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INVESTIGATORS

OBJECTIVEdTo determine if 16 single nucleotide polymorphisms (SNPs) associated with
type 2 diabetes (T2DM) in Europeans are also associated with T2DM in South Asians and Latinos
and if they can add to the prediction of incident T2DM in a high-risk population.

RESEARCH DESIGN AND METHODSdIn the EpiDREAM prospective cohort study,
physical measures, questionnaires, and blood samples were collected from 25,063 individuals at
risk for dysglycemia. Sixteen SNPs that have been robustly associated with T2DM in Europeans
were genotyped. Among 15,466 European, South Asian, and Latino subjects, we examined the
association of these 16 SNPs alone and combined in a gene score with incident cases of T2DM (n =
1,016) that developed during 3.3 years of follow-up.

RESULTSdNine of the 16 SNPs were significantly associated with T2DM, and their direction of
effect was consistent across the three ethnic groups. The gene score was significantly higher among
subjects who developed incident T2DM (cases vs. noncases: 16.47 [2.50] vs. 15.99 [2.56]; P =
0.00001). The gene score remained an independent predictor of incident T2DM, with an odds ratio
of 1.08 (95% CI 1.05–1.11) per additional risk allele after adjustment for T2DM risk factors. The
gene score in those with no family history of T2DM was 16.02, whereas it was 16.19 in those with
one parent with T2DM and it was 16.32 in those with two parents with T2DM (P trend = 0.0004).
TheC statistic of T2DM risk factors was 0.708 (0.691–0.725) and increased onlymarginally to 0.714
(0.698–0.731) with the addition of the gene score (P for C statistic change = 0.0052).

CONCLUSIONSdT2DM genetic associations are generally consistent across ethnic groups,
and a gene score only adds marginal information to clinical factors for T2DM prediction.
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Type 2 diabetes (T2DM) has increased
dramatically worldwide, a trend that
is expected to worsen in the next two

decades, in large part because of the
increasing prevalence of obesity (1). The
clinical factors and health behaviors that
predict the development of T2DM are
well characterized and include elevated
fasting glucose, weight, low levels of
physical activity, smoking, and dietary
factors (2). Several clinical risk scores
have been developed to predict the risk
of adults developing T2DM but are not
widely used (3). Recent genetic associa-
tion studies have shown that .60 single
nucleotide polymorphisms (SNPs) are as-
sociated with T2DM (4). Whereas the as-
sociation with T2DM of some of these
gene variants is consistent across various
ethnicities, other SNPs demonstrate an
ethnicity-specific heterogeneity of effect
size with T2DM (5). Although the indi-
vidual contribution of each genetic vari-
ant to the risk of diabetes is modest, their
frequency in the population make their
collective impact potentially important.
Previous evaluations of the addition of ge-
netic variants to established clinical risk
factors have demonstrated little gain in
T2DM prediction, but most of these stud-
ies have been conducted in European
populations (6,7). We sought to deter-
mine if 16 SNPs reproducibly associated
with T2DM in Europeans also were asso-
ciated with T2DM in South Asians and
Latinos and if use of a gene score derived

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c cc

From the 1Population Health Research Institute,
McMaster University and Hamilton Health Sci-
ences, Hamilton General Hospital, Hamilton,
Ontario, Canada; the 2Department of Medicine,
McMaster University, Hamilton, Ontario, Can-
ada; the 3Department of Clinical Epidemiology
and Biostatistics, McMaster University, Hamil-
ton, Ontario, Canada; the 4Department of Pa-
thology and Molecular Medicine, McMaster
University, Hamilton, Ontario, Canada; the
5Ontario Cancer Institute/University Health
Network, Toronto, Ontario, Canada; the 6De-
partment of Environmental Health, College
of Medicine, University of Cincinnati, Ketter-
ing Laboratory, Cincinnati, Ohio; the 7McGill

University and Genome Quebec Innovation
Centre, Montreal, Quebec, Canada; the 8School
of Rehabilitation Science, McMaster University,
Hamilton, Ontario, Canada; the 9Madras Di-
abetes Research Foundation, Gopalapuram,
Chennai, India; 10Estudios Cardiológicos
Latinoamérica, Rosario, Argentina; 11Newcastle
University, Institute of Genetic Medicine, In-
ternational Centre for Life, Newcastle upon Tyne,
U.K.; 12Newcastle University, Institute of Human
Genetics, International Centre for Life, Newcastle
upon Tyne, U.K.; the 13Faculty of Medicine,
Université de Montréal, Montreal, Quebec, Can-
ada; the 14Department of Medicine, McGill Uni-
versity, Montreal, Quebec, Canada; and the

15Department of Human Genetics, McGill Uni-
versity, Montreal, Quebec, Canada.

Corresponding author: Sonia S. Anand, anands@
mcmaster.ca.

Received 7 December 2012 and accepted 25 Febru-
ary 2013.

DOI: 10.2337/dc12-2553
This article contains Supplementary Data online at

http://care.diabetesjournals.org/lookup/suppl/
doi:10.2337/dc12-2553/-/DC1.

©2013 by theAmericanDiabetes Association. Readers
may use this article as long as the work is properly
cited, the use is educational and not for profit, and
thework is not altered. See http://creativecommons.
org/licenses/by-nc-nd/3.0/ for details.

2836 DIABETES CARE, VOLUME 36, SEPTEMBER 2013 care.diabetesjournals.org

C a r d i o v a s c u l a r a n d M e t a b o l i c R i s k
O R I G I N A L A R T I C L E

mailto:anands@mcmaster.ca
mailto:anands@mcmaster.ca
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2553/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-2553/-/DC1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


from the 16 SNPs adds to the risk predic-
tion of incident T2DM over clinical fac-
tors alone in a multiethnic population at
high risk for T2DM.

RESEARCH DESIGN AND
METHODS

EpiDREAM cohort
The EpiDREAM study included 25,063
participants from 191 centers who were
screened for the DREAM clinical trial (8).
Individuals at risk for dysglycemia be-
cause of family history, ethnicity, and ab-
dominal obesity, between the ages of 18
and 85 years, were screened using an oral
glucose tolerance test from July 2001 to
August 2003 as previously described
(8,9). Five thousand two hundred sixty-
nine individuals with impaired glucose
tolerance (IGT) or impaired fasting glu-
cose (IFG) (or both) participated in the
DREAM trial (9). Thirteen thousand
seven hundred twenty-one individuals
who were not eligible for the DREAM trial
or who declined to enter the trial agreed to
long-term follow-up. Thus, in total,
18,990 individuals were prospectively
followed up for a median of 3.3 years and
18,486 individuals who provided a blood
sample for DNAwere available for analysis.

DNA extraction and genotyping
Buffy coat DNA extractions and genotyp-
ing using the Illumina CVD bead chip
microarray ITMAT Broad Care (IBC) array
was successful for 19,197 subjects (10).
Genotyping was performed at the McGill
University and Genome Quebec Innova-
tionCentre using the Illumina Bead Studio
genotyping module, version 3.2. Of the
19,197 genotyped samples, 711 subjects
were excluded because of genotyping
failure (defined as ,97% of genotypes
called), leaving 18,486 for analysis;
15,466 of these (including 1,016 incident
cases) were of European, South Asian, and
Latino origin and 12,249 were followed
prospectively (Supplementary Fig. 1). Be-
cause the focus of this article is on the pre-
diction of incident T2DM, only the
following three largest ethnic groups with
.100 incident cases of T2DM were in-
cluded: Europeans (9,408, with 599 new
T2DM cases), South Asians (2,764, with
194 new T2DM cases), and Latinos
(3,294, with 223 new T2DM cases).

To verify self-reported ethnicity, we
performed a principal component anal-
ysis using the genotype data of all Epi-
DREAM study participants using the
software smartpca, which is part of the

eigensoft software package (http://gene-
path.med.harvard.edu/~reich/software
.htm). Samples that failed to cluster with
individuals of the same self-reported eth-
nicity were removed.

Genes selected for the gene score
Sixteen SNPs from 16 genes were selected
to be included in the gene score because
they have been previously associated with
T2DM in Europeans at genome-wide
significance (P, 53 1028) (11,12) in the
literature and were included in versions 1
and 2 of the IBC array (Supplementary
Table 1). We tested for Hardy-Weinberg
equilibrium for each of the 16 SNPswithin
each ethnic group (P . 0.001). The call
rate for each of the 16 SNPs was.99.5%.

Dysglycemia definitions
The 2003 American Diabetes Association
criteria were used to classify participants as
normal, as having IFG, as having IGT, or as
having T2DM as confirmed by the baseline
oral glucose tolerance test. Normoglycemia
was defined as a fasting plasma glucose
,5.6 mmol/L, IFG was defined as a fasting
plasma glucose of 5.6 to 6.9 mmol/L, IGT
was defined as a fasting plasma glucose
,7.0 mmol/L and a 2-h glucose between
7.8 and 11.0mmol/L, and diabetes was de-
fined if either the fasting plasma glucose
was $7.0 mmol/L or the 2-h glucose was
$11.1 mmol/L (13).

Statistical methods
Statistical analyses were performed using
PLINK (http://pngu.mgh.harvard.edu/
~purcell/plink/) and SAS (version 9.1.3;
SAS Institute). For each of the 16 SNPs,
the previously identified risk allele was
used as the risk allele in each ethnic
group. To maximize our power (range
61–100%) to investigate the association
between each SNP and T2DM among eth-
nic groups, we combined the baseline and
incident cases of T2DM (n = 3,209). The
association between each SNP and base-
line and incident cases of T2DM was cal-
culated using logistic regression. A genotype
score was calculated for each individual by
allele counting, and thus the score could
range from 0 to 32. Baseline factors asso-
ciated with the development of diabetes
were tested versus incident T2DM with
logistic regression adjusting for age, sex,
and ethnicity. We constructed multivari-
ate logistic regressionmodels to determine
the predictive ability of the gene score on
incident diabetes in addition to clinical
factors, age, sex, and ethnicity. The change
in the C statistic was calculated after

addition of the gene score to the clinical fac-
tors found to be associatedwith an increased
risk of T2DM. The change in the receiver
operating characteristic was calculated.
Interactions between the gene score and
ethnicity were tested. Model calibration
was assessed using the Hosmer Lemeshow
test. The population-attributable risk
(PAR) of the gene score was calculated us-
ing the methods of Benichou and Gail (14).

RESULTS

Baseline characteristics
For the 15,466 subjects included in this
analysis, the mean age was 53 years,
;60% were women, and more than half
of the participants were of European ori-
gin. At baseline, 6,697 (43.3%) individu-
als were classified as normoglycemic,
6,538 (42.3%) had either IFG or IGT (or
both), and 2,231 (14.4%) had type 2 di-
abetes. Additional details of baseline char-
acteristics are found in Table 1. Ethnic
comparisons of baseline characteristics
revealed that people of South Asian origin
were significantly younger, mostly male,
and had a lower waist circumference and
BMI compared with Latinos and Europe-
ans. Furthermore, they were less likely to
smoke, were less physically active, had
lower systolic and diastolic blood pres-
sures, had lower apolipoprotein B, and
had less hypertension. Despite being
younger and having fewer other cardio-
vascular risk factors, South Asians were
more likely to be diabetic and have lower
apolipoprotein A compared with the
other ethnic groups (Table 2).

Ethnic variation of SNP frequencies
and association with T2DM
Each of the 16 SNPs was polymorphic, and
the risk allele frequencies in the three ethnic
groups are shown inSupplementaryTable 1.
Of the 16 SNPs, the European minor
allele was the risk allele for nine SNPs,
and the common allele was the risk allele
for seven. Of the 16 SNPs, nine (56%) were
significantly associated with T2DM, and
the direction of effect was generally consis-
tent across ethnic groups (Supplementary
Table 2). Considering incident cases only
(n = 1,016), in which our power was lower,
six out of 16 SNPs were significantly asso-
ciated with incident T2DM; however, the
direction and magnitude of effects were
generally consistent across ethnic groups.

Gene score
The mean gene score overall was 16.06 (SD
2.58), and the median was 16 (interquartile
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range 14–18). The mean gene score in-
creased progressively from 15.87 (SD
2.58) in normoglycemic subjects to
16.12 (SD 2.55) in subjects with IFG/
IGT and to 16.45 (SD 2.58) in those
with T2DM at baseline (P between-group
difference = 5.9 3 10220) (Table 1). The

mean gene score in those with no family
history of T2DM was 16.02 (SE 0.03),
whereas in those with one parent
with a history of T2DMmean gene score
was 16.19 (SE 0.04) and among those
with two parents with T2DM it was
16.32 (SE 0.08; P trend = 0.0004)

when adjusted for age, sex, and ethnicity
(Fig. 1). The gene score in South Asians
was higher than in Europeans and
Latinos (16.65 [SE 0.05] vs. 16.03
[SE 0.03] and 15.66 [SE 0.05], P ,
0.0001) after adjustment for age and
sex.

Table 1dBaseline characteristics of EpiDREAM subjects

Characteristics Overall Normoglycemic IFG and/or IGT Diabetes at baseline P for group difference

N 15,466 6,697 6,538 2,231 d
Age, years (SD) 52.7 (11.4) 49.4 (11.1) 54.98 (11.0) 55.7 (11.0) ,0.001
Male (%) 6,210 (40.1) 2,294 (34.2) 2,836 (43.4) 1,080 (48.4) ,0.0001
Waist, cm (SD) 95.3 (14.5) 91.5 (14.0) 97.6 (14.1) 99.6 (14.4) ,0.0001
Hip, cm (SD) 107.0 (13.2) 105.3 (12.7) 108.3 (13.4) 108.6 (13.6) ,0.0001
BMI, kg/m2 (SD) 29.8 (5.7) 28.64 (5.6) 30.53 (5.5) 30.91 (5.8) ,0.0001
Waist-to-hip ratio (SD) 0.89 (0.09) 0.87 (0.09) 0.90 (0.09) 0.92 (0.09) ,0.0001
Family history of diabetes (%) 7,443 (48.4) 3,340 (50.1) 3,048 (46.9) 1,055 (47.5) 0.00076
European (%) 9,408 (60.8) 3,669 (54.8) 4,379 (67.0) 1,360 (61.0) ,0.0001
Current smoker (%) 2,258 (14.6) 1,131 (16.9) 829 (12.7) 298 (13.4) ,0.0001
High physical activity (%) 1,947 (12.6) 824 (12.3) 883 (13.5) 240 (10.8) 0.0019
Moderate/high physical activity (%) 11,226 (72.7) 4,739 (70.8) 4,931 (75.6) 1,556 (69.8) ,0.0001
Systolic blood pressure (SD) 132.6 (19.1) 126.8 (18.1) 135.8 (18.3) 140.2 (20.0) ,0.0001
Diastolic blood pressure (SD) 81.9 (11.0) 79.38 (10.9) 83.33 (10.7) 85.01 (10.9) ,0.0001
Apolipoprotein B, g/L (SD) 0.93 (0.23) 0.90 (0.23) 0.95 (0.22) 0.98 (0.24) ,0.0001
History of HTN with Rx (%) 3,559 (23.0) 910 (13.6) 1,943 (29.7) 706 (31.6) ,0.0001
Apolipoprotein A1, g/L (SD) 1.41 (0.31) 1.41 (0.32) 1.41 (0.31) 1.39 (0.30) 0.0096
Mean gene score (SD) 16.06 (2.58) 15.87 (2.58) 16.12 (2.55) 16.45 (2.58) ,0.0001
Nontrial participants (%) 11,940 (77.2) 6,697 (100.0) 3,012 (46.1) 2,231 (100.0) ,0.0001

HTN, hypertension; Rx, medication.

Table 2dBaseline characteristics by ethnic group

Characteristics Overall Europeans South Asians Latinos P for group difference

N 15,466 9,408 2,764 3,294 d
Age, years (SD) 52.7 (11.4) 55.0 (10.8) 44.9 (9.4) 52.6 (11.6) ,0.001
Male (%) 6,210 (40.1) 3,691 (39.2) 1,426 (51.6) 1,093 (33.2) ,0.0001
Waist, cm (SD) 95.3 (14.5) 96.5 (15.0) 89.3 (11.3) 96.9 (14.1) ,0.0001
Hip, cm (SD) 107.0 (13.2) 108.5 (13.4) 100.3 (10.4) 108.4 (12.9) ,0.0001
BMI, kg/m2 (SD) 29.8 (5.7) 30.4 (5.7) 26.4 (4.3) 30.8 (5.7) ,0.0001
Waist-to-hip ratio (SD) 0.89 (0.09) 0.89 (0.09) 0.89 (0.09) 0.89 (0.08) 0.031
Family history of diabetes (%) 7,443 (48.4) 4,544 (48.6) 1,312 (47.5) 1,587 (48.5) 0.058
History of HTN with Rx (%) 3,559 (23.0) 2,404 (25.6) 244 (8.8) 911 (27.7) ,0.001
Current smoker (%) 2,258 (14.6) 1,327 (14.1) 251 (9.1) 680 (20.6) ,0.0001
High physical activity (%) 1,947 (12.6) 1,603 (17.1) 111 (4.0) 233 (7.1) ,0.0001
Moderate/high physical activity (%) 11,226 (72.7) 7,702 (82.0) 1,233 (44.6) 2,291 (69.5) ,0.0001
Systolic blood pressure (SD) 132.6 (19.1) 134.1 (18.6) 124.34 (17.6) 135.09 (20.1) ,0.0001
Diastolic blood pressure (SD) 81.9 (11.0) 82.5 (10.7) 78.3 (11.0) 82.9 (11.4) ,0.0001
Apolipoprotein B, g/L (SD) 0.93 (0.23) 0.95 (0.23) 0.86 (0.22) 0.95 (0.23) ,0.001
Apolipoprotein A1, g/L (SD) 1.41 (0.31) 1.48 (0.32) 1.18 (0.23) 1.38 (0.27) ,0.0001
New DM (%) 1,016 (9.5) 599 (10.9) 194 (8.4) 223 (7.8) ,0.0001
IFG, new definition (%) 4,989 (32.3) 3,449 (36.7) 416 (15.0) 1,124 (34.1) ,0.0001
IGT (%) 3,814 (24.7) 2,470 (26.2) 569 (20.6) 775 (23.5) ,0.0001
Area under curve glucose (SD) 13.2 (4.2) 13.2 (3.7) 13.32 (5.8) 12.8 (3.8) ,0.0001
Mean gene score (SD) 16.1 (2.6) 16.0 (2.6) 16.7 (2.4) 15.7 (2.5) ,0.0001
Nontrial participants (%) 11,940 (77.2) 7,135 (75.8) 2,372 (85.8) 2,433 (73.9) ,0.0001

Includes patients with diabetes at baseline. DM, diabetes mellitus; HTN, hypertension; Rx, medication.
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Association between gene score and
incident T2DM
Individuals classified with T2DM at base-
line were excluded (n = 2,231). Of the
10,640 subjects who completed the follow-
up, 1,016 (9.55%) developed incident
T2DM after a mean of 3.3 years. Charac-
teristics of those who did and did not

develop T2DM are shown in Supplemen-
tary Table 3. The gene score was signifi-
cantly higher among subjects who
developed incident T2DM (cases) com-
pared with those who did not (cases vs.
noncases: 16.47 [2.50] vs. 15.99 [2.56];
P , 0.00001). Almost 9% (n = 1,378) of
subjects possessed a gene score $20, and

the relative risk of incident T2DM was
4.66 (95% CI 1.87–11.62) compared
with a gene score #10. We constructed a
multivariate model for incident T2DM
and included factors that differed signifi-
cantly between incident T2DM cases and
nondiabetic subjects on univariate analy-
sis to assess whether the gene score would
remain an independent predictor of
T2DM. After adjustment for age, sex, eth-
nic group, BMI, waist circumference, fam-
ily history of T2DM, smoking, moderate
or high activity, apolipoprotein B, apoli-
poprotein A1, hypertension withmedica-
tion, and trial status, the gene score
remained a significant predictor of inci-
dent T2DM (Table 3). Specifically, for
each additional risk allele, the risk of
T2DM increased by 8% on average
(odds ratio 1.08 [95% CI 1.05–1.10]).
This finding is consistent across ethnic
groups (P heterogeneity = 0.46) (Fig. 2).

Prediction of incident T2DM
We used the C statistic to assess the
incremental value of adding the gene
score to the clinical factors. When the
clinical factors (BMI, waist circumference,
family history of T2DM, smoking, mod-
erate or high physical activity, apo-
lipoprotein B, apolipoprotein A1,
hypertension with medication, and trial
status) together with age, sex, and eth-
nicity were included in the model, the
C statistic equaled 0.708 (95% CI 0.691–
0.725), and the gene score increased the
discrimination only marginally to 0.714
(0.698–0.731), which represents a change
in the area under curve of 0.006 (P =
0.0052). The C statistic was 0.599 (0.580–
0.617) with only gene score, age, sex, and
ethnicity in the model.

PAR
The PAR of the gene score $20 on inci-
dent T2DM after adjustment for all clini-
cal predictors is 5.6% (95% CI 3.6–8.6).
The PAR for the clinical factors is 55.4%
(45.2–65.2), and with the addition of the
gene score$20 the PAR increases by 2.8–
58.2% (48.3–67.5).

Consistency in subgroups
We investigated effect modification of the
gene score by certain phenotypic charac-
teristics, including age, sex, ethnic group,
family history of T2DM, BMI, level of
physical activity, and presence of IFG or
IGT at baseline. No significant interac-
tions between the gene score and any of
these parameters on incident T2DM were
observed (Supplementary Fig. 2). In

Figure 1dMean gene score and SE (y-axis) by category of reported family history (no parental
history of T2DM, one parent with T2DM, and two parents with T2DM) on the x-axis.

Figure 2dMean gene score by ethnic group and in all groups combined, the number of subjects in
each group, the number of incident T2DM events per group, and the per allele odds ratio (OR) and
95% CI of incident T2DM per group and overall. DM, diabetes mellitus.
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addition, after adjusting for multiple test-
ing, no significant interactions between
any pairs of SNPs on incident T2DM
were observed (data not shown).

CONCLUSIONSdIn a high-risk mul-
tiethnic population, a gene score was
significantly associated with T2DM.
However, the clinical factors were far
more predictive and the addition of the
gene score did not greatly improve the
prediction of T2DM. This finding was
consistent across ethnic groups.

For most SNPs, the association with
incident T2DM is small to moderate
(odds ratio range 1.10–1.40), yet the col-
lective genetic load as reflected by the
gene score is an efficient way to investi-
gate the contribution of genetic predispo-
sition to population variation of T2DM
(15,16). We observed significant varia-
tion in the mean gene score between eth-
nicities, by categories of dyglycemia, and
among individuals who reported a family
history of T2DM. First, our data suggest
that South Asians may have a greater ge-
netic load for T2DM compared with Eu-
ropeans and Latinos. This would be
consistent with the lower risk factor pro-
file for South Asians and with the work of
Chen et al. (5). Second, the gene score
increased progressively with increasing
severity of dysglycemia and was lowest
in those normoglycemic at baseline, inter-
mediate in those with IGT or IFG, and
highest in those with established T2DM.
Third, individuals with a family history of
T2DM had progressively higher gene
scores, from individuals with no family

history to a single parent to two parents
with T2DM, reinforcing previous obser-
vations that family history may be a crude
marker of genetic load for conditions such
as T2DM and myocardial infarction (17).
However, the fact that the gene score re-
mains significant for incident T2DM even
after adjusting for the family history infor-
mation suggests that adding specific ge-
netic information is more informative
than the T2DM family history information
alone (7). Although these observations
suggest that a gene score may stratify risk
groups for T2DM, it is currently far less
expensive and more efficient to record eth-
nicity, to measure fasting glucose, and to
take a family history.

Our results are consistent with other
studies that have evaluated the change in
prediction of T2DMwith the addition of a
gene score, although the majority of these
studies have been conducted in Euro-
peans only (3,6,7). To our knowledge, the
gene score approach has not been evalu-
ated in South Asians or Latinos or in mul-
tiple populations in which the methods of
phenotypic and genetic assessment were
standardized across ethnic groups. In
EpiDREAM, the gene scorewas significantly
associated with incident T2DM (a 1-point
increase is associated with an 8% increase
in risk), and individuals with a gene score
$20 have an odds ratio of 4.66 (95% CI
1.87–11.62) for incident T2DM com-
pared with those with a gene score #10.
However, the C statistic only increased
marginally when the gene score was added
to clinical factors. Furthermore, a gene
score $20 only added 2.8% to the PAR

when combined with clinical factors.
Thus, the addition of genome-wide asso-
ciation study–identified genetic variants
does not greatly improve the prediction
of future cases of T2DM. Recent theoreti-
cal work has suggested that numerous
T2DM-associated common variants re-
main to be identified (18), and it remains
to be seen if, when summed together, they
will improve discrimination of future
cases.

We note that the median length of
follow-up in this study was 3.3 years. In-
terestingly, the mean gene score of 16.45
among T2DM cases at baseline (preva-
lent cases) and the gene score among
subjects who developed incident T2DM
(16.47) are remarkably similar. Thus, by
confining our predictive analysis to in-
cident cases and using a relatively short
follow-up, we have likely underesti-
mated the life-long contribution of the
genetic risk relative to the contribution
of clinical variables.

EpiDREAM enrolled individuals at
risk for dysglycemia defined by family
history, ethnicity, or abdominal obesity,
representing the breadth of at-risk in-
dividuals. This is consistent with the re-
cruitment heterogeneity seen in recent
large-scale meta-analyses confirming the
SNPs that were used in our analysis
(12,19). However, the genetic contribu-
tion to T2DM in each of these categories
could be different and could contribute to
heterogeneous results for specific risk fac-
tor classes.

We did not observe a significant in-
teraction between the gene score and any
subgroup, including ethnicity, on the risk
of incident T2DM. Although in our study
the gene score was higher in South Asians,
the gene score performed similarly be-
tween ethnic groups, as well as between
men andwomen, between old and young,
and among different T2DM family histo-
ries (Supplementary Fig. 2). Other inves-
tigators have evaluated T2DM genetic
associations across multiple ethnicities
with conflicting results, possibly attribut-
able to limited statistical power, allelic
heterogeneity, or linkage disequilibrium
differences (20,21). In our study, we ob-
served minimal heterogeneity in the di-
rection of effect between SNPs and
T2DM, although for some SNPs our
power within certain ethnicities (South
Asian and Latinos) was low. Importantly,
the gene score appeared to perform simi-
larly across the three ethnic groups.

In a recent article, Chen et al. (5)
showed that T2DM-associated SNPs

Table 3dMultivariate logistic regression results predicting incident diabetes

Factor Beta (SE) Odds ratio (95% CI) P

Age 0.01 (0.004) 1.01 (1.00–1.02) 0.003
Sex, female vs. male 20.25 (0.089) 0.78 (0.65–0.92) 0.004
Ethnicity, Latino vs. European 20.22 (0.09) 0.80 (0.68–0.96) 0.01
Ethnicity, South Asian vs. European 0.43 (0.12) 1.53 (1.21–1.93) 0.0003
Trial status, EpiDREAM vs. DREAM 21.17 (0.07) 0.31 (0.27–0.36) ,0.0001
Gene score* 0.08 (0.01) 1.08 (1.05–1.11) ,0.0001
BMI 0.05 (0.01) 1.05 (1.03–1.07) ,0.00001
WC 0.002 (0.004) 1.00 (0.99–1.01) 0.06
Family history of DM 0.16 (0.07) 1.18 (1.02–1.36) 0.02
Smoking 0.17 (0.08) 1.19 (1.03–1.38) 0.02
Moderate/high activity 0.04 (0.08) 1.04 (0.88–1.22) 0.06
Apolipoprotein B 0.29 (0.16) 1.34 (0.98–1.83) 0.06
Apolipoprotein A 20.26 (0.14) 0.77 (0.58–1.02) 0.07
HTN with Rx 0.16 (0.08) 1.18 (1.00–1.39) 0.05

DM, diabetes mellitus; HTN, hypertension; Rx, medication; WC, waist circumference. *Intercept: 25.63
(0.50); P = 9.7 3 10225.
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demonstrated an extreme level of inter-
ethnic risk allele differentiation in com-
parison with other diseases. Our study,
in three ethnic groups, showed significant
interethnic heterogeneity in allele fre-
quency for 16 SNPs and confirmed this
observation (5). Chen et al. (5) also dem-
onstrated that the cumulative risk allele
frequencies of T2DM SNPs may be higher
in Africans, intermediate in Europeans,
and lower in East Asians. However, we
observed that in comparison with Euro-
peans and Latinos, South Asians had a
higher risk allele frequency for eight out
of 16 SNPs (Supplementary Table 1) and
had a higher overall T2DM gene score.
This suggests that complex, regional,
and SNP-specific patterns of evolution
of T2DM variants have occurred over
time.

Strengths and limitations
Our study had several strengths, includ-
ing a large multiethnic sample, detailed
oral glucose tolerance test information at
baseline, and a clinically relevant cohort
at risk for dysglycemia. Furthermore, the
cohort included phenotypes recorded
in a standardized way and subjects who
were prospectively followed up. Limita-
tions of our study include limited power
to explore ethnic-specific associations for
some SNPs and the relatively low number
of T2DM-associated SNPs included in
our gene score, because now .60 exist
(10–12).

Conclusion
Genetic associations for T2DM are gener-
ally consistent across ethnic groups, and a
genetic risk score adds marginal informa-
tion to clinical factors in the prediction of
T2DM.
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