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Abstract

Background/Aims: Maturity onset diabetes of the young 
(MODY) is a rare condition often misdiagnosed as type 1 
diabetes (T1D). The purposes of this study were: to identify 
any patients followed in a large Turkish cohort as T1D, with 
an atypical natural history, who may in fact have MODY, and 
to define the criteria which would indicate patients with 
likely MODY as early as possible after presentation to allow 
prompt genetic testing. Methods: Urinary C-peptide/cre-
atinine ratio (UCPCR) was studied in 152 patients having a 
diagnosis of T1D for at least 3 years. Those with a UCPCR 
≥0.2 nmol/mmol were selected for genetic analysis of the 
Glucokinase (GCK), Hepatocyte nuclear factor 1a (HNF1A), 

Hepatocyte nuclear factor 4a (HNF4A), and Hepatocyte nu-
clear factor 1b (HNF1B) genes. This UCPCR cut-off was used 
because of the reported high sensitivity and specificity. Cas-
es were also evaluated using a MODY probability calculator. 

Results: Twenty-three patients from 152 participants 
(15.1%) had a UCPCR indicating persistent insulin reserve. 
The mean age ± SD of the patients was 13.6 ± 3.6 years 
(range 8.30–21.6). Of these 23, two (8.7%) were found to 
have a mutation, one with HNF4A and one with HNF1B mu-
tation. No mutations were detected in the GCK or HNF1A 
genes. Conclusion: In Turkish children with a diagnosis of 
T1D but who have persistent insulin reserve 3 years after 
diagnosis, up to 9% may have a genetic mutation indicating 
a diagnosis of MODY. © 2018 S. Karger AG, Basel

Introduction

The term “maturity onset diabetes of the young” 
(MODY) describes a form of diabetes that is familial, 
non-insulin-dependent, and occurs in patients of young 
age. It constitutes between one and five percent of all cas-
es of diabetes [1]. MODY may be misdiagnosed as type 1 
or type 2 diabetes mellitus [1, 2].
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According to the 2011 American Diabetes Association 
(ADA) guidelines, which were current at the time of this 
study, subjects with a parental history of diabetes, low in-
sulin requirement, and negative pancreatic antibodies at 
the time of diagnosis should be evaluated for MODY [3]. 
The probability of MODY is high in such cases. However, 
there may sometimes be an overlap between the clinical 
findings of MODY and type 1 diabetes [4]. Age at diag-
nosis and family history have been shown to be insuffi-
cient in identifying some cases of MODY, and hence, the 
presence of persistent endogenous insulin, after the “hon-
ey-moon period” has ended, should also be evaluated in 
suspected cases [4, 5]. 

Genetic testing will be helpful in obtaining a definitive 
diagnosis and for the identification of affected family 
members. In some countries, up to 80% of MODY cases 
are reported to be misdiagnosed as type 1 or type 2 diabe-
tes [5] with GCK, HNF1A, and HNF4A mutations being 
the most commonly seen, accounting for around 80% of 
all MODY cases [6]. However, such testing is also costly 
and of limited availability. In addition, early diagnosis 
and treatment are of the utmost importance for prevent-
ing potential complications so that genetic investigations 
should not delay treatment initiation.

Analysis of C-peptide from a venous blood sample can 
act as a screening test for possible cases of MODY. C-
peptide measurement is the most reliable method for 
evaluating beta cell function [5, 6]. However, because C-
peptide can be easily broken down with proteases and its 
levels may decrease rapidly, it may not always give de-
finitive results [6]. Specimens must therefore be taken  
under appropriate conditions and sent to the laborato- 
ry in a cold chain. Urinary C-peptide/creatinine ratio 
(UCPCR) measurement is a more stable and noninvasive 
method [7].

Urinary C-peptide concentration approximates to 
5–10% of daily pancreatic secretion, while insulin con-
centration represents only 0.1% of secreted insulin in the 
same period. The UCPCR remains stable for 24 h at room 
temperature and for 3 days if refrigerated at up to +4  ° C 
without preservative. An 18% decrease has been reported 
when stored for 90 days at –20  ° C. However, if stored at 
–80  ° C, no decrease in the UCPCR was seen and the re-
sults correlate well with 24-hour urine specimens [6, 7].

Diabetes classification using insulin reserve is used in 
persons with a clinical diagnosis for greater than 2 years. 
A UCPCR above 0.2 nmol/mmol is suggestive of remain-
ing pancreatic reserve and is also safe and noninvasive. 
Although UCPCR ≥0.4 nmol/mmol may be seen up to 5 
years after diagnosis in 3% of cases of type 1 diabetes, in 

the remaining 97% of these cases, UCPCR values are low-
er than this cut-off [8]. It may therefore be effective and 
economic to use UCPCR to select patients for MODY ge-
netic analyses. 

It is important to identify cases diagnosed with type 1 
diabetes with persisting endogenous insulin secretion be-
cause this can guide the clinician in terms of the genetic 
analysis for identifying cases of MODY. Genetic diagno-
sis is important for establishing good glycemic control as 
the treatment modalities are different for bona fide type 
1 diabetes and MODY. In MODY, low-dose sulfonylurea 
therapy may be effective, particularly in patients with 
HNF4A and HNF1A mutation, and also to avoid unnec-
essary insulin therapy in patients in whom GCK mutation 
is the etiology.

The purpose of this study was to identify cases of 
MODY by performing genetic analysis for the most com-
monly seen etiological mutations, the subjects being a co-
hort of Caucasian Turkish patients. All patients had been 
diagnosed initially with type 1 diabetes, but had persistent 
insulin reserves, even after years of treatment. Prelimi-
nary screening of patients using a screening cut-off of 
≥0.2 nmol/mmol for the UCPCR, which is reported to 
have high sensitivity combined with high specificity [7], 
identified patients for further genetic analysis.

Subjects and Methods

Study Population
There were 560 patients with a clinical diagnosis of type 1 dia-

betes, thus excluding secondary causes of diabetes, registered with 
the Study Centre from 2000 to 2012. Four hundred and thirty pa-
tients having the diagnosis of diabetes for at least a 3-year duration 
were assessed for regularity of clinic attendance. This resulted in 
300 patients being eligible for the study and these were invited to 
participate in the study. Consent was obtained from parents or 
adolescents, with younger patients invited to assent, resulting in 
152 subjects taking part in the study (see Fig. 1).

For these 152 participants, retrospective data were obtained 
from medical records. Patients’ insulin requirements were calcu-
lated on the basis of the daily insulin dose they were receiving (IU/
kg/day). Age at diagnosis, duration of the disease, presence or ab-
sence of classic symptoms (osmotic symptoms such as polydipsia 
and polyuria and weight loss), presence of diabetic ketoacidosis, 
and family history encompassing at least three generations were 
investigated.

Meal Protocol and Sample Collection
All patients attended the clinic following an overnight fast. Pa-

tients were asked to void urine before eating the standardized meal. 
Subsequent to this, they had a standard breakfast, which contained 
55% of carbohydrate, 30% fat, and 15% protein (Turkish breakfast 
bagel, cucumber, tomato, cheese, olives). The weight of carbohy-
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drate contained in the breakfast was a minimum of 60 g. Patients 
self-administered their usual insulin as appropriate for the break-
fast.

Two hours following breakfast, venous samples for serum anal-
ysis for glucose, stimulated C-peptide, and HbA1c were obtained. 
Serum samples were sent immediately to the laboratory for analy-
sis. At the same time, 2 ml EDTA blood sample was collected, and 
DNA was extracted and stored at –80  ° C for later MODY genetic 
testing. Patients were asked to provide a urine sample as soon as 
possible after blood sample collection. Urine samples were stored 
at –80  ° C until analysis.

Urinary C-Peptide to Creatinine Ratio
Postprandial UCPCR was calculated for each patient. Urinary 

C-peptide was analyzed using an electrochemiluminescence im-
munoassay (Roche E170 Cobas and 03184897 kits). The results 
were recorded as mmol/L. Values above 13.3 nmol/L were repeat-
ed at a dilution of 1/10. Urine creatinine values were measured 
(Abbott Architect 3L8122-32 kits) and results were converted 
from mg/dL to mmol/L using the conversion factor 0.08842. 

The UCPCR was then calculated for all 152 patients. A ratio of ≥0.2 nmol/mmol was regarded as evidence of persistent insulin 
reserve. Confirmation was established with repeated UCPCR mea-
surements. Molecular genetic analysis for GCK, HNF1A, HNF4A, 
and HNF1B mutations was performed in subjects with a UCPCR 
value ≥0.2 nmol/mmol.

Blood Sample Analysis
Serum C-peptide was measured using a chemiluminescent im-

munometric assay on a Siemens IMMULITE 2000 analyzer and 
L2KPE kits. The measurement range for this methodology is 0.1–
29.0 ng/mL and the normal range for C-peptide was accepted to be 
1.1–5.0 ng/mL.

HbA1c measurements were performed using HPLC before 
2008. Since then HbA1c has been measured using a chemilumines-
cence technique using Abbott Architect HbA1c kits (4P72) with a 
measurement range of 4.0–15.8%. The laboratory upper limit of 
normal was taken as 6.5%.

Anti-glutamic acid decarboxylase antibody (GAD) was ana-
lyzed using Euroimmun Anti-GAD ELISA (IgG) kits, standard-
ized against WHO National Institute for Biological Standards and 
Control (England, 1999, reagent code 97/550). This method has a 
lower measurement level limit of 0.2 IU/mL. GAD ≥10 IU/mL was 
regarded as positive.

To test for anti-islet cell antibody (ICA), the indirect immuno-
fluorescence technique was used using monkey pancreas as sub-
strate (Euroimmun Anti-islet ELISA FA1020 IgG Antibody kits). 
Titres of 1/10 or greater were considered positive.

MODY Probability Scores
MODY probability scores were calculated with a MODY Prob-

ability Calculator (MPC) as described previously [9]. This pro-
gram takes into account age at diagnosis, sex, whether or not on 
insulin treatment, BMI, HbA1c level, current age, and family his-
tory of diabetes, which are used to calculate a score for detecting 
patients who may have MODY. An MPC score ≥40% indicates a 
high likelihood of the patient actually having MODY.

Molecular Genetic Analyses for GCK, HNF1A, HNF4A, and 
HNF1B mutations
Genomic DNA was isolated from the collected whole blood 

samples using High Pure PCR Template Preparation Kits (Roche 
Life Science, Indianapolis, IN, USA). All exons, the proximal pro-
moter regions, and exon-intron boundaries of four genes, GCK, 
HNF1A, HNF4A and HNF1B, were amplified using PCR, with the 
use of specific primer sets. PCR was performed in a 20 μL final vol-
ume containing 20 ng of genomic DNA, 1 μL of each primer, 12.5 
μL PCR Master Mix (GML AG, Altendorf, Switzerland), and 0.2 
μL Taq DNA polymerase (GML AG, Altendorf, Switzerland). The 
PCR reaction was initiated by denaturing the sample at 96  ° C for 
5 min followed by 40 cycles of denaturation at 94  ° C for 30 s, an-
nealing at 60  ° C for 45 s, and extension at 72  ° C for 45 s. Final ex-
tension was performed at 72  ° C for 10 min. All reactions were per-
formed in an ABI Veriti Thermal Cycler (Applied Biosystems, Fos-
ter City, CA, USA). PCR products were cleaned using ExoSAP-IT 
reagent (GML AG, Altendorf, Switzerland).

The sequencing reaction was then performed on both strands 
using BigDye Terminator v3.1 Cycle Sequencing Kits (Applied 
Biosystems, Foster City, CA, USA). Sequencing products were pu-
rified using an Applied Biosystems BigDye XTerminator Purifica-

Clinically diagnosed with T1D*
n = 560

Diagnosed >3 years previous to study
n = 430

Patients regularly attending clinic
n = 300

Consented to participate in study
n = 152

Underwent UCPCR testing
n = 152

UCPCR result ≥0.2 nmol/mmol
n = 23

Genetic testing for GCK, HNF1A, HNF4A,
and HNF1B gene mutation

n = 23 

Fig. 1. This flow diagram shows the selection process for those pa-
tients who were selected to undergo genetic testing for MODY-
associated gene mutations. T1D, type 1 diabetes; UCPCR, urinary 
C-peptide to creatinine ratio; GCK, Glucokinase gene; HNF1A, 
Hepatocyte nuclear factor 1a gene; HNF4A, Hepatocyte nuclear 
factor 4a gene; HNF1B, Hepatocyte nuclear factor 1b gene. * Thus 
excluding patients with secondary forms of diabetes and type 2 
diabetes.
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tion Kit (Applied Biosystems, Foster City, CA, USA). Capillary 
electrophoresis was performed on a 3130xl Genetic Analyzer (Ap-
plied Biosystems, Foster City, CA, USA). Sequences were analyzed 
using Seqscape v3.1 and variant reporter v.1 (Applied Biosystems, 
Foster City, CA, USA) software.

Interpretation of Mutations 
The mutation prediction tools MutationTaster [10], Polyphen2 

[11], and SIFT [12] were used for in silico mutation analysis. 
Known variants reported in the scientific literature were investi-
gated on the Human Gene Mutation Database (HGMD®) [13], 
Clinvar [14], Pubmed [15], and OMIM [16]. Population data for 
known variants were investigated from the Exome Aggregation 
Consortium (ExAC) [17] and 1000 Genomes Project Consortium 
(1000 Genomes) [18] databases. In line with the American College 
of Medical Genetics Standards and Guidelines [19], all variants 
were classified as “pathogenic,” “likely pathogenic,” “uncertain 
significance,” “likely benign,” or “benign.”

Statistical Analysis
Descriptive statistics were calculated for all 152 patients taking 

part in the study using Minitab statistical software v13 (Minitab 
Inc., State College, PA, USA). Both descriptive and comparative 
statistics were calculated for each of the two groups of patients, 
those with a UCPCR ≥0.2 nmol/mmol and those with a UCPCR < 

0.2 nmol/mmol. Normality of distribution was tested using the 
Anderson Darling test. For comparison of qualitative data, the 
two-sample t test was used. Continuous parametric data was as-
sessed using analysis of variance (ANOVA) and presented as mean 
(±SD), whilst nonparametric data was assessed using Mann-Whit-
ney U test with data presented as median (range). Significance was 
assumed with p < 0.05.

Ethical approval for the study was obtained from Kocaeli Uni-
versity Scientific Research Unit’s ethical committee (No. 2012/145). 
Written informed consent was obtained from the patients’ parents. 

Results

Of 560 patients with a clinical diagnosis of type 1 dia-
betes in our records, thus excluding those with secondary 
causes of diabetes, 430 had had a clinical diagnosis for 
more than 3 years. Of these 430, 300 were attending clinic 
regularly. These 300 patients were invited to participate in 
the study and consent was obtained for 152 to do so. All 
152 underwent UCPCR testing and 23 (15.1%) patients 
had a UCPCR value ≥0.2 nmol/mmol indicating persis-
tent insulin reserve. These 23 patients were selected for 
genetic analysis. Of these 23 patients, 15 were male, with 
a mean age of 13.7 ± 3.2 years (range 8.3–21 years). The 
clinical and laboratory characteristics of subjects with per-
sistent insulin reserve are shown in Table 1. Two patho-
genic mutations were found in the study subjects giving 
an incidence of 8.7% of pathogenic mutations found in the 
group of patients meeting the selection criteria.

For the 152 patients, consisting of 88 male and 66 fe-
male patients with a median birth weight (range) of 3,300 
g (1,900–5,740), at initial diagnosis their median age 
(range) was 7.0 years (1.0–16) and mean HbA1c (±SD) 
was 11.8% (±2.9). Median time (range) between initial 
diagnosis and the study was 67 months (36–244). At the 
time of the study, in all 152 patients mean HbA1c (±SD) 
was 11.4 (±2.8) and median (range) BMI SD, insulin re-
quirement, UCPCR, stimulated C-peptide, and MPC 
scores were 0.105 (–2.41 to 4.13), 1.0 U/kg/day (0.1–1.6), 
0.011 nmol/mmol (< 0.001–1.2), 0.1 ng/dL (0.01–1.57), 
and 1.9% (0.7–12.6), respectively.

When we compared the patients who had and those 
who did not have evidence of persistent insulin reserve 
for the same parameters, significant differences were 
found for UCPCR (median 0.47 vs. 0.006 nmol/mmol;  
p < 0.0001), stimulated c-peptide (median 0.3 vs. 0.1 ng/
dL; p < 0.0001), and months between initial diagnosis and 
the study (p = 0.022). In the 23 patients who had genetic 
testing, the median (range) time between diagnosis and 
study was shorter at 54 months (37–156), while for the 
remainder it was 75 months (36–244). In addition, at the 
time of the study, in those with insulin reserve, the me-
dian HbA1c was significantly lower (p = 0.004) at 8.6% 
(5.8–17.0) compared to 12.0% (5.0–19.0). There was no 
difference between the two groups when we compared 
gender, birth weight, age at initial diagnosis, HbA1c at 
diagnosis, GAD positivity at diagnosis, or BMI SD or in-
sulin use at the time of the study. Interestingly, there was 
no difference between the groups in terms of MPC score 
either (p = 0.66), with very similar median MPC scores 
(range) of 1.9% (0.7–12.0) and 1.9% (0.7–12.6) for the 
groups with and without insulin reserve, respectively. We 
also investigated the relationship between UCPCR and 
stimulated serum C-peptide in the patients undergoing 
genetic analysis. This showed poor correlation in our co-
hort, with a Spearman rho of rs = 0.26.

Two of the twenty-three patients who went forward for 
genetic testing were found to have significant genetic vari-
ations, both of which have been previously reported. In 
one patient, a heterozygous mutation was detected in the 
HNF4A gene (A45L; p.Ala45Leu), which causes MODY1 
(Table 1, Patient 1). In a second patient, a heterozygous 
mutation was found in HNF1B (R165H; p.Arg165His) 
known to cause MODY5 (Table 1, Patient 2). 

The diagnosis of Patient 1 has been revised as MODY1, 
even though her insulin requirement was 1.2 U/kg/day. 
UCPCR was 0.38 nmol/L, HbA1c at diagnosis was 11.9% 
(107 mmol/mol), and MPC score was 0.7%. There was a 
maternal history of gestational diabetes during the preg-



U
C

P
C

R
 in

 C
h

ild
ren

 w
ith

 T
yp

e 1 D
iab

etes
261

H
o

rm
 R

e
s P

a
e
d

ia
tr 2

0
1

8
;9

0
:2

5
7

–
2

6
5

D
O

I: 1
0

.1
1

5
9

/0
0

0
4

9
4

4
3

1

Table 1. Clinical and biochemical characteristics of 23 patients initially clinically diagnosed with type 1 diabetes but with persistent insulin reserve more than 3 years 
after presentation

Patient Age at 
diagnosis, 
years

Months 
since 
diagnosis

HbA1c at 
diagnosis, %
(mmol/mol)

GAD at 
diagnosis
(positive or 
negative)

History of 
DKA
(yes or no)*

Family history of 
diabetes for three 
generations 
(generations affected)

HbA1c at 
study,
%
(mmol/mol)

Insulin 
requirement 
at study, 
U/kg/day

Serum 
C-peptide at 
study, ng/dL

UCPCR 
at study, 
nmol/mmol

MPC 
score, 
%

Gene 
variant 
detected

1 11 37 11.4 (101.1) Negative No No (2) 10.5 (91.3) 1.2 0.30 0.38 0.7 HNF4A

2 11 41 16.9 (161.2) Negative Yes Yes (3) 5.8 (39.9) 0.5 1.00 0.8 12.0 HNF1B

3 9 47 13.3 (121.9) Negative No Yes (3) 8.6 (70.5) 0.4 0.30 1.2 2.6 Negative
4 9 52 Unknown Unknown No No (1) 17.0 (162.3) 1.0 Not obtained 1.15 0.7 Negative
5 10 54 17.0 (162.3) Unknown No Yes (3) Not obtained 1.0 0.10 1.0 0.7 Negative
6 9 81 7.9 (62.8) Unknown Unknown Yes (3) 11.2 (98.9) 0.8 0.87 1.0 0.7 Negative
7 6 60 6.7 (49.7) Negative No No (2) 7.4 (57.4) 1.0 0.70 0.9 1.9 Negative
8 10 54 12.3 (110.9) Positive Yes Yes (3) Not obtained 1.2 0.60 0.7 0.7 Negative
9 10 49 10.8 (94.5) Positive No No (2) Not obtained 0.58 1.57 0.59 6.4 Negative

10 4.5 49 14.4 (133.9) Unknown Yes Yes (3) 7.3 (56.3) 0.8 0.24 0.57 0.7 Negative
11 11 42 Unknown Positive Yes No (2) 10.5 (91.3) 1.0 0.20 0.53 1.9 Negative
12 7 122 16.0 (151.4) Positive Yes Unknown 11.8 (105.5) 1.4 0.10 0.47 1.9 Unknown
13 4 43 11.0 (96.7) Positive No No (1) 7.8 (61.7) 0.9 0.31 0.47 0.7 Negative
14 16 69 20.0 (195.1) Negative No No (2) 12.7 (115.3) 1.0 0.71 0.45 0.7 Negative
15 1 156 6.0 (42.1) Unknown Yes Yes (3) 8.6 (70.5) 1.0 0.10 0.39 8.2 Negative
16 14 40 Unknown Positive Yes No (2) 13.6 (125.1) 1.2 0.38 0.30 4.0 Negative
17 9 80 13.8 (127.3) Positive No Yes (3) 7.1 (54.1) 0.9 0.15 0.29 7.2 Unknown
18 10 64 13.0 (118.6) Positive Yes No (1) 7.2 (55.2) 0.8 0.29 0.26 0.7 Unknown
19 9 42 16.9 (161.2) Positive Yes No (1) 8.4 (68.3) 1.0 0.60 0.25 1.9 Negative
20 8 55 8.1 (65.0) Positive No Yes (3) 13.7 (126.2) 0.7 0.20 0.22 8.0 Negative
21 3 63 10.0 (85.8) Negative Yes No (1) Not obtained 0.86 0.20 0.22 1.9 Negative
22 4 50 13.3 (121.9) Unknown Yes No (2) 7.0 (53.0) 0.7 0.33 0.21 7.2 Negative
23 10 62 7.1 (54.1) Negative No No (1) 7.2 (55.2) 0.6 Not obtained 0.20 1.9 Negative

Patients are shown with genetic variants detected at the top (Patient 1 and Patient 2) and then ordered by UCPCR value, highest at the top. UCPCR, urinary C-peptide to creatinine ratio; 
DKA, diabetic ketoacidosis; MPC, MODY probability calculator; GAD, anti-glutamic acid decarboxylase antibody; HbA1c, hemoglobin A1c; MODY, maturity onset diabetes of the young;  
HNF4A, Hepatocyte nuclear factor 4a gene; HNF1B, Hepatocyte nuclear factor 1b gene. * This column shows if a patient had experienced an episode or episodes of DKA at any time prior to the 
study.
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nancy with this subject. Her BMI at the time of the study 
was 18.3 (SD –0.78).

The diagnosis of Patient 2 was revised to MODY5. She 
had a low insulin requirement of 0.5 U/kg/day. Her MPC 
score was 12% and UCPCR was 0.8 mmol/L. Her HbA1c 
level was 16.9% (161.2 mmol/mol) at initial diagnosis. 
Her BMI at the time of the study was 21.4 (SD 0.22). Uro-
genital abnormalities were not present on examination. 
In contrast to Patient 1, there was no history of maternal 
gestational diabetes. Of the other 21 subjects who under-
went genetic analysis, only one other pregnancy was af-
fected by gestational diabetes and one other mother was 
not sure. Thus, a history of gestational diabetes was found 
in one MODY variant and one other subject with persis-
tent insulin reserves.

Discussion

This study confirms that cases of MODY can be mis-
diagnosed as type 1 diabetes in line with previous reports 
[32, 36]. Two mutations were found, both of which have 
been reported previously, one in each of two subjects; the 
HNF4A gene (A45L; Patient 1 in Table 1) and the HNF1B 
gene (R165H; Patient 2 in Table 1) were identified in two 
of 23 patients (8.7%) with a disease duration of 3 years or 
greater and UCPCR ≥0.2 nmol/mmol. 

Since first being described, MODY has led to the revi-
sion, and in some cases a change of diagnosis, in many 
patients diagnosed initially with type 1 diabetes, follow-
ing appropriate genetic analysis [20–22]. However, be-
cause of the huge numbers of patients with type 1 diabe-
tes, it is not feasible to genetically re-test all of them, in 
light of the description of MODY. Therefore, selection of 
patients for genetic analysis is dependent on meeting a set 
of criteria. In clinical terms, criteria recommended for se-
lection of patients for genetic analysis include: pancreatic 
autoantibody negativity, a low HbA1c level, low insulin 
requirement, and a positive family history.

Gandica et al. [23] employed these clinical diagnostic 
criteria in determining monogenic diabetes among cases 
initially diagnosed as type 1 diabetes and performed ge-
netic analysis on selected patients meeting these criteria. 
Fifty-eight patients (6.2%) were identified from among 
934 patients using these criteria. GCK mutation was 
found in four cases and HNF1A mutation in one, giving 
an incidence of 8.6%. This incidence rate is remarkably 
similar to that found in our subjects, although we did not 
find any mutations in the GCK gene. Other important 
findings of this study include similar HbA1c levels, age at 

diagnosis, and the past or family history of autoimmune 
disorders between patients initially diagnosed with type 1 
diabetes but subsequently diagnosed with MODY and pa-
tients with type 1 diabetes [23].

The mixed meal tolerance test is the gold standard to 
determine endogenous insulin secretion in cases with type 
1 diabetes. However, stimulated, 90-min blood C-peptide 
level measurement has also been employed to evaluate en-
dogenous insulin-secreting reserve [7]. Previous studies 
have shown that UCPCR correlated with stimulated C-
peptide measurements [6], although this was not the case 
in our patients, which may be due to differences in patient 
characteristics, as Jones et al. [6] investigated patients di-
agnosed after the age of 30 years. We found significant 
differences between the groups of patients with and with-
out reserve for both UCPCR and stimulated C-peptide. 
UCPCR with a sufficiently sensitive cut-off seems to have 
good discrimination in screening for patients for further 
genetic testing for MODY. This has previously been re-
ported by the Exeter group [7]. Given that UCPCR is less 
invasive, requiring only a urine sample collection, and 
easier to perform and handle, stimulated C-peptide test-
ing may not be necessary in future similar studies when 
screening patients with diabetes who are suspected of hav-
ing MODY rather than type 1 diabetes.

At a level of 0.53, UCPCR has been determined to be 
71% sensitive and 97% specific for showing endogenous 
insulin secretion. UCPCR is therefore a good alternative 
to the mixed meal tolerance test, being easier to perform 
and reliable. However, reserves may persist for years in 
cases of progressive autoimmune diabetes, such as late-
onset type 1 diabetes. Genetic analysis of our patients 
with reserves and low insulin requirements but with an-
tibody positivity revealed no cases of MODY, and diabe-
tes types overlap with one another. Reserve assessment is 
not appropriate in newly diagnosed cases [6, 7].

Yılmaz Ağladıoğlu et al. [24] used UCPCR to differen-
tiate MODY from type 1 diabetes in a pediatric group of 
patients diagnosed at least 2 years earlier. They reported 
that at a level of 0.22 nmol/mmol, UCPCR exhibited 
96.3% sensitivity and 85.7% specificity for identifying 
cases of MODY. UCPCR was also used to differentiate 
MODY from type 1 diabetes in a study by Besser et al. [7]. 
Values of 0.2 nmol/mmol or above were shown to be 97% 
sensitive and 96% specific for differentiating HNF1A and 
HNF4A cases from type 1 diabetes [7]. We adopted the 
UCPCR value used by this study because of its high sen-
sitivity combined with high specificity [24, 25]. 

In a further study, UCPCR was used at a threshold of 
0.7 nmol/mmol for the differentiation of non-type 1 dia-
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betes cases with a sensitivity of 59% and a specificity of 
91% in cases diagnosed more than 2 years previously [26]. 
Thanabalasingham et al. [27] performed HNF1A and 
HNF4A sequencing in 20/247 (8.1%) patients with clini-
cally defined type 1 diabetes who were diagnosed at ≤45 
years, with a disease duration of 3 years or greater, and 
significant residual β-cell function defined as glucagon 
stimulation test (GST) increment ≥0.2 nmol/L, random 
C-peptide ≥0.2 nmol/L with GST 0.1–0.2 nmol/L, or GST 
declined and random C-peptide ≥0.2 nmol/L. They 
found two of twenty patients (10%) with HNF1A muta-
tions. An overall prevalence of 0.8% for MODY was re-
ported among patients with clinically labeled type 1 dia-
betes. However, the yield ratio was increased to 10% when 
the selection criteria were used. This result is also compat-
ible with our incidence rate of 8.7%. Thanabalasingham 
et al. [27] also performed HNF1A and HNF4A sequencing 
in 80/277 clinically defined type 2 diabetes cases who were 
diagnosed ≤45 years with positive C-peptide and nega-
tive GAD antibody. In these cases, they found ten and two 
mutations in the HNF1A and HNF4A genes, respectively. 
Overall prevalence was 4.3%, which increased to 15% 
when the selection criteria were used [27].

HNF1A variant (MODY3) was diagnosed in 10% of 
Danish patients being monitored for type 1 diabetes, with 
diabetes in first-degree relatives and selected due to their 
being lower-risk than the HLA tissue group with anti-
GAD antibodies positive in one case. Autoantibody posi-
tivity was reported in 1% of cases diagnosed as MODY 
[28]. In another study, HNF1A mutation was described in 
7% of antibody-negative type 1 diabetes cases [29]. All 
these studies demonstrate the extent to which insulin re-
serves can act as a guide in patient selection [25, 27].

Various atypical characteristics, including an in-
creased BMI, anti-GAD positivity, and absence of family 
history, have also been observed in MODY patients in 
some recent publications [30–33]. Neither of the patients 
who had genetic variants in our cohort had unusual BMI. 
Patient 1 with the HNF4A mutation was lean (BMI SD 
–0.78), in keeping with previous reports of the phenotype 
associated with MODY 1 [34], but not exceptionally so, 
whilst Patient 2 with the HNF1B mutation had a normal 
BMI for age (BMI SD 0.22) at the time of study. In a study 
from Germany involving children and adults, anti-GAD 
positivity was detected in 22% of MODY cases [35]. A 
family history over three generations was present in 9 of 
23 (39.1%) cases in our study and one of the patients with 
a detected mutation. Autoantibody levels were negative 
at diagnosis in both our two mutation-positive cases. Our 
cases’ MODY probability scores were 0.7 and 12%. None 

of the 23 patients selected on the basis of UCPCR level for 
MODY genetic testing had an MPC score above 12%. 
This may be because all of them had started insulin im-
mediately after diagnosis, which has the effect of mark-
edly reducing MPC scores, particularly in a pediatric pop-
ulation. Indeed, one of the mutation-positive cases had 
presented with diabetic ketoacidosis, which demands ur-
gent treatment with insulin. At the time of the study, all 
patients were still using insulin routinely, despite that this 
may have been inappropriate, but this has the effect of 
again skewing the MPC scores down. If we had used the 
MPC score in isolation, neither of our mutation-positive 
patients would have gone forward for genetic analysis. 

Even in the UK, where prevalence studies have been 
performed and distributions by region are clear, the num-
ber of MODY cases diagnosed are only 10–20% of the 
expected figure. Thus 80% of cases of MODY are still un-
diagnosed. These patients, if misdiagnosed as type 1 dia-
betes, are therefore taking unnecessary insulin injections 
with accompanying safety issues and not receiving treat-
ment appropriate for MODY [30–33]. One of the addi-
tional benefits of identifying patients with MODY is that 
insulin is ineffective in controlling their diabetes in some 
forms of MODY and an effective alternative treatment 
can be given. Although HNF1B (Patient 2) mutations still 
require insulin therapy, both HNF1A and HNF4A (Pa-
tient 1) are responsive, especially in the early stages of 
their diabetes, to treatment with sulfonylurea but may 
eventually require insulin therapy to be restarted [34]. It 
has been suggested that the replacement of multiple daily 
injections of insulin with therapy using sulfonylurea tab-
lets may have the added benefit of increasing treatment 
adherence. Patient 1 was unfortunately lost to follow-up 
after the study. The patient has now been recalled to clin-
ic and is currently undergoing a trial of sulfonylurea ther-
apy, but may require insulin to be added back in as they 
get older.

A predictive model for identifying MODY cases among 
patients initially diagnosed with type 1 diabetes was re-
ported in the Czech Republic in 2016 [36]. Of 557 cases, 
53 families with two or more individuals diagnosed with 
diabetes were selected for GCK, HNF1A, HNF4A, and INS 
gene analysis. Diagnosis of 24 families was changed from 
type 1 diabetes to MODY. GCK mutations were detected 
in fourteen families, HNFA1 in nine families, and INS in 
one family, respectively. In this study, family history was 
shown to be the most important clinical predictor for de-
termining the probability of MODY. In our study, there 
were eight families with three generations diagnosed with 
diabetes and UCPCR > 0.2 nmol/mmol. However, only 
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one of these families was shown to have a pathogenic 
MODY-causing mutation, HNF1B, while there was no 
family history in the patient found to have HNF4A muta-
tion.

The main limitation in our study was that we did not 
analyze the INS gene. This has been reported to account 
for around 4% of MODY cases. Therefore, it is possible 
that one of 23 patients (approximately 4%) who met the 
inclusion criteria for genetic analysis may be carrying 
mutations in the INS gene but erroneously retain the di-
agnosis of type 1 diabetes.

In conclusion, our findings confirm and extend the 
findings that UCPCR can be used as a screening tech-
nique to detect patients initially diagnosed with type 1 
diabetes with long-standing, post-diagnosis insulin re-

serve who may actually have MODY. Our prevalence fig-
ure in a pediatric population of Turkish ethnicity is 
broadly in line with figures reported from other popula-
tions. Given that up to 80% of MODY patients may be 
misdiagnosed, UCPCR is a practical technique for iden-
tifying patients who should have further genetic testing, 
thus making the screening more cost-effective. This will 
prevent unnecessary and inappropriate treatment in a 
number of MODY patients currently misdiagnosed as 
type 1 diabetes. 
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