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OBJECTIVE

Maturity-onset diabetes of the young (MODY) is frequently misdiagnosed as type
1 or type 2 diabetes. Correct diagnosis may result in a change in clinical treatment
and impacts prediction of complications and familial risk. In this study, we aimed
to assess the prevalence of MODY in multiethnic youth under age 20 years with a
clinical diagnosis of type 2 diabetes.

RESEARCH DESIGN AND METHODS

We evaluated whole-exome sequence data of youth with a clinical diagnosis of
type 2 diabetes. We considered participants to have MODY if they carried a
MODY gene variant classified as likely pathogenic (LP) or pathogenic (P) according
to current guidelines.

RESULTS

Of 3,333 participants, 93 (2.8%) carried an LP/P variant in HNF4A (16 partici-
pants), GCK (23), HNF1A (44), PDX1 (5), INS (4), and CEL (1). Compared with those
with no LP/P variants, youth with MODY had a younger age at diagnosis (12.9 ±
2.5 vs. 13.6 ± 2.3 years, P = 0.002) and lower fasting C-peptide levels (3.0 ± 1.7 vs.
4.7 ± 3.5 ng/mL, P < 0.0001). Youth with MODY were less likely to have hyperten-
sion (6.9% vs. 19.5%, P = 0.007) and had higher HDL cholesterol (43.8 vs. 39.7
mg/dL, P = 0.006).

CONCLUSIONS

By comprehensively sequencing the coding regions of all MODY genes, we identi-
fied MODY in 2.8% of youth with clinically diagnosed type 2 diabetes; impor-
tantly, in 89% (n = 83) the specific diagnosis would have changed clinical
management. No clinical criterion reliably separated the two groups. New tools
are needed to find ideal criteria for selection of individuals for genetic testing.

Monogenic diabetes, including maturity-onset diabetes of the young (MODY),
occurs when a single gene abnormality leads to diabetes. Monogenic diabetes can
be caused by mutations in genes that disrupt glucose sensing, insulin transcription,
the KATP channel that transduces the signal for insulin release, the insulin gene, or
pancreatic development. Correct diagnosis of monogenic diabetes has implications
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for management, prediction of compli-
cations, and familial risk (1–5). MODY
caused by mutations in hepatocyte
nuclear factor (HNF)-1A and HNF-4A is
effectively managed with oral sulfonyl-
urea therapy (1,2). MODY due to muta-
tions in glucokinase (GCK) causes a
mild, stable hyperglycemia with low risk
of complications that commonly does
not require any treatment but may
have implications for pregnancy man-
agement (5). Yet, frequently, the diagno-
sis of MODY is missed: in 2010, a study
in the U.K., Shields et al. (6) examined
regional referral patterns and estimated
that �80% of MODY is not clinically
diagnosed by molecular testing. In the
U.S., a sequencing study of pancreatic
autoantibody-negative, C-peptide–posi-
tive participants in the SEARCH for Dia-
betes in Youth (SEARCH) study found
that only 6% of youth found to have
pathogenic variants in MODY genes had
a prior clinical diagnosis of MODY (7).
Sequencing the cohort from the Treat-
ment Options for Type 2 Diabetes in
Adolescents and Youth (TODAY) study
found 4.5% with genetic variants caus-
ing MODY (8). Clinical guidelines
frequently cite diabetes occurring in
successive generations as a selection
criterion for genetic testing (4,9); how-
ever, up to half of youth with MODY do
not have a parental history of diabetes
(7,8). The current trend of a high rate
of obesity in youth (10) compounds
the difficulty of identifying youth with
MODY rather than the increasingly prev-
alent type 2 diabetes.

The Progress in Diabetes Genetics in
Youth (ProDiGY) is a collaborative effort
of two pediatric diabetes studies, SEARCH
and TODAY, with the Type 2 Diabetes
Genetic Exploration by Next-generation
sequencing in multi-Ethnic Samples (T2D-
GENES) consortium. In this study, with
whole-exome sequence data from the
pediatric participants generated in T2D-
GENES, we aimed to assess the preva-
lence of MODY in youth with a clinical

diagnosis of type 2 diabetes. In addition,
we examined differences in clinical char-
acteristics between those with and with-
out a monogenic cause of their diabetes.

RESEARCH DESIGN AND METHODS

Participants
ProDiGY is a multiethnic resource that
brings together youth with clinician-diag-
nosed type 2 diabetes before age 20
years from SEARCH (n = 492), participants
with type 2 diabetes from the TODAY
study (n = 511), and additional case sub-
jects from the ancillary TODAY Genetics
study (n = 2,330). A whole-exome
sequence from these participants was
generated as part of the T2D-GENES con-
sortium. TODAY and SEARCH have previ-
ously been described in detail (11–13).

Briefly, SEARCH is a population-based
prospective registry launched in 2000
with ascertainment of cases of diabetes
in youth diagnosed before 20 years of
age in the U.S. Youth with type 2 diabe-
tes were identified by physician report
and invited to a study visit. At the study
visit, participants underwent physical
examination and fasting blood draw.
Measurements of diabetes autoantibod-
ies and fasting C-peptide levels were
performed, and blood was obtained for
DNA analyses.

The TODAY study enrolled participants
age 10–17 years, with type 2 diabetes,
between 2004 and 2009. Parti-cipants
were overweight or had obesity (BMI
$85th percentile for age, sex, and
height), with negative pancreatic autoan-
tibodies and a fasting C-peptide level
>0.6 ng/mL. Data from physical exams
and fasting blood samples performed at
the baseline visit were used in this analy-
sis. Of note, American Indian tribal
nations elected not to participate in the
genomics collection (14). TODAY Genet-
ics is an ancillary study of TODAY in
which additional participants with pedi-
atric type 2 diabetes were enrolled out-
side of the original clinical trial. To
qualify, participants must have been

diagnosed with type 2 diabetes before
18 years of age and have a documented
BMI $85th percentile at the time of
diagnosis. Exclusion criteria included tak-
ing a medication known to affect glucose
tolerance, insulin sensitivity, or secretion
within 60 days of diagnosis; having a
genetic syndrome or disorder known to
affect glucose tolerance (other than dia-
betes); or being a blood relative of a pre-
viously enrolled participant. Data and
sample collection occu-rred at a one-
time research visit at 1 of 25 clinical
sites. During this visit, a self-report ques-
tionnaire on family and medical history
was administered and blood samples
were drawn for DNA extraction and for
analysis of glucose, C-peptide levels, and
autoantibodies. Al-though BMI $85th
percentile at diabetes diagnosis was
used as an inclusion criterion, a physical
exam, including BMI measurement, was
not performed as part of the study and
not recorded for analysis.

The TODAY and SEARCH protocols
were approved by the institutional review
boards of each participating institution,
and participants provided written infor-
med parental consent and child assent.

Whole-Exome Sequencing
Genomic DNA was sheared, end repa-
ired, ligated with barcoded Illumina
sequencing adapters, amplified, size
selected, and subjected to in-solution
hybrid capture with the Agilent SureSe-
lect Human All Exon 44Mb v2.0. Result-
ing Illumina exome sequencing libraries
were quantitative PCR quantified, poo-
led, and sequenced with 76–base pair
paired-end reads with Illumina GAII or
HiSeq 2000 sequencers to �56� mean
coverage. Sequence data were proc-
essed and aligned to hg19 with use of
the Picard (https://broadinstitute.gith
ub.io/picard/), Burrows-Wheeler Align-
ment (BWA) (15), and Genome Analysis
Toolkit (GATK) (16,17) pipelines. Of the
combined 3,700 youth-onset type 2 dia-
betes samples, 3,698 samples passed
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sequencing during variant call set 1,
using a passing metric of >80% covered
at 20� depth.

Variant Analysis
We focused our analysis on 11 genes
previously identified as causal for MODY
in the Online Mendelian Inheritance in
Man (OMIM) catalog (HNF4A, GCK,
HNF1A, PDX1, HNF1B, NEUROD1, CEL,
INS, KCNJ11, ABCC8, and APPL1), exclud-
ing BLK, PAX4, and KLF11, as these have
recently been refuted or disputed as
MODY genes by the National Institutes
of Health Clinical Genome Resource
(ClinGen) (18). Pathogenicity of uncom-
mon (<5% minor allele frequency
in ExAC, 1000 Genomes, and Exome
Sequencing Project) coding or splicing
variants in these genes was classified
according to American College of Medi-
cal Genetics and Genomics and the Asso-
ciation for Molecular Pathology (ACMG/
AMP) guidelines for variant interpreta-
tion (19). These guidelines incorporated
consideration of computational predic-
tions, clinical phenotypes, functional
assessments, and population frequencies
and categorized the variants into five cat-
egories: (pathogenic [P], likely pathogenic
[LP], variant of unknown significance
[VUS], likely benign [LB], or benign [B]).
We used 10 computational prediction
tools in our analysis: Combined Annota-
tion–Dependent Depletion (CADD) (20),
Sorting Intolerant From Tolerant (SIFT)
(21), PolyPhen-2 (22), MutationTaster2
(23), MutationAssessor (24), likelihood
ratio test (LRT) (25), Functional Analysis
Through Hidden Markov Models (FAT-
HMM) (26), support vector machine
(SVM) (27), logistic regression (LR) (27),
and Genomic Evolutionary Rate Profiling
(GERP) (28).

Statistical Analysis
We compared clinical characteristics
(age at diabetes diagnosis, fasting C-
peptide level, family history of diabetes,
dyslipidemia, and hypertension) of par-
ticipants with and without a genetic
diagnosis. Dyslipidemia was defined as
either self-reported diagnosis of high
cholesterol or, as per American Diabetes
Association goals for children with dia-
betes, as LDL $100 mg/dL, HDL #35
mg/dL, or triglycerides $150 mg/dL
(29). Hypertension was defined either
as self-reported diagnosis of high blood

pressure or as per American Diabetes
Association goals as systolic or diastolic
blood pressure $95th percentile for
age, sex, and height in children under
13 years or systolic blood pressure
$130 mmHg or diastolic blood pressure
$80 mmHg in those age $13 years
(29). In our primary analysis, we
performed comparisons in aggregate
(MODY vs. non-MODY). As a secondary
analysis, we compared GCK MODY with
non-GCK MODY. Continuous measures
that were normally distributed were
compared by t test, while those not
normally distributed were compared by
Wilcoxon rank sum test. Categorical val-
ues were compared by x2 test or, where
expected counts were too low, by Fisher
exact test. We plotted receiver operat-
ing characteristic (ROC) curves for those
clinical characteristics for which there
was a significant statistical difference
between participants with and without
MODY. An area under the ROC curve
(AUC) of >0.8 would be considered
indicative of a multivariable model clini-
cally useful for identifying patients for
MODY testing. All statistical analysis was
performed with STATA 12.1 (StataCorp,
College Station, TX).

RESULTS

In both SEARCH and the TODAY
Genetics study, pancreatic autoanti-
bodies were measured at baseline,
antibody-positive participants were
not excluded from genetic sequencing.
In the TODAY study pancreatic autoan-
tibodies were measured prior to
enrollment, and antibody-positive sub-
jects were not enrolled. After exclud-
ing pancreatic autoantibody–positive
participants (n = 317 [8.7% of partici-
pants]), we had 3,333 youth with type
2 diabetes and whole-exome sequenc-
ing data. Age at diagnosis was similar
in the three contributing cohorts,
averaging 14 years. Sex distribution
was also similar, with a female pre-
dominance. The cohorts were multi-
ethnic, including individuals of non-
Hispanic Black, non-Hispanic White,
Hispanic, Asian, and Native American
ancestry, though the latter two groups
made up a very small proportion of
the sample (Table 1). As previously
noted, TODAY study participants from
Native American tribes elected not to
participate in genetic analysis.

In total, we found 93 participants
(2.8%) with a P or an LP variant in a
MODY gene. The most common gene
identified was HNF1A, with 44 partici-
pants (1.3%) carrying a P or an LP
variant. Of the other MODY-positive
participants, 23 (0.7%) had variants in
GCK, 16 (0.5%) in HNF4A, 5 (0.2%) in
PDX1, 4 (0.1%) in INS, and 1 in CEL
(Table 2 and Supplementary Table 1).
MODY variants were identified in all
ethnic groups studied except for Native
Americans, who represented a very
small fraction of the overall sample.

Mean age at diabetes diagnosis was
slightly, albeit significantly, lower for
those with a P/LP MODY variant (12.9 vs.
13.6 years, P = 0.002), although there
was a high degree of overlap in range.
This difference appeared to be explained
by a lower age at diagnosis for those
with non-GCK MODY (12.6 and 13.7
years in non-GCK MODY and GCK MODY,
respectively [Fig. 1A]). Fasting C-peptide
was significantly lower for those with
MODY (1.0 vs. 1.6 nmol/L, P < 0.0001),
with similar findings for GCK and non-
GCK MODY (Fig. 1B).

Youth with MODY had rates of dyslipi-
demia similar to those of youth without
MODY (Table 3), although among the
subset with measured lipid data (n =
964), MODY youth had higher HDL cho-
lesterol (1.1 vs. 1.0 mmol/L, P = 0.006).
Higher HDL cholesterol was seen in both
the GCK and non-GCK MODY groups
compared with non-MODY youth (Fig.
1F). There were no significant differences
in total cholesterol, LDL cholesterol, or tri-
glycerides between MODY and non-
MODY or between the MODY subgroups
(Fig. 1C–E). Participants with MODY were
less likely to have hypertension than
youth without MODY. This finding was
similar when we further subdivided the
participants with MODY by whether they
carried a mutation in GCK (Table 3).

In evaluation of ROC curves we found
that age at diagnosis (AUC 0.59), C-pep-
tide (AUC 0.67), and HDL (AUC 0.66)
could not be used to identify those with
MODY. With combination of these char-
acteristics the threshold for clinical utility
still was not met (AUC of age at diagno-
sis, C-peptide, and HDL combined 0.76).

Participants with and without MODY
were equally likely to have a parent or
grandparent with diabetes, but those
with MODY were somewhat more likely
to have a sibling with diabetes (Table 3).
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The majority of participants with
MODY were not receiving indicated
treatment. Of those with GCK MODY,
only 34.8% were appropriately on no
treatment. For those with variants in
HNF1A and HNF4A, only 10.3% were
on a noninsulin/nonmetformin agent
(sulfonylurea in most cases).

CONCLUSIONS

In this analysis, we found that 93 of
3,333 youth (2.8%) with clinically diag-
nosed type 2 diabetes had a P or an LP

MODY variant. While we found statisti-
cally significant differences for age at
diagnosis, C-peptide levels, HDL choles-
terol, and presence of hypertension,
these differences did not clearly distin-
guish between MODY and non-MODY
diabetes. MODY variants were identified
in participants of non-Hispanic White,
Black, and Hispanic ancestry. Family his-
tory, defined as a parent with diabetes,
which is frequently used as a criterion
for identifying monogenic diabetes, did
not distinguish between the two groups.

Moreover, nearly half of all participants
found to carry a MODY variant did not
have a parent diagnosed with diabetes.
For clinicians caring for children with dia-
betes, our findings imply that a small but
substantial fraction of patients with
apparent youth-onset type 2 diabetes in
fact have MODY.

Our study used whole-exome sequenc-
ing data rather than targeted gene
sequencing, although for the purposes of
this analysis we focused on genes previ-
ously identified as causal for MODY. A
subset of participants, those from the
TODAY study and SEARCH, had previously
undergone targeted sequencing analysis
for MODY genes; 4.5% (by targeted next-
generation sequencing of coding regions
of 40 genes including all MODY genes
except APPL1 at an average depth of
389�) and 8.0% (by Sanger sequencing
of HNF1A, HNF4A, and GCK) were identi-
fied to have a P variant in each group,
respectively (7,8). In our analysis, we
were able to identify all variants previ-
ously found by targeted seq-uencing in
these participants, indicating that whole-
exome sequencing at a mean depth of
coverage of 82� is a viable method for
finding MODY variants. Our method did
not include noncoding regions, poten-
tially missing pathogenic variants, though
relatively few of these have been
described, and they are especially chal-
lenging to classify. In addition, by follow-
ing strict ACMG/AMP guidelines for
variant classification (19), we may have
underestimated the true prevalence of
MODY in this sample.

P and LP MODY variants were identi-
fied in nearly all ethnic groups in this
sample, though the proportion was some-
what higher among non-Hispanic White
participants. We suspect that this differ-
ence may be due to the dependence of
ACMG/AMP variant classification stand-
ards on previously published data on
genetic variants. Underrepresentation of
populations of non-European ancestry is
a recognized problem that affects the uni-
versal utility of precision medicine. Non-
European genomes are less well anno-
tated with a higher rate of variants of
unknown significance, which could lead
to bias in classification (8,30).

Biomarkers such as C-peptide have the
potential to help prioritize patients with
diabetes for MODY genetic testing. While
in our study we found statistically signifi-
cant differences in C-peptide and HDL,

Table 1—Demographics and clinical characteristics of participants (n = 3,333)
from the cohorts with youth-onset type 2 diabetes by original study cohort

TODAY
(n = 511)

TODAY Genetics
(n = 2,330)

SEARCH
(n = 492)

Age at diagnosis, years, mean (SD) 13.7 (2.1) 13.9 (2.3) 14.1 (2.5)

Sex, % male 36.1 34.7 38.0

Race/ethnicity, %

Non-Hispanic White 20.9 18.9 23.5
Non-Hispanic Black 31.4 33.3 42.9
Hispanic 43.4 40.2 28.4
Asian 1.7 2.1 2.5
Native American 0.0 0.5 0.5
Other/missing 2.7 5.1 2.2

Dyslipidemia, % 61.6 17.5 71.3

Hypertension, % 19.2 19.6 17.4

C-peptide (nmol/L)* 1.30 1.2

Total cholesterol (mmol/L)* 3.80 4.6

Triglycerides (mmol/L)* 1.30 1.8

LDL cholesterol (mmol/L)* 2.10 2.7

HDL cholesterol (mmol/L)* 1.00 1.1

*Data are means.

Table 2—Variants identified in MODY genes

Gene name
No. of participants
with P/LP variants

No. of variants
per gene*

No. of novel
P/LP variants

No. of variants of
unknown significance

HNF1A 44 73 10 41

GCK 23 50 2 30

HNF4A 16 49 9 34

PDX1 5 39 2 33

INS 4 12 1 4

CEL 1 87 1 67

ABCC8 0 88 0 86

KCNJ11 0 33 0 31

NEUROD1 0 22 0 21

APPL1 0 37 0 34

BLK 0 49 0 41

*Variants per gene includes all variants <5% minor allele frequency, whether classified as B,
LB, VUS, LP, or P.
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neither facilitated clear discrimination of
MODY from non-MODY diabetes, alone
or in combination. Other markers, such
as hs-CRP and urinary C-peptide–to–crea-
tinine ratio, have shown promising
results in specifically separating the most
common types of MODY from type 1 or
2 diabetes. For example, serum hs-CRP
level was lower in HNF1A MODY patients
than in those with other types of diabe-
tes or control subjects without diabetes.
However, these tests are not often per-
formed in the U.S., and previous research
proposed various cutoffs, with a lack of
uniformity (31). Another potential dis-
criminator arises from the association
between HNF4A MODY and increased
birth weight related to paradoxical
transient neonatal diazoxide-responsive
hyperinsulinemic hyperglycemia, which is
additive to any impact of maternal diabe-
tes on birth weight (32). No studies have
evaluated the utility of birth weight in

distinguishing HNF4A MODY, but it has
been suggested that finding this pheno-
type and young-onset diabetes in the
same pedigree be considered to increase
suspicion of HNF4A MODY (32). In any
case, we were unable to assess the utility
of birth weight, neonatal hyperinsuline-
mic hypoglycemia, or biomarkers such as
hs-CRP, as these measures were not
available for our participants.

With the rise of obesity in recent years
in youth overall (10,33–35) and in those
with type 1 diabetes (36,37), across race/
ethnicity, clinical features of type 1 and
type 2 diabetes in youth have become
less distinct. One would expect that
youth with MODY would follow secular
trends in weight gain, making it difficult
to discriminate between MODY and type
2 diabetes on the basis of BMI or meta-
bolic abnormalities. Although we did find
that hypertension was less common and
HDL cholesterol levels were significantly

higher in MODY participants in this study,
neither of these differences was clinically
significant, and these factors cannot be
used to distinguish participants with
MODY from those without MODY. As
individual BMI was not collected in the
TODAY Genetics cohort, we could not
perform a direct comparison of BMI in
our study. One could argue that our
inability to distinguish participants with
MODY from those with conventional
type 2 diabetes stems from the use of
overweight/obesity as a selection crite-
rion for a majority of participants in our
study. However, in the previously pub-
lished study of MODY in the SEARCH
cohort, where individuals were selected
only on the basis of lack of autoantibod-
ies and detectable C-peptide, investiga-
tors not find that BMI or metabolic
characteristics distinguished participants
with MODY at the individual level (7).
Similarly, in a British study with widened

Figure 1—Mean age at diagnosis (A), fasting C-peptide (B), fasting total cholesterol (C), triglycerides (D), LDL cholesterol (E), and HDL cholesterol
(F) in non-MODY and MODY participants and in the non-GCK and GCKMODY subgroups.
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testing criteria for diagnostic sequencing,
investigators identified participants with
MODY with clinical features not expected
to be present in MODY, including higher
BMI and presence of metabolic syn-
drome (38).
Of 93 youth whom we identified as

having MODY, 83 (89%) had a specific
genetic diagnosis that would change
clinical management: 23 had a GCK vari-
ant for which treatment is usually not
needed (5) and 60 had variants in
HNF1A or HNF4A, which are likely to
respond better to sulfonylureas than
insulin or other antihyperglycemic medi-
cations (1,2). In fact, the TODAY study
group found that metformin was inef-
fective in preserving glycemic control in
those with HNF4A MODY (8), with
seven of seven failing therapy rapidly;
the outcome in those with HNF1A
MODY was less clear, with three of five
participants failing therapy—a propor-
tion that was not significantly different
from that among the overall study
population.
The diagnosis of MODY has additional

implications for the family members of
an identified patient. In our study, while
parental history of diabetes did not dis-
tinguish between MODY and non-MODY
diabetes, rates of parental diabetes were
high in both groups, although this infor-
mation was obtained by questionnaire
rather than testing of parents, so

parental diabetes may be underreported.
We did see higher rates of siblings with
diabetes among participants with MODY,
which is not unexpected given that sib-
lings of individuals with confirmed MODY
carry a 50% risk of MODY themselves. In
contrast, pediatric type 2 diabetes is
uncommon and in part precipitated by
lifestyle risk factors, which may differ
between siblings. While individuals with
a family history of type 2 diabetes, par-
ticularly of early onset, should be aware
of their genetic risk (likely polygenic), a
molecular diagnosis of MODY enables
genetic counseling and possible genetic
testing of relatives with diabetes using
single-site analysis of the proband’s vari-
ant. Such testing, known as cascade test-
ing, makes it possible to further dis-
seminate the treatment selection bene-
fits of a molecular diagnosis, which may
in some cases coexist with insulin resis-
tance and type 2 diabetes.

The strengths of our study include a
large cohort that included a diverse
racial/ethnic mix of participants, compre-
hensive whole-exome sequence data,
and methodical application of ACMG/
AMP guidelines. However, a limitation of
our approach is that exome sequencing
may miss potential nonexonic or splicing
causal variants. In addition, ACMG/AMP
guidelines frequently classify novel or
recently discovered variants as of uncer-
tain significance, particularly missense

variants, given the required multiple lines
of evidence of causality needed to label
a variant as P/LP. We therefore may have
missed participants with true MODY.
Finally, we did not have measured BMI,
blood pressure, or lipid analyses in the
TODAY Genetics cohort, which may have
affected our ability to identify clinical fea-
tures distinguishing MODY from non-
MODY participants.

The selection criteria used in our
study excluded youth who look to have
MODY, i.e., antibody-negative youth who
are not obese, highlighting that even
with this selection, the prevalence of
monogenic diabetes remains high. Clini-
cians face many barriers to ordering
genetic testing, including the cost of test-
ing and the uncertainty of reimburse-
ment. Modeling has shown genetic
testing for MODY to be cost-effective in
current medical practice and potentially
cost saving (39,40). As the prevalence of
obesity in children has been rising, type
2 diabetes in youth is becoming increas-
ingly common (41). In previous testing of
adults it was found that expanding the
diagnostic testing criteria doubled the
numbers of MODY case participants
identified compared with current clinical
practice and that the yield was greatest
in young adult–onset type 2 diabetes
(38). Here we found that a small but
appreciable number of children other-
wise meeting clinical criteria for type 2
diabetes had evidence of MODY on
genetic sequencing; in most cases, the
knowledge of this diagnosis would alter
management. Thus, regardless of BMI,
family history, race/ethnicity, lipid levels,
or presence of hypertension, a diagnosis
of MODY should be considered in youth-
onset diabetes with absence of autoanti-
bodies and evidence of preserved β-cell
function.
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