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OBJECTIVE

The metabolic phenotype of youth-onset type 2 diabetes (T2D) differs from that
of adult-onset T2D, but little is known about genetic contributions. We aimed to
evaluate the association between a T2D genetic risk score (GRS) and traits related
to glucose-insulin homeostasis among healthy youth.

RESEARCH DESIGN AND METHODS

We used data from 356 youth (mean age 16.7 years; 50% female) in the Exploring
Perinatal Outcomes Among Children (EPOCH) cohort to calculate a standardized
weighted GRS based on 271 single nucleotide polymorphisms associated with
T2D in adults. We used linear regression to assess associations of the GRS with
log-transformed fasting glucose, 2-h glucose, HOMA of insulin resistance (HOMA-
IR), oral disposition index, and insulinogenic index adjusted for age, sex, BMI z
score, in utero exposure to maternal diabetes, and genetic principal components.
We also evaluated effect modification by BMI z score, in utero exposure to mater-
nal diabetes, and ethnicity.

RESULTS

Higher weighted GRS was associated with lower oral disposition index (β 5
�0.11; 95% CI �0.19, �0.02) and insulinogenic index (β 5 �0.08; 95% CI �0.17,
�0.001), but not with fasting glucose (β 5 0.01; 95% CI �0.01, 0.02), 2-h glucose
(β 5 0.03; 95% CI �0.0004, 0.06), or HOMA-IR (β 5 0.02; 95% CI �0.04, 0.07).
BMI z score and in utero exposure to maternal diabetes increased the effect of
the GRS on glucose levels.

CONCLUSIONS

Our results suggest that T2D genetic risk factors established in adults are relevant
to glucose-insulin homeostasis in youth and that maintaining a healthy weight
may be particularly important for youth with high genetic risk of T2D.

The prevalence of type 2 diabetes (T2D) has been increasing worldwide in recent
decades (1). While T2D was once a disease of adulthood, it now accounts for
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�20–50% of new-onset diabetes cases
among youth in the U.S. (2), and it has
been projected that there could be a
fourfold increase in the prevalence of
youth-onset T2D by 2050 (3). Youth-
onset T2D is strongly associated with
obesity and tends to be characterized
by higher rates of complications, more
aggressive progression of disease, and
reduced responsiveness to treatment
relative to adult counterparts (4). There-
fore, there is an urgent need to improve
our understanding of risk factors for
T2D in youth, including genetic contrib-
utors, in order to more effectively pre-
vent this condition.
Numerous risk factors have been

associated with youth-onset T2D, most
notably obesity, which is present in
�85% of youth-onset T2D cases in the
U.S. and Europe, although it is a less
consistent feature of cases in Eastern
countries (5). Genetics also contribute to
T2D both in adults and youth (6,7). How-
ever, our understanding of the genetics
of T2D is predominantly from adult pop-
ulations (8). Large-scale genome-wide
association studies (GWAS) have identi-
fied more than 300 single nucleotide
polymorphisms (SNPs) associated with
T2D in adults (6), and at least some of
these SNPs have also been associated
with T2D, glycemia, or insulin metabo-
lism traits in youth (9,10). The first
GWAS of youth-onset T2D was recently
published (7), and this study identified
seven genome-wide significant associa-
tions, one of which was novel while the
remaining have previously been linked
to adult-onset T2D. The relatively low
prevalence of youth-onset T2D is a sub-
stantial challenge to understanding its
genetic influences, as is the complex
interplay between genetic, environmen-
tal, and behavioral factors. An improved
understanding of the genetic influences
on pediatric glucose-insulin homeostasis
may help to inform personalized preven-
tion approaches.
In this study, we calculated weighted

and unweighted T2D genetic risk
scores (GRS) using 271 SNPs estab-
lished in adults (6) in order to quantify
the cumulative effect of T2D-associ-
ated genetic variants. We applied these
GRS to a population of 356 youth from
the Exploring Perinatal Outcomes
Among Children (EPOCH) study and
examined the associations with five
glycemic and insulin metabolism traits

at adolescent age: fasting glucose, 2-h
postchallenge glucose, HOMA of insulin
resistance (HOMA-IR), oral disposition
index, and insulinogenic index. We also
evaluated whether BMI z score or His-
panic ethnicity modifies the effects of
the GRS.

RESEARCH DESIGN AND METHODS

Study Cohort
EPOCH is a historical prospective study
of 604 mother/child pairs identified
through the Kaiser Permanente of Colo-
rado (KPCO) Perinatal Database based
on presence or absence of maternal dia-
betes during gestation. The children
included in the study were offspring of
singleton pregnancies of biological moth-
ers who were members of the KPCO
Health Plan, and they were born at a sin-
gle hospital in Denver between 1992
and 2002. Eligible children and their
mothers were invited to participate in
two childhood research visits, at average
ages of 10.5 and 16.5 years. The sample
used for this study includes the subset of
children (n 5 356) with genetic data and
data on glucose-insulin homeostasis
measured during the second in-person
study visit when they were between 12
and 19 years of age (median age 16.9
years; interquartile range 15.9, 17.6). The
inclusion and exclusion criteria for this
study are shown in Fig. 1. Among the
416 individuals with data from this visit,
the following individuals were excluded:
missing genetic data (n 5 56) and miss-
ing fasting glucose information (n 5 4).
In the analyses of other examined traits,
additional individuals were excluded
because of missing data: 2-h glucose
(n 5 23), HOMA-IR (n 5 1), and insuli-
nogenic index and oral disposition index
(n 5 20). The study was approved by
the Colorado Multiple Institutional
Review Board and the Human Participant
Protection Program, and all participants
provided written informed consent, and
youth provided written assent.

Data Collection
Child traits related to glucose-insulin
homeostasis were evaluated during an
in-person research visit at the University
of Colorado Anschutz Medical Campus,
as described previously (11). Blood sam-
ples were obtained after an overnight
fast. The participants completed a 2-h,
75-g oral glucose tolerance test with

venous blood measurements of glucose
and insulin at 0, 30, and 120 min.
HOMA-IR, a marker of insulin resistance,
was calculated as (fasting glucose
[mmol/L] � fasting insulin [mU/mL])/
22.5. The insulinogenic index, a marker
of early insulin response, was calculated
in SI units as Dinsulin0–30/Dglucose0–30.
The oral disposition index, which reflects
β-cell function adjusted for insulin
resistance, was calculated by dividing
this value by the fasting insulin:
(Dinsulin0–30/glucose0–30) � (1/insulin0)
(12). Impaired fasting glucose was
defined as $5.6 mmol/L, impaired glu-
cose tolerance was defined as $7.8
mmol/L, and prediabetes was defined as
meeting either of these thresholds (13).

Height was measured by SECA stadi-
ometer, and weight was measured using
an electronic SECA scale, as described
previously (11). Age- and sex-specific
BMI z scores were calculated using Cen-
ters for Disease Control and Prevention
reference standards (14), and BMI cate-
gories were based on BMI percentiles
defined as normal weight (#85th per-
centile), overweight (85th–95th percen-
tiles), or obese ($95th percentile) (15).
Waist circumference was measured
according to the National Health and
Nutrition Examination Survey protocol
(16). Child age was calculated from the
date of delivery. Pubertal development
was assessed by child self-report with a
diagrammatic representation of Tanner
staging adapted from Marshall and Tan-
ner (17). Race and ethnicity were self-
reported and categorized as White,
Black/African American, and other; eth-
nicity was dichotomized as Hispanic (yes
or no). Maternal gestational diabetes
status was physician diagnosed using a
standard two-step screening protocol
(18) and ascertained from the KPCO
Perinatal Database, an electronic data-
base linking the neonatal and perinatal
medical records.

Genetic Data
A sample of peripheral venous blood was
collected from children at the study visit
and stored at �80�C. DNA was extracted
using the QIAamp Kit (Qiagen, German-
town, MD). DNA samples were quantified
and purity assessed using a NanoDrop
spectrophotometer and a Qubit fluorom-
eter (Thermo Scientific, Wilmington, DE).
Genotyping occurred in two batches: the
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first batch (n 5 226 included in this study)
using the Illumina Infinium Omni2.5–8 (ver-
sion 1.1) BeadChip, and the second batch
(n 5 130 in this study) using the Illumina
Multi-Ethnic Global Array (version 1.0).
Quality control processes and filtering were
performed using PLINK (version 1.9)
(https://www.cog-genomics.org/plink/1.9),
as previously described in detail (19,20).
Briefly, individuals with >5% missing
genotypes and SNPs with >2% missing
genotypes were excluded. Genetic data
were imputed to the 1000 Genomes
Phase 3 (version 5) multiethnic reference
panel. Principal components (PCs) for
global ancestry, genotyping batch effects,
and any residual relatedness were calcu-
lated using SNPs that were directly geno-
typed and passed quality control on both
BeadChips.

SNP Selection
The first GWAS of youth-onset T2D was
recently published and identified seven

genome-wide significant SNPs (7). Given
the vastly larger sample sizes of avail-
able GWAS in adult populations, we
chose to focus on the substantially
larger set of established T2D-associated
SNPs from studies of adults. Among the
318 genetic SNPs associated with T2D
in a recent multiethnic GWAS in adults,
we used the subset of 272 previously
established, validated SNPs (6). This set
of SNPs includes six of the seven var-
iants associated with youth-onset T2D
either directly or through close proxy
(7). All of the SNPs had adequate impu-
tation quality with R2 > 0.3, except
rs3816605, which was excluded. We cal-
culated a GRS as the weighted sum of
the number of risk alleles at each of the
271 loci, with weights based on the pre-
viously reported transethnic effect sizes
for association with T2D (6). We also
calculated an unweighted GRS as the
sum of the number of risk alleles at
each of the 271 risk loci. The GRS were

standardized to have a mean of zero
and SD of one, so each unit change in
the GRS corresponds to one SD.

Statistical Methods
We used linear regression to model the
glycemic and insulin metabolism traits at
the second visit as a function of the
weighted GRS, controlling for age, sex,
BMI z score, in utero exposure to mater-
nal diabetes, and the first five genetic PCs
(see above). The outcomes were log trans-
formed to meet assumptions of normality.
In order to evaluate the potential effect of
pubertal development, we performed a
sensitivity analysis including Tanner stage
as an additional covariate; this was inclu-
ded as a linear term, because all individu-
als were pubertal (Tanner stage$2).

We assessed if BMI z score modified
the association between the weighted
GRS and each outcome by evaluating
the significance of the interaction term
between BMI z score and the GRS.
Because we previously observed that
Hispanic ethnicity modified the effects
of a GRS for hepatic fat in this cohort
(20), we likewise evaluated the signifi-
cance of an interaction term between
ethnicity and the GRS among the subset
(n 5 307) of non-Hispanic White (n 5
195) and Hispanic White participants
(n 5 112). This cohort has increased
prevalence of in utero exposure to
maternal diabetes based on the EPOCH
study design; therefore, we also evalu-
ated the significance of an interaction
term between the GRS and diabetes
exposure status.

Weighted GRS can have variable
accuracy across racial/ethnic groups,
with lower accuracy among non-White
individuals as a result of less represen-
tation in genetic cohorts (21); further-
more, the effect estimates for the
weighted GRS reflect risk of T2D in
adults and may not accurately represent
the risk of traits related to glucose-insu-
lin homeostasis among youth. There-
fore, we repeated all of the above
regression models using the unweighted
GRS as the exposure of interest.

In order to evaluate which SNPs
might be driving associations between
the GRS and outcomes, and to assess
the consistency of prior assoc
iations between individuals SNPs and
outcomes, we additionally examined
the individual main effects linear

EPOCH cohort (n=604)

Excluded (n=248)
• Did not participate in second study visit (n=188)
• Missing genetic data (n=56)
• Missing fasting glucose measures (n=4)

Analysis of fasting glucose (n=356)

Analysis of glucose-insulin 
homeostasis traits

Excluded due to missing outcome information
• Missing 2-hour glucose (n=23)
• Missing HOMA-IR (n=1)
• Insulinogenic & oral disposition indices (n=20)

Analysis of:
• 2-hour glucose (n=333)
• HOMA-IR (n=355)
• Insulinogenic index (n=336)
• Oral disposition index (n=336)

Analysis of Hispanic 
ethnicity

Excluded (n=49)
• Non-Hispanic Non-White individuals (n=41)
• Hispanic Non-White individuals (n=8)

Analysis of:
• Non-Hispanic Whites (n=195) 
• Hispanic Whites (n=112)

Figure 1—The inclusion and exclusion criteria for this study. This diagram shows the number of
individuals in the EPOCH cohort and in each analysis in this study.
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regressions for each SNP used in the
GRS, assuming a genetic additive model
and including the same covariates (age,
sex, BMI z score, in utero exposure to
maternal diabetes, and the first five
genetic PCs). We used similar models to
examine the seven SNPs recently associ-
ated with youth-onset T2D (7).
We used a statistical significance

threshold of a 5 0.05. We considered P
values <0.05 as significant for the GRS
analyses. We applied the Benjamini-
Hochberg false discovery rate to correct
for multiple testing in the regressions of
individual T2D SNPs as predictors of the
outcomes (22). All analyses were per-
formed using R software (version 3.6.1)
(23).

Data and Resource Availability
The data sets generated during and/or
analyzed during the current study are
available from the corresponding author
upon reasonable request. No applicable
resources were generated or analyzed
during the current study.

RESULTS

The characteristics of the study cohort
are listed in Table 1. The population
includes predominantly White individ-
uals (86.2%), and one-third of the
cohort is Hispanic White. Compared
with children in the U.S. as a whole,
this cohort has somewhat lower prev-
alence of overweight (12.4% vs.
16.1%), obesity (15.4% vs. 19.3%), and
prediabetes (7.2% vs. 18.0%), despite
the higher prevalence of gestational
exposure to maternal diabetes (18.3%
vs. �10%), because the EPOCH popu-
lation was overselected for exposed
youth (24–26).
Higher weighted T2D GRS was asso-

ciated with lower insulinogenic index
(β 5 �0.08; 95% CI �0.17, �0.001;
P 5 0.048) (Fig. 2) and oral disposition
index (β 5 �0.11; 95% CI �0.19,
�0.02; P 5 0.01), but not with fasting
glucose (β 5 0.01; 95% CI �0.01,
0.02; P 5 0.29), 2-h glucose (β 5
0.03; 95% CI �0.0004, 0.06; P 5
0.053), or HOMA-IR (β 5 0.02; 95% CI
�0.04, 0.07; P 5 0.51), when adjust-
ing for age, sex, BMI z score, exposure
to in utero maternal diabetes, and
genetic PCs. The relationships with
unweighted GRS showed similar
patterns (Fig. 2), but different traits

showed statistically significant associa-
tions. Higher unweighted T2D GRS
was associated with higher fasting glu-
cose (β 5 0.01; 95% CI 0.001, 0.03;
P 5 0.03) and 2-h glucose (β 5 0.03;
95% CI 0.002, 0.06; P 5 0.04), but not
with HOMA-IR (β =0.03; 95% CI
�0.02, 0.09; P 5 0.24), insulinogenic
index (β 5 �0.07; 95% CI �0.15, 0.02;
P 5 0.13), or oral disposition index
(β 5 �0.05; 95% CI �0.13, 0.04; P 5
0.27). These results were consistent
when controlling for Tanner stage as a
measure of pubertal status (Supple-
mentary Table 1). In the single-variant
analyses of the T2D SNPs, none
showed significant associations with
any of the traits after accounting for
multiple comparisons (Supplementary
Table 2); �3% of the models showed
nominally significant associations with
the traits in the expected direction.
The SNPs associated specifically
with youth-onset T2D in a recently
published GWAS (7) showed no

significant associations with these
traits (Supplementary Table 3).

The associations between the weig
hted and unweighted GRS and fasting
glucose were modified by BMI z score
(Pinteraction 5 0.01 and 0.03, respec-
tively) such that higher GRS was more
strongly associated with higher fasting
glucose among individuals with higher
BMI z scores. Regression results strati-
fied by tertile of BMI z score are shown
in Fig. 3A, adjusting for age, sex, BMI z
score, exposure to in utero maternal
diabetes, and genetic PCs. The signifi-
cant associations between the unwe
ighted GRS and both fasting glucose
and 2-h glucose were dependent on in
utero exposure to maternal diabetes
(Pinteraction < 0.01), with higher GRS
associated with higher glucose levels
only among exposed youth (Fig. 3B),
controlling for age, sex, BMI z score,
and genetic PCs. We did not observe
evidence that Hispanic ethnicity modi-
fied the association between the GRS

Table 1—Demographic and clinical characteristics of EPOCH participants at
second study visit

Characteristic Overall

n 356

Age, years 16.9 (15.9, 17.6)

Male sex 178 (50.0)

Race

White 307 (86.2)
Black/African American 29 (8.1)
Other 20 (5.6)

Hispanic ethnicity 120 (33.7)

Hispanic White 112 (93.3)
Hispanic Black/African American 5 (4.2)
Hispanic other 3 (2.5)

Intrauterine exposure to maternal diabetes 65 (18.3)

BMI, kg/m2 22.0 (19.8, 25.2)

BMI category

Normal weight 257 (72.2)
Overweight 44 (12.4)
Obese 55 (15.4)

BMI z score 0.3 (�0.4, 1.2)

Weighted T2D GRS 0.0 (�0.6, 0.7)

Unweighted T2D GRS 0.0 (�0.7, 0.7)

Fasting glucose, mmol/L 4.9 (4.7, 5.2)

2-h glucose, mmol/L 5.0 (4.3, 5.8)

HOMA-IR 3.0 (2.3, 4.2)

Oral disposition index 2.8 (1.9, 4.8)

Insulinogenic index 5.8 (3.5, 9.8)

Prediabetes 24 (7.2)

Impaired fasting glucose ($5.6 mmol/L) 18 (5.1)
Impaired glucose tolerance ($7.8 mmol/L) 9 (2.7)

Values are presented as median (interquartile range) or n (%).
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and any of the examined traits (all
Pinteraction> 0.05).

CONCLUSIONS

In this study, we applied GRS based on
SNPs associated with T2D in adults to a
cohort of youth. We observed associa-
tions between the T2D GRS and several
glycemic and insulin metabolism traits,
including fasting glucose, 2-h glucose,
oral disposition index, and insulinogenic
index. We also observed an interaction

between BMI z score and the GRS such
that the GRS was more strongly associ-
ated with higher fasting glucose at
higher BMI z scores. Similarly, the
unweighted GRS was more strongly
associated with fasting glucose and 2-h
glucose among children who had been
exposed to maternal diabetes during
gestation. Our results confirm that GRS
based on T2D risk variants established
in adults are also related to some glyce-
mic and insulin metabolism traits

among youth and that BMI and gesta-
tional exposure to maternal diabetes
may influence these associations.

Most of the prior genetic work related
to pediatric diabetes has focused on indi-
vidual genetic risk variants (4), but there
have been some studies of GRS for T2D-
related traits in young populations. A
study using the Danish Childhood Obesity
Biobank found that a GRS of 53 insulin
resistance SNPs identified in adults was
associated among children/adolescents

Figure 2—The association between standardized T2D GRS and traits related to glucose-insulin homeostasis among youth in the EPOCH study. These
plots show the β estimates and CIs from linear regression models in the cohort of weighted (left) and unweighted (right) T2D GRS as predictors of
five log-transformed traits: fasting glucose, 2-h glucose, HOMA-IR, insulinogenic index, and oral disposition index. Models controlled for age, sex,
BMI z score, exposure to in utero maternal diabetes, and five genetic PCs. β estimates are reported per SD increase in GRS.

Figure 3—Interactions with T2D GRS in relation to glucose levels. A: This plot shows the β estimates and CIs from linear regression models of log-
transformed fasting glucose as a function of a weighted (left) and unweighted (right) T2D GRS stratified by tertile of BMI z score. Models controlled
for age, sex, exposure to in utero maternal diabetes, and five genetic PCs. β estimates are reported per SD increase in GRS. B: This plot shows the β
estimates and CIs from linear regression models of log-transformed fasting glucose and 2-h glucose as a function of an unweighted T2D GRS among
youth exposed and unexposed in utero to maternal diabetes. Models controlled for age, sex, BMI z score, and five genetic PCs. β estimates are
reported per SD increase in GRS.
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with overweight/obesity with numerous
traits, including higher HOMA-IR, fasting
glucose, and systolic blood pressure and
lower HDL cholesterol, total fat mass,
and leg fat mass (27). The inverse associ-
ations between this insulin resistance
GRS and total and leg fat mass were like-
wise seen in adults (28), as was an
inverse association with BMI. On the
basis of these results, we conducted a
post hoc analysis in our cohort of the
relationship between BMI and the T2D
GRS, and there was no evidence of asso-
ciation (P 5 0.80). We also observed no
associations between the T2D GRS and
HOMA-IR. While HOMA-IR is a valid mea-
sure of insulin resistance among adoles-
cents (29,30), the validity has been
shown to vary with sex and pubertal sta-
tus, with lower correlation among
females than males and higher correla-
tion among pubertal than pre- or postpu-
bertal adolescents (31). Thus, it is
possible than the association between
the T2D GRS and HOMA-IR would be
stronger among subsets of our cohort. It
is also possible that a GRS specific for
insulin resistance would yield different
results. T2D is a heterogeneous condition
with heterogeneous pathophysiology,
and prior research supports that GRS rep-
resenting different components of the
T2D pathophysiology, such as a primary
β-cell function versus a primary insulin
resistance abnormality, may be associ-
ated with different phenotypic presenta-
tions (32). Further work in this area is
warranted, particularly among youth.
We observed interactions between

the T2D GRS and both BMI z score and
in utero exposure to maternal diabetes,
such that the GRS was more strongly
associated with glucose levels in the
presence of obesity and among children
who had been exposed to maternal dia-
betes. The interaction with BMI con-
trasts with prior findings in adults,
which show the opposite direction of
effect modification, with greater relative
risk of incident T2D associated with a
T2D GRS among leaner individuals, even
though the absolute risk of T2D among
individuals with obesity is far greater
than that among lean individuals, at any
level of genetic risk (33). Among older
individuals, individual risk factors, such
as genetics or obesity, would have a
longer time span during which to lead
to metabolic impairments and T2D,
whereas the presence of multiple risk

factors may be a key component for the
development of metabolic impairments
among younger individuals.

A recent study using the U.K. Early-
Bird cohort examined the association
between several candidate loci and the
course of metabolic traits in healthy
children 5–16 years of age and assessed
interactions between SNPs and numer-
ous hormones (9). While we used sev-
eral of the same SNPs (or proxies) in
calculating our GRS, most were not
associated with the examined traits in
our single-variant analyses. One excep-
tion was rs1111875 in the HHEX-IDE
gene region, which was associated in
the EarlyBird study with trajectories of
fasting glucose and HOMA-B and
showed strong associations with numer-
ous pubertal hormones (9). In our study,
this SNP was inversely associated with
oral disposition index, although the
association was only nominally signifi-
cant (P 5 0.01) before adjustment for
multiple testing. This SNP was also nom-
inally associated with lower 2-h glucose
levels (P 5 0.01). The EarlyBird study
also examined phenotype-specific GRS
and found associations with trajectories
over time of fasting glucose, fasting
insulin, and HOMA-B (9). We did not
examine hormones or their interactions
with genetic risk factors in our study,
but this is a potential area for further
research, especially because the interac-
tions that we observed between the
GRS and BMI z score with regard to fast-
ing glycemia could be mediated through
hormones (34).

In prior work in this cohort, we
observed that genetic associations with
hepatic fat varied significantly with
ethnicity, with stronger associations
among Hispanic than non-Hispanic
White individuals (20). Like nonalcoholic
fatty liver disease, youth-onset T2D is
also more common among Hispanic than
non-Hispanic White individuals (4,5). Fur-
thermore, GRS tend to have variable
accuracy across populations with diverse
genetic ancestry because of differences
in genetic architecture and prevalence of
genetic risk factors, often with lower
accuracy among populations of non-
European ancestry resulting from their
lack of adequate representation in many
of the genetic cohorts used for GWAS
(21). Therefore, we examined whether
the GRS relationships observed in the
overall cohort differed among non-

Hispanic White versus Hispanic partici-
pants in the EPOCH cohort, but we did
not observe evidence of significant effect
modification by ethnicity.

While we observed numerous associa-
tions of clinical interest in this study,
there are notable limitations. The cohort
is relatively small and more metabolically
healthy than youth in the U.S. generally
and those with youth-onset T2D specifi-
cally (5,35), which limits our power to
detect associations with glycemic and
insulin metabolism traits, particularly for
analyses of the individual T2D-associated
SNPs. While this cohort is multiethnic,
most participants are Hispanic or non-
Hispanic White; an important area for
future work is to examine other racial/
ethnic groups, particularly Native Ameri-
can and Black individuals, who are dis-
proportionately affected by youth-onset
T2D (36). We used the largest transeth-
nic T2D GWAS to date to construct the
GRS (6). Most of these SNPs are from
studies of T2D in adult populations; how-
ever, six of the seven SNPs associated
with youth-onset T2D (7) were included
either directly in our GRS or through
close proxies. We chose to examine T2D
GRS, because they have been previously
associated with glucose and insulin traits
in adults (37); however, it is possible that
trait-specific GRS would show stronger
associations. Numerous environmental
factors, such as diet, physical activity,
and socioeconomic status, may also
interact with genetic risk factors and
contribute to dysglycemia (38), but we
limited our analyses of genetic interac-
tions because of the small sample size
and data availability.

In summary, we have demonstrated
that GRS based on SNPs associated with
T2D in adults also show some associa-
tions with glycemic and insulin metabo-
lism traits in a multiethnic population of
youth. We also report interactions of
the T2D GRS with BMI z score and in
utero exposure to maternal diabetes in
relation to glucose levels. These findings
help to elucidate the genetic etiology of
T2D in youth.
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