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\ clinical risk factors assessed in adolescence. /

WHAT’S KNOWN ON THIS SUBJECT: Among middle-aged adults,
genotype scores predict incident type 2 diabetes but do not
improve prediction models based on clinical risk factors
including family history and BMI. These clinical factors are more
dynamic in adolescence, however.

WHAT THIS STUDY ADDS: A genotype score also predicts type 2
diabetes from adolescence over a mean 27 years of follow-up into
adulthood but does not improve prediction models based on

BACKGROUND: Understanding the risk for type 2 diabetes (T2D) early
in the life course is important for prevention. Whether genetic infor-
mation improves prediction models for diabetes from adolescence into
adulthood is unknown.

METHODS: With the use of data from 1030 participants in the Bogalusa
Heart Study aged 12 to 18 followed into middle adulthood, we built Cox
models for incident T2D with risk factors assessed in adolescence (demo-
graphics, family history, physical examination, and routine biomarkers).
Models with and without a 38 single-nucleotide polymorphism diabetes
genotype score were compared by G statistics and continuous net
reclassification improvement indices.

RESULTS: Participant mean (= SD) age at baseline was 144 *= 16
years, and 32% were black. Ninety (8.7%) participants developed T2D
over a mean 269 = 50 years of follow-up. Genotype score
significantly predicted T2D in all models. Hazard ratios ranged from
1.09 per risk allele (95% confidence interval 1.03—1.15) in the basic
demographic model to 1.06 (95% confidence interval 1.00-1.13) in the
full model. The addition of genotype score did not improve the
discrimination of the full clinical model (C statistic 0.756 without
and 0.760 with genotype score). In the full model, genotype score
had weak improvement in reclassification (net reclassification
improvement index 0.261).

CONCLUSIONS: Although a genotype score assessed among white and
black adolescents is significantly associated with T2D in adulthood, it
does not improve prediction over clinical risk factors. Genetic screen-
ing for T2D in its current state is not a useful addition to adolescents’
clinical care. Pediatrics 2012;130:1235—€1242
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Type 2 diabetes (T2D) is a tremendous
source of morbidity, mortality, and
health care expenditure.! As obesity,
amajor risk factor for 72D, has risen in
prevalence across all ages, so has the
prevalence of T2D. Because lifestyle
modification can delay or prevent the
onset of T2D,2 the identification of
high-risk individuals earlier in the life
course might help target prevention
efforts. Adolescence may be a key time
for such identification, as young people
individuate and develop lifelong habits.

Because one’s genetic composition
does not change over the life course,
genotype information may allow risk
prediction in younger age groups. To
date, genome-wide association studies
based largely on adult data have iden-
tifled at least 38 independent loci
where single-nucleotide polymorphisms
(SNPs) are associated with T2D.5-1
Genotype scores using these variants
predict incident T2D among middle-
aged adults. However, the incorpo-
ration of genotype scores into clinical
prediction models does not meaning-
fully improve prediction,'2-'4 with the
exception, perhaps, of young middle
age and over a longer follow-up pe-
riod.’315 We hypothesized that a 38-SNP
genotype score in adolescence pre-
dicts incident T2D in adulthood and
that this genotype information, unlike
in older adults, improves the prediction
of T2D in comparison with clinical
prediction models based on factors
assessed in youth. Because of the great
inherent variability present in adoles-
cence in clinical risk factors such as
BMI, blood pressure, and lipids, the
static nature of a genotype score may
be particularly useful inthis age group.

METHODS
Study Design

The Bogalusa Heart Study is a co-
hort study of a biracial population in
Bogalusa, Louisiana.’s.'7 Children aged
4 to 18 years between 1973 and 1994
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underwent cross-sectional surveys
and examinations every 2 to 3 years up
to 2010, enabling longitudinal analy-
ses.'”” We limited the present analyses
to participants with at least 1 exami-
nation during adolescence (ages 12—18
years), at least 1 adult follow-up ex-
amination (ages 19-51 years), and
data available for all baseline pre-
dictors, including genotype data. We
included unrelated participants, as
determined by self-report and genetic
analyses. Participants reporting ex-
clusive treatment with insulin were
considered to have type 1 diabetes and
were excluded. We also excluded par-
ticipants with diabetes at the baseline
examination. Informed consent was
obtained from all participants or
a parent/guardian, as appropriate. The
participating institutions’ institutional
review boards approved this study.

Incident T2D

Incident T2D was defined according to
the World Health Organization defini-
tion'® as a fasting plasma glucose
=126 mg/dL (=7.0 mmol/L) or report
of receiving oral hypoglycemic agents
with or without insulin. Women report-
ing diagnosis or treatment of diabetes
only during pregnancy were considered
to have gestational diabetes and were
not classified as having T2D.

Clinical Predictors

We chose clinical predictors (demo-
graphics, family history of diabetes,
physical examination components, and
biomarkers of cardiometabolic risk)
based on their routine clinical use and
their previously demonstrated associ-
ation with incident T2D among children
and adults.18-22

Demographics and Family History

Participant age was calculated at each
study examination date. Gender and
race (white or black) were self-
reported, and gender was confirmed

with genetic data. Participants were
characterized as having a parental
history of diabetes if 1 or both biological
parents self-reported having diabetes;
the parental history questionnaire did
not specify diabetes type.

Physical Examination

Weight, height, and systolic and di-
astolicblood pressures were measured
with standard protocols.'® BMI was
calculated as weight in kilograms di-
vided by height in meters squared. Age-
and gender-standardized BMI z scores
were derived from the Genters for
Disease Gontrol and Prevention growth
reference year 2000.23 Overweight was
defined as a BMI zscore of at least the
85th percentile for age and gender.
Mean arterial pressure was calculated
as 1/3(systolic blood pressure) + 2/3
(diastolic blood pressure).

Biomarkers of Cardiometabolic Risk

Three biomarkers of cardiometabolic risk
were used in prediction models: glucose,
high-density lipoprotein (HDL) cholesterol,
and triglyceride levels. Fasting blood
samples used for these assays were
measured as described previously.2*

Genotyping

DNA was extracted from banked blood
samples in the Bogalusa archive and
was available for genotyping from
1202 Bogalusa participants from the
2001-2002 examinations as described
previously.?> Genotyping was per-
formed with the Illumina Human610
Genotyping BeadChip and Human
CVD BeadChip with >99.99% concor-
dance on duplicate samples. SNP im-
putation was performed by using
MACH v.1.0.16 (http://www.sph.umich.
edu/csg/yli/mach/)” with HapMap
CEU and YRI (phase Il, release 22) as
the reference populations. Genotyping
quality control and SNP filtering in
Bogalusa data have been discussed
previously,2> and no SNP of interest


http://www.sph.umich.edu/csg/yli/mach/
http://www.sph.umich.edu/csg/yli/mach/

violated Hardy-Weinberg equilibrium at
a Pvalue <1x10~%

Genotype Score

We based our genotype score on
a published score consisting of 40 SNPs
associated with T2D in adults.’™ Of the
40 SNPs used in this score, we had
genotyped or imputed data for 38 of the
SNPs in both whites and blacks (not
rs4457053 near ZBED3 or rs11634397
near ZFAND6) (see Supplemental Ta-
ble 4). In general, the effect direction
of individual SNPs was similar in
Bogalusa compared with the published
effect direction, despite that we had
low power to show significant associ-
ations for individual SNPs. Similar to
previous reports,1314.26 we calculated
a score as the unweighted sum of the
number of risk alleles (0, 1, or 2) at each
of the 38 SNPs. Instead of weighting
the risk alleles by their effect sizes
from genome-wide association studies
in predominantly European ancestral
groups, we used an unweighted score
because of the biracial composition of
the Bogalusa cohort and the lack of
published SNP effect size estimates in
populations of African ancestry. No
genotyped participants had missing
data for >3 SNPs. The 83 participants
with missing data at =3 SNPs were
given a score of 1 for each missing value,
equivalent to being heterozygous (the
most common genotype) at that locus.

Statistical Analyses

We used Cox regression to build nested
prediction models for time to incident
T2D. For each eligible participant, we
identified the baseline adolescent ex-
amination for the present analyses as
the first study examination occurring
between 12and 18 years of age. Time-to-
event was calculated from the date of
this baseline adolescent examination
to the date of the first follow-up ex-
amination meeting our criteria for in-
cident T2D or to the date of the last
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examination for each censored partic-
ipant. Models sequentially included (1)
demographics (age, gender, and race),
(2) parental history of diabetes, (3)
physical examination (BMI z score
and mean arterial pressure), and (4)
routine laboratory predictors (fasting
glucose, HDL cholesterol, and trigly-
cerides), all as assessed at the baseline
adolescent examination. Triglyceride
and HDL cholesterol levels were log-
transformed to improved model fit. In
separate analyses, we also calculated
a within-sample z score for each con-
tinuous variable (age, BMI zscore, mean
arterial pressure, fasting glucose, log-
transformed HDL cholesterol and tri-
glycerides, and the genotype risk score)
to use in determining standardized haz-
ard ratios, each corresponding to the
risk associated with a 1-SD increase
in that variable. In ancillary analyses,
models included the first axis of African
ancestry (based on the HapMap YRI
population, phase I, release 22) ob-
tained from the Local Ancestry in
adMixed Populations method?” as a
continuous variable in place of dichot-
omized race. Because the results were
unchanged, here, we report only results
with reported race. Inclusion of a time-
dependent interaction term with each
variable in the full prediction model
confirmed the validity of the propor-
tional hazards assumption.

At each stage of model building (1
through 4 above), model improvement
was assessed after the addition of the
38-SNP genotype score. We assessed
model calibration with a Hosmer-
Lemeshow XQ statistic comparing ob-
served and expected event counts in
deciles of event probability.28 The fit of
nested models was compared with
likelihood ratio tests. To assess model
performance, we calculated G statis-
tics and continuous net reclassification
improvement indices (NRIs) for sur-
vival data and their 95% confidence
intervals (Cls) by using the methods
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described by Pencina et al.2230 When
discrete risk categories are used,
a category-based NRI compares 2 pre-
diction models by summing the differ-
ence in proportion of cases correctly
placed in a higher category minus the
proportion of cases incorrectly placed
in a lower category and the difference
in the proportion of noncases correctly
placed in a lower category minus the
proportion of noncases incorrectly
placed in a higher category.'2'> The
continuous NRI does not require such
categories and relies, rather, on the
proportions of cases correctly
assigned a higher model probability
and noncases correctly assigned
a lower model probability.3® Continu-
ous NRI values of 0.2 correspond to
a low predictive effect of a variable
added to a model, whereas values of
0.4 correspond to an intermediate ef-
fect3' Hosmer-Lemeshow statistics,
C statistics, and NRI were calculated at
30 years of follow-up. We estimated
95% Cls around C statistics and NRI by
using 999 bootstrap replications.3052 |n
secondary analyses, age-, gender-, and
race-adjusted models included inter-
action terms between genotype score
and gender, race, parental history of
diabetes, and overweight (BMI =85th
percentile for age and gender). All
analyses were performed with SAS v. 9.3
software (SAS Institute Inc, Cary, NC).

RESULTS

Baseline Participant
Characteristics

The mean (= SD) age of the 1030 eli-
gible adolescents was 14.4 = 1.6 years
(range, 12.0-185 years) (Table 1).
Slightly more than half (55.3%) were
girls, and approximately one-third
(32.2%) were black. At the baseline
adolescent examination, 214 (20.8%)
were overweight, including 19.5% of
whites and 23.5% of blacks. On average,
participants had 41.8 = 4.1 risk alleles
atthe 38 loci, with blacks having a higher
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TABLE 1 Baseline Characteristics of Adolescents in the Bogalusa Heart Study, in Overall Cohort
and Stratified by Race

Characteristic

in age- and gender-adjusted models
(P> .05 for all interaction terms).

Overall (N = 1030) Whites (n = 698) Blacks (n = 332)

Age,y 14418 14518 142 %16 Comparison of Models With and
Female gender, n (%) 570 (55.3) 368 (52.7) 202 (60.8) Without Genotype Score

Parental history of diabetes, n (%) 84 (8.2) 47 (6.7) 37 (11.1)

BMI z score 011 £ 113 004 £1.15 025 * 11 As assessed by likelihood ratiotests, the
Mean arterial pressure, mm Hg 81178 81176 81.0 =82 fit of each of the 4 nested models was
Glucose, mg/dL 86.6 = 8.5 870+ 79 85.6 =95 . .

HDL cholesterol, mg/dL 566 + 190 546 + 193 808 * 175 improved by the addition of the geno-
Triglycerides, mg/dL 739 + 388 783 + 414 647 + 309 type score (all P << .05). When added to
38-variant genotype score 418 = 41 405 = 338 445 + 33 the basic demographic model (model

Plus-minus values are means % SD.

number of risk alleles than whites
(445 £ 3.3vs 405 = 3.8, P < .001).

Incident T2D

Participants were followed to a mean
age of 41.4 £ 5.5 years. During a mean
26.9 = 5.0 years of observation (range,
9.0-33.8 years), 90 participants (8.7%)
developed incident T2D. Study de-
tection of incident T2D occurred at
a mean age of 40.5 £ 5.2 years. Over
the total 27526 person-years in the
cohort, the incidence of T2D was 3.3
cases/1000 person-years.

Predictive Value of Genotype Risk
Score

Inamodel adjusted for age, gender, and
race, the 38-variant genotype score was
significantly associated with time to
incident T2D (hazard ratio per 1-allele
increase 1.09, 95% Cl 1.03-1.15; P <

.001) (Table 2). Figure 1 demonstrates
the different cumulative incidence of
T2D (log rank P < .001) by tertile of
genotype risk. After adjustment for age
and gender, each 1-SD increase in the
standardized BMI z score, glucose, and
genotype score had a hazard ratio of
2.15 (99% Cl 1.70-2.73), 1.20 (95% ClI
0.97-1.49), and 1.49 (95% Cl 1.20—1.85),
respectively. Table 3 shows the results
of the nested models with the use of
unstandardized variables. Genotype
score remained significantly associ-
ated with time to incident T2D in all 4
models. In the fully adjusted model,
genotype risk score, parental history
of diabetes, BMI z score, and log-
transformed HDL cholesterol were all
independent significant predictors. We
observed no interaction between geno-
type risk score and gender, race, over-
weight, or parental history of diabetes

TABLE 2 Age- and Gender-Adjusted Hazard Ratios From Cox Proportional Hazards Models for

Incident T2D

Hazard Ratio (95% Cl) P

Demographics

Age, per increase of 1 y2

Gender, male versus female?

Self-reported race, black versus white
Parental history of diabetes, yes versus no
Physical examination

BMI z score, per increase of 1 unit

Mean arterial pressure, per increase of 1 mm Hg
Laboratory analyses

Glucose, per increase of 1 mg/dL

HDL cholesterol,> per increase of 1 mg/dL

Triglycerides,” per increase of 1 mg/dL
Genotype score, per increase of 1 allele

1.00 (0.89-1.14) 95
1.05 (0.70-1.60) 80
1.76 (1.15-2.67) 009

4.09 (2.48-6.76) <.001
1.97 (1.60-2.43) <.001
1.04 (1.01-1.07) 005
1.02 (1.00-1.05) 10

0.68 (0.54-0.85) <.001
1.76 (1.11-2.78) 02

1.10 (1.05-1.16) <.001

a Hazard ratio for age is gender-adjusted and hazard ratio for gender is age-adjusted.
b HDL cholesterol and triglyceride level log-transformed to improve model fit.
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1), genotype score had a moderate ef-
fect on reclassification (continuous NRI
0.408) and improved model perfor-
mance (G statistics 0.562 without and
0.613 with genotype score). Genotype
score did improve the performance of
a prediction model including only de-
mographics and parental history of di-
abetes (C statistics 0.637 and 0.674 for
model 2 without and with genotype
score, respectively). However, it did not
improve more complex models that
added physical examination and labora-
tory measures (C statistics 0.756 and
0.760 for model 4 without and with ge-
notype risk score, respectively). Geno-
type score had a relatively weak effect on
reclassification in the full clinical model
(continuous NRI 0.261 for model 4).

DISCUSSION

The present analyses demonstrate that
a genotype score predicts incident T2D
in a biracial population of adolescents
followed on average 26 years into
adulthood. The majority of the 38 var-
iants included in the genotype score
were identified in cohort studies of
adult participants of European descent.
Our results suggest that such genotype
information can also predict T2D in
ayounger and more ancestrally diverse
population than those in the discovery
studies. The genotype score remained
a significant predictor of incident T2D
in models adjusted for clinical risk pre-
dictors in adolescence but did not im-
prove model performance. This suggests
that common SNP genotype informa-
tion available today, when measured
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FIGURE 1

Cumulative incidence of T2D from adolescence by tertile of genotype score in the Bogalusa Heart Study.

inadolescence, is unlikelytoimprove the
detection of risk for adult T2D.

Several large prospective studies have
developed clinical prediction models
for incident T2D in black and white
adults.21.26:3334 |n general, these models
include age, gender, race, family his-
tory, adiposity, blood pressure, and
blood glucose and lipids levels. Be-
cause few prospective studies in chil-
dren have sufficient follow-up to have
accrued an adequate number of cases
of T2D, risk prediction models from this
age are less well developed but contain
similar risk factors.’92224 Guided by
these models, we built prediction
models by sequentially layering com-
ponents of the routine clinical en-
counter: basic demographics, family
history, examination, and laboratory
analyses. The addition of a genotype
score did not improve the model dis-
crimination for T2D from adolescence,
compared with a prediction model
based on these predictors. Similar
analyses in adults have shown that the
addition of genotype informationto T2D
prediction models generally does not
yield a significant categorical NRI.'215.35

The strengths of the present analyses
include the use of a large prospective
study from adolescence with excellent
clinical measures and sufficient ac-
crual of cases of T2D over a long follow-
up period. The inclusion of a large
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number of black participants improves
the generalizability of the analysis to
diverse populations. Although most of
the variants comprising our genotype
score were discovered in populations of
European ancestry, recent work has
demonstrated an association between
such scores and T2D in black adult
populations.38:37 However, the majority
of these variants are in noncoding
regions of the genome and likely are
proxies in linkage disequilibrium with
the true causal variants. The discovery
of these causal variants through tar-
geted sequencing may strengthen the
predictive value of updated genotype
scores in diverse ancestral groups.

The present analysis has a few limi-
tations. First, some participants clas-
sified as noncases in these analyses
probably went on to develop T2D after
the observation period and were thus
misclassified as without diabetes in the
current study. It is possible that a study
with follow-up >30 years would detect
a stronger association between geno-
type score and incident T2D, as
a greater number of cases accrued as
the study population aged.'® Our di-
agnostic criteria for T2D may have also
misclassified individuals with latent
autoimmune diabetes or on oral di-
abetes medications for a reason other
than T2D. That a genotype score con-
sisting of known T2D loci significantly
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predicted diabetes in this cohort sug-
gests that such misclassification was
minimized. Second, censoring from
nonrandom loss to follow-up may have
resulted in a bias if loss to follow-up
was also associated with genotype risk
score, which seems unlikely. There is
the additional possibility of bias be-
cause genotype data were only avail-
able on a subset of all Bogalusa
participants, but no evidence for such
bias has been identified in the context
of incident T2D.25 Third, we were not
able to determine the diabetes type
for participants reporting a parental
history of diabetes. Despite this po-
tential misclassification, we observed
a strong effect size of parental history
of diabetes in our models that is con-
sistent with previous reports for T2D 21.58
The relatively small decrease in the ef-
fect size of parental history after the
addition of genotype score to the model
is consistent with the low percentage of
T2D heritability explained by currently
identified SNPs.3

Our findings in adolescence suggest
that genotype scores based on known
common variants might predict adult
T2D among younger children, perhaps
even when tested at birth. However,
despite the variability and change in
clinical risk factors from childhood
through adolescence, it seems unlikely
that genotype information at even
younger ages would outperform rou-
tine clinicalinformation. Thus, the utility
of using common variant genotype
scores in early life to screen for T2D risk
much later in life is questionable. Some
have suggested that parents may be
interested in havingtheir childrentested
for genetic susceptibility for such con-
ditions.404" However, several profes-
sional societies agree that timely
medical benefit is the main justification
for testing of minors for adult-onset
diseases.*2-47 Several large studies have
demonstrated that T2D is preventable
through lifestyle modification among
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TABLE 3 Nested Gox Proportional-Hazards Models for Incident T2D in 1030 Bogalusa Heart Study Participants Followed From Adolescence to Adulthood

Models Without Genotype Score, P
HR (95% Cl) or C Statistic (95% CI)

Models With Genotype Score, HR (95% Cl), P

C Statistic (95% CI), or NRI (95% ClI)

Model 1: Demographics
Age, per increase of 1y
Gender, male versus female
Race, black versus white
Genotype score, per increase of 1 allele
C statistic
Continuous NRI
Hosmer-Lemeshow x?
Model 2: Model 1 plus parental history
Age, per increase of 1y
Gender, male versus female
Race, black versus white
Parental history of diabetes, yes versus no
Genotype score, per increase of 1 allele
C statistic
Continuous NRI
Hosmer-Lemeshow x°
Model 3: Model 2 plus physical examination
Age, per increase of 1y
Gender, male versus female
Race, black versus white
Parental history of diabetes, yes versus no
BMI z score, per increase of 1 SD

Mean arterial pressure, per increase of 1 mm Hg

Genotype score, per increase of 1 allele
C statistic
Continuous NRI
Hosmer-Lemeshow x?
Model 4: Model 3 plus laboratory analyses
Age, per increase of 1y
Gender, male versus female
Race, black versus white
Parental history of diabetes, yes versus no
BMI z score, per increase of 1 unit

Mean arterial pressure, per increase of 1 mm Hg

Glucose, per increase of 1 mg/dL

HDL cholesterol,2 per increase of 1 mg/dL
Triglycerides,? per increase of 1 mg/dL
Genotype score, per increase of 1 allele
C statistic

Continuous NRI

Hosmer-Lemeshow x*

1.02 (0.90 to 1.15) 78
1.11 (0.73 to 1.68) 64
1.75 (1.15 to 2.67) 01

0.562 (0.492 to 0.632)

50.39
0.99 (0.88 to 1.12) 90
1.09 (0.72 to 1.65) 69
1.57 (1.03 to 2.40) 04
3.78 (2.28 t0 6.27) <.001

0.637 (0.562 to 0.712)

18.76
1.00 (0.87 to 1.14) 94
1.13 (0.74 to0 1.73) o7
1.34 (0.87 to 2.06) 18
2.96 (1.77 to 4.97) <.001
1.75 (1.41 10 2.17) <.001
1.02 (0.99 to 1.05) 14

0.757 (0.695 to 0.819)

21.90

0.98 (0.86 to 1.12) 81
1.02 (0.66 to 1.58) 92
1.53 (0.96 to 2.42) 07
2.96 (1.77 to 4.95) <.001
1.68 (1.35 to 2.09) <.001
1.02 (0.99 to 1.05) 15
1.02 (0.99 to 1.05) 15
0.66 (0.48 to 0.90) 01
0.93 (0.51 to 1.69) 81

0.756 (0.692 to 0.821)

10.23

1.02 (0.90 to 1.15) .76
1.09 (0.72 to 1.66) 68
1.26 (0.79 to 2.03) 33
1.09 (1.03 to 1.15) 01

0.613 (0.541 to 0.684)
0.408 (0.165 to 0.646)

5.36
1.00 (0.88 to 1.13) 95
1.07 (0.71 to 1.63) 74
1.24 (0.77 to 1.99) 37
3.40 (2.03 to 5.69) <.001
1.07 (1.01 to 1.13) 03
0.674 (0.604 to 0.744)
0.246 (—0.022 to 0.507)
13.66
1.00 (0.87 to 1.14) 96
1.10 (0.72 to 1.68) 66
1.07 (0.67 to 1.72) .78
261 (1.53 to 4.44) <.001
1.73 (1.40 to 2.15) <.001
1.02 (0.99 to 1.05) 13
1.06 (1.00 to 1.13) .04

0.760 (0.699 to 0.820)
0.281 (0.020 to 0.547)

16.35
0.98 (0.86 to 1.12) 81
1.00 (0.65 to 1.54) >99
1.22 (0.73 t0 2.02) 45
267 (1.58 to 4.53) <.001
1.67 (1.34 to 2.08) <.001
1.02 (0.99 to 1.05) 13
1.02 (0.99 to 1.04) 20
0.66 (0.48 to 0.90) 01
0.92 (0.51 to 1.65) a7
1.06 (1.00 to 1.13) 05

0.760 (0.697 to 0.823)
0.261 (—0.007 to 0.529)
7.88

C statistics, continuous NRI, and Hosmer-Lemeshow XQ values calculated at 30 y. HR, hazard ratio; —, corresponds to nonapplicable results.

a | og-transformed to improved model fit.

high-risk adults.2# Such data in chil-
dren and adolescents are lacking.48-51
In addition, whether children would
be motivated to change behaviors
based on their genotype risk score is
unknown, as are the ramifications of
genotype testing for a childs self-
concept and for parent-child inter-
actions. The benefits of testing would
need to outweigh these and other po-
tential sequelae for genotype screening
to have clinical utility. Future research
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is needed to understand whether the
knowledge of genotypic susceptibility
for T2D would lead to the adoption of
improved health-related behaviors and,
if so, at which ages such risk in-
formation is effective. Moreover, un-
intended consequences of genotype
screening in childhood need further
exploration. As the state of the science
moves forward and the allele spectrum
of diabetes-causing variants is pushed
to rare and rarer variants presumably

of greater individual effect, genotype
scores may be developed that do lead to
improved predictive ability and, there-
fore, suggest clinical utility.

CONCLUSIONS

We have demonstrated that a T2D ge-
notype score predicts incident adult
T2D from adolescence and that this
prediction persists after inclusion
of common clinical risk factors.
However, theinclusion ofthis genotype
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score does not improve the perfor-
mance of the full clinical prediction
model. The ability to distinguish those

at

highest risk for T2D early in life
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