450 1.16 (0.94-1.43), P=0.180  341/1606 1.49 (1.22-1.81), P<.0001  1.29 (1.08-1.52), P=0.004

HR(95% CI) for P/E(+)
within strata of GPS-16

1.16 (0.94-1.43), P=0.180

1.31 (1.1-1.57), P=0.003

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 14b. Measure of interaction between GPSs and regular physical exercise.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 0.88 (0.61-1.27) 0.98 (0.68-1.41) 1.14 (0.86-1.49)
Additive scale: RERI (95% LCI, UCI) -0.17 (-0.8, 0.45) 0.18 (-0.36, 0.71) 0.27 (-0.08, 0.62)
Additive scale: AP (95% LCI, UCI) -0.09 (-0.41, 0.23) 0.10 (-0.20, 0.40) 0.17 (-0.04, 0.38)
Additive scale: S (95% LCI, UCI) 0.84 (-0.10, 1.78) 1.31 (-30.27, 32.9) 1.74 (-12.16, 15.63)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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Table 15a shows aBMI as the dichotomous variable divided by
below or above 25 kg/m®, and GPSs also dichotomized by the median. In 2x2
stratification with group with low risk of BMI and GPSs <median as a
reference, all three subject groups showed non-significant HRs in low/high
g/e groups, i.e. HRs for stratified group with GPS below median and with
BMI >25 kg/m® were not statistically significant, while other groups with
high/low and high/high g/e show increased HRs with P <.05 at high/high g/e
groups. Highest HRs were observed at high/high g/e risk groups (1.50 (1.16-
1.95), 1.36 (1.05-1.77), and 1.35 (1.11-1.65) for GPS-36 and GPS-16 in two
Subpopulations C and B). In groups stratified by GPS, HRs for BMI at >25
kg/m® were all non-significant, and size of estimate did not increase from GPS
<median to >median risk allele scores. When stratified by BMI, HRs at GPS
>medium only remained significant in groups with BMI < 25 kg/m®, and
increase in HRs from BMI <25 kg/m?® to >25 kg/m® was also not observed.

Measures of interaction either by multiplicative or additive indices

were non-significant, in all three tested subjects (Table 15b).
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Table 15a. Effect of interaction between GPSs and BMI on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of BMI

GPS-36 (Subpopulation C, N=3,045)

BMI <25 kg/m3 106/877 1 (Ref) 164/929 1.47 (1.15-1.89), P=0.002  1.47 (1.15-1.89), P=0.002
BMI >25 kg/m3 117/652 1.19 (0.91-1.56), P=0.204 136/587 1.50 (1.16-1.95), P=0.002  1.26 (0.98-1.62), P=0.068
uﬁhﬁﬁrs?rgﬂt; of GPS-36 1.19 (0.91-1.56), P=0.204 1.02 (0.81-1.29), P=0.864

GPS-16 (Subpopulation C, N=3,045)

BMI <25 kg/m3 101/830 1 (Ref) 169/976  1.37 (1.06-1.75), P=0.014

BMI >25 kg/m3 107/589 1.22 (0.92-1.61), P=0.161 146/650 1.36 (1.05-1.77), P=0.022  1.11 (0.86-1.44), P=0.404
wﬁhﬁﬁrs?rgﬂt; of GPS-16 1.22 (0.92-1.61), P=0.161 0.99 (0.79-1.25), P=0.964

GPS-16 (Subpopulation B, N=5,365)

BMI <25 kg/m3 179/1453 1 (Ref) 292/1708 1.28 (1.06-1.54), P=0.01 1.28 (1.06-1.54), P=0.01
BMI 225 kg/m3 199/1065 1.18 (0.96-1.45), P=0.112  259/1139 1.35(1.11-1.65), P=0.003  1.14 (0.95-1.38), P=0.156

HR for BMI
within strata of GPS-16

1.18 (0.96-1.45), P=0.112

1.06 (0.89-1.26), P=0.522

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 15b. Measure of interaction between GPSs and BMI.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 0.86 (0.6-1.22) 0.82 (0.57-1.16) 0.89 (0.69-1.17)
Additive scale: RERI (95% LCI, UCI) -0.03 (-0.68, 0.61) -0.06 (-0.75, 0.63) -0.02 (-0.47, 0.42)
Additive scale: AP (95% LCI, UCI) -0.02 (-0.3, 0.27) -0.03 (-0.35, 0.29) -0.01 (-0.23, 0.2)
Additive scale: S (95% LCI, UCI) 0.97 (0.37, 1.58) 0.95 (0.28, 1.62) 0.98 (0.53, 1.43)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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Test for g*e interaction with HDL-C as an environment factor was
carried out for GPS-16 only, as HDL-C was not a selected variable included in
the prediction model with GPS-36.

Table 16a shows HDL-C as the dichotomous variable divided by
below or above 40 mg/dL (in males) or 50 mg/dL (in females), and GPSs also
dichotomized by the median. In 2x2 stratification with group with low risk of
HDL-C and GPSs <median as a reference, only significance was observed in
high/high g/e risk groups in subjects tested for GPS-16 in Subpopulation B
(1.28 (1.06-1.55)). The same subjects, upon stratification by high HDL-C risk,
showed statistical significance at GPS-16 >17 with HR of 1.30 (1.09-1.56),
and this was comparable to HR of GPS-16>17 at low HDL-C risk (1.12 (0.92-
1.37)).

Again, some significant measures of interaction were observed in the
same subjects tested for GPS-16 in Subpopulation B. Significant positive
values for additive interaction was found, with RERI (0.38 (0.05, 0.71)) and

AP (24 % (3 %, 44 %)) (Table 16b).
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Table 16a. Effect of interaction between GPSs and HDL-cholesterol on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of HDL-C
GPS-16 (Subpopulation C, N=3,045)
HDL-C <40/50 mg/dL (M/F)  84/610 1 (Ref) 135/767 1.29 (0.98-1.69), P=0.074  1.29 (0.98-1.69), P=0.074
HDL-C >40/50 mg/dL(M/F) 124/809 0.98 (0.74-1.31), P=0.915 180/859 1.22 (0.93-1.59), P=0.151 1.24 (0.98-1.57), P=0.08
HR(95% CIl) for HDL-C
>40/50 mg/dL 0.98 (0.74-1.31), P=0.915 0.95 (0.75-1.19), P=0.641
within strata of GPS-16
GPS-16 (Subpopulation B, N=5,365)
HDL-C <40/50 mg/dL (M/F) 169/1160 1 (Ref) 224/1347 1.12 (0.92-1.37), P=0.264  1.12 (0.92-1.37), P=0.264
HDL-C >40/50 mg/dL(M/F) 209/1358 0.98 (0.79-1.21), P=0.857  327/1500 1.28 (1.06-1.55), P=0.012 1.3 (1.09-1.56), P=0.003

HR(95% CI) for
>40/50 mg/dL
within strata of GPS-16

HDL-C
0.98 (0.79-1.21), P=0.857

1.14 (0.96-1.36), P=0.142

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.
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Table 16b. Measure of interaction between GPSs and HDL-cholesterol.

GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 0.96 (0.67-1.38) 1.16 (0.89-1.52)
Additive scale: RERI (95% LCI, UCI) 0.19 (-0.29, 0.66) 0.38 (0.05, 0.71)
Additive scale: AP (95% LCI, UCI) 0.11 (-0.18, 0.41) 0.24 (0.03, 0.44)
Additive scale: S (95% LCI, UCI) 1.41 (-557.75, 560.58) 2.63 (-30.78, 36.04)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-16 is 17 risk allele scores.

74



Table 17a shows TG as the dichotomous variable divided by below
or above 150 mg/dL, and GPSs dichotomized by the median. In 2x2
stratification with group with TG <150 mg/dL and GPSs <median as a
reference, all three high/low, low/high, or high/high genetic/environmental
(9/e) risk groups (i.e. GPS =median/TG <150 mg/dL, GPS<median/TG
=150 mg/dL, or GPS =median/TG =150 mg/dL) showed significant HRs
>1, with highest HRs at high/high g/e risk groups (2.54 (1.95-3327), 2.39
(1.23-1.96), and 2.00 (1.63-2.44) for GPS-36 and GPS-16 in two
Subpopulations C and B). When stratified by GPSs, HRs for high risk of TG
=150 mg/dL were also significant in both groups of high/low GPSs, but
greater HR in high g risk compared to low g risk was not observed in all three
subjects. When stratified by TG, HRs for high risk of GPSs =median were
not as consistently significant as in the vice versa, and increase in HRs from
low e risk to high e risk was also not observed in all three subjects.

Measures of interaction either by multiplicative or additive indices

were non-significant, in all three tested subjects (Table 17b).
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Table 17a. Effect of interaction between GPSs and TG on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of TG
GPS-36 (Subpopulation C, N=3,045)
TG <150 mg/dL 91/934 1 (Ref) 144/958  1.52 (1.16-1.99), P=0.002 1.52 (1.16-1.99), P=0.002
TG =150 mg/dL 132/595 1.96 (1.48-2.58), P<.0001 156/558  2.54 (1.95-3.32), P<.0001 1.30 (1.02-1.65), P=0.031

HR for TG =150 mg/dL
within strata of GPS-36

GPS-16 (Subpopulation C, N=3,045)
TG <150 mg/dL 79/861

TG =150 mg/Dl 129/558

HR for TG =150 mg/dL
within strata of GPS-16

GPS-16 (Subpopulation B, N=5,365)
TG <150 mg/dL 164/1557
TG =150 mg/dL 214/961

HR for TG =150 mg/dL
within strata of GPS-16

1.96 (1.48-2.58), P<.0001

1 (Ref)
2.25 (1.67-3.03), P<.0001

2.25 (1.67-3.03), P<.0001

1 (Ref)
1.78 (1.44-2.20), P<.0001

1.78 (1.44-2.20), P<.0001

1.67 (1.33-2.11), P<.0001

156/1031 1.54 (1.17-2.03), P=0.002
159/595 2.39 (1.80-3.18), P=<.0001

1.55 (1.23-1.96), P<.0001

262/1745 1.35(1.11-1.65), P=0.003
289/1102 2.00 (1.63-2.44), P<.0001

1.48 (1.24-1.76), P<.0001

1.54 (1.17-2.03), P=0.002
1.06 (0.84-1.35), P=0.619

1.35(1.11-1.65), P=0.003
1.12 (0.94-1.34), P=0.205

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 17b. Measure of interaction between GPSs and TG.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 0.85 (0.6-1.22) 0.69 (0.48-1.0002) 0.83 (0.64-1.08)
Additive scale: RERI (95% LCI, UCI) 0.27 (-0.67, 1.2) -0.12 (-1.14, 0.89) 0.07 (-0.55, 0.69)
Additive scale: AP (95% LCI, UCI) 0.07 (-0.18, 0.33) -0.03 (-0.3, 0.24) 0.02 (-0.18, 0.23)
Additive scale: S (95% LCI, UCI) 1.11 (0.66, 1.57) 0.95 (0.59, 1.32) 1.03 (0.69, 1.38)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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Table 18a shows the dichotomous variable, FPG divided by below or
above 100 mg/dL, and GPSs by the median. In 2x2 stratification with group
with FPG <100 mg/dL and GPSs <median as a reference, all three high/low,
low/high, or high/high genetic/environmental (g/e) risk groups (i.e. GPS

=median/FPG <100 mg/dL, GPS<median/FPG =100 mg/dL, or GPS
=median/FPG =100 mg/dL) showed significant HRs >1, with highest HRs

at high/high g/e risk groups (7.06 (5.08-9.82), 5.80 (4.18-8.05), and 4.62
(3.58-5.96) for GPS-36 and GPS-16 in two Subpopulations C and B). Hazard
ratios for high risk of FPG stratified by GPS were significant at GPS
>medium risk allele scores, and estimates for high risk of GPS stratified by
FPG showed significant estimates at FPG <100 mg/dL and borderline-
significant or non-significant estimates at FPG >100 mg/dL. In both, high g or
e risk group in stratification of e or g showed higher HRs than in low g or e
risk groups (e.g. 4.45 (2.99-6.61) in GPS-36 <40 vs. 4.90 (3.56-6.75) in GPS-
36 >40 at FPG >100 mg/dL; 1.44 (1.19-1.74) in FPG <100 mg/dL vs. 1.59
(0.99-2.54) in FPG >100 mg/dL at GPS-36 >40).

Measures of interaction either by multiplicative or additive indices

were non-significant, in all three tested subjects (Table 18b).
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Table 18a. Effect of interaction between GPSs and FPG on the risk of T2DM incidence

GPS <median

GPS >median

HR (95% CI), P

case/n

HR (95% CI), P

HR(95% CI)
for GPS >median within
strata of FPG

GPS-36 (Subpopulation C, N=3,045)

FPG <100 mg/dL
FPG 2100 mg/dL

HR for FPG 2100 mg/dL
within strata of GPS-36

GPS-16 (Subpopulation C, N=3,045)

FPG <100 mg/DlI
FPG 2100 mg/dL

HR for FPG 2100 mg/dL
within strata of GPS-16

GPS-16 (Subpopulation B, N=5,365)

FPG <100 mg/dL
FPG 2100 mg/dL

HR for FPG 2100 mg/dL
within strata of GPS-16

1 (Ref)
4.45 (2.99-6.61), P<.0001

4.45 (2.99-6.61), P<.0001

1 (Ref)
5.21 (3.45-7.86), P<.0001

5.21 (3.45-7.86), P<.0001

1 (Ref)
4.32 (3.17-5.89), P<.0001

4.32 (3.17-5.89), P<.0001

254/1445
46/71

267/1550
48/76

475/2716
76/131

1.44 (1.19-1.74), P<.0001
7.06 (5.08-9.82), P<.0001

4.90 (3.56-6.75), P<.0001

1.33 (1.1-1.61), P=0.004
5.80 (4.18-8.05), P<.0001

4.36 (3.18-5.98), P<.0001

1.29 (1.12-1.49), P<.0001
4.62 (3.58-5.96), P<.0001

3.57 (2.79-4.57), P<.0001

1.44 (1.19-1.74), P<.0001
1.59 (0.99-2.54), P=0.054

1.33 (1.1-1.61), P=0.004
1.11 (0.69-1.8), P=0.655

1.29 (1.12-1.49), P<.0001
1.07 (0.74-1.54), P=0.722

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 18b. Measure of interaction between GPSs and FPG.

GPS-36 GPS-16 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045) (Subpopulation B, N=5,365)
Multiplicative scale: HR (95% CI) 1.1 (0.66-1.83) 0.84 (0.5-1.4) 0.83 (0.56-1.22)
Additive scale: RERI (95% LCI, UCI) 4.07 (-4.43,12.57) 2.66 (-5.98, 11.31) 0.98 (-3.91, 5.86)
Additive scale: AP (95% LCI, UCI) 0.32 (-0.23, 0.87) 0.23 (-0.4,0.86) 0.11 (-0.4,0.62)
Additive scale: S (95% LCI, UCI) 1.53 (0.08, 2.98) 1.33(0.01, 2.65) 1.14 (0.35, 1.93)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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Table 19a shows HbA1c as the dichotomous variable divided by
below or above 5.5 %, and GPSs also dichotomized by the median. In 2x2
stratification with group with HbAlc <5.5 % and GPSs <median as a
reference, all three subject groups showed non-significant HRs in high/low
g/e groups, i.e. HRs for stratified group with GPS >median and with HbAlc
<5.5% were not statistically significant, while other groups with low/high and
high/high g/e show increased HRs with P <.0001 at high/high g/e groups.
Highest HRs were observed at high/high g/e risk groups (2.83 (2.05-3.91),
2.45 (1.79-3.36), and 2.31 (1.83-2.52) for GPS-36 and GPS-16 in two
Subpopulations C and B). Hazard ratios for high risk of HbAlc stratified by
GPS were significant at GPS >medium risk allele scores, while estimates for
high risk of GPS stratified by HbAlc were also significant at HoAlc >5.5 %.
Also, in subjects tested for GPS-16 in Subpopulations C and B, high g or e
risk group in stratification of e or g showed higher HRs than in low g or e risk
groups (GPS <median vs. >median at HbA1c>5.5 %, 1.94 (1.39-2.69) to 2.06
(1.53-2.77) in Subpopulation C and 1.86 (1.46-2.38) to 2.02 (1.61-2.52) in
Subpopulation B; HbAQ1c <5.5 % vs. >5.5 % at GPS-16 >17, 1.19 (0.81-1.75)
to 1.27 (1.04-1.55) in Subpopulation C and 1.15 (0.86-1.53) to 1.24 (1.07-
1.44) in Subpopulation B.

For measure of interaction, some significant measures of additive
interaction were observed in all three subjects, with more significant scales in
subjects tested for GPS-16 in Subpopulations B and C. In subjects with GPS-
16 in Subpopulation C, AP (22% (1%, 43%)) showed statistical significance,

while some RERI (0.71 (0.11, 1.31)) and AP (20 % (4 %, 36 %)) showed
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positive significance in subjects tested for GPS-16 in Subpopulation B (Table

19b).
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Table 19a. Effect of interaction between GPSs and HbAlc on the risk of T2DM incidence

GPS <median

GPS >median

HR(95% CI)
for GPS >median within

case/n HR (95% CI), P case/n HR (95% CI), P strata of HbALc
GPS-36 (Subpopulation C, N=3,045)
HbALc <5.5 % 46/658 1 (Ref) 59/561  1.43 (0.97-2.11), P=0.073  1.43 (0.97-2.11), P=0.073
HbALc >5.5 % 177/871 2.06 (1.47-2.87), P<.0001  241/955 2.83 (2.05-3.91), P<.0001  1.38 (1.13-1.68), P=0.002
HR for HbALC 25.5 % 2.06 (1.47-2.87), P<.0001 1.98 (1.48-2.65), P<.0001
within strata of GPS-36
GPS-16 (Subpopulation C, N=3,045)
HbALc <5.5 % 50/628 1 (Ref) 55/591  1.19 (0.81-1.75), P=0.380  1.19 (0.81-1.75), P=0.380
HbALc >5.5 % 158/791 1.94 (1.39-2.69), P<.0001  260/1035 2.45 (1.79-3.36), P<.0001  1.27 (1.04-1.55), P=0.022
HR for HbALC 25.5 % 1.94 (1.39-2.69), P<.0001 2.06 (1.53-2.77), P<.0001
within strata of GPS-16
GPS-16 (Subpopulation B, N=5,365)
HbALc <5.5 % 88/1063 1 (Ref) 97/1005 1.15 (0.86-1.53), P=0.358  1.15 (0.86-1.53), P=0.358
HbALc >5.5 % 200/1455 1.86 (1.46-2.38), P<.0001  454/1842 2.31(1.83-2.93), P<.0001  1.24 (1.07-1.44), P=0.005

HR for HbAlc >5.5%
within strata of GPS-16

1.86 (1.46-2.38), P<.0001

2.02 (1.61-2.52), P<.0001

Estimates are adjusted for other tested variables included in the full model.

Median values of GPS-16 and GPS-36 are 17 and 40 risk allele scores, respectively.



Table 19b. Measure of interaction between GPSs and HbAlc.

GPS-16
(Subpopulation B, N=5,365)

GPS-36 GPS-16
(Subpopulation C, N=3,045) (Subpopulation C, N=3,045)
Multiplicative scale: HR (95% CI) 0.96 (0.62-1.49) 1.07 (0.69-1.65)
Additive scale: RERI (95% LCI, UCI) 0.65 (-0.35, 1.64) 0.85 (-0.04, 1.75)
Additive scale: AP (95% LCI, UCI) 0.14 (-0.07, 0.36) 0.22 (0.01, 0.43)
Additive scale: S (95% LCI, UCI) 1.23 (0.78, 1.67) 1.42 (0.79, 2.04)

1.08 (0.78-1.5)
0.71 (0.11, 1.31)
0.2 (0.04, 0.36)
1.37 (0.92, 1.83)

Estimates are adjusted for other tested variables included in the full model.
RERI, relative excess risk due to interaction; AP, attributable proportion; S, synergy index.

Median value for GPS-36 and GPS-16 are 40 and 17 risk allele scores, respectively.
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As none of the tested multiplicative interaction showed significance
in the current study except for g*e interaction between GPS-16 and F/Hx of
DM in Subpopulation C (N=3,045), we applied 1.30 as the minimum a priori
RR and 1.8 as the maximum RR in confirming sample size calculations.
Estimate of 1.30 was derived from the maximum OR with significant 95%
Cls analyzed for single individual SNPs (Table 2), and 1.80 from the current
significant result with the F/Hx of DM.

On assumption that fraction proportions of high/low g/e risk groups
are similar to that found for F/Hx of DM, number of the subjects needed in
investigating multiplicative interaction effect are shown in Table 20. In the
case of testing for statistically robust g*e interaction in Subpopulation B
(N=5,365) and C, the appropriate HRs by the interaction may be above 1.60
and 1.80 for the two subpopulations, respectively. In the same sense,
approximately 15,000 study subjects may be needed in verifying g*e

interaction effect of at least 1.30.
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Table 20. Sample size calculation testing interaction effect of binary

variables for Cox proportional hazards regression

Gene-environment interaction effect (RR) Calculated sample size (N)
1.30 15,272-20,445
1.40 9,286-12,431
1.50 6,395-8,561
1.60 4,759-6,371
1.70 3,734-4,999
1.80 3,043-4,074

Range of sample size depend on power (80 % to 90 %).
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DISCUSSION

From a community cohort of 8-years follow-up in Korea, influence
of genetic predisposition drawn from genotype information on 16 and 36
validated SNPs on risk of T2DM incidence was observed, even at full models
adjusted with strong predictors of T2DM risk. Significant improvement in
discrimination and reclassification of the prediction models were found in
subpopulation of 5,365 and 3,045 subjects with GPS-16 and GPS-36, and
greatest improvement was found in subjects investigated for GPS-36. Gene-
environment interaction was tested using the same GPSs and model variables
in the prediction model, and some patterns of significant interaction effect was

observed, most of which were in additive scales.

1. Effect of genetic predisposition on T2DM risk prediction

Risk prediction modeling for T2DM on the same Ansung-Ansan
cohort population had been carried out previously, at 4-years follow-up and
without considering for genetic predisposition. The authors had focused on
the HbAlc variable, which substantially increased NRI (12.8%) upon addition
to the prediction model[22]. Another 5-year follow-up cohort study on
Japanese population also reported FPG and HbAlc together were effective
predictors for T2DM incidence[48]. A case-cohort research from European

Prospective Investigation into Cancer and Nutrition (EPIC)-Potsdam study
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that utilized metabolic markers including HbA1c as well as genetic markers in
predicting T2DM risk, found that addition of genetic information to metabolic
markers, age, anthropometry, and lifestyle characteristics, did not significantly
improve disease prediction, while FPG and HbAlc considerably contributed
to the prediction[12]. The current results, where reclassification indices after
HbAlc adjustment showed non-significance in subpopulations tested for
GPS-4 but remained significant in subpopulations with GPS-16 and GPS-36
information, may partially support the previous findings. As an indicator of
chronic glycemia, it is convincible that HbAlc is a strong indicator of T2DM
prediction, well over information on genetic predisposition[49]. The decrease
in prediction in subpopulations with GPS-4 may imply that HbAlc is a
phenotype already inherent and reflected by the genetic predisposition. While
model variables such as FPG and HbAlc are stronger predictors than
genotype information as shown in Table 7, it is also notable that with
sufficient number of validated SNPs, the effect of genetic predisposition could
still be evaluated with statistically robust estimates for reclassification
improvement over the fully adjusted models.

In the similar context, observed HRs as well as increase in AUC and
NRI improvement in full models were greater when testing for effect of GPS-
36, than in GPS-16 in both tested subpopulations, although the evaluated
indices are not absolute values that allow comparability of different GPSs in
different subpopulations. This phenomenon may also be related to the
increased volume of pertained information with the increased number of

genotyped SNPs. Reported number of SNPs in relation to T2DM in East
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Asian population, including South Koreans, are approximately 60 in number,
and the observed improvements in prediction ability would be more
conspicuous had the information on genetic variation not yet provided been
provided[21, 23, 24]. On the other hand, similar results on estimate effect,
discrimination and reclassification were found in testing for GPS-16 in the
two subpopulations with large difference in number (N = 5,365 vs. 3,045),
which could imply the robustness of the analyzed results.

As younger population are subject to less developed clinical risk
factors, confirming the findings in a younger population would be meaningful,
i.e. environmental or acquired factors such as BMI, HbAlc may be a less
important factor in predicting T2DM in younger adults, and the influence by
genetic variation may persist even after multiple-variable adjustment[10].
However, results were inconsistent and non-significant in subjects <50 years
old in the current study, and this may be explained by poor validity due to
much decreased number and also due to the middle-aged baseline
characteristic of the participants, who may have already begun developing
subclinical metabolic disorders.

In the prediction models that included GPSs, we found independent
effects of F/Hx of DM and GPS on T2DM risk, with greater HRs by family
history than GPS in most cases except for Subpopulation C with GPS-36.
While further investigations may be required on the impact of GPS-36 over
family history in different, larger populations, the current results may support
speculations that family history may provide more information from shared

environmental influence, i.e. non-genetic familial behaviors such as lifestyle
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and dietary habits, than inherited genetic influence alone[5, 6]. On the other
hand, while considering F/Hx of DM is necessary in investigating genetic
influence by the risk alleles, continuous encouragement on gene-environment
interaction and epigenetics research is suggested to further reveal the missing

heritability[3, 20].

2. SNP selection/validation

The selected SNPs tested in the risk prediction have already been
validated from previous studies that included genetic information from the
same Ansung-Ansan cohort subjects for GWAS or meta-GWAS analyses, and
the association tests between the SNPs and T2DM incidence (or prevalence)
were restricted to East Asian populations. This method has advantage over a
single GWAS in the study population, which face insufficient validity of
results due to small number of subjects and limited resource for independent
population with identical ethnicity for replication.

The pros and cons of using validated SNPs for which information
from same subjects were utilized as subset data warrant further investigation,
and attempts for replication in an independent population of identical ethnicity

are also suggested.
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3. Significant genotypes in the study population

Odds ratios of the SNPs with adjustment for age, sex and BMI
ranged from 1.08 to 1.30. Gene names of the sixteen SNPs with significant
HRs found in this study were RBMS1 (rs7593730), IGF2BP2 (rs1470579),
PPARG (rs1801282), CDKAL1 (rs7754840, rs9465871), JAZF1 (rs864745),
CDKNZ2A/B (rs10811661), HHEX (rs5015480), KCNJ11 (rs5215), SPRY2
(rs1359790), UBE2E2 (rs6780569), CDKALL (rs7756992), GCK (rs4607517),
SLC30A8 (rs13266634), TCF7L2 (rs7903146), CENTD2 (rs1552224),
KCNQ1 (rs2237892). The effect of most of the selected SNPs on T2DM risk
have been tested in East Asian population[21, 50, 51]. As previously arranged
by a well-documented literature, biological mechanism related to most of the
significant SNPs discovered in the current study is explained by relations to
insulin secretion, either by B-cell dysfunction (e.g. IGF2BP2, JAZF1, GCK,
SLC30A8, TCF7L2, KCNQ1, KCNJ11, CENTD2, C2CD4A) or impaired p-
cell development(e.g. CDKAL1, CDKN2A/B, HHEX). Two genes, FTO and

PPARG are related with insulin resistance, with obesity or insulin actions[11].
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T2DM

Unknown

*NOTCH2 (Grarup et al., 2008)
«BCL11A (Voight et al., 2010)
-RBMS1 (Qi et al., 2010)
+UBEZ2E2 (Yamauchi et al., 2010)
«PSMD6 (Cho et al., 2012a)
+STEGAL1 (Kooner et al., 2011)
*MAEA (Cho et al., 2012a)
-ZBED3 (Voight et al., 2010)
«ZFAND3 (Cho et al., 2012a)
*KCNK16 (Cho et al., 2012a)
+GCC1 (Cho et al., 2012a)
«TP53INPT (Voight et al., 2010)
+PTPRD (Tsai et al., 2010)
+TLE4 (Voight et al., 2010)
+TLE{1 (Morris et al., 2012)
+VPS26A (Kooner et al., 2011)
«ZMIZ1 (Morris et al., 2012)
+DUSPS8 (Kong et al., 2009)
+CCND2 (Morris et al., 2012)
+KLHDCS (Morris et al., 2012)
+*HMGAZ (Voight et al., 2010)
+*HMG20A (Morris et al., 2012)
+ZFANDE (Voight et al., 2010)
+AP352 (Kooner et al., 2011)
+PRC1 (Voight et al., 2010)
+CILP2 (Morris et al., 2012)
+PEPD (Cho et al., 2012a)
+*SAR (Tsai et al., 2010)
+*BCART (Morris et al., 2012)

Insulin Insulin
Secretion Resistance
B-cell B-cell

Dysfunction Development

Obesity Insulin Action

*THADA (Simonis-Bik et al., 2010) *+PROX1 (Ingelsson et al., 2010)

*ADCYS5 (Dupuis et al., 2010)
*IGF2BP2 (Groenewoud et al.,
2008)

*WFS1 (Sparso et al., 2008)
*DGKB (Ingelsson et al., 2010)
*JAZF1 (Grarup et al., 2008)
*GCK (Ingelsson et al., 2010)

*CDKALT (Groenewoud et al.,
2008)

*GLIS3 (Yang et al., 2011)
*CDKN2A/B (Pascoe et al., 2007)
*HHEX/IDE (Pascoe et al., 2007)
*HNF1A (TCF1) (Harries et al.,
2006)

*SLC30AS8 (Kirchhoff et al., 2008) *HNF1B (TCF2) (Haumaitre et al.,
+«CDC123/ CAMK1D (Grarup et al., 2005)

2008) *HNF4A (Wang et al., 2000)
«TCF7L2 (Kirchhoff et al., 2008)

*KCNQT1 (Tan et al., 2009)

*KCNJ11 (Nielsen et al., 2003)

-CENTD2 (Voight et al., 2010)

*MTNR1B (Lyssenko et al., 2009)

*TSPANS8/ LGRS (Grarup et al.,

2008)

*C2CD4A (Ingelsson et al., 2010}

*GIPR (Ingelsson et al., 2010)

*ANK1 (Morris et al., 2012)

+«GRB14 (Heid et al., 2010) *GCKR (Dupuis et al., 2010)
*KLF14 (Small et al., 2011) +IRS1 (Kilpelainen et al., 2011)
*SPRY2 (Kilpelainen et al., 2011) +PPARG (Altshuler et al., 2000)
*FTO (Frayling et al., 2007) *ADAMTSS (Simonis-Bik et al.,
*MC4R (Loos et al., 2008) 2010)

*ANKRDS55 (Morris et al., 2012)

Figure 2. Suggested function of genes associated with T2DM in GWA studies. References indicate the first association results for

variants with unknown function or the reports for the physiologic functional analysis (Excerpt from Kwak SH et al., 2013[11])
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4. Gene-environment interaction effect

In the gene-environment interaction analysis, both GPS-16 and GPS-
36 showed some significant associations with environmental factors such as
age (in subjects tested withGPS-36), F/Hx of DM (with GPS-16 in
Subpopulations C and B), HDL-C (with GPS-16 in Subpopulation B), and
HbAlc (with GPS-16 in Subpopulations C and B). Measures of interaction,
either by multiplicative or additive scales, were non-significant with regular
P/E, BMI, TG and FPG in the current study. Most of the significant
interaction effects were in additive scales, and RERI >1 was found in the
interaction analysis for F/Hx of DM (1.01 (1.02-1.89)), implying that there is
stronger ground for evidence for the observed interaction[31]. While largest
significant AP (45%) was also observed with F/Hx of DM, multiplicative
interaction was found significant with F/Hx of DM.

While it may be simply interpreted that the risk allele carriers of
GPS-16 may benefit by protection from T2DM risk when they do not have
F/Hx of DM but also are positioned at increased risk with the known F/HXx,
application of these results should be very carefully considered, as F/Hx of
DM shares inherited genetic influence with the GPSs.

As for other environmental factors with significant positive additive
interaction (i.e. HDL-C and HbA1c), extended analyses in independent
population of same ethnicity is suggested as any confirmed g*e interaction

effect may be able to contribute to public health measures[31].
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Further expanded investigations are required on the analyses, in
accordance with availability of validation population. In particular, it should
be noted that the significant HRs for F/Hx of DM in multiplicative interaction
was as large as 1.80. According to our calculations, smaller size of estimate
would require much large number of subjects than in the current study. In the
same context, more robust results could have been expected with strong
predictors such as FPG and HbAlc at sufficient number of study subjects, i.e.
results by interaction analyses in the current study could be improved in their

statistical reliability if the larger number of study subjects had been available.

5. Limitations

Although risk prediction models were constructed from a prospective
cohort study, duration of follow-up was relatively short. Longer follow-up
duration could improve prediction ability of genetic variants relative to time-
varying factors (e.g. clinical examination findings), as discrimination power
of GPS increase with extended follow-up period[7, 16]. Also, lifestyle risk
factors such as smoking and diet could not be considered in the prediction
models due to statistical insignificance of their influence on T2DM and
subsequent elimination by statistical procedures, despite the alleged influence

to the disease[52].
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CONCLUSION

Influence of genetic predisposition on modeling risk prediction of
T2DM incidence in an 8-years cohort of middle-aged Koreans was robust in a
subpopulation with multiple number of 16 and 36 validated genetic variants,
while other subpopulations with little genetic variation information showed
weakened reclassification ability when strong environmental predictor
variables such as FPG and HbAlc were added.

While some gene-environment interaction effect was verified with
environmental factors such as family history of DM, HDL-C and HbAlc,
further interaction analyses in an independent population of same ethnicity is

suggested.
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