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OBJECTIVEdMisdiagnosis of maturity-onset diabetes of the young (MODY) remains wide-
spread, despite the benefits of optimized management. This cross-sectional study examined
diagnostic misclassification of MODY in subjects with clinically labeled young adult-onset type
1 and type 2 diabetes by extending genetic testing beyond current guidelines.

RESEARCH DESIGN AND METHODSdIndividuals were selected for diagnostic se-
quencing if they displayed features atypical for their diagnostic label. From 247 case subjects with
clinically labeled type 1 diabetes, we sequenced hepatocyte nuclear factor 1 a (HNF1A) and
hepatocyte nuclear factor 4 a (HNF4A) in 20 with residual b-cell function $3 years from di-
agnosis (random or glucagon-stimulated C-peptide $0.2 nmol/L). From 322 with clinically
labeled type 2 diabetes, we sequenced HNF1A and HNF4A in 80 with diabetes diagnosed #30
years and/or diabetes diagnosed#45 years without metabolic syndrome. We also sequenced the
glucokinase (GCK) in 40 subjects with mild fasting hyperglycemia.

RESULTSdIn the type 1 diabetic group, two HNF1A mutations were found (0.8% preva-
lence). In type 2 diabetic subjects, 10 HNF1A, two HNF4A, and one GCK mutation were iden-
tified (4.0%). Only 47% of MODY case subjects identified met current guidelines for diagnostic
sequencing. Follow-up revealed a further 12 mutation carriers among relatives. Twenty-seven
percent of newly identified MODY subjects changed treatment, all with improved glycemic
control (HbA1c 8.8 vs. 7.3% at 3 months; P = 0.02).

CONCLUSIONSdThe systematic use of widened diagnostic testing criteria doubled the
numbers of MODY case subjects identified compared with current clinical practice. The yield
was greatest in young adult-onset type 2 diabetes. We recommend that all patients diagnosed
before age 30 and with presence of C-peptide at 3 years’ duration are considered for molecular
diagnostic analysis.
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C linicians who manage diabetes aris-
ing in young adults are faced with a
wide range of underlying etiologies,

which includes type 2 diabetes, autoim-
mune diabetes, and a large number of less
common causes (1). Despite the clinical
benefits of assigning an accurate diagnos-
tic label, detailed etiological assessment, a
key part of the diagnostic process, is fre-
quently neglected.

The best described less common sub-
types of diabetes are the monogenic b-cell
disorders known as maturity-onset diabe-
tes of the young (MODY) (2). This hetero-
geneous group of disorders is characterized
by autosomal dominant inheritance, young
age of onset (usually in the 2nd–4th de-
cade), and continued secretion of endoge-
nous insulin. The most frequent causes
are mutations in genes encoding the
transcription factors hepatocyte nuclear
factor 1 a (HNF1A) and hepatocyte nu-
clear factor 4 a (HNF4A) (accounting for
52 and 10% of U.K. case subjects) and the
glucokinase (GCK) enzyme (32% of U.K.
case subjects) (3). Mutations in a number
of other genes can also present with a
MODY phenotype but these are rare in
clinical practice (2).

A confirmed molecular diagnosis has
important implications since this facili-
tates tailored management specific to the
diabetes subtype (2). GCK-MODY is asso-
ciated with nonprogressive, mild fasting
hyperglycemia, which is rarely associated
with microvascular complications and can
usually be managed without pharmacolog-
ical intervention (2,4). Diabetes associated
with HNF1A-MODY and HNF4A-MODY
is progressive, and complications occur
with suboptimal glycemic control. It is
noteworthy that patients with HNF1A/
4A-MODY show particular sensitivity to
treatment with low-dose sulfonylureas
(5), and good glycemic control can be
maintained for many years on these agents
(6). Thus, sulfonylureas should be used as
first-line treatment in these patients, an im-
portant distinction from both type 1 and
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type 2 diabetes. A further benefit of defin-
itive molecular diagnosis is that diagnostic
or predictive genetic testing can be offered
to relatives.

Unfortunately, the advantages of es-
tablishing a diagnosis of MODY are not
consistently translated into clinical prac-
tice and it is estimated that most MODY
patients are mislabeled as type 1 or type 2
diabetes (3). Education of clinicians and
cost of testing are important factors, but a
major challenge is the clinical differentia-
tion of the relatively small number of pa-
tients with monogenic diabetes from the
larger numbers of patients with type 1 or
type 2 diabetes. Clinical features overlap
between MODY and common forms of
diabetes: type 1 diabetes and MODY
both present in lean individuals at a
young age, whereas type 2 diabetes and
MODY both retain endogenous insulin se-
cretion and are not typically associated
with b-cell antibodies or high-risk HLA
haplotypes (7,8). Current guidelines for
selecting case subjects for molecular test-
ing include age of diabetes diagnosis be-
fore 25 years, parental history of diabetes,
and noninsulin dependence (8). Strict ad-
herence to these guidelines confers high
specificity but low sensitivity to identify
MODY subjects since less than half of
those with a confirmed genetic diagnosis
of MODY in European countries meet
these testing criteria (3,9). Previous stud-
ies indicate age of diagnosis and parental
diabetes are poor discriminators of HNF1A-
MODY compared with both type 1 and
young-onset type 2 diabetes (7,10).

Encouraging wider use of molecular
testing to identify the majority of case
subjects would be beneficial to patients,
but requires a broader evidence base on
which to establish diagnostic pathways.
The YoungDiabetes inOxford (YDX) study
was established to examine the etiological
basis of diabetes diagnosed in early adult-
hood, where differential diagnosis is greatest
and the potential for lifelong diagnostic
misclassification ismostmarked. The study
aims to elucidate the proportion of mis-
diagnosed MODY in young adults with
clinically labeled type 1 or type 2 diabetes,
to define additional clinical features that
can be used to select subjects for genetic
testing and to produce recommendations
to guide clinical practice.

RESEARCH DESIGN AND
METHODSdThe YDX study comprises
subjects diagnosed with diabetes up to
45 years of age. This is a cross-sectional
study of subjects ascertained from a survey

of 12 GP surgeries in Oxfordshire, U.K. and
a search of the hospital clinic database. All
those diagnosed with diabetes up to age 45
and currently aged$18 years were invited
to take part. We report here on 569 indi-
viduals whose medical records at the time
of recruitment indicated either a clinical
label of type 1 diabetes (n = 247) or type
2 diabetes (n = 322). The study was ap-
proved by the Oxfordshire Local Research
Ethics Committee, and all subjects gave
informed consent.

Subjects who satisfied current genetic
testing guidelines for MODY (i.e., age of
diabetes diagnosis #25 years, a family
history of diabetes and some evidence of
noninsulin dependence for HNF1A/4A-
MODY, and these features plus fasting
glucose 5.5–8 mmol/L and HbA1c #8%
for GCK-MODY) were identified (8).
Those who had not undergone definitive
molecular genetic testing were selected
for resequencing of the HNF1A, HNF4A,
and GCK genes. Furthermore, to explore
the value of diagnostic testing in individu-
als not meeting current testing guidelines,

we attempted to reach a definitive molec-
ular diagnosis in those satisfying extended
criteria for genetic testing. These criteria
were based on the individual having clin-
ical features that were atypical for their ex-
isting clinical classification, but consistent
with a diagnosis of MODY (e.g., young-
onset, C-peptide–positive diabetes with a
predominantly b-cell defect).

For individuals with clinically labeled
type 1 diabetes, the extended testing was
performed on those with persistent b-cell
function outside the honeymoon period
($3 years from diagnosis). Clinical data
and anthropometry were collected. Initial
investigations included a randomC-peptide
and glucose level (Fig. 1A). Random
C-peptide was repeated if the glucose level
was #4 mmol/L. GAD antibodies were
also measured in all subjects by a radioim-
munoassay using 35S-labeled full-length
GAD65, and results were expressed in
World Health Organization (WHO) units
per milliliter derived from a standard
curve calibrated from international ref-
erence material (National Institute for

Figure 1dA: Flowchart for investigation of individuals with clinically labeled type 1 diabetes.
B: Flowchart for investigation of individuals with clinically labeled type 2 diabetes. FPG, fasting
plasma glucose.
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Biological Standards and Control code 97/
550). A positive level was defined as .14
WHO units per milliliter (97.5th percen-
tile of healthy children) (11). Those with
random C-peptide $0.1 nmol/L were of-
fered further assessment with a glucagon
stimulation test (GST). In the GST, plasma
C-peptide and glucose were measured at
baseline and 6 min after intravenous ad-
ministration of 1mg glucagon (Novo Nor-
disk, Copenhagen). A C-peptide increment
on stimulation of $0.2 nmol/L generally
indicates significant residual b-cell func-
tion (12). To make the study as inclusive
as possible we defined significant residual
b-cell function as: 1) GST increment$0.2
nmol/L, 2) GST increment 0.1–0.2 nmol/L
with randomC-peptide$0.2 nmol/L, and
3) random C-peptide $0.2 nmol/L in
those not having GST. All those with resid-
ual b-cell function underwent sequencing
of HNF1A and HNF4A. In addition those
with residual b-cell function and other
features consistent with GCK-MODY,
i.e., fasting glucose 5.5–8 mmol/L, HbA1c
#8%, or a 1.5 anhydroglucitol level $10
mg/mL (13) underwent sequencing of
GCK.

For those individuals with clinically
labeled type 2 diabetes, clinical and an-
thropometric data were collected. Fasting

blood was taken for measurement of
HbA1c, glucose, lipid profile, C-peptide,
and GAD antibodies. Testing was per-
formed on two groups of GAD2 subjects:
1) all those diagnosed up to 30 years and
2) those without metabolic syndrome (us-
ing InternationalDiabetes Federation [IDF]
criteria [14]) diagnosed up to 45 years (Fig.
1B). These individuals underwent se-
quencing of HNF1A and HNF4A. Subjects
for GCK sequencing were selected using
the criteria outlined above.

Seven clinically labeled type 1 diabetic
subjects and 45 clinically labeled type 2
diabetic subjects were of non-European
ethnicity (18 Asian, 25 Black, 1 Chinese,
and 8 mixed or other).

All genetic testing was performed in
the CPA-accredited Molecular Genetics
Laboratory at the Royal Devon and Exeter
National Health Service (NHS) Founda-
tion Trust. Semiautomated unidirectional
sequencing ofHNF1A exons 1–10,HNF4A
promoter P2, exons 1a and 2–10 and GCK
promoter and exons 1–10 was performed
on an ABI 3730 capillary sequencer
(Carlsbad, CA) and analyzed using Muta-
tion Surveyor v3.24 (SoftGenetics, State
College, Pennsylvania). This method has
.99% sensitivity to detect heterozygous
base substitutions (15).

When MODY mutations were identi-
fied, all first-degree relatives were offered
screening to ascertain glycemic and mu-
tation status. The pathogenicity of novel
missense mutations was determined by
family studies looking for cosegregation of
themutationwith dysglycemia, presence of
typical MODY phenotype, and evidence
from SIFT and PolyPHEN analysis. A trial
of sulfonylurea was considered in all indi-
viduals with HNF1A or HNF4A mutations
(probands and relatives); this was per-
formed as detailed in the Supplementary
Data. Successful transfer was defined as
maintenance or improvement in HbA1c at
3 months compared with HbA1c at muta-
tion confirmation.

All statistical analysis was performed
in SPSS v17, and P, 0.05was assumed to
be significant. No adjustment for multiple
comparisons was made.

RESULTS

Investigation of those with
clinically labeled type 1 diabetes
From 247 subjects with clinically labeled
type 1 diabetes, 39 (15.8%) subjects had
random C-peptide $0.1 nmol/L. Thirty-
one patients agreed to further assessment
with GST. Of these, nine had a C-peptide
increment at 6 min $0.2 nmol/L and six
had random C-peptide $0.2 nmol/L with
GST 0.1–0.2 nmol/L. Five of eight patients
who declined GST had random C-peptide
$0.2 nmol/L. RandomC-peptidewas cor-
related with fasting C-peptide (Pearson
coefficient, r = 0.81, P , 3 3 1028), ho-
meostasis model assessment-B (r = 0.78,
P , 3 3 1027), stimulated C-peptide
(r = 0.70, P, 83 1027), and C-peptide
increment in the GST (r = 0.66, P ,
6 3 1025).

Thus 20 (8.1%) individuals with ap-
parent type 1 diabetes had significant re-
sidual b-cell function and underwent
resequencing of HNF1A and HNF4A
(Table 1). They were diagnosed with di-
abetes at an older age (28.7 vs. 23.1 years;
P = 0.031), had shorter duration of dia-
betes (10.4 vs. 12.7 years; P = 0.036), and
had lower doses of insulin replacement
(0.74 vs. 0.81 units/kg/day; P = 0.007)
compared with the rest of the group, all
features described previously as associated
with persistent b-cell function (12). There
was no difference in GAD positivity, BMI,
or parental history of diabetes. Only 3 of
these 20 individuals satisfied current
guidelines for MODY testing (8).

Of these 20, 2 individuals were found
to have HNF1A mutations (10% of those

Figure 1dContinued

1208 DIABETES CARE, VOLUME 35, JUNE 2012 care.diabetesjournals.org

Etiology in young adult-onset diabetes

http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1243/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-1243/-/DC1


resequenced), 1 of whommet current cri-
teria for MODY testing. Two individuals
underwent resequencing of the GCK
gene, and no mutations were identified.

Family pedigrees for the MODY case
subjects are shown in Supplementary Fig.
1. Proband 1 had a random C-peptide of
1.08 nmol/L, declined GST, and was het-
erozygous for a G31D c.92G.Amissense
mutation inHNF1A exon 1. The mutation-
carrying sister of proband 1 is not dia-
betic at the age of 43. G31D has been
reported previously .30 times in MODY
case subjects but there is some evidence
penetrance may be decreased ([16], Ellard
unpublished). Before genetic diagnosis,
proband 1 was treated with basal-bolus
insulin. This was changed to gliclazide
plus reduced basal insulin with improved
glycemic control at 3 months (HbA1c from
10.5 to 8.6%). Proband 2, with a random
C-peptide of 0.50 nmol/L and GST incre-
ment of 0.12 nmol/L, was heterozygous
for a novel missense mutation (M490R
c.1469T.G) in exon 8 of HNF1A.
M490R is at a highly conserved residue
and has not been identified in 400 normal
chromosomes. This patient safely trans-
ferred from basal-bolus insulin to gliclazide
and then nateglinide. However, after 2
months basal-bolus insulin was recom-
menced as a result of raised postprandial
sugars. In addition to HNF1A mutations,
both probands have GAD+ antibodies
(564 and 118 WHO units, respectively).

Insulinoma-associated protein 2 (IA2)
antibodies were not detected. The overall
prevalence of MODY in apparent type 1 di-
abetes was 0.8% (2 of 247).

We examined the features of the
remaining 18 patients with residual
b-cell function who did not have MODY
mutations, dividing them into GAD+ and
GAD2 case subjects (Table 1). The GAD2

subjects were diagnosed at a mean age of
29.7 years and were overweight (mean
BMI 29.5 kg/m2). This suggests further
diagnostic misclassification within the
group; for instance, some of these subjects
in reality had type 2 diabetes.

Investigation of those with
clinically labeled type 2 diabetes
Forty-five individuals from 322 subjects
with clinically labeled young adult-onset
type 2 diabetes had GAD+ antibodies and
so were reclassified as latent autoimmune
diabetes of adulthood (LADA). The clini-
cal and biochemical characteristics of the
LADA subjects are highlighted in Supple-
mentary Table 1.

In the remaining 277 GAD2 subjects,
14 were diagnosed with diabetes before
age 25 years with parental diabetes (i.e.,
satisfied current testing guidelines), 36
individuals were diagnosed with diabetes
#30 years, and 56 individuals were diag-
nosed with diabetes #45 years with no
features of metabolic syndrome. The char-
acteristics of these three groups are detailed

in Table 2. Twelve individuals met both
extended criteria (Supplementary Fig. 2).
HNF1A andHNF4Awere thus resequenced
in 80 individuals (28.9% of group; Table
2). TenHNF1A and twoHNF4Amutations
were found (15% of those tested; Supple-
mentary Fig. 1; families 3 to 14). Five of
the HNF1A/4A mutations identified were
in patients meeting current guidelines for
MODY testing. Eight of the HNF1A/
HNF4A mutations have been described
previously in association with MODY:
HNF1A K150N [16], HNF1A c.872delC
P291fs [16], HNF1A del exon 1 [17],
HNF1A P291T c.871C.A [18], HNF1A
R2293 [16], and HNF4A F112 L [19].
Two subjects had novel truncating muta-
tions highly likely to result in haploin-
sufficiency: HNF1A 9QX and HNF1A
L377fsdelC. The other two individuals
were heterozygous for novel missense
mutations: HNF1A G606S and HNF4A
H214R. The individual with HNF1A
G606S had a two-generation family his-
tory of young-onset type 2 diabetes with
long periods of control on sulfonylureas.
HNF4A H214R showed cosegregation
with IGT in the father and brother of the
proband. Neither mutation had been
identified in.400 normal chromosomes,
and the amino acids concerned were
highly conserved across species.

Supplementary Fig. 2 shows the over-
laps between the groups and the number
of mutations identified for each testing

Table 1dCharacteristics of subjects with clinically labeled type 1 diabetes before and after investigation

Clinically labeled
type 1 diabetes

(all prior to study)

No residual
b-cell

function

Persistent b-cell function (selected for
HNF1A/HNF4A sequencing)

P value*
HNF1A

mutation found GAD+ GAD2

Number of patients 247 227 2 7 11
% Male 53.8 52.4 50.0 85.7 63.6 0.13

Age at onset of
diabetes (years) 23.5 (22.3–24.8) 23.1 (21.8–24.4) 13/29 29.1 (20.9–37.4) 29.7 (22.3–37.2) 0.03

Duration of
diabetes (years) 12.5 (11.9–13.1) 12.7 (12.0–13.3) 25/9 7.9 (4.2–11.7) 11.1 (7.6–14.6) 0.04

BMI (kg/m2) 26.1 (25.5–26.6) 26.0 (25.4–26.5) 23.4/22.5 24.8 (20.5 – 29.1) 29.5 (26.0–32.9) 0.47
Random glucose
(mmol/L) 12.0 (11.2–12.7) 11.9 (11.1–12.6) 21.3/11.2 11.1 (6.5–15.7) 14.3 (10.3–18.4) 0.23

Random C-peptide
(nmol/L) 0.08 (0.05–0.11) 0.03 (0.02–0.05) 1.08/0.50 0.66 (0.14–1.18) 0.64 (0.31–0.97)

N/A (used to
define groups)

GST increment
(nmol/L) 0.17 (0.08–0.25) 0.03 (0.000–0.06) Not done/0.12 0.25 (20.03 to 0.53) 0.38 (0.18–0.58) 9 3 1025

n having GST 31 16 6 8
% Parental diabetes 25.9 25.1 Y/N 28.6 36.4 0.33
% GAD+ 58.7 59.9 100 100 0 0.20
Mean (95% CI) unless otherwise stated. The values are shown for the two HNF1A-MODY case subjects. Parental diabetes, one or both parents have diabetes of any
etiology. *P value: all subjects with persistent b-cell function vs. no residual b-cell function assessed by t test or x2 test for proportions.
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criteria. Nine HNF1A/4A mutations were
found in subjects diagnosed with diabetes
up to 30 years (25.0% of those tested),
and eight HNF1A/4A mutations were
found in subjects with no features of met-
abolic syndrome (14.3% of those tested).
Five of 12 individuals meeting both ex-
tended diagnostic testing criteria had
HNF1A or HNF4A mutations (41.6%).

Resequencing for GCK-MODY was
performed on 38 individuals, and one pre-
viously reported mutation (G299R [20])
was identified (Supplementary Fig. 1;
family 15). This represented 2.6% of those
tested and ,0.5% of the type 2 diabetic
group. This patient had a clinical pheno-
type entirely consistent with GCK-MODY
and was on dietary treatment only. The
overall prevalence of MODY in apparent
young adult-onset type 2 diabetes was
4.0% (15 of 322).

Clinical features of the
HNF1A/4A-MODY subjects
Within the two groups of subjects with
either clinically labeled type 1 or type 2
diabetes (n = 569), 14 subjects were found
to have HNF1A/4A-MODY. The mean
duration of diabetes before genetic diag-
nosis was 17.8 (range 9.0–26.6) years
(Supplementary Table 1). Thirteen sub-
jects are white, and one is South Asian. All
mutation carriers have detectable fasting
C-peptide levels (range 0.15–1.58nmol/L).
Three (21%) have GAD+ antibodies but
undetectable IA2 antibodies. Six (43%)
have metabolic syndrome (IDF criteria).
Nine (64%) have at least one first-degree
relative with diabetes. Family screening
detected 12 relatives who were mutation
carriers: eight with diabetes including
two newly diagnosed in the study, three
with impaired glucose tolerance (1 new),
and 1 normoglycemic. Two relatives
with diabetes did not have MODY mu-
tations (Supplementary Fig. 1). Mean
(95% CI) HbA1c at 3 months in the
HNF1A/4A-MODY individuals under-
going treatment changes (n = 6) im-
proved from 8.8% (6.7–10.8%) to 7.3%
(6.1–8.5%) at 3 months (P = 0.02) (Sup-
plementary Fig. 3).

CONCLUSIONSdThis study con-
firms that MODY is misdiagnosed as both
type 1 and type 2 diabetes and that an
accurate molecular diagnosis is often de-
layed for many years. Until falling costs for
diagnostic resequencing allow more com-
prehensive investigation of MODY genes
in all patients with young-onset diabetes,
using much wider selection criteria thanT
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present, based on simple clinical features,
can be used to identify individuals at high
risk of having MODY. This is the widest
and most extensive study of its kind to
date and led to high positive rates of
HNF1A/HNF4A-MODY (10–25% of
those tested), particularly within the
young adult-onset type 2 diabetic sub-
jects. These results of course require vali-
dation in other populations, particularly
non-European.

By extending MODY diagnostic testing
beyond current guidelines, we identified
MODY subjects with clinical features not
expected to be present in MODY. These
included raised BMI, presence of metabolic
syndrome, GAD antibody-positivity, and
absence of family history of diabetes. Fur-
thermore, additional more atypical MODY
cases cannot be excluded in the untested
individuals. This emphasizes that the pres-
ence of these features should not preclude
genetic testing where there is a high clinical
suspicion. Given our findings, the deci-
sion to exclude subjects with LADA from
genetic investigation may have been pre-
mature. There is a lack of consensus on the
prevalence of positive b-cell antibodies in
MODY patients: a very low prevalence was
observed in U.K. MODY case subjects
(21), whereas positive b-cell antibodies
were found in 20% of children and ado-
lescents from Germany with proven
MODY mutations (22). Our results were
in keeping with the U.K. dataset (21)
where no MODY case subjects were re-
ported with IA2 antibodies. Widening se-
lection criteria are likely to lead to more
MODY mutation carriers with mixed phe-
notypes, and in these case subjects, it will
be increasingly difficult to assess the path-
ogenicity of novel mutations.

We identified only one patient with
GCK-MODY out of 40 patients tested.
This is comparable with another study in-
dicating a low proportion of GCK-MODY
in older populations (.35 years) in con-
trast with children or adolescents with the
same biochemical features (23). Mild hy-
perglycemia in adults is more likely to re-
flect type 2 diabetes than MODY as a
result of a GCK mutation. Moreover, the
majority of the study subjects were re-
cruited from secondary care, and it is
likely that individuals with undiagnosed
GCK-MODY will be managed in primary
care (as a result of good glycemic control
without development of complications).

Persistent b-cell function outside the
honeymoon period in those with clinical
label of type 1 diabetes was used to iden-
tify candidates for MODY testing. It is

known that a proportion of patients as-
sumed to have type 1 diabetes continue
to secrete C-peptide for many years after
initial diagnosis (12,24). Such individuals
probably represent a mixture of some
with alternative etiologies and some with a
true slowly progressive autoimmune pro-
cess. Subjects assumed to have type 1 di-
abetes arguably have themost to gain from
an early diagnosis of MODY since they
have the best chance of successful transfer
from insulin to sulfonylureas. In this study
only two individuals (,1% of the type 1
group) were found to have MODY, and
although both showed some response to
sulfonylureas, neither was able to stop in-
sulin. Both were GAD antibody positive,
so it is possible that autoimmunity is mod-
ulating their clinical phenotype. Of note,
several MODY patients had been identified
locally after finding them to be C-peptide
positive after long durations of clinically
labeled type 1 diabetes. This may have
contributed to underestimated MODY
prevalence in the type 1 group. In other
centers, where less investigation for
MODY has been performed as part of rou-
tine practice, this approach may have
higher success rates. Because performing
formal stimulation testing of b-cell func-
tion is not feasible in a routine clinical set-
ting, and random C-peptide was well
correlated with fasting and stimulated
measures, a random C-peptide, measured
either in blood or urine (25) and preferably
taken postprandially, is a practical alterna-
tive. A limitation of using C-peptide for
one-step screening is that ideally the mo-
lecular diagnosis should be made shortly
after diagnosis to allow the withdrawal of
insulin, but most with type 1 diabetes will
retain some insulin secretion at this point.
Waiting 3 years after diagnosis would ex-
clude most with type 1 diabetes but is less
satisfactory.More specific biomarkers (e.g.,
high-sensitivity C-reactive protein for
HNF1A-MODY [26]) may be required to
differentiate MODY subtypes from re-
cently diagnosed type 1 diabetic subtypes.

We defined wider criteria to select sub-
jects for genetic testing compared with
current recommendations. The use of these
extended diagnostic testing criteria more
than doubled the number of transcription
factor gene mutations identified, but at the
expense of an approximate sixfold increase
in the number of genetic tests performed
compared with current practice. In this
study, 9% of the subjects with type 1
diabetes and nearly 30% of subjects with
type 2 diabetes diagnosed before 45 years
had genetic sequencing. Health economic

assessmentwill be an important component
of implementing more wide-scale molecu-
lar investigation in diabetes into clinical
practice.

Given the high prevalence of MODY
(25%) we observed in subjects with ap-
parent type 2 diabetes diagnosed before
30 years, we propose that all patients
with C-peptide–positive diabetes (serum
C-peptide $0.2 nmol/L, 3 years after di-
agnosis for those assumed to have type 1
diabetes) diagnosed up to the age of 30
years should be considered for resequenc-
ing of the HNF1A and HNF4A genes, re-
gardless of the family history of diabetes,
GAD positivity, or metabolic features con-
sistent with insulin resistance. The major-
ity of case subjects of MODY will remain
misdiagnosed until such a systematic as-
sessment of etiology is adopted for young-
onset diabetes.
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